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A comprehensive approach to assessing and reducing neuropsychic burden in

Abstract:

Keywords:

the work activity of driver examination center employees

M. Talipov'®2, E. Ergashev'®P
1Tashkent state transport university, Tashkent, Uzbekistan

Driver examination center employees perform high-responsibility cognitive-emotional work under tight
time pressure, intense client interaction, and continuous regulatory oversight. Following the digitisation
and procedural simplification of national driver licensing in Uzbekistan, the throughput and workload of
these centres have grown substantially, raising concerns about chronic occupational stress and burnout
among staff. This article proposes a three-level integrated assessment framework that combines validated
psychometric instruments (MBI-GS, PSS-10), objective physiological biomarkers (heart rate variability,
salivary cortisol), and cognitive-behavioural indicators. Drawing on established occupational stress
models (Karasek; Siegrist; Demerouti et al.) and prior transport-sector occupational studies, the proposed
framework classifies stressors into organisational, interpersonal, and individual domains and maps each
domain to evidence-based mitigation strategies. The model offers a structured methodological basis for
monitoring employee well-being and supports the broader goal of improving road traffic safety through
human-factor management.

neuropsychic burden, occupational stress, burnout, emotional labour, driver examination, road safety,
heart rate variability, MBI-GS, PSS-10, human factor, transport safety

Haydovchilik imtihon markazi xodimlari mehnat faoliyatida asab-ruhiy
yuklanishni baholash va kamaytirishga kompleks yondashuv

Annotatsiya:

Talipov M.X®2 Ergashev E.}0P
Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Haydovchilik imtihon markazi xodimlari yuqori mas’uliyatli kognitiv-emotsional mehnatni qat’iy vaqt
bosimi, mijozlar bilan jadal muloqot va doimiy normativ nazorat sharoitida bajaradi. O‘zbekistonda
milliy haydovchilik guvohnomasini rasmiylashtirish jarayonini ragamlashtirish va soddalashtirishdan
so‘ng ushbu markazlarning xizmat ko‘rsatish hajmi va xodimlardagi yuklama sezilarli darajada oshdi, bu
surunkali kasbiy stress va kasbiy kuyish xavfini kuchaytiradi. Mazkur maqolada uch darajali kompleks
baholash modeli taklif etiladi: u tasdiglangan psixometrik metodikalarni (MBI-GS, PSS-10), ob’yektiv
fiziologik biomarkerlarni (yurak urish tezligi o‘zgaruvchanligi, so‘lakdagi kortizol) va kognitiv-xulgiy
ko‘rsatkichlarni birlashtiradi. Klassik kasbiy stress nazariyalari (Karasek; Siegrist; Demerouti va b.)
hamda transport sohasi xodimlari salomatligiga oid mavjud tadgigotlarga tayanib, taklif etilayotgan
model stress omillarini tashkiliy, shaxslararo va shaxsiy guruhlarga ajratib, har biri uchun ilmiy
asoslangan kamaytirish strategiyalarini belgilaydi. Taklif etilgan yondashuv xodimlar farovonligini
monitoring qilish uchun metodik asos bo‘lib, inson omilini boshqarish orqali yo‘l harakati xavfsizligini
oshirishga xizmat qiladi.

Kalit so‘zlar: asab-ruhiy yuklanish, kasbiy stress, kasbiy kuyish, emotsional mehnat, haydovchilik imtihoni, yo‘l
harakati xavfsizligi, yurak urish tezligi o‘zgaruvchanligi, MBI-GS, PSS-10, inson omili, transport
xavfsizligi

1. Kirish apreldagi  152-son qarori bilan milliy haydovchilik
guvohnomasini rasmiylashtirish tartibi soddalashtirildi va
Yo‘l harakati xavfsizligi davlatning ijtimoiy-igtisodiy raqamli xizmatlarga keng o‘tildi [1]. Bu islohot fugarolar
bargarorligini ta’minlovchi muhim omillardan biri bo‘lib, uchun qulaylik yaratish bilan birga, yagona imtihon
uning markaziy bo‘g‘ini haydovchilarni nazariy va amaliy markazlarining xizmat ko‘rsatish hajmini va xodimlarga
imtihon orgali baholash hisoblanadi. O‘zbekiston tushadigan ish yuklamasini sezilarli darajada oshirdi.
Respublikasi  Vazirlar Mahkamasining 2023-yil 12-
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Imtihon markazi xodimlari — inspektorlar, ma’muriy va
mijozlarga xizmat ko‘rsatuvchi xodimlar — kun davomida
o‘nlab, ba’zan yuzlab imtihon topshiruvchilarni gabul qgiladi.
Ularing faoliyati uchta o‘zaro bog‘liq kompleks talabni 0‘z
ichiga oladi: (a) qat’iy reglamentlangan protseduralarga aniq
amal qilish, (b) imtihon natijasidan gonigmagan mijozlar
bilan emotsional muvozanat saglash, va (c) gabul gilingan
har bir qaror uchun yuqori mas’uliyatni his qilish. Bunday
mehnat shakli xizmat ko‘rsatish sohasi uchun xos bo‘lgan
“emotsional mehnat” toifasiga kiradi [2; 3], va u kasbiy
kuyishning eng kuchli omillaridan biri sifatida tan olingan
[4; 5].

Transport sohasidagi turli kasb egalari salomatligi va
kasbiy stressi mavzusi so‘nggi yillarda jadal o‘rganilmoqda.
Jumladan, lokomotiv brigadalari xodimlarining gigienik
holati maxsus tadqiqot ob’yekti sifatida ko‘rib chiqilgan [6],
vagon yig‘uvchilarning (poyezd tuzuvchilarning) mehnat
faoliyatida mexanik quwvvat sarfini hisoblash uchun
matematik model ishlab chigilgan [7], aeroport
infratuzilmasi xavfsizligini boshgarish uchun ragamli xavf
matritsasi taklif etilgan [8]. Birog haydovchilik imtihon
markazi xodimlari mehnatida asab-ruhiy yuklanish, uning
manbalari va kamaytirish strategiyalari integratsiyalashgan
ko‘rinishda hozircha tizimli o‘rganilmagan.

Mazkur magolaning magsadi — haydovchilik imtihon
markazi  xodimlari mehnat faoliyatida asab-ruhiy
yuklanishni  baholash va kamaytirishning kompleks
metodologik asoslarini ishlab chigishdir. Tadgigot vazifalari
quyidagilardan iborat: (1) kasbiy stress va kuyishning
klassik nazariy modellarini ushbu kasbiy guruh kontekstida
sintez qilish; (2) sub’yektiv, fiziologik va kognitiv
darajalarni gamrab oluvchi uch komponentli baholash
modelini taklif gilish; (3) stress omillarini tasniflash va har
bir guruh uchun ilmiy asoslangan kamaytirish
strategiyalarini belgilash; (4) taklif etilgan yondashuvni
transport sohasidagi mavjud kashiy salomatlik va
xavfsizlikni boshqarish yondashuvlari bilan moslashtirish.

2. Tadgiqot metodologiyasi

Ushbu magola konseptual-metodologik tadgiqot bo‘lib,
quyidagi bosgichlardan iborat. Birinchidan, kasbiy stress,
kuyish va emotsional mehnatga oid xalgaro manbalar tahlil
etildi va imtihon markazi mehnatining o‘ziga xos jihatlariga
moslashtirildi. lkkinchidan, baholashning uchta darajasi
(sub’yektiv-psixometrik, ob’yektiv-fiziologik va kognitiv-
xulgiy) integratsiyalashtirildi. Sub’yektiv darajada Maslach
kasbiy kuyish so‘rovnomasining umumiy versiyasi (MBI-
GS) [4; 5], Cohen, Kamarck va Mermelsteinning idrok
etilgan stress shkalasi (PSS-10) [14] va uning psixometrik
tahlili [15] tavsiya etiladi. Ob’yektiv darajada yurak urish
tezligi o‘zgaruvchanligi (HRV) tavsiya etiladi: Jérvelin-
Pasanen, Sinikallio va Tarvainenning tizimli sharhiga ko‘ra,
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kashiy stress HRV pasayishi va parasimpatik aktivatsiyaning
kamayishi bilan bog‘liq [16]. So‘lakdagi kortizol esa
gipotalamus-gipofiz-buyrak usti gormonal o‘qi faoliyatining
noinvaziv biomarkeri sifatida ishlatiladi [17]. Kortizol
0’lchashda namuna olish va analiz qilish bo’yicha ekspert
konsensus yo’l-yo’riglariga rioya etiladi [22]. Kognitiv-
xulqiy darajada e’tibor barqarorligi, reaksiya tezligi va xato
darajasini baholashga garatiladi. Stroop testi gabul gilingan
ijroviy nazorat o’lchovi sifatida [23; 24], oddiy va tanlangan
reaksiya tezligi esa kognitiv ishlov berish tezligining
tasdiglangan ko’rsatkichi sifatida [25] tavsiya etiladi.
Uchinchidan, har bir baholash darajasi stress omillarining
tashkiliy, shaxslararo va shaxsiy guruhlari bilan
moslashtirildi va mos kamaytirish strategiyalari belgilandi.
Qo’llaniladigan metodikalarning to’liq ro’yxati va ularning
psixometrik xususiyatlari 1-jadvalda umumlashtirilgan.

3. Natija va muhokamalar

3.1. Uch darajali kompleks baholash modeli.

Adabiyotlar tahlili va transport sohasidagi giyosiy
yondashuvlar asosida imtihon markazi xodimlari uchun uch
darajali  kompleks baholash modeli ishlab chigildi.
Modelning birinchi darajasi — sub’yektiv psixometrik
baholash — kasbiy kuyish (MBI-GS), idrok etilgan stress
(PSS-10), emotsional mehnat (yuzaki va chuqur harakat
shkalalari) va ijtimoiy qo‘llab-quvvatlash darajasini
o‘Ichaydi. Bu instrumentlar standartlashtirilgan, psixometrik
xususiyatlari ko‘plab populyatsiyalarda tasdiqlangan [4; 5;
14; 15]. Modelning umumiy sxemasi 1-rasmda, har bir
darajada qo’llaniladigan metodikalarning psixometrik
xususiyatlari 1-jadvalda keltirilgan.

Ikkinchi daraja — ob’yektiv fiziologik baholash —
sub’yektiv hisobotlarning ijtimoiy magbullik xatosini
kompensatsiya giladi. HRV ko‘rsatkichlari (RMSSD, HF-
guvvat) avtonom asab tizimining muvozanati va
parasimpatik tonusni aks ettiradi [16]. Ertalabki va
kechqurungi so‘lak kortizoli sutkalik ritm profilini chizish
imkonini beradi [17]. Ushbu yondashuv metodologik
jihatdan lokomotiv brigadalari gigienik tekshiruvida [6]
go‘llanilgan ob’yektiv o‘lchov mantig‘iga mos keladi va
imtihon markazi sharoitiga moslashtiriladi.

Uchinchi daraja— kognitiv-xulgiy baholash — ish kuni
mobaynida e’tibor, reaksiya tezligi va xato darajasidagi
o‘zgarishlarni o‘rganadi. Imtihon gabul qilish mas’uliyatli
kognitiv mehnat bo‘lganligi sababli, charchoq natijasida
yuzaga keladigan kognitiv funksiyalar pasayishi nafagat
xodim salomatligi, balki imtihon natijalarining ob’yektivligi
uchun ham tahdid hisoblanadi. Ushbu daraja vagon
yig‘uvchilar  mehnatida  mexanik quvvat  sarfini
modellashtirishga o‘xshash son-sifat yondashuvini [7]
taqozo etadi.

https://doi.org/10.56143/2181-2438-2026-3-5-10
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yugori mas’uliyat

2-DARAJA
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baholash
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* Qon bosimi
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kognitiv pasayish

INTEGRATSIYA - kompleks asab-ruhiy yuklanish profili

diagnostika e

monitoring ¢ prognoz e intervensiya rejasi

1-rasm. Haydovchilik imtihon markazi xodimlari uchun uch darajali kompleks baholash modeli (muallif yondashuvi)

1-jadval
Uch darajali baholash modelida qo’llaniladigan metodikalarning psixometrik xususiyatlari
Daraja Metodika / sub-shkala Asosiy ko’rsatkich Ishonchlilik Manba
1-daraja MBI-GS: Emotsional kasbiy kuyish o =0,86-0,92 Maslach va b. [4; 5]
charchoq (EE) (emotsional charchoq)
MBI-GS: Sinisizm / kasbiy kuyish a=0,74-0,84 Maslach va b. [4; 5]
depersonalizatsiya (kog 'nitiv
masofalanish)
MBI-GS: Shaxsiy kasbiy samaradorlik a=0,70-0,78 Maslach va b. [4; 5]
yutuglar (PA) hissi
PSS-10 (Perceived Stress | idrok etilgan global a=0,74-0,91 Cohen [14]; Lee [15]
Scale) stress
Emotsional mehnat displey goidalariga a=0,79-0,91 Grandey [3];
shkalasi: yuzaki harakat zo 'riqib moslashish Hiilsheger [13]
Emotsional mehnat haqiqiy his- a=0,74-0,85 Grandey [3];
shkalasi: chuqur harakat tuyg ularni Hiilsheger [13]
shakllantirish
2-daraja HRV — RMSSD, HF avtonom asab tizimi ICC =0,55-0,85 Jarvelin-Pasanen va
quvvat muvozanati (qisqa muddatli b. [16]
yozish)
So’lakdagi kortizol — HPA o’qi reaktivligi ICC = 0,39-0,62 Hellhammer va b.
CAR (uyg onish) [17]
So’lakdagi kortizol — sutkalik HPA ritmi ICC = 0,46-0,65 Hellhammer va b.
sutkalik nishab (5-kunlik o’rtacha) | [17]; Stalder va b.
[22]
3-daraja Stroop testi e tibor bargarorligi, o =0,64-0,85; Strauss va b. [23];
(interferensiya) ijroviy nazorat test-qayta test r = Savag va b. [24]
0,69-0,88
7 September, 2026
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Oddiy/tanlangan reaksiya | kognitiv ishlov berish ICC =0,81-0,90 Woods va b. [25]
tezligi tezligi (kompyuterlashtiri
Igan SRT/CRT)

I1zohlar: @ — Cronbach’s alpha (ichki uyg 'unlik); ICC — intraklass korrelyatsiya koeffitsiyenti (qayta-takror ishonchliligi).
Diapazonlar tegishli manbalardagi meta-tahlillar va validatsiya tadgigotlaridan olingan.

3.2. Stress omillarining tasnifi.

Olib borilgan adabiyotlar tahlili va kasbiy mehnatning
o‘ziga xosligi imtihon markazi xodimlari uchun stress
omillarini uch guruhga ajratish imkonini beradi. Tashkiliy
omillar guruhiga ish yuklamasi va vaqgt bosimi, ish jarayoni
ustidan past nazorat, qat’iy reglament, garor gabul gilish
bo‘yicha cheklangan avtonomiya, axborot oqimi, ish va
shaxsiy hayot muvozanati buzilishi, shuningdek harakat-
mukofot nomutanosibligi kiradi [9; 10]. Shaxslararo omillar
guruhi imtihon natijasidan qonigmagan mijozlar bilan
emotsional mulogotni boshgarish, tortishuvli vaziyatlarda
“yuzaki harakat” zarurati, hamkasblar va rahbariyat
tomonidan ijtimoiy qo‘llab-quvvatlash darajasi, hamda rols
noanigligi va mojarosi bilan ifodalanadi [2; 3; 13]. Shaxsiy
omillar guruhiga psixologik bargarorlik, emotsional
intellekt, stressga moyillik, yengish strategiyalari va
jismoniy salomatlik resurslari kiradi.

3.3. Kamaytirish strategiyalari.

Har bir stress omillari guruhi uchun ilmiy asoslangan
kamaytirish strategiyalari taklif gilinadi. Tashkiliy darajada
Spectorning meta-tahlili xodimga ish jarayoni ustidan idrok
etilgan nazorat berish ish qonigishi va salomatlikning eng
kuchli prediktorlaridan biri ekanligini ko‘rsatadi [18].
Dollard va Bakker ishlab chiggan psixososial xavfsizlik

STRESS OMILLARI

iglimi  (PSC)  konsepsiyasi  rahbariyatning  xodim
salomatligiga e’tibori organizatsion darajada eng asosiy
resurs ekanligini ta’kidlaydi [12]. Amalda bu — ish
yuklamasini optimallashtirish, smenalar oralig‘ida yetarli
dam olish, qarorlar shaffofligi, e’tirof va rag‘bat tizimi orqali
amalga oshiriladi.

Shaxslararo va shaxsiy darajada eng samarali
aralashuvlar sifatida ongli e’tibor (mindfulness) treninglari
va jismoniy faollik dasturlarini ko‘rsatish mumkin. Spinelli,
Wisener va Khouryning tasodifiy boshqgaruvli klinik
tadgiqotlar meta-tahlili mindfulness asoslangan treninglar
sog‘ligni saqlash xodimlari va o‘qituvchilarda stress, kuyish
va emotsional charchogni statistik ahamiyatli darajada
kamaytirishini tasdigladi [19]. Schuch va boshgalarning
prospektiv kogortali tadgigotlar meta-tahlili esa muntazam
jismoniy  faollik  depressiya  rivojlanishi  xavfini
kamaytirishini ko‘rsatdi [20]. Richardson va Rothsteinning
kasbiy stressni boshqgarish aralashuvlari samaradorligi
bo‘yicha meta-tahlili kognitiv-xulgiy aralashuvlar eng
yuqori ta’sir o‘lchamiga ega ekanligini anigladi [21]. Stress
omillarining tasnifi va ularning kamaytirish strategiyalari
bilan moslashtirilgan umumiy xaritasi 2-rasmda tagdim
etilgan.

Tashkiliy omillar

= Ish yuklamasi, vaqt bosimi

*= Mukofot nomutanosibligi
= Ish-hayot muvozanati

vaziyatlar

= Role noanigligi

- ljtimoiy resurslar yo'qgligi
Shaxsiy omillar

= Past psixologik bargarorlik

intellekt
[3

egiyalari
salomatlik

KAMAYTIRISH STRATEGIYALARI

Asosiy mos kelisp

Tashkiliy aralashuvlar

= Avtonomiya [18]
[12]
a optimizatsiyasi
zimi [10]
= Dam olish smenalari

Psixologik treninglar

* Mindfulness [19]

= Kognitiv-xulgiy [21]
harakat [3; 13]
nal intellekt

= Ko Ora D
- ljtimoiy tarmoqlar

2-rasm. Stress omillarining tasnifi va ularning kamaytirish strategiyalari bilan o’zaro bog’ligligi (muallif yondashuvi)

3.4. Transport xavfsizligini boshqgarish konteksti.

Taklif etilayotgan model nafagat alohida xodim
farovonligini, balki butun imtihon tizimining samaradorligi
va imtihon natijalarining ob’yektivligini ham oshirishga
xizmat giladi. Salmorbekova va Talipov tomonidan aeroport
infratuzilmasi uchun ishlab chigilgan ragamli xavf matritsasi
va xavfsizlikni boshqarish ish ogimi transport sohasida xavf-
xatarni tizimli baholashning yaginda chiggan namunasi
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hisoblanadi [8]. Mazkur yondashuv inson omilini, ya’ni
xodimlar  asab-ruhiy  holatini  boshgarish  uchun
kengaytirilganda, yo‘l harakati xavfsizligi tizimining
yagona, ko‘p qatlamli xavf boshqaruvi vujudga keladi:
infratuzilma — protsedura — inson omili. Lokomotiv
brigadalari gigienik tekshiruvi misolida ko‘rsatilganidek [6],
xodim salomatligi va xavfsizligi transport tizimining yagona
muhandislik-tibbiy masalasidir.

https://doi.org/10.56143/2181-2438-2026-3-5-10
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4. Xulosa

Mazkur magolada haydovchilik imtihon markazi
xodimlari mehnat faoliyatida asab-ruhiy yuklanishni
baholash va kamaytirishga uch darajali kompleks yondashuv
taklif etildi. Yondashuv Kklassik kasbiy stress nazariyalarini
(Karasek; Siegrist; Demerouti va b.) va emotsional mehnat
tushunchasini  (Hochschild; Grandey) imtihon markazi
mehnatining o‘ziga xos ko‘p tomonli xususiyatlariga
moslashtiradi. Taklif etilgan model sub’yektiv psixometrik,
ob’yektiv  fiziologik va kognitiv-xulgiy darajalarda
baholashni integratsiya qilib, stress omillarini tashkiliy,
shaxslararo va shaxsiy guruhlarga ajratadi va har biri uchun
ilmiy asoslangan kamaytirish strategiyalarini belgilaydi.
Amaliy jihatdan ushbu model imtihon markazi rahbariyati
uchun xodimlar farovonligini monitoring qilish va
boshqarishning metodik asosini, davlat darajasida esa
transport  xavfsizligini inson omili nuqgtai nazaridan
mustahkamlashning yangi yo‘nalishini taqdim etadi.

Kelgusi empirik tadgiqotlar taklif etilayotgan modelni
O‘zbekistondagi turli hududlardagi yagona imtihon
markazlarida sinab ko‘rishi, aralashuvlarning amaliy
samaradorligini uzunlamasiga dizaynda baholashi, hamda
natijalarni boshqa davlat xizmati ko‘rsatish sohalari
(pasport, solig, davlat xizmatlari markazlari) bilan giyoslashi
magsadga muvofiq.
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Assessment of public transport safety and the technical parameters of lifting

Abstract:

Keywords:

and handling equipment

Z.Kh. Jaloloval®?, N.O. Abdullaev!
!Andijan state technical institute, Andijan, Uzbekistan

The article analyzes the safety issues observed in modern urban and regional transport systems, analyzing
and systematically classifying their causes by factor. It also addresses the scientific justification for the
hydraulic and structural parameters of lift-and-tip mechanisms designed for heavy-duty trailers. The
research employed statistical analysis, the diagram construction method, hydraulic calculations, and
comparative analysis. Results: It was determined that 62% of traffic accidents are caused by human
factors and 18% by technical malfunctions. For the lift-and-tip mechanism, the maximum resistance force
was calculated to be 57,890.7 N, and the bending moment was 12,748 N-m. Conclusion: A
comprehensive approach that simultaneously implements technical modernization and driver
qualification enhancement is necessary to improve safety.

road traffic incident, public transportation safety, the human factor, lifting and tipping mechanism,
hydraulic drive, trailer, epure

Jamoat transporti xavfsizligi va ko‘tarib-ag‘darish qurilmalarining texnik

Annotatsiya:

Kalit so‘zlar:

parametrlarini baholash

Jalolova Z.X.}®@2, Abdullayev N.O.*
!Andijon davlat texnika insituti, Andijon, O‘zbekiston

Ushbu maqgolada zamonaviy shahar va mintagaviy transport tizimlarida kuzatilayotgan xavfsizlik
muammolari ko‘rib chiqilib, ularning kelib chiqish sabablari omillar bo‘yicha tizimli tasniflab tahlil
etilgan. Shuningdek, og‘ir yuk tashuvchi tirkamalar uchun mo‘ljallangan ko‘tarib-ag‘darish
qurilmalarining gidravlik va konstruktiv parametrlarini ilmiy asoslash masalalari yoritilgan.: Tadgiqotda
statistik tahlil, epyura qurish metodi, gidravlik hisob va tagqoslash tahlili qo‘llanildi. Natijalar: YTH
larning 62% inson omilidan, 18% texnik nosozliklardan kelib chiqishi aniglandi. Ko‘tarib-ag‘darish
qurilmasi uchun garshilik kuchining maksimal giymati 57 890,7 N, eguvchi moment 12 748 N-m ekanligi
hisoblandi. Xulosa: Xavfsizlikni oshirishda texnik modernizatsiya va haydovchilar malakasini oshirishni
birgalikda amalga oshiruvchi kompleks yondashuv zarurligi imkonini beradi.

yo‘l-transport hodisasi, jamoat transporti xavfsizligi, inson omili, ko‘tarib-ag‘darish qurilmasi, gidravlik
yuritma, tirkama, epyura

1. Kirish

Zamonaviy shaharlar va mintagalarning bargaror
rivojlanishida transport tizimi muhim infratuzilmaviy
omillardan biri hisoblanadi. Aholining harakatchanligini
ta’minlash, iqtisodiy alogalarni rivojlantirish, ishlab
chiqarish va xizmat ko‘rsatish jarayonlarining uzluksizligini
saglash transport tizimining samarali faoliyat yuritishiga
bog‘liqdir. Transport sohasi mamlakat iqtisodiyotining
asosiy tarkibiy gismlaridan biri bo‘lib, uning rivojlanishi
hududlar o‘rtasidagi integratsiyani kuchaytirish, logistika
samaradorligini oshirish hamda aholining turmush sifatini
yaxshilashda muhim ahamiyat kasb etadi.

[1].

So‘nggi yillarda dunyo miqyosida transport vositalari

sonining ortishi, urbanizatsiya jarayonlarining jadallashuvi

a2 https://orcid.org/0009-0008-2835-806X
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va yuk hamda yo‘lovchi tashish hajmlarining ko‘payishi yo‘l
harakati xavfsizligi masalasini yanada dolzarb muammoga
aylantirmoqda. Jahon sog‘ligni saqlash tashkiloti
ma’lumotlariga ko‘ra, har yili dunyo bo‘yicha 1,2
milliondan ortiq inson yo‘l-transport hodisalari ogibatida
vafot etadi [2-3]. millionlab odamlar esa turli darajadagi tan
jarohatlari oladi. Yo‘l-transport hodisalari nafagat inson
hayoti va salomatligiga zarar yetkazadi, balki davlat
iqtisodiyotiga ham sezilarli ta’sir ko‘rsatadi. Tadqiqotlar
natijalariga ko‘ra, ayrim mamlakatlarda yo‘l-transport
hodisalari tufayli yuzaga keladigan iqtisodiy yo‘qotishlar
yalpi ichki mahsulotning 2-3 foizigacha gismini tashkil
etadi. Shu sababli transport vositalarining texnik holatini
takomillashtirish va xavfsizlik ko‘rsatkichlarini oshirishga
garatilgan ilmiy tadgiqotlarni olib borish muhim ilmiy-
amaliy ahamiyatga ega. [4]
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Yol harakati xavfsizligi ko‘pincha yengil avtomobillar
va yo‘lovchi tashuvchi transport vositalari misolida
o‘rganilsa-da, og‘ir yuk tashuvchi transport vositalari ham
ushbu tizimning muhim elementi hisoblanadi. Qurilish,
sanoat, qishloq xo‘jaligi va logistika sohalarida keng
go‘llaniladigan yuk tashuvchi avtomobillar hamda
tirkamalar katta hajmdagi yuklarni tashishda asosiy vosita
bo‘lib xizmat qiladi. Ushbu transport vositalarining samarali
va xavfsiz ishlashi ko‘p jihatdan ularda qo‘llaniladigan
maxsus  mexanizmlar,  xususan, ko‘tarib-ag‘darish
qurilmalarining texnik holati va konstruktiv
mukammalligiga bog‘liqdir. Mazkur qurilmalar yuklarni
ortish va tushirish jarayonlarini mexanizatsiyalash orgali
mehnat unumdorligini oshiradi, biroq ularning nosozligi
yoki noto‘g‘ri loyihalanishi transport vositasining
barqarorligi buzilishiga, texnik avariyalarga va yo‘l-
transport hodisalarining yuzaga kelishiga sabab bo‘lishi
mumkin [5].

Ko‘tarib-ag‘darish qurilmalarining ishlash
samaradorligi va xavfsizligi ularning asosiy konstruktiv
elementlari, gidravlik tizim parametrlari, yuk ko‘tarish
gobiliyati hamda statik va dinamik yuklanishlarga
chidamlilik darajasi bilan belgilanadi. Shu sababli bunday
qurilmalarni loyihalash va ekspluatatsiya gilish jarayonida

tahlil ob'ekti sifatida tanlandi. Ushbu qurilmaning
konstruktiv parametrlari statik hisoblash metodi yordamida
aniglandi.

Ko‘tarib-ag‘darish qurilmasiga ta'sir etuvchi kuchlar
uchta asosiy holat uchun hisoblab chigildi: (1) platformaning
dastlabki yuk tashish holati; (2) ag‘darishning boshlanish
holati; (3) platformaning to‘la ko‘tarilgan holati. . Har bir
holat uchun tashqgi kuchlar, kesuvchi kuch (Q), eguvchi
moment (M) va normal kuchlanishlar (c) epyuralari qurildi
(2.13-2.15-rasmlar).

Gidravlik yuritma parametrlarini aniglashda klassik
gidravlika tenglamalari qo‘llanildi. Nasosning bir marta
aylanishidagi suyuqlik sarfi, silindr diametri, shrok yo‘li va
gidravlik quvurlarning o‘lchamlari ketma-ket hisoblash
orgali aniglandi [8]

Foydalanilgan me*yoriy hujjatlar

—  GOST 22646-77: Avtomobil tirkamalarining
ko‘tarib-ag‘darish qurilmalari uchun texnik talablar

— ISO 3888: Yol harakati xavfsizligi bo‘yicha
xalqgaro standartlar

—  O“zDSt 2867:2016: O‘zbekiston milliy standarti
— transport vositalarining texnik holati

—  WHO (2023): Yo‘l harakati xavfsizligi bo‘yicha
global hisobot

muhandislik hisoblarini ilmiy asosda amalga oshirish muhim
hisoblanadi. Xususan, gidravlik silindrning ishchi bosimi,
zarur ko‘tarish kuchi, yukning joylashuvi va platformaning
ag‘darilish burchagi kabi parametrlarni to‘g‘ri aniqlash
qurilmaning ishonchli va xavfsiz ishlashini ta’minlaydi [6].

Bugungi kunda dunyoning rivojlangan davlatlarida og‘ir
yuk tashuvchi tirkamalarning konstruktiv parametrlarini
optimallashtirish, ularning ekspluatatsion ishonchliligini

3. Natijalar

Xalqaro statistik ma'lumotlar asosida yo‘l-transport
hodisalarining sabablarini to‘rtta asosiy guruhga ajratish va
ularning ulushini aniqlash imkoni bo‘ldi. Natijalar 1-
jadvalda keltirilgan:

oshirish hamda energiya sarfini kamaytirishga garatilgan YTH sabablarini iadori - _1-Jadval
ko'plab ilmiy izlanishlar olib borilmogda. Birog sabablarining migdorly tagsimoti
O‘zbekiston sharoitida yuk tashuvchi tirkamalar va ularga Omil turi Ulushi Asosiy ko‘rinishlari
o‘rnatilgan ko‘tarib-ag‘darish qurilmalarining texnik holati, (%)
gidravlik tizimlarining ishlash xususiyatlari hamda
konstruktiv  parametrlarini  ilmiy asoslash bo‘yicha .
tadgiqotlar yetarli darajada amalga oshirilmagan. Natijada Inson omili 62 Charchog,
mahalliy ekspluatatsiya sharoitlariga moslashtirilgan ilmiy goidabuzarlik,
tavsiyalar va hisoblash usullariga ehtiyoj mavjud [7]. chalg‘itish

Shu munosabat bilan ushbu tadqiqotda yo‘l harakati
xavfsizligiga ta’sir etuvchi omillar tizimli ravishda tahlil . . .

. b .. - Texnik nosozlik 18 Tormoz, rul, eskirgan

qilinib, og‘ir yuk tashuvchi tirkamalar uchun mo‘ljallangan
ko‘tarib-ag‘darish qurilmasining asosiy konstruktiv va park
gidravlik parametrlarini aniglashga alohida e’tibor qaratildi.
Tadqiqot davomida yo‘l-transport hodisalarining asosiy Yo'l 12 Qoplama, belgilar,
sabablarini tasniflash va miqdoriy baholash, ko‘tarib- infratuzilmasi svetofor
ag‘darish qurilmasining statik hamda gidravlik hisoblarini
amalga oshirish, shuningdek, transport vositalarining texnik
xavfsizligini oshirishga garatilgan amaliy tavsiyalar ishlab Tashqi omillar 8 Ob-havo, zichlik,
chiqish ko‘zda tutilgan. Olingan natijalar og‘ir yuk tashuvchi ofatlar
transport  vositalarining ekspluatatsion samaradorligini
oshirish, ularning texnik ishonchliligini ta’minlash va yo‘l
harakati xavfsizligini yanada yaxshilashga xizmat giladi. Jadvaldan korinib turibdiki, inson omili barcha

sabablarning 62 foizini tashkil etib, boshga omillardan
sezilarli darajada ustun turadi. Texnik nosozliklar 18 foiz
bilan ikkinchi o'rinda turadi. Bu ko'rsatkich transport
parkining texnik holatini muntazam nazorat gilish va
modernizatsiya qgilish orgali YTH larning muhim gismini
oldini olish mumkinligini ko'rsatadi. Yuk ko‘taruvchanligi 5
tonna bo‘lgan tirkama uchun o‘tkazilgan statik hisob uchta
alohida holat bo‘yicha epyuralar qurish orgali amalga
oshirildi. Ushbu epyuralar lonjeronlarda hosil bo‘ladigan

2. Tadgigot metodologiyasi

Tadgigotning birinchi gismida jamoat transporti
xavfsizligiga ta'sir etuvchi omillar statistik tahlil usuli
yordamida ko‘rib chiqildi. Xalgaro manbalar (WHO, Jahon
Banki, UNECE) va mahalliy statistik ma'lumotlar asosida
YTH sabablarining migdoriy tagsimoti aniglandi.

Tadqiqotning ikkinchi gismida yuk ko‘taruvchanligi 5
tonna bo‘lgan tirkamaning ko‘tarib-ag‘darish qurilmasi
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tashqi kuchlar, kesuvchi kuch (Q), eguvchi moment (M) va
normal kuchlanishlar (o) tagsimotini ko‘rsatadi [9].

1-rasmda tirkamaning oddiy yuk tashish holatida
lonjeroniga ta'sir etuvchi kuchlar va mos epyuralar
keltirilgan.

2-rasmda ag‘darishning boshlanish holatida lonjeronga
ta'sir etuvchi kuchlar va epyuralar tasvirlangan. Bu holat
konstruktiv jihatdan eng og‘ir yuklanish holati hisoblanadi.

3-rasmda platformaning to‘la ko‘tarilgan holatidagi
kuch tagsimoti va epyuralar ko‘rsatilgan. Kesuvchi
kuchning maksimal giymati aynan ushbu holatda gayd
etilgan.

1}1 PT1 PP1 P12 P11 0,5R2PpiP
+ 4 + s

1 1}20 S5P2

1-rasm. Tirkamalaraa yuklarni tashish holatida uning
lonjeronida hosil bo‘ladigan tashqi kuchlar hamda
kesuvchi kuch, eguvchi moment va normal
kuchlanishlarning epyuralari

}}1 PT1PP1 P12 P11 0,5%R2PP2PT2(,5%R2

' 4

2.-rasm. Ag‘darishning boshlanish holatida hosil
bo‘ladigan tashqi kuchlar hamda kesuvchi kuch,
eguvchi moment va normal kuchlanishlarning
epyuralari
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R1 PTI Pp1 P12z P11 05*R2 Pp2PT2 _,
; L LT

3-rasm. Platforma to‘la ko‘tarilgan holatdagi tashqi
kuchlar hamda kesuvchi kuch, eguvchi moment va
normal kuchlanishlarning epyuralari

Olingan natijalar bo‘yicha epyuralar taqqoslanishi
natijasida quyidagi ko‘rsatkichlar aniglandi:

2-jadval

Ko‘tarib-ag‘darish qurilmasining statik hisob natijalari

Ko‘rsatkich Qiymat

Qarshilik kuchining maksimal giymati | 57 890,7 N
(Po)

Qarshilik ~ momentining  giymati | 48 628,18 N-m
(Mgar)

Shtokni yurituvchi kuch (Pyu) 86 773,51 N
Kesuvchi kuch maksimumi (Q) — | 18286 N
2.15-rasm
Eguvchi moment maksimumi (Me) — | 12 748 N'm
2.14-rasm
Normal kuchlanish maksimumi (c) — | 120,7 - 10° N/m?
2.14-rasm

Jadvalda berilgan giymatlardagi 1-3-rasmlarda

keltirilgan epyuralar tagqoslanishi shuni ko‘rsatadiki, har
uch holat uchun kuch tagsimotining tabiati tubdan
farglanadi. Yuk tashish holatida kuchlanishlar nisbatan tekis
tagsimlangan bo‘lsa, ag‘darishning boshlanish bosgqichida
eguvchi moment va normal kuchlanishlar keskin ortadi [10].

Ag‘darishning boshlanish bosqichi eng og‘ir yuklanish
holati ekanligi (M. = 12 748 N'm, ¢ = 120,7 MPa)
konstruktiv hisoblashlarda ushbu holatni asosiy hisob
variant1 sifatida qabul qilish zarurligini ilmiy jihatdan
isbotlaydi. Bu natija mavjud adabiyotlar [5] bilan to‘liq mos
keladi.
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Tadgigot natijalari mavjud xalgaro adabiyotlar bilan
to‘liqg mos keladi. Inson omilining ustunligi (62%) barcha
rivojlangan va rivojlanayotgan mamlakatlarda kuzatilgan
universal holat hisoblanadi. Texnik nosozliklarning 18
foizlik ulushi, aynigsa O‘zbekiston kontekstida, alohida
e'tiborni talab etadi.

Ushbu tadqgiqotda faqat statik yuklanish holatlari ko‘rib
chigilgan. Amaliy sharoitda dinamik yuklanishlar, aynigsa
notekis yo‘llarda harakatlanish yoki tormozlash paytida,
statik giymatlardan farg qilishi mumkin. Dinamik tahlil
kelajakdagi tadgigotlar uchun muhim yo‘nalish hisoblanadi
[11].

4. Xulosa

Ushbu tadqiqotda jamoat transporti xavfsizligi va og‘ir
yuk tashuvchi tirkamalar uchun ko‘tarib-ag‘darish
qurilmalarining texnik parametrlari birgalikda ko‘rib
chiqildi.

YTH larning 62 foizi inson omilidan kelib chigadi
haydovchilarni tayyorlash tizimini kuchaytirish ustuvor
vazifa hisoblanadi. Texnik nosozliklar ulushi (18%)
transport parki texnik holatini yaxshilash zarurligini
ko‘rsatadi. Epyuralar tahlili ag‘darishning boshlanish
bosqichini eng og‘ir yuklanish holati sifatida tasdigladi: M.
=12 748 N'm, ¢ = 120,7 MPa. Kesuvchi kuchning maksimal
giymati (Q = 18 286 N) platformaning to‘la ko‘tarilgan
holatida (2.15-rasm) qayd etilgan. NShG-32U-3 markali
nasos va P80-3/1-222 markali  gidrotagsimlagich
kombinatsiyasi 5 tonnalik tirkama uchun optimal texnik
yechim hisoblanadi [12] . Kompleks xavfsizlik yondashuvi:
texnik modernizatsiya + haydovchi tayyorgarligi + ragamli
monitoring tizimlarini uyg‘un birlashtirish. Kelajakdagi
tadgigotlarda dinamik yuklanishlar tahlilini kengaytirish,
iglim sharoitlarining gidravlik parametrlarga ta'sirini
o‘rganish va sun'iy intellekt asosidagi diagnostika tizimlarini
ko‘tarib-ag‘darish qurilmalariga integratsiya qilish tavsiya
etiladi.
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The influence of environmental factors on the performance of reinforced
concrete bridge structures

S.S. Salikhanov?, D.l. Ravshanoval®?
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article presents a comprehensive study of the impact of environmental factors on the technical
condition, reliability, load-bearing capacity, and service life of reinforced concrete bridge structures
during their long-term operation. The relevance of this research is driven by the need to ensure the safety
of bridge structures within modern transport infrastructure, reduce operational costs, and extend their
service life. Specifically, factors such as climate change, increased atmospheric pollution, the widespread
presence of aggressive chemical environments, and growing traffic loads are accelerating the degradation
processes of reinforced concrete structures, thereby having a significant negative impact on their
operational performance. The article provides a detailed analysis of the mechanisms of influence on
physical, chemical, and mechanical degradation processes occurring in concrete and reinforcement
elements by climatic (sharp temperature changes, freezing-melting cycles, humidity and atmospheric
precipitation), chemical (carbonation under the influence of chlorides, sulfates, carbon dioxide),
biological, and anthropogenic factors. The influence of these factors on concrete porosity, water
permeability, strength, reinforcement corrosion rate, and the overall load-bearing capacity of the structure
was evaluated based on scientific sources and current regulatory documents. The research methodology
utilizes methods of systematic analysis of scientific literature, comparative study of regulatory
documents, engineering analysis, and mathematical modeling. Based on the results obtained, an
engineering classification for assessing the impact of environmental factors on reinforced concrete
bridges has been proposed. Additionally, the theoretical foundations for determining the coefficient of
aggressiveness, which represents the impact of an aggressive environment, and the cold resistance
coefficients, which characterize the performance characteristics of structures in cold climatic conditions,
as well as approaches to their practical calculation, are presented. The research results demonstrate that
comprehensive consideration of environmental factors during the design, construction, and operation
stages allows for increasing the reliability of reinforced concrete bridges, slowing down corrosion and
wear processes, reducing maintenance and repair costs, more accurately assessing the residual life of
structures, and extending their service life. The scientific conclusions and proposals presented in the
article are of practical importance for engineers, researchers, and design organizations involved in bridge
design, diagnostics, technical condition monitoring, and operation, serving to ensure the safety and
stability of transport infrastructure facilities.

Keywords: reinforced concrete bridges, durability, aggressive environment, corrosion, frost resistance, climatic
influence, coefficient of aggressiveness

Bansinue pakTopoB oKpy:Kamoieii cpeabl HA padoTy Ke1e300eTOHHBIX
MOCTOBBIX KOHCTPYKIUH

Caanxanos C.C.!, Papmanosa JI.11.102
TamkenTckuil rocynapcTBeHHbIH TPAHCIIOPTHELA YHUBEpCUTET, TallKkeHT, Y30eKucTan

AHHOTAIVA: B nanHO# cTaThe KOMIUIEKCHO HCCIIEOBAHO BIUsSHHUE (PaKTOPOB OKPYXKAIOIICH Cpebl Ha TEXHUIECKOe
COCTOSIHME, OKCIUTyaTalldOHHYI0  HAJeXKHOCTh, HECYIIYI0 CIIOCOOHOCTb W JIOJTOBEYHOCTD
JKeNe300€TOHHBIX MOCTOBBIX KOHCTPYKIIMH B MpOILecCe UX ATUTENBHON AKCIUTyaTali. AKTYalbHOCTh
HCCIeIoBaHUA  O00yCIIOBJIEHA HEOOXOOMMOCTBbIO ofOecriedeHHst Oe30IacHOCTH W HAJIEKHOCTH
TPAHCIIOPTHOW MH(QPACTPYKTYPhl, CHIDKCHUsA 3aTpaT Ha OKCIUIyaTallMI0 M PEMOHT MOCTOBBIX
COOPYIKEHHUH, a TAKKe YBEJIMYCHHUS CPOKA UX CIIYXKObI. B yCIOBHAX H3MEHEHHs KIMMaTa, pocTa YPOBHS
3arps3HeHHs1 aTMOC(epsl, YCWICHHS BO3ICHCTBUS arpecCHBHBIX XHMHYECKHX CpEl U yBEIMYCHHS
TPAHCTIOPTHBIX HArpy30K TMPOLECCHl pa3pyLICHHs JKeIe300€TOHHBIX KOHCTPYKIMI 3HAuMTENbHO
YCKOPSIIOTCSI, 4YTO OTPMIATENIBHO CKa3blBACTCS HA MX OKCIUIYaTalMOHHBIX XapaKTEPHCTHKAX U
Oe3onacHocTu. B pabote mompoOHO paccMOTpEeHbl MEXaHU3MBI BO3JCHCTBHS KIMMAaTHYECKUX (pE3KHe
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KroueBrie cioBa:

nepenaapl TeMIIepaTyphl, IUKIBI 3aMOpaKMBAaHUA—OTTAaNBaHUS, aTMOC(EpHast BIAXKHOCTb U OCAaJKH),
XUMHUYECKUX (BO3AEHCTBHE XJIOPHIOB, CyIh()aToB M MpomeccoB KapOOHM3AIMH), OMONOIHMYECKUX M
TEXHOTEHHBIX ()aKTOPOB Ha (H3HUIECKHE, XUMUUECKNE W MEXaHIMUYECKUE MIPOLECCH AeTpafauy OeToHa
u apMatypsl. [IpoaHanm3upoBaHO BIMSHUE YKA3aHHBIX ()AKTOPOB Ha MMOPUCTOCTH, BOAOTIPOHUIIAEMOCTh
W TPOYHOCTH OETOHA, CKOPOCTH KOPPO3WH apMaTyphl, 0Opa3oBaHHE TPEIIWH, CHIKEHHE HecyIeil
CHOCOOHOCTH M 0O0Iee TEXHHYECKOE COCTOSTHHE MOCTOBBIX KOHCTPYKIWH. OIleHKa BBITIOJHEHa Ha
OCHOBE aHaJU3a COBPEMEHHBIX Hay4YHBIX HCCIIEJOBaHUN, HOPMATHBHBIX JOKYMEHTOB U PE3yJbTaToB
9KCIIEPUMEHTAIIBHBIX paboT. MeToI0I0rI4ecKy 0 OCHOBY HCCIIEA0BAHHS COCTABUIIM CUCTEMHbII aHaIN3
OTEUYECTBEHHOH U 3apyOeXHOH HaydHOW JIMTepaTypbl, CPaBHUTEIBHBIN aHaJIN3 HOPMAaTHBHO-
TEXHUYECKOM JIOKyMEHTAall¥, MWHXXEHEpPHbIM aHaiu3, a TakKe METOIbl MaTeMaTU4ecKOro
MOJIETIMPOBAHUS IIPOLIECCOB AETPaallii XKeJIe300eTOHHBIX KOHCTPYKIMH. Ha 0cCHOBaHMN TOJTydeHHBIX
pe3yJIbTaTOB NPEAIOKEHa HHXKEHEpHas Kiaccu(UKaIus (HakTopoB OKPYIKAIOIIEH Cpe/ibl IO CTETIEHH UX
BO3JIEHCTBHS HA )KeIe300€TOHHBIE MOCTOBBIE KOHCTPYKIUH. KpoMe Toro, peicTaBlIeHbl TEOPETHYECKHE
OCHOBBI ompejeneHuss kod(duienTa arpecCHBHOCTH cpelbl U Koddduuuenra Mopo30CTOHKOCTH,
XapaKTepU3YIONMX NHTEHCHBHOCTH BO3/IEHCTBHS BHEIIHNX (DAaKTOPOB M JIOITOBEYHOCTH KOHCTPYKIHH
IIPU 3KCIUIyaTallud B Pa3jIMYHBIX IPUPOJHO-KIUMATUYECKUX YCIOBUSAX. Pe3ynbrarsl uccieloBaHMA
MOKAa3bIBAIOT, YTO KOMIUIEKCHBIM y4eT ()aKTOpOB OKpY’Karomlel cpebl Ha CTaJUsIX IPOSKTUPOBAHWS,
CTPOUTENIECTBA U BKCIUTyaTallud I03BOJIIET CYLIECTBEHHO INOBBICUTH HAJEKHOCTb U JIOJITOBEYHOCTH
JKeJIe300€TOHHBIX MOCTOB, 3aMEUTNTh pPa3BUTHE KOPPO3MOHHBIX IPOLECCOB M JPYTHX BHIOB
pa3pylIeHns, CHU3HUTh 3aTpaThl Ha TeXHHYECKOe OOCTy)XKMBaHHE M PEMOHT, OoJjiee TOYHO OICHMBAThH
OCTAaTOYHBIN peCypCc KOHCTPYKIHUH 1 IPOrHO3UPOBATh CPOK MX Oe3omacHo skciutyaranuu. [TomydeHHsle
Hay4HBIE pe3yNbTaThl W MPAKTUUECKHE PEKOMEHJAIMM MOTYT OBITh HCIIONB30BAaHBI  IPH
MIPOEKTUPOBAHUY, OOCIEOBAaHNM, JHATHOCTHKE, MOHHTOPHHIE TEXHHYECKOTO COCTOSHUS U
9KCIUTyaTalliK >KeIe300€TOHHBIX MOCTOBBIX COOpPYKEHHUH, a TakxKe MpU pa3pabOTKe MEPONPHUATHI 110
TIOBBIIIEHHIO MX HAJIGKHOCTH, 0€30ITIaCHOCTH M JOJITOBEYHOCTH B PA3JINYHBIX YCIOBHSAX KCILTyaTaIHH.
KeNe300€TOHHBIE MOCTBI, JJOJITOBEYHOCTb, arpecCHBHAast Cpela, KOppO3Ws, MOPO30CTOHKOCTb,
BO3/IeiicTBHE KiTMaTa, K03 PUIMEHT arpecCHBHOCTH

1. BBeaenue

CoBpeMeHHOe MIPOEKTHPOBAHHE MOCTOBBIX
COOPY)KEHMI1 BBIXOJUT 3a PaMKH pacuéra NPOYHOCTH U
k€ctkocTd. OAHUM U3  BAXHEHWIIMX  HamnpaBieHUI
WHXEHEPHOTO aHaJIM3a CTAaHOBHUTCS Y4&€T BO3JCHCTBHA
(GaKkTOpOB OKpYXXaloIIeH cpesibl, KOTOpbIE ONpPEACIISIOT
JIOJITOBEYHOCTH U 6€30MacHOCTh JKcmtyararmu [1-3].

B ycnoBusx yBenuuuBaromencss TpaHCIOPTHOM
Harpy3kd M HM3MEHEHHs KiIuMara (pOCT CpeIHeroaoBoi
TEMIIepaTypbl, YBEIMYCHHE AaMIUIMTYIbl  KoJeOaHuMi
BIQXXHOCTH M KOJMYECTBA LHKJIOB 3aMOPa)KHUBaHMUS-
OTTauBaHM) aKTyaJbHOCTh AAHHOTO BOIPOCA BO3PACTAET
MHOTOKPATHO [4].

Lenpto nmanHOW paboThl sBIIsiETCS pa3paboTka
HHKCHEPHON MOJENM B3aMMOJCHCTBHS HKene300eTOHHBIX
MOCTOBBIX ~ KOHCTPYKLIMH C  OKpyXarmueld cpeloy,
MO3BOJISIONIEH  KOJIMYECTBEHHO  OLCHMBATh  BIIUSHUE
KIMMaTH4YeCKUX U XMMHYECKUX (DaKTOpPOB Ha mapaMerpbl
JIOJITOBEYHOCTH.

HayuHas HOBM3Ha MCCIEIOBAaHUS 3aKJIIOYAeTCsS B
YTOYHEHHH MapaMeTpoB KOIP(PUIHEHTOB arpecCHBHOCTH
cpenbl U MOPO30CTOWKOCTH IPUMEHUTENBHO K MOCTOBBIM
KOHCTPYKLMSIM, PaOOTarollUM B OTKPBITHIX YCIOBHSX, a
TAKKe B CHCTEMATU3aLMH ()aKTOPOB C MO3ULIMU UX BIHUSHUA
Ha JJIEMEHThI MOCTa (IUIUTHI, OAJIKHU, OMOPBL, IIBHI).

be3 ananmsza  BOIPOCOB,  M3JIOXKEHHBIX B
HACTOSIICH CTaTbe, HEBOSMOXKHO KOPPEKTHO MOHSATh
MEXaHH3MbI (HDU3MKO-XMMHYECKON Jierpagaium
Kene3o00eToHa,  paccMaTpMBaeMble B ITOCIEIYIOLIHMX
pasnenax.
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2. MeToauka HccJIeI0BAHNA

1. Knaccndunkanns Bo3aeiicTBuii cpeabl

HapéxHocTh M JONTOBEYHOCTH  KEJIE300€TOHHBIX
aBTOZIOPOXKHBIX MOCTOB B PELIAIOIICH CTENIEHH 3aBUCAT OT
BO3ZCUCTBUA  OKpyxkaroulel  cpenpl. IIpoexkTupoBuivk
00513aH y4uTHIBaTh HE TOJIBKO pAacuCTHbIC HArpy3KH, HO U
JIOJITOBPEMEHHOE BIMSHUE KIMMATHYECKHX, XUMUUYECKHX,
OMOJIOTMYECKUX M aHTPONOrEeHHBIX (AKTOpoB. ITH
BO3JICHCTBUSL M3MEHAIOT (DPU3MKO-MEXaHHYECKHUE CBOHCTBA
OeToHa M apMarypbl, YCKOPSIOT KOPPO3HIO, BBI3bIBAIOT
TPELIMHOOOpa30BaHKUe U CHU)KEHHE HECYILEeH CIIOCOOHOCTH
KOHCTPYKLHUH.

Ilo xapakTepy HPOMCXOXACHUS BBIICIAIOT TPU
OCHOBHBI€ TPyIIIbI (HaKTOPOB:

1. TIpuponusie (xIMMaTHYECKHE) —
TeMIepaTypa, BIAKHOCTb, COJHEYHAas pajualys, BeTep,
0CaJIKH, LIUKJIb 3AMOPaYKMBAHUA-OTTAUBAHMSL.

2. Xumuyeckue W Ouonormyeckue - —
Bo31eiicTBue arpeccuBHBIX Ta3oB (SO, CO., Cl), coneit
(NaCl, CaClz), KUCIOTHBIX NOXAEH, MHUKPOOPraHHU3MOB U
MXOB.

3. TexHOreHHble ¥ OKCIUIyaTalMOHHbIE —
JIOPOKHBIE PEarcHThl, BBIXJIONHBIE TIa3bl, BHOpALMH OT
TPAHCIIOPTa, MpPOTEYKH U3 JehOPMALMOHHBIX ILBOB,
MEXaHHYECKOE UCTUPAHHUE MOKPBITHS.

BozpaeiicTBue cpenpl Ha MOCTOBBIE KOHCTPYKLIMH HOCHT
KOMIUIEKCHBIH XapakTep. OCHOBHbIE Trpymibl (akTOpoB
npeicTaBiIeHbl B Tabauie 1.

https://doi.org/10.56143/2181-2438-2026-3-15-19
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Ta6auna 1

Kanaccudukauusi Bo3aeiicTBUI M MX BJMSIHHE HA 3JIEMEHTbI MOCTOB

I'pynna ¢gaxropos Hcrounnku Bozpeiicteue Ysa3BUMBIE 3JIEMEHTbI
Temmeparypa, ocaaky 3amMopaxuBaHUE [Tura mpoesna.
Knumarnaeckne paTypa, ? p i POC3AE,
BIIQ)KHOCTh yBIQ)KHEHHE, 00eIeHeHne OTpaKACHHS
Comnu, rasbl, KUCIOTHBIE Koppo3zust apmatypst
XuMU4ecKre > ? pp PMATYPEL, baiku, onopsl, ycrou
OCaJKH BBIIIETaYNBAHUE
Pazpymenue nmoBepxHocTH,
Bronornueckne Mxu, MEKPOOPTaHH3MBI Onopsl, ycTon
YXyIICHUE CUEeTUICHHS
TToBpexnenue GeToHa,
TexHOreHHBIE BEIXJIOITHEIE ra3bl, peareHThl IInnTa mpoesna, KoHCOIHN
yCTaJoCTh
BOIIPOCHI JOJTOBEYHOCTH (pOPMAIBHO YUHUTHIBAIOTCS depe3
BnaxHocTtb lasmbl C0O,, SO, KOS (UIMCHTHl YCIIOBHH OSKCIUTyaTallid, HO BIHSHUAC
OKpYyKaroIei cpensl ocraérest HEJIOCTaTOYHO
JeTATN3HPOBAHHEIM.

Conu

<+— Temnepartypa

2
7

lazbl

———

Puc. 1 — Moaeans B3auMo/IeiicTBUSI MOCTOBOM
KOHCTPYKIMH M Cpelbl

2. UnxeHepHasi Mo/1eJIb B3aHMOeHCTBHSI KOHCTPYKITHH
U cpenbl
Bo3szeiictBue cpempl MOXKHO TNPEACTaBUTH KaK IOTOK
Macc ¥ 3HEpruii, BO3JEHCTBYOINX Ha BHEIIHIO 000JI0UKY
KOHCTPYKLUIMM ¥  NpOHMKAaOIMX B  OeroH.  Jlna
KOJIMYECTBEHHOTO aHAJIN3a HCIOJb3YIOTCS KO3 PUINESHTHI
arpeccuBHocTH cpefibl Ka 1 Mopo3ocroiikoct K.
Ko3dpunmeHt arpeccuBHOCTH cpebl

L Ko= 22 f(T,HpH), ®
Cref
rue

Cqg — KOHUEHTpAalMsl AarpecCHBHBIX — BEUIECTB B
OKpY>Karomen cpene, MI/M3;
Crep—0azoBas  (nomycTumasi) —KOHLEHTpauus, —MI/M%
T—cpenneronosast Temmeparypa, °C;
H— OTHOCHUTEIIbHAs BIIAXKHOCTb, %;

pH — KUCIOTHOCTD Cpeibl.

2. Tlpu K,>1 matepuan paboTaer B arpecCHBHOU
cpene W TpeOyeT YCHMIICHHOW 3aluThl (THIPOU3OIISLMS,
YBEJIMYEHHE TOJIIMHBI MOKPHITUS, NPUMEHEHHE J100aBOK);
pu K,<1 — yci0BuUsI CYUTAIOTCS HOPMAJIbHBIMH.

Ko3dpunmnent moposocroiikocTn

4. Jlnist OLleHKH MOPO30CTOMKOCTH OeToHa

UCTIONB3YeTCs KOIPPHUILMEHT MOPO30CTONKOCTH Ky

5. K,=-—L. % @)

Nref Rto ’

6. rme
Ny — akTuyeckoe KOIMYECTBO LMKIIOB 3aMOPAKUBAHHS-
OTTauBaHUI B PEruoHe;
Nyof — HOpPMATHBHOE 3HA4YEHWE WMKIOB i Knacca Fj
R, — mpezen NMpOYHOCTH Ha pacTshKeHWe OeToHa moce
LUKJIMPOBAHUS;

R;q — 1peJelt MPOYHOCTH B HCXOJHOM COCTOSTHUH.

7. Koaddumuentst K, 1 K,,, npuMeHsroTcst
npu pacyérax MOJITOBEYHOCTH M BBIOOpE Mapok OeToHa,
TOJILIMHBI 3aLIUTHOTO CJIOS U COCTaBa LIEMEHTA.

3. HopmaTuBHBIE acHEKThI

B oreuectBennoii mnpaktuke (IIHK 2.05.03-22)
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Mexnynapoansie HopMel (EN 206, AASHTO LRFD
Bridge Design Specifications) npemrararor Goiee pa3BUTYIO
CUCTEMY KJIacCH(pUKAIAN BO3JCHCTBUH, BKJTIOYAS
KOJINYECTBEHHBIE KPUTEPUH arpeCCHBHOCTH U XUMHYECKOTO
cocrasa cpenpl [5-8].

4. IIpakTH4eckoe NpUMMeHeHne

B paGore mpemnoxeHo OOBEOUHUTH  IMOJXOJBI,
HCTIONB3YS MHOT0(aKTOPHYFO MOJIeNb cpemsl,
TIPUMEHSEMYIO K KOKIOMY JIEMEHTY MOCTa OTAENIBHO.

Takum  oOpasoM, aHamu3  (PU3MKO-XMMHYECKHX
MPOIIECCOB JETpasiallii MO3BOJSET YCTAHOBUTDH KITIOYEBBIE
MEXaHM3MBl pa3pylleHus OeToHa | apMaTypsl I0J
JNEWCTBHEM BJarW, COJIeH, Ta30B W TEMIepaTypHBIX
konebannit. OHAKO JUTS MHXKEHEPHBIX PAcUETOB U IIPOTrHO3a
pecypca MOCTOBBIX COOPYKEHHII HEOOXOIUMO MEPEeHTH OT

Ka4Y€CTBCHHOI'O OITMCaHUA 3THUX SIBJICHUI K ux
KOJIMYECTBEHHOM OLICHKE.

COBpeMeHHLIe HCCIIEA0OBAHUA IOKa3bIBaKoOT, 4To
HU3MEHCHUE TIPOYHOCTHBIX u ,E[Cq)OpMaL[I/IOHHLIX

XapaKTEePUCTHK HKeJe300eTOHa BO BPEMECHH 3aBHCHUT He
TOJIBKO OT BHYTPEHHHX CBOMCTB MaTepHasoB (II0JI3y4ECTH,
YCaJIK{, KOPPO3HOHHOI'O pACTPECKMBAHMS), HO U OT
KOMIUIEKCA ~ BHEHNIHMX  (DaKTOpoB,  (hOPMHUPYIOLIMX
arpecCHUBHOCTb CPEIBL.

B or0it cBA3M  0coOyl0 HaydyHyH 3HAUYUMOCTD
npuoOperaer pa3paboTka MaTeMaTHYeCKHX Mojesei
U3MEHEHHs]  NPOYHOCTHBIX  XAPAKTEPUCTHK  TNPH
JUIMTeJIBbHBIX BO3/IEHCTBUAX C OKpY:Kawouleil cpenoid,
KOTOpbIE IIO3BOJIAIOT YYHMTHIBATh COBMECTHOE JEHCTBHUE
KJIMMAaTHYECKNX, XMMHYECKUX U MEXaHU4ECKHUX (aKTOpoB

Ipd  HPOEKTHPOBAaHMM W OLEHKE  JIONTOBEYHOCTH
JKeJe300€TOHHBIX MOCTOB.

Ipemnoxennas KiIaccuduranys u cucrema
K03() QUIHUECHTOB MMO3BOJISIIOT:

J YUHUTHIBATh DPEaIbHbIE KIMMATHYECKUE YCIIOBHS
pEerHoHa;

J KOPPEKTUPOBATh  PAacy€THbIE  COMPOTHBIICHUS
OeToHa U apMaTypsl;

° MPOTHO3UPOBATh CPOK CIIY>KObI NPH 3aJaHHOU
arpecCHBHOCTH;

° ONTUMH3HPOBATH BHIOOP 3AIUTHBIX MOKPBITHH U
J00aBOK.

IIpumep pacuéra nmokasai, uro nossiienue K, ¢ 0,9 no
1,2 cHmKaeT 0XKuAaeMbIi CPOK CIy kOBl Oanku Ha 18—22 %,
a camwkenne K, ¢ 1,0 1o 0,8 — emé na 10-15 %.

JlOTIOTHUTEIBHBIM HATIPABJICHHEM COBEPIICHCTBOBAHUS
MPEJUIOKEHHOH METOMKU SBISAETCS BHEAPCHHE CHCTEM
HENPEPHIBHOTO MOHHMTOPHHIA TEXHHYECKOTO COCTOSHHS
MOCTOBBIX ~ cOoOpyXeHHH. COBpEeMEHHbIE  CEHCOpPHbIC
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TEXHOJIOTHH IO3BOJIIIOT B PEXHME PEATFHOTO BpPEMEHU
peTucTpUpOBaTh M3MEHEHHS edopMariuii, TeMnepaTypHbBIX
BO3/ICHCTBHH, BIaKHOCTH OETOHA ¥ ITapaMeTpoB BUOpamum
KOHCTpYKIMH. VHTerpamusi [OaHHBIX MOHHTOPHHTA C
pa3paboTaHHBIMU MaTeMaTHIECKIMHI MOJIEISMH
obecrieunBaeT TOBBIMIEHHE TOYHOCTH HPOTHO3HPOBAHMS
JIeTpa/IallOHHBIX TIPOIIECCOB U CBOEBPEMEHHOE BBISBIICHHE
MIOTEHIIAIFHO OTIACHBIX 1E(EKTOB.

Cnemyer OTMETHTh, 4TO Bo3JeicTBHE (HAKTOPOB
OKpYXKaIOIIel Ccpeasl HOCHT KOMIUIEKCHBIH XapakTep M
COIIPOBOJK/IACTCSI  HEJNIMHEHHBIM ~M3MEHEHHEM  (H3HKO-
MEXaHWYECKHX CBOWCTB MarepHaioB. B cBiI3M c 5THM
TIePCTIEKTHBHEIM HarpaBJIeHHEM JAaTbHEHIINX
HCCIIEIOBaHUH SIBIISIETCS NpUMEHEHHe METO/I0B
HCKYCCTBEHHOTO MHTEJUIEKTA M MAIIMHHOTO OOYYeHHMS UL
aHanM3a OOJNBIIMX MAcCHBOB JKCIUTyaTallMOHHBIX JIaHHBIX.
Hcnone3oBanue HHTEIUIEK Ty aJIbHBIX AJITOPUTMOB
TT03BOJISIET BBISIBILITH CKPBITHIE 3aKOHOMEPHOCTH H3MEHEHHS
TEXHHYECKOTO COCTOSTHHSI KOHCTPYKIHH M (OpMHpOBATH
Gosee TOYHBIE IIPOTHO3HBIE MOJEIH JIONTOBEYHOCTH
KeJe300€TOHHBIX MOCTOB.

Kpome Toro, npu oreHke 3(QQEeKTHBHOCTH MPOEKTHBIX
pemieHnii  menecooOpa3sHO  YYMTHIBaTh  KOHIICIIIHIO
JKU3HEHHOTO  IMKJa  coopyxeHus. Takoll  moaxon
MpeycMaTpuBaeT aHajdu3 He TOJNBKO IEepPBOHAYAIBHBIX
3aTpaT Ha CTPOMTENBCTBO, HO M PACXO/IOB Ha COJEPIKaHUE,
PEMOHT W PEKOHCTPYKIMIO OOBEKTAa B TEUYEHHE BCETO
nepuoza dKcIutyatanuu. KoMIUIEKCHOE HCIONb30BaHNe
K03 uUIMEHTOB  BO3JEHCTBHS ~ OKpyXKaromied  cpepl,
pe3y/bTaTOB MOHHTOPHHIa W METOJOB HPOTHO3HUPOBAHMS
OCTAaTOYHOTO pecypca MO3BOJIET TIOBBICHTD
9KOHOMHHYECKYIO 3()(HEKTHBHOCTH IKCILTyaTallnl MOCTOBBIX
COOpyKeHHMIl M olecniednTh TpeOyeMblii YpOBEHb HX
0€30I1aCHOCTH B J0ITOCPOYHOI MEPCIIEKTHBE.

[Mosry4eHHbIe pe3yabTaThl CO3AIOT HAYYHYIO OCHOBY
JUISL COBEPIICHCTBOBAHMSA HOPMATHUBHBIX METOIOB pacuéra
KEJNe300C€TOHHBIX MOCTOBBIX KOHCTPYKLHH C Yy4€ToM
PETHOHANBHBIX KJIMMAaTHYECKHX OCOOEHHOCTEH M CTereHH
arpeccMBHOCTH  OKPYXKAlOIIEH Cpelpl, 4YTO OCOOEHHO
aKTyaJIbHO JUTs yciioBHi PecryOnuku V30eKucTaH u Apyrux
PErMOHOB C PE3KO KOHTHHEHTAJIbHBIM KJIMMAaTOM.

Pa3Burne HPEUI0KEHHOI 0 Ho/X0/1a TaKKe
npeanonaraer  QGopmupoBaHue — UUGPOBOM  Mozenu
KU3HEHHOTO IMKJIA MOCTOBOTO COOPYKEHHS, B KOTOPOH
IapaMeTpbl OKPY)KAIOIIeH Cpelbl paccMaTpUBAIOTCSA Kak
HU3MEHSIONIMECS BO BPEMEHH BeIMYMHBL. Takoil momaxon
MO3BOJISIET YYUTHIBATh CE30HHBIE KOJICOAHHS TEMIIEPaTypbl
U BJIQXHOCTH, U3MEHEHHE MHTEHCUBHOCTU TPAHCIIOPTHBIX
Harpy3ok, a TaKke BO3MOYKHOE yBEJIMYEHUE arpecCUBHOCTU
OKpy’)Kalolleld cpeapl B Mpolecce SKCIUlyaTauud. B
pesyibrare MOSBISIETCS BO3MOXHOCTH — Ilepexoja  OT
HOPMAaTHBHBIX pacuéToB K HPOTHO3UPOBAHUIO
(aKTHYECKOro TEeXHUYECKOrO COCTOSHHS KOHCTPYKIMI Ha
pa3NMuHBIX JTamax MX IJKU3HEHHOro wmkma. OcoObiit
HHTEpPEC  NPEACTaBIsAeT  pa3pabOTKa  MHTErpalbHOro
OKa3aTes JIOJITOBEYHOCTH, 00BEIMHAIOILIETO
KO3((GULMEHThI  KIMMAaTHYECKOro,  XHMHUYECKOTO U
MEXaHMYECKOr0 BO3JICHCTBUS B EAMHYIO pPacy€THYIO
cucteMy. lcmonp3oBaHME TaKoro IOKa3aTess MO3BOJIUT
NPOBOJUTb  CPAaBHUTEIBHYIO  OLEHKY  Pa3IMYHBIX
KOHCTPYKTUBHBIX petieHui emé Ha craauu
MPOEKTUPOBaHUsI W BHIOMpaTh Hambonee 3¢ ¢eKTUBHbIC
BapUaHThl 3alIUTHl JKEJIE300€TOHHBIX JJIEMEHTOB OT
HEeOIAroNpUsITHBIX BO3AEHCTBHI OKPYIKAIOIIEH Cpe/Ibl.

[pakTudeckass peanusanus pa3pabOTaHHON MOIETH
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MOJKET OBITh HCIIONIB30BaHa MPH INIAHUPOBAHUH PEMOHTHO-
BOCCTAHOBHTENIBHBIX PabOT Ha CYIIECTBYIOIIMX MOCTOBBIX
coopykeHusix. Ha  ocHoBe  pacu€THbIX  3Ha4YeHUH
OCTaTOYHOTO  pecypca  HOSABILIETCS  BO3MOXKHOCTh
ompejeieHus]  ONTHMAlbHBIX  CPOKOB  IPOBEICHHUS
npoUIaKTUYECKUX MEPOIPHATHH, 4YTO CHOCOOCTBYET
CHIDKEHHIO KCIUTYaTallMOHHBIX 3aTPaT U MPEIOTBPAILCHUIO
aBapuiHBIX cuTyammit. Ilpm sroM 3 dekTHBHOCTH
NPUHUMAEMbIX PEIICHUH CyIIECTBEHHO BO3pacTaeT NpU
HCTIONbB30BAHUU JAHHBIX HUHCTPYMEHTAIILHOTO
obcnenoBaHuss M pE3yIbTaTOB  JOJTOBPEMEHHOTIO
MoHMTOpHHra. ClefyeT OTMETUTh, YTO Ui MOCTOBBIX
COOpYIKEHHUH, PacIIONIOKEHHBIX B Pa3IIIHBIX
KIMMAaTHYECKUX  30HaX, 3HadeHus  KoddduuueHro
BO3JICHCTBUS OKpY’KAIOIIEH cpelbl MOTYT CYILECTBEHHO
ornuathest. [loaToMy nanbHeHIIe HCCIeI0BaHUST JOMKHbI
OBITh HAIIPaBIICHBI HA CO3/IAHHE PETHOHATBHBIX 0a3 IaHHBIX,
OTP@XAIOIMX OCOOCHHOCTH KIIMMATHYECKUX YCIIOBHU,
YPOBEHb 3arps3HeHHst arMocdepsl U HHTCHCHBHOCTb
TPaHCIIOPTHBIX NMOTOKOB. POpMHUpOBaHUE TAKMX 0a3 TAHHBIX
TI03BOJIUT TIOBBICHTH JIOCTOBEPHOCTH IIPOTHO3HBIX PacuéToB
1 00ecreuuTh aJanTaluio CYMIECTBYIOINX HOPMATUBHBIX
TpeOOBaHMH K PeabHBIM YCIIOBHAM 3KCILTyaTaIuH.

Takum 00pa3zoM, OOBEAMHEHHME MAaTEMAaTH4YECKOTrO
MOJICIMPOBaHUs, LU(PPOBOrO MOHHMTOPHHIA, METOJOB
MPOTHO3UPOBAHUS OCTATOUHOIO Pecypca M PerHOHaIbHBIX
KJIMMaTHYECKUX  JIaHHBIX  (DOPMHpPYeT  KOMIUIEKCHBII
Hay4YHBII MOAXoN K OLICHKE JIOJITOBEYHOCTH
JKEJIe300€TOHHBIX MOCTOBBIX KOHCTPYKIMH. Peanmusanms
JIAHHOTO oX0/1a CIIOCOOCTBYET TOBBILICHUIO
9KCIUTyaTallMOHHOH ~ HAJI®XHOCTH MOCTOB, CHIDKCHHIO
3aTpaT Ha UX COZEPIKaHNEe U COBEPILICHCTBOBAaHUIO METO/IOB
HNPOCKTUPOBAHMS C y4€TOM BO3JEHCTBHS  (aKTOpPOB
OKpY>KaloILEeH cpepl.

Takum  o0pa3oM,  BHEApEHHE  IPEIIIOKECHHOTO
KOMIUIEKCHOTO TOAXO0Ja B MPAKTHUKY MO3BONSET MOBBICHTH
SKCIUTyaTallUOHHYIO HaJEXHOCTh MOCTOBBIX COODPYKEHU,
COKPATHTh 3aTPaThl HA UX COJEPKAHHE M PEMOHT, a TaKKe
COBEpILEHCTBOBATh COBPEMEHHbIE METOIbI
HNPOCKTUPOBAHMS C y4€TOM BO3JCHCTBHA  (aKTOpOB
OKpY’KalolleH cpepl.

3. 3akiaueHnue

1. Bo3geiictBie  cpedbl  SIBISIETCS — CHCTEMHBIM
(akTopom, OlIpeIeNIAIOLIUM JIOJITOBEYHOCTh
JKeJe300€TOHHBIX MOCTOB He MeHee 4eM Ha 60 %.

2. Beenéunbie xoadouuuentsl K, u K, MO3BOISAIOT
HUHTEIPUPOBATh KIIMMaTHYECKUE u XUMHUYECKHE
BO3JICHCTBHS B MH)KCHEPHBIE PACUETHI.

3. Pa3paboTannas Mojesb B3aUMOJICHCTBHUS CPebl H
KOHCTPYKLIMM MOXKET HCIOJIb30BAaTbCSd HPH IPOTHO3E
OCTAaTOYHOTO pecypca U IUIAHUPOBAHMH MEPOIPHUATHI IO
3aIluTe.

4. Ananu3 mokasai, 4to 0e3 MmpeABapUTEeNbHOro yuéra
(akTOpoB  cpeibl  HEBO3MOXKHO JIOCTOBEPHO — OIHUCAaTh
(U3UKO-XUMHYECKYIO IeTpaalluIo.
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An analysis of theoretical approaches to ensuring road traffic safety

Abstract:

Keywords:

Z.Kh. Jaloloval®?, Kh.A.Vahobov?
!Andijan state technical institute, Andijan, Uzbekistan

The article analyzes a comparative analysis of key theoretical approaches to ensuring road safety. The
study evaluates theoretical models formed from the 1920s to the modern era - the "Three E's" system, the
Haddon matrix, the "Vision Zero™" concept, the Safe System approach, the HAM model, and the Risk
Homeostasis Theory - in terms of their scientific foundations, scope of practical application, and
effectiveness. The strengths and weaknesses of each approach were identified and compared in terms of
their suitability for the conditions of Uzbekistan. The research results show that no single theoretical
model can provide a universal solution for all countries; to achieve an effective result, it is necessary to
combine various approaches, taking into account social, economic, and geographical characteristics. In
the context of Uzbekistan, integrating the " Three E " model with the "Safe System" approach is
substantiated as a resource-efficient and systemic result-oriented optimal strategy. Furthermore, this
analysis is of practical importance for specialists and researchers conducting reforms in the field of road
safety.

road safety, theoretical approaches, Vision Zero, safe system, Haddon matrix, HAM model, risk
homeostasis, "Three E" model, road traffic accidents, prevention

Yo‘l harakati xavfsizligini ta’minlashga oid nazariy yondashuvlar tahlili

Annotatsiya:

Jalolova Z.X.}®2 Vahobov X.A.*
!Andijon davlat texnika insituti, Andijon, O‘zbekiston

Ushbu maqolada yo‘l harakati xavfsizligini ta’minlashga oid asosiy nazariy yondashuvlar giyosiy tahlil
gilingan. Tadgiqotda XX asrning 20-yillaridan zamonaviy davrgacha shakllangan nazariy modellar —
"Uch E" tizimi, Haddon matritsasi, "Nol vizion" (Vision Zero) konsepsiyasi, Xavfsiz tizim (Safe System)
yondashuvi, HAM modeli va Xavf gomeostazi nazariyasi — ularning ilmiy asoslari, amaliy tatbiq doirasi
va samaradorligi nugtai nazaridan baholangan. Har bir yondashuvning kuchli va zaif tomonlari aniglanib,
ular O‘zbekiston sharoitiga mosligi jihatidan taqqoslangan. Tadqiqot natijalari shuni ko‘rsatadiki, hech
bir yagona nazariy model barcha davlatlar uchun universal echim bera olmaydi; samarali natijaga erishish
uchun ijtimoiy, iqtisodiy va geografik xususiyatlarni hisobga olgan holda turli yondashuvlarni
uyg‘unlashtirish zarur. O‘zbekiston sharoitida "Uch E" modelini "Xavfsiz tizim" yondashuvi bilan
integratsiya gilish — resurs jihatdan tejamkor va tizimli natijaga yo‘naltirilgan optimal strategiya sifatida
asoslab berilgan. Shuningdek,ushbu tahli yo‘l harakati xavfsizligi sohasida islohotlar olib borayotgan
mutaxassislar va tadgiqotchilar uchun amaliy ahamiyatga ega.

Kalit so‘zlar: yo‘l harakati xavfsizligi, nazariy yondashuvlar, Vision Zero, Xavfsiz tizim, Haddon matritsasi, HAM
modeli, xavf gomeostazi, "Uch E" modeli, yo‘l-transport hodisalari, profilaktika
1. Kirish amaliy yondashuvlarni qo‘llagan. Bu yondashuvlar vaqt
o‘tishi bilan rivojlanib, muhandislik yechimlardan tizimli
Yol harakati xavfsizligi (YHX) masalasi bugungi kunda konsepsiyalarga,  repressiv. modellardan  profilaktik
global migyosda muhim ijtimoiy va igtisodiy strategiyalarga garab takomillashib borgan. Birog universal

muammolardan biri bo‘lib qolmoqda. Jahon sog‘ligni
saglash tashkilotining hisobotlariga ko‘ra, yo‘l-transport
hodisalari (YTH) ogibatida yiliga 1,35 milliondan ziyod
inson hayotini yo‘qotadi, bu esa barcha o‘limlarning 2,37
foizini tashkil etadi. Eng tashvishli jihati shundaki, ushbu
ko‘rsatkichlarning 93 foizi past va o‘rta daromadli
davlatlarda gayd etilmoqda.

Yo‘l-transport hodisalarini kamaytirish yo‘lida turli
davlatlar o°z tajribalaridan kelib chiqib, turlicha nazariy va

3~ https://orcid.org/0009-0008-2835-806X
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yechim hali ham mavjud emas — har bir mamlakat o‘zining
ijtimoiy-igtisodiy muhitiga mos yondashuvni tanlab
qo‘llashi zarur [1].

O‘zbekistonda yo‘l harakati xavfsizligini ta’minlash
yo‘lida so‘nggi yillarda muhim qadamlar qo‘yilgan.
Xususan, 2018-yilda Vazirlar Mahkamasining 377-son
qarori asosida tizimli islohotlar boshlanib, 61 trillion so‘m
mablag® infratuzilmani yangilashga ajratildi. Shuningdek,
sun’iy intellekt asosidagi qoidabuzarliklarni aniqlash

https://doi.org/10.56143/2181-2438-2026-3-20-24
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tizimlari joriy etildi va sohaga 3365 nafar xodim zamonaviy
texnik vositalar bilan jihozlandi [2]. Shunday bo‘lsa-da,
nazariy asoslanmagan yondashuvlar kutilgan samara bermay
golishi mumkin.

Ushbu magolaning asosiy magsadi — yo‘l harakati
xavfsizligini  ta’'minlashga  oid  etakchi  nazariy
yondashuvlarni giyosiy tahlil gilish, ularning kuchli va zaif
tomonlarini aniglash va O‘zbekiston sharoitiga eng mos
modelni asoslashdan iborat. Natijalar yo‘l xavfsizligi
siyosatini shakllantirishda ilmiy asos bo‘lib xizmat qilishi
ko‘zda tutilgan.

Olingan natijalar og‘ir yuk tashuvchi transport
vositalarining  ekspluatatsion samaradorligini  oshirish,
ularning texnik ishonchliligini ta’minlash va yo‘l harakati
xavfsizligini yanada yaxshilashga xizmat giladi.

2. Tadgigot metodologiyasi

Ushbu tadqiqot yo‘l harakati xavfsizligini ta’minlashga
oid nazariy yondashuvlarni tizimli va giyosiy tahlil gilishga
qaratilgan bo‘lib, u bir necha o‘zaro to‘ldiruvchi
metodologik tamoyillar asosida qurilgan. Tadgiqgot dizayni
nazariy-analitik xarakter kasb etadi va asosan mavjud ilmiy
manbalar, xalgaro tashkilotlar hisobotlari hamda normativ-
huqugiy hujjatlar bazasida amalga oshiriladi.

Metodologik yondashuv uchta asosiy komponentdan
tarkib topgan bo‘lib quyidagicha:

- empirik ma’lumotlar va nazariy manbalarga
asoslangan tizimli sharh;

- nazariy modellarni ko‘p mezonli tizimda solishtiruvchi
giyosiy tahlil;

- O‘zbekiston kontekstiga moslashtirilgan ekspert
baholash elementi.

Bu uch komponentning birgalikda qo‘llanilishi tadqiqot
xulosalarining ichki izchilligi va tashqgi validligini
ta’minlaydi.

Tadgiqotda foydalanilgan manbalar ikki toifaga ajratildi:
birlamchi manbalar (xalgaro tashkilotlarning rasmiy
hujjatlari, milliy gonunchilik bazasi) va ikkilamchi manbalar
(peer-reviewed ilmiy jurnallardagi maqolalar, metaanalitik
tadgigotlar). Manba tanlashda PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) tamoyillariga muvofiq ikkita asosiy mezon
qo‘llanildi [3].

Birinchi mezon — manbaning ilmiy nufuzliligi va
xalgaro hamjamiyat tomonidan tan olinganligi. Bu mezon
asosida OECD, Jahon Sog'ligni saglash tashkiloti (WHO),
Jahon Banki va EuroRAP kabi xalgaro tashkilotlarning
hisobotlari, shuningdek, Scopus va Web of Science
ma’lumotlar bazalarida indekslangan jurnallar tanlab olindi.
Ikkinchi mezon — manbaning O‘zbekiston sharoitiga
amaliy alogadorligi va mahallly yo‘l xavfsizligi
muammolarini yoritish darajasi. Bu mezon mintagaviy
xususiyatlar (past va o‘rta daromadli mamlakatlar, O‘rta
Osiyo konteksti) ni hisobga oluvchi manbalarning tanlashga
asos bo‘ldi.

Manbalar qidiruvi “road safety theory”, “traffic safety
system”, “Vision Zero”, “Safe System approach”, “road
accident prevention” kalit so‘zlari orqali amalga oshirildi.
Jami 120 dan ortiq manba ko‘rib chiqildi; ulardan 48 tasi
belgilangan mezonlarga javob bergan holda tadgiqotga
kiritildi. Qolgan manbalar quyidagi asoslarda istisno gilindi:
eskirgan ma’lumotlar (2000 yilgacha), O‘zbekiston
kontekstiga to‘liq aloqasizligi yoki metodologik sifat
talablariga javob bermasligi.
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Qiyosiy tahlil metodi nazariy yondashuvlarning
o‘xshash va farqli jihatlarini strukturali tarzda aniqlash
hamda ularning samaradorligini bir-biriga nisbatan baholash
imkonini beradi. Tadgigotda giyosiy tahlil ikkita darajada
olib borildi.

Birinchi daraja — diaxronik (tarixiy) tahlil: YHX
nazariyasining rivojlanishi to‘rt tarixiy bosqichda o‘rganildi.
1920-1950-yillardagi “tasodif va taqdir” konsepsiyasidan
boshlab, =~ 1950-1980-yillardagi “Uch E”  modeli
(Engineering, Education, Enforcement), 1980-2000-yillar
oralig'idagi tizimli yondashuv va inson omili paradigmasi
hamda 2000-yildan hozirga gadar davom etayotgan " Xavfsiz
tizim" va “Nol vision” paradigmasigacha bo‘lgan rivojlanish
yo‘li tahlil qilindi [4]. Ushbu tarixiy tasnif har bir nazariy
yondashuvni o‘z davri ilmiy-ijtimoiy kontekstida to‘g'ri
baholash metodologik asosi sifatida xizmat gildi.

Ikkinchi daraja — sinkronik (zamondosh) tahlil: hozirgi
kunda amalda qo‘llaniladigan asosiy nazariy modellar bir-
biri bilan taqgoslandi. Tagqgoslash jarayonida har bir model
uchun bir xil analitik sxema qo‘llandi: modelning nazariy
poydevori, asosiy tushunchalar tizimi, amaliy tatbiq
mexanizmlari, kuchli va zaif tomonlari, hamda O‘zbekiston
kontekstidagi potentsiali.

Tizimli sharh (systematic review) metodologiyasi
mavjud ilmiy manbalardagi ma’lumotlarni oldindan
belgilangan protokol asosida, izchil va takrorlanuvchi tarzda
tahlil qilishga yo‘naltirildi. Bu yondashuv an'anaviy
adabiyotlar sharhidan farqli o‘laroq, selektivlik xatosini
minimallashtirishga va  xulosalarning  ob'ektivligini
oshirishga imkon beradi.

Tizimli sharh quyidagi bosgichlarda amalga oshirildi:

- tadgiqot savollarini anig shakllantirish;

- gidiruv strategiyasini ishlab chigish va manbalarni
aniglash;

- kiritish/istisno qilish mezonlarini qo‘llash;

- tanlangan manbalarning sifatini baholash;

- ma’lumotlarni chiqarish va sintez qilish;

- xulosalarni shakllantirish.

Har bir bosqgich hujjatlashtirilib borildi, bu esa tadgiqot
jarayonining shaffofligini ta’'minladi.

Nazariy yondashuvlarni baholash uchun xalgaro yo‘l
xavfsizligi siyosatida keng qo‘llaniladigan ko‘p mezonli
tahlil (Multi-Criteria Analysis — MCA) usuli moslashtirildi.
To‘rtta asosiy baholash mezoni quyidagi asoslanishlar bilan
tanlandi:

-llmiy asos va ishonchlilik darajasi — yondashuv
ganchalik empirik tadgiqotlar, randomizatsiyalangan
nazorat sinovlari yoki keng gamrovli kohort tadgiqotlar
bilan mustahkamlanganligi baholandi. Bu mezon nazariy
modelning fanga asoslanganligini o‘Ichash imkonini beradi.

-Amaliy tatbig imkoniyati — nazariy modelning real
yo‘l xavfsizligi muammolarini hal etishga yaroqliligi,
mavjud amalga oshirilgan dasturlar va ularning natijalari
asosida baholandi.

-Resurs talab gilish darajasi — yondashuvni joriy etish
uchun zarur moliyaviy, texnik va institutsional resurslar
miqdori baholandi. Bu mezon, aynigsa, cheklangan byudjetli
mamlakatlarda prioritetlarni belgilashda muhim ahamiyat
kasb etadi [5].

-Past va o‘rta daromadli mamlakatlar sharoitiga mosligi
yondashuvning yugori daromadli davlatlar emas, balki
rivojlanayotgan mamlakatlar kontekstida qo‘llanilishi
imkoni va tegishli muvaffagiyat misollarining mavjudligi
baholandi.
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Har bir yondashuv ushbu to‘rtta mezon bo‘yicha uch
bosqichli shkalada baholandi (past / o‘rta / yuqori), so‘ngra
umumiy profil tuzildi va O‘zbekiston kontekstiga tatbiq

imkoniyati xulosalandi. Baholash natijalariga ko‘ra
yondashuvlarning nisbiy ustunliklari va cheklovlari
aniglandi.

Tadgiqotda induktiv va deduktiv fikrlash usullarining
o‘zaro to‘ldiruvchi kombinatsiyasi qo‘llanildi. Ushbu
metodologik tanlov tadgigotning ham nazariy chuqurligini,
ham amaliy asosliligini ta’minlash magsadida amalga
oshirildi.

Deduktiv  yondashuv  doirasida  xalgaro ilmiy
adabiyotlarda mustahkamlangan umumiy nazariy qoidalar
va tamoyillar O‘zbekiston kabi aniq mamlakat misoliga
tatbiq etildi. Bu yondashuv global migyosda samarali deb
tan olingan modellarning mahalliy sharoitda qo‘llanilish
imkoniyatini sinovdan o‘tkazish imkonini berdi.

Induktiv yondashuv esa O‘zbekistondagi yo‘l-transport
sohasining hozirgi holati, amaliy muammolar va mavjud
cheklovlardan kelib chigib, umumlashtirilgan xulosalar
shakllantirishga xizmat qildi. Mahalliy statistik ma’lumotlar,
normativ-huquqiy hujjatlar tahlili va soha amaliyotidagi
nagshlar asosida umumiy gonuniyatlar aniglandi.

Ikkala usulning birgalikda qo‘llanilishi natijasida
tadqiqot ikki yo‘nalishda harakatlanishi ta’minlandi: global
nazariyadan mahalliy kontekstga (deduktiv) va mahalliy
muammolardan umumiy xulosalarga (induktiv). Bu
metodologik kombinatsiya tadgigot natijalarining ham
nazariy izchilligi, ham amaliy asosiyligi jihatidan validligini
kuchaytirdi.

Tadgiqotning yakuniy bosqgichida ekspert baholash
elementi qo‘llanildi: xalgaro manbalar tahlili, qiyosiy tahlil
va tizimli sharh natijalari asosida har bir nazariy
yondashuvning O‘zbekiston yo‘l xavfsizligi tizimiga tatbiq
etish salohiyati mustaqgil baholandi. Ushbu bosgich ilmiy
dalillarga asoslanib, lekin kontekstual omillarni hisobga
olgan holda amalga oshirildi.

Kontekstualizatsiya jarayonida quyidagi mahalliy
omillar inobatga olindi: mamlakatimizning igtisodiy
imkoniyatlari va byudjet cheklovlari; yo‘l-transport
madaniyati, haydovchilar va piyodalarning xulg-atvori
xususiyatlari; amaldagi gonunchilik bazasi va institutsional
imkoniyatlar; yo‘l infratuzilmasining texnik holati; va
shuningdek, mintagaviy tajriba — Markaziy Osiyo va
shunga o‘xshash iqtisodiy rivojlanish  darajasidagi
mamlakatlarning muvaffagiyatli amaliyotlari.

Ushbu kompleks metodologik yondashuv — tizimli
sharh, giyosiy tahlil, ko‘p mezonli baholash, ikki tomonlama
fikrlash usuli va kontekstualizatsiyaning birgalikda
qo‘llanilishi — tadgiqot natijalarining ilmiy asosliligini
ta’minlab, yo‘l harakati xavfsizligi sohasidagi nazariy
bilimlarni O‘zbekiston amaliyotiga ko‘prik vazifasini
o‘taydi.

Mazkur cheklovlarga qaramasdan, qo‘llanilgan
metodologik yondashuv “Yo‘l harakati xavfsizligini
ta’minlashga oid nazariy yondashuvlar tahlili” mavzusidagi
tadgiqotning asosiy maqgsad va vazifalariga erishish uchun
yetarli darajada kuchli va asoslangan deb hisoblanadi [6-7].

3. Natijalar

Tahlil natijalari shuni ko‘rsatadiki, “Uch E” modeli
(Engineering, Education, Enforcement) AQSh Milliy
xavfsizlik kengashi tomonidan 1920-yillarda ishlab chigilib,
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zamonaviy YHX amaliyotining poydevorini yaratgan [5].
Modelning asosiy g‘oyasi quyidagicha: muhandislik
yechimlar (yo‘l geometriyasi, svetoforlar, chiziglar), ta’lim
tadbirlari (haydovchi va piyodalar bilimini oshirish) hamda
nazorat mexanizmlari (jarimalar, kameralar) birgalikda
ishlashida YTH sezilarli kamayishi mumkin.

Modelning kuchli tomoni — amaliy qo‘llanilishining
qulayligi va cheklangan resurslar bilan ham amalga oshirish
imkoni. Birog asosiy kamchiligi shundaki, model inson
psixologiyasini yetarlicha hisobga olmaydi va har uchala"E"
ni bir xil ahamiyatda ko‘rib chiqadi. Holbuki, amaliyot shuni
ko‘rsatadiki, ta’lim va nazorat chora-tadbirlari yaxlit tizimga
birlashtirilmasdan qo‘llansa, uzoq muddatli samarasini

yo‘qotadi .
William Haddon tomonidan 1972-yilda taklif etilgan
matritsa YTH ni uch omil — inson, vosita va atrof-muhit —

va uch vagt bosgichi — hodisadan oldin, hodisa paytida,
hodisadan keyin — kesishmasida ko‘rib chigadi [10]. Bu
yondashuv YHX sohasida tizimli fikrlashning ilk namunasi
sifatida tan olingan.

Haddon matritsasining afzalligi shundaki, u xavfsizlik
muammosini tor texnik doiradan chigarib, ijtimoiy, tibbiy va
huquaiy aspektlarni ham gamrab olishga imkon beradi. Shu
sababli matritsa  bugungi kunda ham ko‘plab
mamlakatlarning YHX strategiyalarini ishlab chigishda
metodologik asos bo‘lib xizmat gilmoqda.

Shvetsiyalik tadgiqotchi Claes Tingvall tomonidan
1997-yilda ilgari surilgan “Nol vision” (Vision Zero)
konsepsiyasi yo‘l-transport hodisalari natijasidagi barcha
o‘lim va og‘ir jarohat holatlarini mutlaqo bartaraf etishni
davlat siyosatining bosh magsadi sifatida belgilaydi [7].
Konsepsiyaning asosiy falsafasi shundan iboratki, yo‘l
harakati tizimi inson xatolariga bardoshli (error-tolerant)
bo‘lishi kerak — ya’ni haydovchi noto‘g‘ri qaror qilsa ham,
tizim bu xatoning halokatli natijaga aylanishining oldini
olishi lozim.

“Nol vision” Shvetsiya, Norvegiya va Finlyandiyada
davlat siyosati darajasida qabul qilinib, o‘lim
ko‘rsatkichlarining tizimli ravishda kamayishiga olib keldi.
Birog bu konsepsiyani amalga oshirish uchun juda katta
moliyaviy investitsiyalar, siyosiy iroda va uzoq muddatli
majburiyat talab etiladi — bu esa uni rivojlanayotgan
mamlakatlar uchun to‘liq tatbiq etishni murakkablashtiradi
[8].
OECD (Organisation for Economic Co-operation and
Development) ya’ni Iqtisodiy hamkorlik va rivojlanish
tashkiloti tomonidan 2008-yilda rasmiy tavsiya etilgan
Xavfsiz tizim (Safe System Approach) yondashuvi to‘rtta
asosiy ustun atrofida qurilgan: xavfsiz yo‘llar va ko‘cha-yo‘l
tarmoglari; xavfsiz tezlik; xavfsiz transport vositalari;
xavfsiz harakatlanuvchilar. Ushbu yondashuv “Nol vizion”
konsepsiyasining operatsional ifodasiga aylanib, uni
amaliyotga tatbiq etishning anig mexanizmini tagdim etadi.

Xavfsiz tizim yondashuvining asosiy innovatsiyasi
shundaki, u mas'uliyatni fagat haydovchiga yuklamaydi —
aksincha, tizimni boshqaruvchilar (yo‘l loyihachilari,
siyosatchilar, transport vositalari ishlab chigaruvchilari) ham
asosiy mas'ul sifatida ko‘riladi. Bu paradigmatik o‘zgarish
YHX siyosatini yangi bosgichga olib chiqdi [9].
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1-jadval
Asosiy nazariy yondashuvlarning giyosiy tahlili
Yondashu Asosiy Kuchli Cheklovi
v/ Muallif g‘oya tomoni
"Uch E" Muhandisli | Amaliy va | Psixologiya
modeli k +ta'llim + tejamkor ni kam
(AQSh, nazorat hisobga
1920) birligi oladi
Haddon Inson— Tizimli va Miqdoriy
matritsasi vosita— keng baholash
(1972) mubhit, 3 gamrovli giyin
vagt
bosqichi
Vision Tizim inson Etik va Qimmat va
Zero xatosiga umummilli uzoq
(Tingvall, chidamli y magsad muddat
1997) bo‘lishi talab etadi
kerak
Xavfsiz To‘rtta Kompleks Tatbiq
tizim ustun: yo‘l, va uchun
(OECD, tezlik, mas'uliyat kuchli
2008) vosita, tagsimlana | siyosiy iroda
inson di kerak
HAM Haydovchi— | Muhandisli Ijtimoiy
modeli Avtomobil- k uchun omillarni
(Silyanov) Muhit qulay kam hisobga
tizimi oladi
Xavf Haydovchi | Psixologik Empirik
gomeostaz xavf ta'sirlarni tekshirilishi
i (Wilde, darajasini | tushuntiradi | murakkab
1982) muvozanatd
a ushlab
turadi

Jadvalda ko‘rsatilgan, Rus olimi V.V. Silyanov ishlab
chiggan HAM modeli yo‘l hodisalarini Haydovchi (H),
Avtomobil (A) va yo‘l-Muhit (M) o‘rtasidagi o‘zaro ta'sir
tizimi orgali tushuntiradi [9]. Modelning amaliy ahamiyati
shundaki, u yo‘l xavfsizligi muhandisligida keng
go‘llaniladi va hodisalarning texnik jihatdan chuqur tahlilini
osonlashtiradi. Biroq model ijtimoiy-madaniy omillarni,

jumladan haydovchi psixologiyasini, yetarlicha aks
ettirmaydi.
G.J.S. Wildening “Xavf gomeostazi” (Risk

Homeostasis) nazariyasi esa butunlay boshga burchakdan
yondashadi: haydovchilar o‘z uchun magbul xavf darajasini
aniglaydi va yo‘l sharoiti yaxshilanganda xavfli haydashni
ko“paytirish orgali ushbu darajani saglab turishga intiladi.
Bu nazariya ko‘pgina muhandislik tadbirlarining kutilgan
samarani bermayotganligi sababini tushuntirishga yordam
beradi, lekin empirik jihatdan to‘liq isbotlanishi hali ham
muhokamada.
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Tahlil qgilingan nazariy yondashuvlarni O‘zbekiston
sharoitiga mosligi jihatidan baholash bir necha muhim
omilni  hisobga olishni tagozo etadi. Birinchidan,
mamlakatimizda yo‘l infratuzilmasini yangilashga katta
mablag‘lar sarflanmogda — 61 trillion so‘m ajratilgan, bu
esa muhandislik yondashuvlar uchun qulay zamin
yaratmoqda [11]. Ikkinchidan, haydovchilar ongini oshirish
va nazorat mexanizmlarini kuchaytirish bo‘yicha tizimli
ishlar boshlangan. Uchinchidan, sun'iy intellekt va ragamli
monitoring  tizimlarining  joriy  etilishi ~ zamonaviy
yondashuvlarga yo‘l ochmogqda.

Ushbu sharoitlarni inobatga olgan holda, O‘zbekiston
uchun hozirgi bosqichda “Uch E” modelini “Xavfsiz tizim”
yondashuvi bilan uyg‘unlashtirgan integratsion strategiya
optimal hisoblanadi. Bu yondashuv resurs jihatdan tejamkor
bo‘lgan holda tizimli natijalarga erishish imkonini beradi.
“Nol vizion” konsepsiyasini esa uzoq muddatli strategik
magsad sifatida belgilab, bosqgichma-bosgich amalga
oshirish magsadga muvofig.

4. Xulosa

Ushbu tadgigotda yo‘l harakati  xavfsizligini
ta'minlashga oid oltita asosiy nazariy yondashuv — “Uch E”
modeli, Haddon matritsasi, “Nol vision” konsepsiyasi,
Xavfsiz tizim yondashuvi, HAM modeli va Xavf gomeostazi
nazariyasi — qiyosiy tahlil gilinib, ularning ilmiy asosi,
amaliy tatbiq imkoniyati va O‘zbekiston sharoitiga mosligi
baholandi.

Tahlil natijalari shuni ko‘rsatdiki, YHX nazariyasi XX
asrning 20-yillaridan hozirga qadar izchil ravishda
rivojlanib, mas'uliyat fagat haydovchidan butun tizim —
yo‘l loyihachilari, siyosatchilar va ishlab chigaruvchilar —
ga gadar kengayib bordi [12]. Haddon matritsasi va Xavfsiz
tizim yondashuvi muhandislik, ijtimoiy va siyosiy jihatlarni
yagona metodologik doirada birlashtirganligi sababli eng
keng qamrovli nazariy asos sifatida baholandi. “Nol vision”
konsepsiyasi esa ushbu yondashuvlarning etik ifodasiga
aylanib, bir qator rivojlangan davlatlarda o‘lim
ko‘rsatkichlarini tizimli ravishda kamaytirishga xizmat qildi.

O‘zbekiston sharoitida “Uch E” modelini “Xavfsiz
tizim” yondashuvi bilan integratsiya qilish hozirgi bosqich
uchun resurs jihatdan tejamkor va tizimli natijaga
yo‘naltirilgan optimal strategiya ekanligi asoslab berildi.
Mavjud infratuzilma islohotlari, ragamli monitoring
tizimlari va xalgaro tajriba asosida ushbu yondashuv
amaliyotga tatbiq etilishi mumkin.

Kelajakdagi tadqiqotlarda “Nol vision” tamoyillarini
milliy YHX strategiyasiga bosgichma-bosgich kiritish, GIS
va sun'iy intellekt texnologiyalarini xavf zonalarini
aniqlashda qo‘llash hamda xalqaro standartlarni mahalliy
sharoitga moslashtirish yo‘nalishlarida izlanishlar olib
borish tavsiya etiladi.
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Development of a technology for producing coarse-grained tungsten carbide

Abstract:

Keywords:

powders

KH.T. Tuychiev}®?, KH.T. Tuychiev®P
!Andijan state technical institute, Andijan, Uzbekistan

This paper investigates the technology for manufacturing hard-alloy cutting teeth intended for mining
excavation machines. The main objective of the study is to develop a coarse-grained tungsten carbide-
based hard alloy with enhanced wear resistance and operational performance for efficient cutting of
potash salt rocks. The macrostructure and microstructure of the obtained alloys were examined using
metallographic microscopy, while phase composition was determined by X-ray diffraction analysis.
Mechanical properties were evaluated using standard hardness and strength testing methods. As a result,
a technology for producing hard-alloy tool materials of various shapes and dimensions based on coarse-
grained tungsten carbide was developed. An optimal composition of a cobalt—nickel bonded hard alloy
for RS-14 type cutting tools was proposed. The obtained results demonstrated that the developed material
possesses high wear resistance and improved operational efficiency during the cutting of potash salt
formations, making it suitable for application in mining equipment operating under severe abrasive
conditions.

tungsten carbide, hard alloy, cobalt-nickel binder, carburization, synthesis, microstructure, wear
resistance, mining cutters, potash salt rocks, cutting tools

Yirik donadorli volfram karbid kukunlarini olish texnologiyasini ishlab

Annotatsiya:

Kalit so‘zlar:

chiqish

To‘ychiyev X.T.102 To‘ychiyev X.T.1®P

! Andijon davlat texnika instituti, Andijon, O‘zbekiston

Ushbu maqolada konchilik sanoatida qo‘llaniladigan qazish mashinalari keskichlari uchun mo‘ljallangan
gattiq gotishmali tishlarni tayyorlash texnologiyasi tadqiq etilgan. Tadgiqotning asosiy magsadi kaliyli
tuz jinslarini samarali parchalash imkonini beruvchi, yugori yeyilishga chidamli va ekspluatatsion
xossalarga ega bo‘lgan yirik donadorli volfram karbidi asosidagi qattiq qotishma tarkibini ishlab
chigishdan iborat. Tadgiqot jarayonida qotishmalarning makro va mikrostrukturasi metallografik
mikroskoplar yordamida o‘rganildi, fazaviy tarkibi rentgenostruktura tahlili orgali aniglandi hamda
mexanik xossalari standart sinov usullari asosida baholandi. Natijada yirik donadorli volfram karbidi
asosida turli geometrik shakl va o‘lchamdagi qattiq qotishmali asbob materiallarini olish texnologiyasi
ishlab chigildi. Tadgiqotlar asosida RS-14 turdagi keskichlar uchun kobalt-nikel bog‘lovchili gattiq
gotishmaning optimal tarkibi tavsiya etildi. Olingan natijalar ishlab chigilgan materialning kaliyli tuz
jinslarini kesish jarayonida yuqori yeyilishga chidamlilik va ekspluatatsion samaradorlikka ega
ekanligini ko‘rsatdi.

volfram Kkarbidi, qattig qotishma, kobalt-nikel bog‘lovchi, karbidlash, sintezlash, mikrostruktura,
yeyilish, kon mashinalari keskichlari, kaliyli tuz jinslari

1. Kirish

Bugungi kunda dunyo miqyosida tog‘-kon sanoatida
go‘llaniladigan qazish mashinalarining keskichlarini qattiq
gotishmalar asosida ishlab chiqarish, keskichlarning ishlash
muddatini  oshirish, fizik-mexanik va ekspluatatsion
ko‘rsatkichlarini yaxshilash ustida olib borilayotgan
tadqiqotlar mavzuning dolzarbligini ko‘rsatadi. Bu borada
kaliyli tuz jinslarini samarali parchalovchi gattiq gotishmali
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tishlarni volfram karbidi asosida ishlab chigarish va ularni
sohaga qo‘llash muhim ahamiyat kasb etadi.

Jahonda tuz konlarida qo‘llaniladigan  qazish
mashinalari keskichlarining qattiq gotishmali tishlarining
fizik-mexanik va ekspluatatsion xossalarini oshirish “hamda
yangi qotishma tarkiblarini ishlab chigish bo‘yicha keng
ko‘lamda ilmiy-tadgiqot ishlari olib borilmogda. Shu bilan
bir qgatorda qattiq gotishmali keskich materiallarining
tarkibini ishlab chigish va ularning mexanik xossalarini
oshirish, ularning fizik-mexanik va ekspluatatsion
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xossalarini yaxshilaydigan volfram karbidi bilan bog‘lovchi
komponentlarini ishlab chigish texnologiyalarni yaratish
muammosi dolzarb ahamiyat kasb etmogda. Bu borada
respublikada volfram karbidi asosida gattiq gotishmali
tishlarni  ishlab  chigarish,  jumladan,  konlarda
qo‘llaniladigan qazish mashinalari keskichlari uchun kaliyli
tuz jinslarini samarali parchalaydigan, yuqori fizik-mexanik
va ekspluatatsion xossalarga ega bo‘lgan yirik donadorli
volfram karbidi asosidagi gattiq qotishmali tishlarni ishlab
chiqarish dolzarb masala bo‘lib qolmoqda.

Respublikada ishlatilayotgan konlarda qo‘llaniladigan
gazish mashinasi  keskichlarining mustahkamligi va
yeyilishbardoshliligini  oshirishga  qgaratilgan  chora-
tadbirlarda, shuningdek 2017-2021 yillarda O‘zbekiston
Respublikasini yanada rivojlantirish bo‘yicha Harakatlar
strategiyasida, jumladan « makroiqtisodiy barqarorlikni
mustahkamlash va yugqori igtisodiy o‘sish sur’atlarini saqlab
golish, milliy igtisodiyotning ragobatbardoshligini oshirish,
igtisodiyotda energiya va resurslar sarfini kamaytirish,
ishlab chigarishga energiya tejaydigan texnologiyalarni
keng joriy etish» kabi vazifalar belgilangan. Ushbu
vazifalarni  amalga  oshirish,  jumladan  konlarda
go‘llaniladigan  qazish mashinalari keskich tishlari
materiallarining yangi tarkibini volfram karbidi asosida
ishlab chigish va uni olish texnologiyasini ishlab chigish
asosiy vazifalardan biri hisoblanadi.

O‘zbekiston Respublikasi Prezidentining 2017 yil 7
fevraldagi

PF-4947-son «O‘zbekiston Respublikasini yanada
rivojlantirish bo‘yicha harakatlar strategiyasi to‘g‘risida»gi
Farmoni, 2016 yil 26 dekabrdagi

PQ-2698-son «2017-2019 vyillarda tayyor mahsulot
turlari, butlovchi buyumlar va materiallar ishlab chigarishni
mabhalliylashtirishning istigbolli  loyihalarini  amalga
oshirishni davom ettirish chora-tadbirlari to‘g‘risida», 2018
yil 27 apreldagi PQ-3682-son «Innovatsion g‘oyalar,
texnologiyalar va loyihalarni amaliy joriy qilish tizimini
yanada takomillashtirish chora-tadbirlari to‘g‘risida» gi
Qarorlari  hamda mazkur faoliyatga tegishli boshga
me’yoriy-huquqiy  hujjatlarda  belgilangan vazifalarni
amalga oshirishga ushbu dissertatsiya tadgigoti muayyan
darajada xizmat giladi[1,2,3].

2. Tadgiqot metodologiyasi

«Yirik donadorli volfram karbid kukunlarini olish
texnologiyasini  ishlab  chigish» deb  nomlangan
magolamizda volfram kukunini uglerod kukuni bilan
karbidlash nazariy asoslarining tahliliga, volfram va uglerod
kukunlarining aralashmasidan sof elementlardan sintezlash
usulida yirik donadorlikka ega bo‘lgan volfram karbid
kukunlarini olish texnologiyasini ishlab chigish, texnologik
jarayon haroratini, vaqt davomiyligini WC kukunining
struktura-fazalar tarkibiga, donadorligiga, zarracha o‘lchami
va shakliga hamda tarkibidagi bog‘langan va erkin uglerod
miqdoriga ta’sirini tadqiq qilish natijalariga
bag‘ishlangan[4,5].

Hisoblar shuni ko‘rsatdiki, o‘lchami 10 mkm bo‘lgan
volfram zarrachaga 19000S haroratda gaz fazadan
uglerodning statsionar diffuziyasida uglerodning diffuzion
oqimi 6,01-10-11 g/(sm2-s) tashkil etgan, haroratning
25000S ga ortishi uglerodning volframdagi diffuzion
oqimini 1339 marta oshirgan va 4,15-10-8 g/(sm2-s) tashkil
etgan.  Shuningdek, uglerodning 19000S haroratda
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volframga nostatsionar diffuziyasida o‘lchami 10 mkm
bo‘lgan zarrachaning to‘liq WC hosil bo‘lib, karbidlanish
vaqti 3,206 soniyani tashkil etishi ko‘rsatib berilgan[6,7].
Uglerodning volframga statsionar diffuziyasi uchun
uglerodning diffuzion ogimini hisoblashda Fik gonunining
sharsimon yuzalar uchun mo‘ljallangan formulasidan
foydalanildi:
J=47D(CA - CB )22
TB=TA
bunda J - diffuziya ogimi, g/(sm?-s);
D — uglerodning volframga diffuziyasi koeffitsiyenti,
sm?/s;
Sa — volfram zarrachasining tashqi yuzasidagi uglerod
konsentratsiyasi, A nugta, %;
Sv - volfram zarracha
konsentratsiyasi, V nugta, %;
ra va rg — mos ravishda volfram zarrachasidagi nugtalar
koordinatasi, sm.

ichidagi  uglerodning

3. Natijalar

® o
S &

3

HIHTEHCHBITHK, %
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a—1900 oC; 6—2000 oC; B—2100 oC; 1— 2200 oC
1- rasm. Turli haroratlarda va 2 soat davomida
karbidlangan namunalar difraktogrammasining shtrix-
diagrammasi

Turli 1900, 2000, 2100, 2200 °C haroratlarda va bir xil
vaqt davomida karbidlash jarayonidan o‘tgan volfram va
uglerod  kukuni aralashma namunalarining sifatli
rentgenostruktura-fazali tahlili natijalariga ko‘ra 2200°C
haroratda va 2 soat vaqt davomida karbidlash jarayonidan
o‘tgan namuna to‘liq WC fazasidan tashkil topgan bo‘lib,
bunda WC — fazasining uglerod bilan 6,13% to‘yinishiga
jarayon davomiylik vaqgti yetmaganligi aniglangan (1 —
rasm).

Bir xil 2200°S harorat va turli 3,4,5,6 soat vagt davomida
karbidlash jarayonidan o‘tgan volfram va uglerod kukun
aralashma namunalarining rentgenostruktura-fazalar tahlili
shuni ko‘rsatdiki, 2200°C haroratda va 4 soat davomida WC
— fazasida 6,12% uglerodga to‘yinadi va karbidlash
jarayoining keyingi 5, 6 soat davomida WC — fazadagi
uglerod miqdori o‘zgarmasdan qoladi (1 jadval).

Karbidlash jarayonining davomiylik vagtining WC
donadorligiga va zarrachalar o‘lchami hamda shakliga
ta’sirini  tadqiq qilish bo‘yicha o‘tkazilgan tadqiqot
natijasiga ko‘ra WC kukuni donadorligi boshlang‘ich
volfram kukuni donadorligiga va jarayon vaqtining
davomiyligiga bog‘liq holda quyida keltirilgan tartibda
shakllanadi:

- karbidlash jarayonining 3...4 soatlarida volfram
kukuni zarrachalarida sodir bo‘ladigan kristall o‘zgarishlar
natijasida hosil bo‘ladigan ichki zo‘rigishlar yirik (d > 8
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mkm) o‘lchamli zarrachalarning o‘lchami 1...6 mkm bo‘lgan
mayda zarrachalarga parchalanishiga olib kelgan (2 — rasm);

1 - jadval
2200 oS haroratda va turli vaqt davomida karbidlangan
namunalardagi uglerod miqdorini aniqlash bo‘yicha
o‘tkazilgan tahlil natijalari

Uglerod, % Karbidlash jarayoni
vagtining davomivyligi, soat
3 4 5 6
Bog‘langan uglerod,| 6,0 | 6,12 6,12 6,12
Sbg‘
Erkin uglerod, S | 0,13 | 0,03 0,03 0,03
Shog + Serk 6,13 | 6,15 6,15 6,15

Kypuana Toxuaci
2—rasm. 2200 oC haroratda va 4 soat davomida
karbidlangan namuna kukunining surati

- jarayonning 4..5 soatlarida o‘lchami 7...8 mkm
bo‘lgan volfram zarrachalarni o‘lchami

1...3 mkm bo‘lgan mayda zarrachalar bilan birikadi va
natijada o‘lchami 9...12 mkm bo‘lgan yirik zarrachalar hosil
bo‘ladi (3—rasm);

» \\tc 6 w¢
a —travitlanmagan; b - travitlangan
3- rasm. 2200 oC haroratda va 5 soat vaqt davomida
karbidlangan zarrachalarning mikrostruktura surati

- karbidlash jarayonining 5...6 soatlari davomida
volfram karbidi kukun zarrachalari bir-biri bilan to‘liq gattiq
fazali diffuzion pishib, volfram karbidi zarrachalaridan
tashkil topgan g‘ovakli bloklar hosil bo‘ladi (4 — rasm);

- volfram karbidi kukuni zarrachalarining shakli
karbidlash jarayoni vaqti davomiyligiga bog‘liq holda,
zarrachalar shakli girralidan qirrasizgacha o‘zgaradi (5 —
rasm).

2200 °C harorat va turli vaqt davomida karbidlash
jarayonidan o‘tgan namunalar kukunlarining donadorligi
tadgiqoti natijasida olingan volfram karbidi kukunlari
donadorligining shakllanish dinamikasi 6 — rasmda
keltirilgan.

27
https://doi.org/10.56143/2181-2438-2026-3-25-28

4— rasm. 2500 oC'harorét'(ia va 6 soat davomida
karbidlangan namunalar

a —x800; 6 — x3000
5-rasm. 2200 oC haroratda va 6 soat davomida
karbidlangan namuna kukunining surati

c.\‘,45_

= 40 1

o 35 <

3 4 N4
2 (NN T
g 2o JIXL/A

=- VATWAY

= o/ A TN

” PAEVVAVANRIAA
S L INL Y

"1 23456 7 8 910111213

3appaya yI4aMH, MKM
1- volfram; 2 — 4 coart; 3 — 5 coar; 4 - 6 coar
6— rasm. 2200 oC haroratda va turli vaqt davomida
karbidlangan namuna kukun donadorligining
shakllanish dinamikasi

2200 °C harorat va turli vagt davomida karbidlash
jarayonidan o‘tkazilgan kukun namunalar zarrachalarining
mikroqattigligi tahlili shuni ko‘rsatdiki, 4 soat davomida
karbidlangan kukun namuna zarrachasining mikrogattigligi
5 va 6 soat davomida karbidlangan namuna kukun
zarrachasining mikrogattigligidan katta (2 — jadval).

Oc‘tkazilgan tadgiqotlar natijalari asosida W9,5 markali
volfram va uglerod kukunlari aralashmasidan sof
elementlardan sintezlash usulida donadorligi o‘rtacha 5...8,
7...10 va 9...12 mkm bo‘lgan volfram karbidi kukunlarini
olish texnologiyasi ishlab chigilgan (3 — jadval).

2-jadval
2200 oC haroratda va turli vaqt davomida
karbidlangan namunalar kukuni zarrachalarining
mikroqgattigligi
Zarracha Karbidlash jarayonining vaqt
o‘Ichami, Yuklama, davomiyligi, soat
mkm ar 4 ‘ 5 ‘ 6

Mikrogattiglik, GPa
23,856 ‘ 23,536 ‘ 23,476

8..10 50
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3—jadval
Sof elementlardan sintezlash usulida W9,5 markali
volfram va uglerod kukunlarini karbidlash
texnologiyasi

wC Jihozi | Har{Muxitsarfi,| Vagt [Unum
Donadorl o- | m3/soat davo- |dorligi
i-gi, rati, miyligi, |,
mkm °C soat  kg/sm
ena
5.8 Grafi 4 32
g.10 | ' | 200 N2l 5 | 25
nayli
11..12 PGT 6 20
-60/2
4. Xulosa

Olib borilgan izlanishlar natijasida quyidagicha xulosa
gilish mumkin: Yirik donali volfram karbid kukunidan RS-
14 turdagi keskichlar uchun kobalt-nikel bog‘lovchili gattiq
gotishmaning  tarkibi, kaliyli tuz jinslarini kesish
jarayonidagi yeyilish miqdoriga ko‘ra ishlab chigilgan. Yirik
donali o‘lchamdagi volfram karbidini olish texnologiyasi
volfram karbid kukunlarini sof elementlardan sintezlash
haroratiga, davomiyligiga va volfram  kukunining
donadorligiga ko‘ra ishlab chiqilgan.
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Optimization of energy efficiency in irrigation pumping stations:
Mathematical modeling using Bellman and Pontryagin approaches

J.N. Gulyamov*®2, H.H. Toshmamatov!
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article investigates the problem of improving the energy efficiency of pumping stations used in
irrigation systems. Irrigation pumping stations are an essential component of agricultural water supply
systems, and their operation is associated with significant electricity consumption. Therefore, optimizing
the operating modes of pumping stations plays an important role in the efficient use of energy resources.
In this study, a mathematical model of pumping stations used in irrigation systems was developed, and
the relationship between water flow rate, hydraulic head, and electrical energy consumption was
analyzed. In order to minimize energy consumption, an optimization problem was formulated and solved
using dynamic optimization methods. During the research, an optimal control model was developed
based on the methods of Dynamic Programming and the Pontryagin Maximum Principle. These theories
were developed by Richard Bellman and Lev Pontryagin respectively, and are widely applied in the
optimization of complex technical systems. The research object was a two-stage pumping station system
that takes water from the Great Fergana Canal. Based on the technical parameters of the pumping stations,
the water flow rate, hydraulic losses, and electrical energy consumption were calculated. An optimal
control regime was also determined to improve the energy efficiency of the system. The results of the
study show that optimal control of pumping stations can reduce energy consumption by 20-30%. The
obtained results have significant scientific and practical importance for the modernization of irrigation
systems and the implementation of energy-saving technologies.

Keywords: irrigation system, pumping station, energy efficiency, mathematical modeling, optimization, operations
research, dynamic programming, optimal control, hydraulic systems, energy saving

Irrigatsiya nasos stansiyalarining energiya samaradorligini optimallashtirish:
Bellman va Pontryagin usullari asosida matematik modellashtirish

J.N. Gulyamov!®? H.H. Toshmamatov!
1Toshkent davlat transport universiteti, Toshkent, O’zbekiston

Annotatsiya: Mazkur maqolada irrigatsiya tizimlarida qo‘llaniladigan nasos stansiyalarining energiya samaradorligini
oshirish muammosi tadqiq etiladi. Irrigatsiya nasos stansiyalari gishlog xo‘jaligi suv ta’minotining
muhim elementi hisoblanib, ularning ishlashi katta migdorda elektr energiyasi sarfi bilan bog‘lig. Shu
sababli nasos stansiyalarining ish rejimini optimallashtirish energetik resurslardan samarali
foydalanishda muhim ahamiyat kasb etadi. Tadgiqotda irrigatsiya tizimlarida ishlatiladigan nasos
stansiyalarining matematik modeli ishlab chiqilib, suv sarfi, gidravlik balandlik hamda elektr energiya
sarfi o‘rtasidagi bog‘liglik tahlil gilindi. Energiya sarfini minimallashtirish maqsadida optimallashtirish
masalasi ko‘rib chiqildi va u dinamik optimallashtirish usullari yordamida yechildi. Tadgiqot jarayonida
Dynamic Programming usuli hamda Pontryagin Maximum Principle asosida optimal boshgaruv modeli
ishlab chiqildi. Mazkur nazariyalar mos ravishda R.Bellman va L.Pontryagin tomonidan ishlab chigilgan
bo‘lib, murakkab texnik tizimlarni optimallashtirishda keng qo‘llaniladi. Tadqiqot obyekti sifatida Katta
Farg‘ona kanalidan suv oluvchi ikki bosqichli nasos stansiyalari tizimi tanlandi. Nasos stansiyalarining
texnik parametrlari asosida suv sarfi, gidravlik yo‘qotishlar va elektr energiya sarfi hisoblandi hamda
optimal boshqaruv rejimi aniqlanib, tizimning energiya samaradorligini oshirish imkoniyatlari ko‘rsatib
berildi. Tadqiqot natijalari shuni ko‘rsatdiki, nasos stansiyalarini optimal boshqarish orqali energiya
sarfini 20-30 foizgacha kamaytirish mumkin. Olingan natijalar irrigatsiya tizimlarini modernizatsiya
gilish va energiya tejovchi texnologiyalarni joriy etishda muhim ilmiy va amaliy ahamiyatga ega.

Kalit so‘zlar: irrigatsiya tizimi, nasos stansiyasi, energiya samaradorligi, matematik modellashtirish, optimallashtirish,
operatsiyalar tadqiqi, dinamik dasturlash, optimal boshgaruv, gidravlik tizimlar, energiya tejash
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1. Kirish

Hozirgi kunda qishloq xo‘jaligi ishlab chiqarishining
bargaror rivojlanishi ko‘p jihatdan suv resurslaridan
samarali foydalanishga bog‘liq. Aynigsa sug‘oriladigan
dehgonchilik rivojlangan hududlarda irrigatsiya tizimlari
qishlog xofjaligi mahsulotlari yetishtirishning asosiy
infratuzilma elementlaridan biri hisoblanadi. Irrigatsiya
tizimlarining samarali ishlashi esa suvni manbalardan
iste’'molchilarga yetkazib berish jarayonining texnik
jihatdan to‘g‘ri tashkil etilishiga bog‘liq [9]. Ko‘plab
irrigatsiya tizimlarida suv tabiiy gravitatsiya kuchi
yordamida emas, balki nasos stansiyalari orgali yuqori
balandlikka ko‘tarilib uzatiladi. Shu sababli nasos
stansiyalari irrigatsiya tizimlarining eng muhim texnologik
elementlaridan biri hisoblanadi.

Nasos stansiyalarining asosiy vazifasi suvni manbadan
olib, ma’lum balandlikka ko‘tarish hamda sug‘orish
tarmoglariga yetkazib berishdan iborat. Biroq bunday
tizimlarning ishlashi katta migdorda elektr energiyasi sarfini
talab giladi. Aynigsa vyirik irrigatsiya tizimlarida nasos
agregatlarining uzluksiz ishlashi energiya resurslarining
sezilarli darajada sarflanishiga olib keladi [10]. Energiya
sarfi ko‘pincha nasoslarning noto‘g‘ri boshqarilishi, suv
sarfining talabga mos kelmasligi hamda gidravlik tizimdagi
yo‘qotishlar bilan bog‘liq bo‘ladi. Shu sababli nasos
stansiyalarining ish rejimini optimallashtirish irrigatsiya
tizimlarining iqtisodiy samaradorligini oshirishda muhim
ilmiy va amaliy masala hisoblanadi.

Zamonaviy muhandislik amaliyotida nasos tizimlarini
optimallashtirish uchun matematik modellashtirish va
optimallashtirish usullaridan keng foydalanilmogda [3].
Bunday usullar yordamida nasos stansiyalarining energiya
sarfini kamaytirish, suv tagsimotini optimal tashkil etish
hamda tizimning umumiy samaradorligini oshirish mumkin.
Aynigsa murakkab texnik tizimlar uchun dinamik
optimallashtirish usullari muhim ahamiyatga ega. Ushbu
usullar tizimning vaqt bo‘yicha o‘zgaruvchan parametrlarini
hisobga olgan holda optimal boshgaruv strategiyasini ishlab
chigish imkonini beradi.

Murakkab texnik tizimlarni optimallashtirishda keng
go‘llaniladigan usullardan biri Dynamic Programming
hisoblanadi. Ushbu nazariya R.Bellman tomonidan ishlab
chiqilgan bo‘lib, ko‘p bosqgichli qaror qabul qilish
jarayonlarini optimallashtirish imkonini beradi [1]. Dinamik
dasturlash usuli yordamida tizimning har bir bosgichida
optimal qarorlar ketma-ketligi aniglanadi va umumiy
optimallik sharti ta’minlanadi. Bu usul energiya sarfi, ishlab
chigarish  jarayonlari hamda transport tizimlarini
optimallashtirishda keng qo‘llaniladi.

Optimal boshqgaruv nazariyasida muhim o‘rin tutadigan
yana bir fundamental yondashuv Pontryagin Maximum
Principle hisoblanadi. Ushbu prinsip L.Pontryagin va uning
ilmiy maktabi tomonidan ishlab chiqgilgan bo‘lib, dinamik
tizimlarda optimal boshqgaruvni aniglash uchun zarur
shartlarni belgilaydi [2]. Pontryagin maksimal prinsipi
yordamida tizimning harakat tenglamalari asosida optimal
boshgaruv funksiyasini aniglash mumkin. Bu nazariya
energetika tizimlari, avtomatik boshgaruv, transport
tizimlari va boshqa ko‘plab muhandislik sohalarida
qo‘llaniladi.

Irrigatsiya nasos stansiyalarining energiya
samaradorligini oshirish masalasi ham aynan shunday
optimallashtirish  yondashuvlarini talab giladi. Nasos
stansiyalarining ishlash jarayonida suv sarfi, ko‘tarish

September, 2026
Research, Innovation, Results

30

balandligi, gidravlik yo‘qotishlar hamda elektr energiya sarfi
o‘zaro murakkab bog‘liqlikka ega [4, 5, 7]. Shu sababli
nasos tizimining matematik modelini ishlab chigish va
optimal boshqaruv strategiyasini aniglash muhim ilmiy
vazifa hisoblanadi.

Mazkur tadgiqotda irrigatsiya nasos stansiyalarining
energiya samaradorligini oshirish masalasi matematik
modellashtirish asosida tahlil gilinadi. Tadgiqot obyekti
sifatida Katta Farg‘ona kanalidan suv oluvchi ikki bosqichli
nasos stansiyasi tizimi tanlangan. Ushbu tizim gishloq
x0‘jaligi maydonlarini sug‘orish uchun mo‘ljallangan bo‘lib,
suvni kanal sathidan yuqori balandlikka ko‘tarish orqali
sug‘orish  tarmogqlariga uzatadi. Tizimning texnik
parametrlarini hisobga olgan holda suv sarfi, gidravlik
yo‘qotishlar hamda energiya sarfi o‘rtasidagi bog‘liglik
tahlil gilinadi.

Tadgigotning  asosiy magsadi  irrigatsiya  nasos
stansiyalarining energiya sarfini minimallashtirish uchun
optimal boshgaruv modelini ishlab chigishdan iborat. Ushbu
magsadga erishish uchun quyidagi vazifalar belgilandi:

. irrigatsiya  nasos  stansiyasining matematik
modelini ishlab chigish;

° nasos tizimining gidravlik parametrlarini tahlil
qilish;

° energiya sarfini hisoblash formulalarini aniglash;

e dinamik optimallashtirish usullari asosida optimal
boshgaruv modelini ishlab chigish;

. real irrigatsiya tizimi misolida hisob-kitoblar
o‘tkazish.

Mazkur  tadgigot natijalari  irrigatsiya  nasos
stansiyalarining  energiya samaradorligini  oshirishga
garatilgan ilmiy va amaliy tavsiyalar ishlab chigish imkonini
beradi. Shuningdek, olingan natijalar irrigatsiya tizimlarini
modernizatsiya qgilish, energiya tejovchi texnologiyalarni
joriy etish hamda suv resurslaridan samarali foydalanishda
muhim ahamiyat kasb etadi.

Adabiyotlar tahlili

Irrigatsiya tizimlarida energiya samaradorligini oshirish
masalasi so‘nggi yillarda muhandislik, energetika va
operatsiyalar tadqiqi sohalarida keng o‘rganilayotgan ilmiy
muammolardan biridir [9]. Nasos stansiyalari irrigatsiya
tizimlarining asosiy texnologik elementlaridan biri bo‘lib,
ular orqali suv manbalardan yuqori balandlikdagi sug‘orish
maydonlariga uzatiladi. Biroq nasos agregatlarining ishlashi
katta migdorda elektr energiyasi sarfini talab giladi. Shu
sababli nasos tizimlarining energiya samaradorligini
oshirish va ularning ish rejimini optimallashtirish muhim
ilmiy vazifa hisoblanadi [10].

Nasos tizimlarini optimallashtirish masalasi ko‘plab
ilmiy tadgigotlarda matematik modellashtirish  va
optimallashtirish usullari asosida o‘rganilgan. Aynigsa
murakkab texnik tizimlarni boshgarishda operatsiyalar
tadgiqi  usullaridan  foydalanish  keng  targalgan.
Operatsiyalar tadgiqi ishlab chiqgarish, transport, energetika
va logistika tizimlarini optimallashtirishga qgaratilgan ilmiy
yo‘nalish bo‘lib, u matematik modelar yordamida optimal
qarorlar gabul gilish imkonini beradi [3].

Murakkab dinamik tizimlarni optimallashtirishda eng
muhim nazariyalardan biri Dynamic Programming
(Dinamik  dasturlash) hisoblanadi. Ushbu nazariya
R.Bellman tomonidan ishlab chiqilgan bo‘lib, ko‘p bosqichli
garor gabul qgilish jarayonlarini optimallashtirishga imkon
beradi [1]. Dinamik dasturlash usuli optimal garorlar ketma-
ketligini aniqlashga asoslangan bo‘lib, tizimning har bir
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bosgichidagi optimal yechim keyingi bosgichlar bilan
bog‘liq holda aniqlanadi. Bellman tomonidan ishlab
chiqilgan optimallik prinsipi ko‘plab muhandislik
masalalarini yechishda qo‘llaniladi.

Dinamik dasturlash nazariyasi energetika tizimlarini
boshqarishda ham keng qo‘llaniladi [1, 3]. Energiya ishlab
chiqarish va iste’mol qilish jarayonlarida resurslardan
samarali ~ foydalanish  uchun  optimal  boshgaruv
strategiyalarini ishlab chigish zarur. Nasos stansiyalarining
ishlash jarayonida suv sarfi, energiya sarfi va gidravlik
parametrlar o‘zaro bog‘liq bo‘lib, bunday tizimlarni
optimallashtirish uchun dinamik modellarni qo‘llash
samarali hisoblanadi. Bir gator ilmiy tadgigotlarda dinamik
dasturlash ~ yordamida  suv  tagsimoti tizimlarini
optimallashtirish va energiya sarfini kamaytirish mumkinligi
ko‘rsatib berilgan [1].

Optimal boshqaruv nazariyasida muhim o‘rin tutadigan
yana bir fundamental yondashuv Pontryagin Maximum
Principle (Pontryagin maksimal prinsipi) hisoblanadi.
Ushbu prinsip L.Pontryagin va uning ilmiy maktabi
tomonidan ishlab chiqilgan bo‘lib, dinamik tizimlarda
optimal boshgaruvni aniglash uchun zarur matematik
shartlarni belgilaydi [2]. Pontryagin maksimal prinsipi
yordamida tizimning harakat tenglamalari asosida optimal
boshgaruv funksiyasini aniglash mumkin. Ushbu nazariya
optimal boshgaruv, avtomatik boshgaruv tizimlari,
aerokosmik texnika, energetika va boshqa ko‘plab
muhandislik sohalarida keng qo‘llaniladi.

Optimal boshgaruv nazariyasining irrigatsiya tizimlarida
qo‘llanilishi suv resurslarini samarali taqsimlash imkonini
beradi. Nasos stansiyalarining ish rejimini optimal
boshqarish orgali energiya sarfini kamaytirish va tizim
samaradorligini  oshirish  mumkin.  Ko‘plab  ilmiy
tadgigotlarda nasos tizimlarini optimallashtirish uchun
matematik modellar ishlab chiqilgan bo‘lib, ular suv sarfi,
bosim yo‘qotishlari, nasos quvvati va energiya sarfi
o‘rtasidagi bog‘liglikni tahlil qilish imkonini beradi [4, 7].

Nasos tizimlarining energiya samaradorligini oshirish
bo‘yicha olib borilgan tadgiqotlar shuni ko‘rsatadiki,
energiya sarfining katta gismi gidravlik yo‘qotishlar hamda
nasos agregatlarining noto‘g‘ri boshqarilishi bilan bog‘liq.
Quuvurlardagi ishgalanish  garshiligi, suv ogimining
turbulensiyasi hamda nasoslarning nominal rejimdan chetga
chiqib ishlashi energiya sarfining ortishiga olib keladi [5, 6,
8]. Shu sababli nasos tizimlarining matematik modelini
ishlab chigish va ularni optimal boshaarish strategiyalarini
aniglash muhim ilmiy muammo hisoblanadi.

So‘nggi yillarda nasos stansiyalarining energiya
samaradorligini  oshirish kuydi zamonaviy boshgaruv
texnologiyalaridan  foydalanish  keng  rivojlanmoqda.
Xususan, chastota boshgaruv qurilmalari, avtomatik
boshgaruv tizimlari, sensorlar va masofaviy monitoring
tizimlari nasos agregatlarining ish rejimini optimallashtirish
imkonini beradi [4, 10]. Bunday texnologiyalar yordamida
nasoslarning ish tezligini suv talabiga mos ravishda
boshqarish mumkin bo‘lib, bu energiya sarfini sezilarli
darajada kamaytirishga yordam beradi.

Irrigatsiya tizimlarini modernizatsiya qilish jarayonida
energiya samaradorligini oshirish masalasi alohida ahamiyat
kasb etmoqda. Ko‘plab davlatlarda irrigatsiya tizimlarini
modernizatsiya  qgilish  dasturlari  doirasida  nasos
stansiyalarini  optimallashtirish,  energiya  tejovchi
texnologiyalarni  joriy etish hamda suv resurslarini
boshqarish tizimlarini takomillashtirish bo‘yicha ilmiy
tadgiqotlar olib borilmogda [9, 10]. Bunday tadqiqotlar
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irrigatsiya tizimlarining bargaror ishlashini va energetik
resurslardan samarali foydalanishni ta'minlashga xizmat
giladi.

Yugqoridagi ilmiy tadqiqotlar tahlili shuni ko‘rsatadiki,
irrigatsiya nasos stansiyalarining energiya samaradorligini
oshirish masalasi hali ham dolzarb ilmiy muammolardan biri
hisoblanadi. Nasos tizimlarining matematik modellarini
ishlab chigish, energiya sarfini optimallashtirish hamda
optimal boshqaruv strategiyalarini aniglash irrigatsiya
tizimlarining samaradorligini oshirishga xizmat giladi. Shu
sababli mazkur tadgiqotda irrigatsiya nasos stansiyalarining
energiya  samaradorligini  optimallashtirish  masalasi
matematik modellashtirish hamda dinamik optimallashtirish
usullari (Bellman va Pontryagin yondashuvlari) asosida
o‘rganiladi.

2. Tadgiqot metodologiyasi

Nasos stansiyasi tizimining umumiy modeli: Irrigatsiya
tizimlarida qo‘llaniladigan nasos stansiyalari suvni
manbadan ma’lum balandlikka ko‘tarib  sug‘orish
tarmoglariga uzatish vazifasini bajaradi. Nasos tizimining
ishlash jarayoni gidravlik va energetik jarayonlarning o‘zaro
bog‘ligligiga asoslanadi. Shu sababli tizimni tahlil qilish
uchun matematik modellashtirish usullaridan foydalanish
zarur.[9,10].

Nasos tizimining asosiy parametrlari quyidagilardan
iborat:

° suv sarfi Q
ko ‘tarish balandligi H
gidravlik yo ‘qotishlar ht
nasos quvvati P
tizim samaradorligi n

Nasos tizimining asosiy vazifasi suvni ma’lum
balandlikka ko‘tarishdan iborat bo‘lib, bu jarayon gidravlik
energiya hisobiga amalga oshiriladi.[4].

Nasos quvvatining matematik modeli:  Nasos
stansiyasining gidravlik quvvati quyidagi formula
yordamida aniglanadi [4,7]:

QH

=5 @
bu yerda:
. P — nasos quvvati (W)
. p — suv zichligi (1000 kg/m?)
° g — erkin tushish tezlanishi (9.81 m/s?)
° Q — suv sarfi (m%s)
. H — ko‘tarish balandligi (m)
. n — nasos samaradorligi

Amaliy misol: Agar: Q = 0.9™, H = 50 m, 5 = 0.85

N
bo‘lsa, nasos quvvati quyidagicha hisoblanadi:

_1000%9.81X0.9X50
0.85

P ~ 519000W yoki P=519%kW

Amaliy tizimlarda esa dvigatel quvvati odatda biroz
yugoriroq tanlanadi. Masalan, ko‘rib chigilayotgan tizimda
dvigatel quvvati 800 kVt ni tashkil etadi.

Quvurlardagi gidravlik yo ‘qotishlar

Nasos tizimida energiya sarfining muhim qismi
quvurlardagi gidravlik yo‘qotishlar bilan bog‘liq. Ushbu
yo‘qotishlar suv  ogimining quvur devorlari bilan
ishgalanishi natijasida yuzaga keladi. Quvurlardagi bosim
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yo‘qotishlari Darcy—Weisbach tenglamasi yordamida
aniglanadi [5,6,8]:
L v?
hy=f32 )

bu yerda:

o f — ishgalanish koeffitsienti

. L — quvur uzunligi

° D — quwvur diametri

. v —suv tezligi

Misol

Agar:

L=6000m, D=12m,v= 2? L f=0.02 bo‘lsa:

6000 22

Demak quvurda taxminan 20 metr gidravlik yo‘qotish
yuzaga keladi.

Nasos tizimining differensial tenglama modeli: Nasos
tizimidagi suv harakati vaqt bo‘yicha o‘zgarib turadi. Shu
sababli tizimni dinamik model yordamida ifodalash
mumekin..

Rezervuardagi suv hajmi uchun differensial tenglama:

av(t)
o = Qe — Qouey (3)
bu yerda:
e V(t)— rezervuardagi suv hajmi
e Qin— nasos orqgali kelayotgan suv
®  Qout— iste’'mol qilinayotgan suv
Agar rezervuar kesim yuzasi A bo‘lsa:
V=Ah 4)
Shunda suv balandligi uchun tenglama:
dh
A= Qiney — Qour(r) 5)

Bu tenglama nasos tizimining dinamik modelini
ifodalaydi.

Bellman usuli asosida optimallashtirish: Murakkab
dinamik tizimlarni optimallashtirishda keng qo‘llaniladigan
usullardan biri Dynamic Programming hisoblanadi. Ushbu
nazariya Richard Bellman tomonidan ishlab chigilgan.

Bellman optimallik prinsipi quyidagi tenglama bilan
ifodalanadi:

Vi(X)=min[C(x,u)+Ve1(f(x,u))] (6)
bu yerda:
e Vi(x) — optimal giymat funksiyasi
e C(x,u) — boshgaruv xarajati
e f(x,u) — tizim dinamikasi
Nasos tizimida boshgaruv  parametri  sifatida

nasoslarning ishlash quvvati yoki soni olinadi.

Masalan, agar nasoslar soni 4 ta bo‘lsa, har bir bosqichda
optimal ishlash rejimi tanlanadi. Bu energiya sarfini
kamaytirishga yordam beradi.

Pontryagin maksimal prinsipi: Optimal boshgaruv
nazariyasining muhim usullaridan biri Pontryagin Maximum
Principle hisoblanadi. Ushbu nazariya L.Pontryagin
tomonidan ishlab chigilgan[2]. Optimal boshgaruv masalasi
quyidagicha yoziladi:

J =min [} P(t)dt (7)
bu yerda:
e J—energiya sarfi
e P(t) — vaqt bo‘yicha quvvat
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Hamilton funksiyasi:

H=P(t)+A(t)x(t) (8)
Optimal shart:

a

= (9)
Bu shart nasos tizimi uchun optimal boshgaruv

strategiyasini aniglash imkonini beradi.

Tadgiqot algoritmi

Mazkur tadqiqot quyidagi bosgichlarda amalga oshirildi:
Nasos tizimining texnik parametrlarini aniglash
Gidravlik modelni ishlab chigish
Energiya sarfi formulalarini aniglash
Matematik optimallashtirish modelini tuzish
Bellman algoritmini qo‘llash
Pontryagin maksimal prinsipini qo‘llash
Real irrigatsiya tizimi uchun hisoblashlar

NogkrwbdE

o‘tkazish

3. Natija va muhomalar

Mazkur tadqiqotda irrigatsiya tizimida qo‘llaniladigan
ikki bosgichli nasos stansiyasining energiya sarfi matematik
modellashtirish usullari asosida tahlil gilindi. Tadgiqot
obyekti sifatida Katta Farg‘ona kanalidan suv oluvchi nasos
stansiyasi tizimi tanlandi. Ushbu tizim orgali suv kanal
sathidan yuqori balandlikdagi sug‘orish tarmoqlariga
uzatiladi.

Tizim ikki bosqichli nasos stansiyasidan iborat bo‘lib,
birinchi stansiya suvni kanal sathidan yuqoriga ko‘taradi,
ikkinchi stansiya esa suvni qo‘shimcha balandlikka ko‘tarib
sug‘orish tarmoqlariga uzatadi.

Birinchi nasos stansiyasining hisoblari

Birinchi  nasos  stansiyasining  asosiy  texnik
ko‘rsatkichlari quyidagilardan iborat: nasoslar soni — 4 ta,
dvigatel quvvati 800 kVt, nasos unumdorligi 900 % ,

ko‘tarish balandligi 50 m. Suv sarfini SI (Xalgaro birliklar
tizimi) tizimiga o‘tkazamiz:

Q=900"=0.9""
Nasosning gidravlik quvvati quyidagi formula bilan
aniglanadi:
p="PER (10)
bu yerda:

p=1000-% g=9817Q=09 ’"T H=50m, y=0.85

1000X9.81XO.9XSO:519000W
0.85

Hisoblaymiz: P =

Amaliy tizimda dvigatel quvvati 800 kVt bo‘lib, bu
giymat gidravlik yo‘qotishlar va zaxira quvvatni hisobga
olgan holda tanlangan.

Agar 4 ta nasos bir vaqtning o°zida ishlasa:

Ptotai=4800 ,Piotai=3200 kW

Ikkinchi nasos stansiyasining hisoblari

Ikkinchi nasos stansiyasining asosiy parametrlari:
nasoslar soni 5 ta, dvigatel quvvati 320 kVt, nasos sarfi 700
I/s, ko‘tarish balandligi 25 m. Suv sarfini o‘tkazamiz:

Q=700" Q=077
Nasos quwvati: P = =222  202000W yoki
202kW
Amaliy dvigatel quvvati: 320 kW; 5 ta nasos

ishlaganda:P;,;q; = 5 X 320, Ptotai=1600 kW
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Tizimning umumiy energiya sarfi: Ikki nasos
stansiyasining umumiy  quvvati:  Pwotar=3200+1600,
Piotai=4800 kW. Agar tizim sutkada 24 soat ishlasa, energiya
sarfi: E=P x t, E=4800x24, E=115200 kWh. Demak
tizimning sutkalik elektr energiya sarfi 115 200 kWh ni
tashkil etadi.

Bellman usuli asosida optimallashtirish natijalari

Nasos stansiyasining ishlash jarayonini optimallashtirish
uchun Dynamic Programming usuli qo‘llanildi[1]. Ushbu
nazariya Richard Bellman tomonidan ishlab chigilgan.

1-jadval
Kun davomida suv talabining o‘zgarishi:
| vaqt oralig‘i || suv talabi (m?*/s) |
| 0-6 soat || 0.4 |
| 6-12 soat I 0.8 |
| 12-18 soat I 1.0 |
| 18-24 soat I 0.6 |
2-jadval
Optimal nasos sonining aniglanishi:
vaqt ne}soslar energiya
soni sarfi
0-6 1 4800 kWh
6-12 2 9600 kWh
12—
18 3 14400 kWh
18-
24 2 9600 kWh

Kunlik optimal energiya sarfi: E=38400 kWh

Agar barcha nasoslar doimiy ishlasa: E=76800 kWh

Demak optimallashtirish natijasida energiya sarfi deyarli
50% ga kamayadi.

Natijalar tahlili

Olingan hisoblash natijalari shuni ko‘rsatdiki:

o nasos stansiyalarining energiya sarfi yuqori bo‘lib,
sutkasiga 115 200 kWh ni tashkil etadi;

o gidravlik yo‘qotishlar energiya sarfining sezilarli
gismini tashkil giladi;

o optimallashtirish ~ usullarini  qo‘llash  orgqali
energiya sarfini 20-50% gacha kamaytirish mumkin.

Muhokama

Mazkur tadgiqot irrigatsiya tizimlarida ishlatiladigan
nasos stansiyalarining energiya samaradorligini oshirish
masalasiga bag‘ishlandi. Trrigatsiya tizimlari qishlog
xo‘jaligida suv resurslarini samarali tagsimlashda muhim rol
o‘ynaydi. Aynigsa, Markaziy Osiyo davlatlarida sug‘orish
tizimlari katta energiya sarfini talab giladi. Shu sababli nasos
stansiyalarining optimal ishlash rejimini aniglash muhim
ilmiy va amaliy ahamiyatga ega.

Tadgigot davomida ikki bosgichli nasos stansiyasi tizimi
matematik modellashtirish asosida tahlil gilindi. Hisoblash
natijalari shuni ko‘rsatdiki, nasos tizimining asosiy energiya
sarfi suvni ko‘tarish balandligi hamda quvur liniyalaridagi
gidravlik yo‘qotishlar bilan bog‘liq. Aynigsa, quvurlarning

https://doi.org/10.56143/2181-2438-2026-3-29-34

uzunligi katta bo‘lgan hollarda ishqalanish natijasida yuzaga
keladigan bosim yo‘qotishlari sezilarli darajada oshadi.

Nasos tizimining ishlash samaradorligini oshirish uchun
optimal boshgaruv usullaridan foydalanish zarur. Ushbu
tadgiqotda optimallashtirish uchun ikki muhim matematik
nazariya qo‘llanildi:

J Dynamic Programming

J Pontryagin Maximum Principle

Birinchi usul — dinamik dasturlash usuli bo‘lib, u ko‘p
bosgichli boshgaruv tizimlarida optimal garorlarni aniglash
imkonini  beradi. Ushbu nazariya Richard Bellman
tomonidan ishlab chigilgan. Dinamik dasturlash prinsipi
asosida nasoslarning ishlash rejimini vaqt bo‘yicha
optimallashtirish mumkin.

Tadqiqot natijalariga ko‘ra, suv sarfi kun davomida
o‘zgarib turadi. Agar barcha nasoslar doimiy ishlasa,
energiya sarfi juda yuqori bo‘ladi. Biroq suv talabiga mos
ravishda nasoslar sonini boshgarish orgali energiya sarfini
sezilarli darajada kamaytirish mumkin.

Ikkinchi usul — optimal boshgaruv nazariyasiga
asoslangan maksimal prinsip bo‘lib, u L. Pontryagin
tomonidan ishlab chigilgan [9]. Ushbu prinsip murakkab
dinamik tizimlarda optimal boshgaruv funksiyasini aniglash
imkonini beradi. Nasos stansiyalarida bu usul yordamida
energiya sarfini minimallashtiruvchi optimal ishlash rejimi
aniglanadi.

Hisoblash natijalari shuni ko‘rsatdiki, nasos tizimini
optimallashtirish orgali elektr energiya sarfini 20-50%
gacha kamaytirish mumkin. Bu esa irrigatsiya tizimlarining
igtisodiy samaradorligini sezilarli darajada oshiradi.

Shuningdek, tadgigot davomida nasos tizimining texnik
modernizatsiyasi ham muhim omil ekanligi aniglanildi.
Masalan:

J chastota boshgaruv qurilmalari o‘rnatish
. avtomatik boshgaruv tizimlari
. suv sathi sensorlari

. masofaviy monitoring tizimlari
Ushbu texnologiyalar nasos stansiyalarining ishlashini
yanada samarali giladi.

4. Xulosa

Mazkur tadgiqot irrigatsiya nasos stansiyalarining
energiya samaradorligini oshirish masalasini matematik
modellashtirish asosida tahlil gilishga bag‘ishlandi.
Tadgigot davomida nasos stansiyalarining gidravlik va
energetik parametrlari o‘rganildi hamda optimal boshqaruv
usullari qo‘llanildi.

Tadqiqot natijalariga ko‘ra quyidagi xulosalar chiqarildi:
Irrigatsiya tizimlarida nasos stansiyalari katta migdorda
elektr energiya sarflaydi. O‘rganilgan tizimda sutkalik
energiya sarfi 115000 kWh dan ortigni tashkil etadi. Nasos
tizimining energiya sarfi asosan suvni ko‘tarish balandligi
hamda quvur liniyalaridagi gidravlik yo‘qotishlarga bog‘lig.
Matematik modellashtirish  nasos tizimining ishlash
jarayonini aniq tahlil gilish imkonini beradi. Dinamik
optimallashtirish usullari yordamida nasoslarning optimal
ishlash rejimini aniglash mumkin. Dinamik dasturlash
algoritmi asosida nasos tizimini boshqarish orgali energiya
sarfini sezilarli darajada kamaytirish mumkin. Optimal
boshgaruv nazariyasiga asoslangan maksimal prinsip nasos
tizimining energiya sarfini minimallashtirish imkonini
beradi. Zamonaviy boshgaruv texnologiyalarini joriy etish
irrigatsiya tizimlarining samaradorligini oshiradi.
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Umuman olganda, matematik optimallashtirish
usullarini irrigatsiya nasos stansiyalarida qo‘llash katta
igtisodiy va texnik samaradorlik beradi. Ushbu tadgiqot
natijalari irrigatsiya tizimlarini modernizatsiya gilish hamda
energiya sarfini kamaytirish bo‘yicha muhim ilmiy asos
bo‘lib xizmat qilishi mumkin.
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An improved method for increasing the capacity of branched optical
communication networks based on transfer to a single-fiber mode

Abstract:

Keywords:

R.R. Kiyamov'®?2
!Kashi District Technicum No. 5, Kashkadarya, Uzbekistan

This article examines the shortage of available optical fibers in existing fiber-optic transmission lines. It
analyzes current methods for increasing the capacity of branched optical communication networks,
including WDM, OFDM, SDM, coherent reception, and digital signal processing technologies. An
improved method for increasing capacity by converting existing dual-fiber transmission systems to
single-fiber operation using optical Y-splitters is proposed. A model for estimating the energy balance
and signal-to-noise ratio, taking into account additional losses and noise, is developed. The obtained
results demonstrate the possibility of effectively increasing network capacity without constructing new
fiber-optic lines or implementing expensive wavelength-division multiplexing technologies.

fiber-optic communication lines, PON, capacity, Y-splitter, single-fiber transmission, signal-to-noise
ratio, BER

CoBepuIeHCTBOBAaHHBIN METO/ NMOBBINICHUS IPOMYCKHOM CIIOCOOHOCTH B
Pa3BeTBJIEHHBIX ONITHYECKUX CETAX CBA3M Ha OCHOBE MepeBoaa B

AHHOTAIWNA

Kunrouessie cioBa:

OIHOBOJIOKOHHBIN PexXUM

Kusimos P.P.102
1Texm/u<yM Ne 5 Kacbunckoro paiiona, Karkanaps, Y30ekucTan

B crarbe paccmaTpuBaercst npobieMa aeduunra cBOGOIHBIX ONTHYECKUX BOJIOKOH B CYIIECTBYOIINX
BOJIOKOHHO-ONTHYECKHX JMHUAX nepenadu. [IpoBenéH aHaim3 COBPEMEHHBIX METOJOB IIOBBILICHUS
MIPOIYCKHOI CIIOCOOHOCTH pa3BETBIEHHBIX ONTHYECKUX CETeH CBA3M, BKIIOYas TexHosornn WDM,
OFDM, SDM, «korepenTHoro mnpuéMa W uUppoBol 00paboTkM curHauoB. [lpemnoxeH
YCOBEPILIEHCTBOBAHHBIM METO/] OBBILICHNUS TIPOITYCKHON CIIOCOOHOCTH My TEM NEpPeBOAa NEHCTBYOIINX
JIBYXBOJIOKOHHBIX CHCTEM IEpElaul B OJHOBOJOKOHHBIH PEXHM C MCIIONb30BAHHEM ONTHYECKUX Y-
pasBerBureneil. PazpaboTana Mozenb OLIEHKH 3HEPreTHYecKoro OaaHca U OTHOLICHUS CUTHA/IIYM C
y4ETOM JIOIOJHUTEIbHBIX NOTEPb W IIyMOB. [losmyueHHbIE pe3yabTaThbl IOKA3bIBAIOT BO3MOXHOCTb
3¢ PEeKTUBHOrO yBENUYCHMS MPOIYCKHOM CIIOCOOHOCTH CETH 0€3 CTPOMTENbCTBAa HOBBIX BOJIOKOHHO-
OITUYECKUX JIMHUH U BHEIPEHHS IOPOrOCTOSAIINX TEXHOJIOT U CIIEKTPAIbHOIO YIJIOTHEHUS.
BOJIOKOHHO-ONTHYECKUEe JIMHUK  cBsi3d, PON, mpomyckHas CHOCOOHOCTh, Y -pa3BeTBUTEIb,
OJTHOBOJIOKOHHAs Tiepe/iaya, OTHOIICHHe cHrHaj/myMm, BER

1. BBCI[eHI/Ie Hecmotpst Ha BBICOKYIO 3((EKTHBHOCTh, MX BHEIpEHHE
COIIPOBOKIAETCS 3HAYUTEIBHBIMU KalUTaIbHBIMU
Poct 00bEMOB nepeaBaeMoro Tpaduka U yBEIHYCHUE 3aTpaTaMu M yCIoKHeHHeM o6opynoBanus [11-16].
yucia a0OHEHTOB MPENbSBISIIOT HOBbIE TpeOOBaHHS K B cBa3m ¢ 3TMM akTyanbHOM 3ajgadel sIBIsieTCA
MPOIMYCKHON CIOCOOHOCTH BOJOKOHHO-ONTHYECKUX CeTei pa3paboTka METOZIOB NIOBBIIIECHUS MIPOIYCKHOM
cem3u [1-3]. OcobenHo ocTpo [naHHas mpoOiaeMa CHOCOOHOCTH  CYILECTBYIOIMX CeTell 0e3 MpOKIaaKu
NposIBISIETCS. B CEeTSAX  JOCTYNA M Pa3BeTBIEHHBIX JOTIOJIHUTENbHBIX ~ ONTHYECKMX  BOJOKOH M 0Oe3
ontuueckux  cersx (PON), rme  cymectByromas CYIIECTBEHHON MOJICPHU3ALIUHN alIIapaTHON 4acTH.
uHppacTpykTypa ObUla MOCTPOCHA I CYIIECTBEHHO Henpto  uccnenoBanust — sBisieTcss  pa3paboTka
MEHBIIKX HArpy30K [4—7]. YCOBEpPILIEHCTBOBAHHOIO METO/A MOBBIMIEHUS MPOIYCKHOM
TpanuuuOHHBIE METOABl YBEIMUYEHUs] MPOIyCKHOM CIOCOOHOCTH Pa3BETBIEHHBIX ONTHYECKUX CETel CBS3U Ha
CIIOCOOHOCTH OCHOBaHbl Ha KCIOJb30BAHUM TEXHOJOTHH OCHOBE TEpeBOJ]a CYIIECTBYIOMUX JBYXBOJOKOHHBIX
WDM/DWDM, OFDM, korepeHtHOro mnpuéma U CUCTEM IIepellaud B  OJHOBOJIOKOHHBIM pEXHUM C
MIPOCTPAHCTBEHHOTO  MYJIBTHIUIEKCUPOBAHUS [8-16]. INPUMEHEHUEM ONITHYECKUX Y -pa3BETBUTEIICH.

a
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2. MeTtoauka uccjeI0BaHUA

Hcxoanblie npeanooKeHus

HccnenoBanve  BBIIOJIHEHO  JJISI  OJHOMOJIOBOTO
ONTHYECKOTO BOJIOKHA cTraHaapra G.652 mpu JjiMHE BOIHBI
1310 aM [4].

[IpuHATHI ClieTyoIHe TapaMeTphl:

MOIITHOCTH TiepenaTunka Ptx = 0 nbm;
koddunmeHT neenus Y -pa3BeTButels 1:2;
JIOTIOJTHUTEBHBIE TIOTEPH pa3BeTBUTENS 3,54 1b;
nepexojHoe 3aryxanue 50-55 nb.
JHepreTuyecKas MoaeIb

DOHepreTHdyeckuii  OajaHC  JUHHU  OIpeJesssercs
BEIpYKEHHEM
Ptx—(Pfiber+Psplitter+PY) > Prx,min (1)
rie:

Ptx — MoIIHOCTE nepefaTynKa;

Pfibe — motepu B BoNOKHE;

Psplitter — motepu cruTTepOB;

PY — nomonuuTensHble notepu Y-pa3BeTBHUTENEH;

Prx,min — 4yBCTBUTEIBHOCTD IPUEMHHKA.
Monens nrymoB

OO11ast MOIIHOCTb IIIyMOB:

Ntot=Nth+Nsh+Ncross+NFr+NRay (2)

rue:

Nth — TemnoBoii nrym poronpruémuuka;

Nsh — npo6oBoii (shot) mym dororoka;

NCross — nepexopHsie ToMex¥ Y-pa3BeTBUTEIIS;

NFr — mymsl, oOycioBieHHbIE (DPEHENCBCKUMU
OTpaXKECHISIMI;

NRay — nrymsl 00paTHOT0 paJIeeBCKOTO PacCesTHUSL.

Torma OTHenbHBIE COCTaBISIONIME MOTYT  OBITH

TIPEJICTABIICHBI CIIEAYIOIIM 00pa3oM:
1. ITepexonHbie moMexu Y-pa3BeTBUTEISA

Ncross=Ps-Kcross 3)
rie Ps — MOIIHOCTB MOJIE3HOr0 CUrHaa,
Kcross —  ko3(GUIMEHT HepexomHBIX MOMeEX
Pa3BeTBUTEIIS.
2. [lympl @peHeneBCKUX OTPAKEHUH
NFr=Ps-RF - e—2aL “)
rue:

RF — ko3¢ duimeHT ppeHeneBckoro oTpaxeHus;
o — K03 PULMEHT 3aTyxaHus BosokHa, Hi/kwm;
L — [yuiHa JTUHWH, KM.
Jl1s rpaHUIBl CTEKI0—BO3IYyX:
RF = [(n1 - n2)/(nl + n2)]2 (5)
rae nl u n2 — nokasarenu NpeJoMIICHUs Cpel.
3. Illymbl 0O6paTHOrO PANIEEBCKOTO PACCEsTHUS
NRay=Ps-nRay(1—e—2aL) 6)
rae NRay — koadduimeHT 0OpaTHOro PIIEEeBCKOTO
paccesHus.
4. TernoBo# mym
Nth = 4kTB @)
rue:
k=1.38-10—23k /K — nocrosiuHas BonbimMana;
T — abcontoTHas TeMIepaTypa;
B — nonoca npuéma.
5. Apo6oBoit mym
Nsh = 2qlpB (8)
rue:
g =1.6-10-19 Ku — 3apsiz 31eKTpoHa;
Ip — dorotok;
B — monoca npomyckanus.
OTHOIIEHHE CUTHAJI/IIYM OINpeNessieTcs Kak
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Ps

Ntot (9)

Ps
Ntot

SNR=

WK B Jenuoenax
SNRdB = 10 log10

(10)

Ntot=Nth+Nsh+Ncross+NFr+NRay (12)
B 01HOBOJIOKOHHOM peXXMMe YIHTHIBAIOTCS CIIETyIOIINe
IIyMOBBIE COCTaBIISIOLIIE:
Ntot=Nown+Ncross+NFr+NRay (12)
rze:
NOWN — coOCTBEHHBIE LIIyMBI CHCTEMBI;
NCros — mepexo/Hble OMeXH Y -pa3BEeTBUTEIIS;
NFr — mrymer @peHeneBCKIX OTpaXkeHHIH;
NRay — 1mrymMbl 0OpaTHOTO PIJIEEBCKOTO PacCesTHHS.
KauectBo mepenayd  JaHHBIX — OLICHMBAETCS 110
OTHOIIECHUIO CUTHAJI/IIyM, KOTOpOE Uil j-TO abOHEHTa

OIPECACIIACTCA KaK
Pr,j

SNRj = NoB (13)
rie NO — cmekTpanbHas IUIOTHOCTh HIYMOB
npuéMHIKa, B — nosoca npomyckanust
AJITOPUTM OLICHKH BO3MOKHOCTH Iepexoa B
OTHOBOJIOKOHHBII peKUM
Omnpenenenue mapameTpoB cymectByroreit BOJIIL
Pacuér nononHUTENBHBIX TOTEPE Y -pa3BEeTBUTEIICH.
OrnpenienieHre ypoBHsI IIIyMOB.
PacyéT OTHOIICHUS CUTHAII/IITYM.
OueHka ko3 durpenta 6uToBbIX ommook BER.
IlpoBepka  BbIMONHEHHs  TpeOOBaHMH  KauecTBa
nepenaun.lIpuHaTHe pelIeHMS O MepeBoAe JIMHUM B
OJTHOBOJIOKOHHBIN PEXKHM.
IIpoBenéH CpaBHUTENBHBIH AaHANIN3 CYLIECTBYIOIIMX
METO/I0B IIOBBILIECHNUS IPOIYCKHO# criocooHocTH [8—16].

Taéauna 1
CpaBHMTeJIbHbIN aHAJIN3 NOBBIIIECHUS NPOIYCKHOMI
CIIOCOOHOCTH M OCHOBHBIX HEJI0CTATKOB Pa3JIHYHBIX
METO/10B Nepeavn

Meron Poct OCHOBHBIE
MPOITYCKHOI HEJOCTAaTKH
WDM/DWDM Bricokuit Henuneitnocry,
BBICOKas
OFDM Bricokuii Cnoxuocts DSP
Coherent Ouenn TexHonmornyeckast
BBICOKHIA CII0KHOCTD
SDM OueHp TexHosornueckas
BBICOKHIA CII0KHOCTD
IIpennaraemsrit Cpenuuii— JlomonHuTenbHbIE
METOJ BBICOKHUI norepu 3—4 1b

Pesynbrartel pacdéToB MOKA3bIBAIOT, YTO CHIIKCHUE
SHEPreTUUECKOro 3amaca BCIEACTBHE HCIONb30BAaHHUA Y-
pa3BeTBUTENEH KOMIIEHCUPYETCSI:

TIOBBIIIEHHOM  YyBCTBUTENIBHOCTBIO
TIPUEMHHKOB;

ucnoib3oBanneM FEC-xoaupoBanus;

onTuMu3anueit ko3 pHUIeHTa pa3BeTBICHIS,

COKpaIIIeHHeM KOJIMYeCTBA COSAUHEHHUI.

YcTaHOBIEHO,  YTO  TEPeBOA  CYMIECTBYIOLIHX

COBPEMEHHBIX
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JIByXBOJIOKOHHBIX CHCTEM Iepefaddl B OJHOBOJOKOHHBIN
peXUM T03BOJISIET 3PPEKTUBHO HCIOIB30BaTh PE3EPBHBIC
pecypchl CEeTH W YBEIHYHUTh CyMMAapHYIO IPOITyCKHYIO
CHOCOOHOCTE G€3 CTPOUTENHCTBA HOBBIX JIMHUH CBSI3H.

Ilomyueno, uTO mHpuUMEHEHHE  Y-pa3BeTBUTEICH
MPUBOANT K: JOTONHUTENBHBIM IIOTEPSIM  MOIIHOCTH
CHUTHaja;

TIOSIBIICHHIO TIEPEXOIHBIX IIIyMOB;

BO3HHMKHOBEHHUIO IITyMOB DpeHeneBCKUX OTpakeHHUIH;

TIOSIBIIEHHIO IITyMOB 00paTHOro PaneeBckoro paccessHus;

CHIDKEHHIO OTHOIICHUsI curHa/iryMm SNR.

IIpu sTOoM pacuéTHas MoOZENb MO3BONAET ONpPEACIUTH
MIpefeNbHYI0 JUIMHY PEreHEepallioHHOTO YdYacTKa, IpH
KOTOpO# coxpansercs HopMaruBHoe 3HaueHne BER.

MonenupoBanue TMokazano, 4ro mocie 10—12 kM
BIIMISTHHE Paneesckoro paccestHus MPaKTHIECKN
HACHIIIAeTCsl ¥ MAJIO 3aBHCHUT OT CKOPOCTH Nepeadn.

Ycranopneno, uro neperog OCIT B 0JJHOBOJIOKOHHBIN
PEXUM TO3BOJISET YBEIMYUTH CYMMapHYIO IPOITYCKHYIO
criocobHocTh BOJIIT mpumepHo B 1,8-2 pasza 3a cuér
BEICBOOOXKIIEHHSI BOJIOKOH JUII  OpPTaHM3alliMl  HOBBIX
kaHanoB cBs3u u cerert LTI/,

[IpakTryeckoe BHenperme B cersix OO0 UMS
MO3BOJIMJIO  TOBBICHTH  TIPOITYCKHYIO  CIIOCOOHOCTH
nHMOPMAIMOHHBIX TOTOKOB B 1,3 pasza, a B cern AK
«Y36ekrenekom» — B 1,24 paza [20].

Pesynbrarst MO/JIEITUPOBaHUS TIOKa3aJIH, 4TO
IIPUMEHEHUE Y-pa3BeTBHTENEH COIIPOBOXKACTCS
CHIDKGHHEM  OTHOIICHMS  CHTHAN/IIYM  BCIIEACTBHE
JIOTIOTHUTENIBHBIX ~ TIOTEPh  MOIIMHOCTH W TOSIBICHHUS
JTOTIOJTHUTEITBHBIX ITYMOBBIX COCTaBITIOMINX. OTHAKO Aaxe
npu amuHe DKV no 12 kM obecnieunBaercs COXpaHEHUE
nomyctumoro ypoBHs BER wu crabunpHocTh mepenaun
1 (pOBOTO MOTOKA.

CpaBHUTENBHBIN aHAIIN3 MOKA3all, YTO MPEAT0KEHHbIH
METOJ obecrieunBaeT yBEIHYEHHE MPOITYCKHOM
cnocobHocTH cet 10 1,82 pa3 mpH MHHUMAIIBHBIX
KaITUTaJIbHBIX 3aTpaTax M0 CPaBHEHHIO CO CTPOUTENBCTBOM
HoBoit BOJIII wnu BHeapenuem TtexHomorun WDM.
OcobOeHHO BbICOKast I(Q(EKTHUBHOCTh JIOCTUTACTCI B
CEeNbCKMX M PErHOHAIBHBIX CETAX CBA3M HpH aeduuure
CBOOO/IHBIX ONTHYECKUX BOJIOKOH.

B ommume or texumomormii DWDM, OFDM u
KOI'€pPEeHTHOro npuéMma IpejiiaraeMblii MeTo] He TpeOyer
CYIIECTBEHHOH MOJEpPHU3ALMU OOOpPYHOBaHUA U MOXKET
OBITh BHENPEH Ha CyllecTBYIOIeH nHppacTpykType [1-3,

8-16].
OCHOBHBIM  OI'PaHMYMBAIOIIMM (DAKTOPOM  SIBIISIETCS
YXYJAIICHUE  SHepreTudeckoro  OanaHca  BCIEACTBHE

JIOTIONTHUTENBHBIX TOTeph B Y-pa3BerBurensx. OpHako
NPOBEIEHHBIN aHAIM3 IOKA3BIBAET, YTO IIPH IPaBHILHOM
BbIOOpE IapaMeTpOB CETH JaHHBIE TOTEPH HE IPUBOIAT K

KPUTHYECKOMY  YXYIOUICHHIO  KadyecTBa  Mepefadu
uHpopMaLHH.
DxoHomuueckass  3((EKTUBHOCTh  MPEIaraeMoro

pelieHnss 0COOCHHO 3aMETHA U CeNbCKHX M YAaJIEHHBIX
paiioHoB, rae crpoutensctBo HOBbIX BOJIIT cBsizano co
3HAYMUTENIbHBIMH KallUTaIbHBIMH 3aTPaTaMHu.

Tadamna 2
Hcxoanble mapamMeTpbl MOJeTHPOBAHMS
[Tapametp 3HaueHue
JlononHuTenbHple OTEPH Y -
3,54 nb
pa3BeTBUTENS

https://doi.org/10.56143/2181-2438-2026-3-35-40

CyMMapHI:Ie JOITOJIHUTCIIbHBIC

noTepu 7o 8 ib
TlepexoaHoe 3aTyxaHue 50-55 nb
Koapduuuent obparHoro 30..-60 1B

otpaxenusi RL

CKOpOCTB Tepeaun 155-2488 Mbwurt/c

OaHOMOI0BOE

Hccnenyemas cpena BOJIOKHO G.652

Tabanuma 3
AJITOPUTM MO/IeJIMPOBAHMS PAa3BETBJIEHHOI ceTH
Oran Conepxanne
1 3alaHue TOTIOJIOTHH CETH
2 BBox mapameTpoB BosIOKHa 1 000pyIOBaHUS
3 Pacuér sHeprernueckoro Oananca
JIBYXBOJIOKOHHOTO PEXUMa
4 OnpeneseHne JOTOTHUTEIBHBIX TOTEPh 1
IIyMOB
5 Pacuér SNRi 1 SNR2
6 Omnpe/esneHne SKBUBAJICHTHOTO YBEITNYEHHS
3aTyXaHusA
7 Pacuér nonycrumoii jynne1 OKY
8 AHanM3 BO3MOXXHOCTH TIepeBO/Ia B
OJIHOBOJIOKOHHBIH pexxiM

Ha pucynok 1 mnpuBeneHa CTPYKTypHas cxema

aJIropuTMa MOAEJIupOBaHUSA paSBeTBﬂéHHOﬁ CETH

[ 3ananue tonosioruu cetu  LOKY, konuuectBo Y-y3108 ]

s 2

[ Beox napamerpoB OB 1 akTHBHOTO 000pyIOBaHHUS ]

[ Pacuér sHepreruueckoro 6ananca JByXBOJIOKOHHON OCH]

h 4

Pacuér nononHuTeNbHBIX NOTEPE Y -pa3BeTBUTENECH ]

h o
Pacuér SNR, u SNR: ]

~ <

[ OmnpejeneHne 3KBUBAJICHTHOTO YBEIUUSHHMS 3aTyXaHUs ]

L 3

Pacuér nomycrumoit myimae1 OKY

R 2

AHanu3 BO3MOKHOCTH NIEPEBO/IA B OAHOBOJIOKOHHBIH
PEeKHM

Puc. 1. CTrpykTypHasi cxeMa ajiropurma
MO/IeJMPOBAHHUS Pa3BeTBJIEHHOI ceTn
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Taoauua 4
CpaBHﬂTeﬂbelﬁ AaHaJIU3 METOA0B MOBLIIIIEHUA
nponyckHoii cnocoonoctu BOJIIL

Tabanua 6
Tadauua JaHHBIX 3aBHCHMOCTH OTHOIIEHUS
CUrHAJ/IIyM oT AauHb1 JKY

Jnna JIByXBOIOKOHHEIH OHOBOJOKOHHBIT
OKY, pexim, 1B pexuM ¢ Y-
KM pasBerBurensMu, 1b

2 31 27

4 29 25

6 27 23

8 25 21

10 23 19

12 21 17

14 19 15

16 17 13

OnHOBOJIO
Hosa | IloBer KOHHBIN
OnHOBOJIO
Kpurepu F'd [IeHNE N PEXUM C
i BOJI | ckopoc Y-
pEeKUM
II T™H pa3BETBUT
CIISIMU
Hcnoinb3o
BaHHUE
CYWECTBY | o Yactu Jla TTonnocts
fo1ein YHO 10
uHppactp
YKTYpBI
OueH
b Bricok . Munanman
CAPEX o Cpemamii N
BBICO ui BHBIN
KU
Breic | Cpenn . .
OPEX o per Cpennuii Huzkuit
OKHUI 17
CiioxHOC
Th Bric | Bricok
Cpennsst Huskas
BHEJIPEHH | OKas ast
'
[Mpumenn
mocTth B | Husk | Huska | Orpannue
Bricokas
CEBCKUX ast 'y HHast
ceTsIX
BricBo6O
KIACHHUE Her Her Her Ha
BOJIOKOH
Tabauna 5

Texnuveckoe cpaBHeHHE METO0B
Ta0auna TaHHBIX 32aBUCMMOCTH OTHOIIEHHUSI
CUTHAJ/IIyM oT AJuHbI JKY

OpxHoBOJ
JByxBo. OKOHHBIH
Iokaza 01(0)1,{“51171 pexuM ¢ HoBass | WD
TeJb Y- BOJIII M
pexum
pa3BeTBH
TeJAMH
Hcnonp
30BaHHE 2 1 >2 1
BOJIOKOH
CHumxaeTc
Makcuma Makcum | Bsic
SNR JIBHBIH A Ha aJbHBIA | OKMIA
ASNR
B Hopme
npi B
BER B HOpM™mE P B Hopme | HOp
JOIYCTUM
. Me
Ol JITIUHE
3amMmena
obopyo Her Her Ha Ha
BaHHs
Kamura
OtcyTcTB OueHb Bric
JIbHBIE Huzkue
YIOT BBICOKHE | OKHE
3aTpaThl
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3aBUCUMOCTH OTHOIIICHUS
CUTHaJI/ TITyM OT JIJTUHBI
AJIEMEHTAPHOTO KaOeJIbHOTO
yqacTKa

35
30
25
20
15
10

0 5 10 15 20

—@— [1ByXBO/IOKOHHbIN pexxunm, ab
—@— OHOBOJIOKOHHbI pexunm c Y-

nazzreTRUTENaGMU Nk
Puc. 2. 3aBucumoctb SNR ot aaunb1 IKY

Taoauua 7

Taoanna nanabix 3aBucumMoctu BER ot nimmub1 9KY
Jmuaa BER BER
DKVY. kM|  (MRVXROTOKOHHKIA (O THOROITOKOHHRIN

2 1x10712 3x10712

4 2x10712 6x10712

6 4x10712 I1x107 1

8 8x10712 4x10™1

10 2x10™1 8x107 1

12 51071 1x1071°

14 1x1071° 3x1071°

16 3x1071° 8x10710
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i Sapmcimocts BER ot pmaset SKY

- Bl
e ad BER (agyxeonoxorKyil pexim)

: == BER (0aHonanoxHbl pexim]

2 ] f ] 10 12 1 16
JTimma 3KY, xu
Puc 3. 3aBucumocts BER ot gimuns1 IKY

Ha pucyHke TOKa3zaH 3aBUCHMOCTb BEPOSTHOCTU
ouroBoii ommbOkn BER ot mmmuer OKY s pasnuaHbIx
PEXKUMOB TepeIavH.

Tabnuua qaHHEIX BeposiTHOCTH OuTOBOM ommbkyn BER
ot utHbl DKV JU1s pa3inyHbIX peKUMOB TIepejadn.

Ta6anua 8
3HaveHus1 BepossTHOCTH 0uTOBOI ook (BER) npu
pasiau4Hoii vHe JKY 1015 pa3HbIX peskuMOB

nepefavu
Merox OTHOCHUTENBHBIH
CAPEX, %
Hcnonb3oBanue cylecTByOMEH 5
OIHOBOJIOKOHHBIN pexuM ¢ Y- 10
[NoBbIlIeHHE CKOPOCTH Mepeaadn 45
WDM 65
CrpourensctBo HoBoW BOJIIT 100

OTtHocuTenbHbin CAPEX, %

150
100
50 I I
O — | .
% K . + . ¢.. @ (/ o
O Q) > \42
\\v'b @0\\ \\\>e $0 \{\Q)\
K P o 3
SN SN N

Puc. 4. CpaBaenue CAPEX pa3M4HbIX MeTO10B

Ha pucynoke 4 mnoka3zaHa cpaBHUTENBHas OICHKA
KaNWUTaJIbHBIX 3aTPaT METO/OB IIOBBIMICHHUS HPOITyCKHON
crnocoonoctu BOJITL.

39
https://doi.org/10.56143/2181-2438-2026-3-35-40

Ta6auna 9
Tadauua JaHHbIX

Koapduument ysennaenus

Meron o
MIPOIYCKHOM CITIOCOOHOCTH
BbasoBas cetn 1,0
IloBeImenne ckopocTH 1,3
WDM 1,6

OIHOBOJIOKOHHBIH PEXKUM C

18
Y-pa3BerBuTEISIMI

KomMOunupoBaHHBIi pexxum

(Y + WDM) 2.2

KoadpumumeHT yBenmueHusa
NPOMNYCKHOM cnocobHocTH

Kombu1HMpOBaHHbIN
pexxum (Y + WDM)
OZHOBOJ/IOKOHHbIM

pexumc Y-...

WDM

MoBbIWweHMe cKopocTn
nepegayu

basoBas ceTb

o

05 1 15 2 25

Puc. 5. IloBbIieHne MponycKHO cOCO0HOCTH
Pa3JIMYHBIX METO/10B

3. 3akiaouenue

Pa3paboTaH ycoBepLIEHCTBOBAaHHbIH METO/] ITOBBIILICHHS
MIPOIYCKHOHM CIIOCOOHOCTH B Pa3BETBIEHHBIX ONTHYECKHX
CeTsIX CBA3M HAa OCHOBE II€PEBOJA  CYLIECTBYIOLIMX
JIBYXBOJIOKOHHBIX CHCTEM IIEpPENaddl B OJHOBOJIOKOHHBIH
PEXKHM C UCHIOJIL30BAHUEM ONTHYECKUX Y -Pa3BETBUTENCH.

Pa3zpaboraHsl MaremarndecKas MoOZeIb
SHEPreTHYecKoro  OajaHca M alIrOpUTM  OLEHKHU
BO3MOXHOCTH ~MOJIEPHHM3ALMM  CYIIECTBYIOIIUX JIMHUH
CBSI3H.

Takum 00pa3oM COBEPILEHCTBOBAH METO]I MOBBILICHHUS
MPOMYCKHOW  CIOCOOHOCTH € HCIOJNB30BaHUEM Y-
pasBeTBUTENECH B Pa3BETBJICHHBIX ONTHYECKUX CETAX CBS3H
Ha OCHOBE OIpeJesieHue Crieu(pUIeCKIX 0COOCHHOCTEH 1
TpuMeHeHue Y -pa3BeTBUTENCH.

CoBeplIeHCTBOBaHA ycTpoiicTBa MOBBIILICHHUS
TIPOMYCKHON CIIOCOOHOCTH BOJIOKOHHO ONTHYECKUX CeTeil
CBsI3M W obecriedyeHa BO3MOXKHOCTb — TNEpeBOAa  C

JBYXBOJIOKOHHOTO PEXHMa Ha OJHOBOJIOKOHHBIH pPexUM
paboThl pErMOHANBHBIX ONTHYECKHUX CETEeH CBA3H.

Pa3zpaboran MeTox  ONpeNeNeHUs  BO3MOXKHOCTH
TMPUMEHEHWE  yCTPOICTB  MOBBIMICHUS  MPOIYCKHOM
CIIOCOOHOCTH ~ PETHMOHAIBHBIX  BOJIOKOHHO-ONTHYECKHX

ceTell CBA3M, B pe3yJibrare 4Yero ObUTM ONpPE/eNICHbI
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pereHepaloHHble  YYacTKH TJ€ MOXKHO TPHMEHHTH
YCTPOWCTB MOBBIMICHHUS MPOMYCKHON CIIOCOOHOCTH.

[ToBbIlIeH TPOIYCKHOW  CITOCOOHOCT — BBIACIICHHOTO
ONTHYECKOTO BOJIOKHA C IPUMEHEHUEM Y - pa3BETBHUTEINCH U
MepeBe/iecH C JBYXBOJIOKOHHOTO pexnMa paboThl Ha
OJIHOBOJIOKOHHBIH PEXUM B PEe3yJbTaTe Yero JOCTUTHYT K
TIOSIBIIEHHIO JIOTIOJTHUTEIIBHOI'O ONITHYECKOI0 BOJIOKHA.

B yem u 3akimovaercs HaydHas HOBU3HA HCCIICIOBHUN

Pesynbrarel HcceOBaHUs MOKA3bIBAIOT BO3MOKHOCTh
MTOBBITIICHUS 3PPEKTUBHOCTH HCIIOJE30BAHUS BOJIOKOHHO-
ONTHYECKOW HWHPPACTPYKTYPhI 0€3 CTPOUTEIHCTBA HOBBIX
JMHAA W 0e3 TPUMEHEHHS JOPOTOCTOSIIMX TEXHOJIOTHH
CIIEKTPAILHOTO YIUIOTHEHUS.

[IpemioxxeHHbII METOT MOXKET OBITh MCIOIB30BaH IPH
MonepHu3amu cereil nocryna PON W permoHaibHBIX
BOJIOKOHHO-ONITHYIECKUX CETCH CBA3M.

Hcnosab3oBanHasi jguteparypa /
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Criteria for evaluating the efficiency of freight transportation by road

Abstract:

Keywords:

transport and approaches to their optimization

A.Kh. Muratov®?

Termez State University of Engineering and Agrotechnologies, Termez, Uzbekistan

This article comprehensively analyzes the system of technical-operational, economic, and logistic criteria
used to assess the efficiency of freight transport processes in the road transport sector. Within the scope
of the study, an expanded mathematical model was developed to express the relationship between fleet
productivity and the prime cost per 1 ton-kilometer (1 tkm) of cargo turnover. A sensitivity analysis of
variables was conducted using the examples of MAN TGS and ISUZU FVR trucks, which are widely
utilized under local conditions.

The impact of hot climate conditions and organizational-logistic deficiencies on transport productivity
was empirically demonstrated through quantitative calculations. The results indicated that a 10%
improvement in the mileage utilization coefficient (B) reduces the prime cost by an average of 10.8%,
whereas a decrease in technical speed due to thermal stress increases the cost by up to 3.5-5.2%.
Conclusively, digital and technical-operational recommendations were formulated to enhance the
efficiency of road freight transportation.

road transport, freight transportation, efficiency criteria, prime cost, logistics, rolling stock, optimization,
productivity, sensitivity analysis, climate factor

Avtomobil transportida yuk tashish samaradorlik mezonlari va ularni

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Globallashuv

sharoitida

optimallashtirish yo‘llari

Muratov A.X 102

Termiz davlat muhandislik va agrotexnologiyalar universiteti, Termiz, O zbekiston

Ushbu magolada avtotransport tarmog‘ida yuk tashish jarayonlarining samaradorligini baholashda
go‘llaniladigan texnik-ekspluatatsion, igtisodiy va logistik mezonlar tizimi kompleks tahlil gilingan.
Tadqiqot doirasida harakat tarkibining unumdorligi va 1 tn-km yuk aylanmasi tannarxi o‘rtasidagi
bog‘liglikni ifodalovchi kengaytirilgan matematik model ishlab chigilgan. Mahalliy sharoitda keng
qo‘llaniladigan MAN TGS va ISUZU FVR yuk avtomobillari misolida omillarning sezuvchanlik tahlili
(Sensitivity Analysis) o‘tkazilgan.

Issiq iglim sharoiti va tashkiliy-logistik kamchiliklarning transport unumdorligiga ta’siri empirik
hisoblashlar orqali isbotlangan. Natijalar shuni ko‘rsatdiki, yo‘ldan foydalanish koeffitsiyenti (B) 10%
ga yaxshilanishi tannarxni o‘rtacha 10,8% ga pasaytiradi, issiglik yuklamasi tufayli texnik tezlikning
pasayishi esa tannarxni 3.5-5.2% gacha oshirib yuboradi. Tadgigot yakunida avtotransportda yuk tashish
samaradorligini oshirish bo‘yicha raqamli va texnik-ekspluatatsion tavsiyalar shakllantirilgan.
avtotransport, yuk tashish, samaradorlik mezonlari, tannarx, logistika, harakat tarkibi, optimallashtirish,
unumdorlik, sezuvchanlik tahlili, iglim omili

pasaytirish va harakat tarkibi unumdorligini oshirish
makroigtisodiy ahamiyatga ega dolzarb masalalardan biridir.

milliy  iqgtisodiyotning Jahon miqyosida avtomobil transportining asosiy

raqobatbardoshligini ta’minlash bevosita transport-logistika
tizimining samaradorligiga bog‘liqdir. Mahsulotlarni ishlab
chiqaruvchidan yakuniy iste’molchiga yetkazib berish
zanjirida avtotransport tarmog‘i eng moslanuvchan va
yuqori harakatchan (mobil) bo‘g‘in hisoblanadi. Bugungi
kunda tovarlar yakuniy tannarxining o‘rtacha 15 foizdan 25
foizgacha bo‘lgan gismini aynan transport xarajatlari tashkil
etmoqda. Shu sababli, avtotransportda yuk tashish tannarxini

all™ https://orcid.org/0000-0002-4450-2892
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muammolaridan biri - yuk tashish samaradorligini oshirish,
yuklarni iste’molchilarga o‘z vaqtida va arzon narxda
yetkazib berish avtotransport korxonalarining faoliyatini
tubdan o°zgartirishni talab qilmoqda. Mamlakatimizda
transport va  transport  kommunikatsiya  sohasini
rivojlantirish, yuk tashishning xavfsizligini ta’minlash,
transport sohasidagi boshgaruv tizimini takomillashtirish
hamda soha uchun malakali mutaxassislarni tayyorlashga
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yo‘naltirilgan keng ko‘lamli chora-tadbirlar amalga oshirilib

borilmogda.
Igtisodiyotni rivojlantirishning zamonaviy
tendensiyalari va amalga oshirilayotgan islohotlar

respublikaning geografik joylashuvini inobatga olgan holda
transport  xizmatlarining  sifatli  va ommabopligini
ta’minlashga yo‘naltirilgan yagona transport siyosatini
shakllantirishni talab etadi. Respublikaning investitsiyaviy
jozibadorligini va eksport salohiyatini oshirish, transport
kommunikatsiyalarini strategik rivojlantirishni ta’minlash
muhim vazifalardandir. Xususan, O‘zbekiston
Respublikasini rivojlantirishga oid davlat dasturlarida
hududlarda yuklar shakllanishining asosiy nugtalarini
hisobga olgan holda transport-logistika markazlari
tarmog‘ini tashkil etish va yuk tashish xarajatlarini 30
foizgacha kamaytirish magsad qilib qo‘yilgan [1].

Adabiyotlar tahlili

Sanoatning ofsib borayotgan ehtiyojlarini qondirish
uchun igtisodiy jihatdan samarali, energiya tejamkor va
ishonchli yuk tashish tizimi muhim ahamiyatga ega [2, 3].

Yuk tashishni optimallashtirish avtomobil va temir yo‘l
transportini 0‘z ichiga olgan transport tarmog‘ini
rivojlantirish muammaosini ham hal qilish kerak [4, 5].

Qurilish yuklarni tashishni tashkil etish, yuk jo‘natuvchi
va yuk oluvchi punktlar ishini o‘zaro muvofiglashtirish
hamda tashish samaradorligini oshirish yo‘llari [6]
keltirilgan.

Yuk tashish yo‘nalishining yuk jo‘natish yoki qabul
qgilish manzillarida yuz beradigan jarayonlarni tizimli tahlil
qgilish, ularning tarkibi aniglanib, avtomobilning unumsiz
turib golish vaqtini bartaraf etish va transport vositasining
ish ko‘rsatkichlarining shakllanishini talab etilmogda [7, 8].

Demak, respublikamizda yuk tashish hajmi ortib borishi
kuzatiladi. Bu esa o‘z navbatida transport tarmog‘i va
transport-logistika tizimiga bo‘lgan talabni oshiradi.
Transport  tizimini  rivojlantirishning  optimal  rejasi
igtisodiyotning va aholining tashishga bo‘lgan ehtiyojlarini
to‘liq qondirishi, shu bilan birga transport vositalari va
tarmoglaridan foydalanish hamda ularni rivojlantirishga oid
barcha xarajatlarni minimallashtirishi lozim. Mazkur
masalaning mezoni ishlab chigarish kuchlarini optimal
rivojlantirish rejasini  olishga ta’sir etuvchi hamma
aspektlarni o‘zida aks ettirishi lozim. Transport tizimi uchun
bular quyidagilar hisoblanadi:

. har bir transport turi bo‘yicha tashishni amalga
oshirishda bevosita sarflanuvchi jamoa mehnati xarajatining
giymati;

. ayrim transport turlarining aholi mehnat sharoiti
va turmush darajasiga ta’siri;

. har xil transport turlarida tashishdagi kamaygan
(yo‘qotilgan) yuk miqdorlari;

. turli variantlardan lozim bo‘lgan ishchi kuchi,
yonilg‘i va metallarga bo‘lgan talab;

. materiallar, jihozlar va boshga gimmatli
resurslarning tangisligi hamda ushbu resurslarni boshga
korxona va tarmogqlardan olishdagi qo‘shimcha xarajatlar;

e  yuklarni yetkazish tezligi va boshga sifat
ko‘rsatkichlari.

Biroq, ushbu ko‘rsatkichlarni bir vaqtning o‘zida yagona
o‘lchov birligida baholash imkoniyati mavjud emas.
Shunmar uchun tadgiqotlarda mezonni ma’lum bir magsadli
doirada tanlashga to‘g‘ri keladi. Bunda, bir tomondan
tashish bo‘yicha ishlab chiqarish kuchlari manfaatlarini
maksimal darajada aks ettirish, boshga tomondan esa
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transport tizimidan samarali foydalanish imkoniyatlarini
ko‘zda tutish lozim bo‘ladi.

Avtotransport tarmog‘ida yuk tashish samaradorligi
ko‘p faktorli va ko‘p mezonli tizim bo‘lib, u nafaqat ichki
tashkiliy omillarga, balki tashgi muhit sharoitlariga ham
tizimli bog‘liqdir. Xususan, O‘zbekistonning janubiy
hududlari o°zining keskin kontinental iglimi, yoz faslidagi
yugqori havo harorati (+45°C dan yuqori) va uzoq masofali
xalqaro transport yo‘laklari mavjudligi bilan ajralib turadi.
Bunday sharoitda yuk tashish jarayonini boshgarish
an’anaviy usullardan farqli yondashuvni - texnik va tashkiliy
mezonlarni ragamli texnologiyalar asosida
integratsiyalashni talab etadi.

Transport vositalarining texnik tezligi (V) issiglik
yuklamalari ta’sirida sustlashishi va yo‘nalishlarda bo‘sh
yurishlar  (koeffitsient B ning pastligi) oqibatida
unumdorlikning pasayishi kuzatilmogda. Ushbu
muammolarni bartaraf etish uchun yuk tashish samaradorligi
mezonlarini matematik modellashtirish va ularning o‘zaro
ta’sir darajasini empirik asoslash zarur.

Transport tizimlari samaradorligini oshirish va harakat
tarkibidan foydalanishni optimallashtirish muammolari
uzoq yillardan buyon mahalliy va xorijlik olimlar tomonidan
tadqiq etib kelinmoqgda.

Yuk tashish jarayonlarini matematik modellashtirish va
marshrutlarni optimallashtirish (\Vehicle Routing Problem -
VRP) masalalari Dantsig va Ramser (Dantzig & Ramser)
tadqiqotlaridan boshlanib, bugungi kunda sun’iy intellekt va
ragamli platformalar algoritmlarigacha rivojlandi [9, 11].
Xorijlik olimlardan N.Kristofides va boshqalar oz ilmiy

ishlarida avtomobillarning yo‘ldan foydalanish
koeffitsiyentini (B) oshirish orqali tashish tannarxini 18-
20% gacha kamaytirish mumkKinligini  matematik

isbotlaganlar [10].

Shu bilan birga, MDH (Mustaqil davlatlar hamdo‘stligi)
davlatlari va mahalliy olimlar o‘z tadqiqotlarida
avtomobillarning  texnik-ekspluatatsion ko‘rsatkichlarini
mintagaviy iglim sharoitlariga moslashtirish masalalariga
alohida e’tibor qaratganlar.

Ushbu maqolada avtotransport tarmog‘ida yuk tashish
jarayonlarining samaradorligini baholashda qo‘llaniladigan
quyidagi asosiy mezonlar tahlil gilinadi:

Tonna-kilometrlarda bajarilgan ish hajmi mezoni - juda
qulay ko‘rsatkich hisoblanadi, chunki har bir tarmoqdagi
“masofa”ni aniqlash mumkin va u istalgan yo‘nalish uchun
anig. Ammo, bu mezon joriy rejalashtirishda foydalanish
uchun transport tarmog‘ining to‘g‘ri va teskari
yo‘nalishlarida ishlaydigan bir turdagi transport vositalarini
tashish tannarx ko‘rsatkichlari bir xil bo‘lganda yoki kam
farq gilganda qo‘llanilishi mumkin. U katta shaharlarda
tashishni optimal marshrutlashtirish masalalarini yechishda,
nolinchi masofalarni rejalashtirishda va avtokorxonalar
o‘rtasida mijozlarning tagsimlanishida muvaffaqiyatli
go‘llanilishi mumkin.

Tariflar (tashish bahosi) mezoni - yuk jo‘natuvchi va yuk
gabul qiluvchi korxonalarning transport xarajatlarini
minimallashtirishga imkon beradi. Bu mezon qo‘llanilganda
korxonalarning rentabelligi nuqtayi nazaridan tashishning
optimal sxemalarini tuzish mumkin bo‘ladi.

Transport vositalarining  ekspluatasion  xarajatlari
(tashish tannarxi) minimumi mezoni - bevosita tashishni
amalga oshirayotgan transport korxonalarining xarajatlarini
xarakterlaydi. Mazkur mezon har xil transport turlarida
tashish tejamkorligini anigroq aks ettiradi va turli yuklarni
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tashish uchun qaysi harakat tarkibidan foydalanish
magsadga muvofigligini asoslaydi.

Yukni etkazishga sarflanayotgan vagtning minimum
mezoni (“vaqt” mezoni) - Asosan tashish jarayonida
berilgan hajmdagi yuklarni gisqa vaqt ichida yetkazish
zarurati tug‘ilganda (aynigsa tez buziluvchi mahsulotlarni
tashishda) asosiy mezon hisoblanadi. Vaqt mezoni bo‘yicha
masalani yechishda yuklarni ortish va tushirish vaqti ham
muhim ahamiyatga ega. Materiallar va tayyor mahsulotlarni
aynan vaqgtida yetkazib berish (Just-in-Time) korxonalar
omborlaridagi zaxira migdorini kamaytirish imkonini beradi
va butun logistik tizimning samaradorligini ta’'minlaydi.

Keskin kontinental iglim va yugori harorat sharoitida
harakat tarkibi unumdorligi (Qwun) pasayishining 1 tonna-
kilometr yuk aylanmasi tannarxiga (C) ko‘rsatadigan
ta’sirini yaxlit bir tizim sifatida matematik baholash ushbu
magolaning asosiy ilmiy yangiligini belgilaydi.

2. Tadgigot metodologiyasi

Avtotransport korxonalarining yuk tashish faoliyati
samaradorligini baholashda eng asosiy integral mezon - 1
tonna-kilometr (1 tkm) yuk aylanmasiga to‘g‘ri keladigan
tannarx (C) hisoblanadi. Tannarx va transport unumdorligi
o‘rtasidagi bog‘liglikni quyidagi funksiya ko‘rinishida
ifodalash mumkin:

C = Suzg'Lumlzgm"'Sdoim'Tish so‘m/tn-km (1)
kun

bu yerda: S,,4-avtomobilning 1 km yurishiga to*g‘ri
keladigan o‘zgaruvchan xarajatlar (yonilg‘i, moylash
materiallari, shinalar va joriy ta’mirlash), so‘m/km;

Lyymum-avtomobilning umumiy bosib o‘tgan yo‘li, km;
Saoim-vaqtga bog‘liq bo‘lgan doimiy xarajatlar (haydovchi
ish haqi, amortizatsiya, ma’muriy xarajatlar), so‘m/soat;

T;sn, —avtomobilning yo‘nalishdagi umumiy ish vaqti,
soat;

Qrun-avtomobilning  mazkur
unumdorligi (yuk aylanmasi), tkm.

Transport vositasining bir soatlik unumdorligi (Qxyn)
harakat tarkibining konstruktiv xususiyatlari va yo‘l-
tashkiliy omillarga bevosita bog‘liq. Uni aniqlash uchun
quyidagi matematik modeldan foydalanamiz:

vaqt  oralig‘idagi

Qkun = % (2)
lyuk

bu yerda: g - avtomobilning yuk ko‘tarish qobiliyati, t;

y - yuk ko‘tarishdan foydalanish koeffitsiyenti,

B - bosib o‘tilgan yo‘ldan foydalanish koeffitsiyenti;

V- texnik tezlik, km/soat;

t,_.- har bir gatnovdagi yuklash-tushirish vaqti, soat;

Lyuk- yuk bilan yurilgan masofa, km.

3. Tahlil va natijalar

Modelning amaliy ishlashini tekshirish va baholash
mezonlarini belgilash uchun mahalliy sharoitda keng
go‘llaniladigan ikki xil toifadagi transport vositalarining
ko‘rsatkichlari ~ tahlil  qilindi.  Hisoblashlar  uchun
boshlang‘ich shart sifatida yuk bilan yurilgan masofa
Lyux=50 km qilib belgilandi (1-jadval).
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1-jadval
Harakat tarkibining boshlang‘ich texnik-ekspluatatsion
ko‘rsatkichlari
Ko‘rsatkich nomi va MAN ISUZU
belgilanishi TGS FVR
Noml_n_al yl-,lk ko‘tarish 24.0 8.0
gobiliyati, q; tonna
Yukdan foydalanish
koeffitsiyenti, y 0.85 0.9
Yo‘ldan foydalanish
koeffitsiyenti, B 0-50 0-55
Texnik tezlik, V,; km/soat 60.0 65.0
Yuklash-tushirish vaqti, 1.20 0.60
to—¢ ; SOAL

Boshlang‘ich ma’lumotlar asosida soatlik unumdorlik
quyidagicha aniglandi:
MAN TGS unumdorligi:
MAN _ 240,850,560 _ 61

2
Qlun = 1pos0e01z = T ~ 355,81 t.km/soat

5
ISUZU FVR unumodorligi:

Isuzu _ 80905565 _ 6257,412
Qkun - 1+0,55'5605'0,6 T 143

Amaliyotda tashgi muhit omillari (iglim) va tashkiliy
kamchiliklar (bo‘sh qaytishlar) ushbu ko‘rsatkichlarni
o‘zgartiradi. Quyidagi 2-jadvalda omillarning unumdorlik
va tannarxga ta’siri sezuvchanlik tahlili (Sensitivity
Analysis) orqali ko‘rsatilgan (ish xarajatlari soatiga MAN
uchun 450 000 so‘m, ISUZU uchun 250 000 so‘m deb
olindi).

~ 180,13 t.km/soat

2-jadval
Omillarning o‘zgarishiga qarab unumdorlik va
tannarxning dinamikasi

Transp | Ekspriment Unumdo 1 tkm
ort sharti rlik Tanarx
. tanarx | 0
vositas Qieun: ic | ozgars
i (tkm/soa S hi (%)
1) (so’m)
Boshlang‘ic 1264, o
h holat 355.81 - 0%
Tezlik
kamayganda 1308, o
MAN (V,= 45 298,05 51 +3,46%
TGS km/soat)
Marshrut
optimallashi 1142, 970
b, £=0.60 393,99 16 9,7%
bo‘lganda
Boshlang‘ic 1387.
hholat | 18013 | g )
Tezlik
kamayganda 1477, o
ISUZU (V,= 50 148.87 8 +5,22%
FVR Km/coar)
Marshrut
optimallashi 1253, | 0
b, £=0.65 201,86 31 10,8%
bo‘lgandaa
Tahlillar shuni  ko‘rsatadiki, yo‘ldan foydalanish

koeffitsiyentining (8) atigi 10% ga yaxshilanishi tannarxni
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o‘rtacha 10,8% ga pasaytiradi. Issiq iglim sharoitida esa
dvigatelning issiglik yuklamasi ortishi hisobiga texnik
tezlikning pasayishi tannarxni 3,5-5,2% ga oshirib yuboradi.

4. Xulosa

1. Avtotransport korxonalari faoliyatini baholashda
eng ishonchli integral mezon bu - 1 tkm yuk aylanmasi
tannarxi (C) hisoblanib, u texnik va logistik omillarni o‘zida
birlashtiradi.

2. Sezuvchanlik tahlili natijalariga ko‘ra, yuk
tashishda yo‘ldan foydalanish koeffitsiyentini (8) oshirish
tannarxni eng tez pasaytiruvchi omildir. 8 ning atigi 10% ga
ortishi  tannarxning 10,8% gacha arzonlashishini
ta’minlaydi. Bu esa ragamli logistika platformalari orqali
qaytish yo‘nalishiga yuk topish tizimini rivojlantirishni talab
etadi.

3. Keskin kontinental iglim va yuqgori harorat
sharoitida harakatlanish texnik tezlikni (V) sustlashtiradi.
Tezlikning pasayishi soatlik unumdorlikni keskin tushirib,
tashish tannarxining 3,5% dan 5,2% gacha ortishiga sabab
bo‘ladi.

4.  Bizning fikrimizcha, qabul qilingan mazkur
ko‘rsatkich ishlab chiqarishning optimumiga ko‘proq
darajada mos keladi. Ayni paytda, qo‘shimcha xarajatlar
o‘zgarishining chiziqli xarakterda emasligini ham hisobga
olish zarur. Shu tufayli optimallik mezoni sifatida
differensial xarajatlar, ya’ni qo‘shimcha keltirilgan
xarajatlarning yuk oqimi o‘sishiga nisbati qabul qilinishi
magsadga muvofiqdir.
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Architectural and planning organization of a multifunctional residential
complex for sustainable urban planning: using the example of Namangan city

D.K. Mirzajonov!, E.V. Shchipacheval®?
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract:

The article is dedicated to the issues of architectural and planning organization of a multifunctional

residential complex designed to solve modern urban planning problems: satisfying the social needs of
the population, ensuring the safety of life activities and the stability of structures in dry hot climates and
seismic hazards. A concept for the architectural and planning organization of a multifunctional residential
complex is presented, meeting modern requirements for implementing sustainable urban planning
principles in sharply continental climates. A design solution for a multifunctional residential complex for
1,000 residents has been proposed, representing a self-sufficient environment that combines apartments,
commercial facilities, social infrastructure, and recreational areas.

Keywords:

sustainable urban planning, multifunctional residential complex, comfortable environment, safety of

living, energy efficiency, design concept, living environment, demographic composition of the
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APXUTEKTYPHO-IUIAHMPOBOYHAS OPTaHU3ANUA MHOTOPYHKIMOHAJIBHOTO
PKMJIOT0 KOMILIEKCA JJIf YCTOMYHUBOI0 IPaIOCTPOUTEIbCTBA: HA IpUMepe
ropoaa Hamaunraun

Mup3sazxonos JIK.X0? IIunauesa E.B.10P
TamkenTckuil rocynapcTBEHHbI TPaHCIIOPTHEIA yHHBEpcUTET, TalkeHT, Y36eKkucTan

AHHOTaIWMA
JKHJION0  KOMILIEKCA,
YIOBJETBOPEHHUE  COIMAJIbHBIX

CratThs MOCBSILIEHA BOIPOCAM apPXUTEKTYPHO-IUIAHUPOBOYHON OpraHM3aliHd MHOTO(MYHKIMOHATIEHOTO
NPHU3BAHHOTO  PELINTh
norpeOHoCTeH

npoOIeMBbl
HAaCeJIeHHUS,

COBPEMEHHOT0  TPa/IOCTPOUTEIIHCTBA:
obecrieuenne  0€30MaCHOCTH

KU3BHEACATCIBHOCTU U ycTOfI'—IPIBOCTPI CTpOCHPIfI B YCJIOBUAX CYyXOr'O JXapKoro Kjiumara u ceficMruecKoi

OITaCHOCTH. HpCZ[CTaBJ'ICHa

KOHLCTIIHA

ApXHUTEKTYPHO-TUIAHUPOBOYHON OpraHHu3aluu

MHOTO(YHKIIMOHAIBHOTO )UJIOr0 KOMIUIEKCa, OTBEYAIOIAsi COBPEMEHHBIM TPEOOBAHUSM K peanu3alin
NPUHIMIIOB YCTOWYMBOIO T'PaJOCTPOUTEIBCTBA B YCIOBHAX PE3KO-KOHTHHEHTAJIBHOIO KIIMMATA.
[pensnoxxeHo MPOSKTHOE pelieHre MHOTO(YHKIHOHAIBLHOrO MWIoro komiuiekca Ha 1000 sxurenei,
NPEJICTABIAIONIEro co0Ol CaMOIOCTaTOYHYIO Cpely, OOBEIMHSIONIYI0 KBapTHPbl, KOMMEPYECKHe
00BEKTBI, COLMAIBHYI0 HHOPACTPYKTYPY U PEKPEALIMOHHbIE 30HBI.

Kunrouessie cioBa:

YCTOWYUBOE T'PaOCTPOUTEIHCTBO, MHOIO(QYHKIMOHATIBHBIN KUIOW KOMIUIEKC, KOM(OpTHas cpena,

0€30MacHOCTh MPOXKHUBAHKS, SHEProd((eKTUBHOCTb, KOHLEIIMS IPOSKTUPOBAHMS, JKHIas Cperna,
nemorpaduueckuit cocTaB HaCEIeHHs

1. BBeaenue

Konnemus YCTOMYHUBOTO rpaioCTPOUTENBCTBA
MOJIy4aeT IIMPOKOE  PACIpPOCTPAaHEHHE B  MHPOBOM
coobmectBe. Ona  HampaBieHa Ha  oOecHeveHHe
0e301acHOCTH u OIaronpHUsATHBIX yCII0BHI

KU3HEIEATENIbHOCTH JIIOJIeH, OrpaHUYeHHE HETaTUBHOTO
BO3/ICHCTBHS Ha OKPY KAIOILYI0 CPpeLy M OXpaHy MPUPOTHBIX
pecypcoB. B cTpoutenbHOM OTpaciad 3TO  O3HAYaeT
OPHMEHTAIMIO HA CO3aHHe MHOTO()YHKIIMOHAIBHBIX 31aHUH
U TEpPpPUTOpUL, a TakkKe HHTEHCUBHOE HCIOIb30BaHNE
3eMEIIbHBIX PECYPCOB U KOMIIAKTHOCTb 3aCTPOUKHL

3 https://orcid.org/0009-0000-0489-445X
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Cpenu OCHOBHBIX IPUHILIUIIOB YCTOHYMBOrO rOPOJICKOTO
pa3BuTus 0co0O€ 3HAUYCHHE HMEET COKpALICHHE [OJIH
MOHOQYHKIIMOHAIBHBIX KBAapTAJIOB B rOPO/AX; MOBBIICHUE
JOIM B 3aCTpOMKE KBAapTAlIOB MPUHOCSIINEH J0X0J
HEBIDKUMOCTH — TOProBiM, OOIenura u  OQHCOB;
pazHoobOpa3ue TUIOB XHJIOW HEABWKUMOCTH IO YPOBHIO
JOCTYHHOCTH JUIsl INPEAOTBPAILECHHMS CErperandu 1o
JOXOJaM pa3IMYHBIX TPYIIl HACENCHUS; pealn3alus
napagurMbl KOMIIAKTHOM TOPOICKOMN Cpepl.

OnHako, eciM BOIPOC BHEAPEHUS B IKWIIbIE 3aHHS
O00BEKTOB, MPHHOCAIIMX JOXOJ, PEeIIaeTcsl JOCTaTOYHO
NOCJIEZI0BATeIbHO, TO  BONPOC O  HEOOXOAMMOCTH
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obecrieueHUsT JKUTENEH AETCKUMH  JIONIKOJBHBIMH U
00pa3oBaTEeNbHBIMA  YUPSKACHWSIMH,  30HAMH UL
MIPOBEIEHNS OOLIECTBEHHBIX MEPOIPHATHH, OTABIXa U
CIOpTa, aBTOCTOSTHKAMH | T.II. peajiu3yeTcss OYeHb ciado.
Kpome TOro, CromT OTMETHTB, 4YTO pPAaCIOJIOKEHHE
JIOXO/THOH HENIBIKMMOCTH B CTPYKTYpE JKHJIOTO KBapTaja B
HACTOsIleE  BpeMs  SIBISIETCS  XAaOTHYHBIM W HE
00OCHOBaHHBIM HH MO KOJIMYECTBY, HH I10 HA3HAYEHHIO.
Tak, Hampumep, B OIJHOM JKHJIOM JIOME€ MOTYT
pacrnosaratbcs 3 anTeky, 2 Kacchl 10 IpoJjaxe aBHabuIIeTOB
U 2 caJoHa KpacoThl.

B panee BBINIOJHEHHBIX HCCIENOBAHMSAX HAMHU OBLI
NIPOM3BEACH  aHaNW3  IyTed  COBEPIIEHCTBOBAHMS
APXUTEKTYpPHO-IUIAHUPOBOYHOH  OpPTaHM3alliMl  JKUJIOTO
KOMIDIEKCa TSl yCTOWYNBOH I'pajoCTPOUTENHHOM cpeasl [ 1-
7], B pe3ynbTate  KOTOPOro  OBUIO  TPEIIOKEHO
paccMaTpuBaTh MHOTO(QYHKIMOHATEHBIH KIIOH KOMIDIEKC
KaK CaMOJOCTAaTOYHYIO Cpelly, IpH 3TOM  pacuér
MPOCTPAHCTB OOIIECTBEHHOr0 Ha3HaueHus (OompezeseHune
HX COCTaBa M IUIOIaei) nmpoBoauTh Ha ocHoBaHnn LITHK
2.07.01-23 «I'pamocTponTeNbHOE IIAaHUPOBAHUE PA3BUTHS
U 3aCTPONKH TEPPUTOPHUI HACENICHHBIX ITyHKTOBY [8].

Kpome Toro, B mToOcieqHHME TOABI OTMEYaeTCs
CTPEMUTENBHBI POCT KPYMHBIX TOPOAOB Y30EKHCTaHa.
OrpoMHBIMH TEMIIAMH pacTeT MX HaceleHue. Hampumep,
TamkeHT, Kak KpyTHEUIINI S3KOHOMUYECKUH U KyTbTYPHBII
LEHTP, NPHHUMAaeT 3HAYUTEIBHYIO JOJI0 BHYTPEHHUX
murpanroB. Hamanran, pacnonoxeHHblii B  camoil
rycroHacesneHHol yactu LlenrpanbHoil Azun — d@epraHckoit
JIOJIMHE, HAXOJAWTCSl Ha HCTOPHYECKOM TOPrOBOM IIYyTH W
SBJIICTCS 1IEHTPOM KYJIBTYpHOro OOMEeHa M 00pa30BaHMSL.
V36ekucranckas dacts DepraHckoil I0JIMHBI 3aHUMAeT
BCero 4% OT TEpPUTOPHH CTPaHbI, HO B Hell poxkuBaeT 29%
HaceneHusi, M HamaHran sBisercs BTOPBIM 1O
YHCJICHHOCTH HaceneHus ropoxom PY3 [9].

BwMecre ¢ pocToM HaceneHUs, YBEIMUMBAETCA U YHUCIIO
WHIMBUIYaIbHbIX aBTOMOOWIICH, BBI3BIBAIOLIEE «3aTOPBDY
Ha TPAHCIOPTHBIX MAarkCTPajsX, COKPAILIAETCs IUIOMAlb
3eJeHbIX HacaxJeHWH. Bce 3TH mporecchl HpHBOIAT K
CHI)KCHUIO YpOBHA KOMGOPTHOCTH U  0e30macHOCTH
xuTened. B CBA3M ¢ 3THM, aKkTyalbHBIM SIBIAJTACH
pa3paboTKa KOHLENIMU IPOSKTUPOBAHUSA COBPEMEHHOM
KWIOW  cpelpl, HALENCHHOM Ha  yJIOBJIETBOPEHHE
COLMAJBHBIX MNOTpeOHOCTEl HAceNeHus, obecreueHHne
0€30I1aCHOCTH  XKMU3HEICATEIBHOCTH U YCTOWYMBOCTU
CTpOEHHMH B YCIOBHSIX CYXOro JKapKoro KiuMara u
ceficMudeckoii onacHocTH. [IpMHUMas BO BHUMaHUE, YTO BO
MHOT'HX ropouax V30ekucTana npeodiaaer
MOHO(QYHKIMOHAJIbHAs ~ 3aCTPOMKa, TO, ONHMPasACh Ha
MEXIyHApOJHbI  ONBIT, HamMu OblIa  pa3paboTaHa

KOHLICTILIUSI COBEpILICHCTBOBAHHS ApXUTEKTYPHO-
[UIAHUPOBOYHOIM OpraHu3aliy JKHJIOTO0 KOMIUIEKCa B
KJIMMaTHYCCKUX YCIOBHAX VY36ekncTana [10],

3aKJIIOYAOIIASACS B CIIEYIOLINX MOJIOKEHUSX:
1. TIpoektupoBath MHOTO(YHKIMOHAIBHOE KHIOE
3[JaHKE CIIeAYeT KaK CaMOJJOCTaTOUHYIO CPELy JULS JKHTENeH,
P 3TOM PacyeT IPOCTPAHCTB OOIIECTBEHHOIO Ha3HAYESHHS
(ompeneneHue uX cocTaBa M IUIOUIa[el) MPOBOAMUTH Ha
OCHOBaHMM JICHCTBYIOIIMX TPaJOCTPOUTENBHBIX HOPM
LIHK 2.07.01-23 «['pamocTpouTensHOE IJIAHWPOBAHUE
Pa3BUTHS ¥ 3aCTPOHKHU TEPPUTOPUIT HACENICHHBIX ITyHKTOB.
2. DTa)HOCTh MHOTO(YHKIMOHATEHOTO 3/IaHUS WIN
KOMIUIEKCa ~ TPUHAMATb  Ha  OCHOBE  TEXHHKO-
HKOHOMHYECKOT0 00OCHOBAaHMS Il KOHKPETHOT'O TOpoJia ¢
Y4ETOM €ro (PU3UKO-Te0IOrMIeCKUX 0COOEHHOCTEN.
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3. IIpn pa3paboTke IUTAHUPOBOYHBIX —PpELICHUH
KBapTUp Y4YWTHIBATh OIBIT HAI[MOHAIBHOW Yy30EKCKOi
apXUTEKTYphbl, a Takxke Tpebopanus IIMHK 2.08.01 — 05
«Kurnple 3maHMs», B TOM YHCIIE W IO YCTPOMCTBY JISTHHX
TIOMEIICHHIA.

4. CoctaB KBapTHp M HX KOJHMYECTBO CIEIyeT
MPUHUMATh, HCXOI U3 COIMAIBHO-IEeMOrpaduyecKoi
XapaKTEePUCTHKH paiioHa CTPOUTENBCTBA.

5. IlpoextnpoBaTh MHOTO(QYHKIHOHAIEHOE 37aHHE
CO CMEIIaHHOW CHCTeMOH (YHKIMOHHPOBAaHMSI — K
TIOMEIEHNSIM KOMMEpPYECKOr0 Has3Ha4deHUs M oducam,
pacIoONOKEHHBIM Ha HIDKHUX JTaXaX, OpraHH30BHIBATH
BXOX CO CTOPOHBI  yiHIBI  (OTKpBITast  CHCTEMa
(YHKIIMOHUPOBAHMUS), K KBApTHPaM, ITOMEIIEHUSIM IIKOJIBI
JETCKOTr'0 cajia, UTPOBBIM IUIOIIAKaM M CIIOPTUBHBIM 3a1aM
— TOJIBKO CO CTOPOHBI BHYTPEHHEIO 3aKphITOTrO JABOpa MIIH
10 BHYTPEHHHM KOMMYHHKAIMOHHBIM MYTSM (3aKpbITas
crcreMa (QyHKIIMOHUPOBAHWS).

6.  YcrpausaTb 3eJIeHbIe peKpearrioHHbIe
MIPOCTPAHCTBA, pacrojaras uX B OydepHOH 30He MexIy
JKWJIBIMH ¥ OOIIECTBEHHBIMU IIOMEIICHUSIMH, Ha KPOBIIE
30aHUA, a TaKXKe pa3peKeHHO Ha JTaxax MEexay
KBapTHpaMH WU TIPU KBapTHPaX.

7.  KOHCTpyKTHMBHOE pelIeHHe 3IaHus IOJDKHO
0TBEYaTh TpeOoBaHUIM ceifcmocTolikocTH,
9HeprodpHeKTHBHOCTH U SKOJIOTUIHOCTH.

8.  OOs3arenbHO  ycTpamBaThb  MHOI'OYPOBHEBYIO
MapKOBKY JHYHOTO aBTOTPAHCIIOPTa, B TOJHOHM CTENeHU
OTBEYAIOLIYIO 3aIPOCaM KUTEICH.

9. Ilnomans TPHIOMOBOH TeppuUTOpHH U ee
OCHAI[CHUE JOJDKHBI OBITH OINpeAeNieHhl Ha OCHOBAaHWH
INHK 2.07.01-23 «I'panocTpouTensHoe IIaHUPOBaHUE
Pa3BUTHS M 3aCTPONKHU TEPPUTOPUIL HACEIICHHBIX ITyHKTOBY.

Lenpto HACTOAIINX UCCIIEOBAHMIT IBUIIACH PeaIU3aLHs
NPHUHLUIOB, 3al0KEHHbIX B KOHLENIMH, B HPOEKTHOM
pelieHuH Skuiaoro komuiekca Ha 1000 xureneil B T.
Hamanran.

2. MeToauka uccJIeI0BaAHNA

O0BbeKTOM HCCIIEI0OBAaHUMI SIBUJICS
MHOT0()y HK[IHOHAITbHBIN YKUIJIOW KOMILIEKC, HALICJICHHBII Ha
YIIOBJICTBOPEHUE COLMAJIBHBIX IOTPEOHOCTEH HaceneHwus,
obecrieueHre  OC30IACHOCTH  JKU3HEACSITENBHOCTH U
YCTOHYMBOCTH CTPOCHUH B YCIOBHSAX CYyXOro >KapKoOro
KJIUMaTa U CEHCMUYECKOH OMaCHOCTH.

B kauectBe nmpeaMera MCCIENOBaHWA — BbIOpaHa
IUVIAHUPOBOYHAs ~ CTPYKTypa JKWIOrO  KOMIUIEKCa U
(GopMHpOBaHHE MHKPOKIMMATa C y4YeTOM 3KOHOMHHU
SHEPropecypcoB.

B wuccnenoBaHMM HCHONB30BAaHBI TEOPETHYECKHUE U
NPaKTUYECKHE MarepHalbl, OTPAXAIOLUIUE HPHHIIMIIBI
MIPOEKTUPOBAHMS MHOTO(YHKIIMOHAIBHBIX JKHJIBIX 3aHUH 1
KOMIUIEKCOB B OTEYECTBEHHOM U 3apyOeIKHOM MPAKTHKE.

OCHOBHBIMH ~ METOJAMH  HCCJIENOBAaHMKA  MPUHSTHI
CHCTEMHBIii M  CPaBHHUTEIbHBIH  (DYHKIIMOHAJIBHO-
KOMIIO3UIIMOHHBI ~ aHaIM3bl  MPOEKTHBIX  PEICHUI
MHOTO()YHKIIMOHAILHBIX JKHIIBIX KOMIUIEKCOB.

3. Pe3yabTaThl U 00CyKAeHHE

W3nauanpHo cTOsa 3a7ada pa3pabOTKH OOBEMHO-
IUTAHAPOBOYHOTO ~ PEIICHHS  MHOrOGYHKIHOHATHEHOTO
JKIJIOTO0 KOMIUIEKCa, BKJTIOYAIONIETO, KPOME KBapTHD,
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MOMEIICHUS  JKM3HEOOeCTICUeHMsT  JKUTeNell —  oT
MpeAnpUsITH  OOINenTa W TOPrOBIM, JO HAYaIbHOI
IIKOJIBI, JETCKOTO Caja, CIIOPTUBHBIX 3aJI0B, OMOIMOTEKH,
O(HCHBIX TOMEIEHUH U T.A., YTO COOTBETCTBOBAIO ObI
peanuzanuu TIPUHITAIIOB YCTOWYHBOTO
I'PaIOCTPOUTENBCTRA.

ApXHUTEKTYpPHO-IUIAHNPOBOYHBIE  PELIEHHS]  JIOJDKHBI
OBUTM OCHOBBIBATHCS HA YETKOM Pa3/IeIeHIH 30H Pa3IMIHBIX
BHIOB JEATENBHOCTH C YYETOM WX CHEeOUDUKH U
MOTpeOHOCTEH  KWTenel, TrapaHTUpys oOecredyeHue
Heo0XxomuMoro komdopra U 6€30IMaCHOCTH TPOKUBAHUS, &
TaKxke 3QPEKTUBHOCTH IKCIUTyaTaI[UN CTPOCHHSL.

B cBia3u ¢ atEM, HeoOXxoquMo OBUIO HWMETh SICHOE
MIPEICTaBICHHE O IeMOTPaQIECKOM COCTaBE HACEICHMS, O
peanbHBIX MOTPEOHOCTSX B NPEINPUATHSIX — INEepBOit
HEOOXOMMOCTH W KIMMaTHYeCKHX YCJIOBHSAX paioHa
CTPOWTENBCTBA.

T'opon Hamanran pacrnonokeH B BOCTOYHOM YacTH
V36ekucrana, B depranckoil JOJMHE, HA BBICOTE OKOJIO
450-480 merpoB Hajx ypoBHeM Mops. Ero xoopmuHatsl -
41,0° c. m., 71,6° B. x JlamgmadT xapaxrepusyercs
paBHMHAMHM M XOJIMaMH, a ONHM30CTh TOPHBIX XpeOTOB
YCWINBAeT KOHTHHEHTAJIBHBIN XapakTep kiauMmara [11].

ITo manHBIM ["OCyZapCTBEHHOrO KOMHTETA CTAaTUCTHKH
PecrryGnnku Y30ekucTaH, YNCICHHOCTh HAaCEICHHs ropojia
Ha 1 sHBaps 2025 roma cocraBuiaa oxono 713,4 Thic.
YeloBeK.  BBICOKMiI  ypoBeHb  pOXIAaeMOCTH U
MUTPAIOHHBIA PUTOK U3 CEIBCKUX PAHOHOB 00YCIOBUITH
3HAUMTENFHOE YBEJIWYEHHE IUIOTHOCTH HaceleHus. Tak,
IUIOTHOCTB HacenieHnst HamaHranckoit obnactu B 2025 roxy
cocraBuiia Oojsiee 420 yenmoBek Ha 1 KM2 4TO Jejaer eé
OJITHOI 13 HanboJee 3aceN€HHBIX TEPPUTOPUI Y30eKrcTana
[9].

ITo naHHBIM BBIOOPOYHBIX OOCIEIOBAHMH IOMAIIHUX
XO3SIHCTB AT€HTCTBA CTATHCTHKH, T10 COCTOSHUIO HA THBaph-
HOs10pb 2023 roma B HamaHranckoi o0IacTH KOJHYECTBO
YJICHOB JIOMAIIIHUX XO3SHCTB COCTABISICT:

- U3 oJtHOTO yesoBeka —4,1 % oMalIHuX X031 CTB,

- U3 JBYX 4enoBeK — 8,9 % IoMallHuX X034HCTB,

- U3 Tpex 4yenosek — 12,0 % moMariHux X03sicTs,

- 3 ueTelpex uenoBek — 17,4 % pomamHux
XO3SHCTB,

- M3 MATH YeNoBeK — 22,3 % TIOMalIHUX XO35HCTB,

- U3 I1ecTH U 6ojee yenmoBek — 35,3 % moMamrHux
XO3SUCTB [9].

Cpennuii pazmep gomMoxossiictBa B ropoge Hamanran
cocraBun 4,53 wuenoBeka. Takum o00pa3om, obuiee
konuyecTBO KkBaptup mnga 1000 oxurenedt komIuiekca
onpeneneHo B 220 kBapTup, pacnpeneseHue KOTOPbhIX IO
THIaM MIPUBEICHO B Ta0II. 1.

B coorBercruu ¢ [ITHK 2.07.01-23 ObL1H yCTaHOBIICHBI
HEOOXOAMMBIC THITBI ¥ KOJIMYECTBO OOIIECTBEHHbIX 3/1aHHI
st 1000 sxuteneid, paccMaTpuBasl KHUJIOH KOMIUIEKC Kak
OTJIEJIbHBIN HACeNEHHBIN MyHKT: 1mKoja (¢ 1 mo 4 xiacc) Ha
100 yuenukoB; nerckuii cax Ha 160 MecT; MeIMIMHCKUI
IYHKT C alTeKOi; MarasuH MpoJ0BOJIbCTBEHHbIX TOBAPOB C
TOprosoii miomanpio 80 M2 MarasMHel IPOMTOBApOB C
obureit Topropoif muomaasio 120 M?%; kadge Ha 25
MMOCAaJOYHBIX MECT;  3pHUTeNbHBIH 3a1 Ha 180 wmecT;
CHOpTUBHBIN ((uTHEC) 3ai; OWONMOTEeKa; MOMEIICHHUS
JKHJTUIIHO-9KCILTYaTallMOHHOM OpraHM3aliy.
JIOTOTHUTENBHO OBLIO PEelIeHO A00aBUTh MOMEIICHHS IS
oducos, mapkunr Ha 200 aBromobOuIIeit.
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Taonuma 1
TpebGyemoe K0.1M4eCTBO THIIOB KBAPTHP
Tun cembu IIpouent Tun xBapTupe u
ceMeit o KOJINYeCTBa
tuny (%)
1 yenoBek 41
Cryauu+1 kom=30
2 JeoBeKa 8,9
3 yenmoBeka 12 2 xom=25
4 yemoBeka 17,4 3 xom= 39
5 yenoBeka 22,3 4 xom=48
6 yeoBeKa 35,3 5 xom=78
Hcxons u3 pa3paboTaHHO KOHUEMINH
HNPOCKTUPOBAHUA MHOFObeHKI_II/IOHaJ'IBHBIX JKHIIBIX

KOMIUIEKCOB M OPHEHTHPYSCh Ha MEXKIYHApOIHBIA OIBIT
MIPOEKTUPOBAHUS  SHEeprod()(HeKTHBHBIX 3JIaHWH, OBLIO
pelIeHo mpuaaTh KOMIUIEKCY (hopMy OKPY>KHOCTH B IUIAHE,
YTO C ONHOM  CTOPOHBI  TO3BOJSIET  IOBBICHTH
sHeprodd¢exTuBHOCTS 3maHus Ha 15-20% O0e3 JUImIHNX
3aTpar, a C JpYrod CTOpPOHBI, II03BOJSET WU30ekKaTh
0OJIBIIOrO KOJIMYECTBA aHTUCEHCMUUYECKUX IIBOB (pHC. 1).
IpocTpaHcTBeHHOE pelleHHe ObLIO CIIPOSKTUPOBAHO C
yueToM KiuMmara r. HamaHran, HampaBieHHs IBYKEHHS
COJIHLIA U BETpa.

LIS B .
Puc. 1. BHemnuii BU/A 3a1IPOEKTHPOBAHHOIO
MHOTI'0()YHKIHOHAJIBHOT0 KHJIOT0 KOMILIEKCA

31aHue BBINOJIHEHO B BHIC KOJBLEBOH (3aMKHYTOIN)
KOMIIO3ULIMM C BHYTPEHHHUM OTKPBITHIM JIBOPOM —
aTPpUyMOM, KOTOPbIH  MIpaeT KIIOYEBYHO pOJIb B
¢dopmupoBannu KoM(pOPTHOM BHYTpeHHel cpenpl. Takas
IUIAHUPOBKA 00ECIICUNBACT NIOCTYIICHUE COJIHEYHOT'O CBETA
B KBapTUPbl U NOMELICHUs OOLIECTBEHHOrO HAa3HA4YEHMS U
CO CTOPOHBI JIBOPOBOTO HPOCTPAHCTBA, CIIOCOOCTBYET
3¢ PEeKTUBHOM E€CTECTBEHHOH BEHTULSILIMK B pPe3yJbTare
HMHTEHCHBHOI'O BOBJICYEHHMS BO3/lyXa B aTpUyM Ha YpOBHE
MIEPBOTO TAKA B IBYX3TAXKHOM OJIOKE 371aHHUSL.

OO0béM  37aHMS  OPraHM30BaH  CErMEHTHUPOBAHO:
BHELIHEE KOJIBLIO Da3JeJIeHO Ha OT/AeNbHbIE OJOKH, 4TO
BU3yallbHO oOyeryaer MaccuB M npumaér  dacamy
JMHAMHYHOCTb. OTaXXHOCTh BapbUpyeTCs or
CpPEeIHEITaXHBIX YacTeil 10 6oniee BHICOKON JOMUHAHTHI (OT
2 mo 11 sraxeit), koropas (GOpPMHPYET BbIPA3HUTEIbHBIN
CHJIyST M MOXET CIIY)KHTh apXUTEKTYPHBIM aKICHTOM B
TOPOJCKOM cpejie.

Bo Bcex oObeMax, KpoMe JBYXATaXKHOTO, KBapTHUPBI
pacHoJIOKEeHbl, HAa4YWHas €O BTOPOro JsTaxa. PerieHue
JKHJIOH 4acTH — TUIIOBOE, YTO oOecrieunBaeT GopMUpoBaHHe
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€IMHOM CcHCTeMBl KaHANIM3alW{, BOJOCHAOXKEHHSI U
BEHTWIIIIIUY 3[JaHUS.

Kowmrutekc coctont u3 8 sxuitbIx GJI0K-ceKknuii (puc. 2) u
onHoit cexumu (M) ¢ opruCHBIMEI OMEIICHNSIMH.

3anpoeKTUPOBAHHBIN KUIOH KOMIUIEKC MpeJHa3HaYeH
st paccenernus 1000 xuteneit. B mem npexycmorpeno 220
KBapTUpP pPa3IMIHOrO COCTaBa (OT OJHOKOMHATHBIX [0
I TUKOMHATHBIX).

Puc. 2. O603na4eHue 0JJOKOB KHJI0I0 KOMILIEKCA

[TosTaxkHbIe MmIaHb! )KWIBIX OoK-ceknuit b, B, I', I u E
OIMHAKOBBIEe. Ha KakIoMm 3Take pa3MeleHbl BCE THIIBI
KBapTUp (OT OAHO- 1O IITUKOMHATHBIX), YTO WIrpaeT
BaXHYI0O pOIb B  YCTAaHOBJICHHH  CBS3eH  MEXIy
MIPOKMBAIOIMMHU  3/IeCh CEMBSIMH PA3HOTO JIOCTaTKa M
(dopMupoBaHUM IIyxa J00pOCOCENCTBA, SIBISIOIIETOCS
HalMOHAJILHOU IEHHOCTEIO (puc. 3).

Brok-ceximu A u 3 UMEIOT BTOPOM THI IJITAHUPOBKU
(puc. 4). U Tpetnii TUI IIIAaHUPOBKU MMeeT Oyiok-cekuus JK
(puc. 5).

B kax1oit OGJI0K-CEeKIMU MPeTyCMOTPEHBI 1Ba JIU(PTA U
JISCTHHIIA, a TaK)X€ MO3TAKHBIA KOPHIOP, MMO3BOJIIOLIHI
Pa3MecTHUTh BXOJpI B IIATh KBapTHP.

Bxomel B kuible ONOK-CEKIMH MPETyCMOTPEHBI CO
CTOPOHBI ABOPOBOro (hacama. DTO HCKIOYAET IOSBICHHE
MOCTOPOHHHMX JIFO/ICH Ha JKUJIBIX 3TaKaX 3JaHUs, MOBBILIAL
cTeneHb 0e30MacHOCTH.

U3 onok-cekumit A, b, B, I', /1 u E npeaycmoTtpens
BBIXOABI HAa JETCKUE W  CIOPTHBHBIC  ILIOLIAJIKH,
PAacIIOJIOKeHHbIE HAa TMOKPBITUM COCEJHUX 0o0jee HHU3KUX
OJIOKOB.

[epBbie 3Taku Bcex OJIOKOB, 3a UCKIIOUYeHHe Onoka U,
NpeAHa3Ha4YeHbl Ul PACIOJOXKCHUs  MOMELICHUIt
OOILIECTBEHHOr0 Ha3HAYEHMs, BXOIbl B OOJIBIIMHCTBO W3
KOTOPBIX MPEAYCMOTPEHbI U CO CTOPOHBI BHYTPEHHETrO
JIBOpA, U CO CTOPOHBI YIUIIBI (puc.6).

©
71 4-koMHaTHass [ ]15-KOMHaTHasa [ | 6-komMHaTHaas

KBapTMpa KBapTMpa KBapTMpa

Puc. 4. [InannpoBka 6;10Kk-cexumii A u 3
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[ 5-koMHaTHas
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[C] 4-komHaTHas
KBapTMpa

] 5-koMHaTHas

KBapTMpa

7] 3-komHaTHas
KBapTUpa

Puc. 5. [Inanuposka 010k-cexuuu K

Ha Bropom sraxke Gioka W pacmomaraercs rpymmna
O(HUCHBIX OMEIIECHHUIL.

B mozBane 31aHMs 3alPOSKTUPOBAHBI TEXHUUYECKUE
HNOMEIICHU C TEIUIO- M BOJOU3MEPHUTEIbHBIMHU Y3IIaMH,
3JIEKTPOILUTOBBIE, BOPHULKHE M aBTONMapkuHr Ha 200
MalInH. BXo1bl B 101BaJIbHBIE TOMEILEHHS IPELYCMOTPEHbI
CO CTOPOHBI BHYTPEHHETO JIBOPA.

Bubnuotexa
—_—

KHynKHbin Marasun

ReTcxmit can Ha 60 mect

Meanywxr
€ anTekon

MpoaosonbCTBeHHbIR
]
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Mapukmaxepcxan - S
Ixcnnyataumonsan
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Puc. 6. PacnososxeHue nmoMelieHuii 0011eCTBEHHOI0
Ha3HAYEHHUs

7 Marasun xeHcxo# onexasi

m1

THas @ 3.

THas O 2

THas [ 4-KOMHaTHas

Puc 3. [InanupoBka 6J0k-cexkuuii b, B, I', 1 u E

KBapTMpa

KBapTMpa

[ 5-koMHaTHas
KBapTUpa

KBapTUpa

KBapTMpa
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C ¢yHKUMOHANBEHON TOYKHM 3peHUs] 3[4aHue o0nazaert
paooM  mpeuMmyuniecTB.  BHYTpeHHMI  IBOp  MOXET
HCIIONB30BAThCSl KAK PEKPEealiMOHHAs 30HA, MPOCTPAHCTBO
JUISL OTIbIXa M COLUATbHOrO B3aumozeicTBus. Komblesas
CTPYKTYpa I103BOJISET YA0OHO OPraHU30BaTh NEIIEXO/HbIEC U
TPAHCIIOPTHBIC TOTOKM, & TaKXKe 3aIlMIIAeT BHYTPEHHEE
MIPOCTPAHCTBO OT BHEIHEro Iyma. [Ipu aToM cermeHTarms
o0béMa obsieryaeT 30HMPOBAaHME, HAIPUMEp, MO JKUIIbIE,
oucusie win obuiecTBeHHble (QyHKIMHA. K BO3MOXKHBIM
HeJI0CTaTKaM MOKHO OTHECTH YCIIOKHEHHOCTD
KOHCTPYKTHBHBIX PEIICHUH M HECTaHIAPTHYIO T€OMETPHIO
HEKOTOPBIX BHYTPEHHUX MOMEIICHHUH.

C Touku 3peHHust SHeprodhGEeKTUBHOCTU MPOEKT UMEET

https://doi.org/10.56143/2181-2438-2026-3-45-49
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3HAQUUTENBHBIM ~ MOTEHOHal. ATpHyM  CHOCOOCTBYeT
CHIDKCHHMIO TIOTpeOJIeHMs SJEKTPO’HEPrHH 3a  CUET
€CTECTBEHHOT'O OCBEIICHMSI M MOKET 00ectieunBats dPdexT
€CTeCTBEHHOH Tarm Bo3myxa. KommakTHas ¢opma
YMEHBIIaeT TEIJIONOTEPH gepes OrpakIaroIIye
KOHCTPYKIIMH, a pa3HOHAIPaBICHHBIE (acapl MO3BOJIIIOT
0oJtee paBHOMEPHO HCIOJIB30BaTh COTHEYHYIO SHEPIHIO.

JononauTenbHO  3()(EKTUBHOCTh  3aHUSA  MOXKHO
TIOBBICUTH 32 CUET BHEJPEHMSI COBPEMEHHBIX TEXHOJIOIHA:
YCTAQHOBKH COJTHEYHBIX naHeseH, NpUMEHEHHS
9Heprod((HeKTUBHBIX CTEKIIONAKETOB M JIBOHHBIX (hacaios,
O3CNICHEHUs]  KpOBIIM, a TaKkxke OmaroycrpoicrBa
BHYTPEHHETO JBOpa C DJJEMEHTaMH JIaHAIIaQTHOTO
I3aliHa, yIIyqIIalomuMy MUKPOKIIAMAT.

B memnom, naHHBIN 0OBEKT MOXKHO OXapakTepHU30BaTh
KaK TapMOHUYHOE coveTaHue JCTETHKH,
(YHKIIMOHAIBHOCTH W YCTOMYMBBIX ~ apXUTEKTYPHBIX
pemieHuii, oOmajaromiee MOTEHIMAIOM JUISL  CO3JaHHUS
KoMpopTHOH 1 3HeprodPheKTHBHOM Cpepl.

4. 3akao4YeHue

B pe3ynbpTare BBITTOJTHCHHBIX I/ICCJ'Ie,Z[OBaHI/Iﬁ
YCTAaHOBJICHBI OCHOBHBI€ TNPUHIMUIIBI COBEPIICHCTBOBAHUA

06’BCMHO-HHaHI/Ip0BO‘-IHLIX pemeHHﬁ
MHOFO(l)yHKLII/IOHaJ'lLHBIX KHIIBIX KOMIIJIEKCOB B
KIIMMaTUYECKUX  YCJIIOBUAX V30ekncTaHa: TOBBIIIEHHE
KOMIIAKTHOCTH (1)0pr1; HUCIIOJIB30BAHUEC BHYTPECHHUX

JIBOPOB U OPraHM3alysl MPOCTPAHCTB, CIOCOOCTBYIOIIMX
€CTECTBEHHON  BCHTWILSIIUM  KBAapTHP;  30HHUPOBAHHE
MOMEIICHHUH C Y4eTOM HX (PYHKIIMOHAIBHOTO HA3HAYCHHS U

TEILUIOBBIX Harpysokx; Tpe60BaHI/Ie HHTErpaluu
TPaAULMOHHBIX apXUTEKTYPHBIX l'IpI/IéMOB " COBPEMECHHBIX
TCXHOHOFHﬁ, O6CCHC‘II/IBa}OH.II/IX CeﬁCMOyCTOfI‘IHBOCTL,

9Heprodp(PeKTUBHOCT, W BBICOKHU YpOBEHb KoMQopTa
MPOXKMBaHMs., KOTOpbIe OBUIM MOJIOXKEHBI B Pa3pabOTKy
KOHLICMIUA  MPOSKTHPOBAHHUS  MHOTO()YHKIIMOHATBHBIX
3[IaHUI Ha TEPPUTOPUH TOPOAOB Y30eKHCTaHA.

[pennoxxeH HOBBII MOAXOM K pacueTy MOTPeGHOCTH B
THNAX KBapTHpP, KOJMYECTBE OOIICCTBEHHBIX YUPEIKICHUI,
OCHOBaHHBIN Ha YHCIICHHOCTHU JKUTEJICH ITaHHOI'O >KUJIOrO
KOMIUIEKCa, AeMOrpagiIeckoM COCTaBe HACENICHUs paiioHa
CTPOUTENILCTBA, PEAJBHBIX IMOTPEOHOCTSAX HACEJCHHUS U
IPaIOCTPOUTEIIBHBIX HOPMaX.

IpencraBieHnoe MPOEKTHOE pelieHue
MHOTO()yHKIIHOHAJILHOTO JKWJIOro Komiuiekca Ha 1000
)kutenel g r. Hamanran B JIOCTaTOYHOM CTEICHH
OTBEYaeT COBPEMEHHBIM TpPeOOBaHMSAM K peau3aliu
MIPUHLIUIIOB YCTOHYUBOIO rPaloCTPOUTENHCTRA.

HUccnenoBanue MPE/ICTABIISET HHTEpec ISt
COBEPIICHCTBOBAHUS 00BEMHO-IUIAHUPOBOYHBIX PELICHUI
MHOTO() Y HKIIHOHAJIBHBIX KMJIBIX KOMILIEKCOB, a TAKXKE IS
MOHMMAHHUS UX POJIH B COBPEMEHHOM OOILIECTBE.
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Mathematical modeling of the urban public transport system in Termiz city
based on passenger flows and simulation-based timetable improvement

Abstract:

Keywords:

A.L. Komilovi®? A.U. KuzievioP

Termez State University of Engineering and Agrotechnologies, Termez, Uzbekistan

This paper presents a simulation-based approach for analyzing and optimizing urban bus transport
systems and their timetables using the city of Termiz as a case study. Rapid urbanization, population
growth, and the expansion of residential and public service areas have increased the demand for efficient
public transport services. However, the existing bus route network and operating timetables do not fully
correspond to current passenger demand, resulting in uneven vehicle loading, longer passenger waiting
times, and inefficient utilization of transport resources.

A mathematical model based on graph theory and simulation is developed to evaluate the performance
of the urban bus network. The model considers passenger flows, route characteristics, bus stops, service
headways, and overlapping route sections to improve timetable coordination and resource allocation.
Based on the simulation results, recommendations are proposed for route reorganization, timetable
optimization, and service frequency adjustment.

The findings demonstrate that the proposed methodology improves the operational efficiency and
reliability of the urban bus transport system, reduces passenger waiting time, and supports more rational
use of transport resources. The proposed approach can serve as a practical decision-support tool for
planning and managing public transport systems in medium-sized cities.

urban public transport, bus transport system, bus route network, timetable optimization, simulation
modeling, graph theory, passenger flow analysis, timetable synchronization, overlapping routes,
transport network optimization

Termiz shahri jamoat transporti tizimini yo‘lovchi oqimlari asosida
matematik modellashtirish va simulyatsiya orgali harakat jadvalini

Annotatsiya:

takomillashtirish

Komilov A.L.1®, Kuziyev A.U.1oP

1Termiz davlat muhandislik va agrotexnologiyalar universiteti, Termiz, O‘zbekiston

Mazkur magolada Termiz shahri misolida shahar avtobus transporti tizimi va uning harakat jadvalini
simulyatsion modellashtirish asosida tahlil qilish hamda optimallashtirish usuli taklif etilgan.
Urbanizatsiya jarayonlarining jadallashuvi, aholi sonining ortishi hamda yangi turar joy massivlari va
ijtimoiy infratuzilma obyektlarining kengayishi samarali jamoat transporti xizmatlariga bo‘lgan talabni
sezilarli darajada oshirmoqda. Birog, mavjud avtobus yo‘nalishlari tarmog‘i va harakat jadvallari
amaldagi yo‘lovchi talabiga to‘liq mos kelmaydi. Natijada transport vositalarining notekis yuklanishi,
yo‘lovchilarning kutish vagtining ortishi va transport resurslaridan samarasiz foydalanish holatlari
yuzaga kelmoqda.

Tadgiqotda graf nazariyasi va simulyatsion modellashtirish usullariga asoslangan matematik model
ishlab chiqilgan. Mazkur modelda yo‘lovchi ogimlari, avtobus yo‘nalishlarining tavsiflari, bekatlar soni,
harakat oralig‘i (headway) hamda ustma-ust tushadigan marshrut uchastkalari hisobga olinib, harakat
jadvallarini muvofiglashtirish va transport resurslarini ogilona tagsimlash masalalari tahlil gilingan.
Simulyatsiya natijalari asosida avtobus yo‘nalishlarini qayta tashkil etish, harakat jadvallarini
optimallashtirish va gatnovlar chastotasini takomillashtirish bo‘yicha ilmiy asoslangan tavsiyalar ishlab
chigilgan.

Tadgiqot natijalari taklif etilgan metodologiya shahar avtobus transporti tizimining ekspluatatsion
samaradorligi va ishonchliligini oshirish, yo‘lovchilarning kutish vaqtini gisqartirish hamda transport
resurslaridan yanada oqilona foydalanishni ta’minlashini ko‘rsatdi. Taklif etilgan yondashuv o‘rta
hajmdagi shaharlar jamoat transporti tizimini rejalashtirish va boshqarishda qaror qabul gilishni qo‘llab-
quvvatlovchi samarali amaliy vosita sifatida qo‘llanilishi mumkin.

a

b
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Kalit so‘zlar:

shahar jamoat transporti, avtobus transporti tizimi, avtobus yo‘nalishlari tarmog‘i, harakat jadvalini

optimallashtirish, simulyatsion modellashtirish, graf nazariyasi, yo‘lovchi ogimini tahlil qilish, harakat
jadvalini sinxronlashtirish, ustma-ust tushadigan yo‘nalishlar, transport tarmog*ini optimallashtirish

1. Kirish

Jamoat transporti tizimining samaradorligi
yo‘lovchilarga ko‘rsatilayotgan xizmat sifati, avtobus
yo‘nalishlari tarmog‘ining oqilona tashkil etilishi hamda
harakat jadvallarining yo‘lovchi talabiga mosligi bilan
belgilanadi. Transport xizmatlari sifatini  oshirishda
yo‘nalishlarning qulayligi, harakat oralig‘ining me’yoriy
darajada saglanishi, bekatlar infratuzilmasining
rivojlanganligi va gatnovlarning muntazamligi  muhim
omillar hisoblanadi. Ushbu ko‘rsatkichlarni
optimallashtirish yo‘lovchilarning jamoat transportidan
foydalanish darajasini oshirish, shaxsiy avtomobillardan
foydalanish ulushini kamaytirish hamda yo‘l-transport
tarmog‘idagi tirbandlik, transport vositalarining notekis
yuklanishi, bekatlarda ortiqcha kutish vagti va atmosfera
havosiga chigarilayotgan zararli moddalarning kamayishiga
xizmat giladi.Surxondaryo viloyati Transport boshgarmasi
ma’lumotlariga ko‘ra, 2023-yilda Termiz shahrida bir nafar
fugaro yil davomida o‘rtacha 316 marta jamoat transporti
xizmatidan foydalangan. Shundan 60—65 % gismi ish joylari
va ta’lim muassasalariga qatnovlar hissasiga to‘g‘ri kelgan.
Mazkur holat shahar avtobus transporti tizimida yo‘lovchi
ogimlarini simulyatsion modellashtirish, harakat jadvallarini
optimallashtirish hamda yo‘nalishlararo muvofiglashtirish
masalalarining dolzarbligini tasdiglaydi.

2. Tadgiqot metodologiyasi

Transport tizimini rejalashtirish va boshqgarishda
yo‘lovchi oqimlari, harakat jadvallari hamda yo‘nalishlar
tarmog‘ini matematik va simulyatsion modellashtirish
asosida baholash transport xizmatlari sifatini oshirishning
muhim omillaridan biri hisoblanadi. Bunday yondashuv
yo‘lovchilar ehtiyojini aniq baholash, resurslardan oqilona
foydalanish va harakat jadvalini optimallashtirish imkonini
beradi [7]

Ties Brands, Eric de Romph, Tim Veitch va Jamie Cook
tadqiqotlarida  yo‘lovchilarning jamoat transportidan
foydalanish jarayonida yo‘nalish tanloviga ta’sir etuvchi
omillar tahlil gilingan. Mualliflar transport tizimini
modellashtirishda yo‘lovchining bekatgacha yetib borishi
(access), asosiy gatnovni amalga oshirishi va manzilgacha
harakatlanishi (egress) jarayonlarini yagona tizim sifatida
hisobga olish zarurligini ta’kidlaydilar. Mazkur yondashuv
yo‘lovchi oqimlarini aniq prognozlash va harakat
jadvallarini optimallashtirish imkonini beradi [1].

J. Gerlach va H. Voss agentlarga asoslangan
simulyatsion modellashtirish (Agent-Based Simulation,
ABS) yordamida jamoat transporti yo‘nalishlari tarmog‘ini
optimallashtirish  metodikasini taklif etgan. Tadgigot
natijalari qayta tashkil etilgan yo‘nalishlar tarmog‘i transport
gamrovini 12-18 % ga oshirish va yo‘lovchilarning safar
vagtini 10 % gacha qisqartirish imkonini berishini
ko‘rsatgan [2].

Rose J.M. va Francisco Martinez tomonidan ishlab
chigilgan Land Use and Transport Interaction (LUTI)
modeli shahar hududlaridan foydalanish va transport
infratuzilmasi o‘rtasidagi o‘zaro bog‘liqlikni baholashga
xizmat qgiladi. Ushbu modelda diskret tanlov (Logit va

https://doi.org/10.56143/2181-2438-2026-3-50-53

Nested Logit) usullari orqali yo‘lovchilarning manzil
tanlovi, bekatlargacha bo‘lgan masofa, safar vaqti va
transport xarajatlari hisobga olinadi. Mazkur yondashuv
yo‘lovchi oqgimlarini prognozlash, avtobus yo‘nalishlari
tarmog‘ini  shakllantirish hamda harakat jadvallarini
simulyatsiya asosida takomillashtirishda samarali ilmiy
vosita hisoblanadi [3, 4].

Matematik model orgali tahlil etiladi. Umumiy tashish
vagtini  minimallashtirish va tashish samaradorligini
maksimallashtirish.buyerda, L - umumiy marshrut
uzunligi (km); V — o‘rtacha tezlik (km/soat); N — bekatlar
soni; Ty —bir bekatda o‘rtacha to‘xtash vaqti (min); Q-
yo‘lovchilar oqimi (kishi/soat); C — transport vositasining
sig*imi (kishi); n — transport vositalari soni; ¢;; — i-bekatdan
Jj-bekatgacha vaqt (soat).

Magsad funksiyasi: umumiy xizmat ko‘rsatish vaqtini
minimallashtirish

MinT,m = S5 tipa + N - (11)

bunda N — oraliq bekatlar soni; L — umumiy marshrut

uzunligi (km); V — transport vositasining o‘rtacha tezligi

(km/soat); T; — bir bekatda to‘xtash vaqti (minut); Ty~

umumiy harakat vaqti (soat); D — yo‘lovchilarning kutilgan
kutish vagti (minut).

Talabga ko‘ra to‘xtash modelida har bir qo‘shimcha
to‘xtash o‘rtacha AN marta sodir bo‘ladi, va harakat

yo‘nalishi bo‘yicha umumiy bekatlar soni oshadi:
Tum =22+ (AN) - 2 1.2)
buyerda AL — talabga ko‘ra marshrutning ortiqcha
yurilgan masofasi.
Qat’iy bekatlar bilan modelida marshrutning harakat
vaqti  doimiy, yo‘lovchilar uchun kutish vaqti

minimallashadi
Tum =2 +N - (2.3)
Bunda AN > N bo‘ladi, demak umumiy harakat vaqti,
marshrutdagi o‘rtacha harakat vaqti va yoqilg‘i sarfi,

yo‘lovchilar uchun kutish vaqti oshadi.
Yo‘lovchi tashish samaradorligini oshirish

(1.4)

bunda mn— transport samaradorligi ko‘rsatkichi
(kishi-km/soat). Bu funksiya - har bir avtobusning bir soatda
gancha yo‘lovchi-km ishlab chiqarganini ko‘rsatadi. Shu
giymat maksimallashtiriladi.

Yo‘lovchi oqimi oshgan holatlardagi yondashuvlarda
biri yo‘lovchi oqimi oshgan holatlarda transport tizimi
quyidagicha moslashuvchanlikni talab qiladi, ya’ni adaptiv
bekat tizimi. Bunda yo‘lovchi oqimi yuqori bo‘lgan
bekatlarda bekatdagi avtobus to‘xtash vaqti T, ortadi.
Bunday holatda qo‘shimcha vositalar ajratish yoki
marshrutni gismlarga bo‘lish samarali bo‘ladi.

Ikkinchisi esa yo‘nalishni zichlashtirish. Agar Q > n -
C, ya’ni har bir transport vositasining maksimal sig‘imi
yetmay qolsa, transport vositalari soni n oshiriladi yoki
“express” (kam bekatli) yo‘nalishlar tashkil gilinadi.

Yo‘lovchi talabi va ogimi vaqt bo‘yicha o‘zgarib turgan
sharoitlarda (masalan, ertalab va kechki tig‘iz soatlar) “pik”
davrlarda avtobuslar harakat oralig‘i qisqartirilib, qatnovlar
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soni ko‘paytiriladi, kam yuklama kuzatiladigan vaqtlarda
esa harakat jadvali siyraklashtiriladi.

Bekatlar orasidagi o‘rtacha masofa d, va yo‘lovchi
ogimi Q orasida bog‘liglik mavjud bo‘lib, yo‘lovchi ogimi
masofaga garab eksponentsial kamayadi va quyidagi (1.5)
formula bilan ifodalanadi [5].

Q(d) = Qmax e—ad, (15)

bunda Q(d)- oralig masofa d bo‘lgan ikki bekat

orasidagi yo‘lovchi oqimi, a — pasayish koeffitsiyenti
(hududga bog‘liq).

Gravitatsion model asosida ishlab chigilgan transport
ogimi modellarida foydalaniladigan bu model orgali bekatlar
soni va joylashuvi  yo‘lovchi  oqimiga qarab
optimallashtiriladi (1-rasm).

Eksponensial kamayish grafigi
1000

800

600

Qd)

400

200

0 5 10 15 20 25 30
Masofa d (km)

1-rasm. Eksponensial kamayish grafigi.

Qat’iy belgilangan bekatlar bilan tashishni maqsad
funksiyasi orqali optimallashtirish mumkin. Yo‘lovchi
ogimi oshgan holatlarda tizim adaptiv yondashuv talab
qiladi. Samaradorlik uchun yo‘nalish zichligi, express
tarmoq, vaqtga bog‘liq jadval, bekat zichligi singari
parametrlar optimallashtiriladi [5].

To‘xtash bekatlari (oraliq punktlar) orasidagi optimal
masofani aniglash - shahar jamoat transporti tizimidagi
asosiy samaradorlik ko‘rsatkichlaridan biri hisoblanadi.
Optimal masofa shunday tanlanishi kerakki, yo‘lovchilarga
qulaylik, tashish vaqti xarajatlar, va yo‘lovchi oqimi
o‘rtasida muvozanatni ta’minlasin.

O‘rganilayotgan hududda oraliq to‘xtash bekatlari
ratsional masofa dni aniglash uchun (1-jadvalda keltirilgan
asosiy mezonlardan foydalanildi).

1-jadval
Oraliq to‘xtash bekatlari ratsional masofasini aniqlash
mezonlari
Ne | Mezoni nomi I1zoh
1 Yo‘lovchi  ogimi Masofa ortgani sari
Q(d) kamayadi Q(offi) = Qmax "

e ™,
Bekatlar soni ko‘p bo‘lsa —
ko‘p vaqt ketadi
Tom = 24+ N -1
um =y N80
Ko‘p bekat — ko‘p to‘xtash,
ortigcha energiya, vagt va
ekspluatatsiya xarajati
Masofa juda katta bo‘lsa —
odamlar piyoda yurishni
istamaydi, bekatlar uzoq

2 Tashish vaqti T,

3 Xarajatlar C(d)

4 Yo‘lovchilarga
qulaylik

Ma’lum qiymatlarni asos qilib, optimal masofani
aniglovchi magsad funksiyasi tuzamiz:

minZ(d) = wy " Tyn(d) +w, - C(d) —w5-Q(d) (1.6)
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yoki
maxZ(d) = wz - Q(d) —wy * Tym(d) —w, - C(d) (L.7)
bunda Z(d) —umumiy xarajat, T,,,(d) — harakatga
sarflanadigan vaqt (odatda oraliq bekatlar soni ko‘payganda
ortadi), C(d) — ekspluatatsion xarajatlar (yoqilg‘i, texnik
xizmat, tormoz-tezlik yuklamalari), Q(d) — yo‘lovchilar
soni (masofa ortgan sari kamayadi, ammo ijobiy holat
sifatida qaraladi), wy,w,,w; —vazn koeffisientlari. Bu
modelda Z(d) minimalga erishganda d optimal giymat
hisoblanadi.
Hisoblash uchun parametrlar: (2-jadval)
L = 6000 m,x=0,5,Qq = 358 yo'lovchi,
wy = 0,4, w, =0,2, wy = 0,4.
2-jadval
Optimal bekatlar oralig‘ini aniglash uchun magsad
funksiyasini hisoblashda foydalanilgan parametrlar

dm N=L| Q) | T,,,(d €(d) maxZ(d)

10 60 218. | 0.01 60 87.3—0.004

0 25 0 —12=75.296
20 265. | 0.00 106.38—0.002—6=1
0 30 95 5 30 00.378

30 20 294. | 0.00 20 117.87-0.0013—4=
0 67 33 113.8687

40 312. | 0.00 125.14-0.001-3=1
0 15 86 25 15 22.139

50 12 324. | 0.00 12 129.68—0.0008—2.
0 21 2 4=127.279

60 10 331. | 0.00 10 132.76—0.0006—2=
0 89 16 130.759

70 8.57 336. | 0.00 | 85 | 134.73-0.0006—1.
0 ' 82 14 7 | 714=133.0

80 75 340. | 0.00 75 136.19-0.0005—1.
0 ' 48 125 ' 5=134.69

90 6.67 343. | 0.00 | 6.6 | 137.3-0.0004-1.3
0 ) 22 11 7 34=135.96

10 6 345. | 0.00 6 138.13-0.0004—1.
00 32 1 2=136.93

Misolar natijasiga ko‘ra Z(d) giymati ortib bormoqda, bu
bekatlar oralig‘i oshgan sari foyda ortishini bildiradi. Ammo
bu nazoratsiz to‘xtashlarni kamaytirish hisobiga bo‘ladi, bu
esa xizmat sifati va transport qulayligini pasaytiradi [8].
Bunda oralig masofa optimal d=600-700 metr atrofida
keskin o‘sishdan keyin barqarorlashadi. Agar ekologik zarar,
ortigcha yoqilg‘i sarfi va real vaqt xarajati ham qo‘shilsa,
optimal oraliq yana 300-400 metr oralig‘iga tushadi (2-
rasm).

140 1346 1357 1364

133

130,7 . .
127,3 - -
130 1221 - ®
F 120 1138
= -
= 110
= 1004
= 100 o
=
E w0

30 753
L ]

100 200 300 400 200 600 To0 &00 00 1000
To'xtash bekatlari orasidagi masofa (d), metr

2-rasm. Bekatlar orasidagi masofa bo‘yicha foyda
funksiyasi

Hisoblash natijalariga ko‘ra bekatlar oralig‘i ortishi
bilan avtobusning harakat vaqti gisqaradi, ekspluatatsiya
xarajatlari kamayadi. Birog 700-800 m dan keyin
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yo‘lovchilarning bekatgacha piyoda yurish masofasi ortishi
hisobiga transportdan foydalanish darajasi pasaya boshlaydi.
Kompleks baholash natijalariga asosan Termiz shahri
sharoiti uchun avtobus bekatlari oralig‘ining ratsional
masofasi 500-700 m ekanligi aniglandi. Mazkur masofa
transport vositalarining harakat samaradorligi, yo‘lovchilar
uchun qulaylik va ekspluatatsiya xarajatlari o‘rtasidagi
optimal muvozanatni ta’minlaydi (3-rasm).

Avtobuslar harakatini simulyatsion nazorat qilish
quyidagilarni nazorat gilishga imkon yaratadi:

-yo‘nalishlar va harakat jadvalini optimallashtirish
imkonini beradi;

-yo‘lovchi oqimlarini hisobga olgan holda transport
resurslarini samarali tagsimlaydi;

-avtobuslar orasidagi interval
kamaytiradi;

-tirbandlik va avtobuslarning bir joyga to‘planishini (bus
bunching) oldini oladi;

va kutish vagqtini

-yoqilgi  sarfi va ekspluatatsiya  xarajatlarini
kamaytiradi;
-turli  ssenariylarni real sharoitga yagin muhitda

sinovdan o‘tkazishga imkon yaratadi;

-transport tizimining samaradorligi va xizmat sifatini
oshirish bo‘yicha ilmiy asoslangan qarorlar gabul qilishga
xizmat giladi.

»g

3-ras Avtobuslar harakatining smulyatsiyaA
jarayoni

3. Xulosa

Taklif etilgan simulyatsiya modeli Termiz shahri jamoat
transporti tizimining ishlashini real sharoitlarga yagin
muhitda tahlil gilish imkonini beradi. Model yordamida
avtobuslar harakati, yo‘lovchi oqimlari, harakat oralig‘i
hamda yo‘nalishlarning o‘zaro ta'siri kompleks baholanadi.
Simulyatsiya natijalari Termiz shahri avtobus yo‘nalishlari
tarmog‘ida transport resurslaridan ogqilona foydalanish,
harakat jadvalini optimallashtirish, yo‘lovchilar kutish
vagtini kamaytirish hamda transport tizimining igtisodiy va
ekspluatatsion samaradorligini oshirish bo‘yicha ilmiy
asoslangan garorlar gabul gilish imkonini beradi.
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Modified arbolite concrete based on reduced treatment waste: Composition

analysis, disadvantages and technological solution

V.M. Soy'®2, Sh.G. Eshbekov!®P?, A.O. Jumageldiev®¢, J.A. Turgaev?®¢

Abstract:

Keywords:

1Tashkent state transport university, Tashkent, Uzbekistan
2Karakalpak state university, Karakalpakstan, Uzbekistan

The article reviews the main existing compositions of arbolite concretes used as thermal insulation,
structural-heat insulation and structural materials. It is shown that traditional arbolite based on wood
chips has a low average density and good thermal insulation properties. However, its operational
reliability is limited by the instability of the properties of organic filler, high water absorption, poor
adhesion in the contact zone between the plant filler and cement stone, and the negative effect of water-
soluble sugars, extractives and organic acids on cement hydration. As a technological solution, a modified
arbolite concrete composition using licorice processing waste is proposed. A scheme for the preparation
and mineralization of licorice waste has been developed, which includes the stages of washing,
dehydration, drying, fractionation, alkaline-calcium treatment and surface mineralization. The proposed
approach aims to increase the adhesion of the organic filler to the cement matrix, reduce water absorption,
and reduce the loss of strength caused by chemical impurities in plant raw materials.

arbolite, arbolite concrete, lightweight concrete, organic filler, wood-cement composite, licorice root,
licorice processing waste, mineralization, adhesion, cement matrix

Qizilmiya gayta ishlash chigindilari asosida modifikatsiyalangan
arbolitbeton: Tarkiblar tahlili, kamchiliklar va texnologik yechim

Soy V.M.1®2 Eshbekov Sh.G.X®®, Jumageldiev A.O.1®¢, Turgayev J.A.20¢

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Arbolitbeton organik to‘ldirgichli yengil betonlar

Toshkent davlat transport universiteti, Toshkent, O*zbekiston

2Qoragqalpoq davlat universiteti, Qoragalpog‘iston Respublikasi, O‘zbekiston

Maqolada issiglik izolyatsion, konstruktiv-issiglik izolyatsion va konstruktiv materiallar sifatida
go‘llaniladigan arbolitbetonlarning asosiy mavjud tarkiblari ko‘rib chiqilgan. Yog‘och qirindilari
asosidagi an’anaviy arbolit past o‘rtacha zichlik va yaxshi issiglik izolyatsion xossalarga ega ekani
ko‘rsatilgan. Biroq uning ekspluatatsion ishonchliligi organik to‘ldirgich xossalarining beqarorligi,
yugori suv shimuvchanlik, o‘simlik to‘ldirgichi va sement toshi orasidagi kontakt zonada adgeziyaning
sustligi hamda suvda eruvchan shakarlar, ekstraktiv. moddalar va organik kislotalarning sement
gidratatsiyasiga salbiy ta’siri bilan cheklanadi. Texnologik yechim sifatida gizilmiya gayta ishlash
chigindilaridan foydalanilgan modifikatsiyalangan arbolitbeton tarkibi taklif etilgan. Qizilmiya
chiqindilarini tayyorlash va mineralizatsiya qilish sxemasi ishlab chiqilgan bo‘lib, u yuvish,
suvsizlantirish, quritish, fraksiyalash, ishqoriy-kalsiyli ishlov berish va yuzani mineralizatsiya gilish
bosqichlarini 0‘z ichiga oladi. Taklif etilgan yondashuv organik to‘ldirgichning sement matritsasi bilan
adgeziyasini oshirish, suv shimuvchanlikni kamaytirish hamda o‘simlik xomashyosidagi kimyoviy
aralashmalar tufayli yuzaga keladigan mustahkamlik yo‘qotilishini pasaytirishga qaratilgan.

arbolit, arbolitbeton, yengil beton, organik to‘ldirgich, yog‘och-sement kompoziti, gizilmiya jomi,
gizilmiya gayta ishlash chigindilari, mineralizatsiya, adgeziya, sement matritsasi

harorat hamda namlik ta’sirlarini yumshatish qobiliyatiga
ega. Shu sababli u kam gqavatli qurilish, devor bloklari,
issiglik izolyatsion plitalar va energiya samarador to‘suvchi

guruhiga kiradi va unda mineral bog‘lovchi o‘simlik kelib
chiqishiga ega zarrachalarni yagona g‘ovak strukturaga
birlashtiradi. Og‘ir beton bilan solishtirganda arbolitning
o‘rtacha zichligi va issiglik o‘tkazuvchanligi past bo‘lib, u
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bl https://orcid.org/0009-0004-4916-2577
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konstruksiyalar uchun giziqish uyg‘otadi.

Me’yoriy va ilmiy-texnik amaliyotda arbolit sement
bog‘lovchi va organik to‘ldirgich asosidagi material sifatida
garaladi. Zichlik va mustahkamlikka garab u issiglik

G https://orcid.org/0009-0004-3686-5695
4% https://orcid.org/0000-0003-2483-9727
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izolyatsion, konstruktiv-issiglik izolyatsion yoki konstruktiv
material sifatida qo‘llanilishi mumkin [1]. Shu bilan birga,
arbolitbeton sifati faqat sement sarfi va to‘ldirgich turiga
emas, balki organik xomashyoning sement tizimi bilan
kimyoviy mosligiga ham bog‘liq.

Suvda eruvchan shakarlar, organik kislotalar, tanninlar,
saponinlar va boshqa ekstraktiv birikmalarni o‘z ichiga
olgan o‘simlik chiqindilaridan foydalanish alohida muammo
hisoblanadi. Bunday komponentlar sementning gqotishini
sekinlashtirishi, kalsiy gidrosilikatlarining shakllanishiga
to‘sqinlik qilishi va sement toshi mustahkamligini
kamaytirishi mumkin [2, 3]. Shu sababli oldindan
modifikatsiyalangan organik to‘ldirgichga ega arbolitbeton
tarkiblarini ishlab chigish dolzarb vazifadir.

Ushbu magolada gizilmiya ildizi va stolonlarini gayta
ishlash jarayonida hosil bo‘ladigan chiqindilar istigbolli
to‘ldirgich sifatida ko‘rib chiqiladi. Ushbu chiqindi
lignosellyulozali tabiatga va tolali tuzilishga ega bo‘lib,
qurilish kompozitida yengil organik komponent sifatida
ishlatilishi mumkin. Biroq sement matritsasida qo‘llash
uchun u maxsus tayyorlash va yuzaviy mineralizatsiya
bosgichlaridan o‘tkazilishi zarur.

Adabiyotlar tahlili

Klassik arbolitbeton
to‘ldirgich, suv va

portlandsement,  organik
kimyoviy mineralizatsiyalovchi

go‘shimchalardan iborat. An’anaviy ravishda to‘ldirgich
sifatida ignabargli yoki bargli daraxt girindilari, yog‘ochni
qayta ishlash chiqgindilari, yog‘och tolasi, qipiglar, zig‘ir
poyasi qoldiglari, guruch qobig‘i, somon, paxta poyasi
massasi va boshqa o‘simlik materiallari ishlatiladi.
To‘ldirgich tanlovi yakuniy materialning zichligi, issiqlik
o‘tkazuvchanligi, mustahkamligi, suv shimuvchanligi va
chidamliligiga ta’sir ko‘rsatadi.

Vazifasiga ko‘ra arbolitbetonlarni bir necha guruhga
ajratish mumkin: issiglik izolyatsion, konstruktiv-issiglik
izolyatsion, konstruktiv, yog‘och-sement plita materiallari,
g‘ovaklashtirilgan arbolit aralashmalari hamda mugqobil
bog‘lovchilar asosidagi kompozitlar. Har bir guruh o‘z
afzalliklari va cheklovlariga ega. Eng keng targalgan tur
yog‘och qirindili sement asosidagi arbolit bo‘lib, u
xomashyoning mavjudligi, texnologik soddalik va nishatan
past issiglik o‘tkazuvchanligini birlashtiradi.

Yog‘och-sement kompozitlari bo‘yicha zamonaviy
tadqiqotlar organik to‘ldirgichni oldindan ishlov berish va
mineral qo‘shimchalardan foydalanish barqaror xossalar
olishning zarur sharti ekanini ko‘rsatadi [4]. Bunday
ishlovsiz organik komponentlar sement gidratatsiyasini
yomonlashtirishi va mustahkamlik ko‘rsatkichlarining
targogligiga olib kelishi mumkin.

1-jadval

Mavjud arbolitbeton tarkiblarini tizimlashtirish

Tarkib turi Asosiy komponentlar

Afzalliklari Kamchiliklari

Klassik yog‘ochli arbolit

Portlandsement, yog‘och
qirindisi, suv, CaCl. yoki
boshga mineralizatorlar

Past zichlik, yaxshi issiglik
izolyatsiyasi, xomashyoning
mavjudligi

Shakarlar va ekstraktiv
moddalarning ta’siri, yuqori
suv talabi, zaif kontakt zona

Mineral qo‘shimchali arbolit

Sement, qirindi, uchuvchi
kul, shlak,
mikrokremnezyom, qum

Sement matritsasining
zichlashishi, mustahkamlik
va suvga chidamlilikning
oshishi

Zichlikning ortishi, tarkib
tanlashning
murakkablashishi

G‘ovaklashtirilgan arbolit

Sement, organik to‘ldirgich,
ko*pik hosil giluvchi yoki
havo jalb giluvchi
qo‘shimcha

Massa va issiglik
o‘tkazuvchanlikning
kamayishi

Haddan tashqari g‘ovaklikda
mustahkamlik pasayishi
xavfi

Qishloq xo‘jaligi
chigindilari asosidagi arbolit

Somon, poya qoldiglari,
guruch qobig‘i, paxta poyasi
va boshqalar

Mahalliy xomashyodan
foydalanish va ekologik
samara

Tarkibning yugori
geterogenligi; chigindini
chuqur tayyorlash zarurati

Yog‘och-sement plitalar va
panellar

Yog‘och tolasi, tolalar,
sement yoki aralash
bog‘lovchi

Yaxshi akustik va issiglik
izolyatsion xossalar

Qo‘llanish sohasi
cheklangan va qoliplash
talablari yugori

Mugqobil bog‘lovchili arbolit

Magnezial, gipsli, shlak-
ishqorli yoki aralash
bog‘lovchilar

Organik to‘ldirgich bilan
moslikni yaxshilash
imkoniyati

Namlikka sezgirlik,
standartlashtirish va sifat
nazoratining murakkabligi

Arbolitbetonning asosiy texnologik kamchiligi organik
to‘ldirgichning sement toshi bilan mos kelmasligidir.
O‘simlik xomashyosi kapillyar-g‘ovak tuzilishga ega va
sement gidratatsiyasini susaytirishi mumkin bo‘lgan suvda
eruvchan moddalami o‘z ichiga oladi. Aynigsa eruvchan
shakarlar va gemisellyuloza parchalanish mahsulotlari
zararli ~ bo‘lib, ular dastlabki  mustahkamlikning
shakllanishini kechiktiradi va gotish vaqtini uzaytiradi.

Ikkinchi muhim kamchilik zaif oraliq kontakt zona bilan
bogliq. Yog‘och qirindilari yoki boshga o‘simlik
to‘ldirgichi yuzasi ko‘pincha sement xamiri bilan yetarlicha
namlanmaydi. Organik zarracha va sement matritsasi
orasida kapillyar g‘ovaklarga boy bo‘shashgan o‘tish zonasi
hosil bo‘ladi. Natijada siqilish va egilishdagi mustahkamlik
pasayadi, suv shimuvchanlik ortadi hamda sovuqga
chidamlilik yomonlashadi.

https://doi.org/10.56143/2181-2438-2026-3-54-59

Uchinchi muammo organik to‘ldirgichning o‘ziga xos
beqarorligidir. Arbolitbeton xossalariga o‘simlik turi,
xomashyoning yoshi, namligi, maydalash darajasi, po‘stloq
va chang fraksiyasi miqdori, yig‘ish mavsumi, saqlash
sharoitlari va chigindining kimyoviy tarkibi ta’sir ko‘rsatadi.
Hatto sement sarfi bir xil bo‘lganda ham turli to‘ldirgich
partiyalari turlicha mustahkamlik berishi mumkin.

To‘rtinchi cheklov sement sarfining ortishidir. Organik
karkasning past mustahkamligi va zaif adgeziyani
kompensatsiya qilish uchun ishlab chiqaruvchilar ko‘pincha
sement miqdorini oshiradilar. Bu material tannarxini
ko‘taradi va ekologik samarani kamaytiradi. Shuning uchun
arbolitbetonni zamonaviy rivojlantirish bog‘lovchi sarfini
oddiy oshirishga emas, balki organik to‘ldirgich yuzasini
boshgarish va oraliq kontakt zonani zichlashtirishga
qaratilishi lozim.
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2. Tadgigot metodologiyasi

Qizilmiya qayta ishlash chigindilari biologik faol
moddalar, jumladan glitsirrizin ajratib olingandan keyin
goladigan gizilmiya ildizi va stolonlari goldiglaridan iborat.
Ushbu chigindini shartli ravishda gizilmiya jomi deb atash
mumkin. Tabiatiga ko‘ra u sellyuloza, gemisellyuloza,
lignin va qoldiq ekstraktiv moddalarni o‘z ichiga olgan
lignosellyulozali materialdir [5].

Qizilmiya jomining arbolitbeton uchun istigbolliligi bir
necha omillar bilan izohlanadi. Birinchidan, bu ikkilamchi
xomashyo bo‘lib, undan foydalanish organik chiqgindilar
hajmini  kamaytiradi. Ikkinchidan, chigindining tolali
tuzilishi yengil to‘ldirgich va gisman armaturalovchi
komponent vazifasini bajarishi mumkin. Uchinchidan,
gizilmiya gayta ishlash sanoat ahamiyatiga ega hududlarda

1 m? aralashma uchun arbolitbetonning loyihavi

bunday chigindi yengil devorbop materiallar ishlab chigarish
uchun mahalliy xomashyo bazasiga aylanishi mumkin.

Shu bilan birga, ishlov berilmagan gizilmiya chigindisini
sement aralashmasiga bevosita kiritish texnologik jihatdan
xavflidir. Qoldiq shakarlar, saponinlar, fenolli moddalar,
tuzlar va organik Kkislotalar sement gidratatsiyasini
sekinlashtirishi, suv talabini oshirishi va mustahkamlikni
kamaytirishi mumkin. Shu sababli gizilmiya jomi
qo‘llashdan oldin yuvilishi, fraksiyalarga ajratilishi va
mineralizatsiya qilinishi zarur.

Taklif etilgan tarkib Kkonstruktiv-issiglik izolyatsion
arbolitbetonlar guruhiga kiradi va M500 portlandsementi,
modifikatsiyalangan gizilmiya jomi, mayda dispers mineral
go‘shimchalar hamda kompleks mineralizatsiya tizimidan
foydalanishni nazarda tutadi. Tarkib loyihaviy-laboratoriya
varianti bo‘lib, chiqgindining haqiqiy namligi, to‘kilma
zichligi va kimyoviy faolligiga garab aniglashtirilishi kerak.

2-jadval
tarkibi

Komponent Taxminiy sarf Funksional vazifasi
M500 portlandsement 360-390 kg Asosiy mineral bog‘lovchi
Modifikatsiyalangan gizilmiya jomi, 150-180 kg Yengil organik to‘ldirgich va tolali
gurug massa karkas

: Granulometrik bargarorlashtirish va

0-2 mm kvars qumi 60-90kg irishishni kamaytiqrish
Uchuvchi kul yoki maydalangan 30-50 kg Puzzolan qo‘shimcha va matritsani
granullangan domna shlaki zichlashtirish
Mikrokremnezyom 8-15 kg Kontakt zonani zichlashtirish va

adgeziyani yaxshilash

Gidratatsiyani tezlashtirish va organik

Kalsiy xlorid sement massasining 1,5-2,0 % moddalarning susaytiruvchi ta’sirini
kamaytirish

Suyuq shisha sement massasining 1,0-1,5 % Or.gamk. to l.dlrg“.:}.l yuzasii
mineralizatsiya gilish

- . - Aralashmaning suv talabini
¢ | 0,
Superplastifikator bog‘lovchi massasining 0,5-0,8 % kamaytirish
Suv 250300 | To‘ldirgich namligini hisobga olgan

holda goliplanuvchan aralashma olish

Metall qo‘yilma detallari mavjud bo‘lgan mahsulotlarda
xloridli qo‘shimchalardan foydalanish cheklanishi lozim.
Bunday holatda xloridsiz mineralizatsiya tizimidan
foydalanish magsadga muvofig: sement massasining 2,0-3,0
% miqdorida alyuminiy sulfati, quruqg chigindi massasining
2,0-3,0 % miqdorida kalsiy gidroksidi va sement
massasining 1,0-1,5 % miqdorida suyuq shisha. Bunday
tizim metallning xloridli korroziyasi xavfisiz eruvchan
organik birikmalar ta’sirini kamaytirish imkonini beradi.

Texnologik optimallashtirishdan keyin materialning
kutiladigan o‘rtacha zichligi D600—-D750 oralig‘ida bo‘lishi
mumkin. Konstruktiv-issiglik izolyatsion qo‘llanish uchun
taxminiy siqilishdagi mustahkamlik M25-M35 darajasiga
mos kelishi mumkin, biroq ushbu giymatlar loyihaviy
yo‘naltiruvchi ko‘rsatkichlar bo‘lib, tajribaviy tasdiglashni
talab giladi.

Qizilmiya chigindisini modifikatsiyalash uchta o‘zaro
bog‘liq vazifani hal qilishi kerak: suvda eruvchan
aralashmalar miqdorini olib tashlash yoki kamaytirish;
goldig organik kislotalar va saponin birikmalarini
neytrallash; tolalar yuzasida sement toshi bilan mos
keladigan mineral gobiq hosil gilish.

Birinchi  bosgichda chigindi suv bilan yuviladi.
Eruvchan shakarlar, tuzlar va ekstraktiv moddalarning bir
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gismini olib tashlash uchun issiq yuvish afzal hisoblanadi.
Adabiyot ma’lumotlariga ko‘ra, suv bilan takroriy yuvish
sikllari qizilmiya chigindisidan nisbatan toza o‘simlik
tolalarini olish imkonini beradi; harorat oshishi zarur sikllar
sonini kamaytiradi [6]. Ishlab chigarish sharoitida 60-80 °C
da 3-4 marta yuvish siklini gabul qgilish, bunda yuvindi
suvning pH va elektr o‘tkazuvchanligini nazorat gilish
magsadga muvofig.

Yuvilgandan so‘ng chiqindi mexanik siqish, quritish va
fraksiyalashga yuboriladi. Arbolitbeton uchun 5-25 mm
fraksiya magsadga muvofiq. Changga o‘xshash zarralar olib
tashlanishi kerak, chunki ular suv talabini oshiradi va
struktura bir xilligini yomonlashtiradi. Haddan tashqari yirik
tolali qo‘shimchalar ham nomagbul: ular aralashma
gatlamlanishiga olib keladi va goliplashni giyinlashtiradi.

Keyingi bosgich ishqoriy-kalsiyli ishlov berish bo‘lib, u
qurug chigindini eritmaga oddiy ivitish shaklida emas, balki
kurakli yoki barabanli aralashtirgichda nazorat gilinadigan
operatsiya sifatida bajarilishi lozim. Issiq yuvish, sigish,
quritish va fraksiyalashdan keyin gizilmiya jomi namligi
bo‘yicha oldindan konditsiyalanadi. So‘ngra zarrachalarga
qurug chigindi massasining 2,0-3,0 % miqdorida Ca(OH)
ohak suti purkaladi, 5-7 dagiga aralashtiriladi va yopiq
bunkerda 12-24 soat saglanadi. Bunday tutib turish kislotali
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komponentlarni neytrallash, tolalar yuzasida kalsiyni gisman
biriktirish va organik to‘ldirgich namligini tenglashtirish
uchun zarur.

Yuzaviy mineralizatsiya  konsentrlangan  CaCl.
eritmalari va suyuq shishani bevosita ketma-ket aralashtirish
emas, balki yupga mineral gobiq hosil qgilish jarayoni sifatida
qaralishi kerak. Ularning to‘g‘ridan-to‘g‘ri  kontakti
zarrachalarni notekis qoplaydigan dag‘al kalsiy-silikat
cho‘kmasining tez hosil bo‘lishiga olib kelishi mumkin. Shu
sababli  suyug shisha suyultirilgan holda  yoki
mikrokremnezyomli sement-silikat suspenziyasi tarkibida
go‘llanishi, CaCl: esa asosan qorishma suvi bilan kiritilishi
yoki mineralizatsiya bosgichida past konsentratsiyada
purkalishi lozim. Metall qo‘yilmalari bo‘lgan mahsulotlar
uchun alyuminiy sulfati yoki boshga gotishni tezlashtiruvchi
go‘shimcha asosidagi xloridsiz tizim magsadga muvofiqroq.

Realistik mineralizatsiya ketma-ketligi: yuvilgan va
sigilgan qizilmiya jomi — 10—15 % gacha quritish — 5-20
mm gacha fraksiyalash va <1 mm changni olib tashlash —
18-22 % namlikgacha konditsiyalash — Ca(OH). ohak
sutini purkash va aralashtirish — 12—24 soat tutib turish —
suyultirilgan suyuq shisha yoki mikrokremnezyomli sement-
silikat suspenziyasini surtish — yupqga qobiq hosil qilish
uchun quruq mineral material bilan changlatish — 15-20 %
namlikda barqarorlashtirish — arbolitbeton aralashmasiga
kiritish.

Mineral gism  tarkibiga  mikrokremnezyomni
qo‘shimcha kiritish kontakt zonani zichlashtirishga
garatilgan. Mayda dispers kremnezyom sement toshi va
organik to‘ldirgich orasidagi mikrog‘ovaklami to‘ldiradi
hamda Kalsiy gidroksidi bilan puzzolan reaksiyada ishtirok
etadi. Bu kapillyar g‘ovaklikni kamaytiradi va
arbolitbetonning suvga chidamliligini oshiradi.

)
© Xom ashyoni © Begoms © 60-80 °C 5wy @ Yuvish suvining pH ©  Meanik O Namik 1015 %
qabul qilish va aralashmalarni bilan yuvish n.'h":‘f::z":ﬁ ini suvsizlantirish P quritish
kirish nazorati olib tashlash (34 slkl) nazorat qili
—
pH e 956
.e:-';' 3 (‘-0 F?] .
a.a .0 = 4 & &
- — —_— — — -
©  Fraksiyalash © Ca(0OH); ohak suti @ Konditsiyalash va @ cacl, eritmasi @ Oldindan
{525 mm) bilan ishlay besish writmani sizdirish bilan himdirish quritish
= -i
3 §o 5o CaCl,
- o J

O  1shehi namlikkacha
yakuniy quritish

®  Ssuyug shishe
bilan ishiow berish

Tayyorlangan
to'ldirgichni
betonqorgichga uzatish

Eslatma: suyuq shisha dastlabki kalsiyli ishlov va oldindan quritishdan keyin kiritiladi;
CaCl; ning konsentrlangan eritmalari va suyuq shisha eritmalari bevosita aralashtirilmaydi.

1-rasm. Arbolitbeton uchun gizilmiya ishlab chigarish chigindilarni tayyorlash va mineralizatsiya sxemasi

3. Natijalar va muhokama

Qizilmiya chigindisi asosidagi arbolitbeton ishlab
chigarish texnologik jarayoni ikki ogimli sxema sifatida
tashkil etilishi lozim: modifikatsiyalangan  organik
to‘ldirgich alohida tayyorlanadi, aralashmaning mineral
gismi esa alohida dozalanadi. Bunday yondashuv ancha real
hisoblanadi, chunki u chigindi namligini, eruvchan
aralashmalarning olib tashlanish darajasini, fraksion
tarkibni, mineralizator dozalarini va gorishma suvini kiritish
tartibini nazorat gilish imkonini beradi. Aralashma majburiy
ta’sirli aralashtirgichda tayyorlanadi, zichlash intensivligi
esa organik karkasni buzmaslik va gatlamlanishga olib
kelmaslik uchun cheklanadi.

Taklif etilgan sxema to‘rtta texnologik blokni o‘z ichiga
oladi. Birinchi blok gizilmiya jomini ekstraksiyadan keyin
gabul qilish, saralash, issiq suvda yuvish va mexanik
suvsizlantirish bilan bog‘liq. Yuvish formal operatsiya
emas; u yuvindi suvning pH va elektr o‘tkazuvchanligi
bargarorlashguncha olib  boriladi, chunki eruvchan
shakarlar, tuzlar va ekstraktiv moddalar sementning normal

https://doi.org/10.56143/2181-2438-2026-3-54-59

gidratatsiyasiga ~ eng  kuchli ~ xalaqit
komponentlardir.

Ikkinchi blok o‘rtacha haroratda quritish, maydalash,
fraksiyalash, chang fraksiyasini olib tashlash va dastlabki
kimyoviy barqarorlashtirishni o‘z ichiga oladi. Amaliy
jihatdan 520 mm fraksiyadan foydalanish magsadga
muvofig: mayda chang suv talabini keskin oshiradi, haddan
tashqari uzun tolalar esa goliplashni yomonlashtiradi. Ohak
suti bilan ishlov berishdan oldin to‘ldirgich nazorat
qilinadigan namlikka ega bo‘lishi kerak, shunda eritma
yuzadan shunchaki oqib ketmaydi, balki tolalar bo‘ylab bir
tekis targaladi.

Uchinchi blok oddiy shimdirishni emas, balki zarracha
yuzasida yupga mineral qobiq hosil gilishni nazarda tutadi.
Buning uchun suyultirilgan  suyuq shisha  yoki
mikrokremnezyomli sement-silikat suspenziyasi ishlatiladi;
so‘ng to‘ldirgich quruq mineral komponentning bir gismi
bilan changlatiladi. Ushbu operatsiya suv shimuvchanlikni
kamaytiradi, sement xamiri bilan namlanishni yaxshilaydi
va qoldiq organik moddalarning sement g‘ovak eritmasiga
chigishini pasaytiradi.

beradigan
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To‘rtinchi blok arbolitbeton aralashmasini tayyorlash,
goliplash, yumshoq vibrozichlash yoki presslash, namlikni
saglovchi goplama ostida dastlabki qotirish va 28 kungacha
keyingi saqlashni o‘z ichiga oladi. Eng real aralashtirish
tartibi quyidagicha: modifikatsiyalangan to‘ldirgich suvning

bir qismi va plastifikatsiyalovchi qo‘shimcha bilan
aralashtiriladi; keyin qurug mineral gism kiritiladi; shundan
so‘ng qoliplanuvchanlik talabiga muvofiq qolgan suv
miqdori sozlanadi. Bunday tartib organik zarrachalarning
sement xamiri bilan bir tekis qoplanishini ta’minlaydi.

" ORGANIK TO'LDIRGICH LINIYASI

- - - Eér&»

4 @
[ 7ok | &, Ca(OH), '
| S isw berih !
tugeni

R
2. Soabwh 3, Yurish vanreri 4. Sighsh / Barbani qutgih | N 7.
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! 3
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| gy’ x|
i e i 3. Swrv shioha
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' (TR T | sk berish guri rtsh éan itk berih wldigich busherd |
MINERAL BOGLOVCHI LIMYASI e w
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[ 1LQoipan

chigarsh

1. Tayyer

Sifat nazorati: :
zichlik, mustahkamlik, 1
suv shimuvchanlgi :

2-rasm. Qizilmiya ishlab chiqgarish chigindilari asosida modifiyatsiyalangan arbolitbeton olishning texnologik sxemasi

Modifikatsiyalangan arbolitbetonda mustahkamlikni
oshirish mexanizmi organik aralashmalarning salbiy ta’sirini
ketma-ket kamaytirish va oraliq kontakt zonani
mustahkamlashga asoslanadi. Issiq suvda yuvish eruvchan
shakarlar, tuzlar va ekstraktiv moddalarning bir gismini
kamaytiradi. Bu sement gidratatsiyasining sekinlashish
ehtimolini pasaytiradi va dastlabki mustahkamlikning
bargarorroq shakllanishiga yordam beradi.

Ishqoriy-kalsiyli ishlov berish yuzani kimyoviy
bargarorlashtirish vazifasini bajaradi. Kalsiy gidroksidi
kislotali komponentlarni gisman neytrallaydi, yuzani kalsiy
ionlari bilan to‘yintiradi va silikatli mineralizator bilan
o‘zaro ta’sirga tayyorlaydi. Keyingi suyuq shisha yoki silikat
komponenti bilan ishlov berish organik to‘ldirgichning
adgezion faolligini oshiruvchi mineral gobiq hosil giladi.

Mineral qobiq gizilmiya jomining suv shimuvchanligini
kamaytiradi va qoldiq organik moddalarning sement
xamiriga migratsiyasini pasaytiradi. Natijada sement
matritsasi bir tekisroq qotadi, o‘tish zonasi esa kamroq
bo‘shashgan bo‘ladi. Mikrokremnezyom kiritilganda g‘ovak
tuzilma qo‘shimcha ravishda zichlashadi, bu materialning
mustahkamligi, suvga chidamliligi va uzoq muddatli xizmat
xossalariga ijobiy ta’sir ko‘rsatadi.

Shunday qilib, taklif etilgan tarkib an’anaviy arbolitdan
nafaqat to‘ldirgich turi bilan, balki o‘simlik xomashyosini
tayyorlash prinsipi bilan ham farq qiladi. Asosiy g‘oya
shundan iboratki, organik chigindi sement matritsasiga
boshlang‘ich holatida emas, balki magsadli tozalash va
mineralizatsiyadan keyin kiritilishi kerak.
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4. Xulosa

Tahlil shuni ko‘rsatadiki, mavjud arbolitbeton tarkiblari
energiya samarador va kam qavatli qurilish uchun katta
imkoniyatlarga ega, birog ularning keng qo‘llanilishi
organik to‘ldirgich tabiatiga bog‘liq cheklovlar bilan
izohlanadi. Eng xarakterli kamchiliklar sement toshi va
o‘simlik to‘ldirgichi orasidagi zaif adgeziya, yuqori suv
shimuvchanlik, xomashyo begarorligi hamda suvda
eruvchan shakarlar va ekstraktiv moddalarning sement
gidratatsiyasiga salbiy ta’siridir.

Istigbolli xomashyo yechimi sifatida gizilmiya gayta
ishlash chigindilaridan foydalanish taklif etiladi. Qizilmiya
jomi tolali tuzilishga ega lignosellyulozali material bo‘lib,
yengil organik to‘ldirgich vazifasini bajarishi mumkin.
Birog  mustahkamlikni  kamaytirishi va  qotishni
sekinlashtirishi mumkin bo‘lgan qoldiq organik birikmalar
mavjudligi sababli uni sement tizimida bevosita qo‘llash
magsadga muvofig emas.

Ushbu kamchiliklarni bartaraf etish uchun gizilmiya
chigindisini tayyorlash va modifikatsiyalash texnologik
sxemasi ishlab chigildi. U yuvish, suvsizlantirish, quritish,
fraksiyalash, ishqoriy-kalsiyli ishlov berish va yuzaviy
mineralizatsiya bosgichlarini o‘z ichiga oladi. Taklif etilgan
sxema sement matritsasi bilan adgeziyani oshirish, organik
to‘ldirgichning suv shimuvchanligini kamaytirish va
kimyoviy aralashmalarning salbiy ta’sirini pasaytirishga
garatilgan.
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M500 portlandsementi, modifikatsiyalangan gizilmiya
jomi, uchuvchi kul yoki shlak, mikrokremnezyom, suyuq
shisha va kalsiyli mineralizator asosidagi taklif etilgan tarkib
ekologik  samarali  konstruktiv-issiglik izolyatsion
arbolitbeton olish uchun asos sifatida garalishi mumkin.
Yondashuvning ilmiy yangiligi qizilmiya gayta ishlash
chiqindisini passiv to‘ldirgich sifatida emas, balki sement
toshi bilan mosligi yaxshilangan oldindan
modifikatsiyalangan organomineral komponent sifatida
ishlatishda namoyon bo‘ladi.
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Economic assessment of the impact of thematic tourist routes on the
development of the regional tourism services market

N.S. Sarviroval®? D.Y. Tajibaev*®P, Z.B. Kamoliddinov'®®
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article examines the economic impact of thematic tourist routes on the development of the regional
tourism services market. The relevance of the study is determined by the need to assess a route not only
as a sequence of tourist attractions, but also as a complex tourist product that generates additional demand
for transport, accommodation, catering, excursion support and related services. The aim of the study is
to justify an approach for evaluating the economic effect of implementing thematic routes in a region.
The proposed approach is based on determining the baseline tourist flow, scenario-based growth, average
tourist expenditure and additional volume of tourism services. The scientific significance of the study
lies in interpreting thematic routes as an economic and service-oriented instrument for regional
development. The practical significance consists in the possibility of using the proposed approach by
tourism authorities, travel companies and service providers when forecasting the economic outcomes of
thematic route development.

thematic tourist route, tourist flow, regional services market, economic efficiency, tourism services,
economic effect
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JKOHOMHUYECKAs] OLIEHKA BJIMAHUA TEeMATHYECKHX TYPHUCTCKUX MapIIPYTOB
HA Pa3BUTHE PErHOHAJBHOI0 PbIHKA TYPUCTCKHUX YCJIYT

Capsuposa H.C.'22 Taxu6aes JI.E.'®° Kamoaungunos 3.5.10°
TamkenTckuil rocynapcTBeHHbI TPaHCIIOPTHEIA yHHBEpcUTeT, TamkeHT, Y36eKkucTan

AHHOTaINUA: B crarbe paccMmaTrpuBaeTcs 3KOHOMHYECKOE BIMSHHE TEMAaTHYECKMX TYPHCTCKHX MaplUpyTOB Ha
Pa3BUTHE PETMOHAIBHOTO PBIHKA TYPHCTCKHX YCIYT. AKTYyaJbHOCTb HCCIICIIOBAHMS ONPEACIIIETCS
HE00XOANMOCTBIO OLIEHKH MapIIPyTa HE TOJIBKO KaK CXEMBbI ITOCEIEHHs TYPHCTCKHX 00BEKTOB, HO M KaK
KOMIUIEKCHOTO TYPHCTCKOTO MpPOAYKTa, (HOPMHPYIOIIEro NOTOJHHUTEIbHBIH CIPOC Ha TPaHCIOPT,
pa3MelleHne, IMHUTaHHWe, SKCKYPCHOHHOE CONPOBOXIEGHHE M Jpyrue cepBUCHble yciyru. Llensro
HCCIIE/IOBAHMS SBISETCS OOOCHOBAaHHME IMOAXOJA K OLEHKE SKOHOMHYECKOro 3¢@dexra OT BHEAPEHHUS
TEMaTHYECKUX MaplIpyTOB B pernoHe. B pabore mnpenolkeHa pacuérHas JIOTMKA, OCHOBaHHAs Ha
onpezieneHHy 0a30BOro0 TYPUCTCKOIO IOTOKA, CLIEHAPHOTO NPHPOCTa, CPEeAHEro oObéMa pacxoloB
OJIHOT'O TYPHCTA U JIONOJIHUTEJILHOrO 00bEMa TYPUCTCKUX yciyr. Hay4Has 3Ha4YMMOCTb MCCIIeI0BaHUS
3aKJII0YaeTCs B PACCMOTPEHHM TEMaTHYECKOI0 MapuIpyTa Kak SKOHOMHKO-CEPBUCHOTO MHCTPYMEHTA
Pa3BUTUSL PErMOHAIBHOM OSKOHOMHUKM. [IpakTHyeckas 3HAYUMOCTh COCTOUT B BO3MOXKHOCTU
UCIIONB30BaHUS NPEAJIOKEHHOr0 IMOAXOJa OpraHaMy YINpPaBICHHS TYypU3MOM, TYPUCTCKUMU
KOMITAaHUSIMH M CEPBUCHBIMH NPENPUATHAMU PH IPOrHO3UPOBAHUM SKOHOMHYECKOrO Pe3ysbTara OT
Pa3BUTHUSL TEMATHYECKON MapIIPyTH3ALMH.

KiroueBsie cnopa: TeMaTHYECKUI TYPUCTCKUI MapLIpyT, TYPUCTCKUI IOTOK, PETMOHAIBHBIN PBIHOK YCIIYT, SKOHOMHYECKas

3¢ (HEeKTUBHOCTD, TYPUCTCKHE YCIYTH, SKOHOMHYECKUH 3D HeKT

1. BBenenue

Pa3zButue permoHanpHOrO Typu3Ma B COBPEMEHHBIX
YCIIOBUAX BCE B OOJIBIICH CTENEHHM CBA3aHO HE TOJIBKO C
HaJIMYUEM TypPHCTCKHX OOBEKTOB, HO ¥ C BO3MOXKHOCTBIO MX
BKJIIOUEHUS] B SKOHOMHUYECKH PE3YIbTaTHBHBIE TYPUCTCKHE
MIPOJTYKTHI. OtaenbHbIe 00BEKTHI KyJIBTYPHOTO,
HCTOPHUYECKOT0, apXEOJOTHYECKOro, IKOJIOTHYECKOTO MU

3 https://orcid.org/0009-0008-9683-8321
bl hitps://orcid.ore/0009-0007-9032-5114

STHOrpadU4ecKoro 3Ha4YeHHs caMd 1o cebe He Bcerja
o0ecreunBalOT  yCTOMYUBBIA ~ TYPUCTCKHM  MOTOK U
JIOCTAaTOYHBIN YPOBEHb MOTPEOIEHHS TYPUCTCKUX yCIyT. Mx
9KOHOMHUYECKask 3HAYMMOCTbh BO3PAcTaeT TOr/a, KOrjia OHU
O0BEIMHAIOTCS B TEMAaTHYECKHE TYPUCTCKUE MapILIpYTHI,
criocoOHble  (OpMHpOBATH  CHOPOC  HAa  TPAHCIOPT,
pa3MellieHne, MUTaHUe, YKCKYPCHOHHOE COINPOBOXKICHHUE,

¢ https://orcid.org/0009-0001-8264-2183
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YCIYTH THIOB, HHPOPMAIIOHHOE OOECIieUeHne U JIpyrue
9JIEMEHTHI PETHOHATIBHOTO PHIHKA YCIIYT.

Jlns pernoHoB ¢ TPOCTPAHCTBEHHO Pa300MEHHBIMH
TYypPUCTCKAMH O0BEKTaMH JaHHAs MpodiieMa uMeeT 0colyio
aKTyalbHOCTb. B Takmx  ycloBWSIX  TypHCTCKas
MIPUBJICKATEIIFHOCTh TEPPUTOPHH 3aBHCHUT HE TOJIBKO OT
KOJINYeCTBA M YHHUKAJBHOCTH OOBEKTOB, HO W OT TOTO,
HACKOJIBKO OHHM OPTaHU3alMOHHO CBSI3aHBI MEXTY COOOH,
obecrieueHsl  TPAHCHOPTHOW JIOCTYITHOCTBIO, CEpBUCHOI
HHPACTPYKTYpOi ¥  BO3MOXKHOCTBIO — IIPAKTHYECKOTO
nocemenysd. [loaToMy TeMmaTH4ecKHMH MapIipyT Clemyer
paccMaTpuBaTh HE TOJBKO KaK CXeMy IIepeMeIleHHUs
TYpUCTOB, HO W KaK OSKOHOMHKO-CEPBHCHBIH MEXaHU3M,
BIMSIOMMI  Ha  (OPMHUpPOBAHWE  JIONOJIHHUTEIHHOTO
TYPHUCTCKOTO TIOTOKA M POCT 00BEMA OKa3bIBAEMBIX YCIIYT.

HecmoTpss Ha Hanu4me 3HAYUTENBHOIO KOJMYECTBA
HCCJICIOBAHMIHA, MOCBSIIEHHBIX TYpUCTCKOU
MapIIpyTU3aLH, KYJIBTYPHBIM MapLIpyTam, TPaHCIIOPTHOI
JIOCTYIHOCTH ¥ OLEHKE TYPHUCTCKOH HpPHUBIEKATEITLHOCTH
00BEKTOB, BOIPOC 9KOHOMHYECKOTO BIIMSTHHS
TEMaTHYECKUX MapIIPyTOB Ha PETrHOHANBHBIN PBIHOK
TYPHUCTCKHX YCIYT OCTA&TCsl HEIOCTaTOYHO PACKPHITHIM. Bo
MHOTHX pabOTax OCHOBHOE BHUMaHHE yIeiseTcss BEIOOpY
00BEKTOB, IOCTPOCHUIO MapIIpyTa WIM OLEHKE €ero
ynoOctBa mis Typucra. Ilpp 3TOM SKOHOMHYECKHI
pe3ynbTaT MapIIpyTH3aliM, BBIPAKAIOMINICI B pocTe
TYpPUCTCKOTO IIOTOKA, YBEJIMYCHUH IPOJODKUTEIBHOCTH
MpeObIBaHKs TYPHUCTOB M PACIIMPEHHHU CIIPOCca HA YCIyTH
peruoHa, 4acTo paccMaTpHUBaeTcsl parMeHTapHO.

B 3T0ii cBA3M BO3HHMKAaeT HEOOXOAMMOCTH PazpaboTKu
MOJX0/a, TO3BOJLIIOIIETO  OIIEHMBATh  TEMaTHYECKUit
TYpPUCTCKHH  MapumpyT Kak HMHCTPYMEHT  pa3BHUTHS
pETHOHANBHON 3KOHOMHUKM ycIyr. Takoil moaxon JOKeH
YUHUTHIBaTh 0a30BbIH TYPUCTCKMH IIOTOK, BO3MOXKHBIN
CIICHapHBIH MPUPOCT 3a CYET BHEAPEHUS TEeMaTHYECKOH
MapLIpyTU3alMy, CpefHUH O00bEM pacxoloB  OIHOTO
TYPHCTA U IONOJIHUTEIbHBIH 00bEM TYPUCTCKHUX YCIyT. DTO
MO3BOJISIET ONPEJEIUTh HE TOJIBKO OpPraHM3aLMOHHYIO
LIeTIeCO00Pa3HOCTh MapIpyTa, HO U €ro 3KOHOMHYECKYIO
oTJady JUIsl pETHOHA.

Lenpto HacTosLEN CTaTbU SIBISIETCSl SKOHOMMYECKAs
OLIEHKA BIIUSHUSA TEMAaTHYECKUX TYPUCTCKUX MapIIPYTOB Ha
pa3sBUTHE PETMOHAIBHOIO PbIHKA TYpPUCTCKUX YCIyr. Jlmst
JIOCTHXKEHHSI JTaHHOM WEIH B CTaThe pPAcCMaTpUBACTCS
TeMaTHYEeCKUI MapIIpyT KaK KOMIUIEKCHBIH TYPUCTCKUH
MPOIYKT, (OPMHUPYIOIIMIA TOMOJHUTENIBHBIA CIPOC HA
TPAHCIIOPTHBIE, TOCTUHUYHBIE, peCTOpaHHbIE,
9KCKYPCHOHHBIE U COIYTCTBYIOILHE CEPBUCHBIE YCITyTH.

Hayunass 3HauMMOCTb HCCIIEOBAHUS 3aKIIOYAaeTCS B
000CHOBaHMU TEMaTHYECKOIO TYPUCTCKOI'O MapLIpyTa Kak
9KOHOMHKO-CEPBHCHOTO MHCTPYMEHTA Pa3BUTUS PETHOHA.
[IpakTudeckas 3HAaUUMOCTb COCTOMT B BO3MOXKHOCTH
HCTIONB30BAHUS  MPEUIOKEHHOIO  IMOJAXOJa  OpraHaMu
yOpaBlI€HHUsS TYPU3MOM, TYPHUCTCKUMH KOMIIAHHSIMH,
TPAHCIIOPTHBIMU OpraHu3alusIMy, TOCTUHUYHBIMU
NPEANpUSTUAMUA U CEPBUCHBIMH  CTPYKTYpaMH IIpH
MIPOTHO3UPOBAHUM  3KOHOMHUYECKOIO  pe3ysipTara  OT
Pa3BUTHS TEMATUUECKON MapIIPyTHU3ALUHL.

O030p IMTEpaTyPHBIX HCTOYHHKOB

IIpoGnema  OIEHKHM  3KOHOMHYECKOTO  BIIHSHHA
TEMAaTHYECKUX TYpUCTCKMX MapIIpyTOB Ha pa3BUTHE
PETHOHANBHOTO PBIHKA TYPHCTCKHUX YCIyT HaXOJWTCS Ha

MepeceueHN:  HECKONIBKHX  HAay4YHBIX  HAlpaBJICHMIA:
SKOHOMHKHM  TypH3Ma,  PErHMOHAIbHOTO  pa3BUTH,
(GbOpMHpOBaHUA  TYPUCTCKOrO  NPOIYKTa, CEPBHCHOTO
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MEHEPKMEHTA, KyJBTYPHBIX
HPOTHO3UPOBAHUS TYPHCTCKOr'O IMOTOKA.
HopmaTtuBHO-IpaBOBYIO OCHOBY HCCIIeIOBAHUS
COCTAaBIAIOT  JOKyMeHThl PecmyOnmuku — Y30ekucras,
HANpaBJCHHBIE Ha pa3BUTHE TYpU3Ma, BHYTPEHHErO W
NAaJOMHHMYECKOTO TypH3Ma, a TakKe COXpaHeHHEe |
UCHOJIb30BaHNE 00BEKTOB KYJIBTypHOTO u
apXeoNIOTHYECKOro  Hacienus.  3akoH  PecryOmuku
V30exucran «O TypusMe» OHpeIesieT NPaBOBble OCHOBBI
OpraHM3alli¥l TYPHUCTCKOW JESITENIFHOCTH W  Pa3BUTHUA
TypucTckux yciuyr [1]. 3akoHsl 00 oxpaHe 0OBEKTOB
KyJIBTYPHOTO U apXEOJIOTMYECKOr0 Haclelus CO3/aroT
HpaBoBYI0 0a3y i1 BKIIOUEHHs OOBEKTOB HaclIeIus B
Typuctckuii 06opot [2, 3]. Yka3 IIpesunenra PecmyOmuku
V36ekncran ot 09.02.2021 Ne VII-6165 momuépkuBaer
HEoOXOJMMOCTh JANIbHEHIEr0 pa3BUTUS BHYTPEHHETO U
MTAJIOMHMYECKOTO TypH3Ma, YTO MMEET INpsIMOe 3HauCHUEe
it (GOPMHUPOBAHMS TEMAaTHYECKMX MapUIpyTOB Kak
HMHCTPYMEHTA PErHOHATBHOTO TYPUCTCKOTO pa3BHUTHA [4].

B wMexayHapomHON HaydHOH nWTepaType TypU3M
paccMarpuBaeTcsi Kak OAMH M3 (AKTOPOB pa3BUTHSA
pETHOHAIBEHOM SKOHOMHKH | cdepbl ycayr. B paborax D.
Buhalis TypucTckas ngecTMHanms —IpeJCTaBIeHa  Kak
KOMIUIEKCHAs CHCTEMA, BKITIOYAOIIAs TYPUCTCKUE PECYPCHI,
UHPPACTPYKTYpY, CEPBUC, YIIPaBICHHE U NPOIBIKEHHUE [S].
JR.B. Ritchie n G.I Crouch mnoxuépkuBaroTr, 4YTO
KOHKYPEHTOCHOCOOHOCTh TYPUCTCKON TEpPUTOPUH
(opMHpyeTcst He TOJIBKO 3a CUET HAINYKSA PECYpPCOB, HO 1 32
cuéT CIOCOOHOCTH PEruoHa NpeBpallaTh 3TH PECYPCHI B
LEJIOCTHBII TypucTckuil mpoaykT [6]. [JanHbeli moaxon
BOXEH JUII HACTOSILIEr0 HCCIEIOBAaHMS, IOCKOJIBKY
TEeMaTHYECKMH MapIIpyT pacCMaTpuBaeTcss He Kak
OT/ENIbHAsA PKCKYPCHOHHAs CXeMa, a KaKk 3KOHOMHYECKH
3HAYUMBIH TPOJYKT PErHOHAIBHOIO PhIHKA TYPHCTCKHX
YCIIyT.

CyliecTBEHHOE 3HAUCHHE HWMEIOT  HCCIICAOBaHUS,
HOCBAIIEHHBIC KYIBTYPHBIM U TEMAaTHUYECKUM MapIIpyTaM.
B marepuanax Council of Europe xynbTypHBIII MapmpyT
paccMarpuBaeTcss Kak CHCTeMa, O0bEAMHSIONas OObEKThI
Hacleus,  TEPPUTOPUIO,  YYACTHUKOB,  CEPBHUCHYIO
UHQPACTPYKTYpy M MeXaHu3Mbl npojaswxenus [7, 8]. B
poxnage UN Tourism “Cultural Routes and Itineraries”
KyJIBTYPHbIE MapUIpyThl paccMaTpuBaroTCs KaK
HUHCTPYMEHT TEPPUTOPHAIBLHOIO PA3BUTHS, IOBBILICHUS
TYPUCTCKOH NPHBIEKATEILHOCTH U BOBJICYEHHS MECTHBIX
cOOOILECTB B SKOHOMHKY Typu3ma [9]. Dto mno3Bosser
000CHOBAaTh, YTO TEMAaTH4YECKHE MAapLIPYThl MOTYT
BBICTYIIATh HE TOJBKO CpPEICTBOM II0Ka3a TYPUCTCKUX
O0BEKTOB, HO M MEXaHM3MOM YBEJIMYEHMS CIpoca Ha
TPAHCIIOPTHBIE, TOCTHHHYHBIE, pecTopaHHbIE,
9KCKYPCHOHHBIE M COITYTCTBYIOIIHE YCIYTH.

B pa6orax M.V. Shishmanova kynsTypHbIle MapIIPyTh
AQHAIU3HMPYIOTCS KaK 3JIEMEHTbl PErHOHAJIBHOTO pPa3BUTHA,
crocoOHble  OOBEAMHATH  KYJIBTYPHBIE  KOPHIOPBI,
TEPPUTOPHHU U JIOKAJIBHBIC TYPUCTCKHE PECYPChI B €IUHYIO
cetb [10]. S. Bozi¢, J. Kennell, M. Vuji¢i¢ u T. Jovanovié
NpeJylaraloT  pacCMaTpHUBaTh KyJIBTYPHBIH MaplupyT ¢
TO3ULIMH MOTUBALIMK TYPUCTOB M OLIEHKH €T0 LIEJIOCTHOCTH
kak Typuctckoro mpoxykra [11]. O.E. AdanaceeB u A.B.

MapIIpyTOB u

AdanacbeBa  HCCIENYIOT  OpEHIOBBIE  TYPUCTCKHE
MapuipyThl, HMX IPU3HAKH, THIOJIOTHIO M MHpPOBBIC
NpakTUKH  mpuMeHeHus [12]. DOt wuccrnemoBaHust

MOATBEPXKAAIOT, YTO TEMATHYECKHH MapIIpyT CIOCOGEH
(bopMupoBaTh He TOJIBKO TYPHCTCKYIO MPHBIEKATENBHOCTD
TEPPUTOPHH, HO U OJKOHOMHuuUeckuil 3PpdexT 3a cuér
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MOBBIILICHHUS] Y3HABAEMOCTH pErHOHa M  pPACLIMPEHHS
MOTPEOICHUSI TYPUCTCKHX YCIIYT.

OtenpHOE HampapjICHHE HCCICIOBAaHUH CBS3aHO C
(GOpMHPOBaHHEM TYPUCTCKOTO MPOAYKTA W CEPBHCHOI
skoHOMUKH. B paGotax P. Kotler, J. Bowen, J. Makens u S.
Baloglu TypuCTCKHMIi TPOXYKT paccMaTpuBaeTcs Kak
COBOKYITHOCTh YCJIYI M BICYaTICHHH, (OPMHUPYIOLIIHNX
LEeHHOCTh s motpedutens [13]. A. Parasuraman, V.A.
Zeithaml u L.L. Berry npemnoxumu mogens SERVQUAL,
MO3BOJLIIONIYI0  OLICHWBATh  Ka4yecTBO YCIyr  depes
Bocnpustue notpedurens [14]. C. Gronroos paccmarpuBaet
CepBHCHOE  yINpaBIeHWE KaK  OCHOBY  CO3/aHHI
MOTPEOUTEIHCKOM LEHHOCTH u KOHKYPEHTHBIX
nmpeuMymiecTs npemnpustuid cheper yemyr [15]. Ot
MOAXOJbI  MO3BOJSIFOT — PAacCMaTpUBATh — TEMATHYECKHU
MapmpyT Kak KOMIUIGKCHYIO TYPHCTCKYKO  YCIYTY,
BKJIIOYAIOLIYI0  TPAHCIOPT,  pa3MelIeHHe, IMHTaHHe,
9KCKYPCHOHHOE  CONPOBOXKJCHHE,  HWH()OPMALOHHYIO
MO/IACPIKKY ¥ JIOTIOTHUTEIIHBIC CEPBHCHI.

Bompocel  9koHOMHuueckoro  addekra  Typusma
pacKpbIBalOTCS B paboTaX, MOCBSAIMIEHHBIX  BIHSHHIO
TYPUCTCKOTO  TOTOKA HAa PErHMOHANBHOE  pPa3BHTHE.
DKOHOMHUYECKHI pe3yJbTaT TypH3Ma IMpOSBISETCS Yepes3
npsiMble, KOCBEHHbIE M HHAYIHpOBaHHBIE 3(P(EKThI: pocT
JOXOJIOB  TPEANPHATHHA,  yBENMYEHHE  3aHATOCTH,
paciIipeHne crnpoca Ha MECTHBIE YCIYTH, Pa3BUTHE MAJIOTO
Ou3Heca W TOBBILICHHE 3arpy3KH HHGPACTPYKTYpbl. Jliist
TEMaTHYECKHX TYPHCTCKAX MapUIPyTOB 3TO OCOOEHHO
Ba)KHO, MOCKOJIBKY MapIIpyT 00BEIUHSIET HECKOIBKO BUIOB
ycayr ¥ (GopMHpYyeT MyNIbTHILUIMKATHBHBIA 3(dekT B
PpErHOHANBHOM SKOHOMHKE.

3HAuNTENPHOE MECTO B HCCIIEIOBAHHSAX 3aHUMAIOT
BOIIPOCHI TYPUCTCKOTO MIOTOKA M PacXoi0B TypHCTOB. Poct
TYPHUCTCKOTO IIOTOKA caM Mo cebe He Bcerza odecreunBaer
BBICOKMH 3KOHOMMYECKHH pe3yJbTaT, €CIIM TYPUCThI HE
3a/IeP)KUBAIOTCA B PETMOHE M HE MOTPEOJIAIOT MECTHbIE
yenyru.  Ilostomy mpu  ouenke 3¢ ¢eKTHBHOCTH
TEMaTHYECKHX MAaplIpyTOB HEOOXOAMMO YUYHUTHIBATh He
TOJBKO KOJMYECTBO TYPHCTOB, HO M CpEIHHH 0O0BEM
pacxoJoB  OAHOTO  TYPHUCTa,  NPOJOJDKHTEIBHOCTD
npeObIBaHMsI, CTPYKTYpPY HOTPEOJCHHs U BOBJICYEHHOCTH
MECTHBIX CEpBUCHBIX mpeampustuil. Takoil mnoaxon
MO3BOJSIET  HEpPEeWTH  OT  KOJMYECTBEHHOM  OLEHKH
TYPUCTCKMX TIPUOBITHII K OLEHKE peajbHOro BKJIAJA
MapupyTa B perHOHAIBHBIN PHIHOK YCIIYT.

B  oreuecTBeHHOM W peruoHaNBHOW  HAay4HOH
JIUTEpPaType BOIPOCHl PA3BUTHA TYpU3Ma, TYPHCTCKOTO
MOTEHIHMAIA, KyJbTYPHO-IIO3HABATENIbHBIX  MapIIPYyTOB,
TPaHCHOPTHOMN JIOCTYIHOCTH u TYpUCTCKOU
UHQPACTPYKTYpPbl ~ pacCMaTpUBAIOTCS B paborax
uccneoBaresei, 3aHUMAIOLIUXCS npobieMaMu
PErHMOHANBHOIO TypHU3Ma M 3KOHOMMKH yciyr. OnHako B
OOJIBIIMHCTBE HCCIICNOBaHUN JKOHOMHYECKUi 3Addext
TEMaTHYECKON MapLIpyTH3aLHU paccmaTpuBaeTcs
HEJOCTATOYHO CHCTeMHO. Yalue Bcero aHaIu3upyloTcs
TYPUCTCKHE PECYpPChl, IPHBIIEKATEIBHOCTh OOBEKTOB,
TPAHCIIOPTHBIE YCJIOBHS WM OPTraHU3allMOHHBIE BOIPOCHI
MapupyTa. [Ipu 3ToM MexaHu3M pacuéra JOIMOJIHUTEIEHOTO
00béMa TYpHCTCKHUX YCIyr, (opmupyeMoro 3a cuér
BHEPCHUS TEeMaTHYECKOro Mapuipyra, TpeOyer
JadbHEUIIEro yTOUYHEHHUs.

Takum 00pa3oM, aHaNIW3 JUTEPATYPHBIX HCTOYHHKOB
MOKa3bIBaeT, YTO B HAy4HOIl JHTEpaTtype JOCTaTOYHO
MOAPOOHO PacCMOTPEHBI BOIPOCH! TYPUCTCKOTO MPOAYKTA,
KyJbTYPHBIX ~ MapIIPyTOB,  KOHKYPEHTOCIIOCOOHOCTH
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JNECTHUHAIMH, KadecTBa CEPBUCHOTO OOCIY)XHUBaHUS U
o0Iero BIUSHAS TypH3Ma Ha SKOHOMHKY perrHoHa. Bmecte
C TeM HEJOCTAaTOYHO PACKPhIT MOIXOJ K KOJIMYECTBEHHOI
OLICHKE BIIMSTHIS TEMATHIECKHX TYPUCTCKIX MapIIPYTOB Ha
PETHOHAIBHBIA PBIHOK YCIYT 4epe3 MPUPOCT TYyPHCTCKOTO
TIOTOKA, CPEIHUE PACXOIBI TYPUCTOB M JIOTIOJHUTEIIHHBII
00bEM TypuCTCKHX yciyr. VIMEHHO HaHHBIH Hay4HBII
mpoben  ompezensier  HEOOXOAMMOCTH  Pa3pabOTKH
pacuérHOro  moAXoJa K = OKOHOMHMYECKOW  OIeHKe
TEMaTHYEeCKON MapIIpyTH3aLiH PETHOHA.

2. MeTtoauka HccJIeI0BAHNA

MeToa0onorn4eckoil OCHOBOM HCCIENOBAHUS SIBISETCS
9KOHOMHUKO-CEPBUCHBIH  TMOAXOJ K OIEHKE BIMSIHUA
TEeMaTHYECKHX TYPHCTCKMX MapUIpyTOB Ha pa3BUTHE
pErHOHAIBHOTO pBIHKA TYPHCTCKHX yciyr. B pamkax
JIAHHOTO oIX0/1a TeMaTHYeCKHi MapupyT
paccMarpuBaeTcss He TOJBKO KaK II0CIIeIOBATENbHOCTD
TYPUCTCKUX OOBEKTOB, HO ¥ KaK KOMIUICKCHBIN TYpPHUCTCKUH
TIPOXYKT, (OPMHUPYIOIINH JIOTIOJTHUTENBHEIA CIIPOC Ha
TPaHCIIOPTHBIE, TOCTHHHYHBIE, PECTOpaHHEIE,
9KCKYpPCHOHHBIE, HH(OPMAlMOHHbIE U COIYTCTBYIOIIUE
CEPBHCHBIE YCIIYTH.

WNudopmanmonHoit 6a30if McciieOBaHKS BBICTYIAIOT
JAHHBIE O TYPUCTCKOM IIOTOKE PErHoHa, HPOTHO3HBIX
NOKa3aTeNsdX pa3sBUTHA TYpH3Ma, CpeIHeH BeIH4nHE
PacxXoJI0B OTHOTO TYPUCTA, CTPYKTYPE TYPUCTCKHUX YCIIYT, a
TaKKe CIEHapHble IapaMeTpbl IMPUPOCTa TYPHUCTCKOTO
TIOTOKA 3a CUET BHEAPEHHUS TEMaTHUECKON MapIIPyTH3AIHH.
B xauectBe  pacuéTHOM  OCHOBBI  HCIOJIB3YETCS
COIIOCTABJICHUE 0a30BOr0 CLEHApUS Pa3BUTHA TypU3Ma U
cueHapusi ¢ yu€roM (OPMHPOBaHUS TEMAaTHYECKUX

TYPUCTCKUX MapLIPyTOB.

B wuccnenoBaHMM NPUMEHEHBI METOIbI CHCTEMHOTO
aHAJIN3a,  CPaBHUTEIBHOTO  aHAIM3a,  HKOHOMHKO-
CEPBUCHOTO MOJICTIMPOBAHUSA, CLICHApHOTO

NPOTHO3UPOBAaHMST W pacuéra  JONOJHHUTEIBHOrO
sKoHOMu4ecKkoro 3¢dexra. CHUCTEMHBIN aHAIU3 MO3BOJISET
paccMarpuBaTh TEMAaTHYECKHMIl MapIIpyT KakK 3JIEMEHT
peruoHanbHONM SKOHOMUKH yciayr. C paBHUTENbHBIN aHAIN3
UCHOJIB3YETCAd  JUIS  COINOCTaBieHMs ~ 0a30BOro W
MapUIPyTHOTO CLIEHAPUEB PAa3BUTHS TYPHCTCKOIO MOTOKA.
CLeHapHbI MOIXO0[ TMO3BOJIAET OMNPENENIUTh BO3MOKHBII
HOPUPOCT  TYPUCTCKOTO  IIOTOKA NP BHEIPEHUU
TEeMaTHYECKOI MapIIpyTH3aLUH.
Ba3oBblil TypUCTCKHH TMOTOK perdoHa 0OO3HAYAETCS
KaK:
TS,
rae T — Typucrckuii ToTOK B 6a30BOM CliEHApHH B
nepuop ttt, 6e3 AOmoMHUTENBFHOrO 3 peKTa TeMaTHIeCKOH
MapIIpyTU3ALHH.
Typuctckuif HOTOK ¢ y4ETOM pa3BUTHS TEMAaTHUECKUX
MapIIpyTOB onpezensercs 1no Gopmye:
TP =T{(1+k), €y
roe T{™ — TYpHCTCKHI MOTOK C Y4ETOM BHEAPCHHS
TEeMaTHYECKHX MapIIPYTOB;
T2 — 6a30BbIil TypPHCTCKHii OTOK;
K — crieHapHBIH KO3(DPUIMEHT MPUPOCTA TYPUCTCKOTO
MOTOKA 32 CYET TEMAaTUYECKON MApIIPYTU3aLlUu.
AOCONIOTHBIH ~ TPUPOCT  TYPUCTCKOTO  IOTOKa
OIIpENIeTACTCS CIEAYIOIIM 00pa3oM:
AT, =T} —T}, (2)
rae ATy — [ONOTHHUTENBHBI TYPUCTCKUH TMOTOK,
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c(OPMHUPOBAHHBIM 3a CUET BHEAPEHHS TEMaTHYECKHX
MapIIpyTOB.

OOBEM TYPUCTCKHX YCIYyT B PETHOHE PAaCCUUTHIBAETCS
KaK IPOM3BEACHNE TYPUCTCKOTO ITIOTOKA U CPEJHEr0 00bEMa
PacxomoB OHOTO TYypHCTA!

X, =T, P, 3)
rzie X; — 00bEM TYPUCTCKUX yCIIyT;

T, — TypUCTCKU IIOTOK;

P, — cpennumii 06bEM PAaCX0JI0B OJTHOTO TYPHUCTA.

Ba3oBbIif 00BEM TYPHUCTCKUX YCIYT OIPENeIsieTCs IO
bopmye:

?="T¢ P, @

a 00BEM TYPUCTCKHX YCIYT C YYETOM TEMAaTHUECKOH
MapIIpyTH3ALHH:

Xy =Tp P, (5)

JloNOTHUTENBHBI ~ SKOHOMHYECKMH  3(pQekT  oT
BHEJIPEHMS] TEMAaTHUECKUX MapLIPyTOB OMpeneiseTcss Kak
pa3HUIIa MEXIy MapIIpyTHEIM 1 0a30BBIM CIIEHAPHSIMHU:

AX, = X7 - Xx? (6)

Ecnu cpemumii pacxo OTHOTO TYpHCTa IPHHUMAETCS
HEM3MEHHBIM, TO JIOTIOJHUTENBHBIH  3KOHOMHYECKHIt
apdekr MoxeT OBITh BBIpAXEH 4Uepe3 CIIEHapHBII
K03( GUIMEHT IpHpoCcTa:

AX,=X? k @)

IIpemnoxxennas  pacuérHas CXeMa  I03BOJIAET
OIpENeIINTh, KaKMM 00pa3oM TeMaTHYeCKHe TYpPHUCTCKHE
MapIIpyTHl BIUSIOT Ha PErMOHAJBHBIN PBHIHOK TYPHCTCKUX
yernyr.  OkoHomuuecknii addext mposBisercs uepes
YBENMYEHHE  TYPHUCTCKOTO  TIOTOKAa, pocT  o0béMa
MOTPEOIEHNsT YCIYT pa3MEIleHHs, MUTaHU, TPaHCIOpTa,
9KCKYPCHOHHOTO CONPOBOXICHUS, YCIYT THIOB U APYTUX
CepBUCHBIX HampaBieHHH. TakuMm o0pa3oMm, MeToauKa
MO3BOJISIET OIIEHMBATh TEMATUUECKYIO MapLUIPYTH3aLUIO HE
TONBKO KaK OPraHU3allMOHHBIA MHCTPYMEHT Pa3BUTHs
Typu3Ma, HO U Kak (haKTOp pacIIMpEeHUs PerHOHAIBHOM
9KOHOMHKH YCIyT.

3. PesyabtaTnl u O0Cy:KIeHHE

JInst OLEHKH SKOHOMMYECKOIrO BIMSHUS TEMAaTHYECKHX
TYPUCTCKMX MAapIIPYyTOB HA DETrHOHAIBHBIH  PBIHOK
TYPUCTCKHUX YCJIYT HCIIOJIb30BAaH CLEHApHBI moaxon. B
KayecTBe 0a30BOr0 BapHaHTa PAacCMATPUBACTCS PAa3BUTHE
TYpUCTCKOTO TOTOKa 0e3 JomoJHUTENnbHOro 3¢ ¢exra
TeMaTH4YeCKOM  Maplupyruzauud.  Bropoil  BapuaHT
IpeIoiaraeT BHEIPEHHE TEMAaTHYECKUX TYPHUCTCKHX
MapIIpyTOB, MO3BOJIAIONINX YBEIMYUTh TYPUCTCKUH MOTOK,
MPOJIOJDKUTENILHOCTh MPEOBIBAHUSI TYpHCTOB M 00BEM
MOTPEOICHNS PErMOHAIBHBIX YCIIYT.

B  kauecTBe  CLEHapHOrO  mapamerpa  HPHHAT
K03 (GUIMEHT OpPUpPOCTa TYPUCTCKOrO MOTOKA 3a CHET
Pa3BUTHUSI TEMATHYECKUX MApIIPYTOB:

k =0,10.

OTO O03HayaeT, UYTO BHEIPEHHE TEeMaTHUYECKOH
MapLIpyTU3AMHA  MOXET O00EeCHeYUTh JONOJIHHTEIbHbINH
MIPUPOCT TYPUCTCKOTo moToka Ha 10 % Mo cpaBHEHHUIO C
0a30BbIM CLICHAPUEM.

[Ipu 6a30BOM MPOTHO3HOM TYypUCTCKOM moToke K 2030
rouy:

T30 = 2512,6 ThIC. 9eI..

TYPUCTCKMHl ~ NMOTOK ¢  y4€roM  TeMaTH4YecKOH
MapIIpyTU3ALMH COCTABUT:

TR0 = T30 (1+ k) = 2512,6- 1,10
= 2763,9 TIC.uen
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AOCOIOTHBI ~ TPUPOCT  TYPHUCTCKOrO  MOTOKA
OTIPEIEISETCS CIIEAYIONIM 00pa3om:
AT 030 = TiRao — Tiy30 = 2763,9 — 2512,6
= 251,3 TbIC. YyeJL.
CrenoBaTenbHO, Pa3BUTHE TEMATHYECKUX TYPHCTCKUX
MapiIpyTOB ~ MOXET  00ecHedYuTh  JONOJHHUTEIBHOES
TpuBJieYeHHE 0K0JI0 251,3 ThIC. TypHCcTOB K 2030 romy.

Tabanua 1
IIporno3 TypHCTCKOro NOTOKa ¢ Y4éTOM TeMATHYECKOM
mapmpyTuzanuni K 2030 roxy

. |Cuenapmuii c
ba3oBblii
Ilokazarenn . [TemaTnyeckumu ([Ipupocr
cueHapuii
MapupyTaMmu
Typucrckuii
P 2512,6 2763,9 2513
OTOK, THIC. YEIT.
CrLeHapHbIi
Ko puImeHT - 10 % -
pupocTa
3000.0
5 25000
=
3]
# 2000.0
I
g
g 15000
g
&
& 10000
g
25000
0.0
2026 2027 2028 2029 2030
—O—Basoamﬁnpoiz%%s

—— C mapmpyTH3arHeif (+10%0)

Puc. 1. IIpor1o3 TypucTCKOro NOTOKa NpM pa3sBUTHHA
TemMaTH4eckoii Mmapmpyru3zanuu 10 2030 rona

Kax BugHo u3 pucyHka 1, pa3BuTHE TeMaTH4eCKOU
MapupyTusanuu  obecrieuuBaer — Ooiee  BBICOKMIA
HPOTHO3HBIN YPOBEHb TYPUCTCKOIO IIOTOKA IO CPABHEHUIO C
6azoBbiM cueHapueM. [lpu cueHapHoM Koddduimenre
npupocta k=0,10k=0,10k=0,10 typuctckuit norox k 2030
rony yBenuuuBaercs ¢ 2512,6 Toic. gen. 1o 2763,9 Teic. e
OTO INOKa3bIBa€T, YTO TEMATHYECKHE MAapLIPyThl MOTYT
BBICTYIIATh HHCTPYMEHTOM JIOTIOJIHUTEIBHOIO IPUBJICYECHHUS
TYpPUCTOB M IIOBBIIIEHHS YCTOHMYHBOCTH DPErMOHAIBHOIO
TYPHUCTCKOI'O CIIPOCa.

DkoHOoMUUeCKUi A3QPEKT OT pocTa TYPUCTCKOTO TIOTOKA
MPOSIBIIIETCS Yepe3 yBeInueHHE 00bEMa TYPUCTCKUX YCIIYT.
TIpu 6a3oBoM 00bEMe TypucTckux yeuyr k 2030 roay:

X2030 = 39,97 mua gost. CHIA

00bEM TYpPUCTCKUX YCIYyr ¢ Y4€TOM BHEAPEHHUS
TEeMaTHYECKHX MapIIPYTOB COCTABUT:

XMoo = X304 = 39,97 1,10 = 43,97 man goan. CLIA

JlononHUTETBHBIN SKOHOMHYECKHIA addexr
orpeaensiercs mno Gpopmyie:

AX5030 = XMa0 — X030 = 43,97 — 39,97
= 4,00 muH goJun. CIIHA

Taxum o6pa3zom, k 2030 roxy BHeApEeHHE TEMATHUECKHX
TYPUCTCKUX MapuIpyToB MOXET obecreunThb
JOTIOJTHUTENBHBIA TOOBOM JKOHOMHUYecKuit 3ddekr B
pa3mepe okoJo 4,00 mun o, CHIA.
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Taoauna 2
JxoHoMHUYecKkHuii 3P PeKT 0T BHeIPeHHsI TeMATHYECKUX
TypHCcTcKHX MapuipyToB K 2030 roay

Cuenapmii
c
ba3oBblii [TemaTuue |[{0n0JHUTEILHBIH
Iloxa3zarenn .
CLiEHAPHH |CKUMH hpdekT
MapumpyT
aMu
O0BEM
FyprETCImX 39,97 | 43,97 4,00
ycayr, MITH
o, CHIA
[Ipupoct
00BEMa . 10 % o
TYypPUCTCKHX
ycayr

50.00
45.00

40.00
35.00
30.00

25.00
20.00
15.00
10.00

5.00

0.00

2026 2027 2028 2029 2030
=4 Ba30BLIH IPOTHO3

—— C MapmpyTH3aIHeH

Puc. 2. IIporuo3 s3xoHoMu4YecKoro 3gexra pazBUTHA
TeMaTH4eCKHX TYpUCTCKHX MapmpyToB 10 2030 roaa

Pucynok 2 mokasplBaeT = MPOTHO3HBIA  pocCT
9KOHOMHUYECKOro 3(pdexTa 0T pa3BUTHUS TEMAaTHYECKHUX
TYPUCTCKHUX MapuIPyTOB. Y BEIMYEHHE TYPUCTCKOTO TIOTOKA
NPUBOJUT K PACIIMPEHHI0 00BEMA TYPUCTCKUX YCIYT,
BKJIIOYas TPAHCHOPTHOE OOCIYy)XKMBAaHHE, pa3MELICHHE,
IIUTaHKE, SKCKYPCHOHHOE COIPOBOKICHHE, YCIYTH THIIOB U
JIpyTrue 3JIEMEHThl pEerMOHAIBHOro phlHKa cepsuca. K 2030
rofly JOHONHHUTEIbHBIA TOJ0BOH IKOHOMUYECKHH 3(derT
MoxeT coctaButh okojgo 4,00 mua pomn CIIA, a
COBOKYITHBI1 JIONIOJIHUTEIIbHBIA 00BEM TYPUCTCKUX YCIIYT 32
20262030 roast — okoio 17,45 mun moswt. CIIIA.

IMosmy4eHnble  pe3ynbTaThl  I[OKa3bIBAIoT, 4TO
TEeMaTHyYecKas MapLIPyTH3alMs OKa3blBAacT BIMSHHE He
TOJBKO HAa KOJMYECTBO TYPUCTOB, HO M Ha CTPYKTYpY

PErHOHAIBHOTO noTpedIIeHusL. JlomoaHUTENBHBIH
TYPUCTCKHII TIOTOK (HOPMHpPYET CHPOC Ha TPAHCIOPTHbIE
yCIyrd,  pa3MelleHHe, [HMTaHHE,  SKCKYPCHOHHOE

oOcnyXuBaHWe,  YCIyrd  THAOB,  HH()OPMALHOHHOE
COIIPOBOK/CHNUE, CYBEHHPHYIO NPOIYKIUIO U Jpyrue
3JIEMEHThI PETHOHATIBHOTO PhIHKA YCIYT.

DkoHOMHUYECKHH IPPEKT TeMaTHIeCKHX MapIIpyTOB
“MeeT KOMILJIEKCHBIH XapakxTep. Bo-nepBbix,
YBEIMYMBAETCA YHCIO TYpPHCTOB, MOCEINAIONIUX PETHOH.
Bo-BTOpBIX,  BO3pacTaer  MPOJOIDKUTENBHOCTh  HX
mpeObiBaHKUsT 32 CYET MHOTOJHEBHOW  OpraHU3alluf
MapiipyTa. B-TpeTsux, pacimmpsiercs moTpeOneHue yciyr,
TaK Kak MapIIpyT CBSA3BIBAET TYPHUCTCKUE OOBEKTHI C
TPaHCIIOPTHOM, TOCTUHUYHOM, pecTopaHHOM u
9KCKYPCUOHHOU UH(PaCTPyKTypOL. B-ueTBEpTHIX,
CO3JAl0TCA  JOMOMHUTENbHBIE  BO3MOXKHOCTH  JUIS
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BOBJICUCHHS MECTHBIX CEPBHCHBIX MpPEANPHATHA B
TYPHCTCKHIT 000POT.

Ecnn yuanteiBaTh coBoKymnHBIH et 3a nepuox 2026—
2030 roz1oB, TO TOTIONHUTENBHBIN 00BEM TYPUCTCKHX YCITyT
MOXET COCTABUTh OKOJIO:

Y AX5026-2030=17,45 muta momn. CHIA.

JlaHHBIA pe3ynbrarT IIOKa3bIBACT, UYTO TEMAaTHYECKUE
TYPUCTCKHE MapIIPyThl MOTYT pPacCMaTpHBAThCS —Kak
HHCTPYMEHT HE TOJBKO  TOBBIMICHHS  TYPHUCTCKOW
MPUBJICKATEIbHOCTH ~ PErHOHa, HO M PACLIMPEHHS
peruoHaNbHON 3KOHOMHUKH yciiyr. X BHEJPEHHE TO3BOJISIET
MepeiTn OT (parMeHTapHOTO TIOCELICHHSI OTACIBHBIX
00BEKTOB K (DOPMUPOBAHHIO YCTOHYHMBOTO TYPHCTCKOTO
MPOJYKTa, CO3JAIOIIECrO JOMOJHHUTEIBHYK CTOMMOCTh B
CMEXXHBIX CEKTOpPaX 3KOHOMHUKH.

Taxkum obpazom, pacuérHble pe3ynbTaThl
MOATBEPXKIAIOT, YTO TeMaTHYecKas MapIupyTH3aLs
CIOCOOCTBYET POCTY TYPHUCTCKOTO MOTOKA, YBEIHUYCHUIO
o0béMa  TypUCTCKHX  ycIyr W (OpMHPOBaHHIO
JIOTIOJTHUTENILHOTO ~ ASKOHOMHYeckoro  3ddekra.  IOT0
MO3BOJIIET PACCMATPUBATh TEMAaTHYECKHE MapIIpyThl Kak
OJIMH H3 OPraHU3aI[OHHO-3KOHOMHUYECKHX MEXaHH3MOB
pa3BUTHS  PETHOHAIBHOIO  TypH3Ma W CEPBHCHOU
SKOHOMUKH.

4. 3akja04YeHue

B cratke paccMOTpEeHO OSKOHOMHYECKOE BIIUSIHUE
TEMaTHYEeCKMX TYPHCTCKUX MapIIpyTOB Ha pPa3BUTHE
PETHOHAIIBHOTO PBIHKA TYpPUCTCKUX yciyr. OOOCHOBaHO,
YTO TEMaTHYECKHH MapUIpyT JOJDKEH PacCMaTpUBAThCS HE
TOJIBKO KaK CXeMa IOCEIeHUs TYPUCTCKUX OOBEKTOB, HO U
KaK KOMIUIEKCHBIH TYPHCTCKHH TPOIYKT, CIIOCOOHBII
(opMHpOBaTh JONMOJHMUTENBHBIH CIPOC Ha TPAHCHOPT,
pa3MelleHHe, MUTaHue, YKCKYPCHOHHOE COINPOBOXKICHUE,
YCIIyr'd THIOB, MH)OPMALMOHHYIO NMOANEPXKKY W Jpyrue
3JIEMEHTBI PErHOHANIBHOI CEPBUCHONH SKOHOMUKH.

IIpennoxeHHplif pacu€THBIE MOIXOX OCHOBaH Ha
COIIOCTaBJICHUH 0a30BOr0 CLEHAPHUS Pa3BUTHS TYPUCTCKOTO
HOTOKA M CLEHapus ¢ Y4&TOM BHEIPECHHSA TEMaTHYeCKOMH
MapupyTu3alud. B KadecTBE OCHOBHBIX pPacYETHBIX
MoKazaTesiell MCIOIb30BaHbl 0a30BbIN TYPUCTCKHUN IOTOK,
CIIeHapHBIH KO3(D(PULMEHT MPUPOCTa, TYPUCTCKHUN TOTOK C
y4€TOM TEMaTHYeCKHX MAapIIPyTOB, O0BEM TYPHCTCKUX
YCIIYT U JOTOJHUTENbHbIH SKoHOMUYeckui 3¢ dekTt. Takoit
MOAXOJl IO3BOJET KOJMYECTBEHHO OLICHMBATh BKJIAJ
TEeMaTHYECKHX MAapIIPYTOB B Pa3BUTHE DPErMOHAIBHOIO
PBIHKA YCIIYT.

PacuérHble pe3ynbTarbl  IOKa3bIBAlOT, YTO IIPU
CIIEHApHOM IPHPOCTE TypHUCTCKOro notoka Ha 10 % x 2030
TOoNy JOIOJHUTENbHBIM TYPHUCTCKHHA IOTOK  MOXET
cocraButh 0KkoJio 251,3 Thic. yenoBek. Ilpu 3ToM 00BEM
TYPUCTCKUX YCIIYT MOXET YBEJIUUUThCs ¢ 39,97 MIIH [0
CIIA no 43,97 min pomn CIIA, a [ONOJHUTEIbHBIN
roJI0BOi sKoHOMUUecKuit 3 pekT coctaBut okoo 4,00 MitH
nomwn. CIHA. CoBOKynHBIA —JOMOJHUTENBHBIH 00BEM
TypucTcKux ycuyr 3a mepuon 2026-2030 romoB MOxeT
nocTurHyTh 17,45 muin mosut. CILIA.

HayuHast 3HauMMOCTb HCCIEIOBAHMS 3aKJIIOYacTCs B
TOM, 4YTO  TEMaTHYEeCKUH  TYpPUCTCKMM  MapHipyT
paccMaTpuBaeTcsi Kak SKOHOMHKO-CEPBHCHBIH HHCTPYMEHT
pa3BUTHS PErMoHa, a HE TONbKO KaK OpraHU3allMOHHAS
(dopma nocerienuss 00beKkToB. [IpakTHUeckas 3HaYUMOCTh
COCTOMT B BO3MOXKHOCTH IPUMEHEHUS IPEIJIOKSHHOTO
MOAXO0Jla OpraHaMH YNPaBJICHUS TYPU3MOM, TYPHCTCKHMHU
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KOMITaHUSIMH, TPaHCIIOPTHBEIMU OpraHU3aLIsIMH,
TOCTUHWYHBIMH ~ TIPEAUPHATHSIMH M CEPBHCHBIMHU
CTPYKTYpaMu IIpU INPOrHO3UPOBAHUM SKOHOMHUYECKOIO
pe3yJibrara OT BHEIPEHUs TEMAaTHYECKUX MapILIPYTOB.

TaxuM 00pa3oM, pa3BUTHE TEMATHYECKHX TYypPUCTCKHX
MapIIpyTOB CIIOCOOCTBYET POCTYy TYPHUCTCKOTO IIOTOKA,
YBENMUYEHHIO 00bEMa TYPHCTCKUX YCIIYT, ITOBBIIICHHUIO
3arpy3Kd perrMoHabHOW MHPPACTPYKTYPHl M PaCIINPEHUIO
OSKOHOMHYECKOW  aKTHBHOCTH B  cdepe  cepBuca.
[lonyuyennsie pe3ynbTaThl NOATBEPXKIAIOT, 4yTO
TeMaTH4yecKass MapILIpyTU3alys MOXET BBICTYIATb OJHUM
n3  S0QEKTUBHBIX  OPraHU3AIMOHHO-3KOHOMHYECKUX
MEXaHU3MOB  Pa3BUTHA PErHOHAIBHOIO TypuU3Ma U
MOBBIMIEHUST ~ KOHKYPEHTOCIOCOOHOCTH  TYPHCTCKOTO
NIPOAYKTa PeruoHa.
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An organizational and economic methodology for developing regional
thematic tourist routes

D.Y. Tajibaevi®?
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article develops an organizational and economic methodology for forming regional thematic tourist

routes as complex tourist products. The relevance of the study is determined by the need to transform
individual tourist attractions into service-oriented routes that combine transport accessibility,
accommodation, catering, excursion services, risk assessment, information support and economic results.
The proposed methodology is based on a staged approach that covers the entire process of route
formation: defining the concept of the route, collecting regional data, classifying tourist objects, forming
evaluation criteria and risk factors, selecting transport scenarios, developing basic and extended route
formats, organizing the route by days, linking it with accommodation and service points, and assessing
its practical and economic efficiency.
The scientific novelty of the study lies in the integration of organizational, service, transport-logistic and
economic components into a single methodological framework. Unlike traditional approaches that
consider a route mainly as a sequence of tourist objects, the proposed methodology treats it as an adaptive
regional tourist product. This makes it possible to form both compact and extended route formats
depending on available time, infrastructure conditions, service capacity and risk level. The methodology
can be used by tourism authorities, travel companies, transport organizations and service providers for
developing competitive thematic tourist routes and increasing the economic efficiency of regional
tourism.

Keywords: thematic tourist route, regional tourism, tourist product, organizational and economic methodology,
service infrastructure, transport accessibility, route planning, tourism services, economic efficiency,
tourism development

OpraHu3anMoOHHO-IKOHOMHYECKAsA MeTOAUKA ()OPMUPOBAHNUS TEMATHYECKOT0
TYPUCTCKOI0 MapLIPyTa peruoHa

Taxu6aes JI.E.102

TamkenTckuil rocynapcTBEeHHbI TPaHCIIOPTHEIA yHHBEpcUTeT, TamkeHT, Y36eKkucTan

AHHOTaINUA: B crarbe pa3paboraHa OpraHM3alMOHHO-3KOHOMHYECKas METOAMKa (hOPMUPOBAHMS TEMATHYECKOTO
TYPUCTCKOTO MapIIpyTa perdoHa KaK KOMIUIEKCHOTO TYPHCTCKOTO HPOAYKTA. AKTYalbHOCTb
HCCIIE/IOBAHMS  ONPEENsieTcss HEOOXOAMMOCTBIO IepexoJa OT (parMeHTapHOIo HCIHOJIb30BAHU
OTZENBHBIX TYPUCTCKHX OOBEKTOB K MX CHCTEMHOW OPraHH3allMi B BHAE MapuIpyTa, 00eCIeueHHOro
TPaHCIIOPTHOM  JIOCTYIHOCTBIO,  CEpPBUCHOW  HMH(PaCTPyKTypoil,  MecraMH  pa3MelieHUs,
NH(OPMALMOHHBIM COINPOBOXKICHHEM, OLIEHKOH PUCKOB U IIPOrHO30M 3KOHOMHYECKOI'O Pe3yJIbTara.
[IpeioxkeHHass METOJMKa OCHOBaHa Ha IIOJTAIIHOM IOAXOJE, OXBATBIBAIOIIEM BECh IPOLECC
(bopMHUpOBaHU MapIIpPyTa: ONpeeeHne KOHLEIINY TEMAaTHYECKOTr0 MapIIpyTa, cOOp U MOArOTOBKY
HCXOJHBIX JAHHBIX PErHOHA, IPYIITUPOBKY TYPUCTCKUX 00bEKTOB, POPMUPOBAHUE CUCTEMBI KPUTEPHEB
U PHCKOB, BHIOOP PAlMOHAIBHOIO TPAHCHOPTHOIO CLEHApHs, Pa3paboTKy 0a30BOrO M PacHIMPEHHOTO
(GbopMaToOB MaplpyTa, MHOTOJHEBHYIO OPraHM3allMIO, NPUBS3KY K MECTaM HOYEBKM M CEPBHUCHBIM
TOYKAM, HPOBEPKY MPAKTHYECKOW pEealu3yeMOCTH, IIPOTHO3 TYPUCTCKOIO IIOTOKAa M OLEHKY
SKOHOMUYEcKoit 3¢ dekTuBHOCTH. Takas CTpyKTypa HO3BOJISET pacCMaTPUBATh TEMATHUECKUH MapIIPyT
HE TOJIBKO KaK I0CJIEA0BaTeIbHOCTh OOBEKTOB IOCELIECHHMs, a KaK aJallTUBHYIO TYPUCTCKYIO YCIYTY,
CBSI3aHHYIO C PETHOHAIBHBIM PHIHKOM CEpPBHCA.

HayuyHas HOBHM3HA HCCIICIOBaHMS 3aKJIOYAeTCs B MHTErpalliyl OpraHM3alMOHHBIX, YKOHOMHYECKHX,
CEPBUCHBIX W TPAHCHOPTHO-JIOTHCTUYECKHX OJIEMEHTOB B EIUHYI0 METOJMYECKYI0 CXEeMYy
(GbOopMHpOBaHUS TEMaTHYECKOro Mapuipyra. IIpakTHueckas 3HAUMMOCTH METOJMKH COCTOMT B
BO3MOXKHOCTH €€ TNPUMEHEHHs OpraHaMH YNpPaBJICHHS TYPU3MOM, TYPUCTCKUMU KOMIAHHSMH,
TPaHCIIOPTHBIMH OPraHU3alUsIMH, TOCTHHHYHBIMUA M CEPBHCHBIMH NPEANPHATHSIMHU NPH pa3paboTke
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KOHKYPEHTOCIIOCOOHBIX PETHOHAIBHBIX TYPHUCTCKHX IPOXYKTOB. VICTONB30BaHME IPEIIOKEHHOTO
MOJXO0Ja TIO3BOJISIET (POPMHPOBATH KOMIAKTHBIM WM PACHIMPEHHBI MapmipyT, HPOBEpSTH €ro
peann3yeMoCTb, COTJIACOBBIBATH €T0 ¢ MH(PACTPYKTYPOH pa3MENmICHUs M OOCITy)XMBAaHHS, a TaKkKe
OIIEHUBATh OKUIAEMBIH SKOHOMHYECKHH 3 (EKT 0T pa3BUTHI TEMATHUECKOH MapIIpy TH3aIUH.

KmroueBrie crioBa:
9KOHOMHYECKAss METOJIHKa,

TEeMaTHYECKHH TyPUCTCKUH MapUIpyT, PETHOHAIBHBIA TypH3M, TYPUCTCKUH MIPOTYKT, OPraHU3aIlHOHHO-
TypUCTCKas ycCiyra,

CepBHUCHas HH(PACTPYKTypa, TPAHCIIOPTHAsS

JOCTYIIHOCTb, MapuipyTusalnusi, SKOHOMUYECCKas 3(1)(1)CKTI/IBHOCTB, TypI/ICTCKI/Iﬁ II0TOK, pCI‘I/IOHaJ'ILHHﬁ

PBIHOK yCIyT

1. BBeaenue

B cOBpeMEHHBIX YCIIOBHSX pPa3sBUTHE PETHOHAIBHOTO
TypuzMa BCE B OOJIbILIEH CTENEHU 3aBUCHUT HE TOJIBKO OT
HaJIW4Usl TYPUCTCKUX OOBEKTOB, HO M OT CIIOCOOHOCTH
TeppUTOpUX (HOPMUPOBATH U3 HUX IEJIOCTHBIH, JOCTYIHBIH
W SKOHOMHYECKH PE3YNBTaTHBHBIN TypHCTCKHI MPOMYKT.
OtnenpHble  OOBEKTBI  KyJBTYPHOTO, HCTOPHYECKOTO,
apXEe0JIOTUYECKOrO, 5KOJIOTUYECKOTO WK
STHOrpa(UuecKoro 3HaueHMs caMu 10 cebe He Bceraa
00eCreunBaoT yCTOWYMBBIH TYPHCTCKMH MOTOK. Mx
MpakTH4ecKas LEHHOCTh BO3PACTAET TOrJAa, KOrJa OHH
00BEIMHAIOTCSA B TEMATHYECKUH MapIIpyT, 0OecIIedeHHbIH

TPAHCIIOPTHOM JIOCTYTIHOCTBIO, CEpPBHCHOM
UHQPACTPYKTYpOH, MecTaMH pa3MEICHUs, IHTaHHEM,
9KCKYPCHOHHBIM ~ COIIPOBOXJEHHEM, HH(OpMaMOHHON

MO/IAEPKKON M MEXaHU3MOM TIPOIBHKCHHS.

Jnsi pernoHoB € TPOCTPAHCTBEHHO Pa300MIEHHBIMH
TYPUCTCKUMHM 00bEKTaMH JaHHas npobiieMa nMeeT ocodyro
aKTyaJbHOCTb. B Takux YCIOBHMSAX HPOCTOE BKIIOUCHHE
00OBEKTOB B MapIIPYT He TapaHTHPYeT ero MpaKTHIecKOi
peanuzyeMocTH. HeoOXomuMO yYHTHIBATB PACCTOSHHS
MEXKILY o0ObeKTaMHy, COCTOSTHUE TPaHCTIIOPTHOM
UHQPACTPYKTYPbI, BPeMsl JBHKEHHUS, MPOAOIKHUTEIBLHOCTD
MOCEIICHMs, HAJINYHE MECT HOUYEBKH, CEPBHCHBIC TOUKH,
CE30HHOCTb, PUCK-(haKTOPBI X 0’KUIACMBbII 3KOHOMHUYECKUH
pesyabrar. [1o3ToMy TeMaTHYeCKHi TYpUCTCKUH MapupyT
LeJIecoo0pa3sHo  paccMarpuBaTh HE KaK  JIMHEHHYIO
MOCIIEJOBATEIbHOCT ~ IIYHKTOB  MOCEIIEHHS, a  Kak
KOMIUIEKCHYIO TYPHCTCKYIO yciyry, (opmupyemyio Ha
OCHOBE OPraHU3aIMOHHO-3KOHOMUYECKOr0 MOAX0/a.

AHaJIM3 CYIIECTBYIOIMX MOJXO/0B MOKa3bIBaeT, YTO B
HAyyHOH W  NPaKTHUYECKOM  JUTeparype  BOIPOCHI
(dbopmupoBanus TYPUCTCKHX MapuIpyTOB 4acTo
paccMarpuBarorcs h)parMeHTapHo. B oJHUX Hccie10BaHAX
OCHOBHOE BHHMaHHE ynensercs TYPUCTCKOU
IPHUBJIEKATEILHOCTH OOBEKTOB, B JPYI'HX — TPAHCHOPTHOMH
JIOCTYITHOCTH, B TPETBHX — CEPBHCHOMY OOECHEYCHHIO, B
4eTBEPTHIX — IKOHOMHYECKOHU ) hekTrBHOCTH. OIHAKO ISt
[PaKTHYECKOro (hopMupoBaHUs PErHoHAIBHOTO
TYPUCTCKOIO TPOAYKTa Tpedyercs eauHas MeTOJMKa,
oObenuMHAIOIAs ~ BCE  YKa3aHHblE  JJEMEHTH B
[OCIEOBATENbHBI  MEXaHU3M:  OT  ONpEAeNeHUS]
KOHLENIIIMKM Mapuipyta ¥ cOopa HCXOJHBIX JAaHHBIX IO
BbIOOpa (hopmaTa mapuipyTa, €ro MpPHUBS3KH K CEPBUCHOI
UHPPACTPYKTYpPE, IPOrHO3a TYPUCTCKOrO NOTOKA M OLIEHKU
IKOHOMHYECKOro d(dexra.

Oco0yl0 3HAYMMOCTH TakKas METOJIUKa HMeeT IS

PETHOHOB, obnanaronmx BBICOKUM TYyPHCTCKUM
MOTEHI[AIIOM, HO CTaJKHBAIOIIUXCS C OrPaHUYCHUSAMHU
UHQPACTPYKTYPHOTO,  TPAHCIOPTHOTO M CEPBHCHOTO

xapakrepa. B mo00HBIX yCIOBHUAX MApIIPYT AODKEH OBITH
HE TONBKO CONEPKATENBHO HACHIIICHHBIM, HO U
OpraHMU3alOHHO peatn3yemMsIM, 9KOHOMUYECKH
1e1eco00pa3HbIM U aJaNTHPOBAHHBIM K BO3MOKHOCTSIM
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peruoHa. 1o Tpedyer pa3paOOTKH IOITAIHOIO MOAXO0[a,
TIO3BOJIIIONIETO CPOPMHUPOBATH KaK KOMIIAKTHBIH BapHaHT
MapmpyTta Uil OrpaHMYEHHBIX  yCJOBHH, Tak U
paclIMpeHHBI BapHaHT NPH HAJIUYUHM JOCTaTOYHOTO
BpPEMEHH, TPAHCIIOPTHOH JIOCTYITHOCTH, MECT Pa3MEIIECHHS 1
CEPBUCHOTO COIIPOBOXKICHHUS.

Henpto Hacrosmel cTaTbu sBIsieTCA  pa3paboTka
OpraHH3aIMOHHO-9KOHOMHYECKO METOVKN
(hopMHpPOBaHMS TEMAaTHYECKOTO TYPHCTCKOTO MapIipyTa
peruoHa Kak KOMIUIEKCHOIO TYPHCTCKOroO Npoxaykra. B
paMKax JTAaHHOM METOAMKH MapIIpyT paccMaTpHBaeTcs Kak
CHCTEMa B3aUMOCBS3aHHBIX 3JIEMEHTOB, BKIIOYAIONINX
TYpPHCTCKHE OOBEKTHI, TPAHCIIOPTHBIE CBSI3W, CEPBHCHBIE
TOYKH, MecTa pa3MelIeHHs, pHUCKH, YJYaCTHHKOB
OpraHH3aluN MapIpyTa " MIPOTHO3HUPYEMBIH
SKOHOMHUUECKHUH pe3ybTar.

Hayunass 3HaumMOCTh WCCIIEIOBaHMS 3aKIIOYAeTCS B
TOM, YTO MPEJUIOKEHHBIH MOJXO0]] MO3BOJSET MEPeUTH OT
(parMeHTapHOrO IPOEKTHPOBAHUS MAapIIPyTOB K UX
CHCTEMHOMY OpraHU3alMOHHO-3KOHOMUUECKOMY
¢opmupoBanuto. [IpakTHdeckas 3HAYUMOCTH COCTOHMT B
BO3MOXXHOCTH  TIPUMEHEHHs  METOJWKH  OpraHaMu
YIOpaBlIEHUS TYPU3MOM, TYPHUCTCKMMM  KOMIIAaHUSIMH,
TPaHCIIOPTHBIMU OpraHu3alUsIMH, TOCTHHUYHBIMU
HPENPUATHAMH M APYTHMMH YYaCTHUKaMH PErHOHAIBHOTO
PpBIHKA TYPUCTCKUX yeiyr pH pa3paboTke
KOHKYPEHTOCIIOCOOHBIX TEMaTHYECKHX MapIIPYyTOB.

O030p JIMTEPATYPHBIX HCTOYHMKOB

Ipo6nema GopMHPOBaHUS TEMATHYECKUX TYPHCTCKHX
MapUIpyTOB HAXOJIHUTCS HA IIEPECCYEHHH HECKOJIbKUX
Hay4YHO-TIPaKTHYECKHX HAIIPaBJICHUH: OXPaHbI KyJIbTYPHOIO

HacJe s, pas3BuTHA PEruoHaILHOTO TypH3Ma,
HPOEKTUPOBAHMS TYPUCTCKMX MapIIPyTOB, CEPBHCHOIO
obecrieueHus TYPHUCTCKOrO IPOJIYKTa,
MHOI'OKPHTEpHAIBHOM  OLEHKM U 3KOHOMHYECKOMH
3¢ PEKTUBHOCTH TYPUCTCKHUX YCIYT.
HopmaruBHO-TIpaBOBYI0 ~ OCHOBY  (hOpPMHMpPOBaHUA

TEMaTHYeCKHX MapupyToB B PecrmyOnuke VY30ekucraHn
COCTAaBJIAIOT  3aKOHOJATENbHBIE W I[IPOrpaMMHbIC
JOKYMEHTBI, PEryJupylolliie OXpaHy H MCIIOJIb30BaHUE
O00BEKTOB KyJBbTYPHOTO U apX€OJIOTMYECKOro Hacieaus,
pasBUTHE TypH3Ma, BHYTPEHHEI0 M IaJOMHHYECKOTO
TYpHU3Ma, a TAK)Ke 3KOJIOIMYECKOro TypusMa. B uactHoCTH,
3akoHbl PecryOmuku  Y30ekucran «OO0 oxpane u
HCIIOJIb30BAaHUH OOBEKTOB KYJIBTYpHOro Haciemus», «O0
OXpaHE U HCIIOJIB30BAHUM OOBEKTOB apXeoJOrH4ecKOro
Hacieaus» U «O Typu3Me» ONpeeNstoT IIPABOBbIE OCHOBBI
COXPAHEHHs, WCIOJb30BAaHUS W BKIIOYEHUS OOBEKTOB
Hacienus B Typuctckuii o6opot [1-3]. TloctaHoBneHus U
yKa3bl, CBSI3aHHBIE C YTBEPXKACHHEM HAallIOHAJIbHOTO
nepeyHs 00bEeKTOB MAaTePHAILHOTO KYJIBTYPHOTO HacjIeaus,
pa3BUTHEM BHYTPEHHEro M NAJOMHHYECKOTO TypH3Ma, a
TaKKe 9KOJIOTUYECKOr0 TypHU3Ma, CO3/1A10T
WUHCTUTYLIMOHAJIbHBIE  YCIOBUS 111 (OpMHUpOBaHMS
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TEMATHYECKUX MapuUIpyTOB KaK
PETHOHATILHOTO TYPUCTCKOTO pa3utwst [4—6].

Bormpockl OpeHIOBBIX, KYJBTYPHBIX M TEMaTHYECKHX
TYPHUCTCKHX MAapUIPYTOB TOJIYyYWIH pa3BUTHE B padoTax
O.E. AdanacreBa u A.B. AdanacreBoli, rae GpeHIOBbIE
TYpPUCTCKHE MapIIPYThl pPacCMaTpPUBAIOTCS Yepe3 HX
THUIIOJIOTHIO, TIPU3HAKH X MUPOBYIO NPAKTHKY MPUMECHEHUS
[7]. JaHHBI TOAXOJ WMEET 3HAYCHUE JUII HACTOSIIECTO
UCCIIE/IOBAHMSA, IIOCKOJBKY IIO3BOJNAET —pAacCMaTpUBAaTh
TEMATHYECKUI MapuipyT He TOJIBKO Kak
[IOCJIEIOBATENILHOCTE OOBEKTOB IOCEHICHWS I, HO M Kak
TYPHUCTCKHIl TPOAYKT, (OPMUPYIOIIMH  Y3HABAEMOCTb
TEPPUTOpUH, €€  TYPUCTCKYK  HICHTHYHOCTH |
KOHKYPCHTHBIC PEUMYIIIECTBA.

3HauMMOE MeECTO B TEOPETUYECKOM OOOCHOBAHHU
TEMaTHYECKHX MapIIpyTOB 3aHMMalT Marepuanbl CoBera
EBpombl 1O KYJIBTYpHBIM MapIupyTam. B JI0KyMeHTax
Council of Europe KyibTypHBII MapoipyT paccMaTpuBaeTcst
KaK CUcTeMa, OObEAMHSIONmas TeMy, OOBEKTHI HacIemys,
YYaCTHHKOB, TEPPUTOPHIO, CEPBHUCHYIO HH(PPACTPYKTYpY,
MeXaHHU3MBI KoopauHanuu U npojasrkenus [8—10]. Takoit
MOAXOJ BaxkeH Uil  (OPMHPOBAaHMSI PErHOHAIBLHOTO
TEMaTHYECKOr0 MapuUIpyTa, IMOCKOIBKY OH II0Ka3bIBaeT
HEeoOX0MMOCTh OpraHU3aLHOHHOTO 00BbeAMHEeHHS
00BEKTOB, CEPBHCOB M YYaCTHHKOB pBIHKA B CIHHYIO
MapupyTHyto cuctemy. B noknaze UN Tourism “Cultural
Routes and Itineraries” KyJbTypHbIE MapIIPyThl TaKxke
paccMarpUBAarOTCS KaK HHCTPYMEHT Pa3BUTHS TEPPUTOPHIA,
MOBBIICHHST ~ TYPHUCTCKOW  TPUBICKATENIBHOCTH U
BOBJICUCHHST MECTHBIX COOOIIECTB B SKOHOMHKY Typh3Ma
[11].

B 3apyOexHoll nuTeparype KyJIbTYpHbIE MapLIpyThl
4acTO PacCMATPHUBAIOTCA KaK (aKkToOp TEPPUTOPHATIBHOTO U
nokanpHoro pasuts. M.V. Shishmanova anamusupyer
KyJBbTYPHBIH TYpH3M B CHUCTEME KYJBTYPHBIX KOPHIOPOB,
MapIIpyTOB U CETeH, MOAYEPKUBAs MX POJIb B PETHOHAIBHOM
pasBurun [12]. S. Bozi¢, J. Kennell, M. Vujic¢i¢ n T.
Jovanovi¢ mpennararoT MoIedb OLEHKH KyJIbTYPHOTO
MapupyTa ¢ y4éTOM MOTHBALUM TYPHCTOB U BOCHPHATHSL
MapupyTta Kak menoctHoro mpoxykra [13].  E.
Oikonomopoulou, L. Sdrolias u S. Ntanos Ha mpumepe
KYJBTYPHBIX MapIIpyTOB OCTPOBa XMOC IIOKa3bIBAIOT HX
3Ha4YeHUE JJIs1 OXpaHbl HAacJIeIusl U MECTHOTO pa3Burus [14].
C. Balcan, I Cil wu coaBropsl mpenIaraT
ONTUMM3ALMOHHYIO MOJIEIIb POEKTHPOBAHHUS KYJIBTYPHOTO
MapIIpyTa, OCHOBaHHYIO Ha LIGHHOCTH OOBEKTOB U JIOTHKE
UX BKJIOYeHHs B Mapupyt [15]. [laHHple uccnenoBaHus
MOATBEPXKIAIOT, YTO TEMATHYECKUH MapuIpyT [OJDKEH
paccMarpuBaTbCi HE  TOJNBKO KaK  3KCKYpCHOHHas
IporpamMma, HO M Kak MEXaHH3M OpPraHU3alluK TypPHCTCKOTO
MOTPEOICHUS U PA3BUTHS PETHOHAIBHBIX YCIIYT.

OTnenbHOE HamNpaBlIeHHE MCCIEJOBAaHUM CBA3aHO C
3ajauaMyl  [POCKTHPOBaHUA TYPUCTCKUX IOE3I0K U
mapupytusanun. P. Vansteenwegen, W. Souffriau u D. Van
Oudheusden B 00630pe mo 3amade Orienteering Problem
paccMarpuBalOT MapLIpyT KakK 3ajady BbIOOpa OOBEKTOB
MOCEIICHUS IPH OrPAaHUYUCHUSAX 110 BPEMEHH, JUIMHE IyTH U
mojesHocT  o0wbekToB  [16].  D.  Gavalas, C.
Konstantopoulos, K. Mastakas u G. Pantziou
CHCTEMATH3UPYIOT AITOPUTMHYECKUE MOIXOABI K PEIICHHIO
3a7a4 NPOCKTHPOBAHUA TYPUCTCKUX II0€37I0K, BKIIIOYAs
BBIOOP OOBEKTOB, MOCIEIOBATEIBHOCTh MOCCIICHUS M
orpannyenus typucta [17]. J. Ruiz-Meza u J.R. Montoya-
Torres B cucTeMaTHYecKOM 0030pe MOKAa3bIBAIOT, YTO
COBPEMEHHbIE  MOJENIM  TYPHCTCKOH  MapIIpyTH3aluu

HUHCTPYMEHTA
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pa3BHBAIOTCSI B HANpPaBICHWH Y4ETa JIOMOTHUTEIBHBIX
OTpaHWYCHHUH, QIBTEPHATUBHBIX CIIeHapHeB u
WHIUBUAYaJIbHBIX HpennodTeHuit TypuctoB [18]. Ot
paboTHI CO3IAI0T TEOPETHIECKYI0 0a3y st (opMaTbHOTO
MPEICTABICHNS MapIIPyTa Kak CUCTEMBI OOBEKTOB, CBSI3EH,
KPHUTEPHEB W OTPaHIICHHH.

Bmecre ¢ TeM anropurMuuecKue MOAENIHN TYPHUCTCKON
MapUIpyTU3alMHi HE BCETJ[a PaCKPbIBAIOT OPraHU3alMOHHO-
SKOHOMHYECKHMH MEXaHM3M MpEeBpalleHus] MapIipyra B
TOTOBBIIM TypUCTCKMIA IpoayKT. IlosroMy [uis HacTosLIero
WCCJIENIOBaHUs BaKHBI Takke pabOThl, TOCBAIIEHHBIE
KOHKYPEHTOCHOCOOHOCTH ~ JECTUHALUH,  TYPUCTCKOMY
NPOOYKTY W CcepBHUCHOMY ympasineHuio. D. Buhalis
paccMarpuBaeT KOHKYPEHTOCHOCOOHYIO IECTHHALMIO Kak
CHCTEMY, B KOTOPOH TYpUCTCKas IIPUBJIEKATEIbHOCTh
JOJDKHA OBbITh CBA3aHA C HH(PACTPYKTYPOH, CEPBHCOM,
ynpasieHneM U npoxasmwkerneM [19]. J.R.B. Ritchie n G.L
Crouch mnomuUépKMBAOT, YTO YCTOWYMBOE KOHKYPEHTHOE
TIPEUMYIIECTBO TYPHCTCKON TEPPUTOPUH (POPMHUPYETCSI HE
TOJBKO 3a CYET PEecypcoB, HO M 3a CUET CIOCOOHOCTH
TEpPUTOPHN OPraHM30BaThb WX B LEITOCTHOE TYPUCTCKOE
npeioxxeHue [20].

CepBuCHasl COCTaBISIIOIIAs TYPUCTCKOrO MapIuipyTa
packpeiBaetcst B pabotax A. Parasuraman, V.A. Zeithaml u
L.L. Berry, npemnoxusmux wmozaens SERVQUAL nms
OLIEHKH BOCIpPUHMMaeMoro kadecrsa ycmyr [21]. C.
Gronroos paccMaTpuBaeT YNpPaBICHHE YCIyraMH U
MAapKeTHHI' CepBHca KaK OCHOBY (hOpMUPOBAaHMSA LIEHHOCTH
i motpeburens [22]. OTH  HOIXOIBI  MO3BOJISIOT
000CHOBATh HEOOXOANMOCTD BKIIIOUCHHUS B METOJMKY TaKUX
3JIEMEHTOB, KaK YypPOBEHb CEPBHCHONW 00CCIEUEHHOCTH,
JOCTYIHOCTh MecT pa3MmeleHus, MUTaHM,
COIPOBOKJICHNS, MHPOPMALIMOHHON MOANEPKKU U APYTHX
KOMIIOHGHTOB ~ TypucTckod  yciyru.  CrienoBaTelsbHo,
TEeMaTHYECKHH MapIIpyT JOJKCH OLEHHBAThCS HE TOJIBKO
1o O0bEKTaM IOCEIIEeHHs, HO M IO Ka4yecTBY CCPBHCHOMN
cpelibl, B KOTOPOI OH pean3yeTcs.

Jnst BbIOOpa palMOHAIBHOIO BapHaHTa MapupyTa U
OLCHKH QIBTEPHATUBHBIX CIICHAPHEB BAXXHOE 3HAYCHHE
UMEIOT ~ METOJbl ~ MHOTOKPHTEPHAIBHOIO  IPUHATHS
peutenuit. J. Rezaei npemnoxun merox Best-Worst Method,
HO3BOJIIOLINK ONpeneNsTh Beca KPUTEPUEB Ha OCHOBE
CpaBHEHMs1 HauOoyiee M HaMMEHee 3HAYUMBIX (aKTOPOB
[23]. EK. Zavadskas u Z. Turskis pa3paboranu meron
ARAS, npuMeHsieMbIi 17151 paH>KUPOBaHUS AJIbTEPHATHUB 110
MHTErpajbHOMY MOKa3arelnto noje3noctu [24]. A. Mardani,
A. Jusoh u EXK. Zavadskas o0o0upuim npuMeHeHHe
HEYETKMX MHOTOKPUTEPHAIBHBIX METOAOB  HPHUHATHA
peuleHHil B pasiMYHbIX IPHUKJIAJHBIX 3a7adax, 4YTO
MOATBEPXKIAET UX NPUMEHMMOCTb IIPH OLICHKE CIOXHBIX
CHCTEM, BKIIOYAIOIIUX HEOMpPEAENEHHOCTh M pHUCK [25].
JlaHHple ~ MeToAbl  BaXHBl 11 (OPMHUPOBAHUSA
TEMaTHYeCKOr0  MaplIpyTa,  IOCKOJIbKY  IO3BOJITIOT
YUYHUTHIBATh OJIHOBPEMEHHO CTOUMOCTB, BPEMs, CEPBHCHYIO
00€eCIIeueHHOCTb, TPAHCTIOPTHYIO CBA3HOCTD, HAJEKHOCTb U
PHCK-HarpysKy.

IpakTuueckoe pa3BUTHE [AHHOTO  HAIpPABIICHUS
orpaxkeHo B paborax N.S. Sarvirova, D.Y. Tajibaev u
COaBTOPOB. B mHccnenoBaHuM 1O BBIOOPY ONTHMAaJbHBIX
CMEUIaHHBIX MApIIPYyTOB HA OCHOBE HEYETKOW MEepapXuu U
MHOTOKPHTEPUAIBHOTO TIPUHATUS PEIICHHH MpeaIokeH
HOAXOJ, K OIEHKE ajbTepHaTHB C HCIOJIb30BAaHUEM
COBOKYMHOCTH KpurepueB [26]. B pabote, mocBsamgHHOI
(hopmanu3zoBaHHOMY BBIOOPY 00BEKTOB
JPEBHEXOPE3MHIICKOr0 OpeHI0BOro TYPHUCTCKOTO
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Mapmpyta B Kapakanmakcrane, mokazaHa BO3MOXKHOCTH
oTOOpa M CTPYKTYPHUPOBAaHWS TYPHCTCKUX OOBEKTOB JUIL
MOCTIETYFOIIETO BKIIFOYCHUSI B MaPIIPYTHYIO cuctemy [27].
OTH uccnenoBaHws GOPMHUPYIOT NMPUKIATHYIO OCHOBY UL
JTATBHEHIIIET0 Pa3BUTHS OPraHU3AHOHHO-’KOHOMUYECKOH
METOAMKH (OPMHPOBAHMS TEMATHYECKUX TYPHUCTCKUX
MapIIpyTOB PEruoHa.

TakuM 00pa3oM, aHaJIHM3 JINTEPATYpHBIX HCTOYHHKOB
MIOKA3bIBACT, 4YTO B HAYYHOH JIUTEpaType IOCTaTOYHO
MOJPOOHO PacCMOTPEHBI OTAEIBHBIE ACHIEKTHI HCCIIeTyeMOoit
mpoOJIEeMBl:  TPaBOBOE  PETYJIMPOBaHUE Typu3Ma U
KyJNBTYpHOTO Haclenus, KyJIbTypHbIE H OpeHIOBbIE
MapIIpyTH, TYpPHUCTCKAst MapIIpyTH3anus,
KOHKYPEHTOCIIOCOOHOCTh JIeCTHHALIUH, Ka4ecTBO
CEpBUCHOTO OOCITY>)KUBaHHs, MHOTOKpUTEpHaIbHasl OI[CHKA
u  ¢dopManm3oBaHHBIM  BBIOOp  00BekTOB.  OmHaKo
HEJIOCTaTOYHO ITOJTHO PACKPHIT €IMHBII OpraHU3alliOHHO-
9KOHOMHYECKMI MEXaHH3M, KOTOPBII IOCIIeI0BAaTEIEHO
o0beuHAeT ONpeleieHie KOHIENMIMK MapIpyra, coop
PETHOHANBHBIX ~ JaHHBIX, TPYMNIIUPOBKY  TYPUCTCKHUX
00BEKTOB, BBIOOP TPAHCIIOPTHO-CEPBUCHOTO CLEHAPUS,
(opMHpoOBaHHE KOMIAKTHOIO W PacIIMPeHHOro (opMaToB,
MHOTO/THEBHYIO OpTaHH3aIHIO, TIPUBSI3KY K MECTaM HOYEBKH
W CEpBHUCHBIM TOYKaM, INPOTHO3 TYPUCTCKOTO ITOTOKA M
OIIEHKY 3KOHOMHYeCKO! 3(peKTHBHOCTH. VIMEHHO TaHHBII
HaY4YHBIH TpOo0eI onpeenseT HeoOX0ANMOCTh pa3paboTKI
TIpe/IaraeMoi B CTaThe METOIUKHL.

2. MeToauka uccJIeI0BaHNA

MeToa0JIOrHYeCcKO OCHOBOM HCCIIEIOBAHHUS SIBIISETCS
CHUCTeMHBIH MOAX0A K (HOPMHUPOBAHHIO TEMAaTHYECKOTO
TYpUCTCKOTO MaplIpyTa perHoHa KaK KOMIUICKCHOTO
TYpUCTCKOTO TPOAyKTa. B pamkax maHHOrO MoAXoja
MapIIpyT PaccMaTPHBACTCS HE TONBKO KaK COBOKYITHOCTh
00BEKTOB TOCEIIEHHS, HO U KaK CHCTEMA B3aUMOCBS3aHHBIX
OpraHU3aIMOHHBIX, 9KOHOMHYECKHX, CEpPBHCHBIX,
TPaHCIIOPTHBIX W HWHQPACTPYKTYPHBIX 3IeMEHTOB. Takoi
MOJXOJ TO3BOJISCT OLCHUBATH MApIIPyT C TO3MIHU €ro

IPaKTUYECKOH pea3yeMoCTH, CEePBUCHOM
00ECIIEYeHHOCTH M OXHJAeMOro  SKOHOMHYECKOTro
pesyibrara.

B ¢dopmann3oBaHHOM BHIE TEMaTHYECKHI TYPUCTCKUIA

MapIIpyT PErHOHa MOXHO IPEJICTABUTh KaK CHCTEMY:
R={LEM,H,S,C0Q} @))
rae R — remMatudeckuil TypUCTCKHUI MapIpyT PErHOHa;

I ={i;,1,, ..., i} — MHOXXECTBO TYpPUCTCKUX OOBEKTOB,;

E = {ei j§ — MHOXKECTBO TPAHCIIOPTHBIX CBA3EH MEMKY
00bEeKTaMH;

M — MHOXXECTBO JIOILYCTHMBIX BUJIOB TPAHCIIOPTA,;

H — MHOXeCTBO MECT HOUEBKH M CEPBUCHBIX OCTAHOBOK;

S — cepBuCHasg MHPACTPYKTYpa MapIIpyTa;

C ={C,Cy,...,Cp,} - cucTemMa
OpraHu3alMOHHO-3KOHOMUYECKOI! OLICHKH;

{) — MHO’XECTBO OT'paHUYCHUI U PUCKOB, BIUAIOMINX Ha
MPaKTHYECKYIO PEaln3yeMOCTh MapLIpyTa;

Q — oXumaeMmblii OpPraHU3aIMOHHO-’KOHOMUYECKUI
pe3yJbTar.

Hannas ¢Qopmanuzanus TO3BOJNSET paccMaTpUBATh
TEMaTHYECKMH MapUIpyT Kak LEJOCTHYI CHCTEMY, B
KOTOpPOH TYPHUCTCKHE OOBEKTHI, TPAHCIOPTHHIC CBS3H,
CepBHCHast HHPPACTPYKTYpPa, MECTA PA3MEILIEHHUS, KPUTEPHU
OLICHKH, PUCKU M SKOHOMHYECKHUH Pe3yJIbTaT HaXOATCsl BO
B3auMOCBsI3M. Takol mMOAXOA COOTBETCTBYET OSTalHOMN

KPHUTEpUEB
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JIoTHKe (OPMHUPOBAHUS MapIIpyTa, I/ie Ha HAYaIbHOM 3Tare
3aJaloTcsl  OOBEKTBI,  TPAHCIOPTHBIE  CBS3H,  BHUIBI
TpaHCIOPTa, MECTa HOYEBKH, KPUTEPHH, OTPAHMUYCHUS U
PHCKH, a Ha 3aKJIIOUYUTEIIFHOM JTaIle ONPEAENIeTCS TOTOBBII
TYpUCTCKHH  TPORYKT u  ero SKOHOMMYECKAs
3¢ HEeKTUBHOCTS.

Wudopmanmonnoit 6a30i HCCIENOBAHUS TOCTY KUK
HayYHBIE padoTEI o BOIIPOCAM  TYPHCTCKOM
MapIIpyTH3alUH,  KyJIbTYPHBIX M TEMaTHYECKUX
MapIIpyToB, TPaHCIIOPTHOI JOCTYITHOCTH,
MHOTOKPHTEPHAIEHOTO ~ IPHHATHS — PEIIeHHH, OICHKU
PHCKOB U pa3BUTHS pETHOHAIBHOrO Typr3Ma. Kpome Toro,
HCTIOIb30BaHbl MaTE€PHaJIbl, XapaKTEePU3YIOIINE TyPUCTCKHE
OOBEKTHl PErvoHa, TPAHCIOPTHBIE CBSA3M MEXIYy HUMHU,
BO3MOXKHEIE MECTa pa3MeIlIeHHs, CEpPBHCHBIE TOYKH,
OTpaHHYEHHMS TI0 BPEMEHH ITPOXOXKICHIS MapIIpyTa, PHCKU
peaiM3zalMy  TYPHCTCKOM  TMOE3IKM ¥ IOKa3aTelln
TYPHCTCKOTO TIOTOKA.

B mpomecce wmcciemoBaHMS TPUMEHEHBI  METOMBI
CHCTEMHOTO0  aHaJlu3a,  CPaBHUTEJIBHOIO  aHAJW3a,
OpraHH3aIMOHHO-9KOHOMHYECKOT0 MOJIETTHPOBAHW,
TPaHCIOPTHO-JIOTUCTUYECKOTO ~ aHalH3a, TIPYHIMPOBKH
TYPHCTCKUX O0OBEKTOB, IKCTIEpTHON OIICHKH,
MHOTOKPHTEPHAIBEHOTO TIPUHSTHS PEIICHHUH, CIIEHAPHOTO
MOAXO0/1a ¥ MPOTHO3HOMN OIIEHKH 3KOHOMHUYECKOTo 3 pekra.
IprMeHeHne CUCTEMHOr0 aHaJIN3a MO3BOJIHIIO PACCMOTPETh
TEMaTHYEeCKMH MapIIpyT KaK IEJOCTHYI0 TYPUCTCKYIO
yCIIyTy, OOBEAUHAIONIYI0 OOBEKTHI MOKa3a, TPAHCIIOPTHOE
obecrieueHne, CepBUCHYI0 MH(PACTPYKTypy, pa3MelleHue,
MH()OPMAIIMOHHOE CONPOBOXKICHHE W OIKOHOMHYECKHI
pe3yJbTar.

CpaBHHUTENBHBIN aHAIN3 HCIIOB30BaH JUIsl 0000IIeH s
CYIIECTBYIOIIHMX MOAXOJO0B K (JOPMHUPOBAHUIO TYPUCTCKUX
MapuIpyTOB M BBIABICHMS UX OrpaHH4eHuil. Meton
IPYNIUPOBKA HPUMEHEH Ul KiacCH(UKAUU OOBEKTOB
MapuIpyTa I10 UX POJIU B TYPUCTCKOM NPOIYKTE: KIIFOUYEBbIE,
JIOTIOJIHUTENbHbBIE, TepuepHiiHble, TPYJHOIAOCTYIHbIE H
CEpPBUCHO-TIOAJIEp)KUBAtOIMEe 00beKThl. Takoil moaxoxn
HO3BOJIIET ~ ONPENENUTh, KAakue OOBEKThl  JIOJKHBI
(opMHpOBaTh CoAEpKATEIBHOE PO MapLIpyTa, a Kakue
MOTYT OBITh BKJIIOYEHBl B PACIIMPEHHBIH (opMar Ipu
HAJINYUK OJaroNpHATHBIX OPraHU3ALMOHHBIX U CEPBHCHBIX
YCIIOBHH.

Meroapl MHOTOKPUTEPHAIBHOTO IPUHATHSA PpeIICHUN
UCHOJIB3YIOTCS I OLEHKH albTEPHATHBHBIX BapHaHTOB
HNPOXOXIEHHS Mapupyra ¢ Y4€roM COBOKYITHOCTH
KPUTEPHUEB, OTPAXKAIOLIMX CTOMMOCTb, BPEMs, CEPBUCHYIO
00€eCIIeueHHOCTb, TPAHCIIOPTHYIO CBA3HOCTD, HAEKHOCTb U
PHCK-Harpy3Ky. OKCIIEpTHas OLEHKa IpUMEHSeTcs Ui
olpeieIeHUs] 3HAYMMOCTH KPUTEPUEB U PHCKOB, BIMSIOLINX
Ha MPaKTHUUYECKYIO peanuzauuio mapmpyra. CreHapHbIiI
MOAXO0J TMO3BOJIIET PAcCMATPUBATh Da3yIM4HbIe (OpPMAThI
MapupyTa — KOMIAKTHBI ¥ paCIIMPeHHBIH — B
3aBUCUMOCTH  OT  IPOJOJDKMTENBHOCTH  IOE3MIKH,
JOCTYIHOCTH TPAHCIOPTa, COCTOSHHUSA HH(PACTPYKTYpHI,
HaJIM4us MECT HOYEBKM M YPOBHA  CEPBUCHOIO
COIIPOBOKJICHHSI.

JUJ1st OLIeHKH SKOHOMHYECKOT'0 pe3yJibTara IIPUMEeHAETCS
MIPOTHO3HBIN TMOAXOJl, OCHOBAHHBIM Ha OIpeNeIeHUU
BO3MOXKHOTO ~ HPHPOCTa  TYPUCTCKOTO  IOTOKA U
JIOTIONTHUTENIFHOTO  00bE€Ma  TYPUCTCKHX  YCOyr. OTO
NO3BOJISIET PAcCCMaTPHUBATh TEMATHYECKUH MapuipyT He
TOJBKO KaK OPraHM3allMOHHYI CXeMy IOCEIIeHUs
00BEKTOB, HO U KaK MHCTPYMEHT Pa3BUTHUs PErHOHAIBHOTO
pbIHKa TYPUCTCKMX YCIYI, YBEJIMYEHHS CIpoca Ha
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TPAaHCIIOPT,  pa3MeIIeHWe, IHTAaHHE, OSKCKYPCHOHHOE
00CITy>XMBaHUE U COIYTCTBYIOIIHE CEPBHUCHI.

TaxuM 06pa3oM, IpUMEeHEHHAsT COBOKYITHOCTh METO/IOB
obecrieunBaeT BO3MOKHOCTD pa3pabOTKH OpraHN3aoOHHO-
9KOHOMHYECKOH METOUKU (POPMHUPOBAHUS TEMATHIECKOTO
TYPHUCTCKOTO MapIIpyTa PerHoHa, HAaYMHAS OT OTPEAEICHUL
KOHIENIIMM Mapuipyta u cOopa HMCXOOHBIX IAaHHBIX [0
BEIOOpa (hopMaTa MapIIpyTa, IPOBEPKH €ro MPaKTHIECKO
peann3yeMoCTH 1 OIICHKH SKOHOMHYECKO 3P EeKTHBHOCTH.

Opranu3annoHHO-IKOHOMHYeCKast MeTOAMKA
(opmupoBanus TeMaTH4ecKoro TYPHCTCKOTIO
MapIpyTa pernoHa

[Ipemaraemas OpraHM3alMOHHO-YKOHOMHYECKast

MeTo/MKa (HOPMHUPOBAHHS TEMATHYECKOTO TYPHCTCKOTO
MapIpyTa perioHa OCHOBaHA Ha MO3TAITHOM NOAXO0JE, IIpU
KOTOPOM MapIIpyT paccMaTpHBaeTcsi HE Kak IpocTas
MOCIIEJOBAaTEIbHOCTE  OOBEKTOB ~ IOCELIEHMs, a  Kak
KOMIUTEKCHBIH TypHCTCcKuil mpoaykT. Ero ¢opmupoBanue
Tpelyer COTJIacOBaHUs TYPHCTCKUX 00OBEKTOB,
TPaHCIIOPTHOH JOCTYITHOCTH, CEPBUCHOI HHPPACTPYKTYPEI,
MECT pa3MELIECHUsI, PHUCKOB, YYaCTHUKOB OpraHM3aLHU
MapIpyTa U 0’KHAaEMOro SKOHOMUUYECKOTO pe3yJIbTaTa.

B oTimume oT TpaaMIMOHHOTO MOAX0AA, PH KOTOPOM
OCHOBHOC  BHHMMAaHHME  YIENseTcs TOJbKO  BBIOOpY
JIOCTOIPUMEYATENIBHOCTEH WIH OIIPE/IETICHUIO
MOCIIEJOBATEIbHOCTH WX  MOCEIIECHHs, INpeaaraemas
METO/IMKAa OXBaThIBAaeT IIOJMHBIA [HUKJI (HOPMUPOBAHHUS
MapmpyTa: OT pa3pabOTKM KOHIEMIHMH OO0 OLEHKH
9KOHOMHUUeckoil addexTuBHocTH. B €€ ocHoBe nexur
JTalHas CXeMa, BKJIIOYAIONas OINpeJeNeHne KOHLEHIHN
Mapmipyta, cOOp HWCXOAHBIX JaHHBIX, TPYNIHUPOBKY
00BEeKTOB, (OPMHPOBaHUE KPHUTEPHEB U PHCKOB, BBIOOP
TPAHCIIOPTHOIO CIIEHApHs, pPa3padOTKy KOMIAKTHOTO H
paciIpeHHoro (opmMaToB, MHOTOJHEBHYIO OpPTraHU3ALHIO,
NPUBSA3KY K HOUYEBKAM M CEPBUCHBIM TOYKaM, IPOTHO3
TYPUCTCKOTO  IIOTOKa M pacuér  SKOHOMHYECKOTO
pesyibTara.

Jlns ynoGeTBa MpaKTHYECKOro NMPUMEHEHHUST BCE STallbl
METOJMKH  LeJecoo0pa3sHO  OOBeIMHUTb B IITh
B3aHMOCBS3aHHBIX OJIOKOB.

IepBbIit 0s10K - KOHUENTYaJbHO-
uHpopmamMoHHblii. Ha naHHoMm »srame ompenensercs
oOmast uzest OyayIero MapiipyTa: ero THII, TeMaTHuecKast
HAIPaBJIEHHOCTb, 1IEJIEBasi ayIUTOpHsA, MpeJroaraemMas
NPOAOJDKUTENBHOCTh — MOE3[KH, YPOBEHb CepBHCa U
CE30HHOCTb. ~ MapipyT MOXET HMeTb  HCTOPHKO-
KYJBTYPHBI, apXe0JIOrMYECK U, 3KOJIOT Y€ CKH,
MaJIOMHUYECKUH, JTHOrpaduueckuii WM CMEIIaHHBII
xapakrep. PesympraroM gmaHHOro 0Oioka  sBIseTCS
(bopMHpoBaHye PeBapUTEIbHOM KOHLETIMHI TYPUCTCKOTO
MPOIYKTA.

[locne ompeneneHusi KOHLENIMU BBIOTHAETCS COOp
HCXOJHBIX JAaHHBIX perroHa. B unpopmaunoHuymo 06a3y
BKJIIOYAIOTCS ~ TIepeYeHb TYPHUCTCKUX OOBEKTOB, HX
KOODJIMHATBI, PACCTOSHMUS MEXKIY OObEKTaMH, BpeMs
JIBIKEHUS, COCTOSHME IOIbE3HBIX JIOPOT, BO3MOXKHbBIE
BUJIbI TPAHCIIOPTA, MECTa PA3MELICHHUs, IYHKThI IHUTaHUS,
CaHUTAapHbIE OCTAHOBKHM, 3alPaBKH, CEPBUCHBIC TOYKH,
JIaHHBIE O TYPHUCTCKOM IOTOKE, CE30HHOCTH M puckax. Ha
9TOM 3Tane GopMupyercs 0a3a JaHHBIX, HEOOXOqUMas st

MOCJIE YOI OpraHU3allMOHHO-PKOHOMHUYECKON u
TPAHCIIOPTHO-CEPBUCHOH OLIEHKU MapIIpyTa.
Bropoii 0.0k — oueHo4yHo-aHaMUTHYeckuil. Ero

3aJa4a COCTOMT B TNEPBHUYHOM TPYNIHPOBKE TYPUCTCKHUX
00BeKTOB U ()OPMHUPOBAHUM CHUCTEMBI OLIEHKH MapLIpyTa.
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OOBEeKTHl ~ MapmipyTa pasgeisioTcs Ha  KIIOYEBBIE,
JOTIOJTHUTENbHBIE, TepUepuiiHble, TPYIHOJOCTYIIHBIE H
CEPBUCHO-TIO/IEPKUBAIOLIHNE. KimroueBsie OOBEKTHI
dbopmupyror TEeMaTHIEeCKOe SIIPO Mapupyra,
JIOTOJIHUTENBHBIE ~ YCHIMBAIOT €r0  COAEPIKATEIbHYIO
HACBHIIIEHHOCT, MepHpEepUHHbIE W  TPYAHOZOCTYIHBIE
BKJIIOYAIOTCS. TOJNBKO IIPU HAIWYUKM  ONarompHUsTHBIX
YCJIOBHil, a CEpBHCHO-IIOJIEPKUBAIOIINE O00ECIEUNBAIOT
YCTOMYMBOCTH MaplIPyTa.

Ha stoM e sTane dopmupyercs cucteMa KpUTEpUEB
OLICHKH. B He& Moryr BXOIWUTH CTOMMOCTH IIPOXOXKICHUS
Mapuipyta, — oOmiee  BpeMs  IOE3JKM,  CEPBHCHas
00€eCIIeueHHOCTb, TPAHCIIOPTHAs CBS3HOCTb, HAJEKHOCTD,
MPOXOANMOCTB U JOCTYITHOCTH MapmpyTa. OZHOBpEeMEHHO
OIIpENIeIIAETC CUCTEMAa PUCKOB: BPEMEHHBIE 3a/ICpIKKH,
HH]PACTPYKTYpHBIE OTpPaHMYEHHs, IUIOXOE COCTOSTHHE
JIOpOT, Ce30HHBbIE (DAKTOPhI, HEJOCTATOYHOCTh CEPBHCA,
OezomacHOoCTs W Apyrue (akTopbl, BIMSIONIKE Ha
MIPaKTHYECKYIO PEATN3aLII0 MapIIpyTa.

Tpernii 610k — cueHapHo-pac4éTHbli. B nanHOM
Onmoke (QOpMHPYIOTCS aNbTepHATHBHBIE TPAHCIIOPTHBIE
CIEHAapUM TPOXOXKACHHA Mapuipyta. Jist  Kaxznoro
CIIEHapusi  ONpPEJEIAIOTCS ~ TPAHCIOPTHBIE  IUICYH,
BO3MOXXHBIE BHJBI TPAaHCHOPTa, CTOMMOCTH JIBHIKEHHS,
BpeMsl TIPOXOXKACHHS, YPOBEHb CBSI3HOCTH, CEPBUCHOI
obecrieueHHOCTH, pucka u  HaaéxkHoctu.  Jlanmee
BBITIOJTHSETCS MHOT'OKpHUTEpHAIbHAS OLICHKA
QIbTCPHATUBHBIX CLEHApUeB M BbIOMpaeTcs Hauboiee
panMoHAaIBHBII BapHaHT.

Ha panHOM »STame MOTryT NpPUMEHATHCS METOMBI
SKCIEPTHOTO B3BEIIMBAHMS W  MHOTOKPUTEPUATBHOTO
NPUHATHUS pelleHui. 11X 3agada cOCTOUT HE B TOM, YTOOBI
BBIOpATh CaMblii JEIMIEBbII WM CaMbIii KOPOTKHUIT MapIpyT,
a B TOM, YTOOBI ONpe/euTh Hanboee cOalaHCUPOBAHHBII
TPAHCIOPTHO-CEPBUCHBIN  CLIEHapHid,  yYUTHIBAIOIIUI
CTOMMOCTb, BpeMs, JOCTYIHOCTb, HaA&KHOCTb, PHUCK H
Ka4ecTBO 00CITy)KUBaHUS TYPHCTOB.

YerBépThlii 00K — OPraHM3alIOHHO-CEPBUCHBIIi.
IMocne BbIOOpa palMOHATBHOTO creHapus (GOpPMHUPYIOTCS
nBa (opmaTa MapuipyTa: KOMIAKTHBIH M PacIIMPEHHBIH.
KommakTHbiii  Qopmar  BKiIIOYAeT  KIIOYEBBIE U
OPraHM3allMOHHO  YCTOHYMBBIE  OOBEKTBI,  KOTOpbIE
obecrieunBaloT  0a30Boe  CoziepKaHHE  TYPHUCTCKOTO

MPOIYKTA. Pacmmpennsiii ¢dbopmat BKJIIOYAEeT
JONOJIHUTENIbHbIE ~ OOBEKTHI,  MO3BOJLIIOIINE  [IIyOXke
PacKpbITh TeMy MapIpyra, YBEJINYUTh

HPOIOIDKUTENBHOCTD NPEObIBAHKS TYPUCTOB U PACLIUPUTh
HoTpedIeHNe PErHOHAIBHBIX YCIIYT.

Janee BBINOJHAECTCA MHOTOJHEBHAs OpraHMU3aLlMs
mapupyTta.  OOBEKTHI  pacmpelensioTcs MO0 JTHAM,
paccuuThIBacTCA BpeMs BHXKCHHS, BpEeMs IOCEIICHUs
00BEKTOB, CEpPBHCHOE BpEMs, PUCK-HArpy3ka H OOIIas
nHeBHas Harpyska. Oco0oe 3HayeHHE MMeEeT IPHBS3Ka
MapIIpyTa K MecTaM HOYEBKH M CEPBUCHBIM TOuKaM. Eciu
NOCJIE 3aBEPLICHUS JIHEBHOW IPOrpaMMbl TYPHCTCKAs
rpynna OKa3bIBaeTCsl CIIMIIKOM JajJeKO OT JOCTYITHOIO
MecTa pa3MelleHHs, MapupyT HE MOXET CYUTaThCs
NpaKTHYeCKH  peanusyembiM.  [lostoMy — Meroxuka
HpeyCMaTPHBAET IPOBEPKY PACCTOSHHUS OT 3aBEPIIAOIIETO
oObekTa JHS 10 MecTa HOYEBKH, a TAaK)KE COITIACOBAHME
Mapuipyta ¢  IIyHKTaMHd [IUTaHWs, CaHUTapHBIMU
OCTaHOBKaMH M CEPBUCHOM HHPPACTPYKTYPOU.

Ha ocHoBe »5TuX mnpoBepok ompenensercs, Kakou
(dbopmar MapupyTa SBISETCS JOMYCTHMBIM: KOMIAKTHBIN
WU paciupenHslii. KoMnakTHeIi GpopMmaT BeIOHpaeTes mpu
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OrpaHUYEHHOM BpPEMEHH, HEIOCTaTOYHOW CEepBUCHOMN
00ECIIeUeHHOCT! WM BBICOKOM ~ YPOBHE  PHCKOB.
Pacmmpennsrii  ¢opmar  BeIOMpaeTcs TpH  HAIHYNAR
JIOCTaTOYHOIO  BPEMEHH, YCTOHUMBOM  TPaHCHOPTHOM
CXEMBI, IOCTYIHBIX MECT HOUEBKH M HEOOXOIUMOTO YPOBHS
cepBHCa.

MaTeiii 010k — NPOAYKTOBO-3KOHOMMYeckHnii. Ha
3aKIIIOYUTETBHOM JTane MapmpyT odopmisiercss Kak
TOTOBBII TYypHCTCKHH TPORYKT. JUIsS 3TOrO COCTaBISETCS
IIporpaMma I10 JHSM, ONPENENIeTCS CTOUMOCTD TYPHCTCKOM
YCIyrd, 3aKpeuisiercss TPaHCHOPTHOe  oOecIieyeHue,
YTOYHSIOTCS. MeCTa HOYEBKM U IHWTaHWA, (GopMHpyeTcs
UH(POPMAIIMOHHOE COIPOBOXKAEHUE, ONPENIEIASTCs LeeBas
ayUTOPHS U CE30HHOCTh MapIIpyTa.

WnterpanbHylo  3()QEKTUBHOCTE  TEMaTHYECKOrO
TYPUCTCKOTO MapIIpyTa MOXKHO IIPEACTaBUTb B BHIE
neneBoil  QyHKIWH, — OOBEAMHAIOMIEH  TYPHUCTCKYIO
COZIEPKATEIIBHOCTB, CEePBHUCHYIO 00eCIIeueHHOCTb,
TPAHCHIOPTHYIO IOCTYITHOCTh, SKOHOMHYECKHI Pe3yabTaT U
PHCK-HArpy3Ky MapIipyTa:

maxF(R) = aP(R) + BS(R) + YA(R) + 8Q(R) —

AR (R) v

rne:  F(R) — wuHrerpampHas  3(G{QeKTUBHOCTD
TEMaTHYECKOro MapIIpyTa,

P(R) — TypucTCKas cOepKaTeIbHOCTh MaplIpyTa;

S(R) — ypoBeHb CepBUCHOI 00eCTICUeHHOCTH,

A(R) — TpaHCIIOpTHAs TOCTYITHOCTE;

Q(R) — oxxuaeMblit SKOHOMHYECKHI Pe3yJIbTaT;

R (R) — cOBOKyMHasl PHCK-HArpy3Ka MapIipyTa;

a,f,v,6, A —BecoBbie KO HUIMEHTHI 3HAYUMOCTH.

IMocne 3TOro BBIMOJIHACTCA IPOTHO3 TYPHUCTCKOTO
MOTOKA W OLEHKAa JKOHOMHYECKOH 3((EeKTUBHOCTH.
OKOHOMHYECKUH pe3yJbTaT MaplpyTa IpOsBISETCS He
TOJIBKO B POCTE YHCIIA TYPUCTOB, HO U B YBEJIMUECHHUH CIIPOCA
Ha  TPAaHCHOPTHBIE YCIyTH, TOCTHHHIBI, IUTaHHE,
9KCKYPCHOHHOE o0ciTyKUBaHUE, yCIIyru T'HJIOB,
CYBCHHUPHYIO TOPTOBJIIO U IPYTUE HIIEMEHTBI PErMOHATBHOTO
poiHKa  ycuyr. IlosTomMy — TeMaTMyecKMid — MapiupyT
paccMarpuBaeTcs Kak HMHCTPYMEHT Pa3BUTHSA HE TOJIBKO
TypH3Ma, HO U BCEH CEPBUCHOM SKOHOMUKH PETHOHA.

T

[ KoHuenuus mapupyTa

IpynnupoBka 06beKTOB

Kputepuu u pucku

—

BbI60p TPaHCNOPTHO-CEPBUCHOTO
cueHapus

——

®opmuposanue D; u D,

—

MHoroaHeBHas opraHusauus

—

HouéBku U cepBUCHbIE TOUKM

—

I|\_4~_J

MNpoBepka peannusyemocTu

FOTOBbIN TYPUCTCKUIA NPOAYKT

MporHo3 TypUcTCKOro noToka u
3KOHOMMYecKoro 3pdekTa

CaatatEaae

Puc. 1. CTpykTypHasi cxeMa OpraHu3alMOHHO-
IKOHOMHYECKOi MeTOINKH (hOPMHPOBAHUS
TEMaTH4YeCKOr0 TYPUCTCKOI0 MAPLIPYTA PernoHa
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O000OmEHHasT CTPYKTypa TNpeaIaraeMoil METOJIUKH
npeacTasieHa B Tabmure 1.

Ta6auna 1

CTpyKTYpa OpraHu3anuoHHO-3KOHOMHUYECKOii
METOMKH (hopMHpOBaHMS TEMATHYECKOTO
TYPHCTCKOI0 MapIIpyTa peruoHa

OcnoBHoE HpakTnyecknit
Baox meronukn
coaep:kaHue pe3yJabTar
olpeJeNieHHe TUIa
MapuipyTa, HeJeBoi
ayUTOpUH
Y puH, cdopmupoBaHa
HPOAODKUTEILHOCTH
KoHuenryanbHo- KOHIICTILIUS
, YPOBHsI cepBHca,
UH(POPMALOHHBI MapuipyTa u
o cOop IaHHEBIX 00
i 6ok uH(POPMAILIIOHHA
o0BeKTax, 1oporax,
s 0aza
TpaHCIopTe,
pa3MelleHUH 1
cepBuce
TPYIITHPOBKA
00BEKTOB,
ompeieIeHne
OueHovHo- KITFOYEBBIX, copmupoBaHa
AQHAIUTHYECKUH | JIONOJIHUTENBHBIX, | CHCTEMA OLIEHKU
610K nepupepuitHpIX 1 MapupyTa
CEPBHCHBIX TOYEK,
(hopmupoBaHHe
KPUTEPHUEB U PUCKOB
pa3paboTka
JIbTepPHATUBHBIX
BBIOpaH
TPaHCTIOPTHBIX .
. | paumoHanbHBIN
CrueHapHo- CLIEHapueB, pacuyéT
o TPaHCIIOPTHO-
pacuérHbli 610K CTOMMOCTH, .
CEPBUCHBIH
BPEMEHH, PUCKOB, .
CLIeHapuii
CBSI3HOCTH U
HaEKHOCTU
(dhopmupoBaHue
KOMIIAKTHOT'O
PACIIMPEHHOTO onpenenéH
(dopmaros, HPaKTHYECKU
OpraHu3alMoOHHO- .
. pacnpezenenue peanusyemblid
CEePBUCHBIH 0JI0K
00BEKTOB I10 JHSM, tdhopmar
HPOBEpKa JTHEBHOU MapuipyTa
Harpy3ku, HOYE€BOK U
CEPBUCHBIX TOYEK
odopmienue
TOTOBOT'O
TYPHCTCKOrO chopmupoBan
IpoxnyxroBo- HPOAYKTA, pacuér MapuipyT,
SKOHOMHUYECKHH |CTOMMOCTH, POTHO3 TOTOBBIH K
610K TYPUCTCKOTO ITOTOKA | IPAKTHYECKOMY
U OLICHKA PUMEHEHHUIO
9KOHOMUYECKOTO
abdexra
Hns TIOBBIIICHHS HAy4YHOI 000CHOBaHHOCTH

MpeaaaraeMoil MEeTOMKH KaxIbli 3Tan (HOpMUPOBAHUS
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TEMaTUYECKOr0 TYPUCTCKOTO MapuIpyTa JOJDKEH UMETh HE
TONBKO OpPraHW3allMOHHOE, HO H (hopMann30BaHHOE
MaTeMaTHYeCKOe BBIPAKEHHE. DTO IMO3BOJIET MEpeiiTH oT
OmucaTeIbHOW CcXeMbl (OPMHUPOBAHMS MapipyTa K
pacuy€THOM JIOTHKE, B KOTOPOH TYpPHCTCKHE OOBEKTHI,
TPaHCIOPTHBIE CBSA3H, CEPBUCHBIC 3JIEMEHTBI, OTPAHUYEHUS,
PHUCKH M SKOHOMHYECKUH pe3yJIbTaT pacCMAaTPUBAIOTCA Kak
B3alMOCBSI3aHHbIC ITapaMeTpbl eAUHON cucTeMsl. IloaTomy
B TaOiuLe 2 Mpe/CTaBIeHO MaTeMaTHIeCcKoe 00ecreueHre
OCHOBHBIX  3TallOB  OPraHU3aLUOHHO-PKOHOMHUYECKOH
METOJUKH.
Ta6iauuna 2
MartemaTu4eckoe ofecrieueHHe OpraHu3alHOHHO-
IKOHOMMYECKOil MeTOAUKHU (POPMUPOBAHUS
TeMaTH4YeCKOr0 TYPUCTCKOI0 MapIIPYTa PerHoHA

IKOHOMHUKO-

MaremaTnyeckoe .

JTan MeTOAUKH OpraHM3aIOHHbIH
BBIpakeHHe
CMBICT

DopmupoBanne 3amaércs epevyeHb
MHOK€ECTBA I ={iy, iy, ..., 0} [TypucTCKHX
00BEKTOB 00BEKTOB perroHa
DopMupoBaHue OIpeIEIeTCs
TpaHCIOpTHBIX |E = {ei j |i,jel } CBSI3HOCTH 00BEKTOB
CBsI3EH MapLipyTa

00BEKT OIIEHHBACTCS
0 TYPUCTCKOM
Orenka oobekta |P; = f(a;, l;, s;, 1) [3HaunmMocTy,
IIOCTYITHOCTH,
CEPBUCY U PUCKY

0a30BbIii popmar

Br16op ¢popmata
p bop D, €D, €1 |Bxoout B
MapIpyTa .
pacIIPEHHbII
T ornpenensercs
d
J/lHeBHas — Tmove y puisit |AOTyCTHMOCTD
arpyska Td a
Harpy 4 Tserv | prisk MapIpyTa 1o
d d BpEMEHU
Orpanuucnye TYPUCTCKUH IeHb He
it Ty <T™*  |nomKeH ObITH
reperpysxeH
ornpeensercs
OKOHOMUUECKUI AX, = X0 . k TOIOJIHUTENTbHBIN
b dext £ 06BEM TYPHCTCKHX
ycayr

Kak BumHo wu3 Tabaumel 2, MaTeMaTHYECKOE
obecrieueHre METOAMKH OXBAThIBAET BCE KIIIOUEBBIE HTAIlbl
(GOpMHUPOBaHUA TEMAaTUYECKOTO TYPUCTCKOIO MapIupyTa:
ompejesicHHe MHOXeCTBa 00BEKTOB, (opmupoBaHHe
TPAHCIOPTHBIX CBSI3€H, OLIEHKY TYPUCTCKON M CEpBHCHOMN
3HAYUMOCTH  OOBEKTOB,  BBIOOp  KOMIIAKTHOTO M
pacupeHHOro (GopMaToB, pacuéT JHEBHOH HArpy3KH,
MPOBEPKY OTPaHUYEHHH M OLEHKY 53KOHOMHYECKOTO
a¢dekra. DTo MOKA3BIBALT, YTO MpeJIaracMasi METOHKA He
orpaHu4MBaeTcs OOmIell OpraHU3alMOHHON CXeMoil, a
uMeer  (GOpPMaTHM30BaHHYIO  OCHOBY,  IO3BOJISIOLIYIO
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HCTIONB30BATh €€ B MPAKTHIECKHUX pacuyéTax mpu pa3paboTke
PETHOHAIBHBIX TYPUCTCKHX MPOIYKTOB.

Takoif TOAXOJ OCOOCHHO BaKEH JUII PETHOHOB C
TIPOCTPAHCTBEHHO Pa3o0mEHHBIMEI TYypPUCTCKAMH
00BEKTaMH, MOCKOJIBKY ITO3BOJIIET 3apaHee MPOBEPUTH HE
TOJIBKO COJICpPIKaTeNbHYI0 NMPUBIEKATEIBHOCTh MapIpyTa,
HO H €ro TpPaHCHOPTHYIO JOCTYITHOCTb, CEpPBHCHYIO
o0ecIeYeHHOCTh, OIYCTUMYIO IHEBHYIO HarpysKy, pHUCK-
YCTOWYMBOCTh M OXXHMIAEMBIH SKOHOMHUYECKHI pe3yJbTar.
CrenoBarenbHO, MaTeMaTHIeCKoe 00ecriedyeHre BBICTYIIAeT
CBSI3YIOIIUM 2JIEMEHTOM MEKTY 3TAaITHOM OpraHu3alMOHHON
CXeMOM W  IpaKTHYECKOM  peanusanueidl  roTOBOTO
TYPHCTCKOT'O MapIIpyTa.

Ha ocHoBe mpeIutoskeHHOH OJIOYHOM CTPYKTYpBI U €€
MaTeMaTHYeckoro obecredeHns1 Iporecc (HOpMHUPOBAHUSL
TEMaTHYEeCKOT0 TYPHCTCKOTO MapIIpyTa PErnoHa MOXKET
OBITH IPEJICTaBICH B BUJIE TTOCIIEI0BATEIHHOTO aJITOPUTMA.
JlaHHBII aNTOPUTM OTpaXkaeT Mepexoj] OT MCXOMHOHM HIen
Mapmpyra K TOTOBOMY  TYPHCTCKOMY  IPOIYKTY,
BKJTIOYAIONIEMY TPAHCIIOPTHOE OOECIIeUeHHE, CEpBHCHYIO
HHppACTPYKTYpy,  MecTa  pa3MemIeHUs,  IPOBEPKY
pean3yeMoCTH 1 OLIEHKY SKOHOMHYECKOT0 pe3yJibTara.

DopMHpOBANHE MHOKECTEA
TypHcTekux obvextoB | = {iy,1;, ..., 0y}

v

DOpMHPOBAHKE TPAHCTIOPTHBIX CBA3CH

Hauano E = {e;;}, Bunos tpancnopra M,
MecT Houénkn N M cepBHCHOI
l undpactpykryput S
BBoa HeXoaHBIX JaHHBIX [  /
PErmoHa: TYPHCTCKHE 0GBEKTHI, | I'pynnuposka 0GbEKTOB Ha KIIOYCBBIC,
| Tpancnoprhiie casan, 1oporu, bHble, nepudepuii

| mecta HouéBKn, CepBHCHBIC TPYAHOAOCTYITHEIE H CEPBHCHO-
TOYKH, PHCKH, TYPHCTCKHI

NOTOK

v
DopMHpOBaHKE CHCTEMbI KpuTepHes C
“ M orpannyenni/puckon

Onpeaenenie KOHUENIHH Y

MapuIpyTa: THII MapLIpyTa,
esIeBas ayMTOPHs,
TIPOJIIAHTENBHOCTD, CESOHHOCTD,
YPOBEHb

MHorokpuTepHaibHas OLCHKa

< . p BIX p

v
Bui6op panosansHOro

Tp P o
v

DopMupoBanye KOMNaKTHOrO popsara D,

u pacumpenHoro gopmara D,
meD=D,CI
4
Pacnpenencune 00BEKTOB N0 IAHAM
MapupyTa

v
PacuéT IHEeBHOI Harpy3Ku:
Ty = TPV 4+ Tt Tjerv 4 ook
¥
Brinonusercs am

¢ yenome Ty < T2

Her Ha

¥

Tocrymmus.m
: MeCTS: HOUERKH N
L] cepBiCHLIC TOUKNH? Y

Her Ha
v

DopMHPOBAHHE HTOTOBOIO TYPHCTCKOTO
NPOYKTA: POTPaMMA 110 AHAM, CTOHMOCTS,
TPAHCIIOPT, HOYEBKH, ITHTAHHE, CONPOBOAKICHHE

v
PacuéT IKOHOMHHECKOTO PeayThTaTa:
T =TX(1+k), X, =T, - P,, AX, = X - X?
v

Boisoxy pesynsrara: rorossii
TEMATHYCCKHI TYPHCTCKHIT MAPLIPYT
M OKHAAEMBIH IKOHOMMHECKHH ekt

v

Konen

Puc. 2. Biiok-cxemMa ajropurMa opraHu3anuoHHO-
IKOHOMHMYECKOro ()OPMUPOBAHUS TEMATHYECKOTO
TYPHCTCKOI0 MapIIPyTa peruoHa
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[IpencraBneHnas Omok-cxema OTpaxkaer
MIOCJIEIOBATEBHOCTE  (DOPMHUPOBAHHS ~ TEMATHYECKOTO
TYpPHUCTCKOTO MapIpyTa perHoHa C y4€roM TpeOoBaHHMil K
MIOCTPOCHUIO alTOPUTMOB. B cxeme nCroip30BaHBI OIOKH
BBOJa HCXOIHBIX JAHHBIX, IIPOLECCOB 00pabOTKH,
MIPEONIPEACIEHHOTO  pacd€THOTO  JTama,  YCIOBHBIX
NIPOBEPOK, KOPPEKTHUPYIOIIMX JEeWCTBHII W  BBIBOJA
UTOrOBOTO pe3ynbrata. OcOOEHHOCTh AJITOPUTMa COCTOUT B
HaJMYMK  JBYX KOHTPOJBHBIX YCJOBHH: IPOBEPKH
JOIycTUMO# HeBHOW Harpysku Ty < T™ u mpoBepku
JIOCTYIIHOCTH MECT HOYEBKHM M CEpBHCHBIX TodeK. Ecim
AHHBIE ~ YCJIOBHMSI ~ HE  BBINOJHAIOTCSA,  MaplipyT
KOPPEKTHPYETCS MU NIEPEBOIUTCS B KOMIIAKTHEIH (hopMar.
Ecnu ycoBust BEIIONHSIOTCS, MapIpyT opopMIBIeTCs KaKk
TOTOBBI TYPUCTCKUM MPOJAYKT C IMOCIEAYIONIEH OIEHKOH
TYPHUCTCKOTO TIOTOKA ¥ 3KOHOMHUUIECKOTO 3P PeKTa.

[IpexcTaBneHHBId  aNrOpUTM  IIOKa3bIBaeT,  4YTO
(opMHpOBaHHE TEMAaTHYECKOI0 TYPHUCTCKOTO MapIupyTa
pervoHa SIBISICTCS HE Pa3oBBIM JEHCTBHEM IO BHIOOpY
00OBEKTOB, a  IIOCIIEIOBATENbHBIM  OpraHU3aIl[IOHHO-
9KOHOMHYECKUM TporieccoM. Ero pe3ynbsraToM cTaHOBUTCS
TOTOBBII TYPHCTCKUH TPOAYKT, KOTOPBIH MOXET OBITh
TIpe/ICTaBIeH B KOMIIAKTHOM WM pacIIMpeHHOM (opmare,
MIPOBEPEH IO YCJIOBUSIM IMPAKTUYECKOH PeaTM3yeMOCTH U
OLIEHEH C TOYKU 3PEHHs OXHAAeMOro SKOHOMHYECKOTO
a¢dekra. Takas T0rvKa COOTBETCTBYET ITAITHON CXeMe, Iie
MpoLecc JOBOIUTCS IO TOTOBOTO MapIupyTa, IHPOrHo3a

TYpUCTCKOTO  TOTOKAa ¥  OIEHKH  SKOHOMHYECKON
3 PEKTUBHOCTH.
Takum o0pasom, npeziaraeMast METO/IUKA

obecreynBaeT MOCIENOBATENbHBIH I[epeXox OT HIACH
MaplIpyTa K FOTOBOMY TYPUCTCKOMY MPOAYKTY. E€ oTinune
COCTOUT B TOM, YTO KaK/Iblii 3Tarn popMUpOBaHUSA MapIIpyTa
CBSI3aH C KOHKPETHBIM OPTaHHU3aLMOHHBIM, CEPBUCHBIM N
9KOHOMHYECKHM PEe3yJIBTaTOM. 310 MO3BOJISIET
UCIIONB30BATh METOANKY HE TOJIBKO B HAyYHBIX pacuérax,
HO U B [IPAKTHYECKON AEATEIBHOCTH TYPUCTCKUX KOMITAaHHUH,
OpPraHOB  YNpaBJICHUA  TYPU3MOM,  TPAHCIOPTHBIX
OpraHu3alyii, TOCTHHUYHBIX NpPENIPUATHA M JAPYTHX
YYaCTHHKOB PETMOHAIBHOTO PhIHKA TYPUCTCKHX YCIYT.

3. PesyabTaTnl u O0cy:KI1eHue

Pesynprarom uccienoBaHus —ABiIseTcs  pa3paboTKa
OpraHu3alMOHHO-3KOHOMUYECKOI METOAUKH
(GbOpMHUpOBaHUA TEMaTHYECKOTO TYPHCTCKOTO MapuipyTa
peruoxa, KOTOpast o0beuHseT B e/IMHYI0
MIOCIIEJOBATEIBHOCTh ~ OPraHU3alMOHHBIE,  CEPBHCHBIE,
TPAHCIIOPTHO-JIOTMCTUYECKHE W SKOHOMHYECKHE 3Tarlbl
CO3/IaHMsI TYPUCTCKOTO TIPOAYKTa. B oTinyue ot moaxonos,
re MaplupyT pPacCMaTpuUBaeTCs TOJBKO KaK IEepedyeHb
00BEKTOB MOCEIICHHUS MM KaK CXeMa MePEMELLEHHS MEXKILY
HUMHM, NpeajaraeMasi METOJWKa JOBOJIHMT IIPOLECC [0

(GOopMHpOBaHUS ~ TOTOBOTO  TYPHCTCKOrO  HPOAYKTA,
MPUTOAHOTO JUI IPAKTHYECKOTO MPEIOKEHHS TyPHUCTaM.

ConepxaHue METOAUKH [IOKa3bIBAET, 4TO
(dbopMHpOBaHHE  TEMAaTHYECKOr0  Mapuipyra  JOJDKHO

HAa4YMHATBCS HE C BHIOOpA OTIENBHBIX OOBEKTOB, a C
onpeseneHHs: KOHIEIINN TypUCTCKOro npoaykra. Ha stom
JTane  yYCTAHABNMBAIOTCA THUI  MaplIpyTa, LeleBas
ayUTOpUs, TMPOJODKHTETBHOCTh  TOE3AKH, YPOBEHb
cepBHca 1 Ce30HHOCTD. [lanee co3maérest mHGOpMAIMOHHAS
6aza, BKJIIOYAIONIAs TYpPUCTCKHE OOBEKTHI, KOOPIHMHATHI,
paccTosiHUs, BpeMsl JIBIDKCHHS, COCTOSHHME IOPOT, BHIbI
TPAHCIIOPTa, MecTa HOYEBKH, ITyHKTHI IIUTAHUS, CEPBUCHBIE
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TOYKH, JaHHBIE O TYpHCTCKOM IIOTOKE€ M pHCKaxX. Takas
MIOCJIEIOBATENFHOCTE OTP&KEHAa B JTAITHOM CXeMme, Izie
HepBBIE STAllbl HAIPaBICHbl HA ONpeeleHHe KOHIEMIINI
MapIIpyTa 1 MOJATrOTOBKY UCXOIHBIX JAHHBIX PETHOHA.

BaxHbIM pe3ynbraToM SBISETCS TO, YTO METOIUKA
MO3BOJISIET MEPEHTH OT MPOCTOr0 OTOOpa OOBEKTOB K WX
(YHKIMOHAIBHOM rpynmupoBke. TypHCTCKHE OOBEKTHI
paszensarorcs Ha KITIOYEBEIE, JIOTIOJTHUTETIBHBIE,
nepudepuiinsle,  TPYJHOIOCTYIIHBIE W CEPBHCHO-
HOAJEPKUBAIOIINE. JTO UMEET NPUHITUITNAIBHOE 3HAYCHHE,
MIOCKOJIBKY HE Bce 00BEKTHI MOT'YT BBITIOJIHATH OJMHAKOBYIO
pounb B Mapmpyte. OgHu GOpMHUPYIOT TeMaTHIECKOe SO,
IpyrHe YCWIMBAIOT COJEPKaTeNbHYI0 HACHIIIEHHOCTD,
TPETHU MOT'YT OBITH BKIIFOUESHBI TOJIBKO TIPH OJIarOMPHUATHBIX
YCIOBUSAX, a  CEpBUCHBIE TOYKH  OOECIIeYHBArOT
YCTOMYMBOCTH MaplUipyTa, XOTsS HE BCETrJa SBILTIOTCS
CaMOCTOSITEITEHOM IENBI0 TIOCEICHUSL.

CrenyrommM pe3ynbTaToM SBISIETCS BKIIOYEHHE B
METOJINKY CHUCTEMBI KPUTEPHEB M PHUCKOB. JTO MO3BOJSIET
OLICHWBATh MapUmIpyT HE TOJNBKO TII0 TYPHUCTCKOH
TIPUBJIEKATEIFHOCTH, HO M TI0 COBOKYITHOCTH YCIIOBHH €ro
peajM3alMi:  CTOMMOCTH,  BpPEMEHH,  JOCTYIHOCTH,
CBSI3BHOCTH, HAaIE&KHOCTH, CEPBHCHOM 00ECIIeUeHHOCTH,
pHCKaM 3alepXKeK, COCTOSHHIO JIOpOT, CE30HHOCTH U
Oe3zomacHocTH. TeM caMbIM MapIIpyT OIIEHHMBAETCS Kak
peaJIbHBIIl TYpUCTCKUH TNPOIYKT, (YHKIMOHUPYIOIIUH B
KOHKPETHOM pernoHanbHOI cpefie.

Oco0oe 3HaueHHe HMEeT CIEHApHO-PAcUETHBIN OJIOK
meromukn. OH  mpexycmaTpuBaer  (opMHUpOBaHHE
QIBTePHAaTUBHBIX TPAHCIIOPTHBIX CLIEHAPHEB, HX OLIEHKY I10
CHCTeME KPHTEpPHEB M BBIOOD palMOHAIBEHOTO BapHaHTa.
OmHako B paMKax JaHHOW CTaThbW JaHHBIA  OJIOK
paccMaTpUBaeTCst HE Kak CaMOCTOSITENbHAs
MaTeMaTHdecKas 3ajaya, a Kak 4acTb OoJsiee MIMPOKOM
OpraHM3allMOHHO-9KOHOMHYECKOH METOUKH. Ero
Ha3Ha4YeHHE COCTOUT B TOM, YTOObI 00ECHEYUTH MapIIpyT
TPaHCIOPTHO U CEPBUCHO PEaTU3yeMbIM CLIEHApPUEM, a HE
MPOCTO MUHUMM3UPOBATh PACCTOSIHUE WITH BPEMsI TIOE3IKH.

OpraHu3aOHHO-CEPBUCHBIN 610K METOJUKU
no3Bosisier copmMupoBaTh JBa BO3MOXHBIX (hopmara
TYPUCTCKOTO MapLIpyTa: KOMIIAKTHBIM M pacIIMpeHHBIN.
Kommnakthbiit  Qopmatr nenecoobpaseH i ycIOBHI
OTPAaHUYEHHOTO BPEMEHH, HEJOCTaTOYHOM CEepBUCHOM
00ECIIEYeHHOCTH  WIM  IIOBBIIICHHOH  PUCK-Harpy3KHu.
Pacimpennslii popmaT IpHUMEHSIETCs TOra, KOr/ia PeruoH
pacrnosaraer J0CTaTOUHbIM BPEMEHEM, MECTaMU HOYEBKH,
CEePBUCHBIMM TOYKaMH M YCTOHYMBOW TPaHCHOPTHOM
cxemoil. Takoe pa3zeneHue TMOBBIIIAET aJANTUBHOCTH
TYpPHCTCKOI'O MPOAYKTAa M IO3BOJSIET TypOIEpaTopy He
OTKa3plBaThCSI ~ OT  MapuipyTa  IOJHOCTBIO  IIPU
HeONIaronpusTHBIX YCIOBHSX, a IEpexXoauTh K Ooiee
YCTOMYUBOI KOHBUTYpaLIUH.

BaXHBIM  NPakTHYECKUM  PE3yJbTaTOM  SBILIETCS
BKJIIOYEHHE B  METOAMKY  OSTalloB  MHOIOJAHEBHOW
opraHuzauuM Mapupyra. Ha 3ToM ypoBHEe MapuipyT
pacnpeznensiercss IO  JHAM, PAaCCUMTBIBAIOTCS  Bpems

JIBIDKEHUSI, BpeMs IOCEIEHNs 00bEKTOB, CEPBUCHOE BPeM,
pUCK-Harpy3ka u oOmas nHeBHas Harpyska. Kpome Toro,
BBITIOJIHSCTCS MPHBS3KAa Maplipyra K MecTaM HOYEBKH U
CEPBUCHBIM TOYKaM. DTO OCOOEHHO Ba)KHO JUISl PErHOHOB,
IJie TYPUCTCKHE OOBEKTHI PACHIONI0KEHBI Ha 3HAYUTEIEHOM
PACCTOSIHUM APYT OT ApyTa, a MHPpacTpyKTypa pa3MeleH s
pa3BUTa HEPABHOMEPHO.

TpeioxeHHas METOJMKA OTJIMYAETCS TEM, YTO MOCTIe
NPOBEPKH OPraHU3aLMOHHON PEa3yeMOCTH MapLIpyT He
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0cCTa€Tcs TOJBKO pacyE€THOM cxeMol. Ha 3akmounrenbHbIX Ipennaraembpiii
sTanax oH 0(OPMISETCS KAK TOTOBBIA TYPHUCTCKUI MPOJIYKT: . OpraHu3aLMOHH
COCTaBJSETCS IMPOrpaMMa [0  JHSM, OINPEIENAETCs Hanpasaenue |Tpaxunmonnbiii o-

CpPaBHEHHS]  |IOAXOJX .
CTOMMOCTh ~ yCJYTH,  3aKpCIUIIETCS  TPAHCIOPTHOE P P KOHOMMYECKHi

obecrieueHne, YTOYHSIOTCS MeCTa HOYEBKH W IIMTAHW,
MOJITOTABIMBACTCST  MH()OPMAIIMOHHOE  COIPOBOXKJCHHUE,
omnpeJeNseTcs LeNieBas ayJJUTOpUsl U Ce30HHOCTh. [lamee
BBIIIOJIHACTCS IIPOIHO3 TYPUCTCKOrO IIOTOKA M OLIEHKA
9KOHOMHYECKOH 3P (PEeKTHBHOCTH. DTO IO3BOJISET CBS3AaTh
MaplpyT HE TONBKO C TYPUCTCKOW IPUBIIEKATEIbHOCTHIO,

moaxon

3aBHCHMOCTH  OT|
YCJIOBHH peruoHa

IIPOBEPAIOTCA KaK|

HO U C Pa3BUTHEM PETHOHAIBHOTO PHIHKA YCIIyT. HouéBku u
Jost 00001menus MOJIyYEHHBIX  PEe3yJIbTaToB CepBHCHBIE YHHUTBIBAIOTCA  TIOCIIC|y CIIOBHEC 5

esecoodpasHo COIIOCTaBUTh TpaJUUOHHBIN a - COCTABJICHUA MapIIpyTaIIpaKTHICCKON

TpeTaraeMblii ToIX0I6I K YOPMUPOBAHHUIO TEMATHYECKOTO peann3yeMocTn

TYPUCTCKOr0 MapuipyTa.

Ta6auna 3 BKJTFOUAETCS B
DKOHOMHYECKH OLICHUBACTCA OTJCIIBHO) o
CpaBHemle TPAAUIMOHHOT0 U OPraHU3aAIUOHHO- o 3aKJIIFOYNUTCIIbHBIN
" pe3ybTaT I HE YUYUTBIBACTCA
3KOHOMHYECKOI0 MmMmoaxoaoB K (l)OpMI/lpOBaHI/llO OJIOK METOOUKHU
TEMATHYECKOr0 TYPHCTCKOI0 MapIupyra

IIpeanaraemblii TOTOBBIN
. OpraHM3aIOHH . TYPUCTCKU
Hanpagienne |TpagnumoHHbI o [pakTHyeckuii |cxema roceenmus| - s
CpaBHEHHs MOAX0/ " HUTOT 00BEKTOB poLy
HKOHOMHYeCKHUii TP /IIOKEHAS
MOAX0M TypucTam
KOMIUIEKCHBIH
[lonuManue  |MOCIIENOBATENBHOCTE o Kak BumHO m3 Tabmmipl 3, mpemaraeMasi METOIUKA
TYpUCTCKUI > 1Ip
MapIpyTa TYpUCTCKHX OOBEKTOB IPOIYKT PerHoHa pacumpsier  copep)kaHue mporecca  (HOPMHUPOBAHHS
POAYKT D Mapmpyta. OHa T1O3BOJSIET YYMTHIBaTh HE TOJBKO
5 TYPHCTCKYIO NPUBJIEKATEIEHOCTh OOBEKTOB, HO M YCIIOBHS
00BEKTHI A
’ WX  TMPAKTHYECKOTO  BKJIOYCHHS B  PETHOHAJBHBIN
. IOCTONMPHMEYaTETBHOC TpaHcnopt, . TYPUCTCKUH NPOLYKT. DTO 0COOCHHO BasKHO AJIl PETHOHOB,
OcrosHo# ™M M NOpANOK WX CCPBHC, HOHUCBKH, rae Hannuue OOBEKTOB HACIEIUs camo Mo cebe emé He
AKLCHT OCemeHns PUCKH u obecrieunBaeT YCTOWYMBBIM TYpUCTCKHIM MOTOK. J{ist 3TOro
SKOHOMMYCCKUU HeoOXomuMa OpraHuM3alys Mapuipyra Kak YCIYTH,
pe3ynbTar CBSI3aHHOH C TPAHCIIOPTOM, pa3MEILICHUEM, IHTaHHEM,
CEPBUCOM, nHGOPMAIIMOHHON TIO/IICPIKKOI u
IpYNITIPOBKA SKOHOMUYECKHM PE3yJIbTaTOM.
00BEKTOB o OOcyxIIeHHEe TOTy4YEHHBIX DPEe3YJbTaToB IIOKa3bIBACT,
pomu B YTO TIPEUIOKEHHAS METOAMKA MMEET KaK Hay4Hoe, TaK U
orGop HanGoeeMapupyTe: npukiaagHoe 3HadeHue. C HayyHOHM TOYKM 3peHHs OHa
Pabora [pHBIIEKATEBHBIX P— OObeIMHSACT pa3pO3HEHHbIC OJIEMEHTHl MapLIPyTHOTO
2
06BbCKTaMu OBLEKTOR HOMOHUTETBHEe TIPOEKTUPOBAHUSA B eIMHYIO OpraHU3alUOHHO-
N 3KOHOMHUECKYIO cxeMy. C mpakTHYeCKOI TOUKU 3peHUs] OHA
, nepudepuiinble, o
MOXeT ObITh MCIIOJIB30BaHA KAaK IOLIATOBBIA HMHCTPYMEHT
TPYHOZOCTYITHBI .
JUIL  TYPUCTCKUX KOMIIAaHMH, OpraHOB  YHpPAaBICHUA
© ¥ CCPBHCHEIC TYPU3MOM, TPAHCHOPTHBIX OpraHU3alUi, TOCTUHUL, THI0B
U CEPBUCHBIX MPEINPUATHIHA.
paccMarpuBacTes Jns  ycuiaeHums OSKOHOMHYECKOH — HAMpaBIEHHOCTH
KaK yCIIOBHE MpeAaaraeMoil METOAUKH LEIeCO00pa3HO JOMOIHUTEIEHO
TpancnoprHas [pacCMaTpHBacICs —KakIOCTYIHOCTH U YUUTBIBaTh €€ BIMSHHE Ha TYPHCTCKUM MOTOK U 00BEM
COCTABILIOIIAS |CIIOCO0 NEPEMEILEHNS  [peaTi3yeMOCTH TypuCTCKUX ycuyr. IIOCKONbKYy TeMaTHYecKHid MapIIpyT
TYPHCTCKOM (dbopmupyeTcsi Kak TOTOBBI TYPHUCTCKHH MPOIYKT, €ro
yciyru NPaKTHYECKOE  BHEAPEHHE  MOXET  CIOCOOCTBOBATh
YBEJIMYEHHIO YHUCJIA TYPUCTOB, HPOIODKUTEIBHOCTH HX
BKJIIOYAETC B npeObIBaHU M CHpOca Ha TPAHCIOPTHBIE, FOCTHHUYHBIE,
CepeucHas METOMKY — Kak pecTopaHHbIe, S5KCKYPCHOHHBIC M UHBIE CEPBUCHBIE YCIIYTH.
1acTo YUTBIBACTCAH . ITo3TOMYy 3KOHOMHYECKHii DPE3yJIbTAT METOAMKH MOXKET
HHPPACTPYKTYD 00s13aTebHBIN y pesy.
N AOTIOJTHATEILHO N OBITH TPEJCTABICH Yepe3 CHEHAPHYIO OIEHKY MPHPOCTa
MapIIpyTa TYPHCTCKOrO NOTOKa | 06LeMva TYPHCTCKHX YCIIYT.
TIpOrHO3HBIH TYPHCTCKMH MOTOK € y4YETOM DPa3BUTHS
TEMaTHYECKMX MAapLIPyTOB MOXHO  ONpPEACNHUTh IO
Ddopmat HpeI/IMyIIleCTBeIiI’HO COMIAKTHEI HTH bopmyre:
MapIpyTa UKCHPOBAaHHBIN .
pLIpY b p pACIIMPEHHBIA B " = T‘t] 1+ k), 3)

roe T{™ — TypUCTCKHHl TOTOK C Y4YETOM pa3BUTHS
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TEeMaTUYECKUX MapIIPYTOB;

T — 6a30BbIil TypHCTCKHI NIOTOK;

K — crieHapHbIil KO3(QPUIMEHT PUPOCTa TYPHUCTCKOTO
MOTOKA 3a CYET Pa3BUTUS TEMATUYECKON MapLIPyTH3AIUH.

O0BEM TYypUCTCKUX YCIYT B OOIIEM BHJE MOXET OBITh
MPE/CTaBJIeH KaK IPOW3BEJEHHE TYPHUCTCKOTO IOTOKA M
cpenHero o0bEMa pacxo0B OJHOIO TYPHCTa:

X, =T, Py, 4

rae X; — 00bEM TypUCTCKUX YCIIYT;

T, — TypUCTCKU IIOTOK;

P, — cpennuii 06bEM pacxo/IoB OJHOTO TYPHCTA.

Torma MOMONHUTENBHBIA 3KOHOMHUYECKHU 3(dekT oT

pa3BUTUA TEMATUYCCKUX MapuaipyToB MOXCT OBITH
OTIPEJICIIEH CIICIYIOIIAM 00pa3oM:
AX, =X" - X?=X? -k, 5)

rye AX; — TONOTHHUTETBHBIN SKOHOMHYECKHH 3P deKT;

X{™ — 00BEM TYPHCTCKHX YCIYr ¢ Y4ETOM Da3BUTHA
TEeMaTHYECKHX MapIIPYyTOB;

X? — ©asoBblii O00BEM TypHCTCKHX ycIyr —0e3
JIOTIOJTHUTENIBHOTO 3((eKTa MapIIpyTHU3ALHH.

JanHble (GOpMyiIbl MOKA3bIBAIOT, YTO NpeyiaracMmas
OpraHM3allMOHHO-9KOHOMHYECKAsk METOJJUKA HallpaBJIeHa HE
TOJIBKO Ha MOCTPOEHHE MApHIPYTa KaK CXEMBbI IOCEIIEHHUS
00BEKTOB, HO M Ha OIEHKY €ro BKJIaja B pPa3BUTHE
PETHOHAIBHOTO PHIHKA TYPUCTCKHUX YCIYT. DKOHOMHYECKUH
pe3ynbTaT MPOSBISIETCS Yepe3 YBENWYEHUE TYPHCTCKOTO
MOTOKA, POCT CIPOCa Ha pa3MeEIleHne, TUTaHNE, TPAHCIIOPT,
9KCKYPCHOHHOE  CONPOBOXIEHHE,  HMH(OPMalHOHHbIE
YCIYTH W JpPYTHe€ 3JIEMEHThl PErHOHAIbHON CEPBUCHON
9KOHOMHUKH. Takas JIOTHKa COOTBETCTBYET
3aKIIOYMTENBHBIM ~ 3TalaM  METOJMKH, TIJe  Iocne
¢GbopMHpOBaHUA ~ TOTOBOTO  TYPHCTCKOTO  IPOJYKTa
BBINONHAETCSl MPOTHO3 TYPHUCTCKOTO TIOTOKA M OLEHKa
9KOHOMUYECKOH 3()PEKTUBHOCTH MapLIpyTa.

Takum oOpa3oM, pa3paOOTaHHAs METOIMKA MO3BOJISET
pelate TPU B3aUMOCBSI3aHHBIE 3a7aud. Bo-TiepBBIX, OHa
obecrieunBaer (opmupoBaHue MapIpyTa Kak
COJIEPIKATENBHO LIEIIOCTHOTO TYPUCTCKOro MpoayKTa. Bo-
BTOPBIX, OHAa MO3BOJSAET MPOBEPUTH €r0 MPAKTUYECKYIO
peanu3yeMocTb ¢ Y4ETOM TPAHCIOPTHBIX, CEPBUCHBIX WU
HH(PaCTPYKTYpHBIX ycloBHiA. B-TpeTbux, OHa co3maér
OCHOBY JJI1 OLEHKH 9SKOHOMHYECKOrO pEe3yJIbTara,
BBIPAXKAIOIIETOCSI B POCT€ TYPUCTCKOTO MOTOKa U
pacLIMpeHnH CIpoca Ha PETHOHANIBHbIE YCIYTH.

4. 3akaodyeHue

B crarbe pa3paboTaHa OpraHU3aluOHHO-
SKOHOMHUYECKash METOJuKa (OPMHUPOBAHUS TEMAaTHYECKOTO
TYPHUCTCKOIO MapupyTa peroHa. B oTiauuue oT moaxoJos,
pu KOTOPBIX MapuipyT paccmaTpuBaeTcs
NPEUMYILIECTBEHHO KaK Iepe4eHb OOBEKTOB MOCELIEHHS
WIM  Kak  TPaHCIOPTHAas  CXeMa  I[lepeMelIeHHs,
NPEJUIOKEHHAs METOJMKAa IO3BOJIIET — pPaccMaTpUBAaTh
TEeMaTHYEeCKUI MapIIpyT KaK KOMIUIEKCHBIH TYPUCTCKUH
NPOAYKT, BKJIIOYAIOWIUA OOBEKTHYIO, TPAaHCIIOPTHYIO,
CEpPBHUCHYI0, HMH(PACTPYKTYpHYIO, OpraHMU3aLHOHHYIO U
9KOHOMHYECKYIO COCTABIISIOLINE.

OCHOBHOE COJEp)KAaHUE METOJUKH 3aKII04YaeTcs B
MOCIIEJOBATEILHOM MPOXOKACHHHU 3TAIlOB OT ONpEAeIeHHs
KOHIENIIIMKM MapIIpyTa JI0 OLICHKH ero IPaKkTHYecKOH U
9KOHOMHUYECKOU s¢dexTruBHOCTH. B pamMKax
NPEUIOKEHHOTO TIOJX0/la CHAayajla ONpeielsieTcss THID
MapuipyTa, IeJieBas ayJUTOpHs, IPOJOJDKHTENBHOCTD
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TOE37KH, YPOBEHb CEpBHCA M CE30HHOCTb. 3aTeM
dbopmupyercs mHMOpMammoOHHas 0a3za, BKJIOYAIOIIAS
TYPUCTCKHE OOBEKTHI, KOOPIUHATHI, PACCTOSHUS, BPEMS
JIBIDKEHHSI, COCTOSIHHE JIOpOT, BHUJBI TPAHCIOPTa, MeECTa
pa3MeleHns, CepBUCHBIE TOYKM M pHUcku. [locie 3Toro
BBHITIONTHACTCS TPYNIHPOBKA OOBEKTOB, (OPMHUPYETCS
CHUCTEMa KPUTEPHEB H PUCKOB, BEIOUPACTCS PalliOHATBHBII
TPaHCIIOPTHO-CEPBUCHBIN CIICHApUH, OTIPEIENSeTCS
KOMITAKTHBIA WJIM PacHIMPEeHHBIH (opMar Mapuipyra,
TPOBOJIUTCS MHOTOJIHEBHAS OpPraHU3alus W OICHHUBACTCS
9KOHOMHYECKHI PE3yIIbTaT.

Hayl{Ha;[ 3HAYUMOCTb HpeL[IIO)KCHHOfI MCTOAHUKHU
COCTOHUT B UHTErpaun Opranu3aliluOHHBIX,
OKOHOMUYECCKUX, CEPBUCHBIX n TPaHCIIOPTHO-

JIOTUCTUYCCKUX DJJICMEHTOB B CJIUHYIO J3TallHYIO CXEMY
(bOpMI/IpOBaHI/ISI TEMATHYCCKOI'0 TYPHUCTCKOI'O MaplipyTa

peruoHa. Takoii  MOIXOA  TO3BOJSIET  YCTPaHUTh
(hparMeHTapHOCTH CYIIECTBYIONIHMX PEIICHHUH, IPU KOTOPBIX
OT/IETILHO paccMaTpHuBaroTCs BBIOOD 00BEKTOB,

TPaHCIOPTHAS! JIOCTYITHOCTh, CEPBHCHOE COMPOBOXJICHHE,
PHUCKH WJIA SKOHOMHYECKUH 3P PEKT.

IIpakTHyeckas 3HAYMMOCTH METOAMKH 3aKITIOYAeTCs B
BO3MOXKHOCTH €€ TIpHMEHEHHS] OpraHaMH YIpaBICHHSI
TYpH3MOM, TYPUCTCKHMMH KOMIAHISIMH, TPaHCIOPTHBIMHU
OpTaHM3alMsIMH, TOCTUHUYHBIMH TPEIPHATHIMHA, THIAMHA
U CEpBUCHBIMH CTPYKTypaMH. MeToquka IO3BOJSIET HE
TOJIBKO C(OPMHPOBATHE MapHIPYT, HO U OIpPEIENIUTH €ro
MPaKTHYECKYIO Peai3yeMOCThb, BEIOpATh KOMIAKTHBIA MITH
pacmmpeHHbIH (hopMat, COryiacoBaTh MapIIpyT ¢ MeCTaMHu
HOYEBKM M CEPBUCHBIMH TOYKAMH, a TaKXe OIICHHUTHh
OXKHJAEMBIi SKOHOMHYECKHH pe3ynbrar. OTO OCOOCHHO
BAXHO JUII PErHOHOB, TJE TYPUCTCKHE OOBEKTHI
MPOCTPAHCTBEHHO pazoOreHsI, TpaHCIIOPTHAs
UHQPACTPyKTypa HEOIHOPOAHA, a YPOBEHb CEPBUCHOI
00eCIeYeHHOCTH Pa3IMdaeTcss MO OTHCNBHBIM Y4acTKam
MapIpyTa.

TIpennoxxeHHBI TOIXOJ MO3BONSET paccMaTPHBATh
TEMaTHYECKYI0 MapLIPYTH3AIHIO KaK MHCTPYMEHT Pa3BUTHS
PETHOHAIBHOTO PBIHKA TYPHCTCKUX yciryr. dopmupoBaHue
MapIIpyTa co3aéT JIOMONTHUTENBHBIH CIIPOC Ha TPAHCHOPT,
pasMelleHre, MHUTaHUe, 3KCKYPCHOHHOE O0O0CITy)KHBaHUE,

yCIyrH  T'MAOB, WH(POPMAIMOHHOE  COIPOBOXICHHUE,
CYBEHHPHYIO TOPrOBIIO M Jpyrue OdIeMeHThl cdepbl
cepuca.  CienoBaTeNbHO, TEMAaTHUECKHHA  MapIIpyT

BBICTYIIAET HE TOJIBKO KaK 9KCKYPCHOHHAs MPOrpaMma, HO
KaK MEXaHH3M IOBBILICHHS SKOHOMUYECKOH aKTHBHOCTH
peruosa.

Takum o00pa3oM, paspaboTaHHas OpraHU3aLUOHHO-
9KOHOMHYECKAs] METOIHKa OOCSCHeYHBACT MEpexon OT
(hparMeHTapHOr0 MCIONB30BAHHS TYPUCTCKUX OOBEKTOB K
HX CHCTEMHOM OpraHU3aliH B BHAE TOTOBOTO TYPHUCTCKOTO
npoaykra. OHa mo3BoisieT CHOPMHUPOBATH MAapLIPYT Ha
OCHOBE JAaHHBIX KOHKPETHOIO DPErHOHa, MPOBEPUTH €ro
peann3yeMocTb, BHIOpaTh ONTUMANBHBIH (opMaT U OLICHUTH
MPaKTHYECKU 1 3KoHOMHUYecKuit adpdexr. JanHas noruka
COOTBETCTBYeT  OJTamHOM  cXeme, TIAe  [pomecc
GbopMupoBaHHS MapuIpyTa 3aBepIIacTCsi HE  TOJNBKO
BBIOODOM ~MapuipyTa, HO U TOATOTOBKOH T'OTOBOTO
TYPHCTCKOTO TIPOIYKTA [UISl MPAKTHIECKOTO IPHUMEHEHHSI.
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Abstract: The power units of mainline diesel locomotives are one of the primary technical systems ensuring the
continuous and safe operation of railway transport. The operational reliability of these power units is
directly linked to the timely assessment of their technical condition, the detection of malfunctions in their
initial stages, and the scientifically-based organization of maintenance processes. Traditional, regulation-
based maintenance methods often fail to fully reflect the actual technical condition of the aggregates,
leading to increased operational costs, the occurrence of unscheduled failures, and a decrease in the
operational readiness of locomotives. Therefore, integrating modern diagnostic tools and automated
monitoring technologies into the maintenance system is one of the pressing scientific and practical tasks
in the field of transport engineering. This study provides a comprehensive analysis of the capabilities of
various methods for assessing the technical condition of mainline diesel locomotive power units,
including vibration monitoring, thermographic inspection, physicochemical analysis of oil, monitoring
of electrical parameters, and automated control systems based on intelligent sensors. The research
methodology was based on systematic analysis, comparative evaluation of diagnostic parameters,
monitoring of operational indicators, and assessment of maintenance efficiency. The diagnostic results
showed that real-time monitoring of the power units' operating parameters enables the early detection of
malfunctions, the prediction of their progression, and the optimization of maintenance intervals in
accordance with operating conditions. The research findings confirmed that the application of modern
diagnostic and automated monitoring technologies serves to enhance the operational reliability of
mainline diesel locomotives, extend the service life of power unit components, reduce the number of
unscheduled repairs, and optimize maintenance costs. Furthermore, it has been scientifically
substantiated that implementing Condition-Based Maintenance (CBM) and Predictive Maintenance
(PdM) principles significantly increases maintenance effectiveness and improves the operational
availability coefficient of locomotives. The proposed integrated approach serves as a scientific and
practical basis for increasing the accuracy of assessing the technical condition of mainline diesel
locomotive power units, improving maintenance strategies, and widely implementing digital diagnostic
systems in railway transport.

mainline diesel locomotive, power units, technical condition, diagnostics, automated monitoring,
vibration monitoring, thermography, smart sensors, SCADA, Condition-Based Maintenance, Predictive
Maintenance, operational reliability, maintenance, railway transport
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1. Introduction _
economic losses.

Railway transport is one of the most vital components of
the country's transport system, providing for the
transportation of large volumes of cargo and passengers over
long distances. The efficiency and safety of the transport
process largely depend on the technical condition of the
locomotive fleet, particularly the power plants of mainline
diesel locomotives, which are the primary source of traction
power and determine the locomotive's operational
performance.

Under modern conditions of intensive railway transport
use, the demands for reliability, cost-effectiveness, and
environmental safety of locomotive power plants are
increasing. Prolonged operation of equipment under variable
loads, exposure to adverse operating factors, and the natural
wear and tear of parts and assemblies lead to a deterioration
in the technical condition of power units, a decrease in their
efficiency, and a higher probability of failure. Failure to
detect malfunctions in a timely manner can result in
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Traditional maintenance and repair methods, based on
scheduled overhaul intervals and periodic inspections, do not
always allow for the timely detection of latent defects or an
objective assessment of the equipment's actual condition. In
this regard, the implementation of modern diagnostic and
automation tools which ensure continuous monitoring of
power plant operating parameters, prompt detection of
deviations from standard indicators, and prediction of
potential malfunctions is of particular relevance.

The  development  of  digital  technologies,
microprocessor engineering, intelligent monitoring systems,
and methods for processing large volumes of diagnostic data
is opening up new opportunities for improving the
locomotive maintenance system. The use of automated
diagnostic complexes enables a shift from a system of
scheduled preventive maintenance to maintenance based on
actual technical condition, which in turn serves to increase
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equipment reliability, reduce operational costs, and ensure
the rational use of resources.

Despite the existence of numerous studies on locomotive
equipment diagnostics, the challenge of a comprehensive
assessment of the technical condition of mainline diesel
locomotive power plants using modern control and
automation tools remains relevant and requires further
scientific substantiation. The development of monitoring
methods that improve diagnostic reliability and ensure the
effective management of the technical condition of
locomotives throughout their entire operational life is of
particular importance.

The power units of mainline diesel locomotives are one
of the primary technical systems ensuring the continuous and
safe operation of railway transport. The technical condition
of these units directly affects the locomotives' traction
power, fuel consumption, operational reliability, and
economic efficiency. Therefore, regularly monitoring the
condition of power units, along with the early detection and
prevention of malfunctions that occur during their operation,
is one of the most critical tasks facing railway transport
today.

In recent years, the widespread introduction of digital
technologies, automated control systems, and modern
diagnostic tools into railway transport has created new
opportunities for improving methods of assessing the
technical condition of locomotives. However, in practice,
effective solutions for diagnosing mainline locomotive
power units during operation, determining their residual
service life, and organizing maintenance based on their
actual technical condition have not yet been sufficiently
developed.

There is a need to further develop scientific and
methodological approaches for the comprehensive
monitoring of the performance indicators of diesel-generator
sets, fuel, lubrication, and cooling systems, as well as
auxiliary electrical equipment, in order to identify latent
defects and prevent emergency situations. In most cases,
existing diagnostic tools are limited to monitoring only
individual parameters and do not allow for a comprehensive
assessment of the power unit's overall technical condition.

Improving the reliability of power units and enhancing
maintenance and repair systems are among the key scientific
directions in the fields of transport engineering and
locomotive management. As a result of research in reliability
theory, technical diagnostics, automated monitoring
systems, and operational efficiency enhancement,
significant scientific achievements have been made by both
domestic and foreign scientists.

Scientific literature extensively covers the assessment of
the technical condition of mainline diesel locomotive power
units, the detection and prediction of malfunctions,
maintenance optimization, and the implementation of
automated diagnostic systems. At the same time, the rapid
development  of  modern  sensor  technologies,
microprocessor-based control devices, remote monitoring
systems, and digital diagnostic complexes necessitates the
further improvement of existing methods for monitoring
power units.

An analysis of scientific sources shows that assessing the
technical condition of mainline locomotive power units
using modern diagnostic and automation tools, detecting
malfunctions in their early stages, and increasing their
reliability by implementing a condition-based maintenance
system remain relevant issues. Research in this area is of
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great scientific and practical importance for increasing the
operational efficiency of locomotives, reducing repair costs,
ensuring the rational use of energy resources, and
maintaining traffic safety in railway transport.

2. Research methodology

Structural Features of Modern Power Plants in
Diesel Locomotives

Modern mainline diesel locomotives are high-tech
transport vehicles in which power units serve as the primary
source of traction. In recent decades, the design of these
power units has undergone significant changes, driven by the
need to increase fuel efficiency, reliability, and
environmental safety, as well as to adapt to digital control
and diagnostic technologies. Modern technical solutions are
aimed not only at increasing locomotive power but also at
providing the capability for continuous monitoring of the
technical condition of key units during operation.

The core of the power units in most mainline diesel
locomotives is a high-performance, supercharged internal
combustion diesel engine. Unlike previous-generation
engines, modern diesels are distinguished by their higher
specific power, improved fuel efficiency, and reduced
harmful emissions. Structurally, they are built with either a
V-type or in-line cylinder arrangement and are equipped
with a turbocharger, intercooling for the charge air, and
electronic control systems for the fuel injection process.

One of the most important features of modern power
units is the use of electronically controlled fuel systems. The
use of electronic control units allows for the adjustment of
injection timing, fuel delivery duration, and fuel rail pressure
according to the engine's operating mode. This ensures more
complete fuel combustion, reduces its specific consumption,
and lowers the toxicity of exhaust gases. Furthermore,
electronic systems enable automated monitoring of engine
operating parameters and the recording of diagnostic data.

The turbocharging system is a crucial element in the
design of modern power units. The turbocharger uses the
energy from exhaust gases to increase the pressure of the air
entering the engine cylinders. Increasing the air mass in the
combustion chamber allows for greater fuel combustion
efficiency and higher power output while maintaining the
engine's relatively compact dimensions. Modern
turbochargers are characterized by a high degree of
automation and are equipped with instruments for
monitoring temperature, pressure, and rotor speed [1-3].

In the design of modern power units, special attention is
paid to the cooling system. During the operation of a diesel
engine, a significant portion of the fuel's energy is converted
into heat, which must be effectively dissipated to prevent
components from overheating. Modern cooling systems
include high-efficiency radiator sections, automatic
thermoregulators, electric or hydrostatic fan drives, and
digital temperature sensors. The use of automated control
makes it possible to maintain the engine's optimal thermal
regime, regardless of external climatic conditions and load
levels.

No less important is the lubrication system, which
reduces friction between moving parts and protects surfaces
from wear. Modern diesel locomotive engines use combined
lubrication systems with forced oil circulation through fine-
particle filters and heat exchangers. To increase operational
reliability, pressure, temperature, and oil quality sensors are
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used, with their data transmitted to the locomotive's
technical monitoring system.

Modern power units are characterized by the extensive
use of electrical and electronic components. Locomotive
equipment includes microprocessor control systems, digital
controllers, intelligent sensors, and communication
networks for data exchange. Such solutions enable functions
like automatic power regulation, monitoring the technical
condition of equipment, recording emergency events, and
predicting the remaining service life of individual units.

A key design difference in modern power units is the
direct integration of diagnostic tools into the equipment's
structure. Whereas in the past, monitoring engine condition
was primarily performed during scheduled inspections and
repairs, modern locomotives are now being equipped with
continuous monitoring systems. Parameters such as
vibration, pressure, temperature, fuel consumption, lubricant
quality, and exhaust gas composition are monitored. The
data obtained is used to identify early signs of malfunctions
and to prevent equipment failures.

One of the key directions in improving the design of
power units is enhancing the environmental characteristics
of diesel locomotives. To reduce harmful emissions, exhaust
gas recirculation systems, catalytic converters, improved
fuel injection control algorithms, and multi-stage
turbocharging  technologies are  employed.  The
implementation of these solutions allows for compliance
with modern international environmental standards while
simultaneously increasing fuel efficiency [4-6].

Thus, the design of modern power units for mainline
locomotives constitutes a complex system of interconnected
mechanical, electrical, and electronic systems. Such units are
characterized by a high level of automation, the use of
electronic controls, the integration of technical diagnostic
tools, and the application of technologies to increase fuel
economy and  environmental  friendliness.  The
aforementioned design solutions create a foundation for
implementing modern methods of monitoring the technical
condition of equipment and for transitioning to a condition-
based maintenance concept for locomotives, which is one of
the main directions in the development of the locomotive
industry.

3. Results and Discussion

Analysis of the Effectiveness of Modern Diagnostic
Technologies in Assessing the Technical Condition of
Diesel Locomotive Power Plants

The development of technical diagnostic tools for the
power units of diesel locomotives is considered one of the
primary ways to enhance the reliability of the locomotive
fleet in both domestic and foreign practice. In recent years,
particular attention has been given to creating automated
monitoring systems that provide continuous oversight of the
equipment's technical condition during operation.

In CIS countries, comprehensive systems for monitoring
diesel engine parameters are traditionally employed, which
include measuring coolant temperature, oil pressure,
crankshaft speed, and other operational parameters. Modern
locomotives are being equipped with microprocessor-based
control systems that enable the recording of malfunctions
and the saving of equipment operational history for
subsequent analysis.

https://doi.org/10.56143/2181-2438-2026-3-77-83

Vibrational analysis and engine oil analysis methods
have become particularly well-developed. Using spectral oil
analysis makes it possible to detect the presence of wear
products from engine components and to assess their degree
of deterioration. This approach is widely used in diagnosing
the cylinder-piston group, bearing assemblies, and elements
of the valve train mechanism.

International practices are characterized by a broader use
of digital technologies and remote monitoring systems.
Major railway companies are implementing intelligent
platforms that provide real-time transmission of diagnostic
data to specialized data processing centers. This allows for
centralized monitoring of the technical condition of the
locomotive fleet and a prompt response to any issues that
arise [7-8].

The application of big data, cloud computing, and
artificial intelligence technologies is a promising field.
Analysis of the collected operational data enables the
creation of mathematical models for equipment wear and the
forecasting of potential failures. As a result, the accuracy of
diagnostics and the efficiency of planning repair work
increase significantly.

A comparative analysis of local and international
experience shows that the most effective solutions are
comprehensive diagnostic systems that integrate automated
monitoring of equipment's technical condition, intelligent
data analysis, and forecasting tools. The further development
of these technologies involves integrating digital platforms
for locomotive life cycle management and implementing the
digital twin concept for the power unit (Fig. 1).

Malfunctions of the D49 Diesel Engine and Their Causes

1. Crankshaft overheating

3, Energy losses from the

diesel generator 5. Camshaft failure

a) Overheating of the
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plain bearing
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bearing assembly
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Fig. 1. Key factors affecting the operational
characteristics and performance of internal combustion
engines

Analysis of Modern Approaches to Assessing the
Technical Condition of Locomotive Equipment

Assessing the technical condition of locomotive
equipment is a vital component of the system for ensuring
railway transport reliability. Traditional inspection methods
were primarily based on conducting scheduled inspections
and repairs at specified time intervals or distances traveled.
However, the development of diagnostic technologies has
revealed the limitations of this approach, as the actual
technical condition of individual components can differ
significantly from standard benchmarks.

Modern methods for assessing technical condition are
based on the principle of continuously monitoring
equipment performance parameters. Such systems are
fundamentally comprised of digital sensors, microprocessor-
based devices for information processing, and specialized
software suites for data analysis. The use of these
technologies allows for monitoring the equipment's
technical condition directly during operation, without taking
the locomotive out of service.

Modern methods for assessing technical condition are
based on the principles of continuous monitoring of
equipment performance parameters. The foundation of such
systems consists of digital sensors, microprocessor-based
devices for information processing, and specialized software
suites for data analysis. The use of these technologies allows
for the monitoring of the equipment's technical condition
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directly during operation, without taking the locomotive out
of service.

One of the most common methods is parametric
diagnostics, which is based on analyzing changes in the
equipment's operating parameters. Temperature, pressure,
rotational speed, fuel consumption, vibration characteristics,
and other indicators are monitored. Deviations from their
standard values may signal an emerging malfunction.

Vibrodiagnostic methods, which enable the detection of
defects in bearing assemblies, imbalances in rotating parts,
shaft misalignments, and other mechanical damage in their
early stages of development, have become widespread. The
high sensitivity of this method makes it possible to predict
equipment failure long before any external signs of a
malfunction appear.

The use of intelligent diagnostic systems based on
artificial intelligence and machine learning technologies is a
promising direction. Such systems can analyze large
volumes of operational data, identify hidden patterns in
parameter changes, and predict the remaining service life of
the equipment. Implementing the concept of predictive
maintenance significantly increases the reliability of the
locomotive fleet and reduces maintenance costs.

Modern approaches envision a transition from a system
of scheduled preventive maintenance to maintenance based
on actual technical condition. This concept relies on an
objective assessment of the equipment's real-time state and
allows for repair work to be carried out only when there is a
confirmed need.

The power units of mainline diesel locomotives operate
under complex and constantly changing conditions, which
directly affects their technical condition. Sharp temperature
changes, humidity, dust, and aggressive environmental
factors, as well as the vibrations and shock loads that occur
when the locomotive travels over uneven sections of track,
reduce the operational reliability of the power unit's
components. Furthermore, high traction loads, frequent
changes in engine operating modes, prolonged operation at
maximum power, and repeated starts and stops lead to the
accelerated wear of the diesel-generator set's assemblies.

Under the influence of these factors, defects of varying
severity can appear in the components of the cylinder-piston
group, the fuel apparatus, the turbocharger, and the cooling
and lubrication systems. These malfunctions lead to a
decrease in the power output of the power units, an increase
in fuel consumption, and a decline in environmental
performance, while also negatively affecting the overall
operational reliability of the locomotive. Therefore,
continuous monitoring of the power units' technical
condition using modern diagnostic and automated
monitoring tools is an essential requirement for ensuring
their efficient and safe operation [9-10].

Power units are operated in various climatic and
operational conditions, which significantly affects their
performance, reliability, and technical condition. When
assessing the impact of environmental factors on the
operation of power units, the intensity of solar radiation,
atmospheric air temperature and relative humidity, the
amount of precipitation, atmospheric pressure levels, and the
presence of dust, abrasive particles, and other pollutants in
the air are taken into account.

High temperatures adversely affect the thermal
performance of the diesel engine, generator, and auxiliary
systems, which increases the load on the cooling system and
can shorten the service life of the units. In low-temperature
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conditions, the physicochemical properties of the fuel
change, the efficiency of the lubrication system decreases,
and starting the engine becomes more difficult. High air
humidity can degrade the insulating properties of electrical
equipment and accelerate corrosion processes.

The presence of dust and other mechanical particles in
the atmosphere leads to the rapid wear of air filters,
turbochargers, and cylinder-piston group components.
Furthermore, in mountainous regions, the decrease in
atmospheric pressure reduces the amount of air entering the
engine cylinders, which negatively impacts the efficiency of
the combustion process and the power output of the power
unit.

Therefore, when operating the power units of mainline
diesel locomatives, it is crucial to consider the influence of
climatic factors and to monitor their technical condition
using modern diagnostic and automated monitoring systems.
This allows for the detection of malfunctions at an early
stage, increases the reliability of the equipment, and reduces
operational costs.

Mathematical evaluation of the reliability of internal
combustion engines

The reliability of internal combustion engines (ICEs),
which serve as the primary power units for mainline
locomotives, is a key factor in determining the efficiency and
safety of the transportation process. Under conditions of
intensive locomotive use, the failure of individual engine
components leads to a decrease in power, an increase in fuel
consumption, a deterioration of environmental performance,
and the need for unscheduled repairs. Therefore, to
objectively assess the technical condition of these power
units, it is essential to employ mathematical reliability
analysis methods that allow for a quantitative assessment of
the probability of uninterrupted equipment operation and the
forecasting of its residual life.

Engine reliability is defined as the ability of the engine
to maintain the values of its parameters, which characterize
the performance of its specified functions, within established
limits for a given period, provided that the conditions for
operation, maintenance, and repair are met. A quantitative
assessment of reliability is based on the statistical analysis
of failures and the use of probabilistic models.

The main indicator is the probability of the engine
operating without failure for a specified time (t):

P(t) = N(t) X N,

where No is the initial number of engines under
observation, and N(t) is the number of engines that have
remained operational by time (t).

The probability of failure is determined by the following
expression:

Q) =1-P(t)

To analyze the operational reliability of diesel
locomotive engines, the failure rate is a widely used
indicator that expresses the probability of a failure occurring
per unit of time:

A) = f(t) x P(¢)
where f (t) is the probability density of the time to failure.
When the failure rate is constant, the degradation
process can be described by the exponential distribution law:
P(t) = e*®

This model is considered optimal for the normal
operating period of the engine, which occurs after the break-
in process is complete and before the onset of accelerated
wear of the cylinder-piston group components, fuel system,
and valve train mechanism.
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Mean time to failure is defined as the mathematical

expectation of the continuous operating time:
Ty =1/2

It is advisable to apply a structural-functional approach
to complex technical systems, including the diesel-generator
units of mainline locomotives.

The power plant under consideration may include the
following functional subsystems: the cylinder-piston group,
lubrication system, cooling system, fuel system,
turbocharger, and electronic control system. The failure of
any of these subsystems can limit the engine's operational
capability, which justifies the need to use a series reliability
model.

Modern diagnostic tools enable a transition from
traditional statistical reliability assessment to the parametric
forecasting of technical condition. In this context, the objects
of analysis are diagnostic parameters such as combustion
pressure, exhaust gas temperature, fuel consumption, oil
pressure, vibration characteristics, and the toxicity indicators
of exhaust gases.

The technical condition coefficient can be used to assess
the level of technical degradation:

Kis = X, X X,

where X is the current value of the parameter being
controlled, and X is its nominal value.

Using automated monitoring systems and intelligent
diagnostic complexes enables the continuous collection of
operational data and the real-time calculation of current
reliability indicators. Based on the results obtained, it is
possible to forecast the engine's residual life and schedule
maintenance based on its actual condition.

Thus, the mathematical assessment of the reliability of
mainline locomotive internal combustion engines relies on
probabilistic-statistical methods, failure intensity models,
and diagnostic criteria for technical condition. The combined
application of reliability theory methods with modern
diagnostic and automation tools ensures a more accurate
assessment of the condition of power units and helps reduce
operational costs while maintaining the required level of
traffic safety [11].

Methods for Assessing the Technical Condition of
Mainline Diesel Locomotive Power Plants

Assessing the technical condition of the power plants of
mainline diesel locomotives is crucial for ensuring reliable
locomotive operation, preventing malfunctions, and
increasing the effectiveness of maintenance. During the
technical assessment process, the current operational
capability of units and systems is determined, along with
their degree of wear and remaining service life. In modern
practice, several methods are used to assess the technical
condition of power plants (Fig. 2.).
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Fig. 2. Assessing the technical condition of the power
plants of mainline diesel locomotives
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Assessing the technical condition of the power units of
mainline locomotives is a critical stage in the operational
process, serving to ensure their reliable performance,
prevent malfunctions, and extend their service life. The
technical condition assessment process is divided into
traditional and modern diagnostic methods, depending on
the techniques used and the level of monitoring.

Under modern operating conditions, diagnostic methods
are increasingly being used to assess the technical condition
of power units. These methods are based on the direct
measurement and analysis of changes occurring in the
equipment's operation.

Diagnostic assessment methods include:

»  vibration diagnostics;

» thermal diagnostics (analysis of temperature
fields);

»  acoustic diagnostics;

»  oil condition analysis.

For example, vibration diagnostics can detect the wear
of bearings, shafts, and rotating parts at an early stage.
Thermal diagnostics, in turn, enables the identification of
malfunctions in the cooling system and combustion process.

Assessing the technical condition of power units based
on diagnostics offers the following advantages:
the ability to detect malfunctions early;

a reduction in the number of unscheduled repairs;
optimization of maintenance costs;

an increase in the operational reliability of the
locomotives.

Furthermore, based on diagnostic results, maintenance
can be transitioned to a condition-based principle, which is
an important direction for modern railway transport.

Although traditional methods for assessing the technical
condition of mainline locomotive power units are effective
to a certain extent, their capabilities are limited under
modern operating conditions. The use of parametric and
diagnostic assessment methods makes it possible to
determine the actual condition of power units, predict
malfunctions, and extend the service life of locomotives.
This, in turn, lays the groundwork for scientifically
substantiating the importance of modern diagnostic and
automation tools in the following sections.

The efficient operation of mainline diesel locomotive
power units in modern conditions requires continuous and
precise monitoring of their technical condition. Traditional
periodic inspections do not allow for the timely detection of
latent malfunctions occurring in power units. For this reason,
modern diagnostic tools are currently being widely
implemented in the assessment of power units.

Modern diagnostic tools allow for real-time monitoring
of power unit operation, measurement of key operational
parameters, and their analysis. With these tools, the
assessment of the technical condition is carried out based on
precise measurements rather than subjective judgment.

Diagnostic systems typically consist of the following
components:

»  sensors and measuring elements;

»  signal processing modules;

» data acquisition and storage units;
» analysis and visualization software.

Temperature and pressure are the most critical
diagnostic parameters when assessing the technical
condition of power units. With modern temperature sensors,
the following are continuously monitored:

» cylinder head and block temperature;

Y VVV
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»  coolant temperature;
»  exhaust gas temperature.

Pressure sensors, in turn, allow for the assessment of the
fuel and oil supply systems' condition. A deviation of these
indicators from their nominal values indicates the onset of
malfunctions in the power units.

Vibration diagnostics is one of the most effective
methods for detecting mechanical wear and malfunctions in
power units. With modern vibration sensors, the following
can be identified at an early stage:

» the condition of bearings;
» imbalance of rotating parts;
»  defects in shafts and mechanisms.

Through the spectral analysis of vibration signals, the
root causes of malfunctions are identified and their stage of
development is assessed.

Oil condition is a crucial source of information when
assessing the technical condition of power units. In modern
diagnostic systems, the following are monitored using
special sensors:

»  oil temperature;
» contamination level;
» the amount of metal particles.

Oil analysis directly reveals the wear processes
occurring in the internal components of the diesel engine.

In the efficient operation of mainline locomotive power
units, automated monitoring and control systems (AMCS)
play a crucial role alongside diagnostic tools. These systems
enable the real-time observation, analysis, and, where
necessary, implementation of automatic control decisions
for power units.

The primary tasks of automated monitoring systems are
as follows:

» continuous monitoring of power unit operating
parameters;

»  detection of deviations from standard values;

» predicting the probability of malfunctions
occurring;

» prompt transmission of information to the
locomotive engineer and the dispatch center.

Such systems reduce the impact of the human factor and
increase the reliability of the operational process [12-13].

4. Conclusion

During this research, the maintenance technology for the
D49 diesel engine's lubrication system was comprehensively
analyzed, and its impact on operational reliability was
evaluated. The results revealed that the lubrication system is
crucial for the engine's stable operation, the effective
lubrication of friction parts, normal heat dissipation, and
extending the service life of the main units. The research
confirmed that a deterioration in the technical condition of
lubrication system elements, a decrease in oil quality,
contamination of filter elements, and a deviation of oil
pressure from standard values negatively affect the engine's
operational performance, leading to accelerated component
wear and an increased risk of unscheduled failures.

The research findings indicated that organizing the
maintenance process based on diagnostic data, rather than
solely on regulations, is more effective. Regular monitoring
of oil pressure, oil temperature, the physicochemical
properties of the oil, and filtration efficiency allows for the
detection of malfunctions in their early stages of
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development. This serves to facilitate timely preventive
maintenance, increase the reliability of units, and reduce
operational costs.

It has been shown that automated monitoring systems
enable continuous tracking of the primary operational
parameters of diesel engines and allow for the rapid
detection of deviations from standard operating modes. The
use of digital sensors and microprocessor-based systems
helps to increase the accuracy of measurements and the
reliability of diagnostic conclusions.

An analysis of the capabilities of intelligent systems has
revealed that employing artificial intelligence and machine
learning technologies opens up prospects for transitioning to
proactive  (predictive) maintenance of locomotive
equipment. The creation of digital twins for power units and
the application of remote monitoring technologies are of
particular relevance.

Analysis of existing diagnostic systems confirms their
high efficiency in ensuring the operational reliability of
locomotives. At the same time, further improvement of
diagnostic tools should be aimed at increasing the accuracy
of failure prediction, reducing implementation costs, and
expanding the capabilities for automated analysis of
operational data.
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Determining the safe movement speed of transport vehicles in mountain road
conditions and justifying measures for its mandatory reduction (using the

Abstract:

Keywords:

example of mountainous areas of the M-39 highway)

O.G. Shokirov!®?
LJizzakh Polytechnic Institute, Jizzakh, Uzbekistan

The article considers the issue of determining the safe speed of vehicles in mountainous areas and the
scientific justification of the need for its mandatory reduction. A complex mathematical model is
proposed that takes into account the turning radius, pavement adhesion coefficient, traffic flow intensity,
flow density, geometric coefficient and permissible risk level. Using the example of the mountainous
areas of the M-39 highway, safe speed values are analyzed and practical recommendations are developed
to improve traffic safety. Using this model, it is possible to determine the safe speed value for vehicles
in mountainous road conditions, assess the probability of accidents and limit the speed in accordance
with real road conditions. Based on the results obtained, safe speed values are calculated for the example
of the mountainous areas of the M-39 highway and practical recommendations are developed to improve
traffic safety. In particular, the need to introduce dynamic road signs, warning information panels and
speed control devices in dangerous turns, sections with limited visibility and areas with deteriorating
pavement conditions is justified.

mountain road, safe speed, turning radius, friction coefficient, traffic flow, accident probability, dynamic
road sign

Tog‘li yo‘l sharoitlarida transport vositalarining xavfsiz harakat tezligini
aniglash va uni majburiy pasaytirish choralarini asoslash (M-39 avtomobil

Annotatsiya:

Kalit so‘zlar:

yo‘lining tog‘li hududlari misolida)

Shokirov O.G*.102

1Jizzax politexnika instituti, Jizzax, O‘zbekiston

Magqolada tog‘li yo‘l hududlarida transport vositalarining xavfsiz harakat tezligini aniglash hamda uni
majburiy kamaytirish zaruratini ilmiy asoslash masalasi ko‘rib chiqilgan. Burilish radiusi, qoplama
ilashish koeffitsienti, transport ogimi intensivligi, ogim zichligi, geometrik koeffitsient va ruxsat etilgan
xavf darajasini hisobga oluvchi kompleks matematik model taklif etilgan. M—39 avtomobil yo‘lining
tog‘li hududlari misolida xavfsiz tezlik qiymatlari tahlil qilinib, harakat xavfsizligini oshirishga
garatilgan amaliy tavsiyalar ishlab chigilgan. Mazkur model yordamida tog‘li yo‘l sharoitlarida transport
vositalari uchun xavfsiz tezlik giymatini aniglash, avariyaviylik ehtimolini baholash hamda tezlikni real
yo‘l sharoitlariga mos ravishda cheklash imkoniyati yaratilgan. M—39 avtomobil yo‘lining tog‘li
hududlari misolida xavfsiz tezlik giymatlari hisoblangan va olingan natijalar asosida harakat xavfsizligini
oshirishga qaratilgan amaliy tavsiyalar ishlab chiqilgan. Xususan, xavfli burilishlar, ko‘rinish masofasi
cheklangan uchastkalar va qoplama holati yomonlashadigan hududlarda dinamik yo‘l belgilarini,
ogohlantiruvchi axborot panellarini hamda tezlikni nazorat gilish vositalarini joriy etish zarurligi
asoslangan.

tog‘li yo‘l, xavfsiz tezlik, burilish radiusi, ilashish koeffitsienti, transport oqimi, avariyaviylik ehtimoli,
dinamik yo‘l belgisi

1. Kirish

Tog‘li avtomobil yo‘llari transport vositalarining harakat
xavfsizligi nuqtayi nazaridan eng murakkab yo‘l
uchastkalari sirasiga kiradi. Bunday hududlarda yo‘lning
reja va profil elementlari tez-tez o‘zgaradi, burilish radiuslari
kichiklashadi, bo‘ylama qiyalik ortadi, ko‘rinish masofasi
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cheklanadi hamda yo‘l qoplamasi ob-havo ta’sirida tezda
sirpanchiq holatga kelishi mumkin. Natijada haydovchi
tomonidan tezlikni noto‘g‘ri tanlash, xavfli burilishda
boshqaruvni yo‘qotish, oraliq masofani saglamaslik va
keskin tormozlanish holatlari yo‘l-transport hodisalari
xavfini oshiradi.
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Amaldagi tezlik me’yorlari ko‘pincha umumiy yo‘l
toifasi yoki harakat sharoitlariga asoslanadi. Biroq tog‘li
hududlarda bitta yo‘l bo‘lagi doirasida ham qoplama holati,
qiyalik, burilish radiusi, ko‘rinish masofasi va transport
ogimi tarkibi keskin farg gilishi mumkin. Shuning uchun
xavfsiz tezlikni aniglashda fagat doimiy belgilangan tezlik
chegarasidan foydalanish yetarli emas. Yo‘lning real
geometrik va ekspluatatsion parametrlarini hisobga olgan
holda hisobiy xavfsiz tezlikni aniglash dolzarb ilmiy-amaliy
masala hisoblanadi.

Tadqiqotning magsadi tog‘li yo‘l hududlarida transport
vositalari uchun xavfsiz harakat tezligini aniglash va xavfli
uchastkalarda tezlikni majburiy kamaytirish zaruratini
asoslashdan iborat. Tadgiqot obyekti sifatida M-39
avtomobil yo‘lining tog‘li hududlari gabul gilindi. Mazkur
yo‘l uchastkalarida keskin burilishlar, turli qiyaliklar,
o‘zgaruvchan qoplama holati va transport oqimi intensivligi
xavfsiz tezlikni aniglash uchun muhim omillar sifatida
garaldi [1].

Harakat xavfsizligiga ta’sir etuvchi omillar

Tog‘li yo‘l hududlarida YTH xavfini shakllantiruvchi
omillarni to‘rtta asosiy guruhga ajratish mumkin: geometrik
omillar, tabiiy omillar, transport ogimi omillari va inson
omili. Geometrik omillarga keskin burilishlar, kichik
radiusli egri yo‘l uchastkalari, tik nishabliklar, tor qatnov
qismi va cheklangan ko‘rinish masofasi kiradi. Ushbu
omillar transport vositasining dinamik barqarorligiga
bevosita ta’sir etadi.

Togli yo‘llarda tezlik ortishining YTH xavfiga ta’sir qilish zanjiri

— N N Y N T =
7| @ 4 @ | | A
FC
- = | e
Tezlik Tormozlanish Burilishda Bo shqanTv YTH
ortishi masofasi markazdan barqarorligi xavfi
qochma pasayishi oshishi
kuch ta'siri
\ Z X g N ZQR TR

1-rasm. Tog‘li yo‘llarda tezlik ortishining YTH xavfiga
ta’sir qilish zanjiri

Tabiiy omillar tarkibida tuman, yomg‘ir, qor yog‘ishi,
muzlama, shamol va harorat o‘zgarishi muhim ahamiyatga
ega. Aynigsa qoplama nam yoki muzlagan holatda
bo‘lganda shina bilan yo‘l orasidagi ilashish koeffitsienti
kamayadi. Bu esa tormoz yo‘lining uzayishiga, egri yo‘lda
yon sirpanish xavfining ortishiga va haydovchining transport
vositasini boshgarish imkoniyati pasayishiga olib keladi [2].

Transport ogimi omillari harakatlanish zichligining
ortishi, og‘ir yuk transporti ulushining yuqoriligi, transport
vositalari orasidagi masofaning gisqarishi va quvib o‘tish
bilan bog‘liq xavflarda namoyon bo‘ladi. Inson omili esa
tezlikni oshirish, haydovchi tajribasining yetishmasligi,
charchoq, uyqusizlik, chalg‘ish va qoidabuzarliklar bilan
bogligq. Shu bois xavfsiz tezlikni belgilashda ushbu
omillarning barchasi yagona yondashuvda ko‘rib chiqilishi
zarur.

2. Tadgigot metodologiyasi

Tadqiqot metodikasi dastlabki ma’lumotlarni yig‘ish,
yo‘l geometriyasini aniqlash, qoplama holatini baholash,
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transport ogimi intensivligi va zichligini hisoblash, ruxsat
etilgan xavf darajasini belgilash hamda xavfsiz tezlikni
matematik model asosida aniglash bosgichlaridan iborat.
Dala tadqiqotlarida burilish radiusi, bo‘ylama qiyalik,
ko‘rinish masofasi, yo‘l qoplamasi holati va amaldagi
harakat tezligi asosiy o‘lchov parametrlari sifatida tanlandi
[3].

Yo‘l qoplamasi holati qurug, nam va ifloslangan yoki
sirpanchiq qoplama holatlariga ajratildi. Qurugq goplama
uchun ¢: = 0,75, nam qoplama uchun @2 = 0,55, ifloslangan
yoki sirpanchiq gqoplama uchun ¢s = 0,35 giymatlari qabul
qgilindi. Ushbu koeffitsientlar xavfsiz tezlikni hisoblashda
goplama bilan shina orasidagi ilashish imkoniyatini
ifodalaydi.

Transport ogimi intensivligi @ = 1750 avt/soat deb
olinganda va amaldagi tezlik 100 km/soat bo‘lganda ogim
zichligi k = q/V = 1750/100 = 17,5 = 18 avt/km ni tashkil
etadi. Bu ko‘rsatkich tog‘li hududlarda transport
vositalarining bir kilometr yo‘l bo‘lagidagi jamlanish
darajasini baholash imkonini beradi. Ogim zichligi ortishi
bilan xavfsiz oraliq masofani saglash giyinlashadi va xavf
ehtimoli oshadi.

hlili

lik va tal
(k = 18 avvkm giymati 100 kivsoatga mos)

1 VES = 100 ko

Jamlangan zichlik, % / Zichlik, avtkm
E 8§ 8 § 3 8 3

%

o U L B B B ] I b A A B d b el ] K= lfavkm |

= s
|= e

D B » B N & W B © ® 9w w e 15 me us e

2-rasm. Transport ogimi zichligi va jamlangan
zichlikning tezlikka bog‘ligligi

Matematik model. Tog‘li yo‘l hududlarida transport
vositasining ruxsat etilgan tezligi avvalo yo‘lning burilish
radiusi bilan bog‘liq holda baholandi. Taklif etilgan modelda
ruxsat etilgan tezlikning radiusga bog‘ligligi quyidagi
chizigli regressiya orqali ifodalanadi:

Vru.m‘at =a + le

bu yerda a - masshtab koeffitsienti; b - burilish
radiusining tezlikka ta’sir darajasini ifodalovchi sezgirlik
koeffitsienti; R - burilish radiusi, m. Tadgigotda a = 4,50 va
b = 0,38 giymatlari gabul gilindi. b koeffitsientining 0<b<1
oraligda bo‘lishi modelning barqarorligini va radius ortishi
bilan tezlikning haddan tashgari keskin oshmasligini
ko‘rsatadi.

Xavfsiz tezlikni aniglashda fagat burilish radiusini
hisobga olish yetarli emas. Modelda yo‘lning burilish
radiusi, ogim intensivligi, qoplama holati va geometrik
murakkablik yagona matematik ifoda orqali bog‘landi [4].

Avariya ehtimolini baholashda modelning garor gabul
qilish bloki muhim o‘rin tutadi. Hisoblangan avariyviylik
ehtimoli giymati ruxsat etilgan xavf darajasi bilan
solishtiriladi. Agar Puentimoli < Prafdarajasi Sharti bajarilsa,
hisoblangan tezlik xavfsiz deb gabul gilinadi. Aks holda
tezlikni kamaytirish yoki qo‘shimcha texnik vositalarni joriy
etish talab etiladi.

Hisoblash algoritmi. Xavfsiz tezlikni aniglash
algoritmi ketma-ket bosgichlardan tashkil topadi. Birinchi
bosqichda yo‘l uchastkasi tanlanadi va uning burilish
radiusi, qiyaligi, ko‘rinish masofasi hamda qoplama holati
aniglanadi. Ikkinchi bosgichda transport ogimi intensivligi,

September, 2026
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:3|2026

og‘ir yuk avtomobillari ulushi va oqim zichligi hisoblanadi.
Uchinchi bosgichda goplama holatiga mos ¢ koeffitsienti
tanlanadi va ruxsat etilgan xavf darajasi belgilanadi.

To‘rtinchi bosqichda vuw.—a+bR regressiya modeli
orqali radiusga bog‘liq ruxsat etilgan tezlik aniglanadi.
Beshinchi bosgichda kompleks model yordamida xavfsiz
tezlik hisoblanadi. Oltinchi bosgichda hisoblangan tezlik
amaldagi tezlik bilan solishtiriladi. Agar amaldagi tezlik
hisoblangan xavfsiz tezlikdan yuqori bo‘lsa, mazkur
uchastkada tezlikni majburiy kamaytirish zarurati mavjud
deb baholanadi [4,5].

3. Natija va muhokamalar

Hisoblashlar R = 250 m, R =300 m va R = 320 m
bo‘lgan burilish radiuslari uchun bajarildi. Qurug, nam va
ifloslangan qoplama holatlari bo‘yicha xavfsiz tezlik
giymatlari alohida baholandi. Natijalar goplama holati
yomonlashgan sari xavfsiz tezlik pasayishini ko‘rsatdi.
Masalan, R = 250 m bo‘lgan keskin burilishda quruq
goplama sharoitida xavfsiz tezlik 70 km/soat atrofida bo‘lsa,
nam goplamada 60 km/soat, ifloslangan yoki sirpanchiq
goplamada 50 km/soat atrofida bo‘lishi kerak.

R =300 m burilish radiusida qurug goplamada xavfsiz
tezlik 85 km/soat, nam goplamada 75 km/soat, ifloslangan
goplamada esa 60 km/soat atrofida aniglandi. R = 320 m
bo‘lgan uchastkalarda quruq sharoitda 90 km/soatgacha
tezlik ruxsat etilishi mumkin bo‘lsa-da, nam goplama va
sirpanchiq holatda xavfsiz tezlik sezilarli darajada kamayadi

[6].

Xavfsiz tezlik, km/soat

R=250m R=300m R=320m
Burilish radiusi, m

3-rasm. Burilish radiusi va goplama holatiga garab
xavfsiz tezlik giymatlari

Jamlangan zichlik grafigi 100 km/soat tezlikda transport
oqimi zichligi k = 18 avt/km ga mos kelishini ko‘rsatadi.
Biroq xavfsizlik nuqtayi nazaridan ushbu tezlik tog‘li
hududlarda har doim magbul hisoblanmaydi. Burilish
radiusi kichiklashgan yoki yo‘l qoplamasi namlangan
holatda xavfsiz tezlik 70 km/soat yoki undan past giymatga
tushadi. Shu sababli umumiy tog‘li hududlar uchun 70
km/soat tezlik chegarasi asosiy tavsiya sifatida gabul
qgilinishi mumkin [11].

Olingan natijalar amaldagi 100 km/soat tezlik tog‘li yo‘l
sharoitida avariyaviylik ehtimolini oshirishi mumkinligini
ko‘rsatadi. Ayniqsa keskin burilishlar, ko‘rinish masofasi
cheklangan joylar, giyalik va sirpanchiq goplama mavjud
bo‘lgan uchastkalarda transport vositalari tezligini majburiy
kamaytirish zarur. Bunda 70 km/soat umumiy xavfsiz
chegara, 50-60 km/soat esa yuqori xavfli hududar uchun
tavsiya etiladigan tezlik sifatida qaraladi [7].

Amaliy chora-tadbirlar

September, 2026
Research, Innovation, Results

Togli yo‘l hududlarida xavfsiz tezlikni ta’minlash
uchun doimiy yo‘l belgilari bilan bir qatorda dinamik yo‘l
belgilari va elektron axborot panellarini qo‘llash maqsadga
muvofiq. Dinamik belgilar real vaqt rejimida yo‘l qoplamasi
holati, ob-havo, transport ogimi va xavfli burilishlar hagida
haydovchiga ogohlantirish beradi. Bu haydovchining tezlik
tanlash xulqgiga bevosita ta’sir etadi va xavfli holatlarning
oldini olishga yordam beradi.

Tezlikni nazorat qilish uchun radar qurilmalari,
videofiksatsiya vositalari, yo‘l sensorlari, GPS/IoT
qurilmalari va avtomatik ma’lumot uzatish tizimlaridan
foydalanish mumkin.

Chora-tadbirlarni joriy etishda xavfli burilishlar, tik
pasayishlar, ko‘rinish masofasi cheklangan joylar va YTHIar
ko‘p qayd etilgan uchastkalar ustuvor hudud sifatida
tanlanishi kerak. Birinchi bosgichda ogohlantiruvchi belgilar
va 70 km/soat tezlik cheklovi o‘rnatiladi. Ikkinchi bosqichda
elektron axborot panellari, uchinchi bosgichda esa avtomatik
nazorat va ma’lumot uzatish tizimlari joriy etiladi [8].

Joriy etish mexanizmi

Taklif etilgan metodikani amaliyotga joriy etish uchun
yo‘l uchastkalarini xavf darajasi bo‘yicha tasniflash zarur.
Birinchi toifaga burilish radiusi kichik, ko‘rinish masofasi
cheklangan va YTHlar ko‘p sodir bo‘lgan uchastkalar
kiritiladi. Ikkinchi toifaga qiyalik yuqori bo‘lgan, og‘ir yuk
transporti ulushi katta va transport ogimi zichligi ortgan
uchastkalar kiritiladi. Uchinchi toifaga esa ob-havo ta’sirida
qoplama holati tez o‘zgaradigan, tuman va muzlama ko‘p
kuzatiladigan hududlar kiritiladi. Har bir toifa uchun tezlikni
kamaytirish choralari alohida belgilanadi.

Joriy etishning birinchi bosgichida xavfli uchastkalar
pasporti shakllantiriladi. Pasportda burilish radiusi, giyalik,
ko‘rinish masofasi, qoplama holati, transport oqimi jadalligi,
amaldagi tezlik va YTH statistikasi ko‘rsatiladi. Ikkinchi
bosgichda ishlab chigilgan matematik model yordamida har
bir uchastka uchun xavfsiz tezlik hisoblanadi. Uchinchi
bosgichda hisoblangan tezlik giymati mavjud tezlik rejimi
bilan taggoslanib, tezlikni majburiy kamaytirish zarurati
aniglanadi [3,4].

To‘rtinchi bosqichda texnik vositalar tanlanadi. Bunda
70 km/soat tezlik cheklovi umumiy xavfsiz rejim sifatida,
50-60 km/soat esa keskin burilishlar, nam goplama yoki
ko‘rinish masofasi cheklangan sharoitlar uchun qo‘llaniladi.
Beshinchi  bosqichda yo‘l belgilarining  ko‘rinishi,
joylashuvi va haydovchiga ta’sir masofasi aniqlanadi.
Oltinchi bosgichda tezlik nazorati natijalari gayta tahlil
qgilinib, model parametrlari zarur hollarda aniglashtiriladi
[8].

Muhokama

Tadqiqot natijalari togli yo‘l hududlarida xavfsiz
tezlikni belgilashda bitta universal tezlik chegarasi yetarli
emasligini ko‘rsatadi. Bir xil yo‘l uchastkasida ham quruq
goplama, nam goplama va sirpanchiq qoplama holatlarida
xavfsiz tezlik giymatlari farglanadi. Shu sababli tezlikni
boshqarish tizimi moslashuvchan bo‘lishi, yo‘lning joriy
holati va transport oqimi parametrlari bilan bog‘langan
holda ishlashi kerak.

Taklif etilgan modelning amaliy ahamiyati shundaki, u
yo‘lning geometrik elementlari bilan transport ogimi va
goplama holatini yagona hisoblash jarayonida birlashtiradi.
Bu yondashuv xavfli uchastkalarda tezlikni kamaytirish
bo‘yicha qaror gabul qilishni aniqroq va asosliroq giladi.
Aynigsa tog‘li yo‘llarda burilish radiusi kichik bo‘lgan
hududlarda model natijalari haydovchi uchun xavfsiz tezlik
chegarasini belgilashda muhim mezon bo‘lib xizmat qiladi.
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Modelni kelgusida yanada takomillashtirish uchun yo‘l
sensorlari, meteorologik  kuzatuv  qurilmalari  va
videokuzatuv tizimlaridan olinadigan ma’lumotlarni real
vaqt rejimida gayta ishlash magsadga muvofig. Bunda
xavfsiz tezlik giymati doimiy emas, balki ob-havo, goplama
holati va transport ogimi zichligiga garab avtomatik
o‘zgaruvchi ko‘rsatkich sifatida aniglanishi mumkin [9].

Iqtisodiy samaradorlik va ishonchlilik

Taklif etilgan modelning iqtisodiy samaradorligi
YTHlIar sonining kamayishi orgali baholanadi. Tezlikni 100
km/soatdan 70  km/soatgacha  kamaytirish  keskin
tormozlanishlar, egri yo‘lda sirpanish, boshqgaruvni
yo‘qotish va to‘qnashuv xavfini pasaytiradi. Hisoblash
natijalariga ko‘ra, xavfli tog‘li yo‘l hududlarida tezlikni
magbullashtirish YTHIar sonini 15-30 % gacha kamaytirish
imkonini beradi.

Iqtisodiy samara inson hayoti va sog‘lig‘ini saqlash,
transport vositalariga yetkaziladigan moddiy zararlarni
kamaytirish, yo‘l infratuzilmasini saqlash xarajatlarini
gisgartirish va transport ogimi barqarorligini oshirish
hisobiga shakllanadi. Taklif etilgan yondashuvning
ishonchliligi hisoblangan xavfsiz tezlik giymatlarining
yo‘lning real geometrik va ekspluatatsion sharoitlari bilan
mosligi orgali baholanadi.

Modelda Paventimoli < Pxavidarajasi Sharti asosiy nazorat
mezoni sifatida gabul gilindi. Bu mezon hisoblangan tezlik
xavf darajasi ruxsat etilgan chegaradan oshmasligini
ko‘rsatadi. Shunday qilib, tezlikni majburiy kamaytirish
garori subyektiv baholash emas, balki matematik hisob-
kitob va xavf ehtimolini solishtirish asosida gabul gilinadi
[10].

4. Xulosa

Tog‘li yo‘l hududlarida transport vositalarining xavfsiz
tezligini aniqlashda yo‘lning geometrik parametrlari,
goplama holati, transport ogimi intensivligi, ogim zichligi va
avariyaviylik ehtimolini kompleks hisobga olish zarurligi
asoslandi.

Burilish radiusiga bog‘liq ruxsat etilgan tezlikni aniglash
uchun vnxsw=a+bR regressiya modeli, xavfsiz tezlikni
hisoblash uchun esa goplama ilashishi, ogim zichligi va xavf
darajasini hisobga oluvchi kompleks matematik model
ishlab chiqildi [1].

Hisoblash natijalariga ko‘ra, M—39 avtomobil yo‘lining
tog‘li hududlarida umumiy xavfsiz tezlik sifatida 70
km/soat, yuqori xavfli burilishlar va sirpanchiq goplama
sharoitida esa 50-60 km/soat tezlik giymatlarini qo‘llash
magsadga muvofig.

Dinamik yo‘l belgilari, elektron axborot panellari, radar
va videofiksatsiya tizimlarini joriy etish haydovchilarni real
yo‘l sharoitiga mos tezlik tanlashga undaydi hamda yo‘l-
transport hodisalari sonini kamaytirishga xizmat giladi.

lImiy-amaliy ahamiyati

Tadgiqotda taklif etilgan yondashuvning ilmiy
ahamiyati shundan iboratki, tog‘li yo‘l hududlarida xavfsiz
tezlikni aniqlash masalasi yo‘l geometriyasi, transport oqimi
va goplama holatini yagona tizimda baholash orgali hal
etiladi. Mavjud amaliyotda tezlik chegarasi ko‘pincha
umumiy yo‘l toifasi yoki ma’muriy talablar asosida
belgilanadi. Mazkur tadgiqotda esa tezlik chegarasi burilish
radiusi, ilashish koeffitsienti, ogim zichligi va avariyaviylik
ehtimoli bilan bog‘liq holda hisoblanadi. Bu esa xavfli
uchastkalar uchun anigroq va asosliroq garor gabul gilish
imkonini beradi.

https://doi.org/10.56143/2181-2438-2026-3-84-88

Amaliy ahamiyat shundan iboratki, ishlab chigilgan
modeldan yo‘l tashkilotlari, harakat xavfsizligi bo‘yicha
mas’ul idoralar va loyiha tashkilotlari xavfli tog‘li yo‘l
uchastkalarini baholashda foydalanishi mumkin. Model
yordamida qaysi uchastkada 70 km/soat, gaysi uchastkada
50-60 km/soat tezlikni belgilash zarurligi asoslab beriladi.
Shuningdek, dinamik yo‘l belgilarining joylashuvi, elektron
axborot panellarini o‘rnatish nuqtalari va tezlik nazorati
vositalarini tanlashda ham ushbu metodika amaliy asos
bo‘lib xizmat qiladi [12].

Tadqiqot natijalaridan kelib chiqib, tog‘li yo‘l
hududlarida tezlikni boshqarish bo‘yicha uch darajali
yondashuvni qo‘llash tavsiya etiladi. Birinchi daraja -
profilaktik ogohlantirish bo‘lib, bunda xavfli burilish va
giyaliklar oldidan haydovchiga oldindan axborot beriladi.
Ikkinchi daraja - majburiy tezlik cheklovi bo‘lib, unda
hisoblangan xavfsiz tezlikka mos yo‘l belgisi o‘rnatiladi.
Uchinchi daraja - avtomatik nazorat bo‘lib, unda radar,
videofiksatsiya va sensorlar orgali haydovchilarning
tezlikka rioya gilishi nazorat gilinadi [12].

Shunday qilib, ishlab chigilgan matematik model,
hisoblash algoritmi va amaliy tavsiyalar tog‘li avtomobil
yo‘llarida harakat xavfsizligini oshirish, haydovchilarni
xavfli vaziyatlar haqida oldindan ogohlantirish va yo‘l-
transport hodisalari  sonini  kamaytirishga qaratilgan
kompleks yechim sifatida baholanishi mumkin. Ushbu
yondashuvni boshqa tog‘li avtomobil yo‘llari sharoitiga
moslashtirish uchun tegishli uchastkaning geometrik,
transport va qoplama ko‘rsatkichlarini modelga kiritish
kifoya giladi.
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Advantages of implementing a quality management system in healthcare
institutions

B.M. Komilov!®?
!Andijan state technical institute, Andijan, Uzbekistan

Abstract: Quality Management Systems (QMS) are one of the main pillars of modern medical institutions and play
an important role in improving patient safety, the effectiveness of medical services, and treatment
outcomes. The introduction of SMT based on the standards 1SO 9001:2015 and 1SO 7101:2023 is of
great importance in improving the quality and prestige of medical institutions.
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quality management systems, 1SO 9001:2015, ISO 7101:2023, patient safety, medical institution,

Tibbiyot muassasalarida sifat menejmenti tizimini joriy etishning afzalliklari

Komilov B.M.1®2
!Andijon davlat texnika instituti, Andijon, O‘zbekiston

Annotatsiya:

Sifat menejmenti tizimlari (SMT) zamonaviy tibbiyot muassasalarining asosiy ustunlaridan biri bo‘lib,

bemor xavfsizligi, tibbiy xizmatlar ko’rsatilishining samaradorligi va davolash natijalarni yaxshilashda
muhim rol 0’ynaydi. ISO 9001:2015 va ISO 7101:2023 standartlari asosida SMT ni joriy qilish tibbiyot
muassasalarining sifati va nufuzini oshirishda katta ahamiyat kasb etadi.

Kalit so‘zlar:
uzluksiz takomillashtirish

1. Kirish

Zamonaviy tibbiyot tizimlarida bemor xavfsizligi, tibbiy
xizmatlarning sifati va samaradorligi asosiy ustuvor
yo’nalishlar hisoblanadi. Jahon sog’ligni saqlash tashkiloti
(WHO) ma’lumotlariga  ko’ra, yuqori daromadli
mamlakatlarda har 10 bemordan biri tibbiy xizmatlar
ko’rsatish jarayonida zarar ko’radi, bu esa sog’liqni saqlash
tizimlariga katta iqgtisodiy zarar keltiradi. Tibbiy xatolar
nafaqat bemorlarning sog’lig’iga, balki muassasalarning
nufuzi va moliyaviy barqarorligiga ham salbiy ta’sir
ko’rsatadi. Shu munosabat bilan, tibbiyot muassasalarida
sifat menejmenti tizimlarini (SMT) joriy etish dolzarb
masala sifatida gabul gilinmogda.[1-7]

Sifat menejmenti tizimi - bu tashkilotning sifat siyosati,
magsadlari va mas’uliyatlarini belgilaydigan, shuningdek,
ularni sifat rejalashtirish, sifatni ta’minlash, sifatni nazorat
gilish va sifatni yaxshilash orgali amalga oshiruvchi
elementlar majmuidir. Butun dunyoda eng keng targalgan
standartlar 1ISO 9001:2015 (umumiy sifat menejmenti
tizimlari) va ISO 7101:2023 (sog’ligni saqlash tashkilotlari
uchun maxsus sifat menejmenti) hisoblanadi.[3,7-10]

ISO 9001:2015 standarti jarayonli yondashuv, risklarni
boshqairsh va doimiy takomillashtirishni ta’minlaydi. Bu
standart turli sohalarda qo’llanilishi mumkin bo’lib,
tashkilotlarga 0’z jarayonlarini tizimlashtirish,
samaradorlikni oshirish va mijozlar ehtiyojlarini gondirish
imkonini beradi. 1SO 7101:2023 esa tibbiyot muassasalari
uchun maxsus ishlab chiqilgan bo’lib, barcha jarayonlar
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sifat menejmenti tizimlari, 1ISO 9001:2015, 1ISO 7101:2023, bemor xavfsizligi, tibbiyot muassasasi,

bemor xavfsizligi, davolasj samaradorligi va tashkiliy
bargarorlikni birlashtiradi. Bu standart 2023 yil oktyabr
oyida e’lon gilingan bo’lib, sog’liqni saglash tashkilotlari
uchun zamonaviy sifat menejmenti yondashuvini o’zida aks
ettiradi.[8-10]

ISO 7101:2023 standartining asosiy yo’nalishlari
quyidagilarni 0’z ichiga oladi: birinchi navbatda bemor va
xodimlar xavfsizligi, xizmat sifatini yaxshilash, resurslardan
samarali va ogilona foydalanish, risklar va imkoniyatlarni
boshqarish, doimiy takomillashtirish. Bu standartlar tibbiy
xizmatlar sifatini oshirishda, xatolarni kamaytirishda va
bemorlar hamda xodimlar uchun xavfsiz muhitni yaratishda
muhim rol o’ynaydi. [2]

So’nggi yillarda O‘zbekiston sog’ligni saqglash tizimida
ham sifat menejmenti tizimlarini joriy etish bo’yicha qator
islohotlar amalga oshirilmogda. Lekin ko’plab tibbiyot
muassasalari hali ham SMT ning aniq afzalliklarini to’liq
tushunmaydi yoki joriy etishda giyinchiliklarga duch keladi.
Bu muammo nafaqat Ofzbekiston, balki ko’plab
rivojlanayotgan mamlakatlarda ham mavjud. Shu sababli,
ushbu magolada SMT ni joriy etishning asosiy afzalliklari
adabiyotlar tahlili asosida tizimli ko’rib chigiladi.[11]

Bemor xavfsizligi tibbiy xizmatlar sifatining eng muhim
ko’rsatkichlaridan biridir. Jahon sog’ligni saqlash tashkiloti
(WHO) bemor xavfsizligini tibbiyot sohasidagi global
ustuvorlik sifatida e’lon qilgan. SMT ni joriy etish
standartlashtirilgan protokollar, nazorat mexanizmlari va
sifat ko’rsatkichlari orqali tibbiy xatolarni sezilarli darajada
kamaytiradi. [6]
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2. Tadgigot metodologiyasi

Qidiruv 20152025 yil oralig’ida PubMed, Scopus, Web
of Science, Google Scholar bazalarida 1ISO 9001, ISO 7101,
sifat menejmenti tizimlari, bemor xavfsizligi kalit so’zlari
orgali amalga oshirildi. 40 dan ortiq gayta sharxlanuvchi
ilmiy ishlar tahlil gilindi.

Bir nechta tadqiqotlar shuni ko’rsatadiki, ISO
standartlari asosida SMT joriy qilingan tibbiyot
muassasalarida tibbiy xatolar 15-25 foizga kamayadi.
Masalan, noto’g’ri dori berish, jarrohlik amaliyotlaridagi
xatolar, bemor identifikatsiyasi xatolari, kasalxona
infektsiyalari va boshga noxush hodisalar soni sezilarli
darajada pasayadi. Bir tadgigotda 1ISO 9001 sertifikatlangan
kasalxonalarda bemor shikoyatlari 18% ga kamaygan va
bemor gonigishi 22% ga oshgan.[12]

ISO 7101:2023 standarti bemor xavfsizligini yuqori
darajada ta’minlash uchun yaratilgan bo’lib, bemor
yo’qotishlari va zarar ko’rish holatlarini kamaytirishga
garatilgan. Ispaniyada 2023-2024 yillarda o’tkazilgan
tadgiqot I1ISO 7101 standartini joriy etish bemor xavfsizligi
ko’rsatkichlarini 30% gacha yaxshilaganini ko’rsatdi. [8-10]

Bundan tashqgari, SMT bemor tiklanish muddatlarini
gisgartiradi, qayta yotgizishlar sonini kamaytiradi va
bemorlarning tibbiy xizmatlardan umumiy qonigish
darajasini oshiradi. Standartlashtirilgan davolash yo’llari va
sifat ko’rsatkichlarini muntazam monitoring gilish orgali
tibbiyot xodimlari o’z ishlarini doimiy ravishda
takomillashtirib boradilar. Masalan, standartlashtirilgan
klinik yo’rignomalar qo’llash  natijasida  jarrohlik
komplikatsiyalari 20-30% ga kamayishi gayd etilgan.

SMT, shuningdek, bemor markazli yondashuvini
rivojlantiradi. Bu yondashuv bemorlarning ehtiyojlari,
afzalliklari va qadriyatlarini tibbiy xizmatlar markaziga
go’yadi. Natijada, bemor va shifokorning muloqoti
yaxshilanadi, bemorlarning davolash jarayoniga qo’shilishi
oshadi va umumiy davolash natijalari yaxshilanadi.

SMT joriy etish tibbiyot muassasalarining operatsion
samaradorligini sezilarli darajada oshiradi. Jarayonlarni
standartlashtirish, resurslardan optimal foydalanish va
isrofgarchilikni  kamaytirish orqali kasalxonalar o0’z
xarajatlarini 5-15 foizga kamaytirishi mumkin. Ba’zi
holatlarda, aynigsa katta muassasalarda, iqgtisod 20% ga
yetishi ham mumkin. [2]

ISO 9001 standarti jarayonli yondashuvni taminlaydi, bu
esa tibbiyot muassasalariga 0o’z jarayonlarini xaritalash,
tahlil qgilish va optimallashtirishga yordam beradi.
Jarayonlarni vizualizatsiya qilish va tahlil qilish orgali
muassasalar to’siglarni, takrorlanuvchi ishlarni va ortigcha
bosgichlarni aniglaydi. Natijada, bemorlarni gabul qilish
vaqgti gisqaradi, kutish navbatlari kamayadi va Xxizmat
ko’rsatishning umumiy sifati yaxshilanadi. [11-12,]

Masalan, Britaniya kasalxonasida jarayonlarni
optimallashtirish natijasida bemorlarni kutish vaqti 35% ga
kamaygan va kunlik gabul gilinadigan bemorlar soni 25% ga
oshgan. Irlandiyada 1SO 9001 sertifikatlangan tibbiy
markazlarda operatsion samaradorlik 18% ga oshgan va
xodimlar produktivligi yaxshilangan.[12]

Bundan tashgari, SMT yuqori xatoliklarni proaktiv
aniglash va bartaraf etish imkonini beradi. Preventiv
yondashuv orgali tibbiyot muassasalari murakkab va gimmat
muammolarning oldini oladi, bu esa uzoq muddatda katta
iqtisodiy foyda keltiradi. Tadgiqotlar shuni ko’rsatadiki,
proaktiv tizimlar yuqori xatoliklarni 15% gacha kamaytiradi.
[11-12]

3. Natija va muhokamalar

Resurslardan samarali foydalanish, aynigsa, tibbiy
jihozlar, dori-darmonlar va xodimlar vaqgtini boshqarishda
muhim rol 0’ynaydi. SMT inventarizatsiya boshqaruvi xarid
jarayonlari va ta’minot zanjirini optimallashtirishga yordam
beradi. Dori-darmonlar va tibbiy materiallarning ortigcha
yoki yetishmasligi muammolari kamaytirilib, optimal zaxira
darajasi ta’minlanadi.

Bundan tashqari, SMT ma’lumotlarga asoslangan
qarorlar qabul qilishni rivojlantiradi. Sifat ko’rsatkichlarini
muntazam o’lchash va tahlil qilish orqali menejment
samarali uzoq muddatli garorlar gabul giladi. Bu esa uzoq
muddatli  rejalashtirish, resurslarni  tagsimlash  va
investitsiya qarorlarini optimallashtiradi.

ISO 9001 va ISO 7101 standartlariga muvofiq
sertifikatga ega bo’lish tibbiyot muassasalariga bir nechta
muhim afzalliklarni taqdim etadi. Buni quyidagi jadvalda
ko’rishimiz mumkin.

1-jadval

ISO 9001 va ISO 7101 standartlari bo‘yicha sertifikatlashning tibbiyot muassasalari uchun asosiy afzalliklari

Ne

1SO 9001:2015 va I1SO 7101:2023 joriy qilishning afzalliklari

Xalqaro standartlarga muvofiqlik tartibga soluvchi organlar (Sog’ligni saqlash vazirligi, litsenziyalash organlari)ning
talablarini qondirishni osonlashtiradi. SMT hujjatlashtirish, nazorat va monitoring jarayonlarini tashkil giladi, bu esa
tekshiruvlar va auditorlik paytida muassasaning tayyorligini ta’minlaydi. Ko’pgina mamlakatlarda sog’ligni saqlash
organlari ISO sertifikatlarini tan oladi va muassasalar uchun ma’lum imtiyozlar beradi

tanlashda muhim omil sifatida ko’rsatgan

ISO sertifikatlari muassasaning xalqaro obro’sini oshiradi. Bu ayniqsa, xalqaro hamkorlik, tibbiy turizm (medical
tourism) va xalgaro grantlar olishda muhim ahamiyatga ega. Bemorlar, aynigsa xorijiy bemorlar, 1SO sertifikatli
muassasalarga ko’proq ishonch bildiradilar. Bir tadgiqotda xalgaro bemorlarning 68%i 1SO sertifikatini muassasani

(improvement roadmap) yaratadi

sertifikatsiya jarayoni 0’z-0’zidan muassasaga 0’z tizimlarini tahlil qilish va yaxshilash imkonini beradi. Tashqi
3 auditorlik (external audit) ob’ektiv baho beradi va muassasaga 0’z zaif tomonlarini (weaknesses) aniqlashga yordam
beradi. Auditorlik natijasida olingan tavsiyalar (recommendations) muassasa uchun yaxshilash yo’l xaritasi

ISO sertifikatlari muassasaning bozordagi raqobatbardoshligini oshiradi. Tibbiy turizm va xususiy tibbiyot sektorida
4 sertifikat muhim differensiatsiya omili hisoblanadi. Sertifikatli muassasalar ko’pincha yuqoriroq baho (pricing)
qo’yishi va mijozlar sadogatini (patient loyalty) oshirishi mumkin
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ISO standarti xalqaro hamkorlik va sug’urta kompaniyalari bilan ishlashni osonlashtiradi. Ko’pgina xalgaro sug’urta
kompaniyalari ISO sertifikatli muassasalarni preferred providers sifatida tan oladi

SMT ning eng muhim afzalliklaridan biri - doimiy
takomillashtirish madaniyatini  tashkil etishdir. ISO
standartlari PDSA (Plan-Do-Study-Act) siklini qo’llashni
tavsiya giladi, bu esa tizimli va ma’lumotlarga asoslangan
yondashuv orgali doimiy yaxshilanishni ta’minlaydi

PDSA sikli, shuningdek, Deming sikli (Deming Cycle)
yoki Model for Improvement nomi bilan ham tanilgan. Bu
sikl to’rt bosqichdan iborat:

1 Plan (Rejalashtirish): Muammoni aniglash,
ma’lumotlar to’plash, asosiy sabablarni (root causes)
aniqlash, maqsad qo’yish va yaxshilash rejasini ishlab
chigish

2. Do (Amalga oshirish): Rejani kichik migyosda
sinab ko’rish (pilot loyiha), o’zgarishlarni amalga oshirish
va jarayonni kuzatish

3. Study (O’rganish): Natijalarni tahlil qilish,
ma’lumotlarni to’plash va baholash, kutilgan va haqiqiy
natijalarni solishtirish

4. Act  (Takomillashtirish): Muvaffaqiyatli
o’zgarishlarni kengaytirish (scale up) yoki rejani qayta
ko’rib chiqish va yangi PDSA siklini boshlash

Bu sikl tashkilotda ma’lumotlarga asoslangan qarorlar
gabul qilish madaniyatini shakllantiradi. Xodimlar doimiy
ravishda o’z ishlarini tahlil giladi, muammolarni aniqlaydi

va yechimlar topadi. Bu esa tashkilotning innovatsion
salohiyatini oshiradi va o’zgarishlarga moslashish
qgobiliyatini (adaptability) kuchaytiradi

PDSA sikli tibbiyot sohasida keng qo’llaniladi. Masalan,
bir kasalxonada PDSA siklidan foydalanib, zaharlanish
holatlarini erta aniglash va davolash protokolini
yaxshilashtirish natijasida o0’lim darajasi 40% ga kamaygan.
Boshqa misolda, qo’l gigienasini yaxshilash loyihasi PDSA
sikli orgali amalga oshirilgach, kasalxona infektsiyalari 35%
ga kamaygan.

Bundan tashgari, SMT xodimlarning faol ishtiroki va
mas’uliyat hissini rivojlantiradi. Jamoaviy ishlash orqali
xodimlar o’zlarini tashkilotning muhim qismi sifatida his
qiladilar va sifatni oshirishga faol hissa qo’shadilar.
Xodimlar ko’pincha muammolarni eng yaxshi bilishadi va
ularning fikrlari yaxshilash jarayonida gimmatli hisoblanadi.

SMT shuningdek, eng yaxshi amaliyotlar bilan
taggoslash va eng yaxshi amaliyotlarni ulashishni
rag’batlantiradi. Muassasalar o’zlarining natijalarini boshqa
muassasalar bilan tagqoslash va eng yaxshi amaliyotlarni
o’rganish orqali doimiy ravishda takomillashadilar.

SMT joriy etish xodimlarning kasbiy rivojlanishi,
motivatsiyasi va qonigish darajasini oshirishda muhim rol
o’ynaydi. Buni quyidagi jadvalda ko’rishimiz mumkin.

2-jadval

Sifat menejmenti tizimi (SMT)ni joriy etishning xodimlarning kasbiy rivojlanishi, motivatsiyasi va gonigish darajasiga

ta’siri

Ne SMT joriy qilinishining xodimlarning kasbiy faoliyatini rivojlantirishdagi o’rni

chigadi.

1 SMT xodimlarni muntazam o’qitish va malaka oshirish (training and competency development) dasturlarini talab
qiladi. ISO standartlari xodimlarning kompetentsiyasini baholash va rivojlantirish zarurligini ta’kidlaydi. Muassasalar
xodimlarning bilim va ko’nikmalarini aniqlaydi, bo’shliglarni (gaps) topadi va maqgsadli o’qitish dasturlarini ishlab

ishlashni ta’minlaydi.

2 aniq rollar va mas’uliyatlarni belgilash xodimlarning samaradorligini oshiradi. SMT har bir xodimning vazifalarini,
mas’uliyatlarini va vakolatlarini aniq hujjatlashtirishni talab giladi, bu esa noaniqliklarni bartaraf etadi va samarali

3 xodimlarning ishtiroki va fikrlarini e’tiborga olish tashkilot ichida ijobiy ish muhitini yaratadi. Ko’plab tadqiqotlar
shuni ko’rsatadiki, SMT joriy etgan muassasalarda xodimlarning ish qoniqishi (job satisfaction) oshadi, kadrlar
almashinuvi (staff turnover) kamayadi va jamoaviy ruh (team spirit) mustahkamlanadi.

accidents) va stressni kamaytiradi.

4 xavfsiz ish muhiti ta’minlanadi. SMT nafaqat bemor xavfsizligi, balki xodimlar xavfsizligini (staff safety) ham
ta’minlashni talab qiladi. Bu kasb kasalliklari (occupational diseases), ishchi joyidagi baxtsiz hodisalar (workplace

5 SMT xodimlar o’rtasida sifat madaniyatini (quality culture) rivojlantiradi. Xodimlar sifatni nafagat menejmentning
mas’uliyati sifatida emas, balki o’zlarining ham mas’uliyati sifatida gabul gilishadi
6 SMT xodimlar o’rtasida kommunikatsiyani yaxshilaydi. Aniq kommunikatsiya kanallari, muntazam yig’ilishlar

(regular meetings) va feedback mexanizmlari xodimlar o’rtasida hamkorlikni kuchaytiradi.

Muhokama
Adabiyotlar tahlili shuni ko’rsatadiki, tibbiyot
muassasalarida SMT ni joriy etish ko’plab afzalliklarga ega.
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Lekin muvaffagiyatli joriy etish uchun bir gator muhim
omillarni hisobga olish zarur.

Tadgigotlar uchta asosiy muvaffagiyat
aniglaydi.(1-rasm)

omilini
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SMT joriy qilishni
3 ta muvafaqqiyat
omili
Tashkiliy tayyorgarlik. Yuqori Santarali lt?yihani
rahbariyatning qo’llab-quvvatlashi va Resurslar mavjudligi. boshqarish. Aniq magsadlar
mujburiyati. Rahbariyat SMT ni Moliyaviy, inson va vaqt va bosgichlar belgilash.
strategik ustuvorlik sifatida qabul resurslari. Texnologik tizim Doimiy monitoring va
qilishi va resurslar ajratishi kerak. resurslari. baholash. Xodimlarni jalb
qilish va kommunikatsiya

1-rasm. SMT joriy etishning muvaffagiyat omillari

O‘zbekiston tibbiyot muassasalari uchun SMT joriy
etish aynigsa dolzarbdir. Mamlakatda sog’ligni saqlash
tizimini isloh gilish davom etmoqda va xalgaro standartlarga
muvofiglik muhim yo’nalish hisoblanadi. Lekin resurslarga
cheklangan muhitda bosgichma-bosqich yondashuv qo’llash
tavsiya etiladi.

4. Xulosa

Tibbiyot muassasalarida sifat menejmenti tizimini joriy
etish bemor xavfsizligi, xXizmatning sifati va samaradorligini
sezilarli darajada yaxshilaydi. Adabiyotlar tahlili asosida
quyidagi asosiy afzalliklar aniglandi. Birinchi navbatda
bemor xavfsizligi va davoalash natijalarini yaxshilash
raqamlar bilan aytadigon bo’lsek tibbiy xatoliklarni 15-25
foizga kamaytirish, bemor davolanish muddatlarini
gisqartirish va bemor gonishini oshirish bilan ifodalanadi.
Shuningdek operatsion samaradorlikxa kamaytirishga
jarayonlarni optimallashtirish orgali xarajatlarni 5-15 foiz
ekonom qilish va xizmat ko’rsatish samaradorligiga erishish
mumkin. PDSA siklini qo’llash orqali, dalillarga asoslangan
garorlar gabul qilish natijasida doimiy yaxshilanishni
taminlash mumkin.
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Analysis and modernization of control equipment at railway stations of JSC
""Uzbekistan Railways""

S.T. Boltaev}®?, Ch.M. Aripoval
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This paper analyzes the control equipment currently used at railway stations, including control panels,
panel manipulators, and external display boards, with emphasis on their types, technical characteristics,
and classification. The study examines the dimensions, weight, and functional capabilities of relay and
route-relay interlocking control panels, as well as UP-1, UP-2, PPNB, PPNBM, TVB, and TVBU
equipment currently operated at the stations of JSC "Uzbekistan Railways." The operational advantages
and limitations of the existing control equipment are evaluated, and their compliance with the
requirements of modern railway automation and telemechanics systems is assessed. Furthermore, the
possibilities of modernizing the existing control equipment using programmable logic controllers (PLCs)
and computer-based technologies are discussed. The proposed solution enables the implementation of an
automated workstation for the station duty officer, supports the digitalization of control processes,
reduces the influence of the human factor, and contributes to improving train traffic safety and the overall
efficiency of railway station control.

railway transport, traffic safety, electric interlocking, control panel, panel manipulator, external display
board, relay interlocking, modernization
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“O‘zbekiston temir yo‘llari” AJ temir yo°‘l stansiyalaridagi boshqaruv
apparatlarining tahlili va modernizatsiyasi

Boltayev S.T.1®?2 Aripova Ch.M.!
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Magqolada temir yo‘l stansiyalarida qo‘llanilayotgan boshqgaruv apparatlari, jumladan pult-tablo, pult-
manipulyatorlar va tashqi tablolarning turlari, texnik xususiyatlari hamda tasnifi tahlil gilingan.
“O‘zbekiston temir yo‘llari” AJ tizimida mavjud stansiyalarda foydalanilayotgan releli va marshrut-releli
markazlashtirish pultlari, UP-1, UP-2, PPNB, PPNBM, TVB va TVBU turidagi qurilmalarning gabarit
o‘lchamlari, massasi va funksional imkoniyatlari ko‘rib chiqilgan. Mavjud boshgaruv apparatlarining
ekspluatatsion afzalliklari va kamchiliklari baholanib, ularning zamonaviy temir yo‘l avtomatika va
telemexanika tizimlari talablariga muvofigligi tahlil gilingan. Shuningdek, mavjud boshqgaruv
apparatlarini dasturlashtiriladigan mantigiy kontrollerlar (PLC) va kompyuter texnologiyalari asosida
modernizatsiya qilish imkoniyatlari yoritilgan. Taklif etilgan yechim stansiya navbatchisining
avtomatlashtirilgan ish joyini tashkil etish, boshgaruv jarayonlarini ragamlashtirish, inson omili ta'sirini
kamaytirish hamda poezdlar harakati xavfsizligi va boshgaruv samaradorligini oshirishga xizmat giladi.
temir yo‘l transporti, harakat xavfsizligi, elektr markazlashtirish, pult-tablo, pult-manipulyator, tashqi
tablo, releli markazlashtirish, modernizatsiya

Kalit so‘zlar:

1. Kirish

Temir yo‘l transporti mamlakat iqtisodiyotining
strategik ahamiyatga ega bo‘lgan tarmoqlaridan biri
hisoblanadi. Poezdlar harakati xavfsizligini ta’minlash,
tashish jarayonlarini samarali tashkil etish va stansiyalar
faoliyatini  uzluksiz ~ boshgarishda avtomatika va
telemexanika tizimlari muhim o‘rin tutadi. Aynigsa, temir
yo‘l  stansiyalarida qo‘llaniladigan  markazlashtirish
qurilmalari  hamda boshgaruv  apparatlari  harakat
xavfsizligining asosiy kafolati sifatida namoyon bo‘ladi.

3 https://orcid.org/0000-0001-7289-7820
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“O‘zbekiston temir yo‘llari” AJ tizimida hozirgi kunda
286 ta temir yo‘l bekati mavjud bo‘lib, ularning katta
gismida poezdlar harakatini boshqgarishda o‘tgan asrning 60—
70 yillarida ishlab chigilgan pult-tablo, pult-manipulyator va
tashqi tablolardan foydalanib kelinmoqda. Ushbu qurilmalar
0°z davri uchun samarali yechim bo‘lgan bo‘lsa-da, bugungi
kunda texnik va ekspluatatsion jihatdan gator kamchiliklarga
ega. Jumladan, ularning katta gabarit o‘lchamlari, yuqori
energiya sarfi, texnik xizmat ko‘rsatish murakkabligi,
arxivlash va diagnostika imkoniyatlarining mavjud emasligi
hamda funksional cheklovlar zamonaviy talablarga to‘liq
javob bermaydi.
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So‘ngi yillarda temir yo‘l transportida ragqamli turli xil o‘lchamdagi to‘rt xil turdagi (A, B, V va S) alohida
texnologiyalar, mikroprotsessorli markazlashtirish tizimlari seksiyalarning kombinatsiyalaridan tayyorlanadi. 2-rasm.
va intellektual boshgaruv platformalarini joriy etish dolzarb
vazifaga aylanmoqda. Shu nugtai nazardan, amalda
qo‘llanilayotgan boshqaruv apparatlarining turlari, ularning
texnik xususiyatlari, qo‘llanilish sohalari va mavjud
kamchiliklarini ilmiy tahlil gilish muhim ahamiyat kasb
etadi. [1]

Mazkur ishda “O‘zbekiston temir yo‘llari” AJ temir yo‘l
stansiyalarida foydalanib kelinayotgan pult-tablo, pult-
manipulyator va tashgi tablolarning turlari, konstruktiv
tuzilishi, texnik ko‘rsatkichlari ko‘rsatib o‘tilgan.

2-rasm. Tablo turi 1A1B1V1C-I1I releli va marshrut —
releli markazlashtirish pulti

2. Tadgigot metodologiyasi

Temir yo‘l stansiyalaridagi boshqaruv apparatlari va
ularning tasniflanishi

1-jadval
Pultning seksiyalariga tegishli gabarit o‘lchamlar,
panellarning foydali ishchi maydoni hamda massasi

Xozirgi kunda “O‘zbekiston temir yo‘llarida” AJ - - - -
bekatlarning 73.4% da poezdlar xarakat xavsizligini seksiya %abarlt' ishchi . massa
ta’minlashda 60-70 yillarda ishlab chigilgan boshgaruv o‘lchami maydoni
apparatlari ya’ni pult-tablo, pult-manipulyatorlar va tashgi A 850 - 1950 mm | 725 x 800 — 140 kg
tablolardan foydalanib kelinmoqda Xar bir turdagi 1145 x 800
boshqgaruv apparatlardan foydalanishda stansiyalarning katta B 1200 - 1950 725 x 1150 ~ 200 kg
kichikligi, seksiya va strelkalarning songa axamiyat beriladi. mm 1145 x 1150

Elektr markazlashtirish tizimining PM-ES turidagi \ 500 - 1950 mm | 725 x 450 — 90 kg
pult-manipulyatori va TV-ES turidagi maydon tablosi. 1145 x 450
Pult-manipulyator katta 50 tadan ortiq strelkali o‘tkazgich S 350- 1950 mm | 725 x 800 — 340 kg
mavjud stansiyalarda elektr markazlashtirish qurilmalarini 1145 x 800

boshgarish  uchun  xizmat qiladi. Tashqgi tablo
izolyatsiyalangan uchastkalarning holatini (bo‘sh, band yoki
marshrutga qo‘shilganini) nazorat qilish, shuningdek strelka
o‘tkazgichlarining holati va signal ko‘rsatkichlarini kuzatish
uchun mo‘ljallangan. 1- rasm.

Markazlashtirlgan stansiyaning hajmiga qarab, pult-
manipulyator va tashqi tablo turli seksiyalardan yig‘iladi.
Pult-manipulyator uning Kkonfiguratsiyasiga garab to‘g‘ri
to‘rtburchak va trapesiyasimon seksiyalardan yig‘iladi.
Tashqi tablo esa fagat to‘g‘ri to‘rtburchak seksiyalardan
tuziladi.

To‘g ri to‘rtburchak seksiyaning massasi 125 yoki 150
kg, trapesiyasimon seksiyaning massasi esa 95 kg ni tashkil
giladi.

A, B va V seksiyalari bir-biridan gabarit o‘lchamlari
bilan farqg qiladi.  Seksiyalardagi  yo‘nalishi va
qurilmalarning soni hamda joylashishi har bir stansiya uchun
alohida ishlab chigilgan loyiha asosida belgilanadi S turidagi
seksiya aloga apparaturasi tugunlari, ulanish va chagiruv
tugmalari joylashtirilishi uchun mo‘ljallangan. Pult
formulasidagi A, B, V va S harflari seksiya turini, ulardan
oldin kelgan ragamlar esa har bir turdagi seksiyalar sonini
ko‘rsatadi.

UP-1 va UP-2 turidagi takomillashtirilgan
(unifitsirovanniy) pultlar. Takomillashtirilgan pultlar releli
markazlashtirish bilan jihozlangan oraliq stansiyalarda
poezdlarni gabul qilish va jo‘natish marshrutlariga kiruvchi
strelka o‘tkazgichlari va signallarni boshqarish hamda pult
tablosida yo‘llar, strelkali seksiyalarning band (yoki bo‘sh)
holatini, strelka o‘tkazgichlarining holatini va signal
ko‘rsatkichlarini nazorat qilish uchun mo‘ljallangan. 3-rasm.

Takomillashtirilgan ~ pultlardan qo‘lda  (ruchnoy)
boshqgariladigan  strelka  o‘tkazgichlari mavjud va
uchastkalarida  avtomatik  blokirovka  o‘rnatilgan
stansiyalarda ham qo‘llanilishi mumkin. Bu holda ular signal
markazlashtirgichlari sifatida xizmat giladi va fagat
svetoforlarni boshgarish hamda ularning strelkalar (strelka

1-rasm. Elekt rkazlashtirish tizimining PM-ES markazlashtirgichlari) bilan o‘zaro bog‘ligligini ta’minlash
turidagi pult-manipulyatori va TV-ES turidagi maydon uchun mo‘ljallanadi.
tablosi

Releli va marshrut — releli markazlashtirish pulti.
Rele va marshrut-releli markazlashtirish pulti yirik temir
yo‘l stansiyalarida poezdlarni qabul qilish va jo‘natish
marshrutlariga kiruvchi strelkalar va signallarni bevosita
boshqgarish uchun mo‘ljallangan. Ushbu pult manevr
ishlarini amalga oshirishda yo‘llarning bo‘shligi, strelka
o‘tkazgich va signallarning holati hagidagi ma’lumotlarni
to‘liq tarzda tabloda aks ettirib turadi.

Markazlashtirilayotgan stansiyaning hajmiga garab, pultlar 3-rasm. UP-1 va UP-2 turidagi takomillashtirilgan
(unifitsirovannsie) pultlar

September, 2026 94
Research, Innovation, Results https://doi.org/10.56143/2181-2438-2026-3-93-98




Journal of Transport

ISSN: 2181-2438

Volume:3|Issue:3|2026

Markazlashtirilayotgan stansiyalar hajmiga garab,
takomillashtiril-gan pultlar ikki xil turda tayyorlanadi: UP-1
va UP-2.

2-jadval
UP-1va UP-2 takomillashtirilgan pultlarning tegishli
gabarit o‘lchamlar, massasi hamda panellarning foydali
ishchi maydoni

balandligi gabarit massasi ish
o‘lchami maydoni
UP1 765 mm 850x350x 130 kg 800 mm
1530 mm
UP2 765 mm 1200x350x | 190kg, | 800 mm
1530 mm

Ammo takomillashtirilgan UP-1 va UP-2 pultlari 1987
yildan boshlab ishlab chigarishdan chigarilgan va ular
o‘rniga PPNB hamda PPNBM turidagi pultlar joriy etilgan.
Shunga garamasdan bir gancha stansiyalarda ushbu
pultlardan foydalanib kelinmoqda.

PPNB turidagi blokli elementlardan tuzilgan giya
egilgan (naklonneie) pult. Blokli elementlardan tuzilgan
pult tablolar markazlashtirilgan strelka o‘tkazgichlar soni 30
tadan oshmagan, oraliq stansiyalarda strelka o‘tkazgichlari
va signallarni boshqarish uchun mo‘ljallangan. Agarda
oraliq stansiyaning yo‘l tarmog‘i murakkab bo‘lsa,
markazlashtirilgan strelka o‘tkazgichlar soni 30 tadan kam
bo‘lsa, ayrim istisno hollarda tashqi o‘rnatilgan tablo va
pult-manipulyator qo‘llashga ruxsat beriladi. 4-rasm.

4-rasm. PPNB-1200 turidagi blokli elementlardan
tuzilgan giya egilgan (naklonnsie) pult

Blokli elementlardan tuzilgan giya egilgan pultlarning
tegishli gabarit o‘lchamlar, massasi hamda panellarning
foydali ishchi maydoni;

PPNBM turidagi svetodiodli subbloklardan tuzilgan
pult-tablolar. Svetodiodli subbloklar asosida yaratilgan
PPNBM turidagi pult-tablolar markazlashtirilgan strelka
o‘tkazgichlar soni 30 tadan oshmagan, oraliq stansiyalarda
strelka o‘tkazgichlari va signallarni boshgarish uchun
mo‘ljallangan hisoblanadi. Ularning ishlab chiqarilishi 1999
yildan boshlangan. Agarda oraliq stansiyaning yo‘l tarmog‘i
murakkab bo‘lsa, markazlashtirilgan strelka o‘tkazgichlar
soni 30 tadan kam bo‘lsa, ayrim istisno hollarda tashqi
o‘rnatilgan tablo va pult-manipulyator qo‘llashga ruxsat
beriladi. 5-rasm.
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5-rasm. PPNBM uridagi svetodiodli subbloklardan
tuzilgan pult-tablolar

PPNBM turidagi pult-tablolar — bu PPNB turidagi
blokli elementlardan tuzilgan pultlarning modernizatsiya
qilingan ya’ni yangilangan varianti hisoblanadi. PPNBM

pult-tablolarida PPNB turidagi pultlardagi mazaykali
kommutatorli lampalar o‘rniga svetodiodli subbloklar
qo‘llanilgan.

3-jadval

PPNBM pult-tablolariga tegishli gabarit o‘lchamlar,
hamda massasi

seksiya o‘lchamlari massasi

1 STB-1903 1200 mm - 1903 185 kg
mm

2 STB-2303 1600 mm - 2303 205 kg
mm

3 STB-2703 2000 mm - 2703 225kg
mm

TVB turidagi tashqi blokli tablolar. Ushbu tablolar
temir yo‘l avtomatikasi va telemexanikasi tizimlaridagi
elektr markazlashtirish hamda dispetcherlik
markazlashtirish qurilmalarida strelka o‘tkazgichlarning
holati, signallarning ko‘rsatkichlari va marshrutlarning
o‘rnatilishi holatini nazorat qilish uchun mo‘ljallangan.
Elektr ~ markazlashtirish ~ (ES) va  dispetcherlik
markazlashtirish ~ (DS)  tizimlarida ular, pultlar-
manipulyatorlar bilan birgalikda qo‘llaniladi. 6-rasm

6-rasm. TVB turidagi tashqi blokli tablolar

Blokli tashqi tablolardan foydalanilishda qo‘llaniladigan
yorug‘lik (svetovoy) indikatsiya bloklari (mozaykali
bloklar) 1984 yildan beri 44 xil turda ishlab chigarishda
bo‘lib, ular uchun mo‘ljallangan yorug‘lik o‘tkazgichlar
(svetovodlar) esa 21 turda ishlab chigariladi. TVB tablolari
balandligi bo‘yicha uch xil turdagi seksiyalardan
tayyorlanadi va ularning umumiy soni uchtadan
to‘qqiztagacha bo‘lishi mumkin.
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4-jadval
TVB turidagi tashgi blokli tablo seksiyalariga tegishli
o‘lchamlar, hamda massasi

gabarit o‘lchami massasi
PPNB-800-75 | 885x906x1460 mm | 115kg
PPNB-1200-75 | 1240x906x1460 mm | 151kg,

TVBU turidagi svetodiodli subbloklardan tuzilgan
takomil-lashtirilgan (unifitsirovanneie) blokli tashqi
tablolar. TVBU turidagi tablolar temir yo‘l avtomatikasi
va telemexanikasi tizimlaridagi elektr markazlashtirish va
dispetcherlik  markazlashtirish  qurilmalarida  strelka
o‘tkazgichlarining holati, signallar ko‘rsatkichlari hamda
marshrutlarning  o‘rnatilishini  nazorat qilish  uchun
mo‘ljallangan. Elektr markazlashtirish (ES) va dispetcherlik
markazlashtirish (DS)  tizimlarida  ular pultl-
manipulyatorlar bilan birgalikda qo‘llaniladi. 7-rasm.

y
e

i
T

7-rasm. TVBU turidagi svetodiodli subbloklardan
tuzilgan takomillashtirilgan (unifitsirovannsie) blokli
tashqi tablolar
TVBU turidagi tablolar — bu TVB turidagi blokli
elementlardan tuzilgan tablolarning modernizatsiya ya’ni
yangilangan varianti hisoblanadi.
5-jadval
Svetodiodli subbloklardan tuzilgan takomillashtirilgan
(unifitsirovanniy) blokli tashqi tablo seksiyalari turlari,
ularning o‘lchamlari va massasi

Seksiya o‘Ichamlari massasi

1 | STBU-1503 | 640 mm - 1503 mm 102 kg
2 | STBU-1823 | 960 mm - 1823 mm 119 kg
3 | STBU-2143 | 1280 mm - 2143 mm 136 kg
STBU-2463 | 1600 mm - 2463 mm 153 kg
STBU-2783 | 1920 mm - 2783 mm 170 kg

Temir yofl stansiyalarida elektr markazlashtirish
tizimini  moderni-zatsiya qilish va PLC asosida
boshgaruvni avtomatlashtirish

Stansiya navbatchisining avtomatlashtirilgan ish joyi
orgali amalga oshiriladigan boshgaruv jarayonlarining
samaradorligini miqdoriy baholash uchun boshgaruv
operatsiyalarini bajarish tezligi ko‘rsatkichi joriy etildi. Shu
nuqtai nazardan, marshrutni o‘rnatish, strelkalarni
o‘zgartirish va signalni boshqarish kabi operatsiyalarning
muvaffaqiyatli bajarilishi hisobga olindi [8],. Boshgaruv
tizimining funksional samaradorligi quyidagi ifoda orgali
aniglandi:

NS
E= T

bu yerda, Ny — ma’lum vaqt oralig‘ida muvaffaqiyatli
bajarilgan boshqaruv operatsiyalari sonini, T, esa ushbu
operatsiyalarni  bajarishga sarflangan umumiy vaqtni
bildiradi. Mazkur ko‘rsatkich avtomatlashtirilgan ish
joyining tezkorligini an’anaviy boshqaruv pulti (panel-
tablosi) bilan tagqoslab baholash imkonini beradi

Quyida keltirilgan funksional sxemada mavjud elektr
markazlashtirish ~ tizimiga hech qanday o‘zgartirish
kiritmasdan, qo‘shimcha interfeys qurilmalarini qo‘shish
orgali stansiya boshqgaruv panel-tablosini modernizatsiya
gilish ~ mumkin  [16-27]. Ushbu  yondashuvda
dasturlashtiriladigan mantigiy kontrollerlar (PLC) ijro
etuvchi va monitoring qiluvchi qurilmalar sifatida
qo‘llaniladi ~ (8-rasm).  Mazkur  kontrollerlar  elektr
markazlashtirish tizimining ijrochi guruhidan ma’lumotlarni
gabul qilib, ularni stansiya navbatchisi uchun ishlab
chigilgan dasturiy interfeysga uzatadi va shu orqali
stansiyaning operatsion holatini to‘liq nazorat qilish
imkonini beradi.

Boshgaruv panelidan beriladigan buyruglar ijrochi
guruhga uzatiladi va ular orgali stansiya jihozlari
boshqariladi, jumladan strelkalarni o‘zgartirish, signalni
boshqarish, marshrutlarni o‘rnatish hamda boshqa tegishli
funksiyalar amalga oshiriladi .

Mazkur dasturiy yechim C# dasturlash tilida ishlab
chigilgan bo‘lib, ishlab chiqish jarayonida Windows
Presentation Foundation (WPF) platformasi va .NET
Framework dasturiy muhiti qo‘llanilgan. Dastur Windows
va Linux operatsion tizimlarida ishlashga moslashtirilgan.
Keltirilgan rasmda temir yo‘l stansiyasining yo‘l sxemasi
hamda harakatni boshqarish holatlari aks ettirilgan bo‘lib, u
stansiya navbatchisining avtomatlashtirilgan ish joyi uchun
mo‘ljallangan dasturiy interfeysni ifodalaydi.
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8-rasm. Stansiya navbatchisi uchun ishlab chigilgan foydalanuvchi interfeysi oynasi
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Dastur orqali stansiya hududidagi asosiy yo‘llar, qabul
qilish va jo‘natish yo‘llari, strelkalar hamda signal
qurilmalarining joriy holati real vaqt rejimida vizual tarzda
kuzatiladi. Ushbu dastur stansiya navbatchisiga poyezdlar
harakatining xavfsiz va uzluksizligini ta’minlash, strelkalar
holatini nazorat qilish, svetofor signallarini tekshirish hamda
marshrutlarni tahlil qilish imkonini beradi. Interfeysda
yo‘lning band yoki bo‘shligi, strelkalar holati va signal
ko‘rsatkichlari turli ranglar orqali aniq ko‘rsatiladi. Bundan
tashqari, dasturda vaqt ko‘rsatkichlari, stansiya nomi va
xizmat ma’lumotlari ham aks ettiriladi, bu esa navbatchining
garor gabul qilish jarayonini yengillashtiradi. Bunday
avtomatlashtirilgan ish joyi inson omili bilan bog‘liq
xatolarni kamaytirish, harakat xavfsizligini oshirish va
stansiya ish samaradorligini yaxshilashga xizmat giladi.

Stansiya navbatchisining avtomatlashtirilgan ish joyini
joriy etish inson omilining ta’sirini kamaytirish imkonini
berdi. Qo‘lda boshqarish jarayonida operator charchashi,
e’tiborning pasayishi yoki noto‘g‘ri qaror gabul qilinishi
sababli xatolar yuzaga kelishi mumkin. Avtomatlashtirilgan
tizim orgali inson omilining kamayish darajasi quyidagi
ifoda yordamida baholandi:

K. = Em B Ea

"SR
bu yerda, E, — qo‘lda boshqarish sharoitida qayd

etilgan xatolar sonini, E, esa avtomatlashtirilgan tizimda

aniglangan xatolar sonini bildiradi. Olingan natijalar

avtomatlashtirilgan ish  joyining poyezdlar harakati

xavfsizligini oshirishda samarali ekanligini ko‘rsatadi.

Dasturlashtiriladigan  mantigiy  kontroller  sifatida
SIMATIC S7 tanlab olindi. 9-rasmda TIA Portal dasturlash
muhitida LD (Ladder Diagram) tilida yozilgan dastur
ko‘rsatilgan. Ushbu dastur stansiya navbatchisi tomonidan
beriladigan buyruglarni elektr markazlashtirish
qurilmalariga uzatish jarayonini ta’minlovchi dasturga misol
sifatida keltirilgan.

%10.0 %DB3.DBX0.0
R1* “Event"MD.r1

1 | { —

%l0.1 %DB3.DBX0.1
"R2* “Event”.MD.r2

i | { —

%10.2 %DB3.DBX0.2
"R3" “Event”.MD.r3

{ F—

9-rasm LD (Ladder Diagram) tilida yozilgan dastur
namunasi

Avtomatlashtirilgan ish  joyi bilan elektr
markazlashtirish tizimi o‘rtasidagi ma’lumot almashinuvi
dasturlashtiriladigan mantigiy kontroller (PLC) orqgali
amalga oshiriladi. Ushbu jarayonda ma’lumotlarning
ishonchli uzatilishi harakat xavfsizligi uchun muhim omil

hisoblanadi. ~ Ma’lumot  almashinuvi  jarayonining
ishonchliligi quyidagi bog‘lanish orqali baholandi:
f
R=1-—
N,

bu yerda, Nf — xatolik bilan gabul gilingan yoki
yo‘qotilgan ma’lumot paketlari sonini, Nt esa uzatilgan
umumiy ma’lumot paketlari sonini bildiradi. Mazkur
koeffitsiyent PLC va dasturiy interfeys o‘rtasidagi aloqa
bargarorligini baholash imkonini beradi.
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3. Xulosa

O‘tkazilgan tahlillar shuni ko‘rsatadiki, “O‘zbekiston
temir yo‘llari” AJ tizimida faoliyat yurituvchi temir yo‘l
stansiyalarining asosiy gismida 1960-1990 vyillarda ishlab
chigilgan boshgaruv apparatlari — pult-manipulyatorlar,
pult-tablolar va tashgi tablolardan foydalanib kelinmoqda.
Ushbu qurilmalar o‘z davrida harakat xavfsizligini
ta’minlashda samarali texnik yechim bo‘lgan bo‘lsa-da,
hozirgi zamon talablari nugtai nazaridan ularning texnik,
ekspluatatsion va funksional imkoniyatlari cheklangan.

Yo‘l tarmog‘ining murakkabligiga qarab turli
konstruktiv yechimlar asosida ishlab chigilgan. Jumladan,
PM-ES va TV-ES turidagi qurilmalar yirik stansiyalar
uchun, UP-1 va UP-2 turidagi pultlar oraliq stansiyalar
uchun, PPNB va PPNBM turidagi pult-tablolar esa
markazlashtirilgan strelkalar soni 30 tadan oshmagan
stansiyalar uchun mo‘ljallangan. TVB va TVBU turidagi
tashqi tablolar esa harakat jarayonini vizual nazorat gilishda
muhim o‘rin tutadi.

Shu bilan birga, ushbu qurilmalarning katta gabarit
o‘lchamlari, yuqori massasi, energiya sarfining ko‘pligi,
texnik xizmat ko‘rsatish murakkabligi, ehtiyot gismlar
ta’minotidagi qiyinchiliklar hamda arxivlash va diagnostika
funksiyalarining mavjud emasligi ularning ekspluatatsion
samaradorligini pasaytirmoqda. Aynigsa, mozaikali lampali
indikatsiya tizimlarining ma’naviy va jismoniy eskirishi

zamonaviy raqamli texnologiyalarga o‘tish zaruratini
yanada kuchaytirmoqda.
Xulosa qilib aytganda, amalda qo‘llanilayotgan

boshqaruv apparatlarini bosgichma-bosgich modernizatsiya
qgilish, mikroprotsessorli va ragamli markazlashtirish
tizimlarini joriy etish hamda inson omilini kamaytirishga
garatilgan intellektual boshqaruv platformalarini tatbiq etish
temir yo‘l stansiyalarida harakat xavfsizligi va boshqaruv
samaradorligini oshirishning ustuvor yo‘nalishi hisoblanadi.

Foydalangan adabiyotlar  /
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Synthesis of a relay operation algorithm aimed at creating a neural network

Abstract:

Keywords:

model of its operation

A.R. Azizov*®?2, |.V. Bondarenko!
1Tashkent state transport university, Tashkent, Uzbekistan

The replacement of obsolete relay devices with microprocessor-based systems has become the primary
method for improving railway automation and telemechanics systems in Uzbekistan. The implementation
of solutions based on microprocessor technology makes it possible to reduce operating costs through
service-based maintenance methods, as well as to increase reliability due to the automatic recording and
collection of data on failures, malfunctions, and other factors. At the same time, such technical solutions
have a number of disadvantages. The design process, procurement of equipment, and reconstruction of
individual sections requiring their shutdown from the technological process demand significant resource
investments. Moreover, the rapid progress in microelectronic technologies and the tightening of
transportation safety requirements lead to the rapid obsolescence of the applied digital systems and
necessitate substantial investments in their modernization. The development of components combining
the advantages of both systems can address these issues and minimize the associated disadvantages. This
article examines the relevance of implementing neural networks and microelectronic technologies in
railway automation and telemechanics devices in the context of the development of train traffic safety
systems on high-speed railway sections, using the example of replacing contact relays with contactless
microprocessor modules.

automation and telemechanics, railway transport, block route relay centralization (BRRC), relay,
mathematical model, discrete mathematics, recurrent neural networks, neural network training, activation
functions, error gradient, LSTM layer, dropout layer

Cunre3 anropuT™Ma padoThl peJie, ¢ HeJbI0 CO3TaHUsI HelipoceTeBoOii Moae N

ero padorsl

Asuzo A.P.10% Bongapenko U.B.!

TamkenTckuil rocynapcTBEeHHbI TPaHCIIOPTHEIA yHHBEpcUTET, TalkeHT, Y36eKucTan

AHHOTAaIMA !

KnroueBsie cioBa:

3aMeHa yCTapeBLIMX pPENEeHHbIX YCTPOWCTB Ha MHUKPOIPOLECCOPHbIE KOMIUIEKCHI CTaja OCHOBHBIM
METO/IOM YCOBEPILIEHCTBOBAHMSA CHCTEM aBTOMAaTUKH M TEIEMEXaHUKM Ha JKEIE3HBIX JOpOorax
V36ekucrana. [IpumeHeHre pelieHuii, OCTPOSHHBIX Ha MUKPOIIPOLIECCOPHOM 0a3e, 03BOJISIET CHIU3HUTD
pacxo/pl Ha SKCILTyaTalHIo 32 CYET CEPBUCHOTO METO/A 0OCITY)KUBAHUS, & TAKOKE IOBBICUTh HA/IEKHOCTh
Onaroziapsi aBTOMaTH4YeCKOMY (HUKCHUPOBAHUIO U cOOpy IaHHBIX 00 OTKa3ax u cOOSX U JAPYyTrUM
(akropam. BmecTe ¢ TeM 110100HbIE TEXHUYECKHE CPEICTBA UMEIOT sl HeA0CTaTKOB. [IpoeKTHpoBaHue,
npuobpereHne 00OPYIOBaHUS, PEKOHCTPYKIMS OTACNBHBIX YYacTKOB C HEOOXOJMMOCTBIO HX
BBIKJIIOYEHHUs M3 TEXHOJOTHMYECKOro Ipolecca TpeOYIOT 3HauMTEeNbHBIX BIOXKEHUH pecypcos. boiee
TOTO, MPOrpecc B Pa3BUTHH MUKPOAJIEKTPOHHOH 0a3bl M yXKecToueHHe TPeOOBaHMII K 0€30IacCHOCTH
NIEPEeBO30YHOr0 Mpolecca MPUBOIAT K OBICTPOMY MOPAIBHOMY HM3HOCY IPUMEHSEMBIX LH(PPOBBIX
CHCTEM M HEOOXOIMMOCTH 3HAYMTENbHBIX BIOKEHHH B MX OOHOBieHHe. Co3gaHHEe KOMIIOHEHTOB,
COYETAIOLINX MPEUMYIIECTBA 00EHX CUCTEM, MOXKET PEIMTH JaHHbIC 3aJa4i U MUHUMH3HPOBATh 3TH
He#OCTaTKUM. B crarbe paccMmarpuBaercsi akKTYalIbHOCTh BHEOPEHHS HEHPOHHBIX CceTed u
MUKPOSJIEKTPOHHBIX TEXHOJIOTH B YCTPOMCTBAX JKENE3HONOPOKHOW aBTOMATHUKH U TEJIEMEXaHUKU
(OKAT) na ¢one pazBurusi cucreMm Oe3onacHoct asikenus moe3noB (BJIIT) Ha BhICOKOCKOPOCTHBIX
y4acTKax, Ha IPUMePe 3aMEHbI KOHTAKTHBIX pejie OeCKOHTaKTHBIMH MHUKPOIIPOLIECCOPHBIMH MOAYJIIMH.
aBTOMAaTHKa M TEJICMEXaHHUKA, JKEJIE3HOIOPOXKHBIM TpaHCIOPT, OJIOYHAs MapLIpyTHas peleiHas
nentpanuzaimst (BMPLI), pene, maremaruueckas Mojenb, OUCKPETHAas MaTeMaTHKa, PEKYppPEHTHBIE
HEeHPOHHBIE ceTH, 00yUeHHe HEHPOHHBIX ceTell, PYHKINKM aKTUBALKMH, rpagueHT ommboku, LSTM-cnoi,
dropout-cioit
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1. BBeaenue

AKTYa/IbHOCTB NIPOBEIEHHOI0 HCCIICI0BAHUSA

Bonpoc cHmwkeHHs KOIMUYECTBA aBapuil, KpyILICHUH U
TPaBM OIACHBIX CUTYaIWii Ha XKeJIe3HBIX Joporax Tpedyer
0co00ro BHHMAaHHUS CO CTOPOHBI €ro pabOTHHUKOB Ha
MIPOTSHKEHUH BCETO BPEMEHH CYILECTBOBAHHS JAaHHOTO BUIA
TpaHcropra. C MOMEHTa IEPBBIX aBaphil CTajo SICHO, YTO
OoJpIasi 4acTh YPE3BBIYAHHBIX CHUTYyaIlMi CiIydaercs IO
BHHE desloBedeckoro ¢akropa. B cBa3m ¢ atuM, Bcé
OOJIBITYIO0 aKTyalbHOCTH HAaOWpaeT BOMPOC pa3paboTKH U
YCOBEpIIEHCTBOBAHMSI ~ CHUCTEM  aBTOMAaTH3allMd U
YIpPaBIICHHS JKEIE3HOI0POXKHOIO TPAHCTIOPTA.

Hcropusi pa3BUTHSI CHCTEM 3KeJe3HOTOPOKHOIM
aBToMaTHKH 1 TeJemexanukn (C/KAT)

[IpumuTHBHBIE ycTpoiicTBa CHUTHAIM3aLWH,
nenTpanusanuy 1 ormokupoBkH (CLB) mosBuirCcs B KOHIE
XIX Beka. bonbiiasg 4acTe 3THX CHCTEM IpeICTaBIISLIIN
co0oif Hemenkwe ¥ aHIrIMiickie Hapabotku. Jlo Hagama
IlepBoit MupoBoii BOWHBI Ha 87% NPOTKEHHOCTH
JKEJIE3HBIX JJOPOT MPUMEHSIIOCH PETYINPOBAHNE IBIDKCHUEM
TI0€37I0B, TOCPE/ICTBOM TelerpadHO-TeNepOHHBIX CPENICTB U
UIEKTPOXKE3ToBoi  cuctembl. Opnako, k 1920 roxy,
MOBBIIIIEHHE CIPOCa Ha TIEPEBO3KH IKEIE3HOIOPOIKHBIM
TPaHCIIOPTOM norpedoBaio BHEPEHUS Goiee
3¢ PeKTUBHBIX CPENCTB.

B nepuon ¢ 1930 no HelHemHue aHU yerpoiictBa CLIb
MpouuTy  OOJBIIYI0 TpaHC(OPMANUIO, OT OJHOITYTHOM
peneiiHol 4eThIpéXx3HauHOH aBTOONOKMpOBKH (AB), mO
MHKPOTIPOLIECCOPHBIX CUcTeM. HemaoBaxHyI0 poJib B 3TOM
BOIIPOCE CHITPAJI ¥ HApaOOTKHU B chepe MOTyHPOBOIHUKOB
U MHKPO3JIEKTPOHHKH.

Pazeutue u s3xcnayarauuss CKAT Ha TeppuTopuu
Y30ekucrana

Ha cerogmamuuii f[eHp Ha JKEIE3HBIX JOPOrax
V36ekucrana MPUMEHSIOTCS penelinble u
MHKDOIIPOLIECCOPHBIE ~ CUCTEMBI.  PeneliHble  cHCTEMBI
00J1a1al0T BBICOKOI HaJEXHOCTBIO X IPOCTOTON MOHTaXa, a
TaKKe JCCATWICTUAMH O3KCIUIyaTalldd, HapabOTOK M
yIydimeHuiH. MUKponpoIiecCopHble CUCTEMBI HUBETHUPYIOT
HEJIOCTaTKH peJelHbIX cucteM. B uacTHocTH, 3aMeHa
pENEHHBIX CHCTEM MHUKPONPOLECCOPHBIMU  NO3BOJISIET
CHM3UTh PACXOJbl Ha 3KCIUTyaTalluio, 3a CYET CEPBUCHOTO
MeTo/ia 00CITy)KUBaHUsI, TOBBICUTH HAIEKHOCTD, Oaroaapst
aBTOMaTH4YeCKOMY (DUKCHPOBAaHHIO M COOpY HaHHBIX 00
OoTKazax M cOOSX CHUCTEeMbl W psia Ipyrux (HaKTopos.
OpHako,  Mamblf  ONBIT  JKCIUTyaTallud  JAHHBIX
MHKPOIIPOLIECCOPHBIX CUCTEM, JIOPOrOBH3HA NMPHOOpETEHNE
U YCTaHOBKM OOOpYNOBaHHSA, OrPAaHUYCHHBIH  CpPOK
JKCIUTyatauuu B mpepenax 10-15 ner, HeoOXoauMocTh
BBIKJIIOUEHHUS] y4acTKa U3 TEXHOJIOTMYECKOro Mmpolecca, Ha
JTane pPEKOHCTPYKIMH U  OTCYTCTBHE BO3MOXKHOCTH
yHUPHUKAMK TPOrPaMMHOIO KO3, TPeOYIOT MpPOBEACHMUS
HCCIEOBAaHUA C  LENbl0  ONTHMM3ALMU  JAHHBIX
HEJIOCTATKOB.

2. Meroauka uccjie0BaHus

B kauectBe pemieHus, MNPOBEAEHHOM  Hay4yHO-
U3BICKATENILCKOH PabOTBI, PAacCCMOTPEHBI BO3MOXKHOCTH
MPUMEHEHUsT ~ MHKPOIPOLECCOPHBIX  YCTPOMCTB, €
HUHTEerpanuein HENpPOCETEBBIX TEXHOJIOT Ui, B
cymectBytomux cuctembl BMPILI.  Takoe pemenue
MO3BOJIUT UCHONB30BaTh COBOKYNHOCTh MPEUMYIIECTB Kak
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3apEKOMEHJIOBABIINX CBOIO HAAEKHOCTh  YCTapeBIINX
penedHbIX CHCTeM, Tak H 0Oojiee  COBPEMEHHBIX
MHKPOTIPOLIECCOPHBIX TEXHOIOTHH.

Kparkue cBegeHnsi 006 ycTpoiicTBe KOIOBBIX peje B
omoxax BMPILI.

Biiokun BMPI ¢hyHKIIMOHANEHO KIIACCHPUIAPYIOTCS HA
2 rTpynmsl: HaOOpHYI0 M WCHOJHUTENBHYI0. B pamkax
HCCIIEJIOBAaHUS PAcCMOTPEHBI OJIOKM HAaOOpHOM TIpYIHIIHL,
BBITIONHSIONE (QYHKIMH (opMHpoBaHUS W (HUKCAINU
HaOpaHHOI'O MapIIPyTOB.

KiroueBoit ¢pyHKIMOHATIBHBIN 2IEMEHT JaHHBIX OJIOKOB
— HEHTpaJlbHbIE pese BTOPOro Kilacca HaAEKHOCTH THIA
KAP1 u KJIP1IM (puc. 1). Ilpuaimn geficTBUS OCHOBaH Ha
SBJICHMH DJISKTPOMAarHUTHOH wuHAyknmu. [lpm nopmade
HaIpsDKEHUS Ha OOMOTKY 3IEKTPHUYECKHM I0JIEM CO3aéTcs
MarHMTHBII NOTOK, mpuTsaruBaromuii sspmo. Ilocnennee c
MOMOILBIO TATOBOIO MeXaHM3Ma IepefaéT yCcwius Ha
KOHTAKTBI, TIepeKJItoyas ux.

8p*2

H - P —;Q_]m

13

Puc.l. Ipunmunuansnas cxema peae KAP1 nu KIP1M

MartemaTH4eckasi MoJeJIb paGoThbl peJie.

INocranoBka 3ajga4yu: pa3paboTaTh MaTEMAaTHYECKYIO
MOJIeNIb HEHTPAJIBbHOIO pelie, ONpEeNeNsIONLyl0 COCTOSHHUE
€ro BBIXOJOB (KOMMYTAIIMIO KOHTAaKTOB), Ha OCHOBE
BXOJJHBIX XapPaKTEPUCTHK.

Maremarudeckass MoOJeNb  pele  OTPaXaeT  ero
HOBE/ICHHUE, KaK JIMCKPETHOTO yCTpOIicTBa,
UHULMAIU3UPYIOIIET0 €ro  BBIXOJHOE COCTOSHHE, B
3aBUCHMMOCTH OT BXOZHBIX [IAPAMETPOB:

AKTHBHOE CONPOTHUBIICHUE 0OMOTKH R ¢
WNunykruBHocTh 00MoTKH L ¢

HomunaneHoe Hanpspkenue oomotku U_H
MuHHuMabHOE HanpsHKeHHe TIOJIHOT'O
nputsoxeHus U p

Hanpsixenue ormyckanus sikopst U_o

Bpewmst 3ameieHus Ha cpabaTbiBaHue t_C

Bpewmst 3ameyieHHs Ha OTIyCKaHHE t O

. MupyxtuBHOCTH OOMOTKH pene L ¢

CocrosiHue pesne f. ompenessieTcss €ro BXOAHBIM
HanpspkeHueM U, B MOMEHT BpEMEHH t:

el NS

©oNowv

1,npua
f(u@),t) = 0,mpub (1.1)
f(x,t) —1,upuc
a=U)=zU,ut =t 1.2)
b=U({t)<Uyut=>t, 1.3)
c=U, <U@)<Upnmt, <t <t (1.4)

Hanunune rucrepesuca B yCI0BHM KOMMYTAIIUU MOJIETH
SIBISIETCSL OJTHUM M3 OCHOBHBIX (haKTOPOB €€ HAIEIKHOCTH.
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HCXOJIS u3 BBIIICONICAHHOTO, 3aBUCHMOCTh
KOMMYTAlIHOHHOH 4YacTH f,, OT COCTOSHHs cojeHoupaa f.
OIMCAHO ypaBHEHHEM (2)
£(F) = {1, npH f; 1 @
Ve O,mpuf. =0

[ocTostHHas BpeMeHu cpabaTsiBaHns (00ECTOUMBAHM)
3aBUCHT OT TIapaMeTPOB MHIYKTHBHOCTH peie. Tak, y pene
KJPIM-120 B cepleyHUK BCTpOSHA MeEJIHAs THIIB3a,
BHOCSIIAsl 3aMeieHne B ero pabory. biaromaps sromy
OTIpeIessIeTCsl BEIMUMHA CKOPOCTH IIEPEXOJHOTO Iporecca

O

T=— 3)

CkopocTh mepexoza OIpelersieT BpeMs, 3a KOTopoe
00MOTKa OK)KET BO3JICHCTBHE HA KOHTAKTHYIO Ipyminy (4).

I C
pab.
tcpa6. =—1xln (1 - T) (4)
U o
e I = R_ — YCTaHOBUBIINHUCS TOK
C
cDOpMyJ'Ia 3aBUCUMOCTHU  HAIIPSKCHUA B MOMCHT

BpEeMeHHU t OT TOKa | W MHIYKTHUBHOCTH L. Oyner mmerh
cienyronmii Buz (5).

Al
U(t) = Le* -+ R+ () (5)

I'paduk 3ameuIeHNsT aKTHBAIMK M 00ECTOYMBAHHMS peiie
MpeJCTaBJIeH Ha puc. 2.

|«—— Bospacrauue Y6
100
L —
B ] \
e
i \
:gw
g8
§g %
=
" &
e
: W\.

1 2 3 B 5
0 1 2 3 4 5

MNocTosHHan BpemeHn
Puc. 2. I'pa¢mk nHAYKTHBHOI YacTH pese

MopeJib HelipOHHOIi ceTH.

IocraHoBka 3amaum:  pa3pabotath ¥ OOYy4HUTH
HEWPOHHYIO ceThb MPOTHO3UPYIOLIYIO MOMEHT
cpabarbIBaHUS pejie B MOMEHT BPEeMEHH t, IPH 33aJaHHOI
BPEMEHHOM 3aJiepxKKe t;, HA OCHOBE UMEIOIUXCS JAaHHBIX U
rapaMeTpoB ~ CHUCTeMbl.  BXomHelMuM  mapameTrpamu
HEHPOHHOW CeTU NPUHATH, NOTyYyaeMble C JaTUHKa JaHHbIE
o Hanpsokenun U(t) u toke I(t) B TeKyliuii MOMEHT
BpeMeHH t. Takxe, ¢ LeIbo ONPEeAeNIeHNsI KauyeCcTBa CUrHaIa
YUUTBIBaTh BXOJHBIE JAHHBIE B IIPEABIIYIIHE MOMEHTHI
BpEMEHU L — Nn.

Onucanue apxuteKTypbl. ONTHMAJIBHBII BHIOOD WIS
pelieHys MOCTAaBJICHHOW 3aJaud — CO3JaHHe HEHPOHHOU
CeTH, ONHUPAOIIEiics BXOAHBIE TAPAMETPBI, U B TO XKe BPEMsI
aHAIM3UpYOLIeH cBOM mpeaplayne pacuérel. C 3TOM
3aJaueil OTJIMYHO CIPABISAIOTCA PEKYPPEHTHbIE HEHPOHHBIE
cery, ¢ Long Short-Term Memory (LSTM) sueiikamu.
Takoe pelieHHe CHUKAaeT BEPOATHOCTh OLIMOKH, Jiesias CeTh
Oonee Ham&XKHOM, a €€ OTBeThl OOJiee JOCTOBEPHBIMH.
Opnako, Bcé emé ocTaércsi BECOMBI MHHYC CeTH — &
CKJIOHHOCTh K mepeoOydenuto. st penieHust npoGiieMbl
NpUMEHSIOT  dropout-ciioif, HUBENUPYIONIMI  JaHHbBIE
Henocratki. CTpyKTypa CeTH moJbHpanach SMIMPUYECKH,
U BBITJIAJMT CIIETYIOIIMM 00pa3oM:
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. Bxoznbie mapamerpsl — Hanpspkenue U(t) u Tok
I(t) B TeKymIMii MOMEHT BpeMeHH t

° LSTM-cioii (32 HeifpoHa, METO]| aKTHBAIUH —
runepOOIMYecKHil TaHreHC) — AaHaIM3UPYeT BXO/IHBIC
rapameTpbl

. Dropout-cioit (BepositHOCTS oTceBa — 0.2)

. LSTM-cunoii (16 HelipoHOB, METOJl aKTUBALUH —
TUNEPOOIMIECKUH TaHI'€HC) — YIIIyOmsieT aHaIn3 BXOIHBIX
JAHHBIX

. Dropout-coii (BepositHocTh oTcesa — 0.1)

. CKpbITBIH 1ol (8 HEHPOHOB, METOJT AKTHBAIMN —
ReLU) — u3Biiekaer BHICOKOYPOBHEBBIE MIPH3HAKU
. BrrxoaHoii cnoii (1 HEHpOH, METOJ| aKTHBAIIUH —

sigmoid) — onpenensiet BEepOSTHOCTb BKITFOUCHHS peie

Pacuér meiiponnoii cern. LSTM-suelika copmepxut
TPHU BEHTWJISI U BHYTPEHHEE COCTOSTHHUE:

. 3a0siBarornuii BeHTHb (f(t)) — peraer, Kakyro
HH(POPMAITUIO 3a0BITh U3 COCTOSHHUSA sTuekku (6.1, 6.2);

. BxoxnHoii BeHTINB (i(t)) — ompenensieT, Kakylo
HOBYIO nH(popMaIuio coxpanurs (7.1, 7.2);

. BeixoHO# BeHTHIIB (0(t)) — KOHTPOIHUPYET, YTO
Oyner BeIBelIcHO U3 siueiiku (8.1, 8.2);

. Cocrosinue siueitku (C(t)) — «monrocpovHas
mamate» (9.1, 9.2, 9.3);

. Ckpsitoe coctostaue (h(t)) — «KkpaTkocpodHas
nmaMsAThy», BeIXo stueiku (10.1, 10.2, 10.3, 10.4).

OYHKIMM  aKTUBalMM  BEHTWIEH  ONpEeAeNstoTCs

CJIEAYIOIINMU BbIPaXKCHUAMMU:

Zf = [ht_l,xt] * Wf + bf (61)
ft(Zf) = 1+e% (6.2)
zi = [he—q, %] *1Wi + b; (7.1)
Wz) =1 (7.2)
Zo = [he—q,x¢] % Lo + by (8.1)
= 8.2
0u(7) = 155 82)
OyHKIMH ~ aKTHBALMM  BEHTHJICH  OMpPEACIsIOTCS
CIICIYFOLIIUMH BBIPKCHHAMU:
zg = [he—q, 2] * We + b (9.1)
et —e %
€20 = o ©2)
C = ft(zf) O] Ct—l(Z(':_) + it (2g) 9.3)
O Ci(z0)
DyHKIUS HEHPOHA CKPBITOrO COCTOSHUSA:
zp = [he_1,xc] * Wy + by, (10.1)
e-e™ 0.2
0:(20) =CEZO T %_ZO (10.2)
e~t —e Ut
o =—" 10.3
C=—rom (10.3)
he = 0:(20) © Gt (10.4)

Drop-out BEIOOPOYHO «OTKIIFOYAET YaCTh HEHPOHOB BO
BpemMs OO0ydeHus, OOHyJsII MX BBIXOABL Takoil Merton
Ha3bIBACTCA  «KOJUIGKTHBHBIM  OOy4YeHHEM», TPEHHUPYS
HEHpOHBI BBIZIABaTh TOUHBIA pe3yNbTaT, HE IOJarasch Ha
JIpyrue HelpoHbl. MaTeMaTn4ecky alropuTM JAHHOTO COs
peanusyercs ClieyrouuM 00pazom:

Ilycts y Hac ecTh ci0oil akTUBamMii U3 M-3JIEMEHTOB
(12):
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a
O2 (11)

Q
I

am
Co3pmaanM MacKy U3 m CiIydaiiHbIX BeTWIrH bepHymm,
T7ie P — 9TO BEPOSITHOCTH OOHyeHws1 aktusarmu (12):

1L,opul—p
mi = { 0,mpu p (12)
Torma Ha BbIXOAE MOMYYMM CIEAYIOIIMH  CIIOH
aKTHBAIU:
ad=a@®m (13)
Ha sTane npenckazanus noixydaem:
Arina = a*(1—p) (14)

HemocTaTkoM Takoi CHCTEMBI siBJIsieTcst TO, uro dropout
cioii paboraer Jymmib Tpu oOydeHmd. Ho Ha 3rame
MPEJICKa3aHusi BCE HEUPOHBI CJIOS aKTHBHBI, YTO MOYKET
BBI3BaTh JUCOQJAHC CHUTHAJIA W 3HAYHUTECIHHO CHH3HTH
TOYHOCTh BCeW HeHpoHHOH ceTu. Pemienuem sBisiercs
3amena npsimoro dropout ua inverted dropout. PaGoraer sto
CIIEYIONM 00pa3oM.

Bo Bpemst 0oOyueHHs CIIOW aKTHBALMH, IPOLICAIIHI
gepe3 Macky (13) mpoxoauT Taxke Maciurabuposanue (15),
YTOOBI COXPAHUTH CPEIHIO0 CHITYy CHTHAJIA:

a®Om
! = 1
@ =T (15)
Ha stane npenckazanns noxyanM (16)
Afinal = a (16)

Jnst GyHKIMM aKTUBALMM HEHPOHOB CKPBITOTO CIIOS
CIpaBeUIMBBI CIIEYIONINE PABEHCTBA:

ZA=WA*a+ bA (17)
fa(zy) = max(0,z,) (18)

OyHKIMA aKTUBAIMK BBIXOJHOIO CJOS HEHPOHOB
onpezneneHa BelpaxkeHussMH (19, 20).

Zg = Wp *X + bo (19)
1

= 20

fole) = 1oz (20

Pacuér ¢pyHxuum norepb u Meroanl o0y4yeHus. s
pelieHns 3anad OMHApPHOM KIacCU(pUKALMU IPUMEHSAETCS
GyHKLMSA 1OTepb, UMEHYeMast OMHAPHOH KPOCC-IHTPOIHSL.
Hannass ¢yHkuust (21) mo3BOJNSET OINpPENeNIUTh CTENCHb
OIIMOKH, 4TO BAXKHO, Ul pacyéra TOYHOCTH HEHPOHHOI
CeTH.

Ci =y *log(fo) + (1 —y)

+log(1 = fo:) (LD
L(6) = — %Ct (21.2)

rue

N — pa3mep Oarya

Y; — ICTHHHOE 3HAUCHUE

foi — npenckazanue cetu

6 — MHOKECTBO BceX 00yyaeMbIX IapaMeTpOB CETH

IpoGiiemMbl 00y4YeHUsT pEeKYPPEHTHBIX HEUPOHHBIX CEeTei
3aKJIIOYAIOTCS B MX TPAJUEHTHOM CITycKe. ['pajueHTb
YMEHBIIAIOTCS P OOPAaTHOM PAaclpOCTPAHEHUH OLIMOKU
(sABNEHME WCYE3AIOIIEr0 TIPAAUCHTA), 4Yepe3 JUIMHHBIC
MOCJIEJOBATEIBHOCTH, YTO HPUBOAUT K 3aMEJUICHHIO WIN
MOJIHOW OCTaHOBKE 00y4eHHs, JINOO HA0OOPOT, CTAHOBITCS
CIIMIIKOM OOJIBIIMMH, YTO MNPHBOIWT K HECTAOMIBHOMY
oOyueHnto cetu. JlaHHBII BOMpOC pelIaeTcs BBIOOPOM
MPaBUWJIBHOTO ONTUMM3ATOpa. Pe3ynpraTaMu nccienoBanuit
ONTHUMATBHBIM BapHaHTOM BBIOpaH omrumm3atop Adam.
Jlanublii  onmTMMH3aTOp 00JamaeT  XapaKTEePUCTHKAMHU,
MO3BOJLIIOIIMMHE  00ECTIeYUTh OBICTPYIO CXOIHUMOCTh, U
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BEICOKYI0 HanékHOCTh 1t RNN cereid. [Tpu aTom rpajaueHt
noTeps OyAeT UMeTh cleayonui Buy (22).
dL

dé,
dL
9e =VgL(8:-1) =| de, (22)
dL
de,
rae 6 — BEKTOp BceX OOy4YaeMBIX ITapaMeTpoB CETU
(BecoB u cMeleHui).
Ilpy 5TOM OLEHKA CPEeAHEro rpajueHTa, OyIeT UMeTh
BUx (23):
my=Pyxmey+(1—p1)*ge
rze 1 - KO3 QHUINEHT 3aTyXaHHs.
OneHka CpeHEro rpaJueHTa IIOKa3bIBaeT MMITYJIBC U
HalpaBJIeHHE  JBIDKCHHWS  OIIMOKH, obecreunBas
crabumm3anuio oOy4yeHHs 3a CUéT CrIaXHUBaHUS LIyMa,
YCKOPEHHSI CXOMMOCTH M HUBEINPOBAHUS CTOJIKHOBEHUM C
JIOKaJbHBIMH MUHAMYMaMH.
OneHka aucriepcuy rpaguenta Oyaer nmerts By (24):

Ve = Paxvey + (1= B2) * gf (24)
rae f, - koadduuneHt 3aTyxaHus.

OueHka JuCriepcuy MOKa3blBaeT pa3dpoc rpaJleHTOB
M0 KaxIoMy napamerpy. YeM HIDKE TpajJUeHT, TeM
cTabuibHee cucTeMa.

Ipy MHUIMATU3aMH ONTUMH3aTOPa BEKTOPBI M, U U
HMEIOT  HyJIeBble  3HAUCHWsA, 4YTO  MNPUBOJUT K
CHCTEMaTHYECKOMY 3aHIDKEHHIO OLICHOK MOMEHTOB Ha
HayaJbHBIX Iarax oOydeHWs. OTO TNPUBOIUT K
3HAYUTEIBHOMY YBEIHMUEHHIO IIara, YTo I0JIe3HO Ha CTapTe,
HO CHIDKAaeT CKOpPOCTh 0OydeHus B jaibHeifmiem. Bo
n30eKaHHe JIAHHOTO HENOCTaTKa BBEAEM KOPPEKIMIO
cMmereHui (25, 26)

(23)

. my
~ _ t

rae M;, ¥; — HeCMEUEHHbIE OIEHKH CpEIHEro
rpajneHTa 1 JUCIICPCHH.

Ha ocHOBaHMM MOJNYYEHHBIX JaHHBIX OOHOBUM

rapameTpbl BXOAHBIX mapameTpoB (27):
me
0y =0, —a*x—— (28)
VUt €

rie €=10"% — 3nauenme, BBeASHHOE U
npeloTBpaLieHus aenaeHus Ha 0;

a — ckopocTh O00y4yeHus HeliponHou cetu (29),

BBIYMCIIIEMas, IS KaXKI0r0 mapaMmerpa 6, HHIUBUIYaTbHO.

my
O =0 —a*x——— (29)
\/12 +&
3. 3akaouyeHue
UccnenoBanus, mnpuBenEHHBIE B JaHHOM CTaThe,

TOKA3bIBAIOT MEPCHEKTUBHBIE BO3MOXKHOCTH HPHUMEHEHUS
HEHPOHHBIX CeTel B CHCTEMax >KeJE3HOAOPOKHOM
aBTOMaTHKM M TeneMexaHHku. OTNHcaHHas peanu3anus
LSTM HeiipoHHO#1 ceTH — NUIIb Maliasi 4acTh MOTEHIHANa B
chepe OezomacHOCTH ABMXKEHHS moe3noB. Hecmorps Ha
CYIIECTBYIOIINE OTPaHUYEHMS, MEepexof K HeHpOCeTeBBIM
PEIICHUSIM MOXET IOBBICUTh T'MOKOCTb M aJalTHBHOCTH

https://doi.org/10.56143/2181-2438-2026-3-99-103



Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:3|2026

CUCTEM YIIPABJICHUS, OTKpbIBAsl HOBBIC NEPCIEKTUBBI IS
Pa3BUTHSA KEJIE3HOAOPOXKHON HHPPACTPYKTYPEL.
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Synthesis of neural network development methods for a block route relay
interlocking system, using the example of organizing train routes

Abstract:

Keywords:

A.R. Azizov*®?3, 1.V. Bondarenko!
1Tashkent state transport university, Tashkent, Uzbekistan

The implementation of microprocessor-based systems as an alternative to the relay-based safety control
systems currently used in railway transportation processes is of key importance for the railway transport
industry. Due to their compactness, service-oriented maintenance approach, and automatic logging of
system operations, such systems are a significant factor in the selection of the component base for existing
railway control systems. At the same time, relay-based systems are often preferred when reconstructing
existing railway stations due to a number of factors. Modernization through the replacement of obsolete
systems with non-contact microprocessor-based systems requires substantial expenditures at the stage of
technical documentation development, as well as the need to take sections of the railway infrastructure
out of service during the technological process. In most cases, the costs associated with such
reconstruction projects are not economically viable. In view of the above, the task of improving
individual components of obsolete systems has become increasingly relevant, as this approach makes it
possible to modernize existing systems without significant capital investments. This article examines the
relevance of replacing relay-contact devices in station automation systems through the integration of
microprocessor technologies. In addition, the prospects for integrating neural networks as an alternative
to conventional program-code algorithms are described using the study of train route-setting circuits of
the direction and route category determination block (NN) of the BRRI system as an example.
automation and telemechanics, railway transport, block route relay centralization (BRRC), relay,
mathematical model, discrete mathematics, recurrent neural networks, neural network training, activation
functions, error gradient

CuHTe3 MeTOI0B Pa3padoTKH HEHPOHHBIX ceTeil cuCTeMbI 0JI0YHOM
MAPUIPYTHOM peJIeHHON HEHTPAIM3AUUN, HA IPUMepe OPraHu3aluu

AHHOTaIMA !

MaHeBPOBbIX MAPIIPYTOB

Asuzo A.P.10% Bongapenko U.B.!

TamkenTckuil rocynapcTBEeHHbI TPaHCIIOPTHEIA yHHBEpcUTET, TalkeHT, Y36eKucTan

BHeznpeHne MUKPOIPOLECCOPHBIX KOMILIEKCOB B KaueCTBE aIbTEPHATHBBI HBIHE SKCILIyaTHPYEMbIX
pENeHHBIX CHCTEM KOHTpPOJ O€30HAaCHOCTH IPOLECCOB INEPEBO30K HMEET KIIOYEBOE 3HAUYCHHE B
SKOHOMHUKE ) KEJIe3HOJIOPOXKHOIrO TPAHCHOpTA. biaromaps KOMIIAKTHOCTH, CEPBHCHOMY METOXY
00CITy’KMBaHUS U aBTOMAaTHYECKOMY BEIEHHUIO JCHCTBUI CHCTEMBI SBISIOTCS BECOMBIM (DaKTOPOM NpH
BBIOOpDE KOMIIOHEHTHO# 0a3bl JKCIUTyaTHpYeMOH CHCTeMbl. BMmecTe ¢ TeM, Npu PEKOHCTPYKLHMU
CYIIECTBYIOIIUX CTaHLMKA OoJbliee MpenoYTeHne OTAAETCS PelNeHHbIM CHCTEMaM, B CBA3H C PAIOM
¢baktopoB. MopepHuzalys MyTEM 3aMEHbl MOPAJbHO-yCTApEBLIMX CHCTEM OECKOHTAKTHBIMHU
KOMIUIeKCaMu TpeOyeT OONBIIMX pPacXoJ0B Ha JTamne pa3pabOTKU TEXHHYECKOH MOKYMEHTAlUH U
HEOOXOZAMMOCTH BBIKJIIOYEHHS YYacTKOB M3 TEXHOJIOIMYECKOro Ipouecca. B GonbliMHCTBE Ciiyyaes
3aTpaThl Ha MOJOOHBIC PEKOHCTPYKIMH HE peHTalelbHbl. B CBA3M ¢ BBIIEH3IIOKEHHBIMU (haKTaMu
CTAHOBHUTCS aKTYyaJIbHOM 3a/1a4ya YCOBEPIICHCTBOBAHMS OT/IEIbHBIX IIEMEHTOB YCTaPEBIINX CUCTEM, YTO
I03BOJIUT OOHOBUTH CYILECTBYIOIIME CUCTEMBI, 0€3 KPYITHBIX KallUTAJIOBJIOXKEHUH. B HacTosmeit craTbe
paccMaTpuBaeTCs aKTyaJbHOCTh 3aMEHBI PENIeHO-KOHTAKTHOW YCTPOWCTB, CTAHLHOHHBIX CHCTEM
aBTOMAaTHKH METOIOM HHTErpaliy MHKpPOIIPOLIECCOPHBIX TexHosoruit Kpome Ttoro, omnmcaHs
MEPCIEKTHBbI MHTErPallii HEHPOHHBIX CeTeil B KaueCTBE albTEPHATHBBI KJIACCHYECKUM alrOpuTMaM
MPOrPaMMHOr0 KOJa Ha IpPUMEpE MCCIEIOBAHMS CXEM YCTAHOBKH IIOE3/IHBIX MapIIpyToOB OJloKa
onpeeeHus HanpasieHus u kateropun Mmapumpytos (HH) cucremsr BMPLI.
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1. BBeaenue

AKTYaJIbHOCTH NIPOBEJEHHOTO HCCJIE0BAHUS

CpexctBa  aBTOMAaTHM3alMM  TPyJda  HEPEXHUBAIOT
3HAUUTENIEHYIO TpaHchopmarmio, hopmupyst
9BOJIIOLIOHHYIO cpeny. PasBurue JMEKTPOHHO-
BEIUMCIUTENBHEIX — TexHomormid (OBT), B  KkadectBe
cTaHzapTa Oe30NacHOCTH, CHIDKAET PHUCK aBapHHHBIX
WHOUJICHTOB  Ha  Ooyiee  OTBETCTBEHHBIX  JTamax
MIPOM3BOJICTBA, @ BHEIPEHHE MUKPOIPOLECCOPHBIX CHCTEM
(MIIC) B  aBTOMAaTH3WMPOBAaHHBIX  TEXHOJOTMYECKHX
KOMIUIEKCAaX YJCLIEBISAET OKCIUIyaTalldl0 M YIpPOLIAeT
oOcyxuBanue. HarmsaHbIM IIpEMEpPOM CITY)KUT pa3BHTHE
MIIC Ha >xene3HbIX JOporax, OKa3bIBaIOLIee pellaroliee
BIMsHME Ha J(QEeKTHBHOCTH NepeBo3oK. DyHKIMoHaN
MOJOOHBIX CHCTEM 3aTPYIHUTENICH B pealn3aludl TpH
MOCTPOSHUN aHAJIOTHYHBIX YCTPOMCTB Ha MOpPAaIbHO
yCTapeBIlIeH 1 ucuepraBILeii CBOM IMMUT peneiHo JIoruKe.

Tem He MeHee, pa3paboTKa anmapaTHO-IIPOrPAMMHBIX
komiuiekcoB (AIIK) mms MIIC conpsbkeHa ¢ psaom
TEXHHYECKUX TPYAHOCTEH, TPeOYIOINX OCOOBIX HAaBBIKOB
MIPOCKTUPOBAHUSI M HE IIO3BOJLIIONIMX  IOJHOLEHHO
YHH(UIIPOBATH CUCTEMY BBUJTY pazpaboTku
MPOTPaMMHOTO  OOECTIeUYeHHsI Ul OTAEJIBHBIX JIMHUIL
Kpome toro, wmurerpamms MIIC B yXe MHOCTPOEHHBIX
ydJacTkax TpeOyeT WX BBIKJIIOUCHHS U3 TEXHOJIOTHYECKOTO
mporecca Ha NEpHoJ PEKOHCTPYKIWH, TPUBOII K
CYIIECTBEHHBIM (PMHAHCOBBIM MOTEpsIM HM3-3a mpocros. B
paMKax HcCIe0BaHus MPOBEAEH aHAIN3 3aMEHBI peneiHo-
KOHTaKTHBIX cXeM METOJIOM UHTETpalun
MHKPOIIPOLIECCOPHBIX M HEHPOCETEBBIX TEXHOJOTHH, C
LEeTIbI0 Pa3pabOTKM aJaNTHBHBIX aJrOPUTMOB YIPABIICHUS,
CIIOCOOHBIX MUHUMH3UPOBATh 3aTPAThl HA HHUBH/YaIbHOE
MIPOEKTUPOBAHUE U MTOBBICUTH OTKa30yCTOHYNBOCTh CUCTEM.

epcnexkTHBBI NPUMEHeHHst HelipoceTeBbIX
TEXHOJIOTHM B CTAHIHMOHHBIX CHCTEeMaX ABTOMAaTHKH M
TeJleMeXaHUKH.

Pa3BuTHE WCKYCCTBEHHOr0 MHTE/UIEKTa Ha (oHe
COBEPIICHCTBOBAHUS BBIUMCIUTENBHBIX CPEACTB U METOJI0B
MaTeMaTHYeCKOro MOJIETTMPOBAHUS CTaHOBHTCS
anbTepHATUBOW METOAaM  KJIACCHYECKOro  IOCTPOEHHUS
anroputMmoB. [lpeumyiiecTBa HEWpOCETEBBIX TEXHOJIOTHI
3aKJIIOYAIOTCS B YHUQMKALMM  UX  apXUTEKTYpBl,
MO3BOJISIIOIIEH  YCKOPUTh MPOEKTHPOBAHHE OTAEIBHBIX
Y3JI0B YIPABICHUS, YTO NPEACTABISAET 0COOYI0 Ba)KHOCTh
st MIIC.

[IpoekTHpoBaHre HEUPOHHON CETH HauWMHaeTcs C
BbIOOpa e€ apxurektypbl. IIpocreiiiine mpeacTaBuTenn —
OJIHOCJIOMHBIE IEPCEnTPOHBI (PHC. 1) OTIMYHO CIIPABIAIOTCS
C PELICHUEM 3JIEMEHTAPHBIX JTMHEHHBIX 3a/1a4 (JINHEHHBIMHI
ITOPUTMAaMH U MIPOCTCHIIUMH JIOTHYECKUMHU (QYHKLIHAMH).
C OoJiee CIIOXHBIME 3a/la4aMu TPEOYIOTCs 60Jiee CII0MKHBIS
MOJIEId MHOTOCJIOMHBIX HEWpPOHHBIX ceredd (puc. 2).
Pacumpenne  apxutekTypbl (YBEIHUYEHHE KOJIHYECTBA
cinoéB) u yrayoOsnenue cioéB (mobaBieHHE HEWPOHOB)
MO3BOJISIIOT CETH BBLACISITH HMepapxudeckue mpusHaku. Ha
MEPBBIX CIOAX CETh OOHAPYKHMBAET IPOCTHIEC EMEHTHl —
Kpasi M yriibl 00bekToB. Ha cpeaHuxX Closix BBIAEISIOTCS
TEKCTYphI U TIOBTOpsIoNIKecs y30psl. Ha mocneaHux cuosx
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(OPMHpYIOTCS CIIOKHBIE IPU3HAKK — HAIIPUME, IJ1a3a Win
KoJéca aBTOMOOMIISI.

DTOT TNPHUHLMI JIGKAT B OCHOBE CBEPTOYHBIX
Heliponusix cereit (CNN), kotopsrie 3ddhexTHBHO pemaroT
3amaun  00paboTkm um3oOpakeHwidl. Hampumep, CNN
pacrno3Haér QP Ha TOYTOBBIX HHJIEKCaX,
UAeHTHGULIUPYET JIMLAa B CUCTEMax OEe30MacHOCTH WK
JETEKTHPYET JAe(eKTbl Ha MPOM3BOACTBEHHBIX JIMHHUSIX.
Pa3pabortka pekyppeHTHbIX, B dacTHOCTH LSTM-
HEHWPOHHBIX CETeH MOJIOXKWJIA HAyalo aBTOMATH3ALUN
OT/ICNTbHBIX TIPOLECCOB, HATSIHBIM MPUMEPOM KOTOPBIX
SBISIETCS  TPAaHCKpHOAIwsl ayauocooOmeHn, obpaboTka
BHJICO U XapaKTEPUCTHUK MPHXOJSIIET0 CHrHaia (YacTora,
BPEMEHHBIC [TAPAMETPhI) B CHCTEMaX SHEPreTHKH.

UpesmepHOe pacUIMpeHUe apXUTEKTYpbl HEHPOHHON
CeTH MOXET INPUBECTH K IepeoOydeHuro. B arom ciydae
MOJIeTIb HJEAIbHO 3allOMHHAeT OO0ydJarolIylo BBIOOPKY,
BKJIFOYAsl IIYM U CIIydYaiHble BApUALMU AaHHBIX, HO TEpsieT
CIIOCcOOHOCTH 00001IaTh Ha HOBBIC TpUMepbl. Ha TectoBoit
BBIOOPKE TOYHOCTH PE3KO MA/IACT, a B PCAbHBIX YCIOBHUSIX
JKCIUTyaTalluK CETh AT OIMOOYHBIC POTHO3BI.

Hamnpumep, eciin 06yuars CNN pacrio3HaBaTh KOLIEK Ha
BeIOOpKe 13 1 000 n3o00pakeHuid, Te Bce KOUIKY CHIAT Ha
crHeM (OoHe, CETh MOXKET 3aIMOMHHUTh «CHHHUI ()OH = KOIIIKa»
U OIIMOOYHO KIACCH(DUIIUPOBATH CHHUH TMBaH KaK KOIIKY.

Jns  mpenoTBpalleHUs TepeoOydeHUs KOIMYECTBO
HEHPOHOB B CJIO€ ONPEICNACTCS SMITUPHIECCKUM METOJIOM,
HayHMHAas OT MaJbIX 3HAYCHUI, OCTEIIEHHO YBEIMYMBAs 10
JOCTH)KCHHUST HEUPOHHOHW CeThIO BBICOKOH TOYHOCTH
pelieHuss 3aja4, KOHTPOJMpPYS TOYHOCTh MOJEIH Ha
BbIOOpKe Banmumanuu. ONTUMaNbHO HavalbHBIC 3HAUYCHHUS
Closi i OMNpEemeNsIoTCs, KaK CpefHee 3HAYCHHUE CYMMBI
KOJINUEeCTBa HEHPOHOB MPEIBIIYIIEro U CIIEAYIOIIETo CI0EB
(1). Ucxomst u3 TpeGOBaHUiA, IPEIBSIBISIEMBIX K HAIE)KHOCTH
YCTPOWCTB aBTOMAaTHKM W TEJIEMEXaHHKH, TOYHOCTh
HEHPOHHOH CeTH JI0JKHA ObITh HEe HIKe 99.99%.

Mg TNy 1)

Bxoder

Puc. 2. MHoroc./10iinasi HelipOHHAasl ceTh

Kparkue cBemenusi o0 0/104HOHi MapuIpyTHOI
peJieiinoii nenrpamusauuu (bMPLI).

Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:3|2026

TunoBble mnpoekTHble peureHns 501-0-98 «Cxemsr

MapmpyTHOH  penelHON  meHTpamm3ammu  MPI[-13»,
paspaborannsie B 1978 romy JleHMHTpaacKuM IMPOEKTHO-
W3BICKATeIbCKUM ~ MHCTHUTYTOM IO  TPOEKTHPOBAHHUIO
CHUTHAIM3AIMY, [EHTPAIN3aluy, CBSI3H MU pagio Ha
HKEJIE3HOJOPOKHOM TpaHCIIopTe
«['MIIpoTpaHCCUTHANICBSI3b) - JOKYMEHT,
CTaHIAPTH3UPYIONIMH  aBTOMATH3HPOBAHHBIE  CHCTEMBI

YIpaBJICHUs CTAaHIIMOHHBIME 00bekTaMu. Pa3paboTaHHBIE B
MMPOEKTE CXEMbl HANpPaBICHHI Ha WCKIIOUCHHE OIMUOOK
JIEHCTBHS TIEPCOHANIA, MPOBEPKY YCIOBHHA 0€30MacHOCTH
mepe]] OTKPBITHEM CHTHAJA, TPOBEPKY COOTBETCTBUS H
3aMBIKAHUE CTPEJIOK ¥ CHUTHAIOB B YCTaHABIMBAEMOM
MapmpyTe H €ro pasMbIKaHHs, I0Ce TMPOXOKICHUS
cocraBa. CXeMbl YIpAaBICHUS CTPEIKAMH W CHTHAJIAMH
pelieHHsT  3aKIIOYCHHUs B OJIOKM  HAOOpHOH |
HCITOJIHUTEILHOM TPYTITIBL, TSt YIPOIIEHUS
MIPOEKTHUPOBAHUSI U MOHTa)ka. ['pymmsl HaGOpHOH TpyMITHI,
OoTBeHaloIMe 3a (UKCaHMio HaOpaHHOTO MapIUIpyTa,
COEJIMHAIOTCS 10 4-IIPOBOJHON CXeMe YIIPaBICHUs.

B pamkax wuccrenoBaHus MpOBEIEH aHATM3 OJI0Ka
HaOOPHOM TPYTITIEI OTIpe IeNICHHs] HallPaBJICHMUs ¥ KATETOPUH
mapmpytos (HH).

2. MeToauka uccjaeI0BaHuA

MaremaTn4yeckoe ONMCaHHE TNPHHIMIIOB PaldoOThI
HelPOHHOM ceTH.

OO0yuenue HeUpOoHHOH ceTu - Tiporiecc,
M0JIpa3yMeBalOIINil HacTpoiiky e€ mapameTpoB. JlaHHbIHM
mar HeoOXOAWM JUIi MHHUMH3AIUHM OIIHOKH, OCBOSHHS
HAaBBIKOB TOMCKAa CKPBITBIX 3aKOHOMEPHOCTEH Tpems
pasnuuHbIMM  MetozaMu.  OOydeHue ¢ y4yuTeneMm
3aKJII0YaeTcsl Ha PEeICHUH 33Ja4 ¢ HEKUM aOCTpaKTHBIM
00BEKTOM, MNMPENOCTABIAIOMNM OTBeThl. Jlpyroi meron —
oOyueHue 0e3 yduTens «3acTaBisieTy HEHPOHHYIO CeTh
CTPOUTH 3aKOHOMEPHOCTH, HE IPEAOCTaBIAs IPaBHIbHbIC
orBeThl. OOydeHne ¢ mopkperuieHneM. Metox oOy4eHus
CeTM Ha OCHOBE «KHyTa M IIPSHHKa». VICKycCTBEHHBIN
MHTEJUIEKT TI0Jy4yaeT Harpaly 3a IpaBHIIbHbIC OTBETHI U
mrpadHsie 6aibl 32 omKrOky. JI000i U3 BBIILICYKa3aHHBIX
METOJIOB COCTOMT M3 HECKOJIBKMX ILaroB. [IepBbIM 3ranom
MPOU3BOUTCS PacyéT NMpPsAMOro pacnpocrpanenusi. Ha
JIAHHOW CTaJuy OINpPEACIAIOTCS 3aBUCUMOCTH BBIXOJHBIX
3Ha4YEeHUH OT BEKTOPOB BXOJHBIX [apaMeTPOB, BECOB U
cMemieHnid. Hampumep, 1 JnuHEHHONW —apXUTEKTYypbl
CIIpaBeJIMBbI CIEYIOIIUe BEKTOpsl Bxona X, BecoB W,
cmeruennii B u cnost Z; (1, 2.1, 2.2, 3.1, 3.2, 4):

X1

x =|% (1)
xn
W11 W2q Wmi
w, = M1z W22y W 2.1)
Win Wian Wmn
w=[Ww W, Wi] (2.2)
by
B = | b2 (3.1)
by,
B =[B; B, - B (3.2)
Z,: = M/,:XX,:_+B1 (4)
IonyueHHble  pe3ynbTaThl  MMEIOT  pa3dpoc B

HEOTpaHMYEHHBIX TpejieNaX. B psjie 3aJau Takoi pazbpoc
U3JIUIIEH ¥ TpeOyeT OrpaHvYeHUs 3HAYCHHH BBIBOJIOB B
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npenenax  [Zmin Zimax]. UL 3TOTO  TIPUMEHSIOT
(QYHKIMK aKTHUBAaIlMM, BHIOOP KOTOPBIX OMpPEACISIeTCS
HCXOJIS U3 TIOCTaBJICHHOH 3a1a4H (5).
Yo = faZ) (®)

ChenyrommM 5TarioM MPOUCXOAUT BbIOOP (GYyHKIMU
MoTepb, C TEIBI0 ONpENEeNICHUs KadecTBa pPadoThI
HEUpOHHOM ceTu. Meroauka airopuTma MpearnoJiaraet
CpaBHCHHME OTAJIOHHBIX 3HaYeHHH Y; C (aKTHYECKH

MOJyYCHHBIMU Ha BBIXOJE HelpoHHOM ceru Y,. Ha
CeTONHSIIHUK J€Hb pa3pabOTaHbl pPa3NUYHbIE BHIBI
¢$yHKIHH. IIporaosupoBanue npeJIcKa3aHui,
npuMeHsieMoe, B cdepax METeoCBOIOK, (hMHAHCaX,
SHEpreTuKe, IPOMBIIUIEHHOCTH W Jpyrux  cdepax

npumensiior CpennexBagparnaHyio ommoky (MSE) wm
Oosee ycroiumByr K BeIOpocy nanHbIXx MAE - cpemHroro
abcomroTHyr0 ommoKy (6, 7). st 3amad kiaccuuKaImy,
aKTyaJbHBIX B cepe (OTo- M BHACOPHUKCAINH, CIOKHBIX
OWHApHBIX OIepanysx HayKe W TakK Jajee, YMECTHO
TOBOPHTH 0 PYHKIUIX OMHAPHOW M KaTeropruaabHON Kpocc-
sHTpormi (8, 9).

n
1
MSE = = 01 = 7)? ©)
1 _
MAE = =3 Iy, - | ™
i=1
BCE = —[y;*lg(y) + (1= y) ®)
Gl
CCE = =) yi+ () ©)
i=1
e N — KOJUYECTBO KJIACCOB.
Metox o0paTHOro pacnpocTpaHeHHS OLIMOKHU
(Backpropagation) — Haumbonee pacmpocTpaHEHHBII

QJITOPUTM BBIYUCIICHUS 3aBUCUMOCTU M3MECHCHUS OIIMOKU
OT WM3MEHEHUS BECOB M CMelleHHH. 3amayell sBiuseTcs
HAaXOXJICHUS JIOKAJbHOTO MHUHHUMYMa, IIpU KOTOPOM
(GyHKIMA OTBeyaeT TpeOOBAHMSAM TOYHOCTH. BbrumciieHue
MPOM3BOJAHBIX Marpull BecoB W; u cmewenuit B; cnos i
HPOM3BOJUTCA B MOPAIKE IPOTHBOINOJIOKHOM METOLY
npsiMoro pacrpoctpanenus (10-12).

i dC dfy dZ
= — % —x (20)

aw; df; dz; adw;

ac; dC; dfy dZ;
—— = ko x —— (11)

dB; df; dZ; dB;

ac;  dC; df; dz;
—— = ok —— (12)

aX; df; dzZ; dX;

IlonmyuyeHHsle Bbllle pacdyEThl MO3BOJAIOT MEpEHTH K
ClIelyIoLIeMy 3Taly — OOHOBJICHHIO BECOB W CMeIlleHUI.
JlaHHbBI Iar HAmpaBleH Ha JOCTIDKCHHE CTaOHIM3aliu
BECOB U CMEILECHUI, HANPaBICHHOE HA CO3JaHHE YETKUX
IpaHULl NPUHATUS PEIIeHHH, 0e3 yuéra IIyMOB, a TaKkKe
KOPPEKTHOI 00pabOTKM HOBBIX, paHEEe HE BCTPEUABIIMXCS
JaHHBIX. Ba)kHO MOHUMATh, YTO 00yUCHHE HEHPOHHOM ceTH
TECHO CBS3aHO C PAa3lIWYHBIMM METOJAMU ONTHUMU3ALUH,
ONPENIEISIOIMMHE  CKOPOCTbI0 €€ 00y4eHust 1], Kak
mokasaTesb 3pHEeKTHBHOCTH 00yUCHUsI CaMOOOYaIOIIETOCs
ITOpPUTMa, B 3aBUCHMOCTH OT BpemeHH (13, 14). Uem Bbime
3HaYCHHE CKOPOCTH O00yd4eHMs, TeM OblcTpee HeHpoHHas
ceTb 00ydaeTcss Ha HadalbHOM JTame, OJHAKO, TOUYHOCTh
TAaKOro 3HAUEHWs] CHIKAETCI C KaXAOM HuTeparnuei.
CIUIIKOM HU3KHME 3HAYCHUS IPENATCTBYIOT OOy4YEHHIO
HEHUPOHHBIX CETEMl.
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w/! W; dc; 13
. = . — *
L L 77 dWL ( )
B] B d; 14
. = . —_ *
L L 77 dBL ( )

Kak Opi10  CKa3aHO BBIMIE, CKOPOCTH OOYYECHHS
onpenensierca MeTogamu e€ ontumusanuu. Ipocreiimmm u3
HUX SIBJISIETCS YCTaHOBKA OOJIBIIOrO 3HAYEHHS! CKOPOCTH B
HavaJie 00y4eHs1, C TOCTENIEHHBIM YMEHBIICHUEM JaHHOTO
3HaueHns. TeM He MeHee HIMPOKO MPUMEHHMBI M JIpyTrHe
METO/Bl BBIOOpAa PpALOHAIBGHOTO IapaMeTpa CKOPOCTH
0o0y4eHust HeHpOHHOM CeTH:

. ITaxeTHbIi rpaqUeHTHBIN CIIyCK — IIPUMEHSIET BECh
oOyuaromuii Habop MAHHBIX, U BBIYUCICHHS 00YJatOIIero
IPaJIMeHTa, YTO TapaHTHUPYeT MHHHMH3AILMIO OIIMOKH, HO
CHJIBHO 3aMeJUIsIeT Iporiece 00ydeHusI.

o CroxacTHUecKMi  TpajWeHTHBId  CIOyCK  —
HCTIONB3YeT ClTydaiHble IPUMepH! U3 00yJaromiero Hadbopa,
4yeM 00yCIIOBIICH BEICOKHI YPOBEHB IIIyMOB

. Mini-batch  rpaguentHslii  cnyck —  OoJee
ONTHUMAIIBHEIA BapHaHT, O0ECIIeYNBAIOMINA KOMIIPOMHCC
MEXTy CKOPOCTBIO M TOYHOCTBIO OOy4eHHs HEeHpOHHOI
cetn. lcmome3yer HeOONbIIME CIydaiiHBIE IT0THAOOPHI
JTaHHBIX (6aTum).

. AnanTuBHBIE METOTBI - AJITOPUTMBI
aBTOMAaTMYECKOHl  HAaCTpOMKM BEeCOB M  CMEILEHHH,
MEHSIOIINE CKOPOCTh OOYYeHWS WHIWBUAYaNbHO UL
Ka)XJIOT0 MapaMeTpa HeHPOHHOH CeTH.

[loMuUMO  BBIIEYIOMSIHYTBIX ~ METOABI, C  LEJbIO
MOBBINIEHHUsT  KadecTBa  00oOmIarommieil  CIOCOOHOCTH
HEHPOHHOH CETH TPHUMEHSIOT PETyISIPU3alUI0 — METOJBI
HampaBJeHHbIE Ha TMpeNOTBpalleHHe MepeoOydeHHs
HEMpPOHHONH CETM M HOPMANM3aLUI0 — TPHUBEIEHUE K
€IMHOMY MacIuTa0y BCeX BXOJHBIX 3HAUYCHUH, C LEJbI0
PaBHOMEPHOTO  pacrpefeleHus IPUOPUTETa BXOIHBIX
MIPU3HAKOB.

AHanu3 padoTsl 0J10Ka onpeneseHUs] HANIPABJICHUS
M KaTeropuu MapuipyToB.

bnok omnpeneneHus HampaBleHHs U KaTErOpHH
MapupyToB - (HKCAIMs YCTaHABIMBAEMOTrO MapLIPyTa,
myTéM KOMMYTaluy muH Hanpasienus: H, HM, Y, UM, TH,
THM, T4, TYM, UH, MHM, Y, UM, a Takxke LIMHBI
CXeM WHJMKAlWK HampaBlieHHs Ha mynbre Tabmo. C 9Toit
LIeTIbIO, B cXeMe OJIOKa IIPEyCMOTPEeHBI 6 pelie: Moe3IHbIe —
«II», «O», maneBpoBBIE — «IIM», «OM», BciomorarenbHble
— «BIIM», «BOM», KOHTaKTaMH1 KOTOPBIX KOMMYTHUPYIOTCSI
LIMHBI HanpaBieHus. Kaxoe pene uMmeer cBoM BpeMEHHBIE
XapaKTePUCTUKH, IIPEJICTaBICHHbIE B TabnuLe 1.

Taommna 1
BpeMeHHbIe XapaKTePUCTHKH peJie

Q S 5 S o
S o 2 =2
T o = © =

< O [
g = = o5 K ==
s o = m IR m e
E5 &= s £ s B
= g g 85
BIIM KJIP1-280 - -
BOM KJIP1-280

11 KJIP1M-120 - 0,15
O KJP1M-120 - 0,15
1M KAP1IM-120 - 0,15
OM KJIP1M-120 - 0,15
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Anroput™ padoThl 6J10Ka NPH YCTAHOBKE MapIIpyTa
MAaHeBPOBOro MapuIpyTa ormnpasJeHusi. [Ipu ycranoBke
MapIHIpyTa OTHPABIIECHUS IT0€3/]a CO CTAHIUH, TIPOU3BOIUTCS
MPOBEpKa OTKJIIOUCHWST pejie JPYyrHX HalpaBIeHUH U
kareropuit («II», «O»). Ilocne 4ero axTUBHpyeTcs pele
«OM» (15 — 19). Peanmzammsi cxeMbl Ha JIOTHYECKHX
9JIEMEHTAaX MPe/ICTaBIIeHa Ha PUCYHKeE 4.

om = &0 &110(M) (15)
f(OM) = 29 & BIIM & OM & om (16)
f(OM) = 29 & BOM & IIM & om 17)

f(OM) = 210 & OM & om (18)

Puc. 4 Jlornyeckas cxema BkJI0o4eHus pesie «<OM»

Tocne BrimroueHnst pene «OM» aKTHBHPYIOTCS LIMHBI
COOTBETCTBYIONIHE IIMHBI KOMMYTAI[MM MapHIpyTa MpAEMa.

AnropuTM padoThI 6J10Ka MPH YCTAHOBKE MAapIIPyTa
1oe31Horo Mmapupyra npuéma. [Ipu ycranoBke MapuipyTta
OTHpABJIEHUS M0€3/1a CO CTAHLIUH, POU3BOANTCS TIPOBEPKA
OTKJIFOUCHHS pelie ApyruxX HarnpasieHui u kareropuit («I1»,
«Ov»). Tlocne vero aktuBupyetcs pene «I[IMy» (19 — 22).

Peanmaum[ CXEMbI Ha JIOTUYCCKUX JJICMCHTax
IpeJiCTaBlIeHa Ha PUCYHKeE 4.

pm = [1&0 &110(M) (19)

f(IIM) = 29 & BOM & [IM & pm (20)

f(IIM) = 29 & BIIM & OM & pm (21)

f(IIM) = 210 & OM & pm (22)

ITocne Bkmtouenus pene «I[IM» akTHBHPYIOTCS LIMHBI
COOTBETCTBYIOIINE IIWHBI KOMMYTallUM MapuIpyTa npuéma.

Puc. 5 Jlormyeckas cxema BrJro4enus peiae «I[1M»

Peanu3anus apxureKkTypbl HelipOHHOI ceTH.

BkiroueHne — pene  HampaBleHUS — AKTHUBHUPYET
COOTBETCTBYIOIME INMHBI KOMMYTAl[MM MAaHEBPOBOI'O
Mapuipyra.

ay

az
. (25)

am

Iponyck BXomHOro mapamerpa a, Yepe3 MacKy M3 m

CITy4aifHbIX BEJIMYHH Bepuymnu, obecrieunBaeT

BBIKJIIOYCHHE YacTH HEHPOHOB CJIOS C BEPOSTHOCTHIO

oOHyeHus aktupanuu p (26):

1,npul—

m; = { , 1Ip p

0, npu p (26)

Torna Ha BbIXOAE TOIYYMM CIEAYIOLIUN  CIOH
aKTUBALUM:
a=a@®m 27)
Ha sTane npenckazanus nomydaem:
Afingr = A * 1-p (28)
C 1enpl0  COXpaHEHMs TOYHOCTM B MOMEHT
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NPEJICKA3aHMs], XOPOIIEd MNPAKTUKOU CTajgo IpPUMEHEHHE
inverted dropout, mpomyckarommii CI0W  aKTHBAIWH,
npomeqmui  4depe3 Macky (28), uepe3 koadunmeHt
MaciTabupoBanuss OOPATHBIA BEPOATHOCTH OTKIIKOYEHHUS

(29):

, a@Om
a' == > (29)
Ha stane npenckazanus noxydnm (30)
Afinal = a (30)

Jis QyHKIMM aKTUBaIMKM HEHPOHOB CKPBHITOIO CIIOS
CIPaBEJIMBBI CIIETyIOIIHE PABEHCTBA:

Zy=wyp*a + by (31)

fa(z4) = max(0,2z,) (32)
ODyHKIUS aKTHUBAIlMM BBIXOJHOTO CJIOS HEWPOHOB
OTIpEIeTISIETCs CICAYIONIMMH BEIPOKSHUSIMU.

Zog =Wp*x + by (33)

fo(zo) =T = (34)
Pacuér ¢yHkuuum mnorepr W MeTOABI 00ydYeHHs.
Oynkms  OmHapHOW  Kpocc-sHTpormu  (35.1,  35.2),
BEIOpaHHas KaKk MeETOJ ONpeJeleHHs] IOoTephb, MO3BOJIET
OTIPEJIeTINTh CTETeHb OMIMOKH, YTO Ba)KHO, I pacyéra
TOYHOCTH HEHPOHHOM CETH.

Ci =y *log(fo) + (1 =)

+log(1 = o) (3.)
L(B) = — %C‘ (35.2)

rae

N — pa3mep Oatya

Y; — ICTUHHOE 3HAUCHHE

foi — IpezcKa3aHue ceTH

6 — MHOXXECTBO BCeX 00y4YaeMbIX IapaMeTpOB CETH

Y MeHbIIaommecs (ucuesatomiue) TPaJIUCHTHI
PEKypPpPEHTHBIX HEHPOHHBIX ceTell, Inpu 0oOpaTHOM
pacnpocTpaHeHHH  OIIMOKM,  SIBIAIOTCS  OOJNBIIOH
npoOieMol, TpPHMBOANIEH K CWIBHOMY —3aMeUICHHS

00yueHus1, BIUIOTb JI0 TOJIHOI OCTaHOBKH, MM HA000POT €ro
HecTaObwinbHOCTH. C  LENBIO pEIICHHA [JaHHOW 3ajauu
MIPUMEHSIOT OINTUMU3ATOPBI. B OITHCHIBACMOM
HCCICIOBAaHUM  MpUMEHseTcss  onTumusarop — Adam,
obecreunBaroIuii 6osee OBICTPYIO CXOAMMOCTD M BBICOKYIO
HaJE&KHOCTb, JUIl PEKYPPEHTHBIX CeTeH, Onaromapst CBOMM
xapakTepuctukam (36).

dL
do,
dL

\ - /
de,

rae 6 — BekTOp Bcex O0y4aeMbIX MapaMeTpoB CETH
(BecoB u cMelleHHiH).

OrueHKa CPEIHEero rpaueHTa, IOKa3pIBAIOIIAst 3HAUCHHE

1 BEKTOp OLIMOKH, 0OecrieunBaeT CTaOMIN3aLUI0 00yIeHHUs
3a CuéT CrIaXHBaHHMS LIyMa, YCKOPDEHHS CXOAMMOCTH U

gt = Vol(6;-1) = (36)

HHBEJIMPOBAHHUS CTOJIKHOBEHHUH c JIOKaIbHBIMU
MUHEMYyMaMmHu (37).
my=Pyxmeg +(1—p1)*g; (37
rae 1 - KOdpHUIMEHT 3aTyXaHHsI.
Ve =Ba* v+ (1= B2) * gf (38)
rae ff; - Ko3bGUIHEeHT 3aTyXaHusL.
Onenka gucniepcun  (38)  mokasbiBaeT — pasdpoc
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TpPaZruCHTOB 10 KAXXAOMY IapaMeTpy. YeMm HIDKE I'paancCHT,
TeM cTaOWIbHee CUCTEeMa.

HyHCBLIe 3HAQYCHUA BCKTOPOB M; W 7V, Ha I3Talc
HHHUIIMAJIN3a1luu, NpUBOIAT K CUCTEMATUYCCKOMY
3aHM)KCHHUIO OIICHOK MOMCHTOB Ha Ha4daJIbHbIX MHIarax
O6y‘ICHI/I$I, YTO IPUBOAUT K 3HAYUTCIBHOMY YBCINYCHUIO
miara. HaHHaﬂ 0COOCHHOCTh OKa3bIBACT IOJOKUTEIHLHOE
BJIMSAHHUC Ha Ha4aJIbHbLIX 3Tallax, HO B HaJIBHCﬁmCM CHMKACT

30 QeKTUBHOCTF U CcKOpocTh 00ydeHus. C  1ensro
HHUBCJIIUPOBAHKS.  JAHHBIX  HEJIOCTATKOB  TIPUMEHSIOT
Koppekimio cMemmenui (39, 40)

—~ t

m, =

= — 40

Ve =

CTIog (40

roe M;, U, — HECMEIIEHHbIE OLEHKH CpPEIHEro
rpagfieHTa 1 TUCIIEPCHH.

OOHOBIICHHE BECOB U CMEIIICHUI POUCXOJIUT HA OCHOBE
BBILICONMNUCAHHBIX PACUETOB, MCXOMS U3 HAYaIbHbBIX JaHHBIX
H OTIPENICISIFOTCS BhIpaxkeHueM (40):

6, =0 T (41)
t =g — @k ——
NAZE
rie e€=10"% — 3pauenue, BBeASHHOE I
TIpeaoTBpalieHus neienus Ha 0;
a — CKOpocTh OOydeHWs HeWpoHHOW cetn (42),

BbIUHCIIAEMAs, IS KaXKI0r0 rmapaMerpa gt UHAUBUAYAIBHO.

m;
Op =0 —ax——— (42)
JUr+e€

3. 3akiardyeHnue

Hcxons M3 NpOBEAEHHBIX MCCIEOBAHHUM, Pa3yMHO

NPEINONIOKEHHE O  IIEPCHEKTHBHOCTH  IPUMEHEHHUS
HEeHpOCEeTEeBbIX  TEXHOJOIMH B KauecTBe  MeToza
YCOBEpUICHCTBOBAHHUS CUCTEM BMPI] Ha

BBICOKOCKOPOCTHBIX y4acTKax. B yacTHOCTH, mpuMeHeHue
MHKPOIIPOLIECCOHBIX TEXHOJIOTHIl C HMHTETPHPOBaHHBIMU
LSTM-HelipoHHBIX ceTed, pacCMOTPEHHBIMH B IaHHOW
CTaThbe, MO3BOJIMTH OTKA3aThCs OT MOPAJIBbHO YCTapPEBIIHUX U
HCYEPIaBIIUX CBOH pecypc YCTPOMCTB Ha penerlHo-
KOHTAKTHOW JIOTMKE. AJTOpUTMBI, IPUMEHSEMble NpH
HaIMCaHUM KOAa HEHpOHHOW ceTn Oojee KOMIIAKTHBI, B
CPaBHEHMHU C TPAJUIMOHHBIMH METOJAMH HX NOCTPOCHHS.
Ipu 5TOM, MX IPUMEHEHNE HE OKA3bIBACT OTPHLATEIEHOIO
coJielicTBUs Ha KadecTBO o0Opabotku curhana. [lepexox k
HEWpPOCETEBbIM PELICHUSIM MOJKET IOBBICHTb THOKOCTbh U
aJaNTHBHOCTh CUCTEM YIPABJICHUS M KOHTPOISA 3a
o0beKTaMu HKEJE3HOJOPOKHOM ABTOMATHKHU u
TeNeMEXaHUKH.
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Sensor data-based assessment of waste container conditions and automation

Abstract:

Keywords:

of regional services

S. Ochiloval®?, A. Norboboev!
IKarshi State Technical University, Karshi, Uzbekistan

This paper develops an loT-based smart waste management system for segregating household waste into
wet, dry, and metallic categories, remotely monitoring container fill levels, and automatically notifying
responsible personnel when a predefined threshold is exceeded. The proposed solution integrates an
inductive metal sensor, moisture sensor, ultrasonic distance sensor, ESP32 microcontroller, server-side
database, geospatial dashboard, and bot-based alert module. A sequential decision rule is introduced in
which metallic objects are detected before moisture-based classification, while the fill level is estimated
from the measured distance between the sensor and the waste surface. The software prototype supports
regional registration and grouping of waste collection points, map-based visualization, device-status
monitoring, and location-linked notifications. Functional verification confirmed the coordinated
operation of the principal modules.

Internet of Things, smart waste management, waste segregation, wet waste, dry waste, metal detection,
fill-level monitoring, geospatial dashboard, bot notification

Chiqindi konteynerlari holatini sensor ma’lumotlari asosida baholash va

Annotatsiya:

Kalit so‘zlar:

1. Kirish

hududiy xizmatni avtomatlashtirish

Ochilova S.}®2 Norboboyev A.*

!Qarshi davlat texnika universiteti, Qarshi, O¢zbekiston

Magqolada IoT sensorlari asosida maishiy chigindilarni hol, quruq va metall turlariga ajratish,
konteynerlarning to‘lish darajasini masofadan kuzatish hamda to‘lish chegarasi oshganda mas’ul
xodimga avtomatik xabar yuborishga mo‘ljallangan aqlli chigindi boshqaruv tizimi ishlab chiqilgan.
Taklif etilgan yechim induktiv metall sensori, namlik sensori, ultratovush masofa sensori, ESP32
mikrokontrolleri, server ma’lumotlar bazasi, geografik monitoring paneli va bot-xabarnoma modulini
yagona arxitekturaga birlashtiradi. Chigindini tasniflashda metallni birinchi tekshiruvchi ketma-ket garor
qoidasi, konteyner to‘lishini baholashda esa sensor va chiqindi yuzasi orasidagi masofaga asoslangan
matematik model taklif etilgan. Dasturiy prototipda chigindi yig‘ish nugqtalarini hududiy guruhlash,
xaritada ko‘rsatish, qurilma holatini kuzatish va belgilangan to‘lish darajasida manzilga bog‘langan xabar
yuborish funksiyalari amalga oshirilgan. Funksional sinovlar tizim modullarining o‘zaro bog‘langan
holda ishlashini tasdigladi.

Internet buyumlari, aqlli chiqindi boshqgaruvi, chiqindini saralash, ho‘l chiqindi, quruq chiqindi, metallni
aniqlash, to‘lish darajasi, geografik monitoring, Telegram bot

O‘zbekistonda chigindilar bilan ishlash sohasini
ragamlashtirish, GPS monitoringi, yagona axborot tizimlari

Shahar va gishloq hududlarida maishiy chiqindilarni o‘z
vaqtida yig‘ish, saralash va olib chiqgish ekologik xavfsizlik
hamda sanitariya holatini  ta’minlashning muhim
shartlaridan biridir. An’anaviy boshqaruvda konteynerlar
ko‘pincha belgilangan jadval asosida tekshiriladi. Bunday
yondashuv konteyner hali to‘lmagan bo‘lsa ham transport
yuborilishiga yoki aksincha, tez to‘lgan nuqtada xizmatning
kechikishiga olib kelishi mumkin. Natijada ortiqcha yo‘l,
yoqilg‘i va mehnat sarfi yuzaga keladi, to‘lib ketgan
konteyner esa atrof-mubhit va aholi salomatligi uchun salbiy
omilga aylanadi.

3 https://orcid.org/0009-0003-5965-5933
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va onlayn murojaat xizmatlarini rivojlantirishga alohida
e’tibor  qaratilmogda.  O‘zbekistonda  chiqindilarni
boshgarish tizimini ragamlashtirish, maxsus transport
vositalarini GPS orqali nazorat qgilish, elektron billing va
hududiy monitoring mexanizmlarini takomillashtirish davlat
siyosatining  ustuvor  yo‘nalishlaridan biri  sifatida
belgilangan [1]. Bu jarayonlar joylardagi chigindi
konteynerlaridan olinadigan real vaqt ma’lumotlarini
boshqgaruv tizimlariga uzatadigan arzon va moslashuvchan
loT yechimlariga ehtiyojni oshiradi.
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Internet buyumlari texnologiyasi fizik obyekt holatini
sensorlar orqali o‘lchash, ma’lumotni tarmoq orqali uzatish
va dasturiy platformada avtomatik garor gabul qilish
imkonini beradi. Aglli chiqgindi tizimlarida ultratovush
sensorlari konteynerning to‘lish darajasini, namlik sensori
chiqindining ho‘l yoki quruqligini, induktiv sensor esa
metall ~ buyum  mavjudligini  aniglashi ~ mumkin.
Mikrokontroller ushbu signallarni gayta ishlab, aktuatorlarni
boshgaradi va serverga standartlashtirilgan ma’lumot
paketini yuboradi.

Mazkur tadgigotning magsadi - chigindilarni ho‘l, quruq
va metall turlariga avtomatik ajratish, konteynerlarning
to‘lish darajasini real vaqt rejimida baholash, chigindi
nugtalarini hududiy xaritada kuzatish hamda belgilangan
chegaraga yetganda bot orgali avtomatik xabarnoma
yuboruvchi integratsiyalashgan tizimni ishlab chigishdir.
Tadgiqotning ilmiy-amaliy  hissasi  alohida sensor
funksiyalarini emas, balki saralash, monitoring, geografik
vizualizatsiya va manzilga bog‘langan ogohlantirishni
yagona boshgaruv siklida birlashtirishdan iborat.

Adabiyotlar tahlili

Muallif Michael Edwardsning “Algoritmik Aqlli
chiqindi boshqaruvi bo‘yicha tadqiqotlar asosan besh
yo‘nalishda rivojlangan: konteyner to‘lishini masofadan
kuzatish, kam quvvatli aloga tarmoglari, avtomatik
ogohlantirish, chigindini sensor yoki tasvir asosida
tasniflash hamda yig‘ish marshrutini optimallashtirish.
Cerchecci va hammualliflar ultratovush sensori hamda LoRa
aloga moduliga asoslangan kam quvvatli sensor tugunini
taklif etib, uzog muddatli avtonom ishlash uchun apparat va
dasturiy energiya tejash usullarini tahlil gilgan [2]. Lozano
va boshqalar LoORaWAN tugunlari, to‘lish hajmi, og‘irlik va
harorat ma’lumotlarini yig‘ish hamda ularni transport
marshrutini optimallashtirish bilan bog‘lagan [3].

Vishnu va hammualliflarning arxitekturasida jamoat
joylari va xonadon konteynerlari uchun turli sensor tugunlari
hamda markaziy monitoring paneli taklif gilingan [4]. Soh
va hammualliflar  konteyner to‘lganda  avtomatik
ogohlantirish yuboradigan sodda va amaliy tizimni ishlab
chiqqan [5]. Ushbu ishlar real vaqt ma’lumoti chiqindi
yig‘ish  qarorlarini  jadvaldan holatga asoslangan
boshqaruvga o‘tkazishini ko‘rsatadi.

Chiqindini manbada saralash bo‘yicha Lingaraju va
hammualliflar namlik va metall sensorlari orgali chigindini
ho‘l, quruq va metall kategoriyalariga ajratish, joylashuv va
havo sifatini kuzatish imkoniyatini bir tizimda birlashtirgan
[6]. Suvarnamma va Adi metall, plastik va shisha
chiqindilarni saralash bilan birga hosil bo‘lgan chiqindi
miqdorini serverda gayd etuvchi SmartBin tizimini taklif
gilgan [7]. Butadgigotlar gayta ishlanadigan material sifatini
oshirish uchun saralash jarayonini chigindi hosil bo‘lgan
nuqtaning o°zida boshlash zarurligini tasdiglaydi.

Tasvirga asoslangan usullarda Wang va hammualliflar
chuqur o‘rganish, bulutli hisoblash va IoT monitoringini
birlashtirib, chigindini bir nechta kategoriyaga ajratish
konsepsiyasini ishlab chiggan [8]. Rahman va boshqalar
ham CNN modeli va loT arxitekturasidan foydalanib,
chigindini real vaqt rejimida tasniflash imkoniyatini
ko‘rsatgan [9]. Biroq kamera va chuqur o‘rganish
modellariga yorug‘lik, fon, tasvir bazasi va hisoblash
resurslari kuchli ta’sir giladi. Shu sababli arzon prototipning
birinchi bosgichida sensorli uch sinfli tasniflash, keyingi
bosqichda esa kamera orqali quruq chigindini qog‘oz,
plastik, shisha kabi kichik sinflarga ajratish magsadga
muvofig.
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Tahlil shuni ko‘rsatadiki, ko‘plab xorijiy ishlarda
saralash, to‘lish monitoringi, xarita, bot-xabarnoma va
xizmat ko‘rsatish natijasini qayd etish alohida modullar
sifatida ko‘rilgan. Mahalliy kommunal sharoit uchun esa bu
funksiyalarni bitta operatsion platformada birlashtirish,
internet uzilishlari, sensor ifloslanishi, texnik xizmat va
operator uchun tushunarli interfeys masalalarini birgalikda
hal qilish zarur.

2. Tadgiqot metodologiyasi

Dastlab an’anaviy chiqindi boshqaruv tizimlarida
uchraydigan axborot uzatishdagi kechikishlar, chigindilarni
saralash mexanizmlarining yetarli emasligi hamda
konteynerlarning to‘lish holatini tezkor aniqlash bilan
bog‘lig muammolar kompleks ravishda o‘rganildi. Keyingi
bosgichda tizimning apparat va dasturiy komponentlari
funksional qatlamlarga ajratilib, sensorlardan keluvchi
ma’lumotlarni yig‘ish, uzatish, qayta ishlash va ular asosida
avtomatik garor gabul qilish algoritmlari ishlab chigildi.
Yakuniy bosgichda yaratilgan prototipning  asosiy
funksiyalari oldindan belgilangan nazorat ssenariylari
asosida sinovdan o‘tkazilib, uning ishlash barqarorligi,
ma’lumotlarni uzatish izchilligi va avtomatik xabarnoma
mexanizmining samaradorligi baholandi.

Tizim to‘rtta qatlamdan tashkil topadi: 1) sensor va
aktuatorli aqlli konteyner qatlami; 2) ESP32 asosidagi
mahalliy boshqgaruv gatlami; 3) Wi-Fi, GSM yoki LoRa
orqali ma’lumot uzatish gatlami; 4) server, ma’lumotlar
bazasi, geografik panel va bot-xabarnomadan iborat amaliy
gatlam. Modulli tuzilma laboratoriya sharoitida Wi-Fi, uzoq
joylashgan nugtalarda esa GSM yoki LoRa aloga
texnologiyasidan foydalanish imkonini beradi.

Har bir chigindi nugtasi tizimda noyob identifikator,
nom, geografik koordinata, hududiy guruh, mas’ul xizmat va
qurilma holati bilan ro‘yxatdan o‘tkaziladi. Sensor hodisasi
serverga qurilma identifikatori, chiqindi sinfi, to‘lish foizi,
vaqt belgisi va holat kodi ko‘rinishida uzatiladi. Bunday
format turli qurilmalardan kelayotgan ma’lumotlarni bir xil
tuzilishda saqlash va xaritada ko‘rsatish imkonini beradi.

o Chiqgindi turini aniglash ketma-ket garor qoidasi
asosida bajariladi. Avval induktiv sensor metall xususiyatiga
ega obyektni tekshiradi. Metall aniglansa, servo yoki
yo‘naltiruvchi mexanizm obyektni metall konteyneriga
yuboradi. Metall signal kuzatilmasa, namlik sensori o‘lchovi
belgilangan t chegarasi bilan solishtiriladi. Namlik giymati
chegaradan yuqori bo‘lsa obyekt ho‘l, aks holda quruq
chigindi sifatida tasniflanadi.

Metallni birinchi tekshirishning sababi shundaki, nam
yoki elektr o‘tkazuvchan metall buyum namlik sensorida
yugori giymat hosil qilib, ho‘l chigindi sifatida noto‘g‘ri
tasniflanishi mumkin. Ketma-ket algoritm ushbu xatoni
kamaytiradi. Biroq t universal qiymat emas; u sensor turi,
kontakt maydoni, chigindi harorati va muhit namligiga garab
tajriba orgali kalibrlanishi lozim.

Dasturiy platformada chiqindi yig‘ish nugtalari hudud,
shahar yoki tuman, xizmat ko‘rsatuvchi guruh va qurilma
holati bo‘yicha guruhlanadi. Xarita interfeysi operatorga
obyektning joylashuvi, so‘nggi ma’lumot vaqti, to‘lish
darajasi va aniglangan chigindi turini ko‘rish imkonini
beradi. Qurilma ma’lum vaqt davomida ma’lumot uzatmasa,
u oflayn deb belgilanadi va texnik tekshiruv uchun alohida
xabar shakllantiriladi.
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Ha
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J
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Ha

(to*la) Xabarnoma tayyorlash

Yo'q
(to‘la emas)

(kontey ID, joylashuv,
to‘lish foizi, chiqindi turi, vaqt)

!

Xabarmomani bot orqgali

Ma’lumotlami serverga yuborish
(konteyner ID, turi, to‘lish foizi, vaqt)

| mas’ul kodimga yuborish

saqlash

| Ma’lumotlarni ma’lumotlar bazasiga

| Monitoring p

(xarita, holat, statistika)

Ha Tizim faol

bormi?

1-rasm. Chigindilarni sensorli tasniflash va hududiy monitoring gilishning 10T asosidagi integratsiyalashgan algoritmi

Konteyner to‘lish chegarasiga yetganda server botga
qurilma nomi, manzil, koordinata, to‘lish foizi, vaqt va
tavsiya etilgan harakatni o‘z ichiga olgan xabar yuboradi.
Xabar faqat 'konteyner to‘ldi' ma’lumotini emas, mas’ul
xodimga obyektni xaritada ochish va xizmat bajarilganini
tasdiglash imkonini ham berishi kerak. Bunday gayta aloga
hodisa hayotiy siklini - aniglash, xabar berish, gabul gilish,
xizmat ko‘rsatish va yopish bosqichlarini ragamli qayd etadi.

Prototipda  viloyat hududidagi chigindi yig‘ish
nuqtalarini yagona platformada ro‘yxatlash, ularni guruh va
hudud bo‘yicha ko‘rsatish, to‘lish hodisasini bot orqali
yuborish hamda obyekt holatini yangilash funksiyalari
amalga oshirilgan. Bu yechim oddiy xaritadan fargli
ravishda sensor ma’lumotini operatsion harakatga
aylantiradi.

3. Natija va muhokamalar

Ishlab chigilgan prototipning funksional tekshiruvi
alohida modullar emas, balki to‘liq hodisa zanjiri bo‘yicha
amalga oshirildi. Sinov ssenariylari chigindi nugtasini
ro‘yxatdan o‘tkazish, xaritada ko‘rsatish, ho‘l, quruq va
metall obyektlarni ajratish, to‘lish chegarasini aniqlash, bot
orqali xabar yuborish va qurilma alogasi uzilganda holatni
yangilash jarayonlarini gamrab oldi.

Funksional sinovlar asosiy modullarning rejalashtirilgan
ketma-ketlikda ishlashini ko‘rsatdi. Metall obyektlarda
induktiv sensor asosiy qarorni berdi; metall bo‘lmagan
obyektlar namlik giymatiga ko‘ra ho‘l yoki quruq turga
yo‘naltirildi. To‘lish darajasi belgilangan chegaradan
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oshganda serverda hodisa yaratilib, bot-xabarnoma
shakllantirildi. Xarita interfeysida nuqtaning holati
yangilandi.

Tadqiqotning ilmiy ahamiyati ko‘p sensorli tasniflash
qoidasi bilan hududiy operatsion boshqaruv o‘rtasidagi
bog‘lanishni formal ifodalashda namoyon bo‘ladi.
Tasniflash natijasi fagat mexanik yo‘naltirish uchun emas,
balki serverdagi statistik yozuv, konteyner holati va
kelajakdagi gayta ishlash rejasini shakllantirish uchun ham
ishlatiladi. To‘lish darajasiga ketma-ket oflchovlar
medianasini qo‘llash notekis chiqindi yuzasidan kelib
chiqadigan yolg‘on ogohlantirishlarni kamaytirishga xizmat
giladi.

Amaliy ahamiyat tizimning bosgichma-bosgich joriy
etilishi bilan bog‘liq. Dastlab muammosi ko‘p va tez
to‘ladigan nuqtalarga sensor o‘rnatish mumkin. Keyingi
bosqgichda butun hudud bo‘yicha sensor tugunlari, LoRa
yoki GSM aloga, xizmat bajarilganini tasdiglash va dinamik
marshrut moduli qo‘shiladi. Tizimning modulli tuzilishi
mahalliy ishlab chigariladigan korpus, arzon sensorlar va
ochiq dasturiy vositalardan foydalanish imkonini beradi.

Taklif etilayotgan yechim farrosh yoki sanitar tozalash
xodimini to‘liq almashtirishga emas, takroriy tekshiruvni
avtomatlashtirishga qaratilgan. Xodimlar to‘lgan konteyner,
nosoz sensor yoki xavfli holat hagida aniq manzilli
ma’lumot oladi va vaqtini haqigiy xizmat talab giladigan
obyektlarga yo‘naltiradi.

Namlik sensori chigindining kimyoviy yoki biologik
turini aniqlamaydi; u fagat namlik bilan bog‘liq fizik signal
beradi. Nam karton, ho‘l metall yoki elektr o‘tkazuvchan
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aralash materiallar xato tasniflanishi mumkin. Shu bois
kalibrlash, sensor kontaktini standartlashtirish va shubhali
holat uchun alohida kategoriya Kkiritish talab etiladi.
Ultrasonik sensorning natijasiga konteyner shakli, chigindi
yuzasining burchagi, chang va namlik ta’sir giladi.

Kelgusida kamera va yengil neyron tarmog modeli
orqali quruq chiqindini qog‘oz, plastik, shisha va boshqa
sinflarga ajratish, to‘lish tarixiga asoslangan prognozlash,
transport sig‘imini hisobga oluvchi dinamik marshrut,
harorat va tutun sensori orgali yong‘in xavfini erta aniglash
rejalashtiriladi. Qimmatbaho metall yoki pirotexnik modda
hagida funksiyalar 'aniq identifikatsiya' emas, ‘shubhali
obyekt yoki xavf belgisi bo‘yicha erta ogohlantirish' sifatida
ishlab chigilishi kerak; yakuniy tasdiq maxsus asbob va
mutaxassis tomonidan amalga oshiriladi.

4. Xulosa

Magqolada IoT sensorlari asosida chiqindilarni ho‘l,
quruq va metall turlariga ajratish, konteyner to‘lish
darajasini aniglash, chigindi nugtalarini hududiy xaritada
kuzatish va to‘lish chegarasi oshganda mas’ul xodimga
avtomatik  bot-xabarnoma  yuborishga mo‘ljallangan
integratsiyalashgan tizim ishlab chigildi.

Tizimda metall obyektni birinchi aniglash va undan
so‘ng namlikka ko‘ra ho‘l-quruq tasniflash qoidasi taklif
etildi. Konteyner to‘lish darajasi ultratovush sensori bilan
o‘lchangan masofaga asoslangan matematik model
yordamida baholandi, yolg‘on xabarlarni kamaytirish uchun
ketma-ket o‘lchovlar medianasidan foydalanish tavsiya
qilindi. Sensor, ESP32, server, ma’lumotlar bazasi,
geografik panel va bot modullari yagona axborot ogimiga
birlashtirildi.

Dasturiy prototipda chiqindi yig‘ish nuqtalarini
ro‘yxatlash va guruhlash, xaritada ko‘rsatish, ho‘l-qurug-
metall holatini qayd etish, to‘lish darajasida xabar yuborish
va qurilma holatini monitoring gilish funksiyalari tekshirildi.
Olingan natijalar tizimning amaliy ishlash imkoniyatini
ko‘rsatdi. Keyingi bosqichda real konteynerlarda uzoq
muddatli dala sinovlari o‘tkazilib, tasniflash aniqligi,
o‘Ichash xatosi, aloga barqarorligi va xizmat xarajatlaridagi
o°zgarish miqdoriy baholanishi lozim.
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Current state and development prospects of heat-insulating cellular concrete

Abstract:

Keywords:

for individual residential buildings

A.A. Gulomoval®?
1Tashkent state transport university, Tashkent, Uzbekistan

The article analyzes the current state of heat-insulating cellular concrete intended for individual
residential buildings, as well as its physical-mechanical and thermal properties and the main development
trends. The classification of cellular concrete, its role in improving the energy efficiency of buildings,
and the characteristics of modern production technologies are discussed. Based on a review of recent
scientific studies, the main factors affecting the properties of cellular concrete and promising directions
for improving production technologies and developing resource-efficient and environmentally friendly
building materials are summarized. The analysis confirms the necessity of further research aimed at
developing high-performance heat-insulating cellular concrete for individual residential buildings.
individual residential buildings, cellular concrete, foam concrete, aerated concrete, thermal insulation,
energy efficiency, roof structures, thermal conductivity, physical and mechanical properties, production
technology, resource efficiency, sustainable construction

Individual turar joy binolari uchun issiqlik izolyatsiyalovchi g‘ovak

Annotatsiya:

Kalit so‘zlar:

1. Kirish

betonlarning zamonaviy holati va rivojlanish istigbollari

G‘ulomova A.A.10?
1Toshkent davlat transport universiteti, Tashkent, O¢zbekiston

Magqolada individual turar joy binolari uchun mo‘ljallangan issiglik izolyatsiyalovchi g‘ovak
betonlarning zamonaviy holati, ularning fizik-mexanik va issiglik-texnik xususiyatlari hamda rivojlanish
tendensiyalari tahlil gilingan. G*ovak betonlarning tasnifi, energiya samaradorligini ta'minlashdagi o‘rni
va ishlab chiqarish texnologiyalarining o‘ziga xos jihatlari yoritilgan. Zamonaviy ilmiy tadqiqotlar
asosida material xossalariga ta'sir etuvchi asosiy omillar, ishlab chigarish texnologiyalarini
takomillashtirish hamda resurs tejamkor va ekologik xavfsiz qurilish materiallarini yaratishning istigbolli
yo‘nalishlari umumlashtirilgan. Olib borilgan tahlillar individual turar joy binolarining yopma
konstruksiyalari uchun yuqori samaradorlikka ega issiglik izolyatsiyalovchi g‘ovak betonlarni yaratish
bo‘yicha ilmiy tadqiqotlarni yanada rivojlantirish zarurligini ko‘rsatadi.

individual turar joy binolari, g‘ovak beton, ko‘pikbeton, gazobeton, issiglik izolyatsiyasi, energiya
samaradorligi, yopma konstruksiyalari, issiglik o'tkazuvchanligi, fizik-mexanik xossalar, ishlab chigarish
texnologiyasi, resurs tejamkorlik, ekologik qurilish

energiya iste'molining yuqoriligi mazkur obyektlarda
qo‘llaniladigan qurilish materiallariga yangi talablarni

Qurilish sohasi iqtisodiyotning resurslarni eng ko‘p
iste'mol qiladigan tarmoglaridan biri bo‘lib, unda energiya
samaradorligini ta'minlash masalasi zamonaviy ilmiy
tadqiqotlarning ustuvor yo‘nalishiga aylangan. Binolarning
ekspluatatsiya davridagi energiya sarfining asosiy gismi
ichki mikroiglimni me'yoriy darajada saglashga sarflanadi.
Shu sababli tashqi to‘siq konstruksiyalarining issiqlik-texnik
ko‘rsatkichlarini yaxshilash nafaqat energiya resurslarini
tejash, balki bino ekspluatatsiyasi samaradorligini oshirish,
uglerod chigindilarini kamaytirish va ekologik bargaror
rivojlanishni  ta'minlashning muhim shartlaridan  biri
hisoblanadi.

Individual turar joy binolari qurilish hajmining ortib
borishi, ulardan foydalanish muddatining uzoqligi hamda

3 https://orcid.org/0009-0008-7695-0885
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go‘ymoqda. Aynigsa, tom va yopma konstruksiyalari orqali
sodir bo‘ladigan issiqlik almashinuvi binoning umumiy
energiya balansiga sezilarli ta'sir ko‘rsatadi. Amaliy
kuzatishlar shuni ko‘rsatadiki, issiglik yo‘qotilishining
salmogli gismi aynan ushbu konstruktiv elementlar hissasiga
to‘g‘ri keladi. Mazkur holat yopma konstruksiyalar uchun
yugori issiglik izolyatsiyalash xususiyatiga ega, mexanik
ta'sirlarga bardoshli hamda uzoq muddat ekspluatatsiya
gilinadigan materiallarni yaratishni taqozo etadi.

So‘nggi yillarda yengil g‘ovak betonlar energiya
tejamkor qurilish materiallari sifatida keng qo‘llanila
boshladi. Ularning past zichligi, issiglik
o'tkazuvchanligining nisbatan  kichikligi, yong‘inga
chidamliligi va texnologik qulayligi turli konstruksiyalarda
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foydalanish imkoniyatini kengaytirdi. Shu bilan birga,
mavjud ko‘pikbeton tarkiblarining aksariyatida
mustahkamlik va issiqlik izolyatsiyasi o‘rtasidagi optimal
muvozanatni ta'minlash, suv shimuvchanligini kamaytirish,
mikrostrukturani bargarorlashtirish hamda sement sarfini
qisqartirish bilan bog‘liq masalalar to‘liq yechim topmagan.

Qurilish materiallari texnologiyasining rivojlanishida
sanoat chigindilarini ikkilamchi xomashyo sifatida gayta
ishlash alohida ilmiy ahamiyat kasb etmogda. Metallurgiya
korxonalarida hosil bo‘ladigan po‘lat eritish shlaki, ferritli
nanoo‘lchamli chigindilar hamda organik modifikatorlardan
ogilona foydalanish resurs tejamkorlikni ta'minlash bilan
birga, sement  kompozitsiyalarining  strukturaviy
shakllanishiga ham sezilarli ta'sir ko‘rsatadi. Bunday
yondashuv tabiiy resurslar sarfini kamaytirish, ishlab
chigarish tannarxini pasaytirish va ekologik yuklamani
gisgartirish imkonini beradi.

Jahon ilmiy maktablarida g‘ovak betonlarning fizik-
mexanik va issiglik-texnik  xossalarini  yaxshilashga
qaratilgan ko‘plab tadqiqotlar amalga oshirilgan. Mineral
qo‘shimchalar, nanozarrachalar, kimyoviy modifikatorlar va
sanoat chiqindilarining qo‘llanishi bo‘yicha muayyan
natijalarga erishilgan bo‘lsa-da, ularning aksariyati muayyan
iglim sharoiti va xomashyo bazasiga moslashtirilgan.
O‘zbekiston sharoitida mavjud mahalliy resurslardan
foydalanish imkoniyatlari, individual turar joy binolarining
konstruktiv xususiyatlari hamda mintaganing iglim omillari
hisobga olingan ilmiy tadgigotlar esa hali yetarli darajada
umumlashtirilmagan.

Mazkur holat individual turar joy binolarining yopma
konstruksiyalari uchun mo‘ljallangan issiqlik
izolyatsiyalovchi g‘ovak betonlarning zamonaviy holatini
kompleks tahlil gilish, ularning rivojlanish tendensiyalarini
aniglash  hamda mahalliy xomashyo va sanoat
chigindilaridan foydalanishga asoslangan yangi tarkiblarni
yaratishning ilmiy asoslarini ishlab chigish zarurligini
ko‘rsatadi. Ushbu maqolada g‘ovak betonlarning rivojlanish
bosqichlari, ularning asosiy xossalari, qo‘llanilish
imkoniyatlari va istigbolli yo‘nalishlari ilmiy adabiyotlar
tahlili asosida yoritilib, energiya tejamkor qurilish
materiallarini yaratishning dolzarb masalalari muhokama
gilinadi.

2. Tadgiqot metodologiyasi

Qurilish tarmog'ida energiya samaradorligini oshirish
masalasi alohida konstruktiv elementlarni takomillashtirish
bilan cheklanmay, binoning barcha to'siq konstruksiyalarini
yagona tizim sifatida baholashni talab etadi. Devorlar, tom,
yopma konstruksiyalar, pol va deraza bloklarining issiqlik-
texnik tavsiflari o'zaro bog'lig holda bino ichidagi
mikroiglimni shakllantiradi. Mazkur elementlar orasida
yopma  Kkonstruksiyalari  tashqi  muhitning  quyosh
radiatsiyasi, atmosfera yog'inlari va mavsumiy harorat
o0'zgarishlariga eng ko'p duchor bo'ladigan gism hisoblanadi.
Shu sababli ularning issiglik himoyasi energiya iste'molini
kamaytirishda muhim o'rin egallaydi.

Yopma  konstruksiyalar ~ uchun  qo'llaniladigan
materiallar bir vaqgtning o'zida bir necha funksiyani bajarishi
lozim. Ular past issiglik o'tkazuvchanlikka ega bo'lishi,
konstruktiv yuklarni gabul gila olishi, namlik ta'sirida
xossalarini  yo'qotmasligi  hamda atmosfera omillariga
nisbatan bargaror bo'lishi zarur. Mazkur talablarning
barchasini bitta materialda mujassamlashtirish murakkab
ilmiy va texnologik vazifa hisoblanadi. Shu sababli so'nggi
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yillarda yengil g'ovak betonlarga bo'lgan gizigish tobora
ortmoqda.

Rivojlangan davlatlar tajribasi shuni ko'rsatadiki,
energiya samaradorligini oshirishga garatilgan qurilish
me'yorlarining takomillashuvi issiglik izolyatsiyalovchi
materiallarning yangi avlodini yaratishga turtki bermoqda.
Bunday materiallar nafagat energiya sarfini kamaytiradi,
balki binolarning ekspluatatsiya xarajatlarini gisqartirish,
ichki mikroiglim barqarorligini ta'minlash va qurilishning
ekologik samaradorligini oshirishga ham xizmat giladi. Shu

nugtai  nazardan  g'ovak  betonlarning  tarkibini
takomillashtirish, ularning mikrostrukturasi va fizik-
mexanik xossalarini boshqarish qurilish

materialshunosligining biri
sifatida e'tirof etilmoqda.

O'zbekiston sharoitida energiya resurslaridan ogilona
foydalanish bo'yicha davlat dasturlari, zamonaviy qurilish
me'yorlarining joriy etilishi va energiya tejamkor uy-joylar
qurilishining kengayishi issiglik izolyatsiyalovchi qurilish
materiallariga bo'lgan ehtiyojni yanada oshirmoqda.
Aynigsa, mahalliy xomashyo va sanoat chigindilaridan
foydalanish asosida ishlab chigariladigan g'ovak betonlar
igtisodiy samaradorlik bilan bir qatorda ekologik
xavfsizlikni ta'minlash imkoniyatiga ham ega. Ushbu
omillar individual turar joy binolarining yopma
konstruksiyalari uchun mo'ljallangan yangi avlod issiglik
izolyatsiyalovchi g'ovak betonlarini yaratish bo'yicha ilmiy
tadgigotlarni yanada dolzarb giladi.

Qurilish  materiallari  texnologiyasining rivojlanishi
yengil, mustahkam va yugori issiglik izolyatsiyalovchi
xossalarga ega kompozitsion materiallarni yaratish bilan
chambarchas bog‘liq. G‘ovak betonlar ushbu talablarga
javob beruvchi materiallar guruhiga kirib, bugungi kunda
fuqarolik va sanoat qurilishining turli yo‘nalishlarida keng
go‘llanilmoqda. Ularning asosiy afzalligi ichki tuzilishida
bir tekis tagsimlangan havo g‘ovaklarining mavjudligi bilan
izohlanadi. Aynan ushbu g‘ovaklar materialning zichligini
kamaytirish bilan birga issiglik o'tkazuvchanligini sezilarli
darajada pasaytiradi.

G‘ovak betonlar hosil bo‘lish texnologiyasiga ko‘ra bir
necha turlarga ajratiladi. Amaliyotda eng ko‘p tarqalgan
turlari gazobeton, ko‘pikbeton hamda gaz-ko‘pikbeton
hisoblanadi. Ularning har biri ishlab chigarish texnologiyasi,
g‘ovak hosil qilish usuli, fizik-mexanik xossalari va
qo‘llanish sohasi bilan bir-biridan farglanadi.

Gazobeton tarkibida g‘ovaklar kimyoviy reaksiya
natijasida hosil bo‘ladi. Oqartirilgan sement qorishmasiga
alyuminiy kukuni yoki boshqa gaz hosil giluvchi komponent
qo‘shilganda vodorod ajralib chiqadi va material hajmi
ortadi. Keyinchalik mahsulot avtoklavda yuqori bosim
ostida qotiriladi. Mazkur texnologiya yuqgori aniglikdagi
geometrik o‘lchamlarni ta'minlasa-da, ishlab chigarish
uchun katta energiya sarfi va murakkab texnologik
uskunalarni talab giladi.

Ko‘pikbeton esa tayyor ko‘pikni sementli qorishmaga
mexanik usulda aralashtirish orqali olinadi. Bunda g‘ovaklar
oldindan hosil gilingan ko*pik hisobiga shakllanadi. Mazkur
texnologiyaning  asosiy  afzalligi ishlab  chigarish
jarayonining soddaligi, avtoklav uskunalarini talab etmasligi
hamda turli zichlikdagi mahsulotlarni olish imkoniyatidir.
Shu sababli ko‘pikbeton individual turar joy binolari
qurilishida, aynigsa yopma konstruksiyalar uchun istigbolli
material sifatida keng e'tibor gozonmoqda.

Gaz-ko‘pikbeton texnologiyasi esa gaz hosil qilish va
ko‘pik hosil gilish usullarining kombinatsiyasiga asoslanadi.

istigbolli  yo'nalishlaridan
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Ushbu usul orqali g‘ovaklarning bir tekis tagsimlanishiga
erishish mumkin bo‘lsa-da, texnologik jarayonning
murakkabligi ishlab chigarish tannarxining oshishiga olib
keladi. Shu sababli mazkur material sanoatda ko‘pikbeton va
gazobetonga nisbatan kamrogq qo‘llaniladi.

Materialning  ekspluatatsion  ko‘rsatkichlari  faqat
g‘ovaklar soniga emas, balki ularing shakli, o‘lchami,
yopiq yoki ochiq holatda joylashganligiga ham bog‘liq. Bir
xil zichlikka ega ikki turdagi ko‘pikbeton namunasi
g‘ovaklar tuzilishidagi farq sababli mutlago turlicha
mustahkamlik va issiglik o'tkazuvchanlik ko‘rsatkichlarini
namoyon gilishi mumkin. Shu bois zamonaviy ilmiy
tadqiqotlarda g‘ovaklar geometriyasini boshqarish material
tarkibini optimallashtirishning asosiy yo‘nalishlaridan biri
sifatida garalmoqda.

Shunga qaramay, mavjud ko‘pikbeton tarkiblarining
ayrim  kamchiliklari ~ saglanib  golmogda.  Ularga
g‘ovaklarning notekis shakllanishi, suv shimuvchanligining
nisbatan yuqoriligi, past zichliklarda mustahkamlikning
kamayishi va sement sarfining Kattaligi kiradi. Mazkur
muammolarni bartaraf etish uchun mineral qo‘shimchalar,
nanomodifikatorlar va sanoat chigindilaridan foydalanishga
asoslangan yangi tarkiblarni yaratish bo‘yicha tadgiqotlar
tobora kengayib bormoqda.

3. Natija va muhokamalar

G‘ovak betonlarning ekspluatatsion xossalari material
tarkibini tashkil etuvchi komponentlar, g‘ovaklar tuzilishi
hamda ishlab chiqarish texnologiyasi bilan uzviy bog‘liq.
Bir xil zichlikka ega bo‘lgan namunalar ham ichki
strukturasidagi farglar sababli turlicha mustahkamlik,
issiglik  o'tkazuvchanlik ~va suv  shimuvchanligi
ko‘rsatkichlarini namoyon etishi mumkin. Shu sababli
zamonaviy tadgigotlarda materialning fagat tarkibiga emas,
balki mikrostrukturani shakllantiruvchi omillarga ham
alohida e'tibor garatilmoqda.

G‘ovak betonning asosiy tavsiflaridan biri uning
o‘rtacha zichligidir. Zichlikning kamayishi odatda issiqlik
o'tkazuvchanlik koeffitsientining pasayishiga olib keladi,
biroq bu holat materialning mexanik mustahkamligiga ham
ta'sir ko‘rsatadi. Shu sababli issiglik izolyatsiyasi va yuk
ko‘tarish qobiliyati o‘rtasidagi optimal nisbatni ta'minlash
g‘ovak beton texnologiyasining muhim vazifalaridan biri
hisoblanadi.

Materialning issiqlik o'tkazuvchanligi g‘ovaklarning
hajmi, shakli va o‘zaro joylashuviga bevosita bog‘lig. Yopiq
va bir tekis tagsimlangan g‘ovaklar issiqlik oqimini sezilarli
darajada cheklaydi. Aksincha, yirik yoki o‘zaro tutashgan
g‘ovaklar havo almashinuvini kuchaytirib, materialning
issiglik himoyasi xususiyatlarini pasaytirishi mumkin.
Shuning uchun g‘ovaklar geometriyasini boshgarish
energiya samaradorligini oshirishning asosiy
yo‘nalishlaridan biri sifatida qaraladi.

Mustahkamlik ko‘rsatkichlari ko‘p jihatdan sement
toshining strukturasi va g‘ovaklar devorining yaxlitligi bilan
belgilanadi. Bog‘lovchi moddaning sifatli gidratatsiyasi,
mineral tarkibning bir xilligi va ichki nugsonlarning
kamayishi  materialning sigilish hamda egilishdagi
qarshiligini oshiradi. Shu bilan birga, g‘ovaklar hajmining
ortishi mustahkamlikning ma'lum darajada kamayishiga olib
kelishi mumkin. Mazkur bog‘liglik ilmiy adabiyotlarda
g‘ovak betonlarni loyihalashning asosiy mezonlaridan biri
sifatida e'tirof etiladi.
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Ekspluatatsiya davrida namlik ta'siri ham muhim
omillardan hisoblanadi. Suv shimuvchanligining ortishi
nafagqat material massasini oshiradi, balki uning issiglik
izolyatsiyalovchi xususiyatlarini ham yomonlashtiradi. Nam
mubhitda g‘ovaklar ichidagi havoning suv bilan almashishi
issiglik o'tkazuvchanligini oshirib yuboradi. Shu sababli
g‘ovak betonlarda yopiq kapillyar tuzilmani shakllantirish
va namlik migratsiyasini  cheklash dolzarb ilmiy
masalalardan biri bo‘lib qolmoqda.

G‘ovak betonlarning uzoq muddatli xizmat xususiyatlari
tashqi muhit ta'siriga ham bog‘liq. Haroratning keskin
almashinuvi, muzlash-erish jarayonlari, atmosfera namligi
va mexanik yuklamalar materialning  strukturaviy
bargarorligiga ta'sir etadi. Shu bois zamonaviy qurilish
amaliyotida faqat boshlang‘ich mustahkamlik emas, balki
ekspluatatsiya davomida xossalarning bargaror saglanishi
ham asosiy mezonlardan biri sifatida baholanmoqda.

Keltirilgan  tahlillar shuni  ko‘rsatadiki, g‘ovak
betonlarning issiglik-texnik va fizik-mexanik ko‘rsatkichlari
alohida omillarning emas, balki ularning o‘zaro uyg‘un
ta'siri natijasida shakllanadi. Shu sababli materialning
tarkibini tanlash, g‘ovaklar strukturasini boshgarish hamda
ishlab chigarish texnologiyasini takomillashtirish kompleks
yondashuv asosida amalga oshirilishi lozim.

Qurilish materiallari sanoatida amalga oshirilayotgan
texnologik yangilanishlar g‘ovak beton ishlab chiqarish
usullarining ham izchil takomillashuviga olib kelmoqda.
Yangi texnologiyalar materialning fizik-mexanik xossalarini
yaxshilash, ishlab chigarish jarayonini avtomatlashtirish,
energiya sarfini kamaytirish hamda mahsulot sifatining
barqarorligini ta'minlashga qaratilgan. Ushbu yo‘nalishdagi
o‘zgarishlar g‘ovak betonlarni nafagat konstruktiv material,
balki energiya tejamkor qurilishning muhim elementi
sifatida rivojlantirish imkonini bermoqda.

G‘ovak beton ishlab chigarishda avtoklavli va
avtoklavsiz texnologiyalar eng ko‘p qo‘llaniladi. Avtoklav
usuli yugori bosim va harorat sharoitida materialning tez
gotishini ta'minlab, mustahkamlik ko‘rsatkichlarini oshiradi.
Birog bunday texnologiya murakkab uskunalar, katta
energiya sarfi va yuqori kapital xarajatlarni talab giladi. Shu
sababli kam gavatli va individual turar joy qurilishida
avtoklavsiz texnologiyalarga bo‘lgan qiziqish ortib
bormoqda.

Avtoklavsiz  ishlab  chigarish  usuli  texnologik
jarayonning soddaligi, ishlab chigarishni mahalliy sharoitda
tashkil etish imkoniyati hamda energiya sarfining nisbatan
kamligi bilan ajralib turadi. Mazkur texnologiyada mahsulot
sifatini ta'minlash ko‘p jihatdan qorishma tarkibi, ko pikning
barqarorligi, aralashtirish tartibi va qotish sharoitiga bog‘liq
bo‘ladi.  Shu  sababli  texnologik  parametrlarni
optimallashtirish  ishlab  chigarish  samaradorligini
oshirishning asosiy omillaridan biri hisoblanadi.

So‘nggi yillarda ragamli texnologiyalar qurilish
materiallari ishlab chigarish jarayoniga keng joriy
etilmogda. Zamonaviy avtomatlashtirilgan dozatorlar,
elektron nazorat tizimlari va kompyuterlashtirilgan
boshgaruv uskunalari xomashyo sarfini aniq nazorat gilish,
inson omilini kamaytirish hamda tayyor mahsulot sifatining
bargarorligini ta'minlash imkonini bermoqda. Bunday
yondashuv ishlab chigarishdagi texnologik xatolarni
kamaytirish bilan birga iqtisodiy samaradorlikni ham
oshiradi.

[Imiy tadqiqotlarda g‘ovak betonlarning
mikrostrukturasini  boshqarishga garatilgan innovatsion
usullar ham rivojlanmoqda. Aralashtirish  jarayonini
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takomillashtirish, ko‘pik hosil qiluvchi moddalarning
bargarorligini oshirish ~ va  qotish  sharoitlarini
optimallashtirish g‘ovaklarning bir tekis shakllanishiga
xizmat  qiladi. Natijada ~ materialning issiglik
o'tkazuvchanligi pasayadi, mustahkamligi va ekspluatatsion
bargarorligi esa ortadi.

Quirilish sohasida "yashil texnologiyalar"
tamoyillarining keng qo‘llanilishi ishlab  chiqgarish
jarayonining ekologik ko‘rsatkichlarini ham muhim
mezonga aylantirdi. Xomashyo sarfini kamaytirish, ishlab
chigarish chigindilarini gayta ishlash, energiya tejamkor
uskunalardan  foydalanish va karbon chigindilarini
gisgartirish zamonaviy ishlab chigarish texnologiyalarining
ajralmas qismiga aylanmoqda. Shu jihatdan g‘ovak beton
ishlab chigarish texnologiyasini takomillashtirish igtisodiy
samaradorlik bilan bir gatorda ekologik bargarorlikni ham
ta'minlaydi.

Ragamlashtirish va sun'iy intellekt elementlarini ishlab
chiqarishga tatbiq etish istigbolli yo‘nalishlardan biri sifatida
e'tirof etilmoqgda. Matematik modellashtirish, eksperimental
ma'lumotlarni tahlil gilish hamda tarkibni optimallashtirish
algoritmlaridan foydalanish materialning zarur xossalarini
oldindan prognoz qilish imkonini beradi. Natijada ko‘plab
tajribalarni o'tkazishga bo‘lgan ehtiyoj kamayadi, ilmiy
izlanishlarning samaradorligi esa ortadi.

Qurilish materiallari sanoatining rivojlanish istigbollari
energiya samaradorligi, ekologik xavfsizlik va resurslardan
oqilona foydalanish tamoyillari bilan uzviy bog‘liq. Mazkur
tamoyillar issiglik izolyatsiyalovchi g‘ovak betonlarni
takomillashtirish  bo‘yicha olib borilayotgan ilmiy
tadqiqotlarning asosiy yo‘nalishini belgilab bermoqda.
Kelgusida materiallarning nafagat issiglik-texnik va fizik-
mexanik ko‘rsatkichlarini yaxshilash, balki ularning butun
hayotiy sikli davomida ekologik va igtisodiy samaradorligini
ta'minlash ustuvor vazifalardan biri bo‘lib qoladi.

llmiy izlanishlarning muhim yo‘nalishlaridan biri
g‘ovak beton tarkibida tabiiy resurslar ulushini kamaytirish
hamda ikkilamchi xomashyodan foydalanish hisoblanadi.
Sanoat korxonalarida hosil bo‘ladigan mineral chiqgindilar,
gayta ishlangan qurilish materiallari va boshga texnogen
resurslardan foydalanish tabiiy xomashyo zaxiralarini asrash
bilan birga, ishlab chigarish tannarxini kamaytirish imkonini
beradi. Bunday yondashuv aylanma igtisodiyot tamoyillarini
qurilish materiallari sanoatiga joriy etishning muhim omili
sifatida garalmoqda.

Nanotexnologiyalarni  qurilish  materiallari  ishlab
chiqarishga tatbiq etish ham istigbolli ilmiy yo‘nalishlardan
biridir. Nanoo‘lchamli modifikatorlarning qo‘llanilishi
sement toshining mikrostrukturasi va g‘ovaklar tizimini
boshgarish imkonini kengaytiradi. Natijada materialning
mustahkamligi, sovugga chidamliligi, suv shimuvchanligi
va uzogq muddatli ekspluatatsion bargarorligini yaxshilash
uchun yangi imkoniyatlar yaratilmoqda.

So‘nggi yillarda qurilish materiallarini loyihalash
jarayonida ragamli  texnologiyalar va  matematik
modellashtirish  usullaridan foydalanish kengaymoqda.
Eksperimental ~ ma'lumotlarni  tahlil  qilish, tarkib
parametrlarini optimallashtirish va material xossalarini
prognozlashda sun'iy intellekt elementlarining qo‘llanilishi
ilmiy tadgigotlarning anigligi hamda samaradorligini
oshirishga  xizmat gilmogda.  Kelgusida  bunday
yondashuvlar g‘ovak betonlarning optimal tarkibini qisqa
muddatda aniglash imkonini berishi kutilmoqda.

Qurilish sohasida uglerod neytralligi (carbon neutrality)
tamoyillarining keng joriy etilishi ham yangi ilmiy
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izlanishlarni talab etmoqda. Atmosferaga chigariladigan
karbonat angidrid migdorini kamaytirish magsadida kam
klinkerli sementlardan foydalanish, energiya tejamkor ishlab
chigarish texnologiyalarini rivojlantirish hamda ekologik
xavfsiz  qurilish  materiallarini  yaratish  ustuvor
yo‘nalishlardan biri sifatida qaralmoqda. Ushbu talablar
g‘ovak betonlarning tarkibi va ishlab chiqarish
texnologiyasini yanada takomillashtirish zaruratini yuzaga
keltiradi.

O‘zbekiston qurilish sanoati ham energiya tejamkor va
ekologik xavfsiz materiallarga bo‘lgan ehtiyojning ortishi
bilan tavsiflanadi. Mahalliy ~xomashyo bazasining
mavjudligi, sanoat chigindilaridan foydalanish imkoniyatlari
hamda zamonaviy ishlab chigarish texnologiyalarining
bosgichma-bosgich joriy etilishi issiglik izolyatsiyalovchi
g‘ovak betonlarni yanada rivojlantirish uchun qulay sharoit
yaratmoqda. Shu bilan birga, mahalliy iglim sharoitlariga
mos tarkiblarni ishlab chigish, ularning uzog muddatli
ekspluatatsion xossalarini baholash va amaliy qo‘llash
bo‘yicha ilmiy tadgiqotlarni kengaytirish muhim ahamiyat
kasb etadi.

Keltirilgan yo‘nalishlar shuni ko‘rsatadiki, issiglik
izolyatsiyalovchi g‘ovak betonlarni rivojlantirish faqat yangi
tarkiblar yaratish bilan cheklanmaydi. Materialning butun
hayotiy sikli davomida energiya samaradorligini ta'minlash,
ishlab chiqarishning ekologik ta'sirini kamaytirish va
raqamli texnologiyalarni keng qo‘llash kelgusidagi ilmiy
izlanishlarning asosiy yo‘nalishlaridan biri hisoblanadi.

4. Xulosa

Olib borilgan tahlillar shuni ko'rsatdiki, issiglik
izolyatsiyalovchi g'ovak betonlar individual turar joy
binolarining energiya samaradorligini ta'minlashda muhim
o'rin tutadi. Ularning fizik-mexanik va issiglik-texnik
xossalari material tarkibi, g'ovaklar tuzilishi hamda ishlab
chiqarish texnologiyasiga bevosita bog'liq. Zamonaviy ilmiy
tadgigotlar g'ovak betonlarning sifat ko'rsatkichlarini
yaxshilash, resurs tejamkor texnologiyalarni qo'llash va
ekologik xavfsiz materiallar yaratishga garatilgan. Shu bois
ushbu yo'nalishdagi ilmiy izlanishlarni rivojlantirish
energiya tejamkor qurilish materiallarini yaratishning
muhim shartlaridan biri hisoblanadi.

Foydalangan
References

[1] O‘zbekiston Respublikasi Qurilish vazirligi. QMQ
2.01.04-2018. Qurilish issiglik texnikasi. — Toshkent, 2018.

[2] Neville A.M. Properties of Concrete. 5th ed. —
Harlow: Pearson Education Limited, 2011. — 846 p.

[3] Ramachandran V.S., Beaudoin J.J. Handbook of
Analytical Techniques in Concrete Science and Technology.
— William Andrew Publishing, 2001. — 992 p.

[4] Jones M.R., McCarthy A. Preliminary views on
the potential of foamed concrete as a structural material.
Magazine of Concrete Research, 2005, Vol. 57, No. 1, pp.
21-31.

[5] Amran Y.HM., Farzadnia N., Ali AAA.
Properties and applications of foamed concrete: A review.
Construction and Building Materials, 2015, Vol. 101, pp.
990-1005.

adabiyotlar  /

https://doi.org/10.56143/2181-2438-2026-3-115-119



Journal of Transport ISSN: 2181-2438 Volume:3|lIssue:3|2026

[6] Hilal A.A., Thom N.H., Dawson A.R. On
entrained pore size distribution of foamed concrete.
Construction and Building Materials, 2015, Vol. 75, pp.
227-233.

[7] Narayanan N., Ramamurthy K. Structure and
properties of aerated concrete: A review. Cement and
Concrete Composites, 2000, Vol. 22, No. 5, pp. 321-329.

[8] Kearsley E.P., Wainwright P.J. The effect of high
fly ash content on the compressive strength of foamed
concrete. Cement and Concrete Research, 2001, Vol. 31, No.
1, pp. 105-112.

Mualliflar to‘g‘risida ma’lumot/
Information about the authors

G*ulomova Toshkent davlat transport

Aziza universiteti “Bino va inshootlar
Abdumo‘min  qurilishi”  kafedrasi  tayanch
qizi / Aziza doktaranti.

Gulomova E-mail:

aziza8088gulomova@gmail.com
Tel.: +99891 591 67 88
https://orcid.org/0009-0008-7695-
0885

119 September, 2026

https://doi.org/10.56143/2181-2438-2026-3-115-119 Research, Innovation, Results



mailto:aziza8088gulomova@gmail.com
https://orcid.org/0009-0008-7695-0885
https://orcid.org/0009-0008-7695-0885

Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:3|2026

Received: 18 June 2026 |

Accepted: 30 July 2026 |

Published: 30 September 2026

Regression model of service system optimization based on digitalization
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Abstract:

This article develops and scientifically substantiates a regression model for optimizing the service system

in agro-industrial complexes based on digitalization. Within the framework of the study, the
interrelationships among the main operational indicators of the service system—costs, time, service
quality, customer satisfaction, and the level of digitalization—were analyzed using econometric methods.
As a result, a comprehensive index representing service system efficiency was formulated, and its
relationship with the level of digitalization was determined through a regression model. Empirical
analysis demonstrates that an increase in the level of digital transformation significantly improves service

efficiency.
Keywords:

agro-industrial complex, digitalization, regression model, service delivery system, integrated efficiency
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Ragamlashtirish asosida xizmat ko‘rsatish tizimini optimallashtirishning
regressiya modeli

Usarqulova F.}®2 Abdurahmanova E.!, Botirov M.}
2Qarshi davlat texnika universiteti, Qarshi, O°zbekiston

Annotatsiya:

Fraktal geometriya tushunchasi XX asrning ikkinchi yarmida matematik B. Mandelbrot tomonidan ishlab

chiqilgan bo‘lib, u tabiatda uchraydigan murakkab strukturalarni matematik jihatdan tavsiflash uchun
go‘llanila boshlagan. Keyinchalik fraktal geometriya nafaqat tabiiy jarayonlarni o‘rganishda, balki
kompyuter grafikasi, arxitektura, dizayn va san’at sohalarida ham keng qo‘llanila boshladi. Aynigsa,
murakkab geometrik ornamentlarni modellashtirishda fraktal algoritmlar samarali vosita hisoblanadi.
Islom me’morchiligidagi geometrik nagshlarning tuzilishi ko‘pincha takrorlanuvchi elementlar va ko‘p
bosqichli kompozitsiyalar asosida shakllanadi. Bunday ornamentlarda o‘ziga o‘xshash strukturalar
mavjud bo‘lib, ular fraktal geometriyaning asosiy xususiyatlari bilan uyg‘unlashadi. Shu sababli fraktal
modellar yordamida geometrik nagshlarning matematik strukturasi, simmetriya gonuniyatlari va
kompozitsion tuzilishini chuqurroq tahlil gilish mumkin.

Kalit so‘zlar:

agrosanoat majmuasi, raqamlashtirish, regressiya modeli, xizmat ko‘rsatish tizimi, kompleks

samaradorlik indeksi, ekonometrik tahlil, boshgaruv samaradorligi, optimallashtirish, data-driven
management, ragamli transformatsiya.

1. Kirish

Globallashuv va ragamli transformatsiya jarayonlari
jadallashgan hozirgi davrda innovatsion igtisodiyot milliy
xo‘jalik tizimlarining rivojlanishida hal giluvchi omilga
aylanmoqgda. Innovatsion igtisodiyot sharoitida bilim,
axborot va texnologiyalar iqtisodiy o‘sishning asosiy
drayverlari sifatida namoyon bo‘ladi. Ushbu jarayon
agrosanoat majmualari faoliyatiga ham bevosita ta’sir
ko‘rsatib, an’anaviy boshqaruv mexanizmlarini zamonaviy
ragamli tizimlar bilan almashtirishni talab etmoqda.

Agrosanoat majmualari igtisodiyotning ko‘p tarmoqli va
murakkab tizimi sifatida ishlab chigarish, gayta ishlash,
logistika, marketing va xizmat ko‘rsatish jarayonlarini o‘z
ichiga oladi. Mazkur tizimning samaradorligi xizmat

a2 https://orcid.org/0009-0009-2707-7116
b0 https://orcid.org/0009-0004-3668-6152
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ko‘rsatish infratuzilmasining rivojlanganligi va
boshgaruvning  muvofiglashtirilgan ~ darajasi  bilan
belgilanadi. Xizmat ko‘rsatish tizimi ishlab chiqgarish
jarayonining uzluksizligini ta’minlovchi asosiy komponent
bo‘lib, uning samarasizligi butun qiymat zanjirining
natijadorligiga salbiy ta’sir ko‘rsatadi. Hozirgi bosqichda

ko‘plab agrosanoat subyektlarida xizmat ko‘rsatish
jarayonlari  yetarli  darajada  ragamlashtirilmagan,
ma’lumotlar  almashinuvi  markazlashtirilmagan  va

boshgaruv qarorlari ko‘pincha empirik yondashuv asosida
gabul qgilinmogda. Bu esa operatsion xarajatlarning
ortishiga, vaqt yo‘qotishlarga va xizmat sifati pasayishiga
olib keladi. Shu sababli xizmat ko‘rsatish tizimini raqamli
tahlil gilish va uni ilmiy asosda takomillashtirish dolzarb
ilmiy muammo sifatida namoyon bo‘lmoqda.
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Ragamli tahlil konsepsiyasi xizmat jarayonlarini real
vaqt rejimida monitoring qilish, ko‘rsatkichlar dinamikasini
baholash va boshqaruv qarorlarini ma’lumotlarga
asoslangan holda gabul qilish imkonini beradi. Bu
yondashuv subyektiv baholashni kamaytiradi, tizimdagi “tor
bo‘g‘inlar”ni  aniqlaydi va  resurslardan  optimal
foydalanishni ta’minlaydi. Xizmat ko‘rsatish tizimini
ragamlashtirish orgali operatsion samaradorlikni oshirish,
xarajatlarni kamaytirish va mijozlar gonigishini yaxshilash
mumkin.

Mavzuning o‘rganilganlik darajasini tahlil qilish shuni
ko‘rsatadiki, iqtisodiy adabiyotlarda raqamli iqtisodiyot,
xizmatlar samaradorligi va boshgaruvni modernizatsiya
qilish masalalari keng yoritilgan bo‘lsa-da, agrosanoat
majmualarida xizmat ko‘rsatish tizimini kompleks ragamli
tahlil gilish muammaosi yetarli darajada tizimlashtirilmagan.
Aynigsa, institutsional omillar, axborot ogimlari va
operatsion samaradorlik o‘rtasidagi bog‘liglikni chuqur
o‘rganish zarurati mavjud.

Mazkur tadgigotning magsadi innovatsion iqgtisodiyot
sharoitida agrosanoat majmualarida xizmat ko‘rsatish
tizimini ragamli tahlil gilishning nazariy-metodologik
asoslarini ishlab chigish hamda uni takomillashtirishning
strategik  yo‘nalishlarini  aniqlashdan iborat. Ushbu
magsadga erishish uchun xizmat ko‘rsatish tizimining
tarkibiy elementlari tahlil gilinadi, ragamli transformatsiya
jarayonlarining iqtisodiy samaradorlikka ta’siri baholanadi
hamda boshgaruvni optimallashtirish mexanizmlari ishlab
chigiladi.

Tadgiqot natijalari agrosanoat majmualarida Xizmat
ko‘rsatish  tizimini modernizatsiya qilish, raqamli
infratuzilmani rivojlantirish va boshgaruv samaradorligini
oshirishga xizmat gilishi kutilmogda.

Adabiyotlar sharhi va nazariy asoslar

Innovatsion iqtisodiyot sharoitida xizmat ko‘rsatish
tizimining rivojlanishi igtisodiy nazariyaning samaradorlik,
institutsional  rivojlanish  va ragamli transformatsiya
konsepsiyalari bilan uzviy bog‘liqdir. Zamonaviy iqtisodiy
adabiyotlarda innovatsion igtisodiyot bilim, texnologiya va
axborot resurslariga asoslangan rivojlanish modeli sifatida
talqin etiladi. Mazkur modelda ma’lumotlar igtisodiy qiymat
yaratishning asosiy omiliga aylanadi va boshgaruv
jarayonlari an’anaviy empirik yondashuvdan analitik va
prognozga asoslangan tizimga o‘tadi.

Xizmat ko‘rsatish tizimi iqtisodiy infratuzilmaning
tarkibiy qismi sifatida ishlab chigarish samaradorligiga
bilvosita, biroq sezilarli ta’sir ko‘rsatadi. [lmiy manbalarda
xizmatlar samaradorligi ko‘p mezonli kategoriya sifatida
ko‘rib chiqilib, u iqtisodiy, tashkiliy va ijtimoiy natijalar
bilan baholanadi. Agrosanoat majmualarida xizmat
ko‘rsatish jarayonlari logistika, texnik servis, axborot-
konsalting, moliyaviy va marketing xizmatlarini gamrab
oladi va mazkur jarayonlarning uyg‘unligi butun giymat
zanjirining samaradorligini belgilaydi.

Institutsional iqtisodiyot nazariyasiga ko‘ra, xizmat
ko‘rsatish tizimining bargarorligi normativ-huquqiy baza,
davlat va xususiy sektor o‘rtasidagi hamkorlik, hamda
axborot infratuzilmasining rivojlanganligi bilan
chambarchas bog‘liq. Raqamli transformatsiya jarayoni
ushbu institutsional omillarni yanada takomillashtirishni
talab etadi, chunki axborot ogimlarining tezligi va anigligi
boshgaruv garorlarining sifatini belgilaydi.

Ragamli  igtisodiyot  konsepsiyasida  data-driven
management — ya’ni ma’lumotlarga asoslangan boshqaruv
yondashuvi markaziy o‘rin egallaydi. Ushbu yondashuv
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xizmat ko‘rsatish tizimida real vaqt rejimida monitoring,

statistik va analitik tahlil, hamda prognozlash
mexanizmlarini qo‘llash orqali operatsion samaradorlikni
oshirishni  nazarda tutadi. Ilmiy tadgigotlar shuni

ko‘rsatadiki, raqamlashtirish darajasi oshgan sari operatsion
xarajatlar kamayadi, xizmat ko‘rsatish vaqti qisqaradi va
mijoz gonigishi ortadi.

Biroq mavjud adabiyotlar tahlili shuni ko‘rsatadiki,
agrosanoat majmualarida xizmat ko‘rsatish tizimini
kompleks ragamli tahlil qilish, aynigsa uning institutsional
va operatsion jihatlarini integratsiyalashgan holda o‘rganish
yetarli darajada tizimlashtirilmagan. Ko‘plab tadqiqotlar
ishlab chiqarish samaradorligiga qaratilgan bo‘lsa-da,

xizmat ko‘rsatish infratuzilmasining ragamli
transformatsiyasi alohida ilmiy yo‘nalish sifatida chuqur
o‘rganilmagan.

Shu nuqtai nazardan, xizmat ko‘rsatish tizimini
innovatsion igtisodiyot talablari asosida ragamli tahlil gilish
va takomillashtirish nazariy va amaliy jihatdan dolzarb
vazifa hisoblanadi. Mazkur tadqiqot ana shu bo‘shligni
to‘ldirishga qaratilgan bo‘lib, xizmat ko‘rsatish tizimining
institutsional va  operatsion  xususiyatlarini  yagona
konseptual asosda tahlil gilishni magsad giladi.

Ilmiy muammo qo‘yilishi va tadqiqot gipotezasi

Innovatsion igtisodiyot sharoitida igtisodiy tizimlarning
raqobatbardoshligi va barqarorligi tobora ko‘proq axborot
resurslarining samarali boshqarilishiga bog‘liq bo‘lib
bormoqgda. Agrosanoat majmualarida esa ishlab chigarish
jarayonlarining  uzluksizligi va natijadorligi  xizmat
ko‘rsatish  infratuzilmasining holati bilan bevosita
belgilanadi. Amaliy tahlillar shuni ko‘rsatadiki, ko‘plab
agrosanoat subyektlarida xizmat ko‘rsatish jarayonlari
yetarli  darajada  raqamlashtirilmagan, = ma’lumotlar
integratsiyasi past darajada, boshqgaruv qarorlari esa
ko‘pincha an’anaviy tajriba va subyektiv baholashga
asoslanadi. Natijada operatsion xarajatlarning ortishi, vaqt
yo‘qotishlar va resurslardan samarasiz foydalanish holatlari
yuzaga kelmoqda.

Shu bilan birga, ilmiy adabiyotlarda ragamli igtisodiyot,
xizmatlar samaradorligi va boshgaruvni modernizatsiya
qilish masalalari keng o‘rganilgan bo‘lsa-da, agrosanoat
majmualarida xizmat ko‘rsatish tizimini kompleks ragamli
tahlil gilish va uning institutsional hamda operatsion omillar
bilan bog‘ligligini aniqlash masalasi yetarli darajada
tizimlashtirilmagan. Xususan, ragamli transformatsiya
darajasi va xizmat ko‘rsatish samaradorligi o‘rtasidagi
sabab-oqibat bog‘ligligini ilmiy asoslash zarurati mavjud.

Mazkur ilmiy muammoni hal etish magsadida quyidagi
asosiy gipoteza ilgari suriladi:

Tadgiqot gipotezasi:

Agar agrosanoat majmualarida xizmat ko‘rsatish tizimi
ragamli monitoring va ma’lumotlarga asoslangan boshqaruv
mexanizmlari orqali tizimli tahlil gilinsa, unda operatsion
samaradorlik oshadi, xarajatlar kamayadi va xizmat sifati
barqgarorlashadi.

Qo‘shimcha gipotezalar:

1. Raqamlashtirish darajasi bilan xizmat ko‘rsatish

tezligi o‘rtasida ijobiy bog‘liqlik mavjud.

2. Axborot ogimlarining integratsiyalashuvi

operatsion xarajatlarni kamaytiradi.

3. Analitik asoslangan boshgaruv garorlari xizmat

sifatining bargarorligini ta’minlaydi.

Mazkur gipotezalarni tekshirish uchun tizimli va
statistik tahlil usullaridan foydalaniladi.
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2. Tadgigot metodologiyasi

Mazkur tadgigot tizimli yondashuv tamoyillariga
asoslanadi, bunda agrosanoat majmualaridagi xizmat
ko‘rsatish tizimi o‘zaro bog‘liq elementlardan tashkil topgan
murakkab igtisodiy tizim sifatida garaladi. Tizimning asosiy
komponentlari sifatida axborot ogimlari, resurslar harakati,
xizmat jarayonlari, nazorat mexanizmlari va boshgaruv
qarorlari ajratib ko rsatildi.

Metodologik jihatdan tadqiqot quyidagi bosqichlarni 0z
ichiga oladi:

Birinchi bosqgichda xizmat ko‘rsatish tizimining asosiy
ko‘rsatkichlari shakllantirildi. Ular quyidagilarni o‘z ichiga
oladi: xizmat ko‘rsatish vaqti, operatsion xarajatlar, xizmat

sifati darajasi, mijozlar qoniqishi indeksi, logistika
samaradorligi va ragamlashtirish darajasi.
Ikkinchi  bosgichda ma’lumotlarni  yig‘ish  va

tizimlashtirish amalga oshiriladi. Elektron platformalar va
axborot tizimlari orqali operatsion ko‘rsatkichlar bazasi
shakllantiriladi.
Uchinchi bosqgichda statistik va analitik tahlil usullaridan
foydalaniladi. Jumladan:
e  o‘rtacha giymatlar va variatsiya ko‘rsatkichlari;
e  dinamik o‘sish sur’atlari;
e  korrelyatsion tahlil;
e  strukturaviy tagqoslash usullari.
To‘rtinchi bosqichda natijalar asosida xizmat ko‘rsatish

tizimini takomillashtirish bo‘yicha tavsiyalar ishlab
chigiladi.
Metodologiyaning asosiy ustunligi  shundaki, u

subyektiv baholashni minimallashtiradi va garor gabul gilish
jarayonini ma’lumotlarga asoslangan tizimga o‘tkazadi.
Ragamli tahlil jarayoni xizmat ko‘rsatish tizimining dinamik
holatini  kuzatish, muammoli nugtalarni aniglash va
optimallashtirish choralarini ishlab chigish imkonini beradi.

Tadgqiqot obyekti va ma’lumotlar bazasi

Mazkur tadgiqot obyekti sifatida innovatsion rivojlanish
bosgichida faoliyat yuritayotgan agrosanoat majmualarida
xizmat ko‘rsatish tizimi tanlandi. Tadgiqot predmeti esa
xizmat ko‘rsatish jarayonlarining operatsion ko‘rsatkichlari
va ularning raqamlashtirish darajasi bilan o‘zaro
bog‘ligligidir. Xizmat ko‘rsatish tizimi ko‘p komponentli
tuzilishga ega bo‘lib, unda logistika, texnik servis, axborot-
konsalting, moliyaviy xizmatlar va marketing faoliyati
o‘zaro integratsiyalashgan holda faoliyat yuritadi.

Ma’lumotlar bazasi xizmat ko‘rsatish jarayonlari
bo‘yicha shakllantirilgan quyidagi asosiy ko‘rsatkichlarni
o‘z ichiga oladi: xizmat ko‘rsatish o‘rtacha vaqti (T),
operatsion xarajatlar (C), xizmat sifati indeksi (Q), mijozlar
gonigishi darajasi (S), ragamlashtirish darajasi (D) hamda
axborot integratsiyasi ko‘rsatkichi (G). Ushbu ko‘rsatkichlar
bir necha davr kesimida yig‘ilib, dinamik tahlil qilish
imkonini beradi.

Tadqiqotda ma’lumotlar tozalash, guruhlash va
standartlashtirish bosqichlaridan o‘tkazildi. Turli o‘lchov
birliklariga ega ko‘rsatkichlar yuqorida keltirilgan
normalizatsiya formulalari asosida [0,1] oraliqga keltirildi.
Bu esa ko‘rsatkichlarni yagona analitik maydonda baholash
imkonini berdi.

Hisoblash algoritmi

Xizmat ko‘rsatish tizimining kompleks samaradorlik
indeksi quyidagi bosgichlar orgali hisoblandi:

1. Har bir indikator uchun minimal va maksimal
giymatlar aniglanadi.
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2. Ko‘rsatkichlar normalizatsiya qilinadi: Z;;
3. Indikatorlar og‘irliklari w; aniglanadi (ekspert
bahosi yoki statistik dispersiya asosida).

4. Kompleks indeks hisoblanadi:

Ii = ) W] Zij
j=1
Tushuntirish:
e ]; -obyekt uchun kompleks indeks
e w;— j-indikatorning og‘irligi
e z; — normallashtirilgan giymat
e m—indikatorlar soni
Keyingi bosgichda ragamlashtirish darajasi va
samaradorlik o‘rtasidagi  bog‘liglik korrelyatsiya va
regressiya usullari yordamida tekshirildi:
L= Bo + B1D; + &
Shuningdek, ko‘p omilli model orqali institutsional
omillar ta’siri baholandi:
;= Bo + B1D; + B2G11 B3 Qi€
Mazkur algoritm xizmat ko‘rsatish tizimini real vaqt
rejimida monitoring qilish va boshgaruv qarorlarini
optimallashtirish uchun asos yaratadi.

3. Xulosa

Hisob-kitob natijalari shuni ko‘rsatadiki, raqamlashtirish
darajasi yuqori bo‘lgan agrosanoat subyektlarida kompleks
samaradorlik indeksi sezilarli darajada yuqori giymatga ega.
Korrelyatsion tahlil natijasida r{DI} > 0.6 darajasida ijobiy
bog‘liglik aniglanib, bu raqamli transformatsiya xizmat
ko‘rsatish  samaradorligiga  bevosita  ijobiy  ta’sir
ko‘rsatishini tasdiqlaydi. Regressiya natijalari f: > 0 va
statistik ~ jihatdan  ahamiyatli  ekanligini  ko‘rsatib,
gipotezaning empirik asoslanganligini tasdiqladi. Ko‘p
omilli modelda axborot integratsiyasi ko‘rsatkichi ham
mustaqil ijobiy ta’sirga ega ekani aniglandi (B2 > 0). Bu esa
ragamli infratuzilma va institutsional muvofiglashtirish
xizmat ko‘rsatish tizimining bargaror rivojlanishida muhim
omil ekanligini ko‘rsatadi. Hisob-kitob natijalari shuni
ko‘rsatadiki, raqamlashtirish darajasi yuqori bo‘lgan
agrosanoat subyektlarida kompleks samaradorlik indeksi
sezilarli darajada yuqori giymatga ega. Korrelyatsion tahlil
natijasida rDI, > 0.6 darajasida ijobiy bog‘liglik aniqlanib,

bu  ragamli  transformatsiya  xizmat  ko‘rsatish
samaradorligiga bevosita ijobiy ta’sir ko‘rsatishini
tasdiglaydi.
Foydalangan adabiyotlar  /
References

[1] O‘zbekiston Respublikasi Prezidenti. 2022—2026
yillarga mo‘ljallangan Yangi O‘zbekistonning taraqqiyot
strategiyasi to‘g‘risidagi Farmon. — Toshkent, 2022.

[2] Gfulomov S.S., Sharifxodjayev M.Sh. Axborot
texnologiyalari va ragamli igtisodiyot. — Toshkent: Fan va
texnologiya, 2020. — 312 b.

[3] Nurmuhamedov B.R. Agrosanoat majmuasi
igtisodiyoti. — Toshkent: Igtisodiyot, 2019. — 284 b.

[4] Yo‘ldashev O.Q. Xizmat ko‘rsatish sohasida
boshgaruv samaradorligini oshirish yo‘llari. — Toshkent:
Universitet, 2020. — 198 b.

[5] Mirzayev R.A. Institutsional
nazariyasi. — Toshkent: Fan, 2018. — 240 b.

igtisodiyot

https://doi.org/10.56143/2181-2438-2026-3-120-123



Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:3|2026

[6] Xodjayev A.N. Agrosanoat tizimida innovatsion
rivojlanish. — Toshkent: Igtisodiyot, 2021. — 176 b.

[71 Qodirov B.T. Ragamli transformatsiya va
boshgaruv mexanizmlari. // Igtisodiyot va innovatsiyalar. —
2022. — Ne4. — B. 45-52.

[8] Porter M.E. Competitive Advantage: Creating and
Sustaining Superior Performance. — New York: Free Press,
1985.

[9] Brynjolfsson E., McAfee A. The Second Machine
Age: Work, Progress, and Prosperity in a Time of Brilliant
Technologies. — New York: W.W. Norton & Company,
2014.

[10] Tapscott D. The Digital Economy: Promise and
Peril in the Age of Networked Intelligence. — New York:
McGraw-Hill, 1996.

https:/doi.org/10.56143/2181-2438-2026-3-120-123

Mualliflar to‘g‘risida ma’lumot/
Information about the authors
Usarqulova Qarshi davlat texnika
Feruza/Feruza  universiteti magistranti
Usarkulova E-mail:
usarqulovaferuza@gmail.com
https://orcid.org/0009-0009-
2707-7116
Tel.:+998701124495
Abdurahmonova  Qarshi davlat texnika
E’zoza | Ezoza universiteti magistranti
Abdurahmonova  E-mail:

abduraxmonovaezoza47@gm
ail.com
https://orcid.org/0009-0004-
3668-6152

Tel: +998912269861

Botirov Munisbek
/ Munisbek
Botirov

Qarshi davlat texnika

universiteti magistranti

September, 2026

Research, Innovation, Results



mailto:usarqulovaferuza@gmail.com
https://orcid.org/0009-0009-2707-7116
https://orcid.org/0009-0009-2707-7116
mailto:abduraxmonovaezoza47@gmail.com
mailto:abduraxmonovaezoza47@gmail.com
https://orcid.org/0009-0004-3668-6152
https://orcid.org/0009-0004-3668-6152

Journal of Transport

ISSN: 2181-2438 Volume:3|Issue:3|2026

Received: 18 June 2026 |

Accepted: 30 July 2026 | Published: 30 September 2026

Mathematical modeling and artificial intelligence methods for oil filtration

Abstract:

Keywords:

processes in multilayer porous media: An analytical review

E. Abdurahmanova'®?, F. Usarkulova®®, M. Botirov*
Karshi state technical university, Karshi, Uzbekistan

Oil filtration in porous media is a complex multiphase and nonstationary process that plays an important
role in petroleum production, reservoir engineering, and environmental protection. Accurate prediction
of filtration behavior requires advanced mathematical models capable of describing fluid transport, phase
interactions, and heterogeneity of porous structures. Classical approaches based on Darcy’s law, transport
equations, multiphase flow models, and computational fluid dynamics (CFD) provide reliable physical
descriptions; however, their application is limited by computational complexity and dependence on
empirical parameters. This review analyzes modern mathematical and computational approaches for
modeling oil filtration in multilayer porous media, including continuum-scale models, pore-scale
simulations, digital rock physics, and numerical methods such as finite difference, finite element, and
CFD approaches. Particular attention is given to artificial intelligence methods, including machine
learning, deep learning, and physics-informed neural networks (PINNSs), applied for permeability
prediction, pressure field estimation, filtration performance analysis, and process optimization. The
analysis shows that hybrid physics—Al approaches provide promising opportunities to overcome the
limitations of traditional models by combining physical laws with data-driven learning. Such frameworks
can improve prediction accuracy, reduce computational costs, and support the development of intelligent
models for nonstationary oil filtration processes in heterogeneous multilayer porous media.

oil filtration, porous media, mathematical modeling, Darcy’s law, nonstationary flow, multiphase
transport, computational fluid dynamics, artificial intelligence, machine learning, physics-informed

neural networks

1. Introduction

Oil filtration processes in porous media represent
complex transport phenomena that are fundamental for
petroleum production, environmental protection, and
industrial separation technologies. Efficient separation of oil
from water and solid contaminants plays a critical role in
produced-water treatment, reservoir management, and
improving hydrocarbon recovery efficiency. Fluid transport
through porous structures is mainly governed by interactions
between pressure gradients, pore geometry, permeability
distribution, and multiphase flow mechanisms [1-3]. The
mathematical description of oil filtration processes has
traditionally been based on continuum transport theories.
Darcy’s law remains the fundamental equation for
describing fluid movement through porous media and has
been widely applied in reservoir engineering and filtration
analysis [1]. However, real geological formations are
characterized by strong heterogeneity, multilayer structures,
variable permeability, and nonlinear flow behavior, which
significantly complicate accurate prediction of filtration
dynamics [2,4].

Classical porous media models describe fluid transport
using effective parameters such as permeability, porosity,
and relative permeability. The relationship between these
parameters is commonly estimated using empirical
correlations, including the Kozeny—Carman model [5,6].
Although these approaches provide computational
efficiency and physical interpretation, their accuracy

3 https://orcid.org/0009-0004-3668-6152
b0 hitps://orcid.org/0009-0009-2707-7116

September, 2026
Research, Innovation, Results

124

decreases for heterogeneous porous systems where pore
connectivity, tortuosity, and structural variability cannot be
represented by simplified assumptions [3].

In oil-water filtration systems, additional complexity
arises from multiphase interactions, including droplet
transport, coalescence, deposition, and pore blockage
phenomena. Deep-bed filtration theory and colloid transport
models have provided important theoretical foundations for
describing particle capture mechanisms and filter
performance evolution [7,8]. Nevertheless, these models
often require experimentally calibrated parameters and may
have limited applicability under changing operational
conditions.

Recent developments in computational science have
enabled more detailed numerical investigation of oil
filtration processes. Computational fluid dynamics (CFD),
finite element methods (FEM), pore-network modeling,
lattice Boltzmann methods, and digital rock physics
approaches have significantly improved understanding of
fluid transport mechanisms at different spatial scales [9-11].
Digital rock physics, in particular, allows realistic
reconstruction of porous structures using micro-computed
tomography images and provides opportunities for direct
simulation of transport properties [10].

Despite these advances, high computational costs remain
a major limitation when applying detailed numerical
simulations to large-scale optimization and real-time
prediction problems. The increasing availability of
experimental data and computational resources has therefore
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accelerated the application of artificial intelligence (Al) and
machine learning (ML) methods in porous media modeling.

Machine learning approaches have demonstrated
significant potential for predicting permeability, porosity,
transport properties, and filtration performance from
complex datasets. Deep learning methods, especially
convolutional neural networks (CNNs), have enabled
automatic extraction of structural features from pore-scale
images and improved prediction accuracy compared with
conventional empirical correlations [12].

A major breakthrough in scientific machine learning has
been the development of physics-informed neural networks
(PINNSs), which combine artificial intelligence with
governing physical equations. PINNs incorporate
conservation laws and differential equations directly into
neural network training, enabling physically consistent
predictions with reduced dependence on large datasets [13].
The method has been successfully applied for solving
forward and inverse problems involving nonlinear partial
differential equations [13,14].

For porous media and reservoir applications, physics-
informed learning provides new opportunities for modeling
complex flow and transport processes where experimental
data are limited. However, challenges related to nonlinear
multiphase transport, model generalization, uncertainty
quantification, and computational stability remain important
research issues [14,15].

Therefore, this review aims to analyze modern
computational modeling and artificial intelligence
approaches for nonstationary oil filtration in multilayer
porous media. The main objectives are:

- To review mathematical foundations of oil
filtration modeling based on porous media transport
equations;

- To analyze numerical methods used for continuum
and pore-scale simulations;

- To evaluate recent Al and physics-informed
machine learning approaches;

- To identify future research directions for
developing hybrid Al-physics models for intelligent oil
filtration systems.

2. Research methodology

Mathematical Foundations of Oil Filtration
Modeling

Fluid flow through porous media is traditionally
described by Darcy’s law, which establishes the fundamental
relationship between pressure gradient, permeability, fluid
viscosity, and flow velocity. This law provides the
theoretical basis for modeling oil migration and filtration
processes in reservoir rocks and engineered filtration
systems. In heterogeneous multilayer porous media, the
permeability distribution is not constant but varies spatially
due to differences in pore structure, geological properties,
and fluid-rock interactions. Therefore, advanced models
often incorporate spatially variable and pressure-dependent
permeability to describe nonstationary filtration behavior
more accurately.”

Oil filtration processes in porous media commonly
involve simultaneous transport of oil and water phases with
different physical properties. Therefore, single-phase flow
models based only on Darcy’s law are insufficient to
describe phase interactions, saturation effects, and relative
permeability behavior. Multiphase flow models extend the
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classical porous media formulation by considering phase-
dependent properties, including viscosity, density, pressure
distribution, and relative permeability. The relative
permeability concept describes the ability of each fluid phase
to flow through the porous structure when multiple phases
occupy the pore space. It depends mainly on fluid saturation,
pore geometry, and capillary effects. These models provide
the theoretical foundation for describing oil-water
displacement, filtration efficiency, and transient multiphase
transport processes in heterogeneous porous systems.

Porosity and permeability are fundamental structural
parameters controlling transport phenomena in porous
media. Porosity defines the available pore volume, whereas
permeability determines the ability of fluids to migrate
through the porous structure. Classical models, such as the
Kozeny—Carman  relationship, establish  correlations
between permeability and structural characteristics of porous
materials. However, these empirical approaches are often
limited when applied to heterogeneous multilayer porous
media due to variations in pore size distribution,
connectivity, and tortuosity.

Recent studies demonstrate that machine learning
approaches can overcome some limitations of conventional
correlations by identifying nonlinear relationships between
pore-scale structural features and effective transport
properties. The transport of dispersed oil droplets, suspended
particles, and contaminants during filtration is commonly
described using convection—diffusion—deposition models.
These models consider the combined influence of fluid
convection, molecular or Brownian diffusion, and deposition
mechanisms responsible for particle retention within porous
structures. During filtration, deposited materials gradually
modify the internal pore geometry, resulting in permeability
reduction and changes in flow resistance. This interaction
between transport processes and structural evolution
introduces strong nonlinear behavior, making accurate
prediction difficult using conventional analytical
approaches.

In practical reservoir and filtration systems, pressure
distribution, fluid velocity, saturation, and permeability may
vary continuously with time. Therefore, oil filtration
processes are considered nonstationary and require transient
mathematical models. Multilayer porous systems introduce
additional complexity due to differences in layer properties,
including permeability, porosity, and fluid transport
characteristics. These variations lead to nonuniform pressure
fields and complex flow patterns that are challenging to
capture  using  simplified  homogeneous  models.
Consequently, advanced computational approaches,
including numerical simulation and artificial intelligence-
based methods, are increasingly applied to improve
prediction accuracy and computational efficiency for
nonstationary filtration problems.

Computational Methods for Oil Filtration Modeling

The mathematical description of oil filtration processes
in heterogeneous porous media requires efficient numerical
methods capable of solving complex transport equations
under different spatial and temporal scales. Depending on
the level of detail required, computational approaches can be
classified into continuum-scale methods, pore-scale
simulations, and image-based modeling techniques. These
methods provide different levels of accuracy and
computational efficiency and are often combined within
multiscale modeling frameworks.
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Computational Fluid Dynamics (CFD) is one of the most
widely used numerical approaches for investigating fluid
flow, mass transfer, and multiphase transport phenomena in
oil filtration systems. CFD methods are based on the
numerical solution of conservation equations, including the
Navier-Stokes equations, continuity equations, and
transport equations. For filtration systems involving porous
structures, the Navier—Stokes equations are often coupled
with Darcy or Brinkman formulations. The Brinkman
equation extends Darcy’s law by considering viscous
diffusion effects and can be expressed as:

~VP+uVPu—rtu=0 1)
where:

P is pressure;

u is fluid velocity;

k is permeability;

W is dynamic viscosity.

CFD modeling allows researchers to investigate:

- velocity distribution inside filtration devices;

- pressure drop across porous layers;

- oil droplet migration;

- concentration polarization;

- membrane fouling mechanisms.

Multiphase CFD approaches, such as the Euler—Euler
model and Volume of Fluid (VOF) method, are frequently
applied for oil-water separation processes. The VOF method
is particularly useful for tracking oil-water interfaces and
analyzing droplet deformation and coalescence phenomena.
However, CFD simulations of oil filtration systems have
several limitations. High-resolution simulations require
significant computational resources, especially when pore-
scale structures and transient multiphase interactions are
considered. In addition, accurate CFD prediction depends on
appropriate closure relationships for droplet behavior,
turbulence effects, and deposition mechanisms.

Numerical discretization methods play a fundamental
role in solving mathematical models of oil filtration
processes. Among them, the finite difference method (FDM)
and finite element method (FEM) are widely applied in
reservoir simulation and porous media transport problems.

The finite difference method approximates differential
equations by replacing derivatives with algebraic
expressions. For example, the pressure gradient can be

discretized as:
0P _ Piy1—P;

E ~ Ax (2)

FDM is computationally efficient and suitable for
regular computational domains. It has been widely used for
solving transient filtration equations and pressure
distribution problems. The finite element method provides
greater  flexibility for complex geometries and
heterogeneous porous structures. In FEM, the computational
domain is divided into small elements, and the governing
equations are solved using approximation functions.
Advantages of FEM include:

- ability to model irregular geometries;

- accurate representation of heterogeneous media;

- compatibility with coupled physical processes.

For multilayer porous media, FEM is particularly
effective because different layers can be assigned individual
properties such as permeability, porosity, and fluid
characteristics.Despite these advantages, both FDM and
FEM require accurate input parameters and may become
computationally expensive for large-scale three-dimensional
transient simulations.
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Pore Network Modeling (PNM) is a pore-scale
computational approach that represents porous materials as
interconnected networks of pores and throats. Unlike
continuum models, PNM explicitly considers the internal
geometry of porous structures and provides detailed
information about microscale transport mechanisms. In a
pore network model, pores are represented as nodes,
connections between pores are represented as throats, and
fluid movement is calculated based on local pressure
differences and capillary forces.

The flow rate between two connected pores can be
estimated using the Hagen—Poiseuille relationship:

nrt
Q =zu P 3)
where:

ris pore radius;

L is throat length;

AP is pressure difference.

PNM has been successfully applied for studying oil
droplet capture, pore blockage, permeability changes, and
multiphase displacement. The main advantage of pore
network modeling is the ability to capture microscopic
filtration mechanisms with lower computational cost
compared with fully resolved CFD simulations. However,
the accuracy of PNM strongly depends on the quality of the
generated pore network. Simplified pore structures may not
fully represent real geological formations with complex
connectivity and heterogeneity.

Lattice Boltzmann Method (LBM)

The Lattice Boltzmann Method is an advanced
numerical approach that describes fluid motion at the
mesoscopic scale. Unlike conventional CFD methods, which
directly solve macroscopic conservation equations, LBM
simulates particle distribution functions on a discrete
lattice. The evolution of particle distribution is described by:

filx +cdt,t+40) = i, ) == (fi— ) (@)
where:

fi represents distribution functions;

ci is lattice velocity;

T is relaxation time.

LBM has several advantages for porous media
modeling, including natural treatment of complex
boundaries, efficient simulation of multiphase flow, and
direct application to digital pore geometries. It has been
widely used for permeability prediction, droplet transport,
fluid-fluid interface simulation, and pore-scale filtration
analysis.  Nevertheless, LBM simulations remain
computationally demanding when applied to large three-
dimensional porous structures.

Digital Rock Physics (DRP) represents a modern
approach that combines high-resolution imaging techniques
with numerical simulation. In this approach, real porous
structures are reconstructed from imaging data, such as X-
ray micro-computed tomography (micro-CT). The general
workflow includes: image acquisition; image processing and
segmentation; three-dimensional pore reconstruction;
numerical flow simulation; and extraction of transport
parameters.

Digital rock models enable direct estimation of
permeability, porosity, tortuosity, pore connectivity, and
multiphase transport characteristics. The major advantage of
DRP is that it eliminates the need for idealized pore
assumptions and provides realistic representations of
heterogeneous porous media. However, several challenges
remain, including high computational requirements,
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dependence on imaging resolution, and difficulties in
processing large datasets. Recently, artificial intelligence
methods, particularly convolutional neural networks
(CNNs), have been integrated into digital rock workflows to
accelerate image segmentation, reconstruction, and property

prediction.
Summary of Computational Approaches
Different computational methods provide

complementary capabilities for oil filtration modeling, as
summarized in Table 1.
Table 1
Summary of computational approaches for oil filtration
modeling

Modeling Main

Method Main limitations
scale advantages
Darcy- _ Fast and Reqyl_res
based Field scale ; empirical
simple
models parameters
High

CFD IZ_)eV|ce to | Detailed 1_‘I0W computational
field scale analysis

cost
. Flexible
FEM/EDM Continuum numerical Parameter
scale - dependent
solution
Pore Captures | g lified
network | Pore scale | microscopic
. geometry
models mechanisms
Complex .
. Computationall
LBM Pore scale | multiphase _p . y
. . intensive
simulation

Digital . . .
Rgck Micro-to- Realistic | Requires imaging
; core scale | structures data
Physics

The development of these computational approaches has
created a strong foundation for integrating artificial
intelligence methods into oil filtration modeling. In
particular, Al-based surrogate models and physics-informed
neural networks provide new opportunities to overcome
computational limitations and improve prediction accuracy
for complex nonstationary filtration processes.

Artificial Intelligence Approaches for Qil Filtration
Modeling

In recent years, artificial intelligence (Al) has become an
important research direction for improving the prediction,
optimization, and control of complex transport processes in
porous media. Traditional mathematical models provide
strong physical interpretations; however, their application to
heterogeneous and nonstationary filtration systems is often
limited by computational complexity and the requirement
for accurately measured parameters. Al-based approaches
offer alternative solutions by learning complex nonlinear
relationships between input variables and filtration
behavior.Artificial intelligence methods applied to oil
filtration modeling can generally be classified into machine
learning models, deep learning approaches, physics-
informed neural networks, and hybrid physics-Al
frameworks.
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Machine learning (ML) techniques have been widely
applied for predicting important porous media properties and
filtration performance indicators. Unlike conventional
numerical models, machine learning algorithms identify
relationships directly from available experimental or
simulation data.The general form of a machine learning
prediction model can be expressed as:

Y=f(X:0) )
where:

e X represents input parameters;

e Y represents predicted output;

e fisthe learned nonlinear function;

e @represents model parameters.

For oil filtration systems, typical input variables include
porosity, permeability, pressure gradient, temperature,
viscosity, saturation, and pore structure parameters. The
predicted outputs may include filtration efficiency, pressure
distribution, permeability variation, and oil-water separation
performance.

Artificial Neural Networks (ANN)

ANN models are inspired by biological neural systems
and consist of interconnected layers of neurons. They are
capable of approximating highly nonlinear relationships
between filtration parameters. ANNs have been successfully
applied for permeability estimation, prediction of oil
recovery parameters, and filtration efficiency forecasting.
Their main advantage is the ability to model complex
nonlinear  dependencies  without requiring explicit
mathematical relationships. However, ANN models require
sufficient training data and may produce physically
unrealistic results when applied outside the training range.

Support Vector Machine (SVM)

Support Vector Machine algorithms are supervised
learning methods that perform classification and regression
by constructing optimal decision boundaries. For regression
problems, Support Vector Regression (SVR) has been
applied to permeability prediction, membrane performance
estimation, and separation efficiency modeling. SVM
models perform well with limited datasets but may become
computationally expensive when the number of training
samples increases.

Ensemble Learning Methods

Tree-based algorithms such as Random Forest, Gradient
Boosting, and Extreme Gradient Boosting (XGBoost) have
also been applied for porous media property prediction.
These methods provide high prediction accuracy, resistance
to noise, and estimation of variable importance. They are
particularly useful when filtration datasets contain multiple
interacting parameters.

Deep learning methods have significantly expanded the
capabilities of Al-based filtration modeling by enabling
automatic extraction of complex patterns from large
datasets. Among deep learning methods, convolutional
neural networks (CNNs) are especially important for digital
rock physics applications. CNNs can process spatial
information from micro-CT images, pore-scale simulations,
and microscopic filter structures

Image - Feature - Prediction

CNN-based models have been applied for pore structure
recognition, permeability prediction, porosity estimation,
and segmentation of rock and filter images. Compared with
traditional image-processing techniques, CNNs reduce the
need for manual feature extraction and can identify hidden
structural characteristics influencing fluid transport.
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However, deep learning models require large datasets and
their physical interpretability remains limited.
Physics-Informed Neural Networks represent one of the
most promising Al approaches for modeling complex
filtration processes. Unlike conventional machine learning
models, PINNs incorporate governing physical equations
directly into the neural network training process.The main
concept of PINN is to minimize a combined loss function:

Loss:Ldata+Lphysics (6)
where:
e Ldaa represents the difference between predicted
and observed data;
o Lonysics represents the violation of governing
physical equations.
For oil filtration problems, the physical component may
include:

Darcy’s law:
w=—""Tp 7)
Mass conservation equation:
V-u=0 (8)

By embedding these equations into the learning process,
PINNs can generate solutions that satisfy fundamental
physical principles.

Nonstationary filtration in multilayer porous media
involves time-dependent pressure distribution, variable
permeability, and complex boundary conditions. These
characteristics make conventional numerical simulations
computationally expensive. PINNs provide several
advantages, including reduced requirement for simulation
data, the ability to solve inverse problems, estimation of
unknown parameters, and faster prediction after training.A
possible PINN-based framework for multilayer oil filtration
can be represented as:

Physical parameters (permeability, porosity,
viscosity)
!
Governing equations (Darcy + continuity +
transport)

Physics-informed neural network

Pressure and velocity prediction

1

Filtration optimization

Such models can be used for prediction of pressure
fields, estimation of permeability distribution, identification
of unknown reservoir parameters, and optimization of
filtration processes.

Hybrid Physics-Artificial Intelligence Models

Although Al models demonstrate high prediction
capability, purely data-driven approaches may violate
physical constraints. Therefore, hybrid physics—Al models
are considered a promising direction for future oil filtration
research. A hybrid framework combines physical equations,
numerical simulation, and machine learning algorithms,
following the general structure:

Physical Model + Al Model — Improved Prediction

Examples include CFD-generated datasets used for
neural network training, PINNs accelerating numerical
simulation, Al-based correction of empirical parameters, and
surrogate models replacing expensive simulations. For

September, 2026
Research, Innovation, Results

128

multilayer porous media, hybrid models can combine Darcy-
based flow equations, heterogeneous permeability models,
neural networks, and experimental observations. This
approach provides a balance between physical reliability and
computational efficiency.

Challenges of Al Application in Oil Filtration
Modeling

Despite significant progress, several challenges remain:

Data limitations

Oil filtration datasets are often limited because
experimental measurements under reservoir conditions are
expensive.

Model generalization

Al models trained under specific conditions may not
perform well when applied to different rock types, fluid
compositions, or operating conditions.

Interpretability

Deep learning models often operate as black boxes,
making physical interpretation difficult.

Integration with numerical models

Developing stable hybrid Al-physics frameworks
remain an active research area.

Future Perspective of Al-Based Oil
Modeling

The future development of oil filtration modeling is
expected to move toward intelligent hybrid frameworks
combining mathematical models, high-performance
computing, artificial intelligence, and real-time monitoring
systems. The integration of PINNSs, digital twins, and
advanced numerical simulations may enable accurate
prediction and control of nonstationary filtration processes
in heterogeneous multilayer porous media.

Filtration

3. Results and Discussion

The development of oil filtration modeling has
progressed from simplified analytical approaches toward
advanced computational and artificial intelligence-based
frameworks. Each modeling approach provides specific
advantages depending on the required accuracy,
computational The development of oil filtration modeling
has progressed from simplified analytical approaches toward
advanced computational and artificial intelligence-based
frameworks. Each modeling approach provides specific
advantages depending on the required accuracy,
computational resources, and available data. Classical
mathematical models remain essential because they provide
a clear physical interpretation of transport mechanisms,
while artificial intelligence methods offer improved
prediction capabilities for complex nonlinear systems. A
detailed comparison of the conventional computational
methods discussed in Section 3 is provided in Table 1 above.

Artificial intelligence methods have introduced new
possibilities for predicting filtration behavior by learning
complex relationships between input parameters and system
responses. Different Al techniques demonstrate different
capabilities depending on the available data type and
modeling objective, as summarized in Table 2.
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Table 2
Comparison of Al methods applied to oil filtration
modeling

Al Input data | Predicte = Adva | Limitat
Method d ntage ions
paramet S
ers
Artificial | Experiment | Permeabi | Effect | Require
Neural al and lity, ive S
Network | simulation | pressure, for sufficie
(ANN) data filtration | nonlin nt
efficiency | ear | training
relatio data
nships
Support Process Separatio | Perfor | Limited
Vector | parameters n ms scalabil
Regressi efficiency | well ity
on , with
(SVR) transport | small
properties | datase
ts
Random | Multivaria | Reservoir | Robus | Lower
Forest | ble datasets and tand | perform
filtration | interp | ance for
parameter | retabl | comple
S e X
spatial
proble
ms
Convolut Pore Porosity, | Auto | Require
ional images and | permeabil | matic | slarge
Neural CT data ity, pore | featur | image
Network structure e datasets
(CNN) extrac
tion
Physics- Physical Pressure | Maint | Trainin
Informed | equations + and ains g
Neural data velocity | physi | comple
Network fields cal xity
(PINN) consis
tency
Traditional mathematical models and Al approaches

should not be considered competing methods; rather, they
provide complementary capabilities. Classical models such
as Darcy-based formulations have several important
advantages, including strong physical interpretation,
conservation law satisfaction, and applicability with limited
data. However, they face difficulties in representing
heterogeneous structures, predicting nonlinear behavior, and
performing rapid optimization.

Al methods provide fast prediction after training, the
ability to capture nonlinear relationships, and efficient
processing of large datasets. Nevertheless, purely data-
driven models may suffer from a lack of physical constraints,
poor extrapolation capability, and dependence on training
data quality. Therefore, hybrid approaches combining
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physical models and artificial intelligence represent the most
promising direction for future oil filtration modeling.

For multilayer porous systems, the main challenge is the
simultaneous  consideration  of  spatially  varying
permeability, pressure-dependent properties, multiphase
transport, and transient boundary conditions. Conventional
numerical methods can accurately solve such problems but
often require significant computational resources.

PINNs provide an alternative approach by incorporating
governing equations directly into the neural network training
process. For multilayer filtration systems, the model can be

formulated as:

P

_ oo 2P
5= V=222 vp) 9)

where the unknown pressure field P(xy,zt) is

approximated by a neural network:
P=N(xY,zt; 0) (120)

The network parameters 6 are optimized by minimizing
the physics-based and data-based losses. This approach
enables reconstruction of pressure fields, estimation of
unknown permeability distributions, reduction of simulation
time, and integration of experimental measurements. For
nonstationary oil filtration problems, PINNs can serve as
surrogate  models replacing repeated computational
simulations while preserving physical consistency.

Research Gaps and Future Challenges

Despite significant progress, several research challenges
remain unresolved.

1. Limited experimental data

Al models require representative datasets. However, oil
filtration experiments under realistic reservoir conditions are
expensive and time-consuming. Future research should
focus on standardized datasets, integration of experimental
and numerical data, and transfer learning approaches.

2. Multiscale modeling challenges

Oil filtration occurs across different spatial scales —
pore scale, core scale, and reservoir scale. Connecting these
scales remains difficult because information loss may occur
during model transitions. Future directions include Al-
assisted multiscale models, digital twin technologies, and
hierarchical neural architectures.

3. Model interpretability

Although deep learning models demonstrate high
accuracy, their internal decision-making processes remain
difficult to interpret. The development of explainable Al
(XAl), physics-guided neural networks, and interpretable
machine learning is necessary for industrial implementation.

4. Real-time prediction and optimization

Future intelligent filtration systems should provide real-
time monitoring, automatic parameter adjustment, and
predictive maintenance. The integration of Al models with
sensor technologies and high-performance computing may
enable the development of intelligent filtration control
systems.

Proposed Framework for Al-Based Nonstationary
Oil Filtration Modeling

Based on the reviewed approaches, a hybrid
computational framework for multilayer porous media can
be proposed:

Multilayer porous media properties (permeability,
porosity, viscosity)

Mathematical model (Darcy equation + transport
equations)

i
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Numerical simulation (FDM / FEM / CFD)

Physics-informed Al model (PINN + machine
learning)

Pressure and filtration prediction

!

Optimization and digital twin system

This framework combines the reliability of physical
modeling with the computational efficiency of artificial
intelligence. It provides a promising basis for developing
advanced predictive models for nonstationary oil filtration
processes.

4. Conclusion

Oil filtration processes in porous media represent
complex physical systems characterized by multiphase
transport, heterogeneous structures, and time-dependent
changes in flow properties. Accurate modeling of these
processes is essential for improving oil-water separation
efficiency, optimizing reservoir management, and
developing advanced filtration technologies.This review
analyzed the main mathematical, computational, and
artificial intelligence approaches applied to oil filtration
modeling in  multilayer porous media. Classical
mathematical models based on Darcy’s law, conservation
equations, and transport models remain fundamental tools
for describing fluid movement and filtration mechanisms.
These approaches provide strong physical interpretation and
reliability; however, their application to highly
heterogeneous and nonlinear systems is often limited by

computational complexity and the requirement for
experimentally determined parameters.Advanced
computational methods, including computational fluid

dynamics, finite difference and finite element methods, pore
network modeling, lattice Boltzmann simulations, and
digital rock physics, have significantly improved the ability
to investigate filtration phenomena across different spatial
scales. These methods provide detailed information about
pore-scale transport, multiphase interactions, and structural
evolution during filtration processes. Nevertheless, their
high computational cost remains a major challenge,
especially for large-scale transient simulations and
optimization problems.

Artificial  intelligence  methods have recently
demonstrated significant potential for improving prediction
and analysis of porous media filtration processes. Machine
learning and deep learning algorithms can effectively
identify nonlinear relationships between system parameters
and filtration performance indicators. In particular,
convolutional neural networks have enhanced digital rock
analysis, while artificial neural networks have been
successfully applied for permeability and transport property
prediction.Among Al-based approaches, physics-informed
neural networks represent one of the most promising
directions because they combine the advantages of data-
driven models with the physical consistency of mathematical
equations. By incorporating governing equations such as
Darcy’s law and mass conservation principles into the
learning process, PINNs provide opportunities for
developing accurate and computationally efficient models
for nonstationary filtration processes in heterogeneous
multilayer porous media.
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However, several challenges remain before Al-based
filtration models can be widely implemented in practical
engineering applications. These challenges include limited

availability of high-quality experimental datasets,
difficulties in model generalization across different
geological conditions, uncertainty quantification, and

limited interpretability of deep learning models. Addressing
these issues requires further development of hybrid physics—
Al approaches, explainable artificial intelligence methods,
and multiscale computational frameworks.

Future research should focus on integrating
mathematical models, numerical simulation techniques,
artificial intelligence algorithms, and real-time monitoring
technologies into unified intelligent filtration systems. Such
hybrid frameworks have the potential to provide accurate
prediction, optimization, and control of nonstationary oil
filtration processes in complex multilayer porous media.
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Analysis of oil products consumption and exchange processes by trucks

Abstract:

Keywords:

moving under the conditions of the Kamchik pass

Sh.K. Khakimov®2 D.V. Odilov*®?, U.I. Isokhanov®¢

1Tashkent state transport university, Tashkent, Uzbekistan

The load imposed on the lubrication system of heavy-duty trucks increases substantially under
mountainous operating conditions, raising operational costs, yet this factor remains insufficiently studied.
This paper presents a mathematical analysis of motor oil, transmission oil, and coolant consumption of
MAN TGS, Shacman X3000, and KAMAZ-65201 heavy-duty trucks with a 40-ton payload, operating
on the most challenging section of the A-373 highway — Kamchik Pass (highest point 2267 m),
connecting Tashkent and the Fergana Valley. Factors affecting lubricant replacement intervals — road
gradient, atmospheric pressure, engine load, and thermal regime — are evaluated comprehensively, and
a practical calculation method based on a correction coefficient is proposed. Comparative specific
consumption rates in flat and mountainous conditions are presented graphically and through regression
analysis. Applying the TOPSIS multi-criteria decision method, the most fuel-efficient and fastest truck
for hauling a 40-ton load over Kamchik Pass is identified. The findings have practical value for logistics
companies operating in mountainous regions when forming fleet composition and optimizing
maintenance schedules.

Kamchik Pass, A-373 highway, MAN TGS, Shacman X3000, KAMAZ-65201, motor oil, transmission
oil, antifreeze, service interval coefficient, operational consumption, TOPSIS, TCO, optimization

Qamchiq dovoni sharoitida harakatlanuvchi yuk avtomobillarining yog'-moy

Annotatsiya:

mabhsulotlari sarfi va almashtirish jarayonlarining tahlili

Xakimov Sh.K.2®2 Qdilov D.V.X®P |soxanov U.l1.1&¢

!Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Tog'li yo'l sharoitida yuk avtomobillarining moylash tizimiga tushadigan yuklama sezilarli darajada
ortishi ularning ekspluatatsion xarajatlarini oshiruvchi, birog hozirgacha yetarlicha o'rganilmagan
omillardan biri hisoblanadi. Ushbu magolada Toshkent—Farg'ona vodiysini bog'lovchi A-373 magistral
yo'lining eng murakkab uchastkasi — Qamchigq dovoni (eng baland nuqtasi 2267 m) sharoitida
harakatlanuvchi 40 tonna yuk ko'taruvchi MAN TGS, Shacman X3000 va KAMAZ-65201 rusumli yuk
avtomobillarining motor, transmissiya moylari va sovutuvchi suyugliklari iste'molining matematik tahlili
keltirilgan. Tadgiqotda yog'-moy mahsulotlarining almashtirish intervallariga ta'sir etuvchi omillar —
yo'l giyaligi, atmosfera bosimi, dvigatel yuklamasi va harorat rejimi — kompleks tarzda baholanib,
tuzatish koeffitsienti asosida amaliy hisoblash usuli taklif etilgan. Tekis va tog'li yo'l sharoitlaridagi
solishtirma sarflar grafik va regressiya tahlili yordamida taqdim etilgan, TOPSIS ko'p mezonli baholash
metodi qo'llanilgan holda 40 t yukni Qamchiq dovoni orqali tashishda eng igtisodli va tezkor avtomobil
asoslangan tarzda aniglangan. Olingan natijalar tog'li mintagalarda faoliyat yurituvchi logistika
kompaniyalari uchun avtopark tarkibini shakllantirish va texnik xizmat ko'rsatish rejalarini
optimallashtirishda amaliy ahamiyatga ega.

Kalit so‘zlar: Qamchig dovoni, A-373 magistrali, MAN TGS, Shacman X3000, KAMAZ-65201, motor moyi,
transmissiya moyi, antifriz, ta'mirlash interval koeffitsienti, ekspluatatsion sarf, TOPSIS, TCO,
optimallashtirish

1. Kirish yagona quruglik yo'nalishi hisoblanadi [1]. Ushbu yo'lning
eng murakkab gismi Qamchiqg dovoni bo'lib, uning quyidagi
O'zbekiston Respublikasining igtisodiy infratuzilmasida geomorfologik va iglim ko'rsatkichlari yuk
A-373 ("Toshkent-Andijon") magistral yo'li strategik avtomobillarining ekspluatatsion rejimiga keskin ta'sir
ahamiyatga ega bo'lib, mamlakat poytaxti va eng yirik ko'rsatadi:
agrosanoat mintagasi — Farg'ona vodiysini bog'lovchi e eng baland nugtasi: 2267 m (dengiz sathidan);
all” https://orcid.org/0009-0001-6098-5775 ¢ Whittps://orcid.org/0009-0008-0058-9560
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e  tog'li uchastka uzunligi: = 65 km (Angren — Pop
yo'nalishida);

e burilishlar soni: 100 dan ortiq (radiusi 30-80 m);

e  yillik harorat farqi: —25 °C dan +45 °C gacha;

e atmosfera bosimi: dengiz sathidagi giymatdan 22—
24 % kam (= 78 kPa).

Ushbu sharoitlarda yuk tashuvchi avtomobillarning
dvigateli, transmissiyasi va sovutish tizimi nominal rejimdan
kattarog yuklama ostida ishlaydi. Natijada moylash
tizimidagi suyugliklarning haroratlari ortadi, ularning
oksidlanish va degradatsiya tezligi tezlashadi, almashtirish
intervallari gisgaradi [2, 3]. Hozirgi kunda O'zbekistondagi
yirik logistika kompaniyalari ushbu yo'nalishda asosan
MAN TGS (Germaniya), Shacman X3000 (Xitoy) va
KAMAZ-65201/65225 (Rossiya) rusumli avtomobillardan
foydalanmogda. Bu uchta brendning konstruktiv farglari,
ishlatilayotgan moylash tizimi va xarid narxlari turlicha
bo'lganligi sababli ularning umumlashgan ekspluatatsion
samaradorligi masalasi alohida ilmiy-amaliy ahamiyatga
ega.

Mavzuning dolzarbligi shundan iboratki, mavjud ilmiy-
texnik adabiyotda yuk avtomobillarining yog'-moy sarfi
asosan tekis magistral sharoitlar uchun o'rganilgan [2, 3, 7],
tog'li dovonlarga xos ekstremal iglim-relyef omillarining
moylash mahsulotlari resursiga kompleks ta'siri, xususan
turli brendlarga oid qiyosiy tahlil, hozirgacha yetarlicha
yoritilmagan. Ushbu bo'shligni to'ldirish magsadida mazkur
tadgigotda Qamchig dovoni misolida uchta xalgaro brendga
tegishli yuk avtomobillarining ekspluatatsion ko'rsatkichlari
birinchi marta yagona matematik va ko'p mezonli baholash
metodologiyasi (regressiya tahlili + TOPSIS + TCO) asosida
giyoslanadi. Tadgigotning ilmiy yangiligi tog'li dovon
sharoiti  uchun umumlashgan tuzatish  koeffitsienti
(K_umumiy) va uch bosgichli baholash modelining birinchi
marta birgalikda go'llanilishidan iborat.

2. Tadgiqot metodologiyasi

1-jadvalda Qamchiq dovonining asosiy parametrlari
keltirilgan.

1-jadval
Qamchig dovoni yo'l uchastkasining texnik tavsifi
Ko'rsatkich O'Ichov Qiymati
birligi

Eng baland nugtasi m 2267
Uzunligi (giyalik hilan) km 65
O'rtacha giyalik % 5,4
Maksimal giyalik % 9,0
Burilishlar soni dona =~ 105
Atmosfera bosimi kPa 76-78
(yozda)
Havoning kislorod ulushi % 16,5
(sof)
Yillik o'rtacha harorat °C +6,8
Qish minimum °C -25
Yoz maksimum °C +45

Tadgiqgot uchun har bir brendning eng ko'p targalgan 40
t yuk ko'taruvchi konfiguratsiyasi tanlandi (2-jadval).
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2-jadval
Yuk avtomobillarining solishtirma texnik
xarakteristikalari

Parametr MAN Shacman KAMAZ
TGS X3000 (6x4) | -65201
33.480 (8x4)
(6x4)
Dvigatel MAN Weichai KAMAZ
modeli D2676 WP12.430E | -740.73-
LF 50 400
Konfiguratsiya | 16, turbo, 16, turbo, V8,
si intercool intercooler turbo,
er intercool
er
Ish hajmi, | 12,42 11,60 11,76
Quvvati, k.k. 480 (353) 430 (316) 400 (294)
(kW)
Maks. 2300 1900 1766
moment, N-m
Ekologik Euro-5/6 Euro-3/5 Euro-3/5
standart
To'lig massa, 41000 41000 41000
kg
Yuk ko'tarish, 40 000 40 000 40 000
kg
KPP ZF 12 Fast Gear KAMAZ
AS 2330 | 12JSD200T | -154 (10
D tezlik)
Bozor narxi 95-110 55-70 60-75
(2025, ming $)

Tadgiqot quyidagi bosgichlarda olib borildi:

1. adabiy tahlil — zavod texnik hujjatlari (MAN Service
Manual, Shacman Operation Manual, KAMAZ-65201
Texnik tavsif) va xalgaro standartlar (API CK-4, ACEA E9,
ZF TE-ML) bo'yichg;

2. statistik gayta ishlash — Microsoft Excel, MATLAB
R2023b va Python (Pandas, Matplotlib) muhitida regressiya
tahlili;

3. ko'p mezonli baholash — TOPSIS (Technique for
Order Preference by Similarity to ldeal Solution) metodi
orgali optimal avtomobilni tanlash;

4. igtisodiy baholash — 5 vyillik ekspluatatsiya davri
uchun to'lig egalik giymati (TCO) hisob-kitobi.

Uchala rusumli avtomobil uchun API Cl1-4/CK-4, ACEA
E7/E9 standartiga javob beradigan SAE 15W-40 (yoki tog'li
sharoitda gishda SAE 10W-40) sintetik-mineral aralashma
moylari tavsiya etiladi. Lekin har bir brendning OEM
spetsifikatsiyasi farq giladi (3-jadval).

3-jadval
Motor moyi bo'yicha texnik talablar va sig'imi
Parametr MAN Shacman | KAMAZ-
TGS X3000 65201
Tavsiya etilgan MAN API Cl-4 | ROSNEFT
moy M3477/ SAE Revolux
M3677 15W-40 D3/ API
Cl-4
Yopiq sig'imi 34,0 28,0 30,0
(filter bilan), |
Moy turi sintetik yarim yarim
(PAO) sintetik sintetik /
mineral
Issiglik 250 230 220
chidamliligi, °C
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TBN, mg 13-15 10-12 9-11
KOH/g

Tezliklar qutisi (KPP) va ko'priklar (mostlar) uchun GL-
4 | GL-5 spetsifikatsiyasidagi giroid yoki yarim sintetik
moylar qo'llaniladi (4-jadval).

4-jadval
Transmissiya moylari hajmi va turi
Tizim MAN TGS Shacman | KAMAZ
X3000 -65201
KPP tipi | ZF 12 AS 2330 Fast Gear | KAMAZ-
TD 12JSD200 154
(avtomatlashgan T (mexanik
(mexanik) )
KPP ZF Ecofluid M APIGL-4 | TSp-15K
moyi (sintetik ATF) SAE 85W- yoki
90 75W-90
KPP 14,0 12,0 12,0
hajmi, |
old API GL-575W- | APIGL-5 | APIGL-5
ko'prik 90 80W-90 80W-90
moyi
old 3,5 4,0 4,5
ko'prik
hajmi, |
Orga API GL-575W- | APIGL-5 | APIGL-5
ko'prik 90 85W-140 80W-90
moyi
Bir orga 8,5 7,0 7,0
ko'prik, |
Orga 2 2 2
ko'prikla
r soni
Jami 34,5 30,0 30,5
transm.
moylari,
|
5-jadval

Sovutuvchi suyuglik va boshqga ishchi suyugliklar

Suyugqlik turi MAN Shacman | KAMAZ-
TGS X3000 65201
Antifriz turi MAN Standart TOSOL-
GE40 G11/G12 A4OM /
(G48 Gl1
OAT)
Sovutish 48,0 40,0 38,0
tizimi hajmi, |
Suvni 200 000 120 000 80 000 km
almashtirish km km
davriyligi
GUR moyi ATF ATF MGE-46V,
Dexron Dexron I, 251
11,351 3,01
Tormoz DOT-4, DOT-3, NEVA/
suyuqligi 101 101 DOT-4,
1,01
AdBlue (DEF) 60 40 30
baki, |

O'zbekiston Respublikasida quyidagi ta'mir turlari
standartlashtirilgan [9]:
e TO-1 — har 10 000 km, sathlar va filtrlar
tekshiruvi;
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e TO-2 — har 30 000-40 000 km, motor moyi va
filtr almashtirish;

e TO-3 — har 60 000-80 000 km, transmissiya
moylari va sovutish suyugligi tekshiruvi;

e KT (Kapital ta'mir) — har 600 000-800 000 km,
to'liq agregatlar restavratsiyasi.

6-jadval

Ta'mir turlariga garab yog'-moy almashtirish hajmi
Ta'mir | Almashtirilad | MA | Shacm | KAM
turi igan suyuglik N an (I) AZ (1)

TG

S
TO-1 Fagat to'ldirish | 0,5- | 1,0-1,5 | 1,5-2,0
(tekis) 1,0
TO-1 Fagat to'ldirish | 1,5- | 2,5-3,5 | 3,545
(Qamchi 2,5
q)
TO-2 Motor moyi + | 34,0 28,0 30,0
(tekis) filtr
TO-2 Motor moyi + | 34,0 28,0 30,0
(Qamchi filtr
q)
TO-3 KPP + 34,5 30,0 30,5
(tekis) ko'priklar
TO-3 KPP + 34,5 30,0 30,5
(Qamchi ko'priklar
)
Antifriz Antifriz 48,0 40,0 38,0
almashtir (Qamchiq)
ish

Tog'li sharoitda moylash mahsulotlarining ta'mirlash
oralig'i bir nechta mustaqil omilning kombinatsion ta'siri
ostida gisgaradi. Umumlashgan tuzatish koeffitsienti
quyidagicha aniglanadi:

Kumumiy =k kp ke kg 1)
bu yerda ki — yo'l giyaligi ta'sir koeffitsienti, kn —
balandlik (bosim/kislorod tanqisligi) koeffitsienti, ki —
harorat rejimi koeffitsienti, ke — dvigatel yuklamasi
koeffitsienti. Har bir koeffitsient giymati birdan kichik
bo'lib, ularning ko'paytmasi moylash mahsulotining haqiqiy
ekspluatatsion resursini nominal (zavod) giymatga nisbatan
kamaytiradi. Tog'li sharoitdagi tuzatilgan almashtirish
intervali quyidagi formula bo'yicha hisoblanadi:
Ltogr = Lpom " Kumumiy )

L tog'=L nom - K umumiy (6)

bu yerda L_nom — tekis yo'ldagi nominal almashtirish
intervali (km). Qamchiq dovoni uchun aniglangan omillar
asosida K_umumiy = 0,428 giymati olindi, bu barcha yog'-
moy mahsulotlari uchun almashtirish intervalining nominal
giymatga nishatan ~ 57,2 % ga qisqarishini bildiradi (7-
jadval).

7-jadval
Yog'-moy mahsulotlarining almashtirish intervallari
(tekis vs Qamchiq)

Mahsulo | Avtomobi | Nomina | Qamchi | Farq

t I I q (%)

interval | interval
(km) (km)

Motor MAN 80 000 34 200 -57,
moyi 3
Motor Shacman 60 000 25 700 —57,
moyi 2
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Motor KAMAZ 40 000 17 100 =57,
moyi 3
KPP MAN 240000 | 102700 | -57,
moyi 2
KPP Shacman | 150000 | 64 200 -57,
moyi 2
KPP KAMAZ 120 000 51 400 =57,
moyi 2
Ko'prik MAN 180000 | 77000 -57,
moyi 2
Ko'prik Shacman | 100000 | 42800 -57,
moyi 2
Ko'prik KAMAZ 80 000 34 200 -57,
moyi 3
Antifriz MAN 200000 | 85600 -57,
2
Antifriz Shacman 120 000 51 400 =57,
2
Antifriz KAMAZ 80 000 34 200 -57,
3
8-jadval
1000 km masofaga motor moyining sarfi
Avtomobil Tekis yo'l Qamchiq Osbhish,
(1/2000 yo'li (/1000 | marta
km) km)
MAN TGS 0,40 0,82 2,05
480
Shacman 0,75 1,55 2,07
X3000 430
KAMAZ- 1,25 2,40 1,92
65201 400

Statistik gayta ishlashda regressiya tenglamasi quyidagi
ko'rinishni oldi (MAN uchun):

Gmoy = 0,38 + 0,042i + 0,018G,,,,; + 0,0021h (R? =

094) (3

Bu yerda i — giyalik (%), G_yuk — yuk og'irligi (t), h

— balandlik (x100 m). Yuqori R? giymati (0,94) modelning

kuzatilgan sarf ko'rsatkichlarini yuqgori aniglik bilan
izohlashini tasdiglaydi.
9-jadval
40 t yuk bilan yonilg'i sarfi
Avtomobi | Teki | Qamchi | Qamchi | O'rtach
| S q g (past) a
(/10 | (yugori)
0
km)
MAN 28,5 68,4 18,2 38,2
TGS 480
Shacman 32,8 79,5 22,5 453
X3000
430
KAMAZ- | 36,4 94,2 26,8 53,1
65201 400

Yonilg'i sarfining giyalikka bog'ligligi quyidagi model

bilan ifodalanadi:
Q=Qo (I+kiitky-h) (4

MAN uchun: k_i = 0,092, k_h =0,012 (km balandlik).

Tog'li  sharoitda transmissiya moylari  deyarli
sarflanmaydi (sizib chigish hisobiga 0,01-0,03 1/2000 km),
lekin ularning oksidlanish darajasi keskin oshadi va
almashtirish intervali gisgaradi (7-jadvalga garang).

https://doi.org/10.56143/2181-2438-2026-3-132-138

Tekis sharoitda antifriz sarfi 0,02 1/1000 km dan
oshmaydi. Qamchiq sharoitida sovutish tizimida bug'lanish
va termik kengayish hisobiga sarf 0,15-0,25 1/1000 km
gacha ko'tariladi.

1-rasmda Qamchiq dovonida yugoriga ko'tarilish
davomida motor moyi haroratining vagtga (060 dagiga)
bog'liq o'zgarishi tasvirlangan.

160

—e— KAMAZ-65201 (Qamchiq)
~#- Shacman X3000 (Qamchia)
—&— MAN TGS 480 (Qamchiq)

4+ MAN TGS 480 (tekis yo'l)

0 10 20 30 40 50 60
Vaqt, daqiqa

1-rasm. Qamchiq dovonida yuqoriga ko‘tarilish
davomida motor moyi harakatining dinamikasi (40t

yuk)

Tahlil: KAMAZ da yog'ning harorati 60 dagigada 140
°C ga yetib bormoqda, bu tanqidiy harorat (150 °C) ga juda
yaqin. MAN da bu ko'rsatkich fagat 116 °C ni tashkil etadi,
bu uning sintetik moyi va kuchliroq sovutish tizimi
tufaylidir.

2-rasmda yillik (100 000 km/yil) moylash mahsulotlari
iste'moli komponentlar bo'yicha ko'rsatilgan.

AN TGS 480

Shacman X3000

301
B KAMAZ 65201

Motor KPP Ko'prik Antiriz GUR
moyi moyi moylar moyi

2-rasm. Yillik (100000 km/yil) moylash mahsulotlari
iste’moli Toshkent-Qo‘qon (= 50% Qamchiq +
50% tekis)

Jami: MAN — 225 |, Shacman — 318 |, KAMAZ —
438 I. KAMAZ MAN dan deyarli 2 marta ko'p suyuglik
iste'mol giladi.

3-rasmda 100 000 km marshrutdagi yog'-moy va texnik
xizmat xarajatlari KAMAZ-65201 misolida ko'rsatilgan.

3-rasm. 100 000 km mashrutdagi yog‘-moy va Texnik
xizmat xarajatlari tagsimoti (KAMAZ-65201 misolida)
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Xarajatlarning yarmidan ko'pi (51,8 %) motor moyiga
to'gri  keladi. Ushbu komponentni optimallashtirish
(kengaytirilgan interval yoki sintetik moy) sezilarli igtisod
beradi.

4-rasmda MAN TGS 480 misolida tekis va tog'li sharoit
ko'rsatkichlari foiz nishatida solishtirilgan (tekis = 100 %).

4-rasm. MAN TGS 480 misolida tekis va tog'li sharoit solishtirmasi
{tekis yo'l ko'rsatkichlari 100 % deb olingan)

- 1 (bazis = 100 %)
- ~

Tekls
Qamchig dovor

s50%

4-rasm. MAN TGS 480 misolida tekis va tog‘li sharoit
solishtirmasi (tekis yo‘l ko‘rsatkichlari 100% deb
olingan)

Eng katta o'zgarish — antifriz sarfi (8,5 marta ortgan),
bu sovutish tizimining tog' sharoitidagi termik yuklamasi
natijasidir.

5-rasmda 40 t yuk bilan Qamchiq dovonida o'rtacha
tezlik va 65 km tog'li uchastkani bosib o'tish vagti
ko'rsatilgan.

{a) Qamchiq dovonida o'rtacha tezlik
(40 t yuk bilan ko'tarilish) (b) 65 km tog'll uchastkani bosib o'tish vaati

2 15 0 25 % 3 40 &

5-rasm. 40 t yuk bilan Qamchiq davonidagi tezlik va
vaqt ko‘rsatkichlari

MAN TGS 480 KAMAZ-ga nisbatan tog'li uchastkani ~
52 % tezroq bosib o'tadi. Bu logistikada yoqilg'i va vaqgt
igtisodini bevosita oshiradi.

TOPSIS metodi bo'yicha baholash mezonlari

7 ta asosiy mezon tanlandi:

1. C1— Yonilg'i sarfi (1/200 km) — minimallash;

2. C2 — Motor moyi sarfi (1/2000 km) — minimallash;

3. C3 — Of'rtacha tezlik Qamchigda (km/soat) —
maksimallash;

4. C4 — Avtomobil narxi (1000 $) — minimallash;

5. C5 — Yillik moy xarajati ($) — minimallash;

6. C6 — Yuk ko'tarish foydalanish koeffitsienti —
maksimallash;

7. C7 — Ehtiyot gism mavjudligi (1-10 ball) —
maksimallash.

10-jadval
Mezonlar matritsasi
* C
s ; z el R £
e =
8 < <§f g <§( =1
= S 5| x| ©
C1 Yonilg'i (/200 | 0,25 | 38,2 | 45,3 | 53,1 | min
km)
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C2 Moy (1/1000 0,15 0,82 | 1,55 | 2,40 | min
(k:rg)Tezlik (km/h) | 0,15 | 38 | 31 25 | max
C4 Narx (10° $) 0,15 | 102 | 62 67 | min
C5 Yillik moy ($) | 0,10 | 590 | 870 | 1380 | min
C6 Yuk koeff. 0,10 | 0,98 | 0,98 | 0,98 | max
C7 Servis bal 0,10 | 8 7 9 max

TOPSIS metodi standart algoritm bo'yicha go'llanildi.
Dastlab 10-jadvaldagi garor matritsasi vektor usulida
normallashtiriladi:

Xij
Xxf
so'ngra har bir mezon vazniga ko'paytirilib, vaznlangan
normallashtirilgan matritsa hosil gilinadi:
Vyij = Wyt Ty (6)

Har bir mezon yo'nalishiga (min/max) garab ijobiy ideal
yechim A" va salbiy ideal yechim A~ aniqglanadi, so'ngra har
bir alternativning ushbu ideal nugtalargacha bo'lgan Yevklid
masofalari (Si* va Siv) hisoblanadi:

5t = |y —vp2).57 = [y -v22)
(7

Nihoyat, har bir avtomobil uchun ideal yechimga
nisbatan yaqinlik koeffitsienti aniglanadi:

* S *
(=gl 0sG st ®)

Ci* giymati 1 ga gancha yaqin bo'lsa, alternativ shuncha
ideal yechimga yagin va reyting bo'yicha yuqori o'rinni
egallaydi. Hisob-kitoblar Microsoft Excel va Python
(Pandas) muhitida amalga oshirildi.

10-jadvaldagi mezonlar matritsasi asosida hisoblangan
yaqinlik koeffitsientlari va yakuniy reyting 11-jadvalda
keltirilgan.

T'ij =

(®)

11-jadval
TOPSIS metodi bo'yicha yakuniy baholash natijalari

Avtomobil Yaqinlik Reyting Xulosa
koeffitsienti
C*

MAN TGS 0,740 1-o'rin | Optimal (eng

33.480 ideal
yechimga
eng yaqin)

Shacman 0,491 2-0'rin Kompromiss

%3000 yechim

KAMAZ- 0,244 3-0'rin Eng kam

65201 samarali

Natijalardan ko'rinadiki, MAN TGS 33.480 barcha
yetakchi mezonlar (yonilg'i, moy sarfi, tezlik, TCO) bo'yicha
yuqgori ko'rsatkichga ega bo'lganligi sababli C* = 0,740
giymati bilan reytingda birinchi o'rinni egallaydi, bu
Shacman (0,491) va KAMAZ (0,244) dan sezilarli darajada
yugoridir.

5 vyillik ekspluatatsiya davrida 100 000 km/yil ish
hajmida to'liq egalik giymati (TCO — Total Cost of
Ownership) hisoblandi.
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12-jadval
5 yillik egalik giymati (TCO)

Modda ($/5 MAN Shacman | KAMAZ
yil)

Sotib olish 102 000 62 000 67 000
narxi
Yonilg'i 152 800 181 200 212 400
(5%100 000
km)
Yog'-moy 2950 4350 6 900
mahsulotlari
Ehtiyot gismlar 18 000 22 000 19 500
Mehnat hagi 7 500 8 500 9 000
(servis)
5-yil oxiri —-38 000 -18 000 —16 000
goldiqg narx (-)
Sof TCO 245 250 260 050 298 800
TCO 1km 0,491 0,520 0,598
uchun ($/km)

Olingan natijalarga ko'ra:

1. MAN TGS 480 boshlang'ich narxi yugori bo'lsa-da, 5
yillik to'liq egalik giymati eng past ($245 250). Bu uning
yoqilg'i va moy sarfining past bo'lishi, hamda transmissiya
va sovutish tizimining tog'li sharoitga moslangani tufaylidir.

2. Shacman X3000 — boshlang'ich sarmoya kichikligi
tufayli gisga muddatli proyektlar uchun (3 yilgacha) eng
samarali tanlov. Lekin Qamchiq kabi og'ir yo'llarda motor
moyi va yonilg'i sarfi MAN-dan 18-20 % yuqori.

3. KAMAZ-65201 — eski texnologiya (V8, Euro-3)
tufayli yoqilg'i va moy sarfi eng yuqori. Birog ehtiyot
gismlarning narxi va mavjudligi bo'yicha ustunligi mavjud,
shu sababli mahalliy magistral marshrutlarda samaralidir,
ammo Qamchiq uchun uzoq muddatli iqgtisodiy nugtai
nazardan tavsiya etilmaydi.

4. Tog'li sharoitda yog' almashtirish intervali nominal
qiymatdan = 57 % qisqarishi olib borilgan eksperimental
kuzatuvlar bilan tasdiglandi va (6) formuladagi tuzatish
koeffitsienti amaliyot uchun tavsiya etiladi.

5. Tog'li sharoitda antifriz sarfi tekis yo'lga nishatan 7-8
marta ortadi, bu sovutish tizimi shlanglari va termostatining
muntazam monitoringini talab giladi.

Tadgigotning bir gator cheklovlari mavjud. Birinchidan,
hisob-kitoblar asosan zavod texnik hujjatlari va cheklangan
hajmdagi dala kuzatuvlariga asoslangan bo'lib, mavsumiy
omillar (masalan, gishki muzlash, yozgi cho'l shamoli)
alohida namunalarda to'liq gamrab olinmagan. Ikkinchidan,
tadgiqot bitta yo'nalish (Angren—Pop) va bitta yuklama
darajasi (40 t) bilan cheklangan. Kelgusi tadgiqotlarda GPS-
telematika va bortdagi sensorlar  ma'lumotlaridan
foydalangan holda moy holatini real vagtda masofadan
nazorat qilish tizimlarini joriy etish, shuningdek turli
yuklama va fasl sharoitlarida kengroq statistik namunani jalb
qilish istigbolli yo'nalish hisoblanadi.

3. Xulosa

Tadgigot natijalariga ko'ra quyidagi  xulosalar
shakllantirildi:

1. Qamchig dovonida 40 t yuk olib o'tish uchun eng
igtisodli va eng tezkor avtomobil — MAN TGS 33.480
(TOPSIS koeffitsienti C* =0,740). U: eng past yonilg'i sarfi
(38,2 1/200 km); eng past motor moyi sarfi (0,82 1/1000 km);
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eng yugori o'rtacha tezlik (38 km/soat); eng past 5 vyillik
TCO ($245 250).

2. Shacman X3000 — kompromiss yechim sifatida
ikkinchi o'rin (C* = 0,491). Boshlang'ich sarmoya
cheklangan parkdorlar uchun magbul.

3. KAMAZ-65201 — Qamchiq sharoitida eng kam
samarali (C* = 0,244), lekin tekis magistral marshrutlarida
0'zining narx-sifat nisbatini saglab goladi.

4. Barcha rusumli avtomobillar uchun Qamchiq
sharoitidagi yog'-moy almashtirish intervali nominal
giymatdan 57 % qisqartirilishi kerak (umumiy koeffitsient
K_umumiy = 0,428).

Tavsiyalar:

e tog'li marshrutlarda to'liq sintetik motor moyi
(ACEA EG6/E9) dan foydalanish;

e  antifriz sathining doimiy monitoringi (har 5 000
km);

e tormoz suyuqligi har 2 yilda almashtirilishi;

e tormoz nakladkalarining yeyilishini 3 oyda bir bor
tekshirib turish;

e  mahalliy yoqilg'i quyish stansiyalarida AdBlue
(DEF) sifati nazorati.

Ushbu tadgigot natijalari Qamchiq dovoni va boshqga
o'xshash tog'li yo'llardagi yuk tashish kompaniyalari uchun
yog'-moy mahsulotlarini optimallashtirish va avtopark
tarkibini  shakllantirishda amaliy qo'llanma sifatida
foydalanilishi mumkin.
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Multi-level energy—information model and physics-informed FUZZY-GA-

LSTM adaptive algorithms for hybrid energy monitoring

J. Djumanov'®2, M. Sobirov®P

1Tashkent University of Information Technologies named after Muhammad al-Khwarizmi, Tashkent, Uzbekistan

Abstract:

Keywords:

2Tashkent state transport university, Tashkent, Uzbekistan

This paper proposes a multi-level energy—information model and a physics-informed Pl-Fuzzy-GA—
LSTM-DT algorithm for real-time monitoring and adaptive control of Smart-Grid-enabled base stations.
The model organizes the system into physical, semantic, edge-event, digital-twin, and decision levels
connected by timestamped asset identifiers and quality metadata. The framework is evaluated on a
reproducible synthetic testbed representing 12 base stations, 90 days of 1-second-to-60-second multirate
telemetry, seasonal renewable profiles, traffic bursts, sensor faults, and grid outages. In this benchmark,
the proposed model achieves 4.9% renewable-power MAPE, 1.9% SOC RMSE, 0.8 kwWh/day unserved
energy, and 2.8 h/day diesel runtime, while 94.6% empirical coverage is obtained for nominal 95%
forecast intervals. These are synthetic engineering results, not field-certified operational claims. The
study contributes a standards-aware energy—information model, a bounded adaptive learning algorithm,
and an auditable transition path from the 2019 MATLAB-centric Smart Grid prototype to modern edge—
cloud digital-twin monitoring.

hybrid energy, telecommunication base station, Smart Grid, interval type-2 fuzzy logic, genetic
algorithm, LSTM, conformal prediction

Gibrid energiya monitoringi uchun ko‘p sathli energiya—axborot modeli va
fizik gqonuniyatlarga asoslangan FUZZY-GA-LSTM adaptiv algoritmlari

Djumanov J.X®2, Sobirov M.26P

!Muhammad al-Xorazmiy nomidagi Toshkent axborot texnologiyalari universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Kalit so‘zlar:

2Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Ushbu maqolada Smart Grid bilan integratsiyalashgan bazaviy stansiyalarni real vaqt rejimida
monitoring qilish va adaptiv boshgarish uchun ko‘p sathli energiya—axborot modeli hamda fizik
gonuniyatlarga asoslangan Pl-Fuzzy-GA-LSTM-DT algoritmi taklif etiladi. Model tizimni vaqt
tamg‘alari bilan bog‘langan aktiv identifikatorlari va sifat metama’lumotlari orqali ofzaro
integratsiyalashgan fizik, semantik, edge-hodisa, Digital Twin va garor gabul gilish sathlariga ajratadi.
Taklif etilgan arxitektura 12 ta bazaviy stansiya, 90 kunlik 1 soniyadan 60 soniyagacha bo‘lgan ko‘p
chastotali telemetriya, mavsumiy gayta tiklanuvchi energiya profillari, trafikning keskin oshishi, sensor
nosozliklari va elektr tarmog‘idagi uzilishlarni modellashtiruvchi takrorlanuvchi sintetik sinov stendida
baholandi. Ushbu benchmark natijalariga ko‘ra, taklif etilgan model qayta tiklanuvchi energiya quvvatini
prognozlashda 4,9% MAPE, akkumulyatorning SOC holatini baholashda 1,9% RMSE, kunlik
ta’minlanmagan energiya bo‘yicha 0,8 kWh/kun, dizel generatorining ishlash davomiyligi bo‘yicha esa
2,8 soat/kun natijaga erishdi. Nominal 95% prognoz intervali uchun empirik gamrov darajasi 94,6% ni
tashkil etdi. Ushbu natijalar sintetik muhandislik tajribalariga asoslangan bo‘lib, dala sharoitida
sertifikatlangan ekspluatatsion natijalar sifatida talgin gilinmaydi. Tadgiqot standartlarni hisobga oluvchi
energiya—axborot modeli, chegaralangan adaptiv o‘rganish algoritmi hamda 2019-yildagi MATLAB
asosidagi Smart Grid prototipidan zamonaviy edge—cloud Digital Twin monitoring tizimiga o‘tishning
audit gilinadigan yo‘lini taklif etadi.

gibrid energiya, telekommunikatsiya bazaviy stansiyasi, Smart Grid, interval type-2 fuzzy mantiq,
genetik algoritm, LSTM, konformal prognozlash
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1. Kirish

Telekommunikatsiya bazaviy stansiyalari kiberfizik
yuklamalar bo‘lib, ularning talab qilinadigan quvvati radio
trafik, uyqu holati siyosati, atrof-muhit harorati va xizmat
ko‘rsatish majburiyatlariga qarab o‘zgaradi. Ularning
energiya zanjiri tobora ko‘proq fotovoltaik panellar, shamol
turbinalari, elektr tarmog‘i ta’minoti, dizel generatsiyasi,
akkumulyatorlar hamda DC/AC o‘zgartirish qurilmalarini
gamrab olmoqda. Siddikov va boshqalar tomonidan 2019-
yilda ishlab chigilgan Smart Grid prototipi ikki tomonlama
axborot almashinuvi va MATLAB asosidagi elektr
energetika  tizimini  modellashtirishning  ahamiyatini
ko‘rsatdi. Biroq zamonaviy 5G energiya samaradorligi
spetsifikatsiyalari unumdorlik va energiya iste’molini bir xil
vaqt oraligida hamda dinamik trafik sharoitlarida
baholashni talab giladi.

Shu sababli zamonaviy monitoring tizimi fagat
kuchlanish va tokni baholash bilan cheklanmasligi kerak. U
namunani qaysi aktiv hosil qilganini, vaqt tamg‘alari va
o‘lchov birliklari to‘g‘riligini, sensor sifati holatni
baholashga qanday ta’sir qilishini, akkumulyator modeli
saglanish gonunlariga mos kelishini hamda taklif etilgan
dispetcherlik harakati radioaloga xizmat sifati talablarini
saglab qolishini aniglashi lozim. NIST Smart Grid
modernizatsiyasini o‘zaro ishlash qobiliyati, ishonchlilik,
o‘Ichash va gayta tiklanuvchi energiya integratsiyasi asosida
talqin qiladi. IEC 61850 va IEEE 2030.5 o‘zaro mos axborot
almashinuvi mexanizmlarini ta’minlaydi, IEC 62351 esa
aloga xavfsizligiga garatilgan.

1-jadval
2019-yildagi Smart Grid prototipidan taklif etilgan
arxitekturaga ilmiy o‘tishi

2019-yildagi Taklif etilgan PI-
O“Ichov Smart Grid Fuzzy-GA-LSTM-
prototipi DT
Tizim efﬁﬂ“&g‘l BTS gibrid kiberfizik
ko‘rinishi - ragamli egizagi
modeli
tanlangan ko‘p chastotali
Ma’lumotlar | tok/kuchlanish energiya, ob-havo,
izlari akkumulyator, trafik

qoida/boshgaruv fizik gonuniyatlarga

Intellekt simulyatsiyasi asoslangan adaptiv
prognozlash
- aniq type-2 fuzzy +

Noaniglik ifodalanmagan | konformal intervallar

Optimal- L?\ll(;;\/ a GA ko‘p magsadli
lashtirish q alg sozlash/dispetcherlik

yo‘naltirilgan

Xavfsizlik funksional qat’iy cheklovlar +

talablar imzolangan rollback

Tadgiqot savoli quyidagicha: turli xil energetik va
telekommunikatsion telemetriya ma’lumotlarini gibrid
bazaviy stansiya energiya tizimlari uchun
sinxronlashtirilgan, noaniglikni hisobga oluvchi va xavfsiz
boshgaruvga yarogli holatga ganday aylantirish mumkin?
Pl-Fuzzy-GA-LSTM-DT bunga besh sathli energiya—
axborot modelini adaptiv prognozlash, fizik cheklovlar,
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konformal noaniglik va Digital Twin xavfsizlik filtri bilan
bog‘lash orqali javob beradi.

Magolada to‘rtta asosiy ilmiy hissa Keltiriladi.
Birinchidan, elektr aktivlari, sensorlar, trafik, ob-havo, aloga
hodisalari, prognoz holati va boshgaruv dalillarini
bog‘lovchi tiplashtirilgan ko*p sathli model ishlab chiqiladi.
Ikkinchidan, interval type-2 fuzzy birlashtirish, GA
optimallashtirish, LSTM vaqt qatorlarini o‘rganish va graf
konteksti bir butun boshgaruvchi sifatida emas, balki o‘zaro
chegaralangan rollarda integratsiyalanadi. Uchinchidan,
fizik goldig xatolar va konformal intervallar bajarib
bo‘lmaydigan yoki noaniq prognozlarni ochib beradi.
To‘rtinchidan, Digital Twin xavfsizlik filtri tavsiya va ijroni
bir-biridan ajratadi hamda standartlarga mos audit izini
ta’minlaydi.

Smart Grid tadgigotlari markazlashgan monitoringdan
tagsimlangan energiya resurslari, edge-intellekt va o‘zaro
ishlaydigan kiberfizik tizimlar tomon rivojlandi. NISTning
o‘zaro ishlash doirasi interfeyslar va sinovdan o‘tkazilishi
mumkin bo‘lgan axborot almashinuvlarini ta’kidlaydi. IEC
61850 podstansiyalar va tagsimlangan energiya alogalarini
tuzilmalashtiradi, IEEE 2030.5 tagsimlangan resurslar
uchun amaliy qatlamdagi ma’lumot almashinuvini qo‘llab-
quvvatlaydi, IEC 62351 esa elektr energetika tizimlari
alogasi uchun xavfsizlik mexanizmlarini belgilaydi. MQTT
Sparkplug va OPC UA sanoat hodisalari hamda semantik
ma’lumotlarni  uzatish uchun foydali texnologiyalar
hisoblanadi, birog ular energiya boshgaruvi xavfsizligini
o‘zlari mustaqil ravishda belgilamaydi.

Telekommunikatsiya tarmoglari uchun ETSI va 3GPP
bazaviy stansiyalar hamda mobil tarmoglarning energiya
samaradorligini, jumladan dinamik yuklama va energiya
tejash boshgaruvini baholash talablarini belgilaydi. Qayta
tiklanuvchi energiya ulushi yugori mikrogridlar bo‘yicha
tadgigotlarda LSTM/GRU va gibrid modellar yuqori
samaradorlik  ko‘rsatgani qayd etilgan [1], fizik
gonuniyatlarga asoslangan akkumulyator modellari esa
ma’lumotlar cheklangan sharoitda moslikni yaxshilaydi
[2],[3]. Konformal prognozlash almashinuvchanlik farazi
ostida cheklangan tanlama uchun marginal gamrovni
ta’minlaydi [4], Digital Twinlar esa aktiv holatini sinxron
modellashtirish imkonini beradi [5].

Adabiyotlar tahlili

Gibrid energiya bilan ta’minlanadigan
telekommunikatsiya bazaviy stansiyalarini boshgarish
bo‘yicha ilmiy adabiyotlar uchta asosiy yo‘nalishda
shakllangan: Smart Grid va energiya boshgaruvi,
telekommunikatsiya uskunalarining energiya
samaradorligini baholash hamda intellektual prognozlash va
boshgaruv usullari. Siddikov va hammualliflar tomonidan
taklif etilgan 2019-yildagi Smart Grid modeli elektr tarmog‘i
elementlarini MATLAB  muhitida  modellashtirish,
monitoring va ikki tomonlama axborot almashinuvi orqgali
boshqarish  imkoniyatlarini  ko‘rsatgan [6]. Ushbu
yondashuv keyingi tadgiqgotlar uchun muhim metodik asos
bo‘lsa-da, u zamonaviy bazaviy stansiyalarda uchraydigan
ko‘p chastotali telemetriya, trafik bilan bog‘liq yuklama
o‘zgarishi, akkumulyatorning SOC/SOH holati, noaniglik va
kiberxavfsizlik kabi masalalarni yagona Digital Twin
holatida birlashtirmaydi. ETSI va 3GPP hujjatlarida 5G
bazaviy stansiyalari hamda simsiz kirish tarmoglarining
energiya samaradorligini trafik sharoitlari bilan birgalikda
baholash talablari belgilangan [7],[8]. ITU tavsiyalari ham
mobil tarmoq energiya samaradorligini o‘lchash va
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taggoslash uchun telekommunikatsiyaga X0S
ko‘rsatkichlarni taklif qgiladi.

Smart Grid tizimlarining amaliy joriy etilishida o‘zaro
ishlash va axborot xavfsizligi alohida ilmiy-amaliy yo‘nalish
sifatida qaraladi. NIST Smart Grid Interoperability
Framework elektr energetika tizimlarida turli qurilmalar va
axborot tizimlari o‘rtasidagi standartlashtirilgan interfeyslar,
o‘lchovlar va ishonchli ma’lumot almashinuvini ustuvor
vazifa sifatida belgilaydi [9]. IEC 61850 elektr energetika
obyektlarining mantiqiy tugunlari va ma’lumot almashinuvi
tuzilmasini, IEEE 2030.5 esa tagsimlangan energiya
resurslari bilan amaliy qatlamdagi alogani qo‘llab-
quvvatlaydi. IEC 62351 ushbu axborot almashinuvining
maxfiyligi, yaxlitligi va autentifikatsiyasiga garatilgan
xavfsizlik mexanizmlarini belgilaydi. MQTT Sparkplug va
OPC UA edge darajasida hodisalarni uzatish va semantik
kontekstni saglash uchun mos texnologiyalar sifatida
ko‘riladi [10]. Biroq mazkur standart va protokollar
prognozlash algoritmini, energiya manbalarini optimal
tagsimlash strategiyasini yoki fizik jihatdan xavfsiz
boshqgaruv garorini mustagil ravishda shakllantirmaydi; ular
ko‘proq  ishonchli ~ axborot  almashinuvi  uchun
infratuzilmaviy asos yaratadi.

Sun’iy intellektga asoslangan energiya prognozlash
tadgiqotlarida  LSTM, GRU va ulaming gibrid
modifikatsiyalari vaqt bo‘yicha murakkab bog‘ligliklarni
aniqlashda samarali ekani ko‘rsatilgan. Qayta tiklanuvchi
energiya ulushi yuqori mikrogridlar bo‘yicha zamonaviy
tahlillar Al asosidagi prognozlash yondashuvlari quyosh va
shamol generatsiyasidagi o‘zgaruvchanlikni hamda yuklama
dinamikasini aniglashda istigbolli ekanini gayd etadi [11].
LSTM arxitekturasining uzoq muddatli vaqt bog‘ligliklarini
saglash qgobiliyati uning energetik vaqgt gatorlari uchun keng
go‘llanishiga nazariy asos bo‘ladi [12]. Shu bilan birga, fagat
ma’lumotlarga tayangan neyron model fizik cheklovlarni
bevosita kafolatlamaydi: prognoz xatosi kichik bo‘lgan
taqdirda ham quvvat balansi, akkumulyator chegaralari yoki
konvertor samaradorligiga zid holatlar yuzaga kelishi
mumkin.

Pollo va hammualliflar hamda Wang va
hammualliflarning ishlari fizik tenglamalarni o‘rganish
jarayoniga kiritish SOC va degradatsiya prognozlarining
izchilligini oshirishga yordam berishini ko‘rsatadi [13].
Physics-informed transformer yondashuvlari ma’lumotlar
cheklangan sharoitlarda ham SOC baholash bargarorligini
kuchaytirishi mumkin [14]. Ushbu yo‘nalish physics-
informed neural networks konsepsiyasiga tayanadi, bunda
ma’lumotlarga moslashish bilan bir qatorda differensial yoki
algebraik fizik qonunlar yo‘qotish funksiyasiga kiritiladi
[15]. Gibrid BTS energiya tizimi uchun bu yondashuv
aynigsa muhim, chunki modelning aniqgligi bilan birga
energiya saqlanishi, SOC diapazoni, konvertor yo‘qotishlari
va manbalar quvvatining real chegaralari ham bajarilishi
kerak.

2. Tadgigot metodologiyasi

Noaniglikni baholash, fazoviy bog‘liglik va ko‘p
magsadli optimallashtirish bo‘yicha tadqiqotlar taklif
etilayotgan arxitekturaning boshga muhim komponentlarini
asoslaydi. Konformal prognozlash cheklangan tanlamada va
almashinuvchanlik farazi ostida oldindan belgilangan
gamrov darajasiga ega prognoz intervallarini shakllantirish
imkonini beradi [16]. Bu xususiyat bazaviy stansiyada
nuqtaviy prognozdan ko‘ra xavfsizroq qaror gabul qilish
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uchun zarur, chunki dispetcherlik tizimi kelajakdagi talab
yoki gayta tiklanuvchi generatsiyaning faqat o‘rtacha
giymatini emas, balki ehtimoliy diapazonini ham hisobga
olishi kerak. Graf konvolyutsion tarmoglari o‘zaro
bog‘langan tugunlar o‘rtasidagi fazoviy munosabatlarni
modellashtirish uchun metodik asos beradi [17]; bu umumiy
fider, ob-havo zonasi yoki qo‘shni BTSlar ta’sirini
ifodalashda qo‘l keladi. NSGA-II kabi ko‘p magsadli
genetik optimallashtirish usullari xarajat, ishonchlilik va
ekologik mezonlar o‘rtasidagi Pareto muvozanatini topishga
xizmat giladi [18]. Interval type-2 fuzzy tizimlar esa aniq
chegaraga ega bo‘lmagan ish rejimlarini noaniq a’zoliklar
orgali ifodalash imkonini beradi [19].

Digital Twin konsepsiyasi fizik obyektning joriy holatini
ragamli muhitda sinxron aks ettirish, prognoz natijalarini
tekshirish va boshgaruv ssenariylarini real obyektga
yuborishdan oldin sinash imkoniyatini beradi. Adabiyotlar
umumiy tahlili shuni ko‘rsatadiki, mavjud ishlarning
aksariyatida ushbu komponentlarning fagat ayrimlari chuqur
ishlab chiqilgan: standartlar o‘zaro ishlashni ta’minlaydi, Al
modellar prognoz anigligini oshiradi, fizik-informed
yondashuvlar fizik moslikni yaxshilaydi, fuzzy va GA
usullari noaniglik hamda parametr optimallashtirishini
qo‘llab-quvvatlaydi, konformal usullar esa prognoz
ishonchliligini ifodalaydi. Birog telekommunikatsiya trafiki,
turli vaqt oralig‘idagi sensorlar, aktiv semantikasi, Smart
Grid standartlari, fizik cheklovlar, kalibrlangan noaniglik,
graf konteksti, Digital Twin va fail-closed xavfsiz
dispetcherlikni yagona audit gilinadigan energiya—axborot
siklida birlashtiruvchi yechim yetarli darajada yoritilmagan.
Aynan shu integratsion bo‘shliq PI-Fuzzy-GA-LSTM-DT
arxitekturasini ishlab chigish zaruratini belgilaydi.

Decision: safe dispatch
Twin: state + uncertainty

Edge: [usion + evenls

diesel = bartery
traffic load

— [
1-rasm. Gibrid energiya bilan ta’minlanadigan bazaviy
stansiyalar uchun konsentrik besh sathli energiya-
axborot modeli

Yechilmagan  asosiy = muammo  arxitekturaviy
xususiyatga ega. Prognozlashga oid maqolalarda ko‘pincha
xatolik minimallashtiriladi, biroq turli chastotadagi sensor
ma’lumotlari sifati, aktiv semantikasi, fizik bajariluvchanlik,
telekommunikatsiya QoS talablari, kiberxavfsizlik va
operator ruxsati birgalikda boshgaruv harakatini ganday
cheklashi anig belgilanmaydi. Aksincha, standartlar
interfeyslar va metrikalarni belgilaydi, ammo adaptiv
inferensiya algoritmini bermaydi. Taklif etilgan arxitektura
ushbu sohalarni aniq shartnomalar orgali bog‘laydi va
baholash, noaniglik, optimallashtirish hamda xavfsiz ijroni
ajratadi.

Nima uchun Fuzzy-GA-LSTM modernizatsiya
gilinishi  kerak.  An’anaviy fuzzy  boshqgaruvchi
izohlanuvchan,  biroq  qo‘lda  tanlangan  a’zolik
funksiyalariga sezgir. Genetik algoritm ushbu funksiyalarni
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sozlashi mumkin, ammo u muayyan ssenariyga ortiqcha
moslashib qolishi ehtimoli mavjud. LSTM vaqt bo‘yicha
bog‘ligliklarni ushlaydi, biroq quvvat balansini buzishi va
haddan tashqari ishonchli nugtaviy prognozlarni berishi
mumkin. Taklif etilgan yondashuvda har bir usulga
chegaralangan rol beriladi: fuzzy mantiq noaniq ish
rejimlarini ifodalaydi, GA cheklangan offline gidiruvni va
nazoratlangan online moslashuvni amalga oshiradi, LSTM
vaqt holatini prognozlaydi, fizik jarimalar mantigan mumkin
bo‘lmagan trayektoriyalarni rad etadi, konformal kalibrlash
esa goldig noaniglikni migdoriy baholaydi.

Akkumulyatorlar bo‘yicha so‘nggi tadgiqotlar fizik
gonuniyatlarga asoslangan rekurrent va transformer
modellar SOC/SOH baholashini yaxshilashini
ko‘rsatmoqda. Graf neyron tarmoqlari fiderlar va bazaviy
stansiyalararo kontekstni ifodalash mexanizmini
ta’minlaydi, ko‘p magsadli evolyutsion optimallashtirish esa
xarajat—ishonchlilik muvozanatini  qo‘llab-quvvatlaydi.
Birog ushbu yutuglar telekommunikatsiya trafiki, Smart
Grid o‘zaro ishlashi va xavfsizlik bilan cheklangan Digital
Twin bilan bitta audit gilinadigan monitoring siklida
kamdan-kam hollarda integratsiyalanadi.

Shuning uchun mazkur ishning hissasi kattarog neyron
tarmoq avtomatik ravishda yaxshiroq degan da’vo emas. Bu
tizimli metod bo‘lib, unda har bir prognoz manba sifati, fizik
qoldig, interval qamrovi, ish rejimiga a’zolik, model
versiyasi va boshgaruvga ruxsat berilish holatini o‘zida olib
yuradi. Ushbu dalillar sensorlardan ijro qurilmasigacha
bo‘lgan qaror bilan birga uzatiladi.

Ko*p sathli energiya—axborot modeli:

Holat besh sathga tashkil etiladi. LO — PV, shamol,
elektr tarmog‘i, dizel, akkumulyator, konvertorlar va BTS
yuklamasini ifodalaydi. L1 aktivlar, kattaliklar, birliklar,
topologiya va ruxsat etilgan diapazonlarni belgilaydi. L2
turli chastotadagi namunalarni edge darajasida sifat
belgilariga ega hodisalarga aylantiradi. L3 Digital Twin
holati va noanigligini saglaydi. L4 prognozlar, magsadlar,
cheklovlar va ruxsat etilgan harakatlarni baholaydi.
Sathlararo alogalarda yagona aktivlar reyestri, yagona
hodisa-vaqt qoidasi va aniq kelib chiqish ma’lumotlaridan
foydalaniladi.

St = <GE!Xt!Zt! Qti Qti Ht)! Ge = (VEJ Ee) (1)

(1)-tenglamada G. energiya—axborot aktivlari grafigini,
X xom va hosil qilingan kuzatuvlarni, Z sinxronlashtirilgan
Digital Twin holatini, Q; sifat va noaniqlikni, ®; model
hamda fuzzy-siyosat parametrlarini, I, esa
xavfsizlik/kiberxavfsizlik siyosatini bildiradi. Oddiy tekis
o‘Ichov jadvalidan farqli ravishda, ushbu tasvir topologiyani
saglaydi va kuzatilgan, baholangan, prognoz gilingan hamda
buyruq berilgan giymatlarni bir-biridan ajratadi.

streaming digital twin
srate estimator what-if engine

<

BTS + hybrid sale dispatch
power plant shield

Fuzzy-GA-LSTM
policy

residual = update = simulate ~ construin ~ actuate ~ verily

2-rasm. Fizik BTS holatidan tekshirilgan ijrogacha
goldiq xatoga asoslangan Digital Twin sikli
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2-jadval
Asosiy obyektlar, o‘zgaruvchilar, namuna olish
oraliglari va semantik rollar

Obyekt | - gy, | Namun Roli
o‘zgaruvchi aolish
VIAW/ .
V,I,P,Q,f VAR/Hz 1s elektr holati
Akkumulyat 55 /60 _ _
or % s zaxira va qgarish
SOC/SOH
Irradiatsiya/ | W/m?/ | 10s/5 | qayta tiklanuvchi
shamol m/s S kirish
Yoqllg ! % 30s dizel zaxirasi
sathi
Harorat/mam | _ issiglik/ob-havo
lik C1% 10s konteksti
Erlang telekommunikats
BTS trafiki yoki 5s iya talabi
Mbps drayveri

qdit = Fi;t . Ci;t . Vi;t . exp(—/liAt) . (1 — 0j, t) (2)

(2)-tenglama yangilik darajasi F, to‘liglik C, yaroglilik
V, kechikish jarimasi va chet giymat ehtimoli o ni
birlashtiradi. Sifat balli manbaga xos bo‘ladi: bir soniya
himoya toki uchun muhim bo‘lishi mumkin, birog
akkumulyator SOH uchun ahamiyatsiz bo‘lishi mumkin.
Past sifatli ma’lumotlar yashirin ravishda to‘ldirilmaydi;
hodisa imputatsiya belgisi bilan birga uzatiladi va Digital
Twin o‘z noaniqlik intervalini kengaytiradi.

Semantik va protokol darajasidagi o‘zaro ishlash:
Dala o‘lchovlari kanonik aktiv IDlari, SI birliklari,
faza/kanal identifikatorlari, hodisa vaqti, sifat va
muhandislik chegaralariga moslashtiriladi. IEC 61850
mantigiy tugunlari elektr funksiyalarini tavsiflashi mumkin;
MQTT Sparkplug yoki OPC UA edge-hodisalarni uzatishi
mumkin; 3GPP/ETSI KPI ko‘rsatkichlari energiya
iste’'molini  telekommunikatsiya samaradorligi  bilan
moslashtiradi. Protokol tanlovi xavfsizlik siyosatini bekor
gilmaydi: har bir buyrug identifikatsiya, yaxlitlik,
avtorizatsiya, dolzarblik va fizik bajariluvchanlik
tekshiruvlaridan o‘tishi shart.

[ | [ we | [ e | [ v

)

LEC 618350 MQTT Sparkplug asscl graph CPPIETSIKPI
Meodbus/PMLUI OPC UA stale-spave pelicy API

)

)

onc Limestamp + one wsxel 1D+ one unil contract + one trust decision

3-rasm. Protokol va ishonch chegaralari bilan dala,
edge, Digital Twin va boshqgaruv tekisliklari

3-jadval
Texnologiyalar mas’uliyati va aniq chegaralari
Komponent Mas’ul vazifa Aniq mas’ul
bo‘lmagan
vazifa
IEC 61850 elektr ax.boro.ti progno_zla_sh
/almashinuvi algoritmi
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MQTT

Sparknlug / edge-hodisalar va xavfsizlik
gPCpU,g semantika avtorizatsiyasi
3GPP/ETSI | telekommunikatsiya obvekt himovasi
KPI energiya baholashi y y
. . . | qat’iy cheklovni
Fuzzy gatlam | noaniq ish rejimlari bekor gilish
cheklanmagan
o | e | onie
P q boshgaruv
. fizik
LSTM + graf vaqt/fazovi - .
konteksii Srognoz y bajariluvchanlik
kafolati

Fizik jihatdan mos gibrid energiya holati: Digital
Twin DC-shina balansini, konvertor yo‘qotishlarini,
akkumulyator SOC/SOH holatini, yoqilg‘i zaxirasini, gayta
tiklanuvchi energiyani cheklashni, tarmoqdan
import/eksportni va BTS talabini saqlaydi. Yuklama modeli
radio trafik va issiqlik bilan bog‘liq qo‘shimcha sarfni ham
o‘zichiga oladi. Holat yangilanishi fagat uning qoldiq xatosi
sensor noaniqligiga mos bo‘lsa qabul qilinadi; aks holda
hodisa karantinga olinadi, gayta vaznlanadi yoki sensor
diagnostikasini ishga tushirish uchun foydalaniladi.

rP(t) = PPV + PW + PG+ PD + PB — PBTS —
Ploss, Lphys = ||rP||1 + p - Pviol(SOC) 3)

(3)-tenglama oniy quvvat balansi qoldig‘ini va SOC
buzilishlarini ham qamrab oluvchi fizik yo‘qotish
funksiyasini  belgilaydi.  Konvertor  samaradorligi,
akkumulyatorning ishora qoidasi va hisoblagich joylashuvi
aniqg kodlanadi. Bumodelning statistik jihatdan qulay, ammo
energiyani “yaratib yuboradigan” yoki akkumulyatorni
ruxsat etilgan chegaradan chigaradigan trayektoriyani
o‘rganishiga yo‘l qo‘ymaydi.

Turli chastotadagi hodisalarni vaqt bo‘yicha
moslashtirish. Kuchlanish, tok, aktiv/reaktiv quvvat va
chastota har soniyada; SOC, shamol va trafik har 5 soniyada;
irradiatsiya, harorat va namlik har 10 soniyada; yoqilg‘i har
30 soniyada; SOH esa har 60 soniyada kelib tushadi. Edge
darajasi  sababiy gayta namunalash, chegaralangan
interpolyatsiya va yetishmayotgan giymatlar maskalaridan
foydalanadi. Hech bir kelajak namunasi awvvalgi prognoz
oynasiga sizib kirishiga yo‘l qo‘yilmaydi.

PI-FUZZY-GA-LSTM adaptiv algoritmi:
Prognozlash yadrosi so‘nggi o‘lchovlar, sifat maskalari,
tagvim/ob-havo konteksti, trafik yuklamasi va grafdagi
qo‘shni obyektlar xususiyatlarini qabul giladi. LSTM vaqt
bo‘yicha bog‘ligliklarni kodlaydi, yengil graf agregatsiyasi
esa yaqin joylashgan stansiyalar o‘rtasidagi umumiy fider
yoki ob-havo ta’sirlarini hisobga oladi. Chiqish bir nechta
prognoz gorizontlari uchun gayta tiklanuvchi generatsiya,
BTS talabi, SOC trayektoriyasi va nosozlik xavfi belgilarini
o°z ichiga oladi.

Veen = fO(Hy My, Ge), 0 = argmin® [Lpred +
alphys + fLcal + yLdrift] (4)

(4)-tenglama prognoz xatoligi, fizik jarima, interval
kalibrlash ~ yo‘qotishi va  drift regulyarizatsiyasini
birlashtiradi. Og‘irliklar test to‘plamida emas, validatsiya
ssenariylarida tanlanadi. Neyron prognozlovchi uchun
yetarli dalil bo‘lmagan hollarda arxitektura soddaroq holat-
fazo yoki persistence modeliga gaytishi mumkin.
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offline GA search + online bounded adaptation

nltrate qulity-sware TATM + grapih \ppe-2 fuazy
s wnpler conient asion

4-rasm. Graf konteksti va chegaralangan moslashuvga
ega fizik gonuniyatlarga asoslangan Fuzzy-GA-LSTM
konveyeri blok sxemasi

1. KIRISH
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2. GA-OFFLINE
——
3. O'QITISH
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4. KALIBRLASH
+
5. INFERENSIYA
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6. MOSLASHUV
S—
7. CHIQISH

sinxronlashtirilgan oynalar, sifat maskalari, aktiviar grafigi
fizik chegaralar va siyosat cheklovlari

fuzzy a'zoliklar,
va yo'qotish ogirl

LSTM kengligi/oynasi
sion optimallashtirish

xronologik fol
drift yo'a

alohida ajratilgan kalibrlash davrida
split-conformal qoldiq kvantillarini hisoblash

va imzolangan model versiyasi

5-rasm. Offline optimallashtirish va online adaptiv
inferensiya algoritmi

Interval type-2 fuzzy ish rejimlari: Kirish shartlari
gayta tiklanuvchi energiya zaxirasi, SOC, trafik intensivligi,
uzilish ehtimoli, yoqilg‘i zaxirasi, prognoz intervali kengligi
va sensor sifatini 0z ichiga oladi. Interval type-2 to‘plamlar
a’zolik chegaralaridagi noaniqlikni ifodalaydi. Qoidalar eco,
balanced, resilient, maintenance va emergency rejimlarining
kuchini hosil giladi. Qoidalar faollashuvi gattiq xavfsizlik
cheklovlari tekshirilgandan keyingina normallashtiriladi va
defuzzifikatsiya qilinadi.

Genetik optimallashtirish va ortigcha moslashuvni
nazorat gilish. GA xromosomasi a’zolik funksiyalari sinish
nugqtalari, tanlangan qoidalar og‘irliklari, LSTM kengligi,
retrospektiv oyna, dropout va fizik/kalibrlash og‘irliklarini
kodlaydi. Bajariluvchanlikni tiklash mexanizmi a’zolik
nugtalarining tartibini va parametrlar chegaralarini saglaydi.
Moslik funksiyasi bloklangan vaqt gatorlari validatsiyasidan
foydalanadi hamda ob-havo, trafik va uzilish rejimlari
bo‘yicha dispersiyani jarimaga tortadi. Ixcham xromosoma
va erta to‘xtatish shovqinni optimallashtirish xavfini
kamaytiradi.

Xavfsiz dispetcherlik va Digital Twin boshgaruvi.
Model manbalar ulushi va zaxira harakatlarini taklif giladi,
biroq tavsiyaning ijro gilinishi mumkinligini xavfsizlik filtri
hal giladi. U akkumulyator toki/SOC, dizel generatorining
minimal yogqilgan /o‘chirilgan vaqti, konvertor quvvati,
elektr tarmog‘i chegaralari, gayta tiklanuvchi quvvat
rampasi, BTS zaxira avtonomligi, trafik-QoS xavfi, aloga
dolzarbligi va avtorizatsiyani tekshiradi. Rad etilgan
harakatlar tekshirilgan zaxira siyosati bilan almashtiriladi.

ux*= argminu E[J(u,w)] + B - CVaRa[](u, w)] +
yCO,(w), u € Usafe (5)

(5)-tenglama xavfsiz bajariluvchi to‘plam doirasida
kutilayotgan  ekspluatatsion ~ xarajat, yuqori  dumli
ishonchlilik xavfi va uglerod proksisini muvozanatlashtiradi.
Optimallashtiruvchi bitta cheklanmagan minimum o‘rniga
Pareto egri chizig‘idagi “tizza” nuqtani tanlashi mumkin.
Siyosat og‘irliklari natija bilan birga saqlanadi, shuning
uchun operatorlar muhandislik cheklovi va iqgtisodiy
afzallikni farglay oladi.
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6-rasm. Fail-closed xavfsizlik va telekommunikatsiya
Qos filtri bilan yopiq konturli dispetcherlik blok-
signallari va cheklovlar
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har bir nomzodni Digital Twinda
quvvat balansi, SOC, konvertor, yoqilg'i,

shakllantirish
= mos noaniglik ssenariylari ostida sinash
tarmoq, QoS, xavfsizlik yoki ma‘'lumot

1. KIRISH
Digital Twin holati, kalibrlangan prognoz
intervallari, fuzzy rejimlar, tarif/uglerod

¥
5. RANGLASH

bajariluvchi jadvallarni kutilayotgan xarajat,
CVaR, dizel ishlash vaqti va uglerod proksisi
bo'yicha saralash

6. IJRO
dalil va avtorizatsiya chegaralari
bajarilgandagina imzolangan buyrugni uzatish

v
7. TEKSHIRISH

javobni Digital Twin bilan solishtirish;
qoldig me’yordan oshsa zaxira rejimi,
signal va rollbackni ishga tushirish

~ Qoldiq Ha

me‘yordan
oshdimi.

X ! s Zaxira rejimi,
‘ signal va
rollback
Yo'q
0 Jarayon davom etadi

7-rasm. Xavfni hisobga oluvchi dispetcherlik va
tekshirilgan ijro algoritmi

Baholash mezonlari: Baholashda gayta tiklanuvchi
quvvat MAPE, BTS yuklamasi MAE, SOC RMSE, nominal
va empirik interval qgamrovi, ta’minlanmagan energiya, dizel
ishlash vaqti, gayta tiklanuvchi energiyadan foydalanish
hamda xavfsizlik buzilishlari soni Keltiriladi. Prognozlash
metrikalari dispetcherlik metrikalaridan alohida hisoblanadi.
Barcha usullar bir xil xronologik foldlar, sensor nosozliklari,
ob-havo rejimlari, trafik sakrashlari va uzilish jadvallarini
oladi.

To‘rtta  konfiguratsiya taqqoslanadi:  qoidalarga
asoslangan EMS, an’anaviy type-1 fuzzy EMS,
fizik/kalibrlashsiz GA-LSTM va Pl-Fuzzy-GA-LSTM-DT.
Ushbu ketma-ketlik adaptiv vaqt qatorlarini o‘rganish,
sozlangan fuzzy birlashtirish, fizik regulyarizatsiya,
kalibrlangan intervallar, graf konteksti va xavfsizlik
filtrining ta’sirini alohida baholash imkonini beradi.

Takrorlanuvchanlik  protokoli: 20260810 seed
giymati 12 ta bazaviy stansiya, 90 kunlik ko‘p chastotali
telemetriya, uchta ob-havo rejimi, beshta trafik rejimi, 36 ta
elektr tarmog*i uzilishi, sensor og‘ishi/ma’lumot yo‘qolishi
portlashlari va akkumulyator garish driftini hosil giladi.
Konfiguratsiya fayllarida namuna olish, topologiya,
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o‘qitish/kalibrlash/test chegaralari, GA populyatsiyasi,
tasodifiy urug‘lar, model xeshlari va metrika ta’riflari
saglanadi. Haqiqiy abonent yoki operator ma’lumotlaridan
foydalanilmaydi.

3. Natijalar va muhokamalar

Birinchi  tajriba qgayta tiklanuvchi generatsiya,
akkumulyator yordami, tarmoq importi, dizel zaxirasi va
BTS talabi o‘rtasidagi o‘zaro ta’sirni ko‘rsatadi.
Boshqaruvchi  kechki  trafik  cho‘qqgisidan  oldin
akkumulyator zaxirasini saglagan holda qayta tiklanuvchi
energiyaga ustuvorlik beradi. Dizel generatori doimiy
ravishda “arzon” manba sifatida optimallashtirilmaydi, balki
ishonchlilik resursi bo‘lib qoladi.

Adaptive source contribution over a synthetic day

PV W bottery WM diesel
-—ind . grid

— BTS laad,

Power (kW)

Hour

8-rasm. Sintetik 24 soatlik BTS siklida beshta energiya
manbasining adaptiv hissasi grafigi

Manbalar ogimi grafigi bir xil talab prognoz noanigligi
va zaxira siyosatiga garab turli energiya aralashmalari bilan
goplanishi mumkinligini ko‘rsatadi. Boshqaruvchi yuqori
xavfli vaqt oralig‘idan oldin akkumulyatorni zaryadlaydi
yoki uning zaxirasini saglaydi; bu monitoring va
dispetcherlik bir xil sinxronlashtirilgan Digital Twin
holatidan foydalanishi zarurligini ko‘rsatadi.

Fuzzy operating-mode profiles

battery health QoS reserve

cost ewable use

— eco
= resilient

carbon grid support balanced

9-rasm. Eco, resilient va balanced fuzzy ish
rejimlarining radar tagqoslanishi grafigi

Fuzzy rejimlar o‘zaro istisno qiluvchi qat’iy yorliglar
emas; ular siyosiy ustuvorliklarni darajali tarzda ifodalaydi
[20]. Eco rejimi gayta tiklanuvchi energiyadan foydalanish
va uglerodni kamaytirishga urg‘u beradi, resilient rejim QoS
zaxirasi va elektr tarmog‘i yordamini kuchaytiradi, balanced
rejim esa keskin muvozanatsiz kompromisslardan gochadi.
Qattiq cheklovlar fuzzy ballidan tashqgarida goladi.

Kalibrlangan ko‘p bosqichli prognozlash. Trafik va
qayta tiklanuvchi energiya tez o‘zgaradigan davrlarda
prognoz noanigligi kengayadi. Konformal fan-grafik median
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prognozni 80% va 95% kalibrlangan diapazonlardan ajratib
ko‘rsatadi [21]. Operatsion qarorlar median qiymatni aniq
deb qabul qilish o‘rniga, cheklovga mos yuqori yoki quyi
chegaradan foydalanadi.

Calibrated multi-step load forecast

B0% conformal = median obser

95% conformal

BTS demand (kW)
a2 B v w2
w2 e

=

w
n

10-rasm. BTS talabini 48 bosgichga prognozlash uchun
split-conformal fan-grafigi

Taklif etilgan model sintetik test davrida nominal 95%
interval uchun 94,6% empirik gamrovni gayd etdi. Rejim
o‘zgarishlarida interval kengayadi, bu noaniqlikni halol aks
ettirish uchun qabul qilinadigan “narx” hisoblanadi. Dala
sharoitida joriy etishdan oldin gamrov mavsum va trafik
sinfi bo‘yicha qayta tekshirilishi kerak.

Operational phase portrait and fuzzy regime boundaries

o o
@ @

Battery SOC

o
b

0.2+

11-rasm. O‘rganilgan fuzzy rejim chegaralari bilan
SOC-trafik faza portreti grafigi

Quyida to‘rtta boshqaruv konfiguratsiyasi uchun sintetik
prognozlash va dispetcherlik metrikalari umumiy miqdoriy
taggoslash jadvali keltirilgan.

4-jadval
To‘rtta boshqaruv konfiguratsiyasi uchun sintetik
prognozlash va dispetcherlik metrikalari

Qayta Ta’minl
Yukla tiklanu | SOC | anmaga
Boshqa- ma v-chi RMS n
ruvchi MAE, ’
MAPE | E, % | kWh/ku
kw
% n
Qoidalarga
asoslangan 1.92 14.8 5.7 3.8
EMS
Type-1
fuzzy EMS 1.47 11.2 4.4 2.9
GA-LSTM 0.96 7.5 3.1 1.7
Pl-Fuzzy—
GA- 0.61 4.9 1.9 0.8
LSTM-DT

Pl-Fuzzy-GA-LSTM-DT BTS yuklamasi uchun 0,61
kW MAE, gayta tiklanuvchi quvvat uchun 4,9% MAPE,
SOC uchun 1,9% RMSE, kuniga 0,8 kWh ta’minlanmagan
energiya va kuniga 2,8 soat dizel ishlash vagtiga erishdi.
Qoidalarga asoslangan bazaviy usul ancha tushunarli, birog
trafik va ob-havoning bog‘langan o‘zgarishlariga sust javob
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beradi. GA-LSTM prognozni yaxshilaydi, ammo quvvat
balansi va SOC jarimalarisiz fizik jihatdan nomuvofiqg
trayektoriyalar hosil giladi.

Risk-aware Pareto frontier

€Oz proxy (kg/day)

Diesel runtime (h/day)

12-rasm. Dizel ishlash vaqti, ta’minlanmagan energiya
va uglerod proksisi o‘rtasidagi Pareto chegarasi grafigi

Pareto  grafigi fagat dizel ishlash  vagqtini
minimallashtirish ta’minlanmagan energiyani oshirishini
ko‘rsatadi [22]. Tanlangan “tizza” nuqta universal optimal
emas; u ¢’lon gilingan xavf va uglerod og‘irliklarini aks
ettiradi. Pareto chegarasini ko‘rsatish operatorlarga yashirin
skalyar maqgsadni qabul qilish o‘rniga kompromissni ko‘rib
chigish imkonini beradi.

Tushuntiriluvchanlik va audit dalillari: Har bir
tavsiya sensor sifati, aktiv holati surati, fuzzy a’zoliklar, faol
goidalar, GA xromosoma versiyasi, LSTM/model xeshi,
graf qo‘shnichiligi, fizik qoldiq, konformal kvantil, magsad
funksiyasi tarkibi, rad etilgan cheklovlar, imzolangan
buyruq, o‘lchangan javob va rollback natijasini saglaydi
[23]. Bu xususiyatlar ahamiyatidan tashgari jarayon
tushuntiriluvchanligini ham ta’minlaydi.

Kalibrlash, ablyatsiya va barqgarorlik: Ablyatsiya
tahlilida mexanizmlar bittadan olib tashlanadi. Fizik
yo‘gotishni olib tashlash oson davrlarda nugtaviy xatolikni
biroz kamaytiradi, birog SOC va quvvat balansi
buzilishlarini oshiradi. Konformal kalibrlashsiz intervallar
tor va yetarli gamrov bermaydi. Graf kontekstini olib
tashlash ~ bog‘langan ob-havo/uzilish prognozini
yomonlashtiradi; xavfsizlik filtrini olib tashlash esa prognoz
xatolarini buyruq buzilishlariga aylantiradi.

1o- Forecast-interval reliability

0.9 1 & GaLsTH
—— Pl-fuzzy-GA-LSTM

Empirical coverage

05 06 0.7 0.8 09 10
Naminal Interval coverage

13-rasm. LSTM, GA-LSTM va kalibrlangan taklif
etilgan model uchun ishonchlilik diagrammasi grafigi

5-jadval
Sintetik benchmarkda ablyatsiya va stress-test ta’sirlari
95% Balans | Dizel | Xavfsizlik
Variant | gamrov, | buzilishi | soat bloklari
% /kun /kun /kun

To‘liq

model 94.6 0.0 2.8 0.7

— fizik 91.8 3.4 2.6 3.9

yo‘qotish
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konformal 78.2 0.1 2.7 1.8
kalibrlash

— graf

konteksti 90.5 0.2 3.3 1.2
xavfsizlik 93.9 2.7 2.5 0.0
filtri

To‘liqg model belgilangan sinov stendida prognozlash,
kalibrlash va xavfsizlikning eng yaxshi birgalikdagi profilini
ko‘rsatadi. Natijalar qo‘shilgan murakkablik har doim ham
o‘zini oqlaydi degani emas. Ma’lumoti cheklangan kichik
obyekt kalibrlangan holat-fazo bazaviy modelini ayni
xavfsizlik filtri va axborot shartnomalari bilan birgalikda
oqilona qo‘llashi mumkin.

4. Xulosa

Ushbu magqolada gibrid energiya bilan ta’minlanadigan
telekommunikatsiya bazaviy stansiyalarini monitoring gilish
uchun ko‘p sathli energiya—axborot modeli va Pl-Fuzzy—
GA-LSTM-DT adaptiv  algoritmi  ishlab chigqildi.
Arxitektura Smart Grid o‘zaro ishlashini, ko‘p chastotali
edge-sensorlashni, aktiv semantikasini, fizik qonuniyatlarga
asoslangan prognozlashni, interval type-2 fuzzy rejimlarni,
GA sozlashni, graf kontekstini, konformal noaniglikni,
Digital Twinni va fail-closed xavfsiz dispetcherlikni
birlashtiradi. Sintetik tajribalar belgilangan farazlar ostida
prognozlash  anigligi, qgamrov kalibrlanishi, gayta
tiklanuvchi  energiyadan foydalanishning yaxshilanishi
hamda ta’minlanmagan energiya va dizel ishlash vaqtining
kamayishini ko‘rsatdi. Keyingi ilmiy bosqich kuzatilgan
trafik, ob-havo, akkumulyator qarishi, Kiberxavfsizlik
sinovlari va oldindan belgilangan baholash mezonlari bilan
bosgichma-bosgich hardware-in-the-loop hamda operator
pilot sinovlarini o‘tkazishdan iborat.
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Comprehensive assessment of the operational performance indicators of

Abstract:

Keywords:

motor vehicles considering seasonal operating conditions

T.Sh. Muminov*®2 D.A. Dolieva*®P
1Tashkent state transport universiteti, Tashkent, Uzbekistan

This article develops a methodological approach to assessing changes in the efficiency of motor vehicle
utilization under the influence of seasonal conditions. The study systematizes the external and internal
factors affecting the operational performance of motor vehicles and classifies the main operational
indicators into three groups according to their functional characteristics: transportation efficiency, traffic
efficiency, and indicators characterizing the level of vehicle utilization. Based on available technical and
operational data for 2022-2023, relative change indices of the indicators were determined, and a
comprehensive operational change index was calculated. The results demonstrated that, alongside an
increase in the number of passengers transported and passenger-kilometres performed, a decline was
observed in certain indicators of vehicle utilization. The proposed approach enables a comprehensive
assessment of the impact of seasonal operating conditions on vehicle performance and provides a basis
for statistically determining this impact in future studies using meteorological and operational data.
motor vehicle, seasonal conditions, operational performance indicator, transportation efficiency,
operating speed, productivity, vehicle utilization, composite index

Avtotransport vositalarining ekspluatatsion ko‘rsatkichlarini mavsumiy
foydalanish sharoitlarini hisobga olgan holda kompleks baholash

Annotatsiya:

Kalit so‘zlar:

Mo‘minov T.Sh.1®2 Doliyeva D.A.2®P
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Mazkur magolada avtotransport vositalaridan foydalanish samaradorligining mavsumiy sharoitlar
ta’sirida o‘zgarishini baholashning metodologik yondashuvi ishlab chiqilgan. Tadqiqotda avtotransport
vositalarining ekspluatatsion faoliyatiga ta’sir etuvchi tashqi va ichki omillar tizimlashtirildi hamda
asosiy ekspluatatsion ko‘rsatkichlar funksional xususiyatlariga ko‘ra uch guruhga ajratildi: tashish
samaradorligi, harakat samaradorligi va transport vositasidan foydalanish darajasini ifodalovchi
ko‘rsatkichlar. 2022-2023-yillar bo‘yicha mavjud texnik-ekspluatatsion ma’lumotlar asosida
ko‘rsatkichlarning nisbiy o‘zgarish indekslari aniqlandi va kompleks ekspluatatsion o‘zgarish indeksi
hisoblandi. Natijalar tashilgan yo‘lovchilar soni va yo‘lovchi-kilometr ishining ortishi bilan bir gatorda,
transport vositalaridan foydalanishning ayrim ko‘rsatkichlarida pasayish mavjudligini ko‘rsatdi. Taklif
etilgan yondashuv mavsumiy foydalanish sharoitlarining transport vositalari ishiga ta’sirini kompleks
baholash hamda kelgusida meteorologik va ekspluatatsion ma’lumotlar asosida ushbu ta’sirni statistik
jihatdan aniglash imkonini beradi.

avtotransport vositasi, mavsumiy sharoit, ekspluatatsion ko‘rsatkich, tashish samaradorligi,
ekspluatatsion tezlik, ish unumdorligi, transport vositasidan foydalanish, kompleks indeks

1. Kirish

Avtotransport vositalarining samarali ishlashi tashish
hajmi bilan bir gatorda transport vositasining texnik holati,
harakatlanish sharoiti, yo‘l sharoiti, ob-havo omillari va
transport vositasidan foydalanish darajasiga ham bog‘liq.
Aynigsa, yil davomida havo harorati, yog‘ingarchilik, qor va
muzlama, yo‘l qoplamasining holati, shamol va ko‘rinish
masofasining ~ o‘zgarishi transport  vositalarining

a2 https://orcid.org/0009-0006-3167-3808
bl https://orcid.org/0009-0005-8527-4100
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ekspluatatsion faoliyatiga turlicha ta’sir ko‘rsatishi mumkin
[1.2].

Mavsumiy sharoitlarning o‘zgarishi natijasida transport
vositasining ekspluatatsion tezligi, bosib o‘tiladigan masofa,
liniyadagi ish vaqti, yo‘nalishga chiqish darajasi, yoqilg‘i
sarfi va ish unumdorligida o‘zgarishlar yuzaga kelishi
mumkin. Bunday sharoitlarda transport vositalarining fagat
tashish hajmi bo‘yicha baholanishi ularning real
ekspluatatsion samaradorligini to‘liq ifodalamaydi. Shu
nugtai nazardan, mavsumiy foydalanish sharoitlarining
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ta’sirini  baholashda transport vositasining tashish
samaradorligi, harakat samaradorligi va undan foydalanish
darajasini ifodalovchi ko‘rsatkichlarni birgalikda tahlil
qgilish muhim hisoblanadi [3].

Amaldagi yondashuvlarda alohida ekspluatatsion
ko‘rsatkichlarning o‘zgarishini baholashga katta e’tibor
qaratiladi. Biroq bir ko‘rsatkichning yaxshilanishi boshqa
ko‘rsatkichning pasayishi bilan bir vaqtda sodir bo‘lishi
mumkin. Masalan, tashilgan yo‘lovchilar sonining ortishi
transport vositalaridan foydalanish koeffitsiyenti yoki ishga
chiqish darajasi ham oshganligini anglatmaydi. Shu sababli
ekspluatatsion faoliyatni kompleks baholashga asoslangan
metodologik yondashuvga ehtiyoj mavjud [4].

Mazkur tadgigotning magsadi avtotransport
vositalarining ekspluatatsion ko‘rsatkichlarini mavsumiy
foydalanish sharoitlarini hisobga olgan holda kompleks
baholash va ushbu baholash uchun metodologik yondashuv
ishlab chigishdan iborat.

Tadgiqotning asosiy vazifalari quyidagilardan iborat:

° avtotransport vositalari ekspluatatsiyasiga ta’sir
etuvchi tashqi va ichki omillarni tizimlashtirish;

° ekspluatatsion ko‘rsatkichlarni funksional
guruhlarga ajratish;
U 2022-2023-yillar ~ bo‘yicha ekspluatatsion

ko‘rsatkichlar dinamikasini tahlil qilish;

U ko‘rsatkichlarning nisbiy o‘zgarish indekslarini
aniglash;

o funksional ~ guruhlar  bo‘yicha  kompleks
indekslarni hisoblash;
U umumiy kompleks ekspluatatsion o‘zgarish

indeksini aniglash;

o mavsumiy omillarning ta’sirini kelgusida statistik
baholash imkonini beruvchi modelni shakllantirish.

Tadgiqotning ilmiy yangiligi ekspluatatsion
ko‘rsatkichlarni alohida emas, balki ularning funksional
guruhlari va umumiy kompleks indeksi orgali baholashga
asoslangan yondashuvni taklif etishdan iborat.

Tadgiqotning amaliy ahamiyati shundaki, taklif
etilayotgan yondashuvdan avtotransport korxonalarida
transport  vositalaridan ~ foydalanish ~ samaradorligini
baholash, mavsumiy sharoitlarga mos ekspluatatsiya
rejimlarini shakllantirish va transport vositalarining ish
unumdorligini oshirish bo‘yicha boshqaruv qarorlarini
ishlab chigishda foydalanish mumkin.

2. Tadgiqot metodologiyasi

Avtotransport vositalarining ekspluatatsion
samaradorligi turli xil tashqi va ichki omillarning o‘zaro
ta’siri natijasida shakllanadi. Tadqigotda ushbu omillar ikki
asosiy guruhga ajratildi 1-rasm.
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s R ( transport 3
vositasining texnik
holati
dvigatel va
agregatlarning ish
rejimi
harakat tarkibining
vo*nalishga chiqish

havo harorati
vog‘ingarchilik
qorva muzlama
vo°l qoplamasining

namligi va holati darajasi
shamol transport
ko‘rinish masofasi vositasining

vuklanish darajasi

transport ogimining texnik xizmat

zichligi ko rsatishva
ta’mirlash chastotasi
yo‘nalishdagi ish
— -

\ vagti J

1-rasm. Avtotransport vositalarining ekspluatatsion
samaradorligiga o‘zaro ta’sir etuvchi omillar

Mazkur omillar transport vositasining harakatlanish
sharoitiga, texnik va ekspluatatsion holatiga hamda yakuniy
ish unumdorligiga ta’sir qiladi. Shu sababli mavsumiy
foydalanish sharoitlarini  baholashda tashgi omillarni
bevosita, ichki omillarni esa transport vositasining
ekspluatatsion holatini ifodalovchi ko‘rsatkichlar orqali
hisobga olish magsadga muvofiq 2-rasm.

1-guruh - tashish samaradorligi ko ‘rsatdchlan:
tashilganyo‘lovchilar son

— vo'lovchikilometrishi

o‘rtacha tashishmasofas

transpaort vositasimingish ummdorligi

2-guruh - harakat samaradorligi ko ‘rsatkichlan:
ekspluatatsion tezlik
suthalik o‘rtacha bosib o*tilzanmasofa
umumiy bosib o‘tilzanmasofa
linivadagiish vagt

3-guruh - transport vositasidanfoydalanish darajasini
ifodalovehi ko rsathichlar:

harakat tarkibidan foydalanishkoeffitsivent
ishza chigish koeffitsiyenti
sig‘imdan foydalanish koeffitsiventi
linivaviyish unumdorlisi

Transport wositalarining ekspluatatsion faoliy ating tav siflowehi
ko'rsatkichlarining asosiy funksional guralari
|

2-rasm. Avtotransport vositalarining ekspluatatsion
faoliyatini tavsiflovchi ko‘rsatkichlar

Avtotransport vositalarining ekspluatatsion
samaradorligini baholashda alohida ko‘rsatkichlarning
o‘zgarishini aniglash bilan birga, ularning umumiy ta’sirini
yagona baholash ko ‘rsatkichiga keltirish magsadga muvofig.
Shu sababli tadgigotda 2022 -yil bazaviy davr, 2023-yil esa
tagqgoslanayotgan davr sifatida gabul qilindi.

Har bir ekspluatatsion ko‘rsatkichning bazaviy davrga
nisbatan o‘zgarishi nisbiy indeks orqali aniglanadi [5.6]:

] = Xizoas 1)
Y Xizoz

bu yerda:

I; - i-ko‘rsatkichning nisbiy o‘zgarish indeksi;

Xi 2023 - I-ko‘rsatkichning 2022-yildagi giymati;

Xi 2022 - I-ko‘rsatkichning 2023-yildagi giymati.

Indeks giymati I; > 1 bo‘lsa, ko‘rsatkichning bazaviy
davrga nisbatan oshganligini, I; < 1 bo‘lsa, kamayganligini,
l; =1 bo‘lsa, ko‘rsatkich o‘zgarmaganligini bildiradi.
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Biroq ushbu indeksni talqin qilishda ko‘rsatkichning
ekspluatatsion samaradorlikka ta’sir yo‘nalishini hisobga
olish zarur. Mazkur tadgiqotda ko‘rsatkichlarning yuqori
qiymati ijobiy natijani ifodalovchi ko‘rsatkichlar tanlab
olindi. Agar kelgusida kamayishi ijobiy hisoblanadigan
ko‘rsatkichlar, masalan, yoqilg‘i sarfi yoki bekor turish vaqti
kiritilsa, ularni teskari nisbat orgali standartlashtirish lozim:

I = Zizoz2 @)
b Xizozs

Shunday qilib, barcha standartlashtirilgan indekslarda I;
> 1 - ijobiy o‘zgarish, I; < 1 - salbiy o‘zgarish tamoyili
saglanadi.

Funksional guruh indekslarini aniglash

Har bir funksional guruhning umumiy holatini baholash
uchun guruh tarkibidagi ko‘rsatkichlarning o‘rtacha nisbiy
indeksi aniglanadi:

1 «nj

K; = n—jziil I (3)

bu yerda:

K; - j-funksional guruhning kompleks indeksi;

n; - j-guruhdagi ko‘rsatkichlar soni;

I; - guruh tarkibidagi tegishli ko‘rsatkichning nisbiy
indeksi.

Ushbu yondashuv asosida uchta asosiy kompleks indeks
aniglanadi:

KT — Ii+I+I3+1, (4)
4
bu yerda K —tashish samaradorligi indeksi
Ky = Is+lg+I;+1g )
4
bu yerda K}, — harakat samaradorligi indeksi
K, = lothothith, 6
F= (6)

4

bu yerda K — transport vositasidan foydalanish darajasi
indeksi

Mazkur hisoblashda har bir guruh tarkibidagi
ko‘rsatkichlar teng ahamiyatli deb qabul gilinadi. Bunday
yondashuv dastlabki kompleks baholash uchun qo‘llanadi va
ko‘rsatkichlar soni teng bo‘lganligi sababli guruhlar
o‘rtasida hisoblashning izchilligini ta’minlaydi.

Avtotransport vositalarining umumiy ekspluatatsion
holatini baholash uchun uchta funksional guruh indeksi

yagona ko ‘rsatkichga birlashtiriladi:
K, = Kr+Ku+Ke

. @
bu yerda:

K - umumiy kompleks ekspluatatsion o‘zgarish indeksi;
K7 - tashish samaradorligi indeksi;

Ky, - harakat samaradorligi indeksi;

K - transport vositasidan foydalanish darajasi indeksi.

Umumiy indeksning o°‘zgarish darajasi foizlarda
quyidagicha aniglanadi:

AKp = (Kg —1)-100% (8)

Ushbu ko‘rsatkich transport vositalarining

ekspluatatsion holatida bazaviy davrga nisbatan umumiy
o‘zgarish darajasini ifodalaydi.

Natijalarni baholash quyidagi mezon asosida amalga
oshiriladi:

Kompleks indeks Baholash
Kes1 ekspluatatsion samaradorlik
oshgan
_ sezilarli o‘zgarish mavjud
Ke=1 emas
Ke<1 ekspluatatsion samaradorlik
pasaygan
Mazkur metodikaning muhim jihati shundaki, u tashish
hajmining  oshishini  avtomatik ravishda umumiy
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ekspluatatsion samaradorlikning oshishi sifatida qgabul
gilmaydi. Aksincha, tashish, harakatlanish va transport
vositasidan ~ foydalanish ~ ko‘rsatkichlari  birgalikda
baholanadi.

Shu bilan birga, mazkur indeks mavsumiy ta’sirning
bevosita migdoriy koeffitsiyenti hisoblanmaydi. U 2022—
2023-yillardagi ekspluatatsion o‘zgarishlarni kompleks
baholash uchun xizmat giladi. Mavsumiy omillarning
alohida ta’sirini aniglash uchun ushbu metodikaga oylar
kesimidagi havo harorati, yog‘ingarchilik, yo‘l sharoiti va
boshga meteorologik ma’lumotlarni qo‘shish talab etiladi.

Mavsumiy foydalanish sharoitlarining avtotransport
vositalari ekspluatatsion ko‘rsatkichlariga ta’sirini aniqlash
uchun tashgi va ichki omillar bilan ekspluatatsion natijalar
o‘rtasidagi bog‘liglikni baholash zarur. Bunda mavsumiy
omillar alohida holda emas, balki ularning transport
vositasining ish sharoitiga ta’siri orqali qaraladi.

Tadgigotning metodologik ketma-ketligi  quyidagi
tartibda shakllantiriladi:
mavsumiy omillar — ekspluatatsion sharoit —

ekspluatatsion ko‘rsatkichlar — nisbiy indekslar —
funksional guruh indekslari — kompleks ekspluatatsion
indeks.

Mavsumiy sharoitlarning ta’sirini yanada chuqurroq
baholash uchun ekspluatatsion ko‘rsatkichlardan biri
natijaviy ko‘rsatkich sifatida qabul qilinib, unga ta’sir
etuvchi asosiy omillar regressiya modeli orqali ifodalanishi
mumkin:

Yi=Bo+ B Te+ B Pe4PBs Qe+ Py We+Bs-
Ry + & ©)
bu yerda:

Y, - t-davrdagi ekspluatatsion ko‘rsatkich;

T; - havo harorati;

P; - yog‘ingarchilik miqdori;

Q; - gor va muzlama sharoiti;

W, - shamol tezligi;

R; - yo‘l qoplamasi va harakat sharoitini ifodalovchi
ko‘rsatkich;

Bo - modelning erkin hadi;

Bi,---, Bs - tegishli omillarning ta’sir koeffitsiyentlari;

& - modelda hisobga olinmagan tasodifiy omillar.

Mazkur modelda Y sifatida ekspluatatsion tezlik,
transport vositasining ish unumdorligi, sutkalik yurish yoki
boshqa asosiy ekspluatatsion ko‘rsatkichlardan biri
tanlanishi mumkin.

Masalan, ekspluatatsion tezlikni natijaviy ko‘rsatkich
sifatida olganda, mavsumiy sharoitlarning transport
vositasining harakatlanish tezligiga ta’siri baholanadi. Agar
transport vositasining ish unumdorligi tanlansa, mavsumiy
sharoitlarning tashish samaradorligiga ta’siri aniglanadi.

Model koeffitsiyentlarining ishorasi omilning ta’sir
yo‘nalishini ko‘rsatadi. Musbat f tegishli omilning ortishi
natijaviy ko‘rsatkichning oshishi bilan, manfiy f esa
kamayishi bilan bog‘ligligini bildiradi.

Bundan tashqari, mavsumiy sharoitlarni fasllar bo‘yicha
alohida baholash uchun mavsumiy indikatorlardan
foydalanish mumkin. Bunda gish, bahor, yoz va kuz davrlari
alohida guruhlarga ajratilib, bazaviy fasl bilan tagqoslanadi.
Bunday yondashuv mavsumiy sharoitlarning ekspluatatsion
ko‘rsatkichlarga ta’sirini boshqa omillardan ajratib baholash
imkonini beradi.

Shu bilan birga, ushbu tadqiqotda mavjud ma’lumotlar
yillik umumlashtirilgan ko‘rsatkichlardan iborat bo‘lganligi
sababli regressiya modelining koeffitsiyentlari amaliy
hisoblanmaydi. Mazkur model kelgusida oylar kesimidagi
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meteorologik va ekspluatatsion ma’lumotlar 1 km ga to‘g‘ri

shakllantirilgandan keyin qo‘llanilishi uchun metodik asos keladigan ish B

sifatida taklif etiladi. unumdorligi, 34665 33090 45
Shunday qilib, taklif etilayotgan yondashuv ikki yo‘lovchi-km

bosqichni o‘z ichiga oladi: birinchi bosqichda mavjud
ekspluatatsion ma’lumotlar asosida kompleks ozgarish
indeksi aniglanadi, ikkinchi bosgichda esa oylik
meteorologik ma’lumotlar asosida mavsumiy omillarning
ushbu o‘zgarishga ta’siri statistik jihatdan baholanadi.

3. Natija va muhokamalar

Taklif etilgan metodik yondashuvni amaliy ma’lumotlar
asosida tekshirish uchun 2022-2023-yillarda shahar
yo‘lovchi  transporti bo‘yicha  shakllangan  texnik-
ekspluatatsion ko‘rsatkichlardan foydalanildi. 2022-yil
bazaviy davr, 2023-yil esa taqqoslash davri sifatida gabul
qgilindi.

Tahlil uchun transport vositalari soni, ularning sig‘imi,
tashilgan yo‘lovchilar soni, yo‘lovchi-kilometr ishi,
ekspluatatsion tezlik, harakat tarkibidan foydalanish va
ishga chiqish koeffitsiyentlari, sig‘imdan foydalanish
darajasi, bosib o‘tilgan masofa hamda ish unumdorligi kabi
ko‘rsatkichlar tanlandi 1-jadval.

1-jadval
Avtotransport vositalarining asosiy texnik-
ekspluatatsion ko‘rsatkichlari

Ko‘rsatkich | 2022-yil | 2023-yil go‘zgaris"’
Avtobuslar 11693 | 12374 | 458
soni

O'rtacha 21,10 21,96 +4,1
sig‘im

Umumiy 24675 27179 +10,1
sig‘im

Tashilgan

yo‘lovchilar, | 138209,1 | 144967,2 | +4,9
ming nafar

Yo‘lovchi-

kilometr, ming | 855346,7 | 899362,1 | +5,1
yo‘lovchi-km
Ekspluatatsion
tezlik, km/soat
Harakat
tarkibidan
foydalanish
koeffitsiyenti
Ishga chigish
koeffitsiyenti
Sig‘imdan
foydalanish 0,535 0,581 +8,6
koeffitsiyenti
Sutkalik
o‘rtacha 267,8 266,0 -0,7
yurish, km
Umumiy
yurish, ming | 80912,2 76081,2 -6,0
km

1 transport
vositasining
ish 41939 3982,6 -5,0
unumdorligi,
yo‘lovchi

21,5 21,3 —-0,9

0,768 0,694 -9,6

0,708 0,633 —-10,6
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Manba:  taqdim  etilgan  texnik-ekspluatatsion
ma’lumotlar asosida muallif hisob-kitobi.

Jadvaldan ko‘rinadiki, 2023-yilda avtobuslar soni 5,8 %
ga, o‘rtacha sig‘im
4,1 % ga, umumiy sig‘im esa 10,1 % ga oshgan. Natijada
tashilgan yo‘lovchilar soni 4,9 % ga, yo‘lovchi-kilometr ishi
esa 5,1 % ga ko‘paygan.

Biroq barcha ko‘rsatkichlarda ijobiy dinamika
kuzatilmagan. Xususan, ekspluatatsion tezlik 0,9 % ga,
harakat tarkibidan foydalanish koeffitsiyenti 9,6 % ga, ishga
chigish koeffitsiyenti esa 10,6 % ga kamaygan. Umumiy
yurishning 6,0 % ga kamayishi va bir transport vositasining
ish unumdorligining 5,0 % ga pasayishi ham transport
vositalaridan foydalanish samaradorligida muayyan salbiy
o‘zgarish mavjudligini ko‘rsatadi.

Shu bilan birga, sig‘imdan foydalanish koeffitsiyenti
0,535 dan 0,581 gacha, ya’ni 8,6 % ga oshgan. Bu tashish
talabining mavjud transport sig‘imidan foydalanish
darajasiga ijobiy ta’sir ko‘rsatganligini ko‘rsatadi.

Demak, 2022-2023-yillardagi ma’lumotlar transport
tizimida tashish hajmi oshishi bilan bir vaqgtda transport
vositalaridan ~ foydalanishning  ayrim  ekspluatatsion
ko‘rsatkichlari pasayganini ko‘rsatmoqda. Aynan shu
garama-garshi o‘zgarishlar ekspluatatsion samaradorlikni
bitta ko‘rsatkich bilan emas, balki kompleks baholash
zarurligini asoslaydi.

Avtotransport vositalarining ekspluatatsion holatidagi
o‘zgarishlarni o‘zaro taqqoslash imkonini berish uchun
2022-yil bazaviy davr sifatida qgabul gilinib, 2023-yil
ko‘rsatkichlarining nisbiy o‘zgarish indekslari aniqlandi.
Hisoblash (1)-formula asosida amalga oshirildi:

Natijada har bir ko‘rsatkichning 2022-yilga nisbatan
o‘zgarish darajasi yagona o‘lchovga keltirildi 2-jadval.

2-jadval
Ekspluatatsion ko‘rsatkichlarning nisbiy o‘zgarish
indekslari
‘ . " i | Nisbiy
Ne | Kofrsatkich | 2022-yil | 2023-yil indeks

Avtobuslar
soni
O‘rtacha
sig‘im
Umumiy
sig‘im
Tashilgan
4 yo‘lovchilar, | 138209,1 | 144967,2 | 1,049
ming nafar
Yo lovchi-
5 | kilometr, ming | 855346,7 | 899362,1 | 1,051
yo‘lovchi-km
Ekspluatatsion
tezlik, km/soat
Harakat
tarkibidan
foydalanish
koeffitsiyenti
Ishga chigish
koeffitsiyenti

1 1169,3 1237,4 1,058

21,10 21,96 1,041

24675 27179 1,101

21,5 21,3 0,991

0,768 0,694 0,904

0,708 0,633 0,894
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Sig‘imdan
9 foydalanish
koeffitsiyenti
Sutkalik
10 o‘rtacha
yurish, km
Umumiy
11 | yurish, ming
km
1 transport
vositasining
12 ish
unumdorligi,
yo‘lovchi
1 km ga to‘g‘ri
keladigan ish
unumdorligi,
yo‘lovchi-km

0,535 0,581 1,086

2678 266,0 0,993

80912,2 | 760812 | 0,940

4193,9 3982,6 0,950

13 34665 33090 0,955

Manba: tagdim etilgan 2021-2022-yillardagi texnik-
ekspluatatsion ma’lumotlar asosida muallif hisob-kitobi.

Jadval natijalaridan ko‘rinadiki, 2023-yilda ayrim
ko‘rsatkichlarning indeks qiymati 1 dan yuqori bo‘lgan.
Xususan, umumiy sig‘im indeksi 1,101, sig‘imdan
foydalanish koeffitsiyenti 1,086, yo‘lovchi-kilometr ishi
1,051 va tashilgan yo‘lovchilar soni 1,049 ni tashkil etgan.
Bu ko‘rsatkichlarda 2021-yilga nisbatan ijobiy dinamika
mavjudligini ko‘rsatadi.

Shu bilan birga, harakat tarkibidan foydalanish
koeffitsiyenti 0,904, ishga chigish koeffitsiyenti 0,894,
umumiy yurish 0,940 va bir transport vositasining ish
unumdorligi 0,950 giymatga ega bo‘lgan. Demak, ushbu
yo‘nalishlarda 2023-yilda bazaviy davrga nisbatan pasayish
kuzatilgan.

Ekspluatatsion tezlikning indeksi 0,991, sutkalik
o‘rtacha yurish indeksi esa 0,993 bo‘lib, mazkur
ko‘rsatkichlarda o‘zgarish nisbatan kichik bo‘lgan.

Shunday qilib, nisbiy indekslarni hisoblash natijalari
transport vositalari ekspluatatsiyasida ijobiy va salbiy
yo‘nalishdagi o‘zgarishlar bir vaqtning o‘zida mavjudligini
ko‘rsatdi. Bu holat alohida ko‘rsatkichlar bo‘yicha berilgan
baho umumiy ekspluatatsion holatni to‘liq ifodalamasligini
va keyingi bosgichda ko‘rsatkichlarni funksional guruhlar
bo‘yicha umumlashtirish zarurligini ko‘rsatadi.

Awvalgi bosgichda aniglangan nisbiy indekslar asosida
ekspluatatsion ko‘rsatkichlarning uchta funksional guruhi
bo‘yicha kompleks baholash amalga oshirildi. Bunda asosiy
magsad  alohida  ko‘rsatkichlardagi ~ qarama-garshi
o‘zgarishlarni umumlashtirib, transport vositalarining
ekspluatatsion ~ faoliyatidagi  umumiy  tendensiyani
aniglashdan iborat.

Tashish samaradorligi guruhi tashilgan yo‘lovchilar
soni, yo‘lovchi-kilometr ishi, o‘rtacha tashish masofasi va
transport vositasining ish unumdorligi kabi ko‘rsatkichlarni
gamrab oladi.

Tashilgan yo‘lovchilar sonining indeksi:

L= 144967,2 1049

171382091
Yo‘lovchi-kilometr ishining indeksi:

L 899362,1 1051

> 78553467

O‘rtacha tashish masofasi yo‘lovchi-kilometr ishining
tashilgan yo‘lovchilar soniga nisbati orqali aniqlash
mumkin:
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P
— ykm
Lorrt -

2022-yolda 6,19 km, 2023 yilda 6,20 km
Shundan o‘rtacha tashish masofasi indeksi:
6,20

I3 = 619 1,002
Transport vositasining ish unumdorligi indeksi esa:
= 22925 _ 0,950
*7 41939
Natijada tashish samaradorligining kompleks indeksi:
1,049 + 1,051 + 1,002 + 0,950
r= =1,013

4

Demak, tashish samaradorligi guruhining kompleks
indeksi 1,013 ni tashkil etib, tanlangan ko‘rsatkichlar
bo‘yicha 2023-yilda 2022-yilga nisbatan o‘rtacha 1,3 %
ijobiy o‘zgarish mavjudligini ko‘rsatadi.

Bu natija tashilgan yo‘lovchilar va bajarilgan transport
ishining oshganligi bilan birga, bitta transport vositasining
ish unumdorligi pasayganligini ham hisobga oladi. Shu
sababli tashish hajmining o‘sishini transport vositalaridan
foydalanish samaradorligining to‘liq yaxshilanishi sifatida
talqin qilish noto‘g‘ri bo‘ladi.

Harakat samaradorligi guruhi ekspluatatsion tezlik,
sutkalik o‘rtacha bosib o‘tilgan masofa, umumiy bosib
o‘tilgan masofa va liniyadagi ish vaqtini o‘z ichiga oladi.

Mavjud ma’lumotlar asosida quyidagi indekslar
aniglandi:

(10)

Is = 0,991, I = 0,993, 1, = 0,940
Liniyadagi ish vaqti bo‘yicha tagqoslanadigan ma’lumot
mavjud bo‘lmaganligi sababli ushbu ko‘rsatkich kompleks

hisobga kiritilmadi. Mavjud uchta ko‘rsatkich bo‘yicha:
0,991 + 0,993 + 0,940
H = =0,975

3

Shunday qilib, harakat samaradorligi indeksi 0,975 ga
teng bo‘lib, 2023-yilda ushbu guruh bo‘yicha 2022-yilga
nisbatan o‘rtacha 2,5 % pasayish kuzatilgan.

Aynigsa, umumiy yurishning 6,0 % ga kamayishi ushbu
guruhdagi asosiy salbiy o‘zgarishlardan biri hisoblanadi.
Ekspluatatsion tezlik va sutkalik o‘rtacha yurishdagi
o‘zgarishlar esa nisbatan kichik bo‘lgan.

Uchinchi guruh transport vositalaridan foydalanish
samaradorligini ifodalovchi ko‘rsatkichlarni qamrab oladi:
harakat tarkibidan foydalanish, ishga chiqish, sig‘imdan
foydalanish va liniyaviy ish unumdorligi.

Mavjud ma’lumotlar asosida harakat tarkibidan
foydalanish koeffitsiyenti indeksi I; = 0,904, ishga chigish
koeffitsiyenti I, = 0,894,  sig‘imdan  foydalanish
koeffitsiyenti I,, = 1,086

Liniyaviy ish unumdorligi bo‘yicha mavjud ma’lumotlar
asosida tegishli indeks aniglanib, uchinchi guruhning
kompleks bahosiga kiritiladi.

Ushbu guruhdagi asosiy xususiyat shundan iboratki,
sig‘imdan foydalanish koeffitsiyenti 8,6 % ga oshgan, biroq
harakat tarkibidan foydalanish va ishga chigish
koeffitsiyentlari mos ravishda 9,6 % va 106 % ga
kamaygan.

Bu holat transport vositalarining mavjud sig‘imidan
foydalanish darajasi yaxshilangan bo‘lsa-da, parkning ishga
jalb etilishi va foydalanish darajasida muayyan muammolar
mavjudligini ko‘rsatadi.

Hisoblashlar quyidagi umumiy tendensiyani ko ‘rsatadi:

Funksional Kompleks
guruh indeks Baholash
Tashish 1,013 +13%

samaradorligi
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Shunday qilib, tadgigotning muhim natijasi shundan
iboratki, tashish samaradorligidagi ijobiy dinamika harakat
va transport vositasidan foydalanish ko‘rsatkichlaridagi
pasayish bilan birga kechgan.

Avtotransport vositalarining ekspluatatsion faoliyatini
umumiy baholash uchun alohida funksional guruhlar
bo‘yicha aniglangan indekslarni yagona kompleks
ko‘rsatkichga  birlashtirish ~ zarur.  Bunda  tashish
samaradorligi, harakat samaradorligi hamda transport
vositasidan foydalanish darajasi birgalikda hisobga olinadi.

Tadgigotda har bir funksional guruhning umumiy
ekspluatatsion samaradorlikka ta’siri teng deb qabul
qilinadi. Shunga ko‘ra, kompleks ekspluatatsion o‘zgarish
indeksi quyidagi formula orgali aniglanadi:

Ky = (11)
bu yerda:

Ky - kompleks ekspluatatsion o‘zgarish indeksi;

K - tashish samaradorligi indeksi;

Ky - harakat samaradorligi indeksi;

K - transport vositasidan foydalanish darajasi indeksi.

Mazkur yondashuvning afzalligi shundaki, u transport
vositalarining ekspluatatsion holatini fagat tashish hajmi
asosida emas, balki tashish jarayoni, harakatlanish va
mavjud transport vositalaridan foydalanish darajasini
birgalikda hisobga olgan holda baholash imkonini beradi.

Awvalgi hisoblashlardan tashish samaradorligi indeksi
K = 1,013 ni harakat samaradorligi esa K;=0,975 tashkil
etgan. Transport vositasidan foydalanish darajasining
kompleksi bo‘yicha esa mavjud ma’lumotlar asosida alohida
indeks hisoblanadi. Bunda harakat tarkibidan foydalanish,
ishga chiqish, sig‘imdan foydalanish va liniyaviy ish
unumdorligi  ko‘rsatkichlari hisobga olinadi. Mazkur
guruhda ayrim ko‘rsatkichlar oshgan, ayrimlari esa
kamayganligi sababli ularning o‘rtacha qiymati transport
vositalaridan  foydalanishning umumiy tendensiyasini
ifodalaydi.

Olingan natijalar transport vositalari ekspluatatsiyasida
garama-garshi tendensiyalar mavjudligini ko‘rsatadi. Bir
tomondan, tashilgan yo‘lovchilar soni va yo‘lovchi-kilometr
ishining ortishi transport xizmatlariga bo‘lgan talab hamda
bajarilgan transport ishining oshganligini ko‘rsatadi.
Ikkinchi tomondan, harakat tarkibidan foydalanish, ishga
chiqish va umumiy yurish kabi ayrim ko‘rsatkichlarning
pasayishi mavjud transport resurslaridan foydalanishda
samaradorlik zaxiralari mavjudligini ko‘rsatadi.

Shu sababli transport vositalarining ekspluatatsion
samaradorligini faqat tashish hajmining o‘sishi bilan
baholash yetarli emas. Kompleks indeks ushbu garama-
garshi tendensiyalarni yagona baholash tizimida birlashtirish
imkonini beradi.

Tadqiqot natijalari shuni ko‘rsatadiki, transport
vositalarining ekspluatatsion samaradorligi  bir-biridan
mustaqil bo‘lmagan ko‘rsatkichlar majmuasi orqali
shakllanadi. Shu sababli mavsumiy sharoitlarning ta’sirini
baholashda faqgat bitta parametrga tayanish ilmiy va amaliy
jihatdan yetarli emas.

153
https://doi.org/10.56143/2181-2438-2026-3-148-155

Masalan, tashilgan yo‘lovchilar sonining 4,9 % ga va
yo‘lovchi-kilometr ishining 51 % ga oshishi ijobiy
tendensiya bo‘lsa-da, harakat tarkibidan foydalanish
koeffitsiyentining 9,6 % ga, ishga chigish koeffitsiyentining
10,6 % ga kamayishi transport vositalari parkidan
foydalanish bilan bog‘liqg muammolarni ko‘rsatadi.

Demak, tashish talabi oshgan bo‘lsa-da, ushbu talabni
gondirish  jarayonida mavjud transport vositalaridan
foydalanish samaradorligini yanada oshirish imkoniyati
mavjud.

Bu natija mavsumiy foydalanish  sharoitlarini
o‘rganishda muhim metodologik xulosaga olib keladi:
meteorologik omillarning ta’siri transport vositasining faqat
texnik holatida emas, balki uning yo‘nalishga chiqishi,
harakatlanishi, tashish unumdorligi va sig‘imidan
foydalanish kabi ko‘rsatkichlarida namoyon bo‘lishi
mumkin.

Biroq ushbu bog‘liglikni aniq miqdoriy ifodalash uchun
kelgusidagi tadqiqotlarda har bir oy bo‘yicha

havo harorati,yog‘ingarchilik, qor va muzlama kunlari,
yo‘l qoplamasining holati, transport oqimi zichligi,
ekspluatatsion tezlik, yo‘nalishga chiqish, yoqilg‘i sarfi, ish
unumdorligi  kabi ma’lumotlarni yagona ma’lumotlar
bazasiga birlashtirish magsadga muvofig.

Shunda kompleks indeksning mavsumiy o‘zgarishini
aniglash va gaysi omil transport vositasining ekspluatatsion
samaradorligiga eng katta ta’sir ko‘rsatayotganini statistik
jihatdan aniqlash mumkin bo‘ladi.

Olingan natijalar transport korxonalarida mavsumiy
foydalanish sharoitlarini hisobga olgan holda ekspluatatsion
boshgaruvni  takomillashtirish ~ zarurligini  ko‘rsatadi.
Xususan, tashish hajmi oshayotgan sharoitda transport
vositalarining ishga chiqish va foydalanish
koeffitsiyentlarining pasayishi mavjud transport parkining
imkoniyatlaridan to‘liq foydalanilmayotganligini ko‘rsatishi
mumekin.

Shu  sababli  mavsumiy sharoitlarda transport
vositalarining ish rejimini shakllantirishda fagat yo‘lovchilar
talabini emas, balki yo‘l va ob-havo sharoitlari, transport
vositasining texnik holati hamda parkdan foydalanish
darajasini birgalikda hisobga olish magsadga muvofig.

Taklif etilgan metodologiya asosida korxona darajasida
quyidagi boshgaruv garorlarini ishlab chigish mumkin:

mavsumga mos harakat tarkibini shakllantirish;

texnik xizmat ko‘rsatish davriyligini moslashtirish;

noqulay ob-havo sharoitlarida yo‘nalish ish rejimini
qayta ko‘rib chiqish;

transport vositalarining yo‘nalishga chiqish darajasini
optimallashtirish;

talab va ekspluatatsion sharoitga mos transport sig‘imini
belgilash;

transport vositalarining ish unumdorligini monitoring
qilish.

Shunday qilib, magolada ishlab chigilgan yondashuv
mavsumiy omillarni aniqlash ekspluatatsion ko‘rsatkichlarni
guruhlash, nisbiy indekslarni hisoblash, kompleks
ekspluatatsion indeksni aniglash, meteorologik omillar bilan
statistik bog‘liglikni baholash ketma-ketligiga asoslanadi.
Bu ketma-ketlik mavsumiy foydalanish sharoitlarining
avtotransport vositalari ekspluatatsion samaradorligiga
ta’sirini kompleks o‘rganish uchun yagona metodologik
asosni shakllantiradi.

Tadgigot  natijalari  avtotransport  vositalaridan
foydalanish  samaradorligini  baholashda  mavsumiy
sharoitlarni alohida omil sifatida emas, balki transport
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vositasining umumiy ekspluatatsion faoliyati bilan bog‘liq
holda ko‘rib chiqish zarurligini ko‘rsatadi.

2022-2023-yillar ma’lumotlari tahlili  natijasida
tashilgan yo‘lovchilar soni 4,9 % ga, yo‘lovchi-kilometr ishi
5,1 % ga oshgan bo‘lsa, harakat tarkibidan foydalanish
koeffitsiyenti 9,6 % ga, ishga chigish koeffitsiyenti 10,6 %
ga, umumiy yurish esa 6,0 % ga kamaygan.

Mazkur natijalar transport xizmatlariga bo‘lgan
talabning o‘sishi har doim ham transport vositalaridan
foydalanish samaradorligining proporsional oshishiga olib
kelmasligini  ko‘rsatadi.  Shuning uchun transport
korxonalarida ekspluatatsion samaradorlikni monitoring
qilishda quyidagi uchta yo‘nalishni birgalikda nazorat qilish
magsadga muvofiq:

tashish samaradorligi - gancha yo‘lovchi tashilayotgani
va gancha transport ishi bajarilayotganligi;

harakat samaradorligi - transport vositasining ganday
tezlikda va gancha masofada ishlayotganligi;

foydalanish ~ samaradorligi - mavjud transport
vositalarining ganchalik darajada ishga jalb etilayotganligi.

Bunday yondashuv mavsumiy sharoitlarda transport
korxonasi faoliyatidagi zaif nugtalarni aniglash imkonini
beradi.

Tadgiqot natijalari asosida avtotransport vositalarining
mavsumiy  ekspluatatsiyasini  takomillashtirish  uchun
quyidagi metodik va amaliy tavsiyalar ishlab chiqildi.

Birinchidan, meteorologik sharoitlarning muntazam
monitoringini  tashkil etish lozim. Havo harorati,
yog‘ingarchilik, qor va muzlama kabi ma’lumotlar
ekspluatatsion ko‘rsatkichlar bilan bir xil vaqt oralig‘ida
gayd etilishi kerak.

Ikkinchidan, transport vositalarining texnik holatini
mavsumiy sharoitga mos ravishda nazorat gilish zarur.
Aynigsa, noqulay ob-havo davrlarida texnik Xxizmat
ko‘rsatish va diagnostika ishlarini kuchaytirish transport
vositalarining yo‘nalishga chiqish darajasini
bargarorlashtirishga xizmat giladi.

Uchinchidan, yo‘nalishlardagi transport vositalari sonini
mavsumiy talab va yo‘l-harakat sharoitlariga moslashtirish
magsadga muvofiq. Bunda faqat yo‘lovchilar soni emas,
balki ekspluatatsion tezlik, yo‘l sharoiti va transport
vositalarining mavjudligi ham hisobga olinishi kerak.

To‘rtinchidan, transport vositalarining ekspluatatsion
ko‘rsatkichlarini oylar kesimida monitoring qilish lozim. Bu
yondashuv yillik o‘rtacha qiymatlar ortida yashiringan
mavsumiy o‘zgarishlarni aniglash imkonini beradi.

Beshinchidan, kompleks Ke indeksidan korxonaning
ekspluatatsion monitoring ko‘rsatkichi sifatida foydalanish
mumkin. Bunda indeksning vaqt bo‘yicha o‘zgarishi
kuzatilib, uning pasayishiga sabab bo‘layotgan funksional
guruh aniglanadi.

Masalan, Ke pasaygan holatda dastlab Kr, Kn va Kr
indekslari alohida tekshiriladi. Agar Kn pasaygan bo‘lsa,
harakat sharoitlari va yo‘l omillariga; Kr pasaygan bo‘lsa,
transport vositalarining ishga chigishi va texnik holatiga; Kr
pasaygan bo‘lsa, tashish jarayoni va sig‘imdan
foydalanishga alohida e’tibor qaratiladi.

Shu tariga kompleks indeks nafagat baholash, balki
ekspluatatsion boshgaruv uchun diagnostik vosita sifatida
ham qo‘llanishi mumkin.

Natijalar muhokamasi

Tadgqiqot natijalarini umumlashtirish shuni ko‘rsatadiki,
avtotransport vositalarining ekspluatatsion samaradorligi
ko‘p omilli tizim hisoblanadi. Mavsumiy sharoitlar ushbu
tizimga bevosita va bilvosita ta’sir ko‘rsatadi.
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Bevosita ta’sirga havo harorati, yog‘ingarchilik, qor-
muzlama, shamol va ko‘rinish masofasi kabi omillar kirsa,
bilvosita ta’sir transport vositasining texnik holati, harakat
tezligi, yo‘nalishga chiqish darajasi va ish unumdorligida
namoyon bo‘ladi.

Shu sababli maqolada taklif etilgan metodologik
modelning asosiy ustunligi sabab va natijani bir-biridan
ajratib ko‘rsatish imkoniyatidir. Ya’ni 2022-2023-yillardagi
ma’lumotlardan ekspluatatsion ko‘rsatkichlarning o‘zgarishi
aniglanadi, meteorologik ma’lumotlar mavjud bo‘lganida
esa ushbu o‘zgarishlarning qanchasi aynan mavsumiy
omillar bilan bog‘liqligi statistik usullar yordamida
aniglanishi mumkin.

Bu jihat tadgigotning ilmiy ishonchliligini oshiradi.
Chunki mavjud ma’lumotlar asosida mavsumiy omillarning
aniq foizdagi ta’sirini sun’iy ravishda belgilash o‘rniga,
mavjud natijalar va kelgusida bajarilishi kerak bo‘lgan
statistik baholash bosgichlari anig chegaralanadi.

Natijada magolada taklif etilgan metodologiya quyidagi
ketma-Kketlikni hosil giladi 3-rasm.

[ 1. Tashqgi va ichki omillarni aniglash

2. Ekspluatatsion ko‘rsatkichlarni funksional
guruhlarga ajratish

¥

3. Bazaviy va taqqoslash davrlarini belgilash

2

4. Nisbiy o‘zgarish indekslarini hisoblash ]

&

[ 5. Funksional guruhlarning kompleks

indekslarini aniglash

¥

6. Umumiy KE kompleks ekspluatatsion
indeksini hisoblash

¥

7. Meteorologik omillar bilan korrelyatsion
va regressiya tahlilini amalga oshirish

8. Mavsumiy sharoitlarga mos ekspluatatsion
boshgaruv qarorlarini ishlab chigish

3-rasm. Ekspluatatsion ko‘rsatkichlarni tahlil qilish
ketma-ketligi

Ekspluatatsion ko‘rsatkichlarni tahlil qilishning ketma-
ketligi jarayon tashgi va ichki omillarni aniglashdan
boshlanib, funksional guruhlarga ajratish, indekslarni
hisoblash, meteorologik omillar bilan korrelyatsion-
regressiya tahlili orqgali yakuniy mavsumiy boshgaruv
qgarorlarini ishlab chigishgacha davom etadi.

4. Xulosa

Mazkur  tadgiqotda  avtotransport  vositalarining
ekspluatatsion ko‘rsatkichlariga mavsumiy foydalanish
sharoitlarining ta’sirini kompleks baholashga qaratilgan
metodologik yondashuv ishlab chigildi. Tadgiqot natijalari
asosida quyidagi asosiy xulosalarga kelindi:

1.  Avtotransport  vositalarining  ekspluatatsion
samaradorligi ko‘p omilli xususiyatga ega bo‘lib, unga havo
harorati, yog‘ingarchilik, qor va muzlama, yo‘l
goplamasining holati, shamol, ko‘rinish masofasi hamda
transport ogimining zichligi kabi tashgi omillar bilan bir
gatorda transport vositasining texnik holati, yuklanish
darajasi, yo‘nalishga chiqish darajasi va texnik xizmat
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ko‘rsatish holati kabi ichki ekspluatatsion omillar ham ta’sir
ko‘rsatadi.

2. Ekspluatatsion ko‘rsatkichlarni tashish
samaradorligi, harakat samaradorligi va transport
vositasidan foydalanish darajasi bo‘yicha uchta funksional
guruhga ajratish ularning o‘zaro bog‘ligligini tizimli
ravishda baholash imkonini berdi.

3. 2022-2023-yillar ma’lumotlari tahlili tashilgan
yo‘lovchilar soni 4,9 % ga, yo‘lovchi-kilometr ishi 5,1 % ga
oshganligini ko‘rsatdi. Shu bilan birga, harakat tarkibidan
foydalanish koeffitsiyenti 9,6 % ga, ishga chigish
koeffitsiyenti 10,6 % ga, umumiy yurish esa 6,0 % ga
kamaygan. Bu holat tashish hajmining o‘sishi transport
vositalaridan  foydalanish ~ samaradorligining  barcha
yo‘nalishlarda  bir xil oshganligini anglatmasligini
ko‘rsatadi.

4. Nisbiy o‘zgarish indekslarini qo‘llash orqali turli
o‘lchov  birliklariga ega  bo‘lgan  ekspluatatsion
ko‘rsatkichlarni yagona baholash tizimiga keltirish
imkoniyati yaratildi. Hisoblashlar tashish samaradorligi
guruhida (Kt=1,013), harakat samaradorligi guruhida esa
(Kn=0,975) giymatlarni ko‘rsatdi.

5. Taklif etilgan kompleks ekspluatatsion indeks (Ke)
transport vositalarining umumiy ekspluatatsion holatini
alohida ko‘rsatkichlardan ko‘ra kengroq baholash imkonini
beradi. Ushbu indeksni vaqt bo‘yicha monitoring qilish
orqali  ekspluatatsion ~ samaradorlikning  o‘zgarish
tendensiyasini aniglash va uning qaysi funksional guruh
hisobiga shakllanayotganini belgilash mumkin.

6. Tadgiqotda mavsumiy omillarning ta’sirini
aniqlash uchun korrelyatsion va ko‘p omilli regressiya
modeli taklif etildi. Ushbu model orgali havo harorati,
yog‘ingarchilik, qor-muzlama, shamol va yo‘l sharoitining
ekspluatatsion ko‘rsatkichlarga ta’sirini miqdoriy baholash
mumkin.

Mavjud  ma’lumotlar  yillik  umumlashtirilgan
ko‘rsatkichlardan tashkil topganligi sababli, ushbu
ma’lumotlar asosida qaysi fasl yoki meteorologik omilning
ta’siri necha foiz ekanligini bevosita aniqlash imkoniyati
cheklangan. Shu sababli mavsumiy ta’sirni aniq baholash
uchun oylik meteorologik va ekspluatatsion ma’lumotlarni
yagona ma’lumotlar bazasiga birlashtirish zarur.

Umuman olganda, ishlab chigilgan metodologik
yondashuv mavsumiy omillarni aniglash, ekspluatatsion
ko‘rsatkichlarni guruhlash, nisbiy indekslarni hisoblash,
funksional guruh indekslarini  aniglash, kompleks
ekspluatatsion indeksni  shakllantirish, Kkorrelyatsion-
regression tahlil, amaliy boshgaruv garorlarini ishlab chigish
ketma-ketligiga asoslanadi.

Shunday qilib, taklif etilgan metodologiya avtotransport
vositalarining ekspluatatsion samaradorligini mavsumiy
foydalanish sharoitlarini hisobga olgan holda kompleks va
tizimli baholash, mavjud ekspluatatsion zaxiralarni aniglash
hamda transport korxonalarida mavsumga mos texnik va
tashkiliy boshgaruv qgarorlarini ishlab chigish uchun ilmiy-
metodik asos bo‘lib xizmat qilishi mumkin.
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Concept for improving the management system of
“Tashkent metropoliteni” JSC based on regional operational hubs

S.T. Norkulovl®?

1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article provides a comprehensive scientific and practical analysis of improving the management
system of “Tashkent Metropoliteni” based on decentralization and the establishment of regional
operational hubs. The study explores the functional separation of strategic and operational management,
the implementation of four independent operational hubs (“Chilonzor”, “O‘zbekiston”, “Yunusobod”,
and “Halga Yo‘li”), Key Performance Indicators (KPI), financial discipline, digital transformation,
public-private partnership and outsourcing mechanisms, as well as anti-corruption and rule-of-law
frameworks.

Keywords: Tashkent Metro, corporate governance, decentralization, regional operational hubs, KPI, digital
transformation, outsourcing, traffic safety, compliance control

“Toshkent metropoliteni” AJ boshqaruv tizimini hududiy ekspluatatsiya
uzellari asosida takomillashtirish konsepsiyasi

Norqulov S.T.2®2

Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Annotatsiya: Ushbu maqolada “Toshkent metropoliteni” faoliyatining samaradorligini oshirish, boshqaruv tizimini
markazsizlashtirish hamda hududiy ekspluatatsiya uzellari asosida takomillashtirish kontseptsiyasi ilmiy
va amaliy jihatdan tahlil gilinadi. Tadgigotda strategik va operatsion boshgaruv funktsiyalarini aniq
ajratish, to‘rtta mustaqil hududiy uzel (“Chilonzor”, “O‘zbekiston”, “Yunusobod” va “Halga yo‘li”’)
faoliyatini yo‘lga qo‘yish, asosiy samaradorlik ko‘rsatkichlari (KPI) tizimini tatbiq etish, moliyaviy
intizom, ragamli transformatsiya, davlat-xususiy sheriklik va autsorsing imkoniyatlari, shuningdek,
korruptsiyaning oldini olish va qonun ustuvorligini ta’minlash mexanizmlari yoritib berilgan.

Kalit so‘zlar: Toshkent metropoliteni, korporativ boshgaruv, markazsizlashtirish, hududiy ekspluatatsiya uzellari, KPI
(KPI), ragamli transformatsiya, autsorsing, harakat xavfsizligi, komplaens nazorati

1. Kirish Aynigsa, yangi metro yo‘nalishlari va bekatlarining
foydalanishga topshirilishi, muhandislik inshootlari hamda
O‘zbekiston Respublikasi Prezidentining 2026 yil 15 texnologik tizimlar hajmining ortib borishi boshgaruv
maydagi PQ-191-son “Toshkent metropoliteni faoliyatining jarayonlarini hududlar kesimida yanada magbullashtirish,
samaradorligini oshirishga doir qo‘shimcha chora-tadbirlar vakolat va mas’uliyatni aniq tagsimlash, garorlar gabul
to‘g‘risida”gi qarori bilan transformatsiya jarayonlarini gilish tezkorligini oshirish hamda operatsion boshgaruv
yangi bosgichga olib chigish, zamonaviy axborot- samaradorligini kuchaytirishni talab etmoqda.
kommunikatsiya texnologiyalarini keng joriy etish, xizmat Amaldagi  markazlashgan ~ boshgaruv tizimida
ko‘rsatish sifati va harakat xavfsizligini yanada oshirish, operatsion, texnik va tashkiliy masalalarning asosiy gismi
shuningdek, 2030 yilga qadar kunlik yo‘lovchilar sonini 1,8 markaziy apparatda jamlanganligi sababli garorlar gabul
million nafarga, metro bekatlari sonini 79 taga hamda gilish va ularni joylarda amalga oshirish jarayoni
liniyalar uzunligini 103 kilometrga etkazish bo‘yicha aniq murakkablashmoqda, boshqaruv pog‘onalari ortmoqda,
strategik vazifalar belgilandi. markaziy apparatning operatsion yuklamasi oshmoqda
Mazkur garorlarda belgilangan ustuvor vazifalarning hamda hududiy rahbarlarning shaxsiy mas’uliyati va
izchil ijrosini ta’minlash, metropoliten tarmog‘ining jadal tashabbuskorligi to‘liq namoyon bo‘lishiga etarli sharoit
rivojlanish ~ sur’atlariga mos  boshgaruv  tizimini yaratilmayapti.
shakllantirish hamda ekspluatatsiya jarayonlarini yanada Shu bois Toshkent metropolitenida boshgaruvni
samarali tashkil etish zamonaviy boshgaruv yondashuvlarini markazsizlashtirish, vakolat va javobgarlikni  quyi
keng tatbiq etishni tagozo etadi. bo‘g‘inlarga bosqichma-bosqich o‘tkazish, strategik va

operatsion boshgaruv funktsiyalarini aniq ajratish hamda
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zamonaviy korporativ boshgaruv tamoyillarini joriy etish
dolzarb vazifa hisoblanadi.

Adabiyotlar sharhi

Zamonaviy shahar relsli transporti va metropoliten
tizimlarini boshqgarishda markazsizlashtirish hamda hududiy
operatsion boshqaruv bo‘g‘inlarini shakllantirish xalgaro
amaliyotda keng e’tirof etilgan yondashuvlardan biridir.
Vuchic (2005) yirik metro tizimlarida liniyalar kesimida
mustaqil ekspluatatsiya bo‘linmalarini  tashkil etish
tezkorlikni 30-40 foizga oshirishini ta’kidlagan. Xalqaro
Jamoat Transporti Ittifoqi (UITP, 2023) tahlillariga ko‘ra,
markaziy apparatni operatsion yuklamalardan ozod etib,
strategik tahlil va nazoratga yo‘naltirish transport xavfsizligi
va investitsiyaviy jozibadorlikni sezilarli darajada oshiradi.

Igtisodiy hamkorlik va taraqgiyot tashkiloti (OECD,
2015) davlat ishtirokidagi yirik korxonalarda korporativ
boshqaruv standartlarini joriy etishda strategik rejalashtirish,
ichki audit, komplaens va risk-menejment tizimlarini
kuchaytirish ustuvorligini ko‘rsatadi. Jahon banki (World
Bank, 2022)  tadgiqotlarida  esa  metropoliten
infratuzilmalarining yordamchi sohalarida davlat-xususiy

sheriklik (DXSh) va autsorsing mexanizmlari xarajatlarni
optimallashtirishda yuqori natija berishi qgayd etilgan.
Oc‘zbekiston olimlari (Norqulov, 2024; Komilov va
Abdullaev, 2024) tomonidan milliy transport tizimida
ragamli transformatsiya (ERP, JOCMIS) va KPI baholash
tizimlarining institutsional mexanizmlari tadqiq etilgan.

2. Tadgiqot metodologiyasi

Tadgiqgot jarayonida tizimli tahlil, giyosiy-strukturaviy
tahlil, boshgaruv funktsiyalarini dekompozitsiya gilish,
ekspert baholash hamda magsadli loyihalash metodlaridan
foydalanildi.

Tadgigot  doirasida  Toshkent  metropolitenining
ekspluatatsiya faoliyatini to‘rtta hududiy ekspluatatsiya
uzeli negizida gayta tashkil etish taklif etiladi:

e  “Chilonzor” ekspluatatsiya uzeli;

e  “O‘zbekiston” ekspluatatsiya uzeli;
e  “Yunusobod” ekspluatatsiya uzeli;
e  “Halqa yo‘li” ekspluatatsiya uzeli.

TOSHKENT
METROPOLITENI DUK

«CHILONZOR»
EKSPLUATATSIYA

UZELI UZELI

«O'ZBEKISTON»
EKSPLUATATSIYA

«YUNUSOBOD» «HALQA YO'LI»
EKSPLUATATSIYA EKSPLUATATSIYA
UZELI UZELI

1-rasm. “Toshkent metropoliteni” AJning hududiy ekspluatatsiya uzellari asosidagi taklif etilayotgan tashkiliy boshqaruv

tuzilmasi

Har bir ekspluatatsiya uzeli bir xil magom, teng vakolat, teng
huguq va teng javobgarlikka ega mustagil operatsion
boshgaruv bo‘g‘ini sifatida faoliyat yuritadi. Ularning
barchasi yagona texnik siyosat, yagona korporativ
standartlar, yagona moliyaviy intizom hamda yagona
xavfsizlik talablari asosida ishlaydi.

3. Natija va muhokamalar

Hududiy  ekspluatatsiya uzellarining vazifa va
vakolatlari. Har bir uzel o‘z hududida poezdlar harakatini
tashkil etish, harakat xavfsizligini ta’minlash, bekatlar
faoliyatini boshqarish, yo‘lovchilarga xizmat ko ‘rsatish, yo‘l
xojaligi, elektr ta’'minoti, signalizatsiya va aloga tizimlari,
eskalator va boshga muhandislik uskunalarini ekspluatatsiya
qilish, joriy va profilaktik ta’mirlash ishlarini tashkil etish,
sanitariya va obodonlashtirish, mehnatni muhofaza gilish,
yong‘in hamda sanoat xavfsizligini ta’minlash, favqulodda
vaziyatlarga tezkor javob  berish, moddiy-texnika
resurslaridan samarali foydalanish, xodimlarni boshgarish

https://doi.org/10.56143/2181-2438-2026-3-156-162

hamda ishlab chiqarish ko‘rsatkichlariga erishish uchun
to‘liq javobgar bo‘ladi.

Bunda har bir uzel faoliyati aniq belgilangan
samaradorlik ko‘rsatkichlari (KPI) asosida baholanadi va
rahbarlarning shaxsiy mas’uliyati natija bilan o‘lchanadi.

Markaziy apparatning funktsional ixtisoslashuvi.
Markaziy apparat esa operatsion boshgaruvdan bosgichma-
bosgich voz kechib, strategik rivojlantirish, korporativ
boshgaruv, investitsiyalarni boshqarish, moliyaviy siyosatni
shakllantirish, xaridlar siyosati, ichki audit va komplaens,
yuridik ta’minot, axborot texnologiyalari, ragamli
transformatsiya, ilmiy-innovatsion rivojlantirish, xalgaro
hamkorlik, yagona texnik standartlarni ishlab chigish,
faoliyat samaradorligini monitoring gilish va ichki nazorat
funktsiyalarini amalga oshiradi.

Bunday boshgaruv modeli markaziy apparatni kundalik
operatsion masalalardan xalos etib, uning asosiy e’tiborini
uzoq muddatli strategik rivojlanish, investitsiya loyihalarini
amalga oshirish, xizmatlar sifatini oshirish va transport
xavfsizligini ta’minlashga garatish imkonini beradi.
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Boshgaruv modelini amalga oshirish bosgichlari

1. Tayyorgarlik bosgichi (0-6 oy): Tahlil va
loyihalash, normativ-huqugiy hujjatlar ishlab chigish,
tashkiliy tuzilmani tasdiglash.

2. Tashkil etish bosgichi (6—12 oy): Uzellar bo‘yicha
vakolatlarni belgilash, kadrlar va resurslarni shakllantirish,
axborot tizimlarini joriy etish.

3. Joriy etish bosgichi (12-24 oy): Operatsion
jarayonlarni optimallashtirish, standartlarni joriy etish,
natijadorlikni monitoring qilish.

4. Bosgichma-bosgich rivojlantirish  (2026—2030
yillar): Yangi liniyalar integratsiyasi, ragamli platformalarni
kengaytirish, xizmatlarni yangi bosgichga olib chigish.

Iqtisodiy samaradorlik, sog‘lom ichki raqobat va
moliyaviy intizom. Hududiy ekspluatatsiya uzellari tizimini
joriy etish natijasida boshgaruvning ortiqcha markazlashuvi
bartaraf etiladi, garorlar gabul qilish va ularni amalga
oshirish tezligi sezilarli darajada oshadi, rahbarlarning
shaxsiy javobgarligi kuchayadi, resurslardan foydalanish
samaradorligi ortadi, ekspluatatsiya xarajatlari
optimallashtiriladi, texnik nosozliklarni bartaraf etish
muddati qisqaradi, yo‘lovchilarga ko‘rsatilayotgan xizmat
sifati va harakat xavfsizligi yanada yuksaladi, shuningdek,
zamonaviy korporativ boshgaruv tamoyillariga asoslangan,
shaffof, samarali va natijador boshqaruv tizimi shakllanadi.

Mazkur islohot Toshkent metropolitenining kelgusidagi
barqaror rivojlanishini ta’minlash, transport xizmatlari
sifatini  xalgaro standartlar darajasiga olib chigish,
infratuzilmadan foydalanish samaradorligini oshirish hamda
davlat rahbari tomonidan belgilangan transport tizimini
modernizatsiya qilish, davlat korxonalarida korporativ
boshgaruvni takomillashtirish va boshgaruv samaradorligini
oshirish bo‘yicha ustuvor vazifalarning amaliy ijrosini
ta’minlashga xizmat qiladi.

Mazkur boshgaruv modelini joriy etish natijasida
Toshkent metropolitenida vakolat va javobgarlikning aniq
chegaralari shakllanadi hamda boshqgaruvning har bir
bo‘g‘ini faoliyati natijadorlik tamoyili asosida tashkil etiladi.
Har bir ekspluatatsiya uzeli o‘z hududidagi ishlab chigarish,
texnik, iqtisodiy va ekspluatatsion ko‘rsatkichlar uchun
bevosita javobgar bo‘ladi. Bu esa mas’uliyatning
markazlashib qolishini  bartaraf etadi, rahbarlarning
tashabbuskorligini  oshiradi hamda joylarda yuzaga
keladigan muammolarni qisqa muddatlarda hal etish
imkonini yaratadi. Natijada garorlar gabul gilish tezlashadi,
ijro intizomi  mustahkamlanadi, ishlab  chiqgarish
samaradorligi  oshadi  va  boshgaruv  xarajatlari
optimallashtiriladi.

Ekspluatatsiya uzellarining mustaqil faoliyat yuritishi
sog‘lom ichki raqobat muhitini shakllantiradi. Har bir uzel
faoliyati asosiy samaradorlik ko‘rsatkichlari (KPI) asosida
muntazam baholab boriladi, ilg‘or tajribalar boshqa
uzellarga tatbiq etiladi hamda eng yuqori natija ko‘rsatgan
jamoalarni moddiy va ma’naviy rag‘batlantirishning shaffof
tizimi yaratiladi. Bunday yondashuv xizmatlar sifati, mehnat
unumdorligi va resurslardan foydalanish samaradorligini
muntazam oshirib borishga xizmat giladi.

Boshgaruvning hududiy tamoyil asosida tashkil etilishi
moliyaviy intizomni mustahkamlaydi. Har bir uzel xarajatlar
smetasi, energiya resurslari sarfi, ehtiyot gismlar, materiallar
va boshga moddiy resurslardan foydalanish samaradorligi
bo‘yicha alohida tahlil gilinadi. Bu esa ortiqcha xarajatlarni
kamaytirish, yo‘qotishlarning oldini olish, energiya
tejamkor texnologiyalarni keng joriy etish va mablag‘lardan
magsadli foydalanish imkonini beradi.
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Korporativ  boshgaruv, xalgaro investitsiyalar va
autsorsing imkoniyatlari. Toshkent metropolitenining
aktsiyadorlik jamiyati sifatida faoliyat yuritishi sharoitida
mazkur model korporativ  boshqgaruvning  xalgaro
tamoyillariga to‘liq mos keladi. Xususan, strategik
boshqaruv va operatsion boshqaruv funktsiyalari o‘zaro aniq
ajratiladi, kuzatuv kengashi va ijroiya organining nazorat
mexanizmlari kuchayadi, har bir uzel faoliyati moliyaviy va
ishlab chiqarish natijalari bo‘yicha shaffof baholanadi. Bu
esa investorlar, moliya institutlari va xalgaro hamkorlar
uchun korxonaning investitsion jozibadorligini oshiradi,

korporativ boshgaruv reytinglarini yaxshilaydi hamda
kapital jalb qilish imkoniyatlarini kengaytiradi.
Mazkur tizim xalgaro moliya institutlari bilan

hamkorlikni rivojlantirish uchun ham qulay sharoit yaratadi.
Har bir uzel bo‘yicha alohida investitsiya loyihalarini ishlab
chigish, ularning igtisodiy samaradorligini baholash, loyiha
boshgaruvini  takomillashtirish  va investitsiyalarning
natijadorligini monitoring qilish imkoniyati paydo bo‘ladi.
Bu esa davlat byudjetiga tushadigan yuklamani bosgichma-
bosgich kamaytirish bilan bir gatorda xususiy kapital va
institutsional investorlarni jalb etish imkoniyatlarini
kengaytiradi.

Ekspluatatsiya uzellarini tashkil etish ishlab chigarish
jarayonlarini autsorsing va davlat-xususiy  sheriklik
tamoyillari asosida rivojlantirish uchun ham yangi
imkoniyatlar yaratadi. Xususan, er osti inshootlari mavjud
bo‘lmagan hamda fuqaro muhofazasi ob’ektlari toifasiga
kirmaydigan ekspluatatsiya uzellarining ayrim yordamchi
xizmatlari va xo‘jalik funktsiyalarini bosqichma-bosgich
xususiy sektor ishtirokida tashkil etish mumkin.

Jumladan, obodonlashtirish, sanitariya ishlari, ayrim
texnik xizmatlar, bino va inshootlarni saglash, logistika,
ombor xo°‘jaligi, avtotransport xizmati, ayrim muhandislik
uskunalariga texnik xizmat ko‘rsatish kabi yo‘nalishlarni
tanlov asosida professional xususiy operatorlarga topshirish
xarajatlarni kamaytirish, xizmatlar sifatini oshirish va davlat
korxonasining asosiy faoliyatga e’tiborini kuchaytirishga
xizmat giladi.

Bunda strategik ahamiyatga ega bo‘lgan er osti transport
inshootlari, harakat xavfsizligi, signalizatsiya va
markazlashtirish tizimlari, elektr ta’minoti, dispetcherlik
boshqaruvi hamda davlat va jamoat xavfsizligi bilan bog‘liq
funktsiyalar to‘liq Toshkent metropoliteni tasarrufida
saglanib qoladi. Shu bilan birga, fugaro muhofazasi
ob’ektlari toifasiga kirmaydigan yordamchi infratuzilmalar
bo‘yicha xususiy sektorni jalb etish orqali xizmatlar sifati
oshiriladi, boshgaruv xarajatlari gisqartiriladi va zamonaviy
servis standartlari joriy etiladi.

Inson resurslari va ragamli transformatsiya. Mazkur
model inson resurslarini boshgarish tizimini ham tubdan
takomillashtiradi. Har bir uzelda zamonaviy HR tizimlari,
kompetentsiyaga asoslangan tanlov, malaka oshirish,
rahbarlar zaxirasini shakllantirish va faoliyatni KPI asosida
baholash mexanizmlari joriy etiladi. Natijada xodimlarning
kasbiy salohiyati ortadi, mehnat unumdorligi oshadi hamda
yuqori malakali mutaxassislarni saglab qolish imkoniyati
kengayadi.

Shuningdek, hududiy boshgaruv modeli ragamli
transformatsiya jarayonlarini jadallashtirishga xizmat giladi.
Har bir uzelning ishlab chigarish, moliyaviy va texnik
ko‘rsatkichlari yagona ragamli platforma orqali real vaqt
rejimida monitoring gilinadi, sun’iy intellekt elementlariga
asoslangan tahliliy tizimlar orgali nosozliklar prognoz
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qgilinadi, resurslar tagsimoti optimallashtiriladi va boshgaruv
qarorlari ma’lumotlarga asoslangan holda qabul qilinadi.

Umuman olganda, mazkur boshgaruv modeli Toshkent
metropolitenining  kelgusi  transformatsiyasi ~ uchun
institutsional poydevor yaratadi. Natijada korxona klassik
ma’muriy boshqaruv tizimidan zamonaviy korporativ
boshqaruv modeliga o‘tadi, operatsion samaradorlik sezilarli
oshadi, investitsion jozibadorlik kuchayadi, davlat va
xususiy sektor hamkorligi rivojlanadi hamda Toshkent
metropolitenining uzoq muddatli moliyaviy bargarorligi,
ragobatbardoshligi va xalgaro standartlar darajasidagi
faoliyati ta’minlanadi.

Qonun  ustuvorligi,  ochiglik,  hisobdorlik  va
korruptsiyaga garshi kurash. Mazkur boshgaruv modelining
yana bir muhim afzalligi qonun ustuvorligini ta’minlash,
shaxsiy javobgarlikni kuchaytirish hamda boshgaruvning
ochigligi va hisobdorligini yangi bosgichga olib chigishdan
iborat.

Vakolatlarning hududiy ekspluatatsiya uzellari kesimida
aniq tagsimlanishi natijasida har bir rahbar va har bir tarkibiy
bo‘linmaning huquq, majburiyat va javobgarlik doirasi aniq
belgilanadi. Bu esa boshgaruv qarorlarini gabul gilishda
sub’ektiv yondashuvlarni kamaytiradi, ijro intizomini
mustahkamlaydi hamda har bir mansabdor shaxsning
faoliyati gonuniylik, shaffoflik va shaxsiy javobgarlik
tamoyillari asosida baholanishini ta’minlaydi.

Har bir ekspluatatsiya uzeli oz hududida moliyaviy
intizom, xizmat ko‘rsatish sifati, texnik ekspluatatsiya,
mehnatni muhofaza qilish, harakat xavfsizligi, davlat
mulkidan ogilona foydalanish hamda belgilangan ishlab
chigarish ko‘rsatkichlariga erishish bo‘yicha mustaqil
javobgar  hisoblanadi.  Natijada kamchiliklar  yoki
gonunbuzilishlar yuzaga kelgan taqdirda javobgarlikni
boshqa bo‘linmalarga yuklash amaliyotiga barham beriladi,
mas’ul shaxs va mas’ul bo‘linma aniq belgilanadi. Bu esa
boshqgaruv tizimida hisobdorlikni  sezilarli darajada
kuchaytiradi.

Mazkur tizim korruptsiyaning oldini olish bo‘yicha ham
samarali institutsional mexanizmni yaratadi. Vakolatlarning
aniq chegaralanishi, barcha xarajatlarning uzellar kesimida
hisobga olinishi, ragamli monitoring tizimlarining joriy
etilishi hamda har bir moliyaviy va xo‘jalik operatsiyasining
elektron nazorat ostida amalga oshirilishi inson omilini
kamaytiradi. Xaridlar, ombor hisobi, moddiy resurslar
harakati, yoqilg‘i-energetika resurslari sarfi va Xxizmat
ko‘rsatish shartnomalarining shaffof yuritilishi
korruptsiyaviy xavflarni sezilarli darajada gisgartiradi.

Har bir ekspluatatsiya uzeli bo‘yicha ichki audit va
komplaens nazorati, rejim va ichki xavfsizlik alohida tashkil
etilishi tizimli nazoratni kuchaytiradi. Tavakkalchiliklar
muntazam baholanadi, gonunbuzilishlarning kelib chigish
sabablari tahlil gilinadi va ularni bartaraf etish bo‘yicha
profilaktik choralar ko‘riladi. Natijada nazorat fagat sodir
etilgan holatlarni aniglashga emas, balki ularning oldini
olishga garatilgan zamonaviy boshgaruv tizimiga aylanadi.

Moliyaviy boshqgaruv nugtai nazaridan har bir uzelning
daromad va xarajatlari, resurslardan  foydalanish
samaradorligi, energiya iste’moli, texnik xizmat ko ‘rsatish
xarajatlari hamda ishlab chiqgarish ko‘rsatkichlari alohida
hisobga olinadi va tahlil gilinadi. Bu esa har bir uzelning
igtisodiy samaradorligini  xolis baholash, xarajatlarni
optimallashtirish, ortigcha sarf-xarajatlarni aniglash hamda
mablag‘lardan magsadli foydalanishni ta’minlash imkonini
beradi.
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Xizmat ko‘rsatish sifati ham yangi bosqichga ko‘tariladi.
Har bir uzel yo‘lovchilarga xizmat ko‘rsatish madaniyati,
bekatlar sanitariya holati, texnik sozlik, murojaatlar bilan
ishlash, avariya va nosozliklarga javob berish tezligi hamda
yo‘lovchilar qoniqish darajasi bo‘yicha alohida baholanadi.
Sifat ko‘rsatkichlari bo‘yicha uzellar o‘rtasida sog‘lom
raqobat muhiti shakllanadi va eng yaxshi natija ko‘rsatgan
jamoalarni rag‘batlantirish tizimi yo‘lga qo‘yiladi.

Mazkur  model davlat  mulkini boshgarish
samaradorligini ham oshiradi. Har bir uzelga biriktirilgan
bino va inshootlar, muhandislik tarmoglari, uskunalar,
transport vositalari va boshga moddiy boyliklarning
saqlanishi hamda ulardan samarali foydalanish bo‘yicha
shaxsiy javobgarlik belgilanadi. Inventarizatsiya, texnik
audit va aktivlarni boshgarish jarayonlari muntazam amalga
oshiriladi, natijada davlat mulkini talon-toroj gilish,
samarasiz foydalanish yoki hisobdan yashirish xavfi
kamayadi.

Shuningdek, mazkur tizim boshgaruvda halollik va
manfaatlar to‘qnashuvining oldini olish tamoyillarini
mustahkamlaydi. Rahbarlar faoliyati anig mezonlar asosida
baholanishi, barcha boshgaruv qgarorlarining
hujjatlashtirilishi, ichki nazorat va tashgi audit
mexanizmlarining kuchaytirilishi hamda ragamli boshgaruv
vositalarining keng joriy etilishi Kkorruptsiyaga qarshi
kurashishning zamonaviy standartlarini amaliyotga tatbiq
etish imkonini beradi.

Natijada Toshkent metropolitenida gonun ustuvorligi,
shaffoflik, ochiglik, hisobdorlik va shaxsiy javobgarlik
tamoyillariga asoslangan zamonaviy boshgaruv tizimi
shakllanadi. Bu esa aktsiyadorlik jamiyati sifatida
korxonaning barqaror rivojlanishini ta’minlash, davlat va
aktsiyadorlar manfaatlarini himoya qilish, yo‘lovchilarga
ko‘rsatilayotgan xizmatlar sifatini oshirish hamda korporativ
boshqaruvning xalqaro standartlarini to‘liq joriy etish uchun
mustahkam hugugiy va institutsional asos yaratadi.

4. Xulosa

Yuqoridagilardan  kelib  chigib, hozirda ishlab
chiqilayotgan “Toshkent metropoliteni” aktsiyadorlik
jamiyatining tashkiliy tuzilmasini mazkur kontseptual
yondashuvlar asosida qayta tahlil gilish hamda uni
zamonaviy korporativ boshgaruv tamoyillari, vakolat va
javobgarlikni markazsizlashtirish, operatsion boshgaruvni
hududiy ekspluatatsiya uzellari asosida tashkil etish
printsiplari asosida takomillashtirish magsadga muvofiq
hisoblanadi.

Shu munosabat bilan quyidagi takliflarni amaliyotga
joriy etish tavsiya gilinadi:

1.  “Toshkent metropoliteni” aktsiyadorlik jamiyati
faoliyatini “Chilonzor”, “O‘zbekiston”, “Yunusobod” va
“Halqa yo‘li” ekspluatatsiya uzellari negizida tashkil etish;

2. Markaziy apparat faoliyatini esa strategik
boshgaruv,  Kkorporativ  rivojlantirish, investitsiyalar,
moliyaviy boshqaruv, ichki audit va komplaens, ragamli
transformatsiya, ilm-fan, innovatsiya hamda yagona texnik
siyosatni shakllantirish funktsiyalariga yo*naltirish.

Mazkur takliflarning amalga oshirilishi natijasida
boshgaruv samaradorligini oshirish, shaxsiy javobgarlik va
hisobdorlikni kuchaytirish, qonun ustuvorligini ta’minlash,
korruptsiyaviy ~ xavflarni  kamaytirish,  xarajatlarni
optimallashtirish, davlat aktivlarini samarali boshgarish,
aktsiyadorlik jamiyatida zamonaviy korporativ boshgaruv
tamoyillarini to‘liq joriy etish hamda yo‘lovchilarga

161
https://doi.org/10.56143/2181-2438-2026-3-156-162

ko‘rsatilayotgan xizmatlar sifati va harakat xavfsizligini
yanada yuksaltirish uchun mustahkam tashkiliy-huqugiy
asos yaratiladi.
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Effect of carbonate waste particle size on the structure and durability of

heavyweight concrete
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This study continues the investigation of the use of industrial carbonate waste in heavyweight concrete
technology. Particular attention is paid to the effect of the dosage and particle size of the carbonate
microfiller on concrete mix workability, compressive strength, water absorption, water resistance, and
the environmental performance of the concrete composition. Cement replacement with carbonate waste
at levels of 0, 5, 10, 15, and 20% was evaluated for grinding fineness values of 250, 420, and 600 m?/kg.
The results show that the greatest technological effect is achieved at a replacement level of 10-15% and
a grinding fineness of 420-600 m¥kg, where pore microfilling, densification of the interparticle space,
and the formation of additional nucleation sites for calcium silicate hydrate are enhanced. Increasing the
carbonate waste content to 20% leads to a reduction in compressive strength due to cement dilution and
increased water demand. A regression model describing the relationship between compressive strength,
carbonate waste content, and grinding fineness is proposed, together with practical recommendations for
incorporating the material into heavyweight concrete of strength class B30-B35.

carbonate waste, limestone powder, marble dust, particle size, heavyweight concrete, microfiller, water
absorption, compressive strength, durability, environmental performance

Bausinue fucnepcHOCTH KapOOHATHOIO 0TX0a HA CTPYKTYPY H

JI0JITOBEYHOCTh THAKeJ0ro 0eToHa

Maxamaraiaues U.M.%, Iloii B.M.1©®, Myxammaaues H.P.}©, Agaykaiomon @.0.1,

Opnanos H.M.!, V3akos III.A.}, Kymareanaues A.O.

TamkenTckuil rocynapcTBEeHHbI TPAaHCIIOPTHEIA yHHBEpcUTET, TalkeHT, Y36eKkucTan

AHHOTAIWNA

Knrouessie cioBa:

B crarbe MpoJoIDKEHBI MCCIIEA0BAaHUS 110 NPUMEHEHHIO KapOOHATHBIX OTXOJOB NMPOMBILIIIEHHOCTH B
TEXHOJIOI'MH TsDKenoro 6eroHa. OCHOBHOE BHHMAHHUE YJIEJICHO BIMSHUIO JO3UPOBKH U JIUCIEPCHOCTH
KapOOHATHOTO MUKPOHAIIOJIHUTENS Ha IIOJBM)XHOCTb OETOHHOM CMECH, NPOYHOCTh HPH CHXKATUH,
BOJIOIOTJIOIEHHE, BOAOHEIPOHUIIAEMOCTh U 3KOJIOTHYECKYI0 3(Q()EeKTUBHOCT cocTaBa. PaccMoTpeHs!
BapUAHThI 3aMEILEHHS LIEMEHTa KapOOHATHBIM 0TX0]10M B Konuuectse 0, 5, 10, 15 n 20% npu ToHKOCTH
nomoda 250, 420 u 600 m%/kr. [TokazaHo, 4TO HAMOOIBIINI TEXHOIOrHIECKHU AP HEKT JOCTUraeTCs IPH
nosuposke 10—15% u Torkoctu 420-600 M?/kr, koraa peanu3yrorcs 3G(eKTbl MUKPO3ANOJIHEHHUS 110D,
YIUIOTHEHUS ME&X3EPHOBOT'O IPOCTPAHCTBA U 00Pa30BaHNUS JIONOJIHUTENIBHBIX LIEHTPOB KPUCTAIUIU3ALUI
IMAPOCUIMKATOB Kanbuus. [Ipy noBelieHuH conepxanus orxona a0 20% HaOiromaeTcs CHIKEHUE
NIPOYHOCTH, OOYCJIOBJIICHHOE pa30aBIE€HHEM LEMEHTHOH YacTH M YBEJIMYEHHEM BOAONOTPEOHOCTH.
[pemioxkeHa pacyeTHash PErpecCHOHHAasi 3aBUCUMOCTH IIPOYHOCTH OT COJEp)KaHHMS KapOOHATHOroO
OTXO/Ia ¥ TOHKOCTH TIOMOJIa, a TAKXKE MIPAKTHYECKUE PEKOMEHIAIINH 110 BHEJPEHHIO MaTepHaja B COCTaB
6erona knacca B30-B35.

KapOOHATHBIH OTXOJ, HM3BECTHAKOBas MyKa, MpaMOpHas MbUIb, AUCIEPCHOCTb, TKENbIH OETOH,
MHKPOHAIIOJIHUTEb, BOAONOIJIOLIEHUE, IPOYHOCTb, JIOJITOBEYHOCTh, SKOJIOrH4Yeckas 3(phekTHBHOCTD

1 BBeneHne orpaciu. K uWciny TakuMx ~— MaTrepuanoB  OTHOCSITCS
KapOOHATHBIE OTXOIbI, OOpasyrommecss Mpu A00bIve,

[IpuMeHeHne MPOMBIIIIICHHBIX MUHEPAIBHBIX OTXOJI0B B ApOOIIEHUH, PACIMIOBKE M LUIM(OBAHMM H3BECTHAKA,
OeToHE sABIAETCA OOHMM W3 Haubojee  JOCTYIHBIX Mpamopa H JIOTOMHTU3UPOBAHHBIX TOPOJ. B GonmbmmHcTBe
HalpaBJICHUIi  pecypcocOepeskeHuss B CTPOMTENLHOI CllyyaeB 3TH OTXOJbl MMEIOT TOHKOJMCIICPCHBIN COCTaB,
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conmepxkar 3HauuTenpHOe KommuectBo CaCOs u  mocne
HpeIIBapHTeHLHOﬁ TMOATOTOBKU MOTYT HMCIIOJIB30BATECA B
Ka4yecTBe MHHEPAJIbHOrO MHKPOHAIMOIHHUTENS OETOHHOU
CMecH.

B mnepBoil craTbe pacCMOTpEHA OLEHKA BIUSHUS JBYX
KJIFOYEBBIX (DaKTOPOB: KOJIMYECTBA KapOOHATHOTO OTXOJA U
€ro TOHKOCTH Tmomoya. VIMEHHO 9TH  mapaMeTpbl
ONpeNessIIoT, Oynmer Jm  Marepuan  paboTaTh  Kak
3¢ eKTUBHBIA MHKPOHANOIHUTENb MM CTAHET HMPUYMHON
HM30BITOYHOIO p3,36aBJ'IeHI/I${ HCMCHTHOﬁ CHCTCMBI.

CormnacHo COBPEMEHHBIM HPEICTaBICHUAM,
Kap60HaTHBII71 TMOPOLIOK BJIMACT Ha LEMEHTHBIC CHCTEMbI
4Yepe3 HECKOJBKO MEXaHM3MOB: (DH3HMUECKOE 3allOHCHHE
MHUKPOITYCTOT, YCKOpEHUE ruaparanun KJIMHKEPHBIX

STORAGE & RAW WASTE  DRYING & SILO STORAGE  CRUSHING & GRINDING

1

e
.7.“7 BnaxHocTb

SIEVING & CONTROL

MuHEepasoB 3a cdeT 3ddekra 3apomapimieoOpa3zoBaHus, a
TaK’Ke BO3MOXXHOE O0pa3oBaHHE KapOOATFOMHHATHBIX
TUAPATOB IIPHU BSaHMOHeﬁCTBHH C AJIIOMHUHATHBIMHA (1)333,MPI
ueMeHTa. OIHaKO MPU YPE3MEPHOI J03UPOBKE KOIHYECTBO
AKTMBHOTO KJIMHKEPHOTO KOMIIOHEHTA YMEHBIIAeTCs, a
BOJIONIOTPEOHOCTh CMECH BO3PACTaeT, YTO TPHUBOIANUT K
CHM)KCHUIO IIPOYHOCTH u YXyAUICHUIO OTACIIBHBIX
MOKa3atesei J0IrOBEYHOCTH.

TlosToMy 3azaua HCCIECOOBAaHMS 3aKIFOYaeTCsl HE B
MAaKCUMAJIbHOM BBE€JACHHUU OTXO04a, a B ONPCACICHUA
palMOHAIBHOM TEXHOJOTHYECKOH obnacry, rze
COBMEII[AIOTCS JoCTaTouHast [POYHOCTD, HH3KO0€
BOJIONOIJIOIICHHE, YA000YKIIAabIBAEMOCTh M COKpAIlICHHE
pacxojia MopTIaH/IIEMEHTA.

ADDITIVE DOSING
—— (S —

9, 6. 1.

MIXING & FORMING CURING & 0A

TNUHUCTBIE A S loTepu npu
npuMechH A NPOKanuBaHuu

Puc. 1. TexHonoruyeckasi cxema nNoAroTOBKH M BBeJleHUsS] KAPOOHATHOIO 0TX0/1a B 0ETOHHYIO cMeCh

Iennb 1 3a1a4n UcCIeT0BAHUS

Llenpio paboTHl SBISIETCS YCTaHOBJICHHE PALMOHATBHOMN
obnactu HPUMCHEHHS KapOOHATHOTO oTX0ma
MPOMBIIUICHHOCTH B COCTaBE TSIKEJIOrO OCTOHA C y4eTOM
JO3UPOBKM, TOHKOCTH IOMONa MW  TpeOoBaHWHA K
9KCIUTyaTallIOHHBIM CBOMCTBAM.

JUi1st IOCTHOKEHHMSI LIS IOCTABJICHBI CIIEIYIOLIHE 3a[auu:

— momo0parh AMana3oH COAepIKaHUs KapOOHATHOTO OTXOZAA
[PH YaCTHYHOM 3aMEIICHNN LIEMEHTA,

— OLCHMTh BIWSHHE TOHKOCTH IIOMONA OTXOJa Ha
MOJIBIKHOCTH OETOHHOMN cMecH U (HOPMUPOBAHKE CTPYKTYPbI
LIEMEHTHOTO KaMHsL;

— ONpefeiuTh HM3MEHEHHE MPOYHOCTH TMPH  CHKATHH,
BOZIOTIOITIONICHHSI, TJIYOMHBI BOZONPOHUKAHUSI U OTKPBITOM
MOPHCTOCTH,;

— IIOCTPOHTD PACUECTHYIO PErPECCHOHHYIO MOJIEIb IIPOYHOCTH
6GeToHa B 3aBHCHMOCTH OT COICP)KAHMS M JHCIIEPCHOCTH
KapOOHATHOTO KOMIIOHEHTa;

— chopMymHpoBaTh NPAaKTHYECKHE PEKOMEHIALUH 110
MPUMEHEHUIO KapOOHATHOrO MHUKPOHAIONHHUTEISI B OETOHE
kiacca B30-B35.

2. Meroauka uccjiel0BaHus

B xauecTBe BSKYIIEro NPHHIT MOPTIAHIIEMEHT Kilacca
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akTuBHOCTH MS500 ¢ HOpMasabHBIM CPOKOM CXBaTbIBaHMS.
3anoyHUTENN TIPECTABICHB! KBAapLEBbIM MECKOM CpeaHen
KPYHHOCTH M 1eOHeM ¢pakimu 5—20 MM. [ coxpaneHust
y1000yKJIIaIpIBAEMOCTH HCIIONB30BAICS
HOJINKapOOKCHIIATHBII CYNepIUIaCTU(GUKATOP B KOIUYECTBE
0,6% oT Macchl BsXKyIIero. BoaoLeMEHTHOE OTHOLIEHHE
6a3oBoro cocrasa cocrasisiio 0,45.

KapGonarusrit OTXO/I paccMmarpuBacs KaK
TOHKOJIMCIIEPCHBII MUHEPAJIbHBII KOMIIOHEHT, MOJy4aeMbli
1ociie  CyLIKH, ApoONeHHs, MOMOJa M IIpOCeBa OTXOOB
KaMHeoOpaOOTKM WIJIM OTCEBOB APOOJEHHs KapOOHATHBIX
nopon. [yt nceneoBaHKS MPUHATBHI TPU YPOBHS TOHKOCTH
nomoia: 250, 420 u 600 m?/kr. Takas cxema IIO3BOJISIET
CpPaBHUTH IPyObIi HANOJIHUTEIbHBIA 3 deKT, onTUMansHoe
MHKPO3aIlOIHEHHE ¥ BO3MOXKHBIH POCT BOZONOTPEOHOCTH
TIpH Ype3MEPHOI TUCTIEPCHOCTH.

3amenieHHe  LeMEHTa  KapOOHAaTHBIM  OTXOJOM
BBINIOJIHSIOCH 1O Macce Ha ypoBHsx 0, 5, 10, 15 u 20%.
CymmapHass Macca IOPOLIKOBOM dYacTM B  COCTaBax
coxpamnsiiach mocTostnHoit. O6pasupl GetoHa (GopMoBaIy B
MeTaIMYecKiX  (opmax, yIUIOTHSIM BuOpauueid u
BBIJCP)KUBAIM TPH HOPMAJbHBIX YCJIOBHMSAX TBEPICHHS.
IIpounocts ompenensmace Ha 7, 28 u 56 cyTKm;
BOJIONOIJIOIIEHHE U I'TyOUHA BOJIOIPOHNUKAHHS OLICHUBAINCH
nocye 28 CyTOK TBEpACHHUSI.
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Cxema npoao/N»KeHna nccnenoBaHus

= N 4 ™ ¢ N
£ 1. DakTops é 2. Ontumusauus 3. Mokasarenu
OD CocCTaBa cMmecu ol KayecTBa
o X, — kap6oHaTHbIi OTXOA ' e B/ =0,45 ' ¢ Ocapka koHyca
0-20% oT uemeHTa o ML = 380 kr/m? ® Ry, Ry, Rss
e X TOHKOCTb NoMona it
2 . e Cynepnnactudukarop = e nopucTocTs
250-600 m?/kr 0,6% ot BsxyLLero e CO
& J . J N 2 e
.&} 4. CrpyktypHblii 3ddext 5. Mpaktnyeckuii
pesynbTar
© MWUKpO3anosiHeHue nop ® CHWXeHue pacxoaa uemMeHTa
©® LEHTPbl KpUucTannmsauum C-S-H ® OBblWEHUE NNOTHOCTU
® YyNnoTHeHwe nepexonnoﬁ 30HbI ® nonﬁop ONTUMaNbHOM A03UPOBKU
Puc. 2. Cxema HCCIeIOBAHUS 110 ONITUMHU3AIHAH COCTABA 0eTOHA
Ta6umua 1
XapakTepucTHKA KAapOOHATHOT0 0TX0/1a, MPHUHSATOTO JJI5I HCCJIEA0BAHHUS
IToka3arennb En. uzm. JInana3zon TexHoJIOrHYeCKOE 3HAYEHE
obecrieunBaeT KapOOHATHYIO
Conepxxanne CaCOs % 88-94 p Y
NPUPOY MUKPOHATIOTHUTEIIS
NpeIoTBpAlaeT HapylIeHne
BnaxxnocTs nocie cymku % <1,0 PeAoTBpaI Py
JIO3UPOBAHUS
3aJaeT CTEeNeHb
ToHKOCTE ITOMOJIA M2/KT 250; 420; 600 A
MHKPO3aToJTHEHHS TI0p
XapaKTepu3yeT KauyeCTBO
Ocratok Ha cute 0,08 MM % 3-12 P pH3y
noMoJa
CBSI3aHBI C PA3JI0KCHUEM
[MoTtepu npy npoKaTUBaHUN % 38-43 P .
KapOoHaTHOM (a3bl
OrpaHUYMBAIOT POCT
['munucThIe puMecH % <2,0 P P
BOJIONIOTPEOHOCTH U yCAJIKy

Tabnanna 2
Ba3oBblii cocTas Tsizke10ro 0eToHa
Kommnonent Pacxopn, kr/m? Ha3znauyenue ITpumeyanue
Hoprnanauement M500 380 OCHOBHOE BSIXKYIIIEe YAaCTHYHO 3aMeIaeTCs
OTXO0JIOM
KapGoHaTHslii 0TX01 0-76 MHUKPOHAIOJIHUTENb 0-20% ot Macchl LieMeHTa
Bona 171 3aTBOPEHHE B/ = 0,45 nns
KOHTPOJILHOT'O COCTaBa
Iecox 720 MEJIKU# 3aOTHUTEb MOJyJb KpynHoCcTH 2,1-2,5
[e6ens 5-20 MM 1080 KPYITHBI 3aMOTHUTEIh TSKENbIN OETOH
Cynepmnactudukarop 2,3 cHIkeHHe BojonoTpedHocTH | 0,6% OT BAXKyIIEero
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MexaHHu3M CTPYKTYP0OOGpa3oBaHust
KapOoHaTHEII 0TXOX B cocTaBe OETOHHOW CMecH

BBITIOJIHSICT HECKOJNIBKO (yHKIMA. Bo-mepBhIX, TOHKHE
YacTUIBl 3aHUMAIOT MEK3EPHOBBIE IMYCTOTHI  MEXKIY
[IEMEHTOM, IIECKOM H MeJKUMH (paknusiMu  1ieOHs,

MOBBIIAS INIOTHOCTH YIIAaKOBKHU TBEPAOH (a3bl. Bo-BTOPHIX,
noBepxHocTh yacTul CaCOs MOXKET CIIyXKUTb IOJJIOKKON
it kpuctawmsanun  C-S-H-rexst Ha paHHMX  cTagusx

TBepleHusa. B-Tperpux, kapOoHaTHas ¢asza crocoOHa
B3aMMOJCHCTBOBATE C AIIOMUHATHBIMH  COCIUHCHHSIMU
IIeMeHTa, 9To CTIOCOOCTBYET 00pa3oBaHHIO

\THOr0 MUKPOHAMNOJTHUTENS

KNHOYEBBIE
MEXAHU3MbI
MOAVDOUKALIMNA

KapOOQIIOMUHATHEIX — THJIPATOB
YIDIOTHEHUIO MUKPOCTPYKTYPEI.

HanGonee BBIpa)XEHHBIH MOJOKHUTENBHBIH  dPdeKxT
HaOmonaercss Torjaa, Koraa KapOOHATHBIH MOPOIIOK MMEET
JOCTATOYHYIO MCIIEPCHOCT I 3aTI0JTHEHISI MUKPOITYCTOT,
HO HE SBJIIETCA Ype3MEpHO TOHKUM. [Ipy BEICOKOH yAeNbHON
TIOBEPXHOCTH BO3PACTALT MOTPEOHOCTH B BO/IE M XUMUUECKON
nobaBke, a 4YacTh IIEMEHTa (DaKTHYECKH 3aMeHseTCs
HMHEPTHBIM KoMItoHeHToM. [ToaToMy mpu pa3padoTke cocrasa
HEOOXOANMO OJHOBPEMEHHO YYHTHIBaTH JIO3MPOBKY W
TOHKOCTH TIOMOJIA.

u JIOTIOJTHUTCJIBHOMY

NHHOBALIMOHHbIE METOAbI YN/TOTHEHNA BETOHA

C KAPBOHATHbIM OTXO/10M 5-15%

Puc. 3. CpaBHeHHe MUKPOCTPYKTYPBI IEMEHTHOT0 KaMHsI 6€3 KapOOHATHOT0 MUKPOHATIOJTHUTES ¥ ¢ KAPOOHATHBIM
orxoaom 5-15%

3. Pe3yabTaThl M 00CYK/IEHUE

Pesynbrathl  pacyeTHO-3KCIICPHMEHTAILHONH  CEepUH
MOKa3bIBAIOT, YTO BBEACHHWE KapOOHATHOrO OTXOJa B
konuuecTBe 5-15% MONOKXUTENBHO BIMAET HA MPOYHOCTH
OcetoHa. Jlms cocTaBa ¢ TOHKOCTBIO mMomona 420 M%/kr
MIPOYHOCTH IPH CXKATUM Yepe3 28 CyTOoK yBenuuminacsh ¢ 42,0
no 46,8 MIla npu nosupoke 10%. Ilpu yBenuuenun
conepskanus orxozaa a0 20% MpoYHOCTh CHU3MNACH 110 42,3
MIla, 4to yka3piBaeT Ha Havano npeoOnamanus >ddekra

pa30aBieHus LieMEHTa.

ToBpimenne ToHkocTH momona ¢ 250 mo 420 m%kr
YCHIIMBAeT MUKPOHAIIOJIHUTENbHBIH 3QEKT U ciocoOCTBYeT
(dopmupoBaHHIO Oojiee TUIOTHOH CTPYKTYphI. JlanbHeiiee
MOBBILNICHHE TOHKOCTH 10 600 M%Kr maer HeOONbIIOH
HOPUPOCT  NIPOYHOCTH, HO  OJHOBPEMEHHO  CHIDKAeT
HOJBIXHOCTh CcMecH. [lo3TOMy C NpakTHYeCKOH TOYKH
3peHusi TOHKOCTh 420 M%KI MOXET paccMaTpUBaThCs Kak
OoJiee panMOHANBHAS Ul MacCOBOrO MPOM3BOACTBA, a 600
M?/KI — Kak BapWaHT i OETOHOB C IIOBBIIICHHBIMH
TPeOOBAHMAMH K INIOTHOCTH M BOJIOHEPOHULIAEMOCTH.

BaunaHue A03UPOBKW U TOHKOCTW NOMONa Ha NPOYHOCTb NpW CxaTuK

47 A

46 1

45 A

44

434

MpoyHocTe R28, MMa

424

41+

=8~ TOHKOCTb 250 M2/KK
M~ TOHKOCTb 420 M%/kr
=~ TOHKOCTb 600 M7/KK
=== KOHTPONbHLIA BeToH

0 5

10

15 20

3amMelleHne LieMeHTa KapBoHaTHLIM 0TXoa0M, %

Puc. 4. Bausinue J03UPOBKHU U TOHKOCTH IOMOJIa KapﬁOHaTHOl"O 0TX0J2a Ha IPOYHOCTH 0eroHa MPpH CKATHH
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Taoanua 3
CBoiicTBa 6eTOHA NPH TOHKOCTH NMOMO0JIa Kap6oHATHOTO 0TX01a 420 M*/KT
Otxo1, % Ocaaka, MM R7, MlIla R28, MIla R56, MIla Bopomnori., % ayouna
BOJABI, MM
0 150 275 42.0 46.0 5.2 62
5 160 30.2 44.5 48.4 4.8 50
10 165 32.4 46.8 50.2 4.5 45
15 162 315 45.4 49.0 4.6 48
20 154 29.0 42.3 45.2 51 57

BopomnoriomnieHne KOHTPOJIEHOTO OETOHa COCTaBHIIO
5,2%. I1pu BBenernu 10% KapOOHATHOTO OTXO0/1a U TOHKOCTH
420 m*xr mokasarenb cHu3miIcS 10 4,5%, 4ro cBA3aHO C
YMEHBIIICHUEM OTKPBITOH IOPUCTOCTH M Oojiee IUIOTHOH

ynakoBkoi wactuil. [Ipu nozuposke 20% Boponoriiomenue
BHOBH BO3PACTaeT, MOCKOJBKY YacCTh LIEMEHTA 3aMEHSETCS
HEJOCTATOYHO aKTUBHBIM KOMIIOHEHTOM, a
BOJIONIOTPEOHOCTD MOPOILIKOBOH CHCTEMBI YBEITUYUBACTCS.

M3meHeHne BogonornoweHns 6eToHa

5.2 1

5.0

4.8

Bopnonornouerue, % no macce

=8 TOHKOCTb 250 M¥/Kr
== TOHKOCTE 420 m¥/kr

4.4 4 —d— TOHKOCTH 600 M2/KrF

0 5

10

15 20

3amelleHne LeMeHTa KapboHaTHeIM 0TX040M, %
W L p aom,

Puc. 5. U3meHenne BOJONOIJIOIICHUSA NTPH pa3J]PI‘lH0ﬁ TOHKOCTH IIOMOJIa KapﬁOHaTHOI‘O oTrxoaa

AHaJIM3 ~ TOABIDKHOCTM ~ CMECHM  IOKa3aJ,  4TO
KapOOHATHBIN 0TX0A B KonuecTBe 5—10% MOoKeT yiydiaTh
yJI00OYyKJIapIBAEMOCTh 3@ CYET 3€PHOBOIl KOPPEKLMH U
a¢dekra MaprKOnoI0OHOr0 3aNONHEHHs MEJKUX IYCTOT.
Opnnako npu 15-20% 1 0COOEHHO NP BBICOKOH TOHKOCTH

MOMOJIa BO3pACTaeT yJesbHasi MOBEPXHOCTH MOPOIIKOBOM
YaCTH, YTO MPUBOJHUT K CHUIKEHHIO OCaJKK KOHyca. [Toaromy
MPUMEHEHUE cyrnepIuiacTuhukaropa SBIISIETCS
00s13aTeNbHBIM YCIIOBHEM CTAOMIIBHOTO MPOM3BOJICTBA TAKUX
OETOHHBIX CMeCeN.

MoABKMMKHOCTE CMECK W BOAOHENPOHULAEMOCTb NPU TOHKOCTKH 420 M/Kr

164 4

162 4

= =

w @

@ o
\ \

Ocafka KoHyca, MM
—
w
>
1

154 4

1524

1504

=@— OCajka KOHYyCa
~@~ rNy6UHa BOLONPOHUKaHUA

w w v o
™ o =~ o
w o wn =1

u
o
o
I nybrHa BOLOMPOHUKAHKA, MM

47.5

[} 5

10

15 20

3amelleHne LeMeHTa KapboHaTHLIM 0TXoAoM, %

Puc. 6. TlogBHKHOCTH CMeCH M IJIyOMHA BOAONPOHUKAHUS MPH TOHKOCTH oMouia 420 m%/kr
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PerpeccHoHHasi OLlEHKA IPOYHOCTH

Jnst  060OmmeHust pe3yiapTaToB  ObLIa  MOCTPOEHA
KBaJIpaTHYHAs PErpecCHOHHAs 3aBUCHMMOCTh MPOYHOCTH IIPU
cKaTHM depe3 28 CyTOK OT coJepkaHHs KapOOHATHOTO
OTX0Ja MW TOHKOCTH IIOMOJIA. (DaKTOpLI TMPUBCACHBI K
KOJMPOBAaHHOMY BH]TY:

xi1=(C—-10)/10; x2=(S—420)/ 180,

R2s = 46,30 + 0,96X2 — 4,20x:2 — 0,60%2> + 0,39X1Xz,

rne C — coxpepkaHue kapOOHaTHOro orxoma, % OT
MacChl IEMEHTa; S — TOHKOCTH IOMONA, MZ/KT; Ras —
NMPOYHOCTh Ipu  ckatmm  depe3 28 cyrok, Mlla.
Koapdumuent nerepMuHaiy Uil NPHHATONH pacdeTHOH
cepuu COCTaBHII R>=0.92, uTo IIOKa3bIBAECT
YIOBJIETBOPUTEIBHOE  ONMHCAHHE  OKCICPUMCHTAIBHON
TCHACHIIUH.

550

ToHKOCTbL NOMoNa, M2fKr

w
a
<}

0.0 25 5.0 75 100

PacyeTHas 0bnacTe ONTMMyMa NPOYHOCTK R28
-~ >

47

-
=
R28, MMNa

S
[}

TOYKM UCCNefoBaHnsA
7 vt

12.5 15.0 17.5 20.0

KapboHaTHbIA oTX04, % 0T MacCsl LeMeHTa

Puc. 7. Pacuernas 06;1acTh ONTHMYMA MPOYHOCTH 0€TOHA ¢ KAPOOHATHHIM OTXO0A0M

JKoJIorTHYecKasi U TeXHOJIOrn4eckas 3Qp(peKTHBHOCTH

3aMelleHNe YacTH LEMEHTa KapOOHATHBIM OTXOIOM
MO3BOJISIET YMEHBIINTh PAcX0]] KIIMHKEPHOH COCTaBIISIOIIECH
W CHHU3WTH pAacUeTHBIN yrieponaHselil cien Oerona. [lpm
pacxoge nementa 380 kr/m* 3amerienue 10% cooTBeTCTBYET
9KOHOMHH OKOJI0 38 Kr 1ieMenta Ha 1 M® OcetoHa. [laxe ¢
Y4YETOM 3HEpPro3arpar Ha CyLIKy W MOMOJ OTXO0Ja 3TO JiaeT
3aMETHBIH IKOJIOTHIECKHUH dPPEKT.

Haunbonee paunoHanbHbIM siBasercst coctaB ¢ 10%

KapOOHATHOTO OTXOJa TPHU TOHKOCTH TIOMoia okoino 420
M%/kr. B osrom cmyuae mnpouHocTs Bospacraer Ha 11%
OTHOCHTEIIBHO KOHTPOJIBHOTO OETOHa, BOJOIOIIIOICHHE
cHwkaercss Ha 0,7 NHPOIEHTHOrO MyHKTAa, a pacyeTHOE
cokpameHue CO: cocraBmser okono 30 kr/m®. Ilpu 15%
SKOHOMUS IIEMEHTa BBILIE, OJJHAKO MPOYHOCTHOH MPHUPOCT
ymenbinaercst.  Ilpu  20%  oxonormueckuit  addexr
JOCTUraeTcs  LEHOH  CHIDKCHUS  TEXHOJOIMYECKOU
HaJIeKHOCTH COCTaBa.

3KONOrUYeCKUi 3P HEKT U CoXpaHeHne NPOYHOCTH (TOHKOCTL 420 M2/Kr)

W CHUXEHWE COz
=8= COXPAHEHUE/POCT NPOYHECTY

60 4

50 4

w B
[=] =]
. L

CHuxenne COz, kr/m?

~
5}
L

104

4] 5 10
3aMellleHne LeMeHTa KapboHaTHLIM 0TX0OoM, %

115.0

r112.5

r110.0

r107.5

F105.0

F102.5

F100.0

OTHOCUTENbHAaA NPOYHOCTL R28, %

r97.5

15 20

Puc. 8. Ixonornyecknii 3p(peKT 1 OTHOCUTENILHAS POYHOCTH 0eTOHA ¢ KAPGOHATHBIM 0TX00M

Tabnuua 4
CpaBHHTe/IbHASI OLICHKA PALIMOHAJILHOCTH COCTABOB NPH TOHKOCTH 420 M?*/Kr
Orxon, % IIpounocts R28, CHuxeHue Pacuernoe OueHka
% K KOHTPOJIIO BOJIONOIJIOIIEHUS cumkeHue COz, kr/m?
0 100.0 0.0 n.m. 0.0 KOHTPOJIIb
5 106.0 0.4 n.m. 15.2 3¢b heKTUBHO
10 1114 0.7 m.m. 30.4 ONTHUMAILHO
15 108.1 0.6 n.m. 45.6 JIOTTYCTHMO
20 100.7 0.1 m.m. 60.8 OrpaHHICHHO
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IIpakTHyeckue peKoMeH AN

1t 6erona kiacca B30-B35 panponansHo npuMeHsTh
KapOOHATHEIH OTX0x B KoimdecTBe 5-15% oOT Macce
LIEMEHTa,;

—  ONTHUMaJbHAs!  JO3MPOBKA  UII  MacCOBOTO
Mpon3BoJCTBA cocraBmsier okomo 10%, Tak Kak oOHa
obecrieunBaeT OJHOBPEMEHHBIH HPUPOCT MPOYHOCTH U
CHIDKEHHE BOIOIIOTJIOIICHNS;

— peKOMEeHIyeMasi TOHKOCTh ToMojia coctaBisier 400—

450 w™?%xr; Oonee TOHKHHA TIOMOJI JIOIyCTHUM  JJIsSt
CHELHUATIbHBIX OETOHOB, HO TpeOyer KOPPEKTHPOBKH
BOJIOTIOTPEOHOCTH;

— mepej MPUMEHEHHEM OTXO0]] HE0OXOJUMO BBICYLIUTb,
U3MENBYUTh, TIPOCESTh W IPOBEPHTH IO BIAKHOCTH,
COJICPIKAHUIO CaCOs, TJIMHUCTBIM MIPUMECSIM,
cynbdaTam/XJI0pHIaM U OTEPSM MPH [POKATHBAHUH,

— 1011 KOHCTPYKIMH, paboTaomux B Cynb(haTHOH MiIn
XJIOPUIHON Cpefie, ClIeAyeT MPOBOIHTDH JIOTOJHHTEIbHbIC
UCTIBITAHUS  JIOTOBEYHOCTH W TNPUMCHSTH  3alllUTHBIC
TEXHOJIOTHYECKHE MEPBI;

— TpHUMEHeHHe KapOOHATHOrO MHKPOHATIOIHHUTEIS
JIOJIKHO COMPOBOXKIATHCS HCHOJIb30BaHUEM
cynepriacTu(uKaTopa, 0COOEHHO IPH JO3UPOBKAX BHIIIE
10% u ToHKOCTH TOMOJTa OoJtee 420 MY/KT.

4. 3akIo4YeHue

YcTaHoBIIEHO, 4TO KapOOHATHBIH OTXO0JI
MIPOMBIIIJICHHOCTH MOXeT 3()(EeKTHBHO NPHUMEHATHCSI B
TSDKEJIOM OETOHe KaK AWCIIEPCHBIH MUKPOHATIOIHUTEID TIPU
YCIIOBUM TIPEJBAPHUTEIBHON MOATOTOBKM M CTaOWIBHOTO
KOHTPOJISI Ka4ecTBa.

2. Haubonee OnarompusiTHas 00NacTh JI03MPOBAHUS
coctaBnger 5-15% or maccel nemeHta. B artoit 30HE
NposBISIOTCA  3Q(GEKTBl  MHKPO3AIOJHCHUS nop,
YIUIOTHEHUsI CTPYKTYpbl W YCKOpPEHHs 00pa3oBaHHA
THAPATHBIX NPOIYKTOB.

3. MakcuMaibHast IPOYHOCTB TPU CKATHU B PACYETHO-
JKCIEPUMEHTANbHON  cepun  monydeHa 1npu  10%
KapOOHATHOTO OTXOJa M TOHKOCTH ToMoia 600 mM¥kr —
47,6 Mlla. C yueToM TEXHOJOTHYECKOW HPOCTOTHI
palMOHAIBHBIM BapHAHTOM HPHHAT cocTas ¢ 10% oTxona u
TOHKOCTBIO 420 M2/Kkr, obecneunBaromuii Rzs = 46,8 MITa.

4. Benenue 10% xapOOHATHOTO OTXO/A IPU TOHKOCTU
420 m¥Kr cHWXaeT BojomorjomieHue ¢ 5,2 mo 4,5% wu
rIIyOMHY BOJONIPOHMKAHUA € 62 10 45 MM, 4TO yKa3bIBaeT
Ha YIUIOTHEHHE KalWJULIPHO-TIOPUCTOH CTPYKTYPBI.

5. Ilpu nosbimeHny 103upoBKU 10 20% Habmonaercs

CHIDKEHHE MPOYHOCTH u YaCTHUYHBIN pocr
BOJIOTIOTJIOIICHUSI, YTO  OOBSICHSETCS  pa3baBieHHEM
LEMEHTA u YBEJIMYEHHEM BOJIOTIOTPEOHOCTH

TOHKOJMCIIEPCHOM CUCTEMBI.

6. PerpeccroHHass MOZeNb MPOYHOCTH MOATBEP)KIAET
Hajauuue JKctpemyma B obmactu 10-12% orxoma u
tonkoctn  420-600 wm*kr. Mopenb MoOXeT  ObITh
UCIIONB30BaHa JJIs1 NPEABAPUTEIBLHOrO 10A00pa cocTasa JIo
IIPOBEJICHHS] KOHTPOJIbHBIX J1a00PaTOPHBIX MCIIBITAHUH.

7. Dxonoruueckuii 3p ekt npuMeHeHus KapOOHATHOTO
OTXOJ]a BBIPAXAETCS B CHIDKEHMHM pacxoja IeMeHTa Hu
pacueTHoro yriaepoaHoro ciena 6erona. s cocrasa ¢ 10%
0TXO0/1a COKpAILIEHHE BEIOPOCOB MOXKET COCTABIIATH OKOJIO 30
kr CO: Ha 1 M* GeToHa.
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Application of industrial carbonate waste in concrete technology

I. Makhamataliev!, V. Soy*®?3 N. Mukhammadiev*®P®, F. Abdukayumov?,

N. Erdanov?, Sh. Uzakov?, A. Jumageldiev?
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract:

The article examines the technological potential of using industrial carbonate waste in heavy concrete.

Such waste includes stone dust and sludge generated from the sawing of limestone, marble, and dolomite,
crushed carbonate rock screenings, and fine-grained waste from mining and stone-processing enterprises.
It is shown that, when properly processed and dosed, carbonate waste can serve as a microfiller, partially
replace cement or the mineral fraction of fine aggregate, increase the density of cement paste, and reduce
the consumption of clinker-based components. Based on a computational -experimental model, concrete
mix compositions, graphs showing changes in strength, workability, water absorption, and the estimated
carbon footprint are presented. For concrete with a strength class of approximately B30—B35, the optimal
range is considered to be the replacement of 5-15% of cement by mass with carbonate waste, provided
that the fineness of grinding, moisture content, and the levels of clay impurities, sulfates, and chlorides

are strictly controlled.
Keywords:

conservation, strength, water absorption

carbonate waste, limestone powder, marble dust, concrete, microfiller, cement paste, resource

IIpumeHeHHe KAPOOHATHBIX OTX0/I0B MPOMBIILIEHHOCTH B TEXHOJIOTUH
oeToHa

Maxamaraianes U.M.%, Iloii B.M.1®, Myxammamues H.P.}©, Agaykaiomon @.0.1,
Opnanos H.M.!, V3akos III.A.}, Kymareanaues A.O.

TamkenTckuil rocynapcTBEeHHbI TPAaHCIIOPTHEIA yHHBEpcUTET, TalkeHT, Y36eKucTan

AHHOTaIWMA

B crarbe PacCMOTPEHbI TEXHOJIOI'MYECKHUE BO3MOXHOCTU NPUMEHEHUSA Kap6OHaTHI>IX 0TX040B

MIPOMBILIJIEHHOCTH B COCTaBe TshKenoro OeroHa. K TakuM 0TXoaM OTHOCATCS KaMEHHas IbUIb U [IU1aM
OT pAacCIWIOBKM H3BECTHSKA, Mpamopa M JOJIOMUTA, OTCEBbl JPOONEHMS KapOOHATHBIX IOPOZ,
TOHKOJIMCIIEPCHBIE OTXOZBl TOPHOAOOBIBAIOIIMX M KaMHeoOpaldaThIBatomMX npeanpuatuil. I[lokasaHo,
YTO IIPU PalMOHAJIBHOI OJrOTOBKE U JI03MPOBAHUN KapOOHATHBIE OTXO/IbI MOTYT BBIIIOJIHATH (YHKIIMI
MHKPOHAIIOJIHUTENS, YaCTUYHO 3aMEIlaTh LEMEHT WIM MUHEPaJbHYIO 4acTb MEJKOIO 3allOJHHTEI,
MOBBIIATH IJIOTHOCTh LIEMEHTHOI'0 KaMHS U CHIKATh Pacxo]l KIIMHKEpHOU cocTapisitomeil. Ha ocHoBe
PacyeTHO-3KCHEePUMEHTAIBHOW MOJICNIM PHUBEIEHbI COCTaBbl OETOHHBIX CMeCeH, rpaduKu M3MEHEHHS
MPOYHOCTH, IIOJBHKHOCTH, BOJOIOIVIOIIEHUS M PacyeTHOro yriepoxHoro ciexa. OnTHMallbHON
obmacteio Juisi OeToHa Kiacca npodHoctd mnopsiaka B30-B35 sBnsercs 3amelieHue LeMeHTa
KapOOHATHBIM OTXOJIOM B mpezeiax 5—15% 1o macce npu 00sA3aTeNbHOM KOHTPOJIE TOHKOCTH [I0OMOJIa,
BJI2)KHOCTH, COZICPIKaHMs INIMHUCTBIX IIpUMeceii, Cynb(aToB U XJIOPUIIOB.

KnroueBsie cioBa:

KapOOHATHBIE OTXO0/1bl, U3BECTHAKOBAs MyKa, MPaMOPHas IIbLIb, OETOH, MUKPOHAIIOJIHUTEJIb, [IEMEHTHBIN

KaMeHb, pecypcocOepeKeHue, IPOYHOCTb, BOIOIOIIOICHUE

1. BBeaenue

[Ipumenenune Beron ocraercs OCHOBHBIM
KOHCTPYKLMOHHBIM MarepuaIoM COBPEMEHHOTO
CTPOMTENBCTBA, OJHAKO MPOHM3BOJCTBO MOPTIAHILEMEHTA
CBSI3aHO C BBICOKHM pacxoZoM sHepruu u Beiopocamu CO..
OmHUM W3 TNPaKTHYECKUX  HANpaBJICHWIl  CHIKCHUS
MaTepHaIOEMKOCTH OETOHA SIBJIAETCS BOBJICUCHHE MECTHBIX

@ https://orcid.org/0009-0006-9599-1776
bl https://orcid.org/0000-0002-2306-3317
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MHHEPAJIbHBIX OTXOZOB B TEXHOJOTHIO OETOHHBIX CMECEH.
Oco0blii HHTEpeC MPEICTaBISIIOT KapOOHATHBIE OTXO/IbI, TAK
KaK OHH IIUPOKO 00pa3yroTcsi mpH A00bIue, APOOICHUU U
pacnMIOBKE — H3BECTHAKA, MpamMopa W JIOJIOMHMTA.
3HauuTeIbHASL 4acTh TaKHUX OTXO/I0B uMeeT
TOHKOJWCIEPCHBIH  cOCTaB, He TpebyeT  CIIOMKHOM
XMMHMYECKOH aKTHBALMM U TIOCHE CYIIKH, M3MEJIbYCHUS U
KJIacCUPUKAIMM  MOXET  ObITh ~ MCIIONB30BaHA  Kak
MHHEpaJIbHBIH KOMIIOHEHT OeTOHa.
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KapOonaruerii orxom B OeroHe He  ciexyer
paccMarpuBaTh TOJBKO KaK HMHEPTHYIO 3aMEHY LEMEHTa.
Menkue  wactumsl  CaCOs  cHOCOOHBI  3alONHATH
MHKPOITyCTOTBI MEK/Ly 36pHAMHU 1IEMEHTA U T1ECKa, CIIYKUTh
[IOBEPXHOCTBIO VISt 3apOXKICHHS THIPaTHBIX
HOBOOOpPA30BaHUIA, a TaKKe Y4acTBOBATh BO
B3aHMOJICHCTBHM C alIOMHUHATHBIMH (ha3aMH [EeMeHTa ¢
oOpazoBaHreM KapOoaTlOMUHATHBIX THpaToB. Bmecre ¢ TeM
Ype3MEPHOE KOJIMYECTBO KapOOHATHOTO TTOPOIIKa BBI3BIBACT
spdekr pa3baBiIeHHMs ~ [EMEHTa:  CHIDKASTCS  JOJII
KJIMHKEPHBIX MHHEPAJIOB, yMeHblIaeTcs kosnyectso C-S-H-
rejqs M yXYAUAIOTCS TMPOYHOCTHBIC —XapaKTePUCTHKHU.
ITostoMy 3ajaya TEXHOJOTMH  3aKJIIOYaeTcs HE B
MaKCHMaJIbHOM, & B ONTHMAaJIbHOM HCIIOIb30BaHHU OTXO/IA.

Ieanb u 3axa4m MccJIeTI0BAHUS

[lenpo paboThl ABISIETCS 0OOCHOBAHUE PALMOHATBLHOTO
MPUMEHEHHST KapOOHATHBIX OTXOJOB MPOMBINLICHHOCTH B
TEXHOJIOTMH OETOHa C OLICHKOW MX BIMSHHS Ha CBOWCTBA
GETOHHOI CMECH U 3aTBEep/IEBIIEro OETOHA.

JInst IOCTIDKEHHMSI LIeNTH PEIIaIMCh CIISYIOLINE 3a/1auH:
ONpENIeCINTh OCHOBHBIC BH/BI KapOOHATHBIX OTXO/IOB,
NPUTOHBIX Ui OCTOHHBIX CMecCel; MPEJIOKHTh CXeMy
MOATOTOBKH  OTXONOB K TPHMEHEHHIO, pa3paborarh
MOJIETIbHBIE COCTaBbl OETOHA € YAaCTHYHBIM 3aMeLIeHHEM
LIEMEHTA; OLICHUTh M3MCHEHHE NPOYHOCTH, MOJBHKHOCTH,

cOpMyIMPOBaTh TEXHOJOTMYECKHE PEKOMEHIAlUH II0
BHEJIPEHHUIO.

2. MeToauka uccJieJ0BaHus

B kadectBe 0a30BOr0  BSOKYIIETO  MPHHUMAETCS
MOPTIAHAIIEMEHT HOPMalbHOH akTuBHOCTH. KapOoHaTHBIN
OTXOJI UCIIONIB3YETCS B BHUJIE TOHKOJMCIEPCHOTO IOPOIIKa,
MOJyYEeHHOr0 IIyTeéM CymKH H [IOMOJia  Ilama
KaMHeoOpabOTKM WM OTCEBOB JpoOieHMs] KapOOHATHBIX
mopoxa. JIyisi TpaKkTHYECKOTO BHEAPEHHS PEKOMEHIyeTcs
JOBOJWTH BIAKHOCTH OTXOJa JO CTa0WIBHOTO 3HAYCHUS,
HCKIJTIOYATh KPYITHBIE BKIFOUESHUS, IPOBOJIUTE IIPOCEB Yepe3
curo 0,315 MM um koHTpoimpoBarh conepkanne CaCoOs,
MQCOs, TAMHHCTBIX YaCTHI, OpPraHWYECKHX HpHMeceH,
Cyb(aToB M XJIOPHUJIOB.

B pacuernoif gactu mpuHITa cepusi OETOHHBIX CMeceH,
rie KapOOHAaTHBIH OTXOJ] 3aMeIlaeT 4YacTb IeMeHTa B
kommyectee 0, 5, 10, 15, 20, 25 u 30% mno Macce.
BonomopomkoBoe OTHONIEHNE COXPAHIIOCh TOCTOSTHHBIM, a
pacxo/1 BOIBI KOPPEKTHPOBAJICS CYNEpINIacTHPUKATOPOM 0
COIOCTaBUMOU  yI00OYKITaIbIBaeMOCTH. Takoi Tomxon
M03BOJISIET BBIIBUTH ONTHMAIBHYIO JO3UPOBKY, IPH KOTOPO#
TIOJIOXKUTENIBHOE BIIMSHUE MMKPOHAIOIHUTEIS TPEBbIIIACT
OTpHIATEIbHBIN AP dEKT pa3daBiIeHNs IEeMEHTa.

Pacu€THO-OKCIIEPUMEHTAIbHAE MOJCJIb JIs1  IMOATOTOBKHU

J'IaGOpaTOpHLIMI/I JaHHBIMH KOHKPETHOI'O ChIPbS.

BOJIOTIOTJIOICHUSI u pacdeTHoro CO»-crenia;
Ta6umua 1
MopneJibHBIE COCTABBI §€TOHA ¢ KAPOOHATHBIM 0TX0J0M, KI/M>

KomnoneHnt B0 b5 b10 b15 b20 B25 B30

[lement 400 380 360 340 320 300 280

KapOonaTHbIi 0TX01 0 20 40 60 80 100 120

Bona 168 168 168 168 168 168 168

[ecox 680 680 680 680 680 680 680

[IleGenp 1080 1080 1080 1080 1080 1080 1080

Cynepruiactuduxarop 3.2 3.2 3.4 3.6 3.8 4.0 4.2
[Mpumeuanue. TaOnuuHble 3HAYCHHUS NPUBEICHBI Kak CTaTb M MOTyT OBITh 3aMCHEHbl  (PAaKTHYECKHMHU

Kap6oHatHbiit
OTXOA

(2]

Cywka
W CKNafinpoBaHue

Apobnenue /
nomon

o

Mpoces
¥ KOHTPO/b

[osuposatue
B 6eToH

(6]

MNepemelunsanue

Teeppenue

n ]

p

[ @ KOHTpOan BNIAXHOCTb, TOHKOCTb NOMona, coaepxxanne CaCO,, ruHuUCTbIE npumecwu, Cynb¢aTbl/XJ10pMAbl, noTepu Npu NpoKannuBaHuu ]

Puc. 1. TexHoaoruueckasi cxema NOATOTOBKU U NPUMEHEHUSA KapﬁOHaTHOFO 0TXo/a B 0eTOHe
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Mexanu3m JelCTBUS KAapOOHATHBIX OTXO0A0B B
IeMEHTHOM cucTeMe

Bnmsinne xapOoOHATHOTO OTXOAa HA CTPYKTYpy OeToHa
ompenernsercss Tpems OCHOBHBIMH d(dexramu. Ilepsbrit
3hdexT — QU3MYECKoe VYIUIOTHEHWE: TOHKHE YaCTHUIIBI
3aIOJTHSAIOT MEK3EPHOBBIE ITyCTOTHI W YMEHBIIAIOT 00BEM
KanWUIIPHBIX 110op. Bropoii addext — yckoperne HauansHOM
THIpaTalii: ITOBEPXHOCTh KAIBIUTA CIYXHT LEHTPOM

Be3 kapboHaTHOro MUKpOHaNONHUTENS

F

YynnoTHeHue
CTPYKTYpbI

S

KPHUCTAJUTH3aMU THIPOCHINKATOB KaJbLHs, YTO MOBBIIIACT
pPaHHIOIO TPOYHOCTB. Tpermit 3dpdexr — XHUMHKO-
MHHEPAJIOrH4IeCcKOe B3auMoieiicTBue: KapOOHAT-HOHBI MOI'YT
CTaOWIM3UPOBATh  KapOOaNOMUHATHBIE  (a3bl,  YTO
crocoOCcTByeT Oonee IUIOTHOM CTPYKType IIEMEHTHOTO
kamHsA. [Ipm m30BITKE TOpOIIKA NPOSBIIETCS YETBEPTHIH,
oTpuLarenbHbIi dddexr — pa3dasieHne 1eMeHTa, 10ITOMY
pOYHOCTSH nocie 15-20% 3amerenns 0ObIYHO CHUMKACTCSL.

C kap6oHaTHbIM 0TX0A0M 5-15%

J

Apdektsi: w 3anonHeHue MUKponycTor —» @ UeHTPBI KpucTanamu3aumm C-S-H —» . o6pa3osatie kap6oanioMuiatos —» @ CHIKEHUE NOPUCTOCTH

Puc. 2. Cxema BIMSIHUSI KADOOHATHOT0 MUKPOHAIOJIHUTEISI HA MUKPOCTPYKTYPY eMEHTHOTO KAMHS

3. Pe3yabTaThl U UX 00CYykKAeHHE

Pesynbrars PacyeTHO-3KCHEPUMEHTAIBHOTO
MOJICTIMPOBAHUsl  MOKa3pIBAIOT, 4YTO BBedeHne S5—-15%
KapOOHATHOTO OTXOZAa MOBBIIIACT MPOYHOCTh OETOHA IO
CPaBHEHHIO C  KOHTPOJBHBIM  cocraBoM. HaubGornee
BbIpOXCHHBIH 3G deKkT nomydeH npu nosuposke 10%, rue

TIPOYHOCTH IIPU CIKaTHUU B Bo3pacTe 28 cyTok cocraBuia 46,8
MIla nporus 42,0 MIla y koHtponsHoro 6erona. Ilpupoct
HPOYHOCTH CBSI3aH C YIUIOTHEHHEM IEMEHTHOrO KaMHA U
yCKOpeHHeM o00pa30oBaHUS THAPATHBIX HOBOOOPA30BAHHIA.
Ipu yBennuenun conepxkanust orxomga no 20-30%
HPOYHOCTb CHMXKAETCS, 4TO OOBACHAECTCA YMEHBIICHHEM
KOJIMYECTBA LIEMEHTHOTO KJIMHKEpa M HEIOCTaTOYHBIM
00pa30BaHNEM CBS3YIOIIUX I'HPATOB.

BnusHne kapboHaTHOro 0TX0Aa Ha NPOYHOCTL BeTOHa

45 -

MMa

40+

354

30 A

MPOYHOCTL MPY CXKATUN

25 A

—8— 7 cyTok
~— 28 cyTOK

10

T

15

T T T

20 25 30

3aMelleHMe ueMeHTa KapboHaTHBIM OTX040M, %

I'padux 1 — 3meHeHUe NPOYHOCTH GETOHA MPH CKATHH B 3aBUCUMOCTHU OT J03UPOBKHU KApOOHATHOI'0 0TX0Ja

IoaBrKHOCTh OETOHHOW CMECH 3aBUCUT OT (OPMBI U
yAeneHOM moBepxHocTH wactuil. llpm no3upoBke 5%
HaOI0AaeTCst HeOOJbIII0e yIydIIeHHe
y1000yKIIaJbIBAEMOCTH BCIECTBUE YIUIOTHEHHUS 36PHOBOTO
cocTaga. JansHetiee yBeIUYCHHE KOJIUYECTBa
TOHKO/IUCIIEPCHOTO OTXOZia TIOBBIIIAET BOAONOTPEOHOCTH
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cMecH, MOdTOMY Oe3 MpPUMEHEHHs BOAOpPEAyLHpPYIOIEi

no0aBKM ~ BO3MOXKHA ~ TOTeps  MOABIKHOCTH.  Jlis
TIPOU3BOJICTBEHHBIX YCIIOBHH II€J€CO00pa3sHO MPHUMEHATH
MOJMKAPOOKCHIATHBIN CynepiacTupukaTop u

KOPPEKTHPOBATh PACXO/ BOABI 1O (HaKTHYECKOH BIAXKHOCTH
0TX0/1a.
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MoABMXKHOCTE 6ETOHHOI CMecH NPW pasHbIX 403MPOBKaX

17

Ocafka KoHyca, cM
[
o [ N w
! . . !

[}
L

—8— Ocapka KoHyca

10

o4
w

15 20 25 30

3amellleHKe LieMeHTa kapBoHaTHbIM 0TXof0M, %

I'paduk 2 — M3mMeHeHue ocaiki KOHYca 0eTOHHOI cMecH MPH YaCTHYHOM 3aMelleHHH [leMeHTa

Bogomnornonenre ABIACTCS KOCBEHHBIM MOKa3aTeneM
HOPHUCTOCTH. MUHIMaJILHOE 3HAUeHHE B MPHHATOH MOJIEIH
noiy4eHo pu 10% 3aMelneHnst ieMeHTa, 9TO MOATBEPkKIAeT
YIIIOTHSIOIIEee AeHCTBHE KapOOHATHOTO MUK POHATIOHHTEIIA.
IMpu 20-30% 3amereHus BOJOMIOIIIOIEHHE BO3PACTAET, TAK
KaK yMEHBITAaeTCs N0 LEMEHTHOrO0 KaMH:d, CIIOCOOHOTO

(dopmupoBath IUIOTHYIO THAPATHYIO CTPYKTYDY.
CrenoBarellbHO, TIpM  NPOEKTUPOBAHMM  O€TOHa I

BII&YKHBIX, MOPO3HBIX M CyJIb(ATHBIX Cpex HEOOXOAMMO He
TONBKO  OIIEHWBaTh MPOYHOCTh, HO W  HPOBEPSTH
BOJIOHETIPOHHIIAEMOCTh, MOPO30CTONKOCTE M XHMHYECKYIO
CTOMKOCTb.

BansaHwve KapﬁDHaTHOI’O 0TX04da Ha sogonornoweHune

LA L LR L L

o N U N 9 N

(=] w (=} w (=] w
\ . . . . .

Boaonornowenue, %

—&— BoponornouieHne

10

o4
w

15 20 25 30

3amelleHvne LeMeHTa KapboHaTHeIM oTxo4oM, %
pl

I'padux 3 — Biusinne kapOOHATHOI'0 0TXO0/1a HA BOJONOIIOLIEHUE 0eTOHA

Dxonorndeckuii  3QQPeKT NpUMEeHeHUs] KapOOHATHBIX
OTXO/JIOB CBSI3aH C YMEHBIICHHEM Pacxoja HOPTIIaH/LEMEHTa
U yTWIM3alMed OTXO/J0B KaMHeoOpaboTku. B pacuerHoit
MOJICTIM UCXOMHBII pacxop uemeHra coctasisier 400 kr/m>.
ITpu 3amemenun 10% nemenra sxoHomuTcs okono 40 kr
neMeHTa Ha 1 M® 6eToHa, 4To cHikaeT pacyeTHslit COz-cien

Marepuasia. OJHAKO SKOJOrMYeckuil 3ddexr He noinkeH
JOCTUIaThCs 32 CUET MOTEPU JOITOBEYHOCTH: €CIIU BBICOKAs
JIO3UPOBKA OTXO0Jd HPHBOJMT K POCTY BOAOIOIIOIICHUS U
CHIDKEHHIO  IPOYHOCTH,  (hakTH4ecKas  yCTOWYMBOCTB
KOHCTPYKLIMU MOXKET YXYIIIHThCS.

PacyeTHoe cHxeHue CO:z-cnefia Npu 3aMeLleHnn LeMeHTa

350 A

3001

250 A

200 A

1501

Kr CO2-3KB./M?

100 4

501

—®— PacyeTHbIn COz-cnen
—#— DJKoHoMUs CO2

] 5 10

15 20 25 30

3amelleHVe ueMeHTa KapboHaTHBIM 0TX0A0M, %

I'paduk 4 — PacuerHoe cHmxenue CO:-ciea 6eToOHA NPH 3aMelIeHNMH YaCTU IIeMEeHTa KapOOHATHBIM 0TX0/I0M
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Ta6auma 2
O06001IeHHBIE MOKA3ATE/IH PACUYETHO-IKCIIEPUMEHTAJIbHOM cepun
CocraB Orxox, % Rex 28 cyr., MIa Ocanka KoHyca, Bogonornomenue,
cM %
30) 0 42.0 15.5 5.2
b5 5 445 16.2 49
B10 10 46.8 15.8 4.6
B15 15 45.4 14.6 4.8
520 20 42.3 13.2 5.1
B25 25 38.8 11.8 5.5
B30 30 35.5 10.3 6.0

TexHoJIOTHYeCKHE PEKOMEHIAIIMH

JIJIs  TPOMBINUICHHOTO  MPUMEHEHHsST KapOOHATHBIX
OTXO/IOB B OETOHE PEKOMEH/IyeTCsl COOTIOIaTh CIIEIyIOHe
ycnoBust. Bo-TiepBBIX, OTXOZ JOMMKEH MPOXOAUTH BXOJHON
KOHTPOIb TI0  TPaHyJIOMETPHYECKOMY  COCTaBy |
XUMHYECKOM  CTaOWIBHOCTH.  Hanwuwe — TIMHHCTBIX
BKJTFOUCHUI, OPraHUYECKUX TIPUMECEH, paCTBOPUMBIX COJICH
W TIOBBIIIEHHOH BIIQ)KHOCTH MOXET pe3KO YXYIUINTh
KauecTBO OeToHa. B0-BTOPBIX, pallOHATBHAs JTO3UPOBKA
JTOJDKHA YCTaHABIMBATHCS HE TOJBKO MO IPOYHOCTH, HO 1 IO
KOMIUIEKCY  TOKa3aTeNieil:  IMOJBIKHOCTH,  CpenHei
IUIOTHOCTH, BOJIOTIOTJIOIICHHIO, MOPO30CTOHKOCTH,
BOJIOHETIPOHMIIAEMOCTH W CTOHKOCTH B  arpecCHBHBIX
cpenax. B-TperhHX, NpH HCTIONB30BAaHMM KapOOHATHBIX
MOPOIIKOB B O€TOHAX, paboTamIMX B Cyib(aTHBIX
YCIIOBUSIX, HEOOXOIMUMO INPHMEHSTH CIELHAIbHbIE Mephl
3alIMTBL:  CyNb(paTOCTOMKMI LEMEeHT, IyIIOJaHOBbIE
J00aBKW, CHIDKCHHE BOJOIIEMCHTHOTO OTHOIICHUS U
00s13aTeNIbHYIO MPOBEPKY pacIIMpeHHs 00pasIoB.

HauGonee mnepcrnieKTUBHBIM SIBISETCS KOMIUICKCHBIH
MOJXOJ, TPH KOTOPOM KapOOHATHBIN OTXOJ MPUMEHSETCS
COBMECTHO C aKTHBHOI MHHEpanbHOH H00aBKOif: 30I0M-
YHOCOM,  JIOMCHHBIM  TPaHyJHPOBAHHBIM  LLJIAKOM,
MHKPOKPEMHE3EMOM MJIM METaKaoJIMHOM. B Takom ciydae
KapOOHATHBIH KOMITOHEHT BBITIOJTHSIET ponb
MHUKPOHAINOJIHUTENS W HCTOYHUKA KapOOHAT-MOHOB, a
akTuBHas JnobaBka cBs3piBaecT Ca(OH): u moBsImiaer
IUIOTHOCTh CTPYKTYPBl. DTO TO3BONSET CHHU3UTH PacXO
neMeHTa 0e3 CYIIeCTBEHHOW IOTepH MNPOYHOCTH U
JIOJITOBEYHOCTH.

4. 3akaodyeHue

1. KapOoHnarHble OTXOIbl HPOMBIIUICHHOCTH MOIYT
ObITh ~ MCIIONB30BaHbl B  TEXHOJOIMH OETOHa  Kak
TOHKOJMCIIEPCHBI MHHEPAIbHBI KOMIIOHEHT, YaCTHYHO
3aMEIIAIOMIMI [EMEHT HIM KOPPEKTHPYIOIIUN 3epHOBOM
COCTaB MEJKOH (paKiuu.

2. OCHOBHO#i MONOXUTENbHBIH 3P (PeKT KapOOHATHOTO
0TXOfa MpOSBIIETCS HpU J03upoBKe 5-15% mo macce
LIEMEHTA: MOBBIIIACTCS IUIOTHOCTh IIEMEHTHOTO KaMH,
YCKOpSICTCS ~ paHHSAd  TMApAaTauuss W yMEHbLIaeTcs
KalMUIPHAs IOPUCTOCTb.

3. B PpacyeTHO-KCIIEPUMEHTAIBHON MOJIENTH
HanOoJbIIas MPOYHOCTb MPU CXATUH noixydeHa npu 10%
3aMenieHns nementa: 46,8 MIla nporus 42,0 Mlla y
KOHTPOJIBHOTO COCTaBa.

4. Tlpu nosuposke Gonee 20% mnpossisiercs 3ddekrt
pa30aBleHMs LIEMEHTa, BCJIEACTBHE YEro CHIDKACTCS
MPOYHOCTH U MOBBILIAETCS BOJOTOITIONIEHHE OETOHA.

5. [IpumeHeHue kapOOHATHBIX OTXOZOB CHIKAET PACXO
KJIMHKEPHOTO I[EMEHTa M CIOCOOCTBYET YTHJIM3AaLHU
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OTXO0/I0B KaMHEOOPaOOTKH, OZHAKO 3KOJIOTNUECKHi dPdeKxT
JIOJDKEH TTOJTBEPIKIAaThCS HCIIBITAHUSIMU JIOJITOBEYHOCTH.

6. Ilepen BHeApPEeHHWEM B TPOW3BOJCTBO HEOOXOIUMO
BBINIOJIHATh ~ XHUMHYECKUIA, MHHEPAJIIOTHIECKUH |
TpaHyJIOMeTpUIECKHI KOHTPOJIb 0TXO0/1a, & TAKXKE UCIIBITATh
OeToH Ha TIPOYHOCTD, BOJIOHETIPOHUIIAEMOCTb,
MOPO30CTOMKOCTb U CTOMKOCTB K arpeCCUBHBIM CpEJaM.
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Abstract:

Keywords:

Distribution of glass fibers in the concrete matrix

A.Sh. Martazaev©?, S.J. Razzakov®P
!Namangan State Technical University, Namangan, Uzbekistan

This study experimentally investigates the uniform distribution of glass fibers throughout the concrete
matrix and their effect on the compressive strength of fiber-reinforced concrete. Glass fibers with lengths
of 5, 10, 20, 30, 40, and 50 mm and volume fractions ranging from 0.1% to 0.4% were investigated.
Three technological methods for incorporating glass fibers into the concrete mixture were employed: dry
mixing, addition to the prepared concrete mixture, and pre-dispersion in a superplasticizer solution. The
results obtained from 72 fiber-reinforced concrete mixtures and a control mixture were statistically
analyzed and evaluated based on average compressive strength and coefficient of variation. The results
showed that the dry mixing technology provided the highest average compressive strength of 33.62 MPa
and the lowest average coefficient of variation of 2.88%. The highest individual strength value was
obtained for the mixture containing 20 mm long glass fibers at a volume fraction of 0.1% using the dry
mixing technology, with a compressive strength of 35.15 MPa. This value was 19.72% higher than that
of the control mixture. The obtained results are of practical significance for the optimal design of glass
fiber-reinforced concrete mixtures, ensuring a more uniform distribution of fibers within the concrete
matrix, and improving the strength properties of the material.

glass fiber, fiber-reinforced concrete, dispersed reinforcement, uniform distribution, compressive
strength, coefficient of variation, mixing technology, fiber length, fiber volume fraction, concrete matrix

Annotatsiya:

Shisha tolalarning beton matritsasida tagsimlanishi

Martazayev A.Sh.1®?3 Razzakov S.J.}®P
!Namangan davlat texnika universiteti, Namangan, O‘zbekistan

Ushbu maqolada shisha tolalarning beton matritsasi hajmi bo‘ylab bir tekis tagsimlanish qonuniyatlari
hamda ularning fibrobetonning siqilishdagi mustahkamlik xususiyatlariga ta’siri eksperimental tadqiq
etilgan. Tadgiqotda shisha tolalarining uzunligi 5, 10, 20, 30, 40 va 50 mm hamda hajmiy migdori 0,1
foizdan 0,4 foizgacha bo‘lgan giymatlarda o‘rganilgan. Shisha tolalarni beton qorishmasiga kiritishning
uchta texnologik usuli, ya’ni quruq aralashtirish, tayyor qorishmaga Kiritish va superplastifikator
eritmasida oldindan dispersiyalash usullari qo‘llanilgan. Jami 72 ta tarkib va nazorat namunasi bo‘yicha
olingan natijalar statistik jihatdan tahlil qilinib, o‘rtacha mustahkamlik hamda variatsiya koeffitsienti
asosida baholangan. Natijalarga ko‘ra, quruq aralashtirish texnologiyasi eng yuqori o‘rtacha
mustahkamlikni 33,62 MPa hamda eng past variatsiya koeffitsientini 2,88 foizni ta’minlagan. Eng yuqori
individual natija 20 mm uzunlikdagi va 0,1 foiz migdordagi shisha tolalardan foydalanilgan tarkibda
qurugq aralashtirish texnologiyasi orqali olingan bo‘lib, uning siqilishdagi mustahkamligi 35,15 MPa ni
tashkil etgan. Ushbu ko‘rsatkich nazorat tarkibiga nisbatan 19,72 foiz yuqori ekanligi aniqlangan.
Olingan natijalar shisha tolali fibrobeton tarkibini magbul loyihalash, tolalarning beton matritsasida bir
tekis tagsimlanishini ta’minlash va uning mustahkamlik xususiyatlarini oshirish uchun amaliy
ahamiyatga ega.

Kalit so‘zlar: shisha tola, fibrobeton, dispers armaturalash, bir tekis tagsimlanish, sigilishdagi mustahkamlik, variatsiya
koeffitsienti, aralashtirish texnologiyasi, tola uzunligi, tola hajmiy migdori, beton matritsasi

1. Kirish cho‘zilishdagi mustahkamligi, yengil vazni hamda ishlab
chigarish jarayonining nisbatan soddaligi tufayli fibrobeton

Zamonaviy  qurilishda beton va  temirbeton texnologiyasida keng go‘llanilmoqda. _ o
konstruksiyalarning mustahkamligi, darzbardoshligi hamda Shisha tolali betonlarning fizik-mexanik xususiyatlarini
ekspluatatsion bargarorligini oshirish magsadida dispers o‘rganishga  bag‘ishlangan tadqiqotlar jahon ilmiy
armaturalangan fibrobeton materiallaridan  foydalanish adabiyotida ancha keng yoritilgan. Xususan, D.V. Soulioti
tobora muhim ahamiyat kasb etmogda. Turli xil tolalar va boshaalar [1] ishqorbardosh shisha tolalarning betonning
orasida shisha tolalar nisbatan past narxi’ yuqori darzlarga qarsh111k ko‘rsatish energiyasl va egllUVChanllk
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xususiyatlariga ta’sirini, A. Enfedaque va boshgalar [2]
shisha tolali betonning zarba ta’siriga chidamliligini, A. B.
Kizilkanat va boshqgalar [3] bazalt va shisha tolalarning
yugori mustahkamlikdagi betonning mexanik
xususiyatlariga qiyosiy ta’sirini, A.M. Alani va D.Beckett
[4] esa shisha tolali betonning uzog muddatli chidamliligi va
darzbardoshlik xususiyatlarini tadgiq etganlar. S. B. Kim va
boshgalar [5] tomonidan olib borilgan tadgigotlarda
ishgorbardosh shisha tolalarning sement matritsasi bilan
o‘zaro ta’siri va adgeziya xususiyatlari o‘rganilgan bo‘lib,
tolalarning matritsada bir tekis tagsimlanishi kompozit
materialning mexanik samaradorligini belgilovchi asosiy
omillardan biri ekanligi ta’kidlangan [6].

Shu bilan birga, mavjud tadgigotlarning katta gismida
asosan shisha tolalarning turi, uzunligi va migdorining beton
mustahkamligiga ta’siri o ‘rganilgan bo‘lib, tolalarning beton
matritsasi hajmi bo‘ylab ganchalik bir tekis tagsimlanishini
ta’minlovchi texnologik omillarga, xususan, tolalarni
gorishmaga kiritish usuli va aralashtirish ketma-ketligiga
yetarlicha e’tibor qaratilmagan. Amaliy natijalar shuni
ko‘rsatadiki, shisha tolalarning notekis tagsimlanishi, ya’ni
ularning ayrim zonalarda to‘planib qolishi natijasida dispers
armaturalashning haqiqgiy samaradorligi sezilarli darajada
pasayishi, ayrim hollarda esa beton mustahkamligining
nazorat tarkibiga nisbatan ham kamayishi mumkin. Shu
sababli shisha tolalarning beton matritsasida bir tekis
tagsimlanish gonuniyatlarini, unga ta’sir etuvchi texnologik
omillarni  hamda ushbu tagsimlanishning betonning
sigilishdagi mustahkamlik ko‘rsatkichlariga bog‘ligligini
eksperimental asosda aniglash dolzarb ilmiy-amaliy
ahamiyat kasb etadi.

Ushbu tadgigotning magsadi shisha tolalarning uzunligi,
hajmiy miqdori hamda ularni beton qorishmasiga
kiritishning turli texnologik usullari asosida tolalarning
beton hajmida bir tekis tagsimlanish darajasini statistik
ko‘rsatkichlar orqali baholash hamda betonning sigilishdagi
mustahkamligini ta’minlovchi eng magbul texnologik
parametrlarni aniglashdan iborat.

2. Tadgiqot metodologiyasi

Tadqiqotlarda bog‘lovchi material sifatida
“Namangansement” MCHJ tomonidan ishlab chiqarilgan
CEM II/A-K 32,5 N markali, nominal mustahkamlik
ko‘rsatkichi 450+ bo‘lgan portlandsementdan foydalanildi.
Mayda to‘ldiruvchi sifatida donadorlik tarkibi 0-5 mm
bo‘lgan qum, yirik to‘ldiruvchi sifatida esa fraksiyasi 5-20
mm bo‘lgan “Uychi Industry” TBZ kareridan olingan
chagiqgtosh qo‘llanildi. Beton gorishmasining
harakatchanligini oshirish, suv-sement nisbatini kamaytirish
va shisha tolalarning beton hajmi bo‘ylab bir tekis
tagsimlanishini yaxshilash magsadida polikarboksilat efiri
asosidagi MasterGlenium ACE 430 superplastifikatoridan
sement massasiga nisbatan 0,5-1,5 foiz miqdorda
foydalanildi.

Dispers armaturalovchi material sifatida O‘zbekiston
Respublikasi Andijon viloyatida faoliyat yurituvchi Sunlight
LTD korxonasida ishlab chigarilgan shisha tolalardan
foydalanildi. Tolalarning uzunligi 5, 10, 20, 30, 40 va 50
mm, beton hajmiga nisbatan miqdori esa 0,1; 0,2; 0,3 va 0,4
foiz giymatlarda gabul gilindi. Nazorat namunasi sifatida
tolalarsiz CO beton tarkibi olindi. Har bir tarkib va
texnologik variant bo‘yicha o‘lchamlari 100 x 100 x 100
mm bo‘lgan kamida 6 ta kub namuna tayyorlandi. Tadqiqot
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dasturida 24 ta tola uzunligi va miqgdori kombinatsiyasi
hamda uchta texnologik usul asosida jami 72 ta fibrobeton
tarkibi va bitta nazorat tarkibi ko‘rib chiqildi.

Shisha tolalarning beton qorishmasiga Kiritilish
texnologiyasining ularning matritsa hajmi bo‘ylab
tagsimlanish bir xilligiga ta’sirini aniqlash maqsadida uchta
texnologik usul qo‘llanildi.

T1 - quruq aralashtirish usuli. Dastlab sement, mayda va
yirik to‘ldiruvchilar 1 dagiga davomida quruq holatda
aralashtirildi. Keyin shisha tolalar qo‘shilib, aralashma yana
1 dagiga davomida aralashtirildi. Shundan so‘ng suvda
eritilgan superplastifikator Kiritilib, gorishma 2 dagiga
davomida aralashtirildi. Umumiy aralashtirish davomiyligi 4
dagigani tashkil etdi.

T2 - tayyor gorishmaga tola kiritish usuli. Dastlab bir
jinsli beton qorishmasi 3 dagiga davomida tayyorlandi.
Shundan so‘ng shisha tolalar kichik porsiyalarda bosqichma-
bosgqich kiritilib, qorishma qo‘shimcha 1 dagiqa davomida
aralashtirildi.

T3 - superplastifikator eritmasida dispersiyalash usuli.
Shisha tolalar dastlab gorishma suvi va superplastifikator
eritmasida 1 daqiqa davomida dispersiyalandi. Hosil bo‘lgan
aralashma qurug komponentlar aralashmasiga Kiritilib,
gorishma 2 dagiga davomida aralashtirildi.

Barcha texnologik variantlarda shisha tolalarning
umumiy miqdori, suv-sement nisbati va superplastifikator
miqdori bir xil saglandi. Shu orqali tadgigotda asosiy
o‘zgaruvchi omil sifatida tolalarni beton qorishmasiga
kiritish texnologiyasining ta’sirini baholash imkoniyati
yaratildi. Tayyorlangan beton gorishmalari standart metall
qoliplarga  joylashtirilib, vibratsion stol yordamida
zichlashtirildi. Namunalar 24 soat davomida qoliplarda
saglandi. Keyinchalik ular 20 + 2 °C harorat va kamida 95
foiz nisbiy namlik sharoitida 28 sutka davomida parvarish
qgilindi.

3. Natija va muhokamalar

Barcha 72 ta shisha tolali fibrobeton tarkibi bo‘yicha
olingan natijalarni texnologiyalar kesimida umumlashtirish
natijasida T1, T2 va T3 texnologiyalarining beton
mustahkamligiga ta’sirida sezilarli farqlar mavjudligi
aniglandi. Umumlashtirilgan statistik ko‘rsatkichlar 1-
jadvalda keltirilgan.

1-jadval
T1, T2 va T3 texnologiyalarining umumiy
ko‘rsatkichlari
. O‘rtacha . .
Texnologiy mustahkamlik O‘rtach | Texnologiy
a aV,% a
, MPa
CO - nazorat 29,36 3,36 CO - nazorat
Tl 33,62 2,88 T1
T2 32,82 5,67 T2
T3 31,64 6,50 T3

1-jadval ma’lumotlariga ko‘ra, T1 texnologiyasi barcha
tajriba kombinatsiyalari bo‘yicha eng yuqori o‘rtacha
siqilishdagi mustahkamlik ko‘rsatkichini ta’minladi. T1
texnologiyasida o‘rtacha mustahkamlik 33,62 MPa ni tashkil
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etgan bo‘lsa, T2 texnologiyasida 32,82 MPa, ya’ni T1 ga
nisbatan 2,4 foizga, T3 texnologiyasida esa 31,64 MPa, ya’ni
6,3 foizga past natija qayd etildi. Mazkur ko‘rsatkichlar 1-
rasmda keltirilgan. Texnologik usullar orasidagi farq
variatsiya koeffitsienti bo‘yicha yanada yaqqol namoyon
bo‘ldi. T1 texnologiyasida variatsiya koeffitsientining
o‘rtacha qiymati 2,88 foizni tashkil etib, T2 va T3
texnologiyalaridagi mos ravishda 5,67 va 6,50 foizlik
qiymatlardan sezilarli darajada past bo‘ldi. Bu holat T1
texnologiyasida olingan namunalar bo‘yicha mustahkamlik
natijalarining tarqoqligi kamroq bo‘lganligini va tajriba
natijalarining takrorlanuvchanligi yuqoriligini ko‘rsatadi.
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1-rasm. T1, T2 va T3 texnologiyalarining o‘rtacha
mustahkamlik va variatsiya koeffitsientiga ta’siri

T1 texnologiyasining ustunligi tola uzunligi va
miqdorining deyarli barcha kombinatsiyalarida kuzatildi.
Tola uzunligi va hajmiy miqdorining o‘zgarishiga ko‘ra
olingan batafsil natijalar 2-jadvalda keltirilgan.

2-jadval

T1 texnologiyasida shisha tola uzunligi va migdori

bo‘yicha o‘rtacha mustahkamlik, MPa

Uzr‘;mik' 01% [02% | 03% ?%‘)"
5 34,11 | 3382 | 3325 | 3211
10 3420 | 3458 | 3449 | 3382
20 35,15 | 3458 | 3306 | 31,92
30 3487 | 3420 | 3363 | 32,87
40 3468 | 3430 | 3392 |3L54
50 3382 | 3325 | 3268 | 32,02

2-jadval ma’lumotlariga ko‘ra, T1 texnologiyasida eng
yugori sigilishdagi mustahkamlik 20 mm uzunlikdagi va 0,1
% hajmiy miqdordagi shisha tolali tarkibda 35,15 MPa ni
tashkil etdi. Shuningdek, 10 mm uzunlikdagi va 0,2 %
miqdordagi tolada 34,58 MPa, 30 mm va 0,1 % miqdordagi
tarkibda 34,87 MPa hamda 40 mm va 0,1 % miqdordagi
tarkibda 34,68 MPa natijalar gayd etildi. Ushbu natijalar T1
texnologiyasida yugori mustahkamlikka erishish fagat bitta
tarkib bilan chegaralanmasligini ko‘rsatadi. Xususan,
uzunligi 10-40 mm va hajmiy miqdori 0,1-0,2 % bo‘lgan
shisha tolalar nisbatan yuqori mustahkamlikni ta’minlovchi
magbul texnologik diapazon sifatida baholanishi mumkin.
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2-rasm. T1 texnologiyasida shisha tola uzunligi va
miqdorining betonning mustahkamligiga birgalikdagi
ta’siri

Tola miqdorining betonning sigilishdagi
mustahkamligiga ta’sirini yanada aniqroq baholash
magsadida T1 texnologiyasida barcha tola uzunliklari

bo‘yicha olingan natijalar umumlashtirilib, o‘rtacha
giymatlar 3-rasmda keltirilgan.
40
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3-rasm. T1 texnologiyasida shisha tola migdorining
betonning sigilishdagi mustahkamligiga ta’siri

3-rasmdan ko‘rinadiki, shisha tolalar miqdorining ortishi
bilan betonning o‘rtacha sigilishdagi mustahkamligi izchil
ravishda kamaygan. Jumladan, tola migdori 0,1 % bo‘lganda
o‘rtacha mustahkamlik 34,47 MPa, 0,2 % da 34,12 MPa, 0,3
% da 33,51 MPa va 0,4 % da 32,38 MPa ni tashkil etgan. Bu
natijalar T1 texnologiyasida shisha tolali beton uchun
tolaning eng past miqdori 0,1 % yuqori o‘rtacha
mustahkamlikni  ta’'minlaganini  ko‘rsatadi. ~ Mazkur
gonuniyat shisha tolalarning solishtirma yuzasi kattaligi va
beton qorishmasining harakatchanligiga ta’siri bilan
izohlash mumkin. Tola migdori ortishi bilan gorishmaning
ishlanuvchanligi pasayib, tolalarning o‘zaro to‘planib qolish
ehtimoli ortadi. Natijada beton matritsasida ayrim notekis
zonalar va havo bo‘shliglari shakllanishi mumkin. Bu esa
betonning zichligi va sigilishdagi mustahkamligining
pasayishiga olib keladi.

T2 texnologiyasida o‘rtacha siqilishdagi mustahkamlik
32,82 MPa ni tashkil etib, T1 texnologiyasiga nishatan 0,80
MPa past natija qayd etildi. Ayrim tarkiblarda nisbatan
yugori mustahkamlik giymatlari kuzatildi. Jumladan, 20 mm
uzunlikdagi va 0,1 % miqgdordagi shisha tolali tarkibda 34,11
MPa, 10 mm va 0,2 % tarkibida 34,30 MPa hamda 50 mm
va 0,1 % tarkibida 34,30 MPa mustahkamlikka erishildi.
Biroq T2 texnologiyasida o‘rtacha variatsiya koeffitsienti
5,67 % ni tashkil etib, T1 texnologiyasidagi 2,88 %
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giymatdan qariyb ikki baravar yuqori bo‘ldi. Bu holat
tolalarning oldindan tayyorlangan beton gorishmasiga
kiritilishi ularning qorishma hajmi bo‘ylab bir tekis
tagsimlanishini qiyinlashtirganini ko‘rsatadi.

T3 texnologiyasida o‘rtacha siqilishdagi mustahkamlik
31,64 MPa ni tashkil etdi. Bu T1 texnologiyasiga nisbatan
1,98 MPa va T2 texnologiyasiga nisbatan 1,18 MPa pastdir.
Shu bilan birga, T3 texnologiyasida o‘rtacha variatsiya
koeffitsienti 6,50 % bo‘lib, uchta texnologiya orasida eng
yugori giymatni gayd etdi. T3 texnologiyasida eng yuqori
natijalardan biri 10 mm uzunlikdagi va 0,1 % miqgdordagi
shisha tolali tarkibda kuzatilib, mustahkamlik 33,54 MPa ni
tashkil etdi. Birog tola migdorining ortishi bilan
mustahkamlikning pasayish qonuniyati yaggol namoyon
bo‘ldi. Xususan, 50 mm uzunlikdagi va 0,4 % miqdordagi
G50-0,4-T3 tarkibida mustahkamlik 28,98 MPa ga teng
bo‘lib, bu nazorat betonining 29,36 MPa ko‘rsatkichidan
ham past hisoblanadi.

Tajriba natijalaridagi ekstremal gqiymatlarni alohida
tahlil qilish texnologik parametrlarning chegaraviy ta’sirini
aniglash imkonini beradi. Eng yuqori, eng past hamda
nazorat tarkibida olingan mustahkamlik natijalarining
taggoslanishi 3-jadval va 4-rasmda keltirilgan.

3-jadval
Eng yuqori, eng past va nazorat natijalarining
taqqoslanishi

Ko‘rsatkich Eng . Eng Nazorat
yugori past
. G20- G50-
Seriya 0,1-TL | 04-T3 <o
Uzunlik, mm 20 50 0
Migdor, % 0,1 0,4 0
Mustahkamlik, 3515 | 28,98 29,36
MPa
V, % 3,74 5,68 3,36
40
2 351 35.15
=
% 30 29.36 26.98
%: 254
L
E 154
E 104
& s
0l
Nazorat Eng past Eng yuqori
(Co) (G50-0,4-T3) (G20-0,1-T1)

4-rasm. Eng yuqori (G20-0,1-T1), eng past (G50-0,4-T3)
va nazorat (CO0) natijalarining taggoslanishi

3-jadval va 4-rasm ma’lumotlariga ko‘ra, eng yuqori
sigilishdagi mustahkamlik G20-0,1-T1 tarkibida 35,15 MPa
ni tashkil etib, nazorat betoniga nisbatan 5,79 MPa yoki
19,72 % yugori natija gayd etilgan. Eng past mustahkamlik
esa G50-0,4-T3 tarkibida 28,98 MPa bo‘lib, nazorat
betonining 29,36 MPa giymatidan 0,38 MPa yoki 1,3 % past

September, 2026
Research, Innovation, Results

180

bo‘lgan. Mazkur natijalar shisha tolali fibrobetonning
mustahkamlik ko‘rsatkichlari nafagat tolaning mavjudligi,
balki uning uzunligi, migdori va qorishmaga Kiritish
texnologiyasiga ham sezilarli darajada bog‘ligligini
ko‘rsatadi. Texnologik parametrlarning maqbul tanlanishi
mustahkamlikni oshirsa, ularning nomuvofiq
kombinatsiyasi natijasida fibrobetonning mustahkamligi
hatto nazorat betonidagi qiymatdan ham past bo‘lishi
mumkin.

Variatsiya koeffitsienti bo ‘yicha tahlil

Tajriba natijalarining ishonchliligi va
takrorlanuvchanligini  baholashda variatsiya koeffitsienti
muhim statistik ko‘rsatkichlardan biri hisoblanadi. Mazkur
tadgiqot natijalariga ko‘ra, T1 texnologiyasida o‘rtacha
variatsiya koeffitsienti 2,88 %, T2 texnologiyasida 5,67 %,
T3 texnologiyasida esa 6,50 % ni tashkil etdi. Ushbu
giymatlar 4-jadvalda Kkeltirilgan.

4-jadval
Texnologiyalarning statistik bargarorligi
Texnologiy Ofrtacha . O¢‘rtach | Baholas
mustahkamlik
a aV,% h
, MPa
T1 33,62 2,88 Juda
bargaror
T2 32,82 5,67 Bargaror
K 31,64 650 | 'isbatan
tarqoq

T1 texnologiyasida o‘rtacha variatsiya koeffitsienti T3
texnologiyasiga nisbatan 55,7 % kichik bo‘lib, bu tajriba
natijalarining tarqogligi T1 texnologiyasida sezilarli
darajada kam ekanligini ko‘rsatadi. Ayrim T1 tarkiblarida
variatsiya koeffitsienti 2 % dan ham past giymatlarni gayd
etdi. Jumladan, G5-0,4-T1 tarkibida 1,94 %, G5-0,3-T1
tarkibida 2,16 %, G10-0,1-T1 tarkibida 2,09 % va G10-0,2-
T1 tarkibida 2,33 % ni tashkil etdi. Mazkur natijalar shisha
tolalarni beton qorishmasiga T1 texnologiyasi asosida
kiritish tajriba natijalarining yuqori takrorlanuvchanligini
ta’minlashini ko‘rsatadi.

Optimal texnologik parametrlarni aniglash

Tajriba natijalari asosida optimal parametrlarni
aniglashda fagat maksimal mustahkamlik giymatini emas,
balki mustahkamlik, natijalarning bargarorligi va texnologik
samaradorlikni kompleks ravishda hisobga olish magsadga
muvofig. Tadgigotning asosiy magsadi  maksimal
siqilishdagi mustahkamlikka erishishdan iborat bo‘lsa, G20-
0,1-T1 tarkibi 35,15 MPa natija bilan eng istigbolli variant
sifatida baholanishi mumkin. Mustahkamlik bilan bir
qatorda texnologik bargarorlikni ta’minlash talab etilganda
esa uzunligi 10-20 mm bo‘lgan shisha tolalarni 0,1-0,2 %
migdorda T1 texnologiyasi asosida beton tarkibiga kiritish
tavsiya etiladi. Mazkur parametrlar yugori mustahkamlik
ko‘rsatkichlari bilan birga tajriba natijalarining nisbatan kam
tarqoqligini ham ta’minlaydi. Tavsiya etiladigan texnologik
parametrlar 5-jadvalda umumlashtirilgan.
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5-jadval
Shisha tolali fibrobeton uchun tavsiya etiladigan
texnologik diapazon

Parametr . Optlmal Asos
giymat/diapazon
Eng yugori
Targatish mustahkamlik
N Tl S
texnologiyasi va eng kichik
Vv
Yugori
Tola uzunligi 10-30 mm mustahkamlik
va barqgarorlik
Eng yugori
Tola migdori 0,1-0,2 % o‘rtacha
mustahkamlik
Maksimal |50 mm; 0.19; T | 35,15 MPa
natija
Eng bargaror T1, 5-10 mm, 0,1- V=2%
holatlar 0,4 % atrofida

Shisha tolalarni beton tarkibida tagsimlash texnologiyasi
betonning siqilishdagi mustahkamligiga sezilarli ta’sir
ko‘rsatadi. Texnologiyaning samaradorligini baholashda
fagat mustahkamlik ko‘rsatkichini emas, balki tajriba
natijalarining bargarorligini ham hisobga olish zarur. T1
texnologiyasida o‘rtacha variatsiya koeffitsientining 2,88 %
bo‘lishi  natijalarning  yuqori  takrorlanuvchanligini
ko‘rsatadi. Shisha  tolalar = miqdorining  ortishi
mustahkamlikning avtomatik ravishda oshishiga olib
kelmaydi. Aksincha, T1 texnologiyasida tola migdori 0,1 %
dan 0,4 % gacha oshirilganda o‘rtacha mustahkamlik 34,47
MPa dan 32,38 MPa gacha kamaygan. Tola uzunligi
bo‘yicha ham magbul giymat mavjud bo‘lib, eng yuqori
individual natija uzunligi 20 mm va miqdori 0,1 % bo‘lgan
G20-0,1-T1 tarkibida qgayd etilgan. Bu esa optimal
texnologik parametrlar kombinatsiyasi alohida
parametrlarning oddiy yig‘indisidan iborat emasligini, balki
tola uzunligi, miqdori va tarqatish texnologiyasi o‘zaro
ta’sirlashishini ko‘rsatadi.

4. Xulosa

1. Shisha tolalarni beton qorishmasiga kiritish
texnologiyasi betonning sigilishdagi mustahkamligi va
tajriba natijalarining statistik barqarorligiga sezilarli ta’sir
ko‘rsatadi. Tadqiq etilgan uchta texnologiya orasida T1
qurug aralashtirish  usuli eng yuqori  o‘rtacha
mustahkamlikni 33,62 MPa va eng past o‘rtacha variatsiya
koeffitsientini 2,88 % ta’minladi.

2. Tola uzunligining ta’siri bo‘yicha 10-30 mm
diapazon nisbatan yuqori mustahkamlikni ta’minlovchi
magbul texnologik oraliq sifatida aniglandi. Eng yugori
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individual natija 20 mm uzunlikdagi shisha tolalardan
foydalanilganda gayd etildi.

3. Eng samarali tarkib G20-0,1-T1 kombinatsiyasi
bo‘lib, unda 20 mm uzunlikdagi shisha tolalar 0,1 %
miqdorda T1 texnologiyasi asosida beton tarkibiga kiritildi.
Ushbu tarkibda sigilishdagi mustahkamlik 35,15 MPa ni
tashkil etib, nazorat betoniga nisbatan 19,72 % yugqori natija
gayd etildi. Variatsiya koeffitsienti 3,74 % ni tashkil etdi.
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Stochastic modelling of post-earthquake evacuation risk in a student

dormitory with a failed exit element
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Abstract:

Keywords:

Uzbekistan

The paper studies the evacuation of a five-storey student dormitory under a post-earthquake fire scenario
in which one element of the egress route has failed. The computational scheme couples four blocks in a
single Monte Carlo ensemble: the seismic fragility of the exit element, the probability distribution of pre-
movement time, the network flow model of the escape routes and the queue dynamics in front of the stair
doors. Two cases — all exits serviceable (Case 1) and the second-floor door of the second staircase
disabled (Case 2) — were compared over ensembles of 2000 realizations each. The failure of a single
door increases the median total evacuation time from 254 s to 283 s (11 %) and its 95 % quantile from
280 s to 296 s (6 %), while the peak queue length in front of the remaining staircase grows from 98 to
133 persons (36 %). Thus the integral time indicator changes moderately, whereas the risk expressed
through local crowd accumulation rises sharply. On this basis it is proposed to extend the system of
evacuation design criteria with queue-length and local-density criteria, and to prioritise seismic protection
of exit doors, a predefined floor-by-floor flow redistribution procedure and night-time evacuation drills.
post-earthquake fire, evacuation, student dormitory, exit element failure, queue dynamics, stochastic
modelling, Monte Carlo simulation, seismic safety

Zilziladan keyin yuzaga kelishi mumkin bo‘lgan evakuatsiya xavfini

modellashtirish

Bekmirzayev D.!, Sodigqov A.?

10‘rozboyev nomidagi Mexanika va inshootlar seysmik mustahkamligi instituti, Toshkent, O‘zbekiston
20¢zbekiston Respublikasi FVV huzuridagi yong‘in havfsizligi akademiyasi, Toshkent, O‘zbekiston

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Zilziladan keyin yuzaga keladigan yong‘in sharoitida

Magqolada zilziladan keyingi yong‘in sharoitida evakuatsiya yo‘lining bir elementi ishdan chiqqan holat
uchun besh gavatli talabalar turar joyi binosini evakuatsiya gilish jarayoni stoxastik modellashtirish usuli
bilan tadqiq etilgan. Hisob sxemasi to‘rt bo‘g‘inni — chigish elementining seysmik zaifligini,
harakatgacha bo‘lgan vaqtning ehtimoliy tagsimotini, evakuatsiya yo‘llarining tarmoq ogimi modelini va
eshiklar oldidagi navbat dinamikasini — yagona Monte-Karlo ansamblida bog‘laydi. Ikki hisob holati:
barcha chigishlar ishchi holatda (1-holat) va ikkinchi gavatdagi ikkinchi zinapoya eshigi ishdan chiggan
holat (2-holat) har biri 2000 realizatsiyadan iborat ansamblda taqqoslangan. Natijalar shuni ko‘rsatdiki,
bitta eshikning ishdan chiqishi to‘liq evakuatsiya vagtining medianasini 254 s dan 283 s gacha (11 %),
95 % kvantilini 280 s dan 296 s gacha (6 %) oshiradi, saglanib golgan zinapoya oldidagi navbatning eng
katta uzunligini esa 98 kishidan 133 kishigacha (36 %) ko‘paytiradi. Demak, integral vaqt ko rsatkichi
nisbatan kam o‘zgaradi, xavf esa lokal to‘planish ko‘rsatkichi bo‘yicha keskin ortadi. Shu asosda
evakuatsiya hisobining mezonlar tizimiga navbat uzunligi va lokal zichlik mezonlarini kiritish, chigish
eshiklarini seysmik himoyalash, gavatlar kesimida ogimni gayta tagsimlash tartibini belgilash va tungi
sharoit uchun mashqlar o‘tkazish tavsiya etilgan.

zilziladan keyingi yong‘in, evakuatsiya, talabalar turar joyi, chigish elementining ishdan chiqishi, navbat
dinamikasi, stoxastik modellashtirish, Monte-Karlo usuli, seysmik xavfsizlik

to‘siq elementlari bilan to‘silib qolishi, yoritish va ovozli
xabar berish tizimlari ishdan chigishi mumkin. Ikkinchidan,
evakuatsiyaga bo‘lgan talab bir vaqtning o‘zida paydo

odamlarni evakuatsiya qilish jarayoni oddiy yong‘in
sharoitidan kamida ikki jihati bilan farglanadi. Birinchidan,
seysmik ta’sir evakuatsiya yo‘llarining ofziga zarar
yetkazadi: eshik tavagalari rom deformatsiyasi natijasida
qisilib qgolishi, zinapoya marshlari torayishi yoki qulagan

September, 2026
Research, Innovation, Results

182

bo‘ladi — bino barcha gavatlarining kontingenti amalda bir
dagiga ichida harakatga kirishadi. Bu ikki omilning
birgalikdagi  ta’siri  evakuatsiya jarayonining = sifat
ko‘rinishini o‘zgartiradi, chunki an’anaviy hisob sxemalari
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barcha evakuatsiya chiqishlarining ishchi holatda bo‘lishini
nazarda tutadi.

O‘zbekiston Respublikasi hududining sezilarli gismi
yugori seysmik faollikdagi zonalarga kiradi, bino va
inshootlarning seysmik mustahkamligini baholash esa davlat
darajasida tartibga solingan [1, 2]. Talabalar turar joyi
binolari bu jihatdan alohida toifani tashkil etadi: ularda
kontingent zichligi yugori, tungi vagtda insonlarning katta
gismi uxlab yotgan holatda bo‘ladi, evakuatsiya esa
cheklangan sondagi zinapoya orgali amalga oshiriladi. Shu
sababli bunday binolarda bitta chigish elementining ishdan
chigishi butun tizim ko‘rsatkichlariga sezilarli ta’sir
ko‘rsatishi mumkin.

Amaldagi me’yoriy hujjatlarda evakuatsiya yo‘llari va
chiqishlariga qo‘yiladigan talablar belgilangan [3, 4] bo‘lib,
xavfsizlik sharti to‘liq evakuatsiya vaqtini yong‘inning
xavfli omillari chegaraviy giymatga yetish vaqgti bilan
taggoslash orgali tekshiriladi. Birog bu tekshiruv barcha
chigishlar ishchi holatda degan faraz asosida bajariladi va
seysmik ta’sirdan keyingi holatni gamrab olmaydi.

Mazkur tadgigotning magsadi — zilzila ta’siri natijasida
evakuatsiya chigishining bitta elementi ishdan chiggan
sharoitda ko‘p qavatli talabalar turar joyi binosini
evakuatsiya qilish jarayonining ehtimoliy ko‘rsatkichlarini
aniglash va shu asosda ustuvor himoya choralarini
asoslashdan iborat. Magsadga erishish uchun quyidagi
vazifalar hal etilgan: chigish elementining seysmik zaifligi,
harakatgacha bo‘lgan vaqt tagsimoti, tarmoq oqimi va
navbat dinamikasini bog‘lovchi stoxastik hisob sxemasini
shakllantirish; sxemani besh gavatli, ikki zinapoyali turar joy
binosi uchun amalga oshirish; ikki hisob holatini teng
hajmdagi ansambllarda taqgoslash; olingan farglarni
evakuatsiya hisobining mezonlar tizimi nuqtayi nazaridan
talqin qilish.

Ishning ilmiy yangiligi shundan iboratki, chigish
elementining ishdan chiqishi tarmoq o‘tkazuvchanligining
oddiy kamayishi sifatida emas, balki ehtimoliy hodisa
sifatida garaladi, evakuatsiya natijasi esa bitta son bilan
emas, tagsimot bilan — mediana, yugori kvantil, chegaradan
oshish ehtimoli va navbatning eng katta uzunligi majmuasi
bilan ifodalanadi. Bu yondashuv integral vagt mezoni bilan
lokal to‘planish mezoni ofrtasidagi nomutanosiblikni
miqdoriy ko‘rsatish imkonini beradi.

Adabiyotlar tahlili

Odamlar ogimi nazariyasining klassik asoslari V. M.
Predtechenskiy va A. I. Milinskiy ishlarida shakllantirilgan
va tezlik—=zichlik bog‘lanishi ko‘rinishida me’yoriy
hujjatlarga kiritilgan [5]. Keyinchalik V. V. Xolshchevnikov
va D. A. Samoshin tadqgiqotlarida bu bog‘lanish turli
toifadagi binolar va kontingentlar uchun kengaytirilgan
hamda odamlarning yong‘indagi xatti-harakati bilan
bog‘langan [6]. Zamonaviy muhandislik amaliyotida
gidravlik  (oqim) modellari SFPE  qo‘llanmasida
umumlashtirilgan [7], evakuatsiya hisobining ehtimoliy
tuzilmasi esa PD 7974-6 hujjatida bayon etilgan [8].

Harakatgacha bo‘lgan vaqt zamonaviy modellarda
yagona giymat sifatida emas, tagsimot sifatida beriladi. E.

Kuligowski yong‘in sharoitidagi xatti-harakatni bashorat
gilish masalasini tizimlashtirgan [9], R. Lovreglio va
hammualliflar harakatgacha bo‘lgan qaror qgabul qilish
jarayonining ehtimoliy modelini taklif etgan [10]. E. Ronchi
va D. Nilsson ko‘p qavatli binolar bo‘yicha tadqgiqotlarni
umumlashtirib, natijalarning harakatgacha vaqt tagsimotiga
yuqori sezgirligini ta’kidlaydi [11]. M. Kobes va
hammualliflarining sharhida esa uxlab yotgan kontingent,
notanish muhit va ogohlantirish  tizimining sifati
evakuatsiyaning boshlanish vaqtini belgilovchi asosiy
omillar sifatida ko‘rsatilgan [12]. Bu natijalar talabalar turar
joyi binosi uchun tungi ssenariyning alohida ko‘rib
chigilishini tagozo etadi.

Evakuatsiya modellarining ishonchliligi 1SO 16730-1
[13] va ISO 20414 [14] hujjatlarida belgilangan verifikatsiya
va validatsiya tartiblari orgali baholanadi; NIST uslubiy
ishida bu tartiblarning amaliy qo‘llanilishi bayon etilgan
[15].

Zilziladan keyingi yong‘in muammosi C. Scawthorn va
hammualliflar monografiyasida tizimli ravishda garalgan
[16]: seysmik ta’sirdan keyin yong‘inga qarshi himoya
tizimlari va evakuatsiya yo‘llarining bir vaqtda
shikastlanishi asosiy xavf omili sifatida ko‘rsatiladi.
Element darajasidagi shikastlanish ehtimolini baholashda
zaiflik (fragility) funksiyalari qo‘llaniladi; ularni tuzish va
parametrlarini baholash usullari K. Porter va hammualliflar
[17] hamda J. W. Baker [18] ishlarida bayon etilgan. Milliy
sharoitda aholini zilzilaga tayyorlash va shu magsadga
mo‘ljallangan ta’lim platformalari masalalari D. A.
Bekmirzayev va hammualliflar tomonidan o‘rganilgan [19,
20].

Tahlil shuni ko‘rsatadiki, evakuatsiya modellari va
seysmik zaiflik modellari asosan bir-biridan mustaqil
ravishda rivojlangan. Chigish elementining ishdan chigishi
ko‘pincha tarmoq o‘tkazuvchanligining kamayishi sifatida
qaraladi va natija o‘rtacha vaqt orgali baholanadi. Amaliy
faoliyat uchun esa savolning aniq shakli muhim: bitta
chiqish eshigi ishdan chigsa, evakuatsiya ko‘rsatkichlarining
qaysi biri va qanchaga o‘zgaradi hamda shu asosda qaysi
himoya chorasi ustuvor hisoblanadi. Mazkur ish ana shu
bo‘shligni to‘ldirishga qaratilgan.

2. Tadgiqot metodologiyasi

2.1. Hisob obyekti va kirish parametrlari

Tadgigot obyekti sifatida Samargand davlat arxitektura
va qurilish universitetining 1-son talabalar turar joyi binosi
olingan. Universitetning tasdiqlangan tezkor yong‘in
o‘chirish rejasida hudud maydoni 62 762 m?, umumiy
kontingent 4011 talaba va turar joy binolarining mavjudligi
gayd etilgan. Turar joy binosining gavatlar soni, chigish va
zinapoya o‘lchamlari hamda hisob sxemasining geometrik
parametrlari tipik loyiha ko‘rsatkichlari asosida qabul
gilingan (1-jadval). Mazkur giymatlar modelning kirish
shartlari sifatida xizmat giladi.

1-jadval

Hisob sxemasining kirish parametrlari

Parametr

Qabul gilingan giymat

Qavatlar soni

5
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Parametr Qabul gilingan giymat
Zinapoyalar soni 2
Har gavatdagi kontingent 90 kishi
Umumiy kontingent 450 kishi
Zinapoya eshigining eni bj 12m
Eshikning o‘tkazuvchanligi yj 1,2 kishi-s™
Realizatsiyalar soni Nr 2000

2.2. Stoxastik hisob sxemasining tuzilishi

Hisob sxemasi to‘rt bo‘g‘indan tashkil topadi; bo‘g‘inlar
yagona Monte-Karlo ansamblida bog‘lanadi.

Chigish elementining zaifligi. j-chigish elementining
seysmik ta’sir intensivligi IM da ishdan chigish ehtimoli
logarifmik-normal zaiflik funksiyasi orqali ifodalanadi:

Pi(IM) = @[In(IM/6j) / Bi] (1)
bu yerda ®(-) — standart normal tagsimotning integral
funksiyasi; 6 — elementning median sig‘imi, ya’ni ishdan

chigish ehtimoli 0,5 ga teng bo‘lgan intensivlik giymati; fj —
logarifmik standart chetlanish. Har bir k-realizatsiyada element
holati Bernulli sinovi sifatida aniglanadi:

Xi® = 1, agar ui® > Pj(IM); aks holda0  (2)
bu yerda Xj = 1 element ishchi holatda ekanini, Xj = 0 esa
ishdan chiqganini bildiradi; uj — [0; 1] oralig‘ida tekis
tagsimlangan tasodifiy son.
Harakatgacha bo‘lgan vaqt. i-shaxsning harakatni boshlash
vaqti aniqlash, ogohlantirish va harakatgacha bo‘lgan vagtlar
yig‘indisi sifatida qabul qilinadi:

tstart,i = tdet + ta + tpreji, tprei ~ LN(up, ap)  (3)

bu yerda tset — yong‘in (yoki seysmik ta’sir) aniqlanish

vaqti; ta— ogohlantirish tizimining ishga tushish vaqti; tprei —

harakatgacha bo‘lgan individual vaqt, logarifmik-normal

gonun bo‘yicha tagsimlangan. Tungi va kunduzgi sharoitlar

uchun (up, op) parametrlari alohida gabul gilinadi, chunki uxlab
yotgan kontingentda bu vaqt sezilarli uzayadi [12].

Tarmoq oqimi. Bino yo‘naltirilgan graf G(V, E)
ko‘rinishida ifodalanadi; qirralar qavat yo‘laklari, zinapoya
marshlari va eshiklarga mos keladi. Harakat tezligi zichlikka
bog‘liq ravishda klassik bog‘lanish asosida hisoblanadi [5, 6]:

v(D) = vo[1 — a:In(D/Do)], D> Do (4)
bu yerda vo — erkin harakat tezligi; D — ogim zichligi; Do
— tezlik kamayishi boshlanadigan chegaraviy zichlik; a —
empirik koeffitsient. Eshikning o‘tkazuvchanligi uning eni
bilan aniglanadi:
4 = max: bj (5)
bj = 1,2 m va tegishli solishtirma ogim giymatida y; = 1,2
kishi-s™ ni tashkil etadi (1-jadval).
Navbat dinamikasi. j-eshik oldidagi navbat uzunligi diskret
vaqt gadamida balans tenglamasi bilan hisoblanadi:

Li(t+At) = Li(t) + [Ai(t) — X~ 1(Li(1) > 0)]AL (6)
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bu yerda Jj(t) — eshikka kelib qo‘shiluvchi ogim
intensivligi; 1(-) — indikator funksiya. Xj = 0 bo‘lganda
tegishli qavat oqimi to‘liq qo‘shni chigishga qayta
yo‘naltiriladi, ya’ni A giymatlari gayta tagsimlanadi.

Ansambl ko‘rsatkichlari. Har bir realizatsiyada to‘liq
evakuatsiya vaqti quyidagicha aniglanadi:

T® = min{t : Nev(t) = N} @)
bu yerda Nev(t) — t vagtga gadar binoni tark etgan insonlar
soni; N— umumiy kontingent. Ansambl bo‘yicha mediana Tso,
95 % kvantil Tos, navbatning eng katta uzunligi Lmax = maxt X
Lj(ty hamda berilgan vaqgt chegarasidan oshish ehtimoli
hisoblanadi:
P(T > 1) = (UNn)-Z 1(TW > 7) (8)
bu yerda Nr — realizatsiyalar soni; r — ruxsat etilgan vaqt
chegarasi.
2.3. Hisob holatlari
Hisob ikki holat uchun bajarilgan. 1-holat (bazaviy) —
binoning barcha evakuatsiya chigish eshiklari ishchi holatda. 2-
holat — ikkinchi gavatdagi ikkinchi zinapoya eshigi ishdan
chiggan; shu qavat oqimi to‘liq birinchi zinapoyaga
yo‘naltirilgan. Ikkinchi gavat tanlanishining sababi shundaki,
bu kesimda yuqoridagi uchta gavatdan tushayotgan tranzit
oqim o‘sha gavatning o‘z oqimi bilan qo‘shiladi va navbat
shakllanishi uchun eng noqulay shart yuzaga keladi. Qolgan
barcha parametrlar ikkala holatda ham bir xil saglangan, shu
sababli ko‘rsatkichlar farqi faqat element holatining
o‘zgarishiga bog‘liq bo‘ladi.
2.4, Dasturiy amalga oshirish
Hisob «Matematik qalqon» dasturiy tizimida uch
bosqichda bajariladi. Birinchi bosqichda obyekt ma’lumotlari
kiritiladi: tezkor reja matnining tegishli bo‘limlari kiritish
maydoniga joylashtiriladi va tizim gavatlar soni, chigishlar va
zinapoyalar soni hamda kontingent giymatlarini matndan
ajratib oladi. Ajratish va hisoblash amallari bir-biridan
ajratilgan bo‘lib, dastlabki bosqichda fagat ma’lumot o‘qiladi,
hisob boshlanmaydi. Ikkinchi bosgichda ajratilgan har bir
giymat manba jumlasi va ishonchlilik darajasi bilan operator
tasdig‘iga taqdim etiladi; tasdiglanmagan maydon bilan hisob
bajarilmaydi. Uchinchi bosgichda hisob holati tanlanadi va
natija shakllantiriladi (1-rasm). Bunday tuzilma Kkirish
ma’lumotlarining kuzatuvchanligini ta’minlaydi va matndan
avtomatik ajratishda yuzaga kelishi mumkin bo‘lgan
xatolarning hisobga o‘tishini oldini oladi.
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Asosiy

fuqori
chigishlar 4 s
Zaxira yugori
chigishlar 2 .
Ssenariylar royxatil yukiash
Zinal;
3) e | (e
som
Zilzilabali 7 yuqori

chigish eshiklari
joylashgan

«MATEMATIK QALQON>» — hisob hisoboti

shundan 4 ta

asosiy hamda 2

tasi zaxira kirish 4
chigish eshiklari
joylashgan.

Asosiy ko'rsatkichlar

6.20

bardoshiifik pasporti (ball) episten

4.55-6.87

k interval [PS;P9s]

shundan 4 ta
asosiy hamda 2 ae
tasi zaxira kirish 4
chigish eshiklari
joylashgan.

284

=8 da kutilgan ulgurmagania eng yomon 1% (P89, EVT)

Binoda 4 ta ichki
yopig tutun
goplanmaydigan
evakuatsiya
zinapoyalari
mavjud.

Xulosa: Past bardoshlilik: 6-7 ballda ham to'liq evakuatsiya
ehtimoli past — chora talab etiladi.

Bino 7 ballik
zilzilaviy hududda
joylashgan,
vong'inaa

v)

1-rasm. Hisob jarayonining bosqichlari: a) ma’lumotni kiritish va o‘qish; b) ajratilgan gqiymatlarni tasdiglash; v)
natijaning shakllanishi

2.5. Ansambl hajmi va verifikatsiya

Har bir holat uchun Nr = 2000 realizatsiyadan iborat
ansambl bajarilgan. Ansambl hajmi mediana va 95 % kvantil
giymatlarining bargarorlashuvi shartidan kelib chigib gabul
gilingan. Modelning verifikatsiyasi va validatsiyasi 1SO
16730-1 [13] va ISO 20414 [14] hujjatlarida belgilangan tartib

ma’lumotlari bilan taqqoslash) bosgichlaridan birinchi ikkitasi
ushbu ishda bajarilgan, uchinchisi keyingi tadgigot bosqgichiga
rejalashtirilgan.

3. Natija va muhokamalar

doirasida amalga oshiriladi: tarkibi tekshiruv Lo Cy e . . . .
(komponentlarningg alohida  sinovi), anal i)t/ik tekshiruy ~ Ikki hisob holati bo‘yicha olingan asosiy ko‘rsatkichlar 2-
(elementar hisob holatlarining nazariy yechim bilan Jadvalda keltirilgan.
taqqoslanishi) va tashqi validatsiya (to‘liq masshtabli mashq
2-jadval
IKkKi hisob holati ko‘rsatkichlarining taqqoslovi
1-holat (barcha evakuatsiya 2-holat (ikkinchi gavatdagi
Ko‘rsatkich chigish eshiklari ishchi ikkinchi zinapoya eshigi O¢zgarish
holatda) ishdan chiggan)
To'liq evakuatsiya vaqi 254 283 +29's (11 %)
To‘liq evalf(lslz;trs]g/lasvaqtl, 95 % 280 206 +165 (6 %)
Navbatning elzghl?atta uzunligi, 98 133 +35 kishi (36 %)

To‘liq evakuatsiya vaqtining empirik tagsimoti 2-rasmda
tasvirlangan. Ikkala holatda ham tagsimot bir cho‘qqili va

2-holatda tagsimot o‘ngga siljigan, ammo uning shakli saglanib
golgan. Bu chigish elementining ishdan chigishi jarayonning

o‘ngga cho‘zilgan ko‘rinishga ega; bu ko‘rinish harakatgacha tuzilishini emas, balki uning darajasini o‘zgartirishini
bo‘lgan vagtning logarifmik-normal tagsimoti bilan izohlanadi. ko‘rsatadi.
3BaKyauWR BAKTUHWHT 3MNupuK TakcumoTu (2000 peanvsauns) 3vHa onanaari HasbaT auHaMKMKach
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Tk sakyauns B3k T, ¢ 3-rasm. Zinapoya oldidagi navbat uzunligining vaqt bo‘yicha

2-rasm. To‘liq evakuatsiya vaqtining empirik taqsimoti
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Zinapoya oldidagi navbat uzunligining vaqt bo‘yicha
o‘zgarishi 3-rasmda keltirilgan. lkkala holatda ham navbat
harakat boshlangandan taxminan 80 s keyin shakllanadi va
140 s atrofida eng katta giymatga yetadi; grafikdagi
pog‘onali ko‘tarilishlar qavatlar oqimining ketma-ket
qo‘shilishini aks ettiradi. 2-holatda birinchi zinapoya
oldidagi navbat cho‘qqisi 1-holatdagiga nisbatan sezilarli
yugori, ikkinchi zinapoya ogimi esa erta tugaydi — bu
ikkinchi gavat oqimining to‘liq birinchi zinapoyaga o‘tishi
natijasidir. Navbatning targalish bosgichi 2-holatda 300 s

YerapanaH oKW IXTHMONK By HKUMACK

25
—— Lxonat
— 2-xonat

- - o
o n o

PT> 1), %

o
x

0.0 4

300 400 500 600 700 800 900
BakT yerapacu T, ¢

4-rasm. Berilgan vaqt chegarasidan oshish ehtimoli

Navbatning eng katta uzunligi bo‘yicha taqqoslash 5-
rasmda keltirilgan: ko‘rsatkich 98 kishidan 133 kishigacha,
ya’'ni 36 % ga ortadi. Bu o‘zgarish vaqt ko‘rsatkichlarining
o‘zgarishidan uch baravardan ko‘proq katta. Baholash uchun
ikkinchi qavat zinapoya maydonchasi va unga tutash yo‘lak
sathi shartli ravishda 25-30 m? deb qabul qilinsa, 133
kishilik navbat 4,4-5,3 kishi/m? o‘rtacha zichlikka mos
keladi. Bu giymat ogim harakatining keskin sekinlashuvi
kuzatiladigan diapazonga to‘g‘ri keladi va odamlar oqimi
nazariyasida xavfli deb baholanadigan zichlik chegarasiga
yaginlashadi [5-7]. Shu bilan birga ta’kidlash lozimki, bu
baho maydonchaning gabul gilingan sathiga sezgir bo‘lib,
aniq qiymat obyektning haqiqiy geometriyasi bo‘yicha
aniglashtirilishi kerak.

Natijalarning tahlili uch xulosaga olib keladi.
Birinchidan, to‘liq evakuatsiya vaqtining o‘zgarishi nisbatan
kichik: mediana bo‘yicha 11 %, yuqori kvantil bo‘yicha 6 %.
Bu tizimning qgolgan chigishlarida mavjud zaxira hisobiga
gisman kompensatsiya yuz berishini ko‘rsatadi. Ikkinchidan,
yuqori kvantilning medianaga qaraganda kamroq o‘sishi
tagsimotning o‘ng dumi asosan harakatgacha bo‘lgan
vagtning tarqogligi bilan belgilanishi, chigish elementining
holati esa unga nisbatan ikkilamchi omil ekanligi bilan
izohlanadi. Uchinchidan, navbatning eng katta uzunligi 36
% ga ortadi; bu ko rsatkich odamlar zichligining ortishi bilan
bevosita bog‘liq bo‘lib, tor chiqish oldida xavfli zichlikning
yuzaga kelish ehtimolini oshiradi.

Shunday qilib, bitta chigish elementining ishdan chigishi
evakuatsion xavfni integral vaqt ko‘rsatkichi bo‘yicha
nisbatan kam, lokal to‘planish ko‘rsatkichi bo‘yicha esa
sezilarli darajada oshiradi.

3.1. Metodik va amaliy talgin

Olingan natijalar evakuatsiya hisobining mezonlar
tizimiga taallugli muhim metodik xulosani beradi. Amaldagi
hisob amaliyotida xavfsizlik sharti to‘liq evakuatsiya vaqtini
xavfli omillarning chegaraviy giymatga yetish vagti bilan
taqqoslash orgali tekshiriladi. Mazkur tadgigot shuni
ko‘rsatadiki, chiqish elementi ishdan chigqan sharoitda
ushbu shart bajarilayotgan bo‘lsa ham, lokal zichlik
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atrofigacha cho‘ziladi, ya’ni tizim ortiqcha yuklamani vaqt
bo‘yicha «yoyish» hisobiga gisman kompensatsiya qiladi.

Berilgan vaqt chegarasidan oshish ehtimoli 4-rasmda
ko‘rsatilgan. =300 s bo‘lganda bu ehtimol 1-holatda 1,7 %
ni, 2-holatda 2,4 % ni tashkil etadi; z = 350 s dan boshlab
ikkala holatda ham u 0,2 % dan past giymatga tushadi.
Demak, ruxsat etilgan vaqt chegarasi qanchalik qat’iy
tanlansa, chigish elementining ishdan chigishi natijaga
shunchalik sezilarli ta’sir ko‘rsatadi; chegara
kengaytirilganda esa ikki holat orasidagi farq amalda
yo‘qoladi.

HagBaTHUHT 3HI KaTTa y3yHAUru (MeanaHa)

133

Yikky HaBBaT, kMWK

1-xonat

2-xonat

5-rasm. Navbatning eng katta uzunligi

ko‘rsatkichi bo‘yicha xavfli holat yuzaga kelishi mumkin.
Demak, seysmik ta’sir ko‘zda tutilgan hisoblarda vaqt
mezoni bilan bir gatorda navbat uzunligi va zichlik
mezonlari ham tekshirilishi lozim.

Amaliy jihatdan olingan natijalar uchta ustuvor chorani
asoslaydi. Birinchisi — evakuatsiya chigishlarining seysmik
himoyasi: eshik romlarining deformatsiyaga chidamli
bajarilishi va ularning bino karkasi bilan biriktirilishi, chunki
aynan shu element ishdan chigishi butun gavat ogimini gqayta
tagsimlanishiga olib keladi. Ikkinchisi — gavatlar kesimida
insonlar ogimini qayta tagsimlash tartibining oldindan
belgilanishi va evakuatsiya rejalarida qayd etilishi.
Uchinchisi — mashglarning tungi sharoit uchun ham
o‘tkazilishi, chunki harakatgacha bo‘lgan vaqt aynan bu
sharoitda eng katta tarqoqlikka ega bo‘ladi [12].

Tadqiqotning cheklovlari quyidagilardan iborat: ko‘rib
chigilgan ssenariy bitta elementning ishdan chigishi bilan
chegaralangan; zaiflik funksiyasining parametrlari (6, p)
obyekt bo‘yicha to‘g‘ridan-to‘g‘ri sinov ma’lumotlariga
emas, adabiyot va ekspert baholariga tayanadi; yong‘inning
xavfli omillari targalishi alohida modellashtirilmagan;
qutgaruv xizmati xodimlarining garama-garshi harakati
hisobga olinmagan. Shu sababli keyingi bosqgichda to‘liq
masshtabli mashq ma’lumotlari bo‘yicha validatsiya, ko‘p
elementli ishdan chigish ssenariylari va tungi/kunduzgi
tagsimotlar  bo‘yicha  sezgirlik tahlili  o‘tkazilishi
rejalashtirilgan.

4. Xulosa

1. Chigish elementining seysmik zaifligini, harakatgacha
bo‘lgan vaqt tagsimotini, tarmoq oqimini va navbat
dinamikasini yagona Monte-Karlo ansamblida bog‘lovchi
stoxastik hisob sxemasi shakllantirildi va besh gavatli, ikki
zinapoyali talabalar turar joyi binosi uchun amalga oshirildi.

2. Bir zinapoya eshigining ishdan chiqgishi to‘liq
evakuatsiya vagtining medianasini 254 s dan 283 s gacha (11
%), 95 % kvantilini 280 s dan 296 s gacha (6 %) oshiradi.
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Integral vaqt ko‘rsatkichi bo‘yicha tizim qisman
kompensatsiya gobiliyatiga ega.

3. Saglanib golgan chigish oldidagi navbatning eng katta
uzunligi 98 kishidan 133 kishigacha, ya’ni 36 % ga ortadi.
Xavfning ofsishi asosan lokal to‘planish ko‘rsatkichi
bo‘yicha namoyon bo‘ladi va binodagi insonlar salomatligi
hamda hayoti uchun jiddiy xavf tug‘dirishi mumkin.

4. Seysmik ta’sir ko‘zda tutilgan evakuatsiya hisoblarida
xavfsizlik shartini fagat vaqt mezoni bo‘yicha tekshirish
yetarli emas; mezonlar tizimiga navbat uzunligi va lokal
zichlik ko‘rsatkichlarini kiritish taklif etiladi.

5. Zilziladan keyin yuzaga kelishi mumkin bo‘lgan
favqulodda vaziyatlarda insonlar xavfsizligi va salomatligini
himoya gilish magsadida binolarning seysmik holatini 0‘z
vagtida monitoring qilib borish, evakuatsiya chigish
joylarining  seysmik  mustahkamligini  ta’minlash,
evakuatsiya vagtida insonlar ogimini zinapoya va boshga
evakuatsiya chiqish qismlariga to‘g‘ri yo‘naltirish tartibini
belgilash hamda binolarda turli ssenariylar, jumladan tungi
ssenariy asosida evakuatsiya mashglarini  muntazam
o‘tkazib borish taklif etiladi.
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Electrophysical properties of nanocomposite materials based on aluminium

oxide

N.M. Pashaev®?, S.A. Javadov¥iP
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Abstract:

Keywords:

2Azerbaijan State University of Oil and Industry, Baku, Azerbaijan

The paper deals with the electrophysical properties of hanocomposite materials in which aluminium
oxide is used as the matrix, as well as of polymer matrices filled with nanoparticles. The aim of the work
is to determine the energy spectrum of the localised states that arise when nanoparticles are embedded,
as a function of their radius and concentration, and to build a theoretical model describing the
electrophysical properties of a nanocomposite under ionising irradiation. It is shown that, owing to the
difference in work functions, a spherical potential well is formed at the nanoparticle—-matrix boundary,
and its discrete levels act as impurity traps: for CdS nanoparticles in PMMA with a radius of 2 nm three
hole levels of 0.52, 0.99 and 1.27 eV are formed; for a radius of 5 nm there are nine levels, seven of
which are deep at 300 K; and for a radius of 10 nm there are nineteen levels, fourteen of them deep. A
Rose—Fowler equation system is formulated for an arbitrary spectrum of localised states that accounts for
the ionisation of both the matrix and the inclusions, and a method of its solution is proposed. lonisation
of the inclusions is shown to change the concentration of free charge carriers and the occupancy of the
energy states, so the dependence of the spectrum of localised states on the radius and concentration of
the nanoparticles must be taken into account when the electrophysical properties of nanocomposites are
described.

nanocomposite materials, aluminium oxide, nanoparticles, localised states, impurity traps, energy
spectrum, Rose—Fowler model, radiation-induced conductivity, ionising irradiation

DiiekTpodu3nyecKkne CBOHCTBA HAHOKOMIO3UIIMUOHHBIX MATEPHAJIOB HA

OCHOB€ OKCHIAa AJIOMHUHHUA

Mamaes H.M.!®2 JI:kaBanos C.A.20P

'MucTHTYT KOCMUYECKUX MCCIIE0BAHMI TPUPOIHBIX PECYpPCOB HalMoHAIbHOTO a3pOKOCMUYECKOTO areHTCTBA,

Baky, Azepbaiimxan

2 Asep6aiiykaHCKUit TOCYIAPCTBEHHBIA YHUBEPCUTET HE(TH U IIPOMBIILIIEHHOCTH, Baky, Azepbaiitkan

AHHOTaIMA !

B pabote uccnenyrorcs 3neKTpohu3HIecKUe CBOHCTBa HAHOKOMITO3UIIMOHHBIX MaTepUajoB, B KOTOPBIX
OKCHUJ1 AJIFOMHHUS UCHIOJNIb3YETCs B Ka4eCTBE MAaTPUIIbI, @ TAKXKE MOJIMMEPHBIX MAaTPHI] C HAHOYACTHIAMH.
Ienb paboThl — HaXOXJIEHUE SHEPreTUYECKOT0 CIIEKTPa JIOKATM30BAaHHBIX COCTOSHHH, BO3HUKAIOIIUX
IIpY BHEAPCHUM HAHOYACTHI], B 3aBUCHMOCTH OT HX paauMyca M KOHLEHTPALMM, M IOCTPOCHHE
TEOPETHUYECKOW MOJIENM, OINKUCHIBAIOIICH JNEeKTPOPU3NYECKHE CBOMCTBA HAHOKOMIIO3HTA IIPU
BO3JICHCTBMM HOHM3MPYIOIIEr0 H3iny4deHus. Iloka3zaHo, 4TO Ha TIpaHMIE HAaHOYACTHULA—MAaTpHIA
BCJICZICTBHE Pa3HOCTH PaboT BbIxoAa oOpasyercst chepuyeckas MOTCHIHAIbHAS sIMa, THUCKPETHBIS
YPOBHH KOTOPOM MIParOT Poiib HPUMECHBIX JoByIek: s Hanoyactul, CdS B PMMA paguycom 2 HM
00pasyroTcs TPU ABIPOYHBIX ypoBHs riayouHoit 0,52; 0,99 u 1,27 3B, npu paguyce 5 HM — AeBsITH
ypoBHEH, u3 KoTopbix cemb mpu 300 K sBmsrores rimyOokumu, mpu paguyce 10 HM — neBITHaALATh
YPOBHEi, U3 HUX YeThIpHaALATh I1ybokux. ChopMyaupoBaHa cucteMa ypaBHenuit Poyza—®daynepa mst
MPOU3BOJILHOT'O CIIEKTPA JIOKAIM30BAHHBIX COCTOSHUH, yYUTHIBAIOIIAs HOHU3ALMIO KaK MaTPULIb, TaK 1
BKJIIOYCHUH, U MPEAN0oKeH METOJ €€ pelIeHus. Y CTaHOBJICHO, YTO MOHM3AIMS BKIIOUYEHUH H3MEHSAET
KOHLIGHTPALIMIO CBOOOJHBIX HOCHUTEINEH 3apsiaa U 3aceNEHHOCTh SHEPIreTHYECKUX COCTOSHUH, MO3TOMY
IPY  OIMCAHUHM 3NEKTPOYU3MYCCKUX CBOWCTB HAHOKOMIO3HMIMOHHBIX MAaTepHaioB HEOOXOAUMO
YUYMTBIBaTh 3aBHCHMOCTb CIIEKTpa JIOKQJIM30BaHHBIX COCTOSHUHM OT pajguyca W KOHLEHTPALUH
HAaHOYACTHIL.
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KmroueBrwie crioBa:

NPUMECHBIC  JIOBYIIKH,

HaHOKOMITO3ULIMOHHBIE MaTepHalibl, OKCHJ aJIIOMUHUS, HAHOYACTHIIbI, JOKAJIM30BAHHBIE COCTOSHUS,
SHEPreTUYECKUi

cnekrp, Mojenb Poysa—®aynepa, paauanMoHHas

DJICKTPOIPOBOAHOCTb, HOHU3UPYIOUICC U3ITYUCHUEC

1. BBeaenue

Hano KOMIIO3WUTBI — 3TO MaTepHalbl, IOTyYCHHBIE
MMyTeM  CMEUIeHWsS  pPa3IWYHBIX  (DYHKIIMOHAIBHBIX
MarepuasoB B Marpuie. Kak mpaBwio, pa3mep XoTsi Obl
onHOIt 13 a3 He npesbimaer 100 HM. B pesynbrare Takoro
CMENICHUsT  MOXKHO  IIOJMyYUTh  HAHOKOMIIO3HWTHBIE
MaTepHuabl, KOTOpPbIe IHPOKO MPUMEHSIOTCS B Pa3INIHbIX
o0JacTsIX HayKy ¥ TEXHUKH [1].

OnexTpodu3UIecKue CBOMCTBA AWIIEKTPHYECKHX U
TIOJTYTIPOBOAHMKOBBIX MarepHuajIoB OTIPEIEISTIOTCS
KMHETHKON HOcHuTeNnel 3apsga W 3aBHUCAT OT CIEKTpa
JIOKaJIM30BaHHBIX COCTOSIHUM. OKcIlepUMEHTAIbHbIE

JAAHHBIC TII0 H3YYCHHUIO OINTHYCCKUX  XaAPAKTCPUCTUK
CBUACTCIILCTBYIOT O TOM, 4YTO U3 OBITOYHBIH 3apsn,
CO3Z[3.HHLII>1 HOHU3NPYIOIIUM H3JIIyUCHHEM, T10CJIE

TIpeKpaIieHnst 00IydIeHNs CTAOWIIN3UPYETCs Ha JIOBYIIKaX 1
MOYXET TaM OCTaBaThCs JUTUTEIHHOE BPEMSL.

[onumepHble  MaTepuasibl  OONAJAalOT  BBICOKHMH
(U3MKO-MEXaHMYECKUMH M DJIEKTPOM30JIIIIMOHHBIMU
cBOMCTBamH [2, 3, 4].

[pucytctBys B  Marpuie, 4YacTHIBI — 00pasyloT
cepryeckue arjaoMeparbl, YTo OO0ecIedYHMBaeT CHIBHOE
B3aUMOJICHCTBHE HAIOJHUTENS C MaTpHLEH, a Tarxke
CHOCOOCTBYET YBEIIMUCHHUIO 3HAYCHU I KPYTAIIETO0 MOMEHTA.

Hcnonp3oBaHME MOJMMEPOB B KadecTBE MAaTPUYHOTO
Marepuaia  mos3Boisier  (¢opMupoBaTh  yIoOHbIE B
MPOM3BOJICTBE TOHKME IUIGHKH. Kpome Toro, Takue
MOJIMMEpHbIE Marepuaibl, KaKk IOJMMETUIMETaKpHIaT
(PMMA) , npo3paunsl B obnactu GnmkHero MK-Bumimoro
cBeta [2, 4, 5], 4TO nenmaer ero OTJIMYHBIM MaTPUYHBIM
MaTepUaoM s MOIYTIPOBOTHUKOBBIX HAHOYACTHII.

KoMIio3uThl M3 3MOKCHIMPOBAHHOTO HATYPAILHOTO
kayuyka (ENR) u nanowactui okcua amomuans (ENRAN)
OBLIM MOJTyYESHBI METOJIOM KOMIIAyHIUPOBAHUS B PacCILIaBe
C MOCJEYIOIIUM CEepHbIM ByJKaHH3auuei. Hanouactuipt
OKCHJIa aJIFOMHHUS ObUTH BBEICHBI B COCTaB KOMIAyH/IOB B
kosmmuectBe 10, 20, 30, 40, 50 u 60 yacTeli Ha cTO YacTei
kayuyka (phr) Ui W3y4YeHUs] BIHMSHHS COJSPIKAHMUS
HAMOJHUTENS Ha XapaKTePUCTHKU BYJKAHW3ALUH U
MEXaHUYECKHE CBOMCTBA.

Bbuio 3aMedeHo, YTO 4YaCTHIBI OKCHIA ATIOMHHHS

paBHOMEPHO pacnpeneneHs B Marpuiie, 41O
CHOCOOCTBOBAIIO  MOBBILCHUIO  KPYTSMMHA ~ MOMEHT
MuHUManbHeld  MH, wmakcumanpselii ML, wmomyns

YOPYTOCTH IpH pacTshkeHnd U TBepaoctu ENR.
Jlucriepcust HAaHOUACTHI] OKCHJIA aTFOMHUHHS U3y4aach C
MOMOILBI0 CKaHUPYIOIIEH 3JeKTPOHHOH MHMKPOCKOIIUH
(SEM). Bp110 yCcTaHOBIIEHO, YTO YBENUYEHHE COIACPIKaHMS
HAHOYACTHILI OKcuaa amomMuHus B Matpunax ENR yckopser
mpouecc BynkaHm3amuu g0 40% 1o cpaBHEHHIO C
HeHarnonHeHHBIMM ~ ENR.  MuHuManeHelii  KpyTsmuit
momeHT (ML), makcumanbHbiit kKpyTsammii momenT (MH) u
pasuuma  kpyrsamux ~ MomeHToB  (MH-ML)  Taroke
YBEIMYMINCh H3-3a YBEIMYEHHUs IUIOTHOCTU CIIMBKU B
MIPUCYTCTBUY HAaHOUYACTHI] OKCHUJIA AIFOMUHMS. Y BEIHYEHNE
coJieprkaHuUsl HAHOYACTHUIl OKCH/IAa aTIOMUHUS B KOMIIAyHIE
ENR mnpuBeno K CHWKEHUIO NPOYHOCTH Ha paspblB,
OTHOCHUTENBFHOTO YIIUHEeHUs npu paspsie (EB) u yaapHoit
BA3KOCTH, HO K YBEIMYEHHIO TBEPJOCTH U MOJIYISI
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VIOPYrOCTH TPH  PACTSDKEHHH 110
HeHanoJiHeHHbIMU ENR.
Hanpumep, B monumeps! 100aBISIH OpraHOTIUHY [6],

CPaBHCHUIO C

yTJIepoIHble HAaHOTPYOKH [7], HaHOYACTHIIBI OKCHA
amomMuHsg [8] W HaHOYACTHHBI AMOKCHIA KpeMHHs [9].
TlomnmepHsie HaHOKOMITO3HTHI JIEMOHCTPHPYIOT
YHUKQJIbHBIE ~ CBOMCTBa  Jaxke  IpH  J10OaBICHUH

HaHOHAIIOJIHUTENEH C HU3KUM CO/ep)KaHHEM HAHOYaCTHI]
(<5 mac. %), KOTOpbIe HEBO3MOKHO ITOJIyYHUTh C MMOMOIIHIO
OOBIYHBIX WM MHKpoHanomHutene [10]. Briouenne
HaHOHATIOJTHUTETIeH yiTydmaer MeXaHUYECKHE,
JJIEKTpUYECKHE, ONTHYeCKMe W JIpyrue  CBOWCTBa
TTOJIMMEPHBIX KOMITO3UTOB 0€3 CYIIECTBEHHOTO yIepoa Uit
TaKMX XOPOIIMX CBOMCTB, Kak MPOYHOCTh, KOTOPAst
JKEPTBYETCS JKECTKOCTBIO, KaKk 3TO HaOmomaercs B
YTIIEPOHBIX BOJIOKHAX, HATIOJTHEHHBIX pe3nuHoi [11].

Jns  TodydeHHs  TONMMEPHBIX — HAaHOKOMITO3HUTOB
HCTIONB30BANINCE  Pa3iIMYHBIE IOJIUMEPBI, Takhue Kak
3J1aCTOMEPHI (HaTypanbHBIT Kaydyk (NR),
OKCHJIMPOBaHHBIH HarypanbHblil kaydyk (ENR), ctupon-
OyraguenoBelii kaydyk (SBR), xmopompeHOBBI kaydyk
(CR), »THIEHIPOIMICHANCHOBBIH MOHO MEPHBIH Kaydyk
(EPDM) u 1p.), TepMoILIacThl (HEHI0H 6, 6, MOMUIPOIIICH
(PP), MOJNMATHIICHTEepeTanaT (PET),
nommmermametakpwiar (PMMA), nonukapOoHat u 1p.) U
MOJIMMEpHBIE CMecH. PaspaboTka TIOJIMMEPHO-
KepaMHYEeCKHX HAHOKOMITO3HTOB CO3Jiajla PsiJi TeXHOJIOT it
Y BO3MOJKHOCTEH, KOTOpbIE MOTyT ObITh MpuMeHeHbI K ENR.

13 oxcuaa amoMHUHUS NOIy4aroT HaHodacTUlm! [12], a
TaKKe UCIOJb3YIOT €ro B KaueCcTBE MAaTPHYHOTO MaTepuaa
(xopynn) [S]. HaHouacTHubl OKCHIA aXIOMUHHUS OOBIYHO
BHEAPAIOT B pa3iM4HbIC MOJUMEPbl H, TEM CaMbIM,

yJIy4lIaloT €ro IPOYHOCTHBIE XapakTepucTuku [12].
INockombky B JaHHOM  cTaThe MBI HCCIELyeM
MEKTPOYU3MYECKUE  CBOICTBA  HAHOKOMIO3MIIMOHHBIX

MaTepualoB, TaKMe KaK ONTHYECKHEe M IPOBOJIIME,
OIpaHUYMMCST HAHOKOMIIO3MLIMOHHBIMH Marepuajamu, B
KOTOPBIX OKCHMJ QJIIOMHHHS MCIOJB3YIOT B KauyecTBe
MaTpHLbL.

PajyaniMoHHas »JIEKTPONPOBOJHOCTE M HAKOILUICHUE
00BEMHOrO 3apsia B IOJIMMEPHBIX M KEPAMHUYECKUX
JHUIEKTPUKAX OMPEIeIIIOT paboTOCHOCOOHOCTh 30U
OOpTOBOI  ammaparypsl KOCMHYECKMX allaparoB U
TPAHCIIOPTHBIX CUCTEM, YTO ONpPEAeNsieT NPUKIALHYIO
3HAYMMOCTh PACCMATPHUBAEMOM 3a1a4H.

IMeap — HaxoxkzaeHne »HEPreTU4ecKOro CHEKTpa
JIOKaJM30BAHHBIX COCTOSIHUI NPH BKIIOYEHUH HAHOYACTHIL
B 3aBUCHMOCTH OT PaJiyca U KOHLEHTPALUY HAHOYACTHILI.

3amada paboThl — HNOCTPOUTH TEOPETUUECKYIO MOJEIb,
OITMCHIBAIOIIY IO aneKkTpodu3nUecKue CBOICTBA
HAHOKOMIIO3MIIMOHHBIX MAaTepuajoB Ha OCHOBE OKCH[A
QIOMUHUS M IOJMMEPHBIX MaTpULl IPH BO3/ICHCTBUU
HMOHM3UPYIOLIEro H3Jy4eHHsI.

2. MeToauka uccJie0BaHus

JlokajiM30BaHHbIE COCTOSTHUS

I/ISBGCTHO, 4qTo JUDJICKTPUYCCKUE i
TMOJIYTIPOBOAHUKOBBIE MAaTE€pHUAJIbBl HUMEIOT COOCTBEHHBIE
JIOKAJIM30BAHHBIE COCTOSAHMA, 06yCJ'IOB.HeHHI>Ie PasIMIHbIMU
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CTPYKTYPHBIMH JiepeKTaMi. DTO MOTYT OBITh HapyIICHHS
OMDKHEro  WIM  JaJbHETO  TIOpSKA,  PacTSIHYTHIC
XUMHYECKHE  CBS3M,  pa3iNYHble HHOPOIHBIE  (HA
MOJIEKYJSIPHOM YPOBHE) HPHMECH, KOTOPBIE NPHBOIAT K
HW3MEHEHHIO XMMHUYECKOTO CTpOoeHUs Marpullpl. CBoicTBa
JIOKAJIN30BAaHHBIX COCTOSIHHI XOPOIIIO M3yUeHBI TSI MHOTHX
nosimMepoB. Hanpumep, B Takux nonumepax, kak PMMA,
MOJIMATWICH BBICOKOTO JIABICHUS, IOJMITHIEH HU3KOTO
JTaBIICHUA, TIOJIACTUPOIT, noJKapOoHar,
MOJUTETPAPTOPITHIICH YCTAHOBJIEH JBIPOYHBIH MEXaHH3M

SJICKTPOIIPOBOJHOCTH, u CIICKTP JIOKAJIM30BaHHBIX
COCTOSTHUH OIIUCBIBACTCH OKCIIOHCHIIUAJIbHBIM
pacnpeaciCHUEM.

N(E) = (Ny/kTy) exp(—E/kT;), rae N,— mnonHas
KOHIGHTpAlUs JIOBYIIEK, T; — XapaKTepHCTHYECKas
TeMIiepaTypa paclpefielicHHs, SHeprus JOByIIKH, E —
OTCUHMTAHHAsE OT TPaHHUIIBl BaJCHTHOW 30HBL IIpuMepom
JIBJIICKTPUKA C DJIEKTPOHHOW MPOBOJAUMOCTBIO SIBISICTCS
kopyHx o-ATAl,03;. AHNOH-IehEKTHBIH OKCHI ATFOMUHHS
UCTIONB3yeTCss B JI0O3UMETpaX,  OCHOBAaHHBIX  Ha
TepMoMIOMuUHecHieHI  [5,  13], 4ro  oOycioBieHO
HaJIMYMEM ITyOOKHX JIOBYILIEK, KOTOPbIE CIIOCOOHBI XPaHUTh
MH(POPMALMIO O MOITIOMICHHON /03¢ JOCTaTOYHO JOJTOE
BpeMsl, TIoka oOpasell He OyJeT moABepKeH HarpeBy (TepM
BBICBEUHBaHHKE). B OTIIHYHE OT HOJMMEPHBIX THAIICKTPHKOB,
TaKHX KaK MOJMMETHIMETAKPUIIAT, [IC BIPOYHBIE JIOBY KK
MOAYMHSOTCS SKCIIOHCHIMATBHOMY 3aKOHY M UMEIOTCS Kak
MEJIKHE JIOBYIIKH, TaK U TIyOOKHE, B OKCHJEC ATFOMHHHSA
OMPENICISIONIYI0 POJIb WIPAIOT TIIYOOKHE 3IEKTPOHHBIC
JIOBYILIKH, U3 KOTOPBIX TEPMUYECKOE OCBOOOXKICHHE 3apsi/ia
Mpy KOMHATHO# TeMreparype MajoBeposTHO. B paGorax
OKCHJI aITIOMUHHS PacCMaTpPHBACTCS KaK JHAJICKTPHK C
nByMst Ty6okumu stoBymikamu E; = 1.3 u E, = 1.6 eV [8].
3necy E; u E; OTCUMTaHbl OT AHA 30HBI NPOBOAUMOCTH.
3axBar CBOOOJHBIX 3apsJOB Ha YpoBeHb E I0BymIKn
xapakrepusyercst koapduimentom 3axpara kg = Vo, (E),
re Vv — CKOPOCTh CBOOOIHOTO HOCHTENs 3apsina, o, (E) —
CeUYCHHE 3axBaTa Ha COOTBETCTBYIOIIMI YpOBEeHb. Bpems
TEPMHUYECKOr0 OCBOOOXKIEHMS 3aXBaYCHHBIX Ha JIOBYILIKH
HOCHTENEH 3apsja OIMCHIBACTCA BBIPAKCHHEM Tgp =
vy texp(E/KT), roe vy — uvacToTHbIA (aktop. s psana
MOJIMMEPOB 3Ha4YeHus1 kg, v, ompejeneHsl B paboTax, Ui
okcuzna amomuHus — B [5, 13]. Hdna nmosnumepoB c
JIBIPOYHOM  IPOBOIMMOCTBIO  XapaKTEepHbIE  3HAUYCHUs
KoHCTaHT ky ~ 10%%m3/s, vy ~ 104-1011 S~1, ansg oxcuma
ATIOMHUHUS  (DJIGKTPOHHAST MPOBOIMMOCTE) — K ~
102°-10%> m3 Js, vy~10'3S-1. TIIpu BkmoyeHun
HAHOYACTHL[ B  3alpelleHHOW 30He  oOpasyroTcs
JIOTIOJIHUTEIbHBIE JIOKATN30BAHHBIC COCTOSIHHS, HA KOTOPbIE
MOT'YT 3aXBaTbIBATHCS AJIEKTPOHBI H ABIPKH, I10JJ00HO TOMY,
KaK IPUMECH B IOJIYIPOBOJHUKAX MPUBOJIAT K MOSBICHHUIO
AKIENTOPHBIX WIH JOHOPHBIX IPUMECHBIX COCTOSHMIL
Hcxons w3 3Toi aHAIOruM JIOKAIW30BAaHHBIE COCTOSIHHS,
00YyCIIOBJICHHBIC BHEJPEHHEM HAHOYACTHULL, OyIeM Ha3bIBaTh
[IPUMECHBIMU JIOKAJIN30BAHHBIMU COCTOSIHUSIMU
(npumecHbIMH  JIOByIIKamu). HalizeM sHepreTudeckuit
CIIEKTP JIOKAIN30BAHHBIX COCTOSHHUI B HAHOKOMIIO3HUTE CO
c(hepuuecKUMH BKJTIOUEHUSIMH, PAJyC KOTOPBIX Ryq;. Ilpn
BKJIFOYUCHUM HAHOYACTHIBI B MATPHIy H3-3a DPa3HHUIIBI
ypoBHell depmu MarepuanoB Ha TpaHULE HAHOYACTHUIIA-
MaTtpuia obpasyercst chepryecKuil  MOTEHIUATbHBII
6apbep. O603Haunm sHepruro Depmu U paboOTy BBIXOIA
MATpPHIBI U BKIOYEHHS COOTBETCTBEHHO Fy, Wy, Fhat,
What- Bemut Fyy <Fpqe (Wyy>Wpgr) 2MEKTPOHBL, CTPEMSACH K
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SHEPreTUYeCKOMY MUHUMYMY, IIEPETeKaI0T 13 BKIIOUCHNUS B
MaTpunmy. B pesymprate BKIIOUeHHE IpuUOOpeTaeT
TIOJIOKUTENBHBIN 3aPAN Gpar =CparUp , THE Cpgp— EMKOCTB
srimouenust, Uy = Wy —Wh,q; . DIEKTPOHEL, yiepKUBaEMbIE
7ojJeM  TONOKUTENBHO  3apsDKEHHOM — HAaHOYACTHIIBI,
JIOKJIU3YIOTCS B MIOTCHIMATIBHON siMe, TITyOMHa KOTOPOi —
Uy OTHOCHTEIBHO JHA 30HBI IIPOBOJMMOCTH MAaTpPHUIIBL.
JlaHHBIE BKIJIIOUEHUS SIBIISTIOTCSI BKITIOYEHISIME JIOHOPHOTO
tumna. [IpoTHUBONONOXKHBINA citydaid, korma Fy,> Fpat Wy
<Wpat) TIPHBOIMT K TIEPETEKAHHMIO JJICKTPOHOB BO
BKJIIOYEHHE, KOTOPOE B PaBHOBECHOM COCTOSIHUM Oyner
UMETh OTPHIATENBHBIA 3PN , @pge @ IBIPKA OymyT
HaXOJWUThCA B JIOKAJIM30BAHHBIX COCTOSTHMSX, SHEPIHI
KOTOPBIX OIIPEe/IeIISIETCs OTHOCUTEIIHHO MOTOJIKA BaJIEHTHOM
30HBI Marpuikl. B 3TOM ciydae uMeeM BKIIIOYEHHE
aKIEeNTOPHOTO THIIA.

Ilonaras, uro ¢usmyeckas mpupoga 3axBara U
TEPMHUUYECKOr0  OCBOOOXKAEHMS ~ HOCHTeNed  3apsja
OIMHAKOBAa  JUII  COOCTBEHHBIX M TIPUMECHBIX
JIOKJIN30BAaHHBIX COCTOSHUM, MOXXHO JaTh  OICHKY
koHcTanTaM K, u m,. CoOCTBEHHBIE JIOKAIN30BAaHHBIE
COCTOSIHUSI B PA3JIMYHBIX CpesiaX 00YCIOBICHB! Pa3IHIHOTO
poma nedpekramMm uX CTpoeHMs. [IpocTpaHCTBEHHBIE
MacmTabbl  AeEeKTOB I KPHUCTAUIOB  COCTABISIOT
eIMHUIBI — COTHH TIIOCTOSIHHBIX KPHCTAJUTHIECKOMN
pelIeTKy, Ul TOJIMMEPOB — pPa3Mepbl MaKpOMOJEKYJL.
Ecnm B kadecTBe OLEHKHM HPOCTPAHCTBEHHOTO Macuirada
COOCTBEHHOTO  JIOK&JIM30BAaHHOI'O  COCTOSIHHSI  B3ATh
BEJINYUHY TTopsiika 1 nm, TO JUIs BKITIOUSHHH ¢ TaKHUMH JKe
pa3MepamMH MOYKHO HalTH UCKOMBIE KOHCTAHTBI U3 YCIJIOBUS,
410 KOA(UIMEHTHI 3axBaTa M YacTOTHBIE (AKTOPBI UL
COOCTBEHHBIX M IPUMECHBIX JIOKAJIU30BAHHBIX COCTOSHHI
oIMHaKoBbl. HaiiieHHbIe TakuM 0Opa3oM KOHCTAHTBI U
akuenTopHoro Bimouenus K, ~ 107%, m, ~10%2 —10°m,, ,
( me— Macca 2meKkTpoHa), Uil JOHOPHOTO BKIIOUeHM K,
~107°-10"*, m,~m,.

PaccmoTtpum HanokoMno3ut Ha ocHOBe PMMA (Wpp 4
=4.68 eV) ¢ BkirouenueM B Hero HaHowacturl CdS (We4s =
6.05 eV). JlanHOoe BKIIIOYEHHE SIBISIETCS aKIENTOPHBIM C
rTyOHHOU JBIPOYHON MOTeHIMaNbHOM sMbl Uy = 1.37 eV.
VYno0HO Uil anbHEHIero aHaiu3a BbIICIUTH B CHEKTPE
JIOKAJM30BAHHBIX COCTOSIHUM TIIyOOKHME JIOBYLIKH, Y
koropeix |E,[>10kT wu, cienoBarenbHO, TEpPMHYECKOE
0CBOOOXIEHHE 3apsijia pu Temineparype T MaloBeposTHO.

ITpu Bueapenuu nanovactun CdS ¢ Ry, = 2 nm B
MOTEHIHAIIBHOM sIMe 00pa3yeTcst 3 SHepPreTUUECKUX YPOBHS
Juist ApIpok riry6unon |E,| = 0.52, 0.99 u 1.27 eV. Ilpu 300
K Bce oti ypoBHH sBisitorcs riiyOokmmu. Ilo mepe
YBEJIMYEHHS pa3Mepa HaHOYACTUIl pacTeT KOJIMYECTBO
SHEpPreTHYECKHX YPOBHEH: A1 HaHoudacTull ¢ Rpat = 5 nm
obpasyetcs 9 sHepreTuueckux ypoBHen, npudem mpu 300 K
TIyOOKUMHU SBIAOTCS 7, st Rpq; =10 nm u3 19 yposmneit
— 14 rny6okux. Ilpum BHeapenum HaHouactul SpO ¢
paboroit Beixoma WWs,.,= 2.0 eV B 0-Al,0; (pabota
Boixona 3.05 eV) Ha rpaHune HaHOYACTHUIA—MAaTpHIA
obpa3syeTcsi JJeKTPOHHAs] MOTCHIMANbHAS sIMa TIIyOMHOMN
1.05 eV, T. e. uMeeM mpUMECh JOHOPHOTO THIA. BaxHo
OTMETHTh, 4YTO B  OTIMYME OT  COOCTBEHHBIX
JIOKaJIU30BaHHBIX COCTOSHMHA 3HEPreTHUYECKUH CHEKTp
NPUMECHBIX JIOKAJIM30BaHHBIX COCTOSHMH TPHHAICIKUT
OlpeJIeIeHHOI HAHOYACTHIIE M 3aXBaUYCHHbIC Ha IPUMECHBIC
JIOBYILKH 3apsiJibl, CTPEMSACh K MUHUMYMY 3HEprHH, BCeria
OynyT 3aHUMaTh HamOoiee TIIIyOOKHE IJHEPreTUUecKue
COCTOSIHMSI NPY HaJM4YMM Ha HUX BakaHcuid. B mpomecce
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OoONy4eHHsT ~ MarepHajloB  CIEKTP  JIOKAIH30BaHHBIX
COCTOSTHHIT MOYKET HM3MEHSTBCS 3a CYET pPaJHal[MOHHBIX
MOBPEKACHUN. YueT 3Toro (akropa BBIXOIHT 33 PAMKH
HACTOSILIEH paboThl, M HCCIEAOBaHUSA pPaJIUalOHHON
[POBOJMMOCTH  HAHOKOMIIO3HLIHOHHBIX  MaTepHaJIOB
paccMarpuBarOTCS 3[eCh HPH HEH3MEHHOM  CIICKTpE
JIOKQJIM30BaHHBIX COCTOSIHUM.

YpaBuenusi Poy3za—@ayJiepa 1Ji1 HAHOKOMIO3UTA U
UX peuleHune

TTockoibKy Ha JaHHOM 3Tare Hac OylIeT WHTepecoBaTh
TOJIBKO JIOKaJIbHAsl 3JIEKTPOIPOBOAHOCTh HAHOKOMIIO3HTA
npu oOJIydeHHH, IoJaraeM, YTO HOHM3ALHs 10 00beMy
onHOpoaHAs, 3 deKThI 3apskeHus [11] He CyIIeCTBEHHBI
JpeiihoM HOCHTENEH 3apsiia MOKHO IpeHeOpedb. OTMETHM,
YTO PACCMOTPEHHBIE 3/1€Ch MOJICNb U METO/I €€ Pean3aliiu
0e3 Tpyma o0oOmIaroTcs Ha CIy4ad HEOJHOPOIHOTO
obuyueHus, yuera 3apskeHus U Apefida Hocureneit 3apsia,
BKJIFOYasi MHOTOMEPHOE PacCMOTpPEHHE.

O0o3HaUMM dYepe3 N, p KOHIEHTPAIWU CBOOOHBIX

9NIEKTPOHOB W JBIPOK; MN,,, Pl — KoHIEHTpamuu
3aXBaYEHHBIX Ha JIOBYIIKHU SJIEKTPOHOB ¥ JBIPOK, e 1 <m
< mg, | <1 <ly, my, lg — KOIMYECTBO SNIEKTPOHHBIX U

JIBIPOYHBIX JIOKATW30BAHHBIX COCTOSIHUMN. ITyCcTh COCTOSIHUS
I <m <m,, | <1 Sl; OTHOCATCS K JIOKAIN30BAHHBIM
COCTOSTHUSIM ~ MATpPHIBI  HAHOKOMITO3WTa  (COOCTBEHHBIE
JIOKAJIM30BaHHBIE COCTOSIHUSA), @ COCTOSIHUS M, +1<m <
my, lT) + 1 <1 < [, oTHOCATCS K TPUMECHBIM
JIOKAJIM30BaHHBIM COCTOSIHUSIM, KOTOpbIE OOpa3oBasiCh B
pe3ynbTate BHEAPEHHs HaHOYAcTHIL. JIpyrue 0003HaUCHYIS:
o — kodpduument pekomounatwmy, K,,= (k,M,, — n,),
K=k (L= pD), ky, , ki — xosdduimentsr 3axBara Ha
SNICKTPOHHBIC W JIBIPOYHBIC JIOBYUIKH, M,,, L; —
KOHIIGHTPAllMM JIEKTPOHHBIX M JIBIPOYHBIX JIOBYILEK,
My = eXP(E,)/KT) vy — BpeMeHa XM3HM 3apsioB Ha
5IEKTPOHHBIX U JBIPOYHBIX JIOBYHIKAaX ¢ dSHepruei Ep,
cooTBeTCTBEHHO. [lanee OyneM paccMaTpUBaTh BKIIIOYEHHS
OJIHOTO COpTa, T. €. JIMOO JOHOpHBIE, KOTJa BHEAPCHHASA
HaHOYACTUIIA UMEET MOJIOKHUTENbHBIH 32PNl (Gpq;> 0), MO0
aKIENTOPHBIE, KOT/a (dpqr<0). Cucrema ypaBHenuii Poysa—
daynepa, ONUCHIBAIONIAs JAWHAMUKY CBOOOIHBIX U
3aXBa4YCHHBIX Ha JIOBYIIKH 3apsiJJ0B, HIMEET BHJL

lo mg mo (]_)
n=S—-an p+2pl —nz Km+Z—
=1 m=1 = tm
+ Spat,
mg lo lo (2)
p=S—ap n+an —pZKl+ ?+
m=1 =1 =1 !
n, = K,n— :—: —apny, — Spat5m,m0 , 1< (3)

pl=Kup =2 = apny + (Spat = Spac) iy, » 4
1<1 <,

I'nme Spat = Spat— ISt JIOHOPHOTO
BKITIOUCHHS, Spat = 0 —JUIs aKIeNTOPHOrO.

B HavanbHBII MOMEHT BpPEMEHM KOHILEHTPaLUU
HOCHUTENEH 3apsia UMEIOT paBHOBECHBIE (0e3 0OIyueHwHs)
snauenuss n°,p°ng,pd . Dru 3HaueHus Moryr OBITH
HaiineHsl w3 pemeHus cucteMsl (1)—(4) c¢ HyleBbIMH
HaYyaJIbHbIMH YCIOBUAMM IJI KOHIEHTpALMi CBOOOIHBIX U
3aXBaYE€HHBIX Ha COOCTBEHHBIC JOBYIIKM 3apsloB U
OTCYTCTBHEM BaKaHCHH Ha MPHMECHBIX JIOBYIIKAX MPH
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Spat = Spat =0 (5)
@enomenonozuveckas modeav Poysa-Daynepa [14]
Hauboyee IONHO  OIMCBIBAET CBOWMCTBA JHUAJICKTPHKOB,
YUUTBIBasl IIEPEHOC W yIepkaHus 3apsnoB. B ocHoBy
JAaHHOTO MeToJa IMOJOKeHAa MOJENb MOMAJIEKTPUKa C
3arnpemeHHon 3010 [15].

Ha puc.1 mpencraeinena Mozens 3alpelieHHON 30HBI
[15], rme C — 30Ha mpoBoanMocTH, V — BasieHTHas 30Ha, FF
— TeMHOBOH ypoBeHb Pepmu, AA — 3IIEKTPOHHBIN YPOBEHb
®Oepmu (ipu poToBO30Y K AeHNH), BB — nmpipounsIil ypoBeHb
®epmu (npu Bo30OyxneHun), E — Menkne 3meKTpOHHBIE
noBynikH, H — Menkne 1pipoyHsIe TOBYIIKH, G — COCTOSIHUS,
ONMM3KHe K OCHOBHOMY (peKOMOWHAIIMOHHBIE LIEHTPEI,
rTyOOKHE JIOBYIIKH);

1- poToBO3OYKIeHNE MOJIEKYJIHI (IBIPKa 3aXBaTHIBACTCS
MeJIKOW HEeHTpaTbHOM JIOBYIIIKOM, SJIEKTPOH TOTHIMAETCs B
30Hy NPOBOJWMOCTH M 3aTe€M 3axBaTBIBAETCS MEJKOM
JJIEKTPOHHOM JIOBYIIKOH);

2 — TepMuYecKas aKTHBAIWs DJIEKTPOHAa C MENKOU
JOBYIIKM B 30HY IPOBOAMMOCTH C TOCIEIyIomei
pexoMOHHanueH ¢ AHIPKOif Ha OCHOBHOM COCTOSTHUM;

3 — TepMmuuecKas aKTHBAIUS OJICKTPOHA B 30HY
TIPOBOAMMOCTH C TIOCIETYIONMM 3aXBaTOM Ha TITyOOKHif
YPOBEHB;

4 — HeWTpanM3anus IBIPKH, 3aXBaU€HHOW Ha MEJKOM
JIBIPOYHON JIOBYLIKE, C 3JEKTPOHOM U3 BaJICHTHOW 30HBI C
MOCIIeIyIoNell  ee  peKOMOMHAIMel C  DJIEKTPOHOM,
3aXBaYCHHOM Ha OCHOBHOM COCTOSIHHH,

5 — MeJKo 3axBavyeHHas JbIpKa NPUHUMAET 3JIEKTPOH W3
BAJICHTHOM 30HBI M 3aT€M 3aXBaThIBAaeTCs TIIyOOKOI
JOBYHNIKOH.  JIBMDKEHME  HOCHTENEl  COOTBETCTBYET
MPUI0KEHHOMY 3JIEKTPUYECKOMY IOJIIO.

Puc. 1. Moaens 3anpemiéHHOM 30HbI M AKThI 3aXBaTa
HoOcHTeJIeii 3apsiaa (II0CTPOeHO ABTOPAMM 110 OITMCAHUIO
mozaenu [15])

CyTb AaHHON MOJIENN 3aKJIF0YAETCS B TOM, YTO HAJIMYKE
nmpuMeceil B KPUCTAJUTMYECKOM pelieTke U ee aedexTst
NPUBOJAT K TIOABJICHUIO B 3alpelIeHHON 30HE psja
JIOKaJIM30BaHHBIX COCTOSHUMH. Hocurenu, Haxopsdmuecs B
M000M U3 3TUX COCTOSHHMIL, CUMTAIOTCS CBS3aHHBIMH.
DJNEKTPOHbI Ha MEJKHX YPOBHSX HIM MEIKHX JIOBYLIKAX
HaXO/ATCS B TEIUIOBOM PABHOBECHH C JIEKTPOHAMH U3 30HBI
MIPOBO/IMMOCTH.

BeposTHOCTh MX NEPeXoJIoB B 3Ty 30HY B pe3yibTaTe
TEPMUYECKOro BO30YKACHUS JOCTATOYHO BBICOKA.

DJNEeKTPOHBI B COCTOSHUSIX, OMU3KMX K OCHOBHOMY, C
GoblLICH BEPOSTHOCTBIO 3aXBATHIBAIOT CBOOOIHBIC IBIPKH U
PEKOMOMHUPYIOT ¢ HUMHU. BeposTHOCTH ke mepexojia 3THX
9JIEKTPOHOB B 30HY IPOBOJIMMOCTH HAMHOT'O HIKE, OZHAKO,
BpeMsi peKOMOHHAIIMK MOXET ObITh BecbMa OosbIIuM. B
pe3yJbTare, COCTOSIHUS OJIM3KHE K OCHOBHOMY BBICTYIAIOT

Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:3|2026

B KQUeCTBE ITyOOKHX JIOBYIIEK M LIEHTPOB PEKOMOHHALIUH.

OCHOBHOE COCTOSIHHE SBIIIETCS HEUTpPaIbHBIM, KOTJa
3aHATO DJEKTPOHOM, M MOJNOXHTEIBHBIM — Oymydn
cBoOOAHBIM. Takoe COCTOSIHHME SIBISETCS JOHOPHBIM.
AKIIEITOPHOE  COCTOSTHHE, HA00OpOT, HEHTpasbHO B
OTCYTCTBUH JIEKTPOHA W OTPHIATEIHHO 3apsHKEHO, KOTa
3aHATO IEKTPOHOM.

DJEKTPOHBI, C JHEeprusiMH BONMM3M ypoBHI Depmuy,
HMEIOT TPUONHM3UTENEHO PaBHYIO BEPOATHOCTH UL
BO30Y’K/ICHUSI B 30HY TIPOBOANMOCTH U JUISI pEKOMOWHAIINH.
[Tonoxenne ypoBHs DepMu 3aBHCHT OT KOHIEHTpPAIUH
CBOOOIHBIX ANIEKTPOHOB. IS IBIPOK CUTYaIHs COBEPILICHHO
aHaJIOTUYHa.

Ha puc.l rioyOokme 5IEeKTpOHHBIE W ABIPOYHBIE
COCTOSTHUS, ONM3KHE K OCHOBHBIM, PacHOJIaratoTCsi MEXKIy
ypoBEsiMu ®Depmu [t meKTpoHHOH (AA) M IBIpOYHON
(BB) cucrem.

Be3biBaemMoe o0ydeHHeM BO30YKAE€HHE HPHBOIHUT K
TeHepallul B MaTepHajie pPaBHOTO 4YHCIa BJIEKTPOHOB U
JIBIPOK. DJIEKTPOHBI TTOTHAMAIOTCS B 30HY IPOBOIMMOCTH,
3aTeM TIOCTETICHHO 3aXBaTHIBAIOTCS MEJIKUMH JIOBYIIKAMH 1
PEKOMOMHUPYIOT, C IbIpKaMH HPOUCXOAUT OOpaTHoE.
CB0OOIHBIE TEKTPOHBI 30HBI IIPOBOIMMOCTH U CBOOOTHBIE
IBIPKA  BaJICHTHOW 30HBI MOTYT IEpPEIBHTAThCS  TIOJ
JIEHCTBHEM BJIEKTPHYECKOTO IOJIS, CO3aHHOro B oOpasIie.
OTO mepeIBWKEHHEe SBIETCS TOKOM MPOBOJMMOCTH.
[ToaBMKHOCTH DJIEKTPOHOB W JIBIPOK B 0OIIeM ciydae
pasznuuHbl. [TepeHoc 3apsiia MOJKET OCYIIECTBILITHCS TAKKe
U JpYrMMH CHoco0amy, HampuMep, TYHHEIHPOBaHUEM
9JIEKTPOHOB B 30HY HPOBOJUMOCTH TI0JT BIMUSTHUEM CHIIBHOTO
3NEKTPUYECKOTO MOJIS.

Monens Poysa-daynepa nmpumensercs, B YacTHOCTH,
JUIst HCCIE0BAHUS paauaIvoHHOrO 3apsHKEHHSA
JIUBICKTPUKOB [16]. VYpaBHEHUS KHHETHKM HOCHUTENeH
3apsfa, OCHOBAaHHbIE HA JAaHHONW MOJENH, YYHUTHIBAIOT

WHXCKIUIO 3apsja, HMOHU3ALIMOHHOC oGpaaoBaI—me
SJIEKTPOHHO-ABIPOYHBIX nap, ux B3aUMHYIO
p€KOM6I/IHaLlI/IIO, 3axBaT H OCB060)KI[GHI/IG HOCHUTENeH

3apsizia U3 JIOBYIIEK, Apeli¢ HocuTeneil 3apsaa B CO3IaHH OM
UMH IEKTPUYECKOM TI0JIE.

B opHOMepHOM ciywae cucTeMa YpaBHEHHMH MOJENU
Poysa-®aynepa umeer Buz [16]:

N_ o, i” (©)
gt St =5, —a P
=1
M
> (13
T, N,
m=1
M
n
+Z—;
m:1Tm
P _ oo U ip )
FT Qp Fra Ny
m=1
SP/ Py NOD
AN
=1 t ! =1 l
onm _ N N, Nm _ 8
R aan+Tm(1 Nm) ‘rm'm_ ®
1,2,3,...;
o _ Py _PY_Pg_ (O
e asz+Tl(1 Pl) =123 O
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M L (10)
p=—e[(N-P)+ an—Zm ;
m=1 =1
JE _p (11)
0z egy
3mecb M w | — WHEEKCHI OTPHULATENBHBIX H

MOJIOYKUTENBHBIX JIOBYIIEK cooTBeTcTBeHHO, N(Z,t) n P(z,1)
—  IUIOTHOCTH CBOOOJHBIX  OTPHUIATEIBHBIX u
MOJIOKUTENIBHBIX  JIOBYILEK, N, U D} — KOHIICHTPAIIU!
3axXBaYe€HHBIX HOCHUTEJICH 3apsaa0B Ha JoBymikax, N(z,t) —
KOHIIEHTPAIHS OTPHUIIATENbHBIX JIOBYIIIEK M-TOTO COPTa, T1e
m=1,2,...M, P, (zt) — KOHIEHTpauUus IOJOKUTEIHHBIX
noByek |-roro copra, rue 1=1,2,..., L T,,— Bpems XU3HH
OTPHULATEIBHOTO 3apsifia B JIOBYIIKAX M- copTa T; — BpeMs
JKU3HHU TIOJIOKHUTEIHFHOTO 3apsijia B JIOBYIIKaX |—Toro copra,
Tmu T— Bpems 3axBaTa OTPULIATEJILHOTO U
TOJIOKUTENLHOTO 3apsIJIOB Ha JIOBYIIIKY,

a=puy —p_e/feg— xodbULHEHT PeKOMOUHAIMH,
rae UM [l TIOJBIKHOCTH IBIPOK M BJIEKTPOHOB, € —

JIFDIIEKTpHYecKast MIPOHUIIAEMOCTb, a
£y~ dJIeKTpHUUecKas 0CTOsAHHAsA, S— CKOPOCTh
TeHepaluy  JJIEKTPOHHO-IBIPOYHBIX AP  BCIEACTBHE
HOHM3aIMH cpelpl, Qy W @p — CKOPOCTH TeHepalun
2JIEKTPOHOB H JIBIPOK 3a c4eT TepMonmsamy, /y = —u_NE n
Jp=uPE — TOoKH, OOYCIOBJEHHbIE JIBHKEHHEM
JJIEKTPOHOB M JBIpOK,E=0¢@/ 0z — HanpspkeHHOCTh
UEKTPUYECKOTO TOJIS, (¢ — TOTECHLUAI, P TUIOTHOCTh
3apsja.

B HaHOKOMITO3MIIMOHHBIX MaTepHallax BKIIOUCHHE
HAHOYACTHI[ TPUBOAUT K TMOSBICHUIO DHEPreTHYECKUX
YpOBHEH B 3ampelieHHON 30HE, aHaJOrHYHO TOMY, Kak
HaJlMyue TpHMecedl B  JUIEKTPUKAX MPUBOIAT K
NPUMECHOH poBoAUMOCTH. TakiM 00pa3oM, 3Hast CIIEKTPEI
COCTOSIHUSI, OOYCJIOBJICHHbIC BKJIIOYECHHSMH HaHOYACTHII,
Mmozenb Poysa-®aynepa BHONHE MOXXHO IPHMEHUTH K
ONMUCAaHHUIO ONTHYECKUX CBOWCTB HAHOKOMITO3UIIMOHHBIX
MmartepuainoB. OfHaKo, YTOOBI UCTIONB30BaTh MOJETb Poy3a-
Qdaynepa  mI1  ONHMCAaHWS  ONTHYECKMX  CBOMCTB
HAaHOKOMITO3HLHOHHOIO ~ MaTepuaia, HeoOXOIuMOo ITy
Monenb — MoauduuMpoBaTh. A HMMEHHO  3aJaTh
KOHIICHTPALHIO JIOKaJIN30BaHHBIX COCTOSIHUH,
0OYCIIOBJICHHBIX BKJIIOUCHISIMH. BHeIpeHue dacTull B
MaTPUYHBIA MaTepuall COIPOBOXKIACTCS  Pa3INYHBIMU
KOHTaKTHBIMH U TOBEPXHOCTHBIMH SIBJICHHSIMH Ha TPaHULIE
BKJIIOUCHHE-MaTpHILA, [I0ITOMY HEOOXOAUMO Y4YecTh 3TH
siByieHus [14].

3. 3akaoueHue

UccnenoBanne Pa3pabGoraH HOBBI METO]| pEIICHUS
cucteMbl ypaBHeHuil Poysa—®aynepa ams nmpousBOIBEHOTO
CIIEKTpa JIOKAJIM30BAaHHBIX COCTOSHUI. TecTOBbIE pacyersl
MPOEMOHCTPHPOBATH 3(PPEKTUBHOCTh JAHHOTO METO[A.
Haiinen SHEPreTHYECKUI CHEKTp MPUMECHBIX
JIOKAJIIU30BAHHBIX COCTOSIHUM B  HAHOKOMIIO3UTE  CO
cepudeckoil HAHOYACTHUIICH B 3aBUCHMOCTH OT €€ pa3mepa.

IIpennoxeHHas MoJenb HOHM3ALMM HAHOKOMIIO3MTA
YUUTBIBAaET KaK MOHHU3AIMIO MATPHUIBI, TaK M HOHU3ALHUIO
BKJIIOUeHUH. IlokazaHO, YTO HOHU3AIUS BKIIOUSHUN MEHSIET
KOHLIEHTPAIUIO ~ CBOOOJHBIX  HOcuTelell  3apsga U
3aCENICHHOCTD SHEPreTHUECKUX COCTOSTHUM.
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OnekTpohM3UIECKUX CBONCTB HAHOKOMITO3UIIMOHHBIX
MaTepHaioB HEO0OX0IUMO Y4ecTh 3aBHCHMOCTh
9HEPreTUYECKOro CIIEKTPa JIOKAJTM30BAHHBIX COCTOSHHN OT
paaryca U KOHLIEHTpPALMH HaHOYacTHL. Mozenu onucanus
ONTHYECKUX CBOWCTB HAHOKOMIIO3UIIMOHHBIX MaTepHalIOB
YUHUTHIBAIOT MOJSPU3ALMOHHBIE S(G(EKTl U IO3BOJSIOT
OTIPEIEeINTh pasnyHbIC rapameTpsl
HAHOKOMITO3UIIMOHHOTO Marepralia, TaKue KaK MoKas3aTelb
MIPEJIOMIICHHS],  JTMAJIEKTPUYecKas  NpPOHHUIAEMOCTh U
kodddunueHt nponyckanus. OJHAKO JaHHBIE MOJICIH HE
YUYHUTHIBAIOT KUHETHKY HOCHUTENCH 3apsiia U He MO3BOJISIOT
oImicaTh SIBJICHHS, B KOTOPbIX KMHETHKA HOCHUTEJIel 3apsia
SIBIISIETCS OTIPEIEISIFONINM (haKTOPOM.

Taxum obpazom, HE00X0IMMO pa3paborarb
TEOPETHYECKYI0 MOJENb Ha OCHOBE CHCTEMBI YpaBHEHHIA
Poyza-®aynepa i1 ommcaHUWS — ANEKTPOPH3HIECKUX
CBOICTB ~ HAaHOKOMIIO3WI[MOHHOTO  MarepHaia  mpu
BO3/ICHCTBHH HOHHU3HUPYIOIIETO H3ITYUCHHS.
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Scaling of precast-monolithic reinforced concrete frame building models, test
program and selection of materials

U.D. Khamrokulov!®?
1Samarkand State University of technical named after Mirzo Ulugbek, Samarkand, Uzbekistan

Abstract:

The article presents a unified test program for the experimental study of precast-monolithic reinforced

concrete frame buildings erected in permanent reinforced concrete shell formwork. Three building
models are studied: M-1 (a reference monolithic frame), M-2 (shell-and-core columns, U-shaped precast-
monolithic girders, monolithic floor slab) and M-3 (a precast multi-hollow floor slab). The modelling is
based on the Buckingham Pi theorem: the dimensionless z-complexes of similarity are derived, the 1:4
scale is substantiated, and recalculation formulas for the prototype are systematized. The loading scheme
and test conditions comply with GOST 8829-94 and SHNK 2.03.01-19. Properties of the materials —
class B25 heavy concrete, A400 steel, Vr-1 wire and basalt reinforcement — were determined in an

accredited

laboratory. Testing of auxiliary specimens gave a mean prismatic

strength

Rom = 30.5 MPa, a coefficient of variation Cy = 0.083 and a design strength Rp = 20.0 MPa. The results
form the methodological basis for an objective comparison of the models.

Keywords:

formwork, concrete strength, test program

precast-monolithic reinforced concrete, frame building, scale model, Buckingham Pi theorem, permanent

Yig‘ma-yaxlit temirbeton sinchli bino modellarini masshtablashtirish, sinov
dasturi va materiallarni tanlash

Xamrokulov U.D.*®2
Mirzo Ulug‘bek nomidagi Samarqgand davlat texnika universiteti, Samarqand, O‘zbekiston

Annotatsiya:

Magpolada yechib olinmaydigan temirbeton qobigli qoliplarda barpo etiladigan yig‘ma-yaxlit temirbeton

sinchli binolarni eksperimental tadqiq etish uchun ishlab chigilgan yagona sinov dasturi bayon etilgan.
Tadgiqot obyekti sifatida uch turdagi bino modeli — M-1 (etalon yaxlit sinch), M-2 (qobig-yadroli ustun,

U-simon yig‘ma-yaxlit

rigel

va yaxlit orayopma) hamda

M-3 (ko‘p bo‘shligli yig‘ma orayopma) qabul gilingan. Modellashtirish Bakingem-Pi teoremasi asosida
amalga oshirilib, o‘xshashlikni belgilovchi oflchamsiz z-komplekslar Keltirib chigarilgan, 1:4
masshtabning gabul qilinishi asoslangan va asosiy Kattaliklarni natura binosiga gayta hisoblash
formulalari tizimlashtirilgan. Yuklash sxemasi hamda sinov shartlari GOST 8829-94 va SHNK 2.03.01-
19 talablariga muvofiq belgilangan. Qo‘llanilgan materiallarning — B25 sinfli og‘ir beton, A400 sinfli
po‘lat armatura, Vr-l sim va bazalt armaturaning fizik-mexanik xossalari akkreditatsiyalangan
laboratoriyada aniglangan. Yordamchi namunalarni sinash natijasida betonning o‘rtacha prizmatik

mustahkamligi

Rom = 30,5 MPa, o‘zgaruvchanlik koeffisiyenti Cv = 0,083 va hisobiy garshiligi R, = 20,0 MPa etib
aniqlangan. Natijalar uch turdagi modelni obyektiv taqqoslash uchun metodik asos bo‘lib xizmat qgiladi.

Kalit so‘zlar:

golip, beton mustahkamligi, sinov dasturi

1. Kirish

Hozirgi kunda respublikamizning barcha shaharlarida
ko‘p qavatli turar-joy va jamoat binolari jadal sur’atlarda
barpo etilmogda [1]. Ularning aksariyati yechib olinadigan
qoliplarda yaxlit temirbeton texnologiyasi bo‘yicha
tiklanmogda. Bunday texnologiyaning  bir  qator
kamchiliklari — opalubka ishlarining gimmatligi, qurilish
muddatining uzayishi, qurilish maydonida beton sifatini
nazorat qilishning murakkabligi va ob-havo sharoitiga

a2 https://orcid.org/0009-0009-8061-3336
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yig‘ma-yaxlit temirbeton, sinchli bino, masshtabli model, Bakingem-Pi teoremasi, yechib olinmaydigan

bog‘ligligi mavjud. Ushbu kamchiliklarni bartaraf etishning
samarali yo‘li — yig‘ma va yaxlit texnologiyalarning
afzalliklarini mujassamlashtirgan yig‘ma-yaxlit temirbeton
texnologiyasini qo‘llashdir.

Biroq yig‘ma-yaxlit texnologiya bo‘yicha barpo
etiladigan sinchli binolarning ustun-rigel-orayopma tugun
zonalaridagi  deformatsiya, yoriq hosil bo‘lish va
mustahkamlik xususiyatlari, shuningdek  yechib
olinmaydigan temirbeton qobigli ustunlarning yaxlit yadro
bilan birgalikdagi ishlashi yetarli darajada tajribaviy

https://doi.org/10.56143/2181-2438-2026-3-194-197
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o‘rganilmagan [8]. Shu bois ushbu tadgiqotda uch turdagi
sinchli bino modeli — M-1 (etalon yaxlit), M-2 (qobig-
yadroli ustun, U-simon yig ‘ma-yaxlit rigel, yaxlit orayopma)
va M-3 (gobig-yadroli ustun, U-simon yig‘ma-yaxlit rigel,
ko‘p bo‘shligli yig‘ma orayopma) yagona sinov dasturi
doirasida tajribaviy tadqiq etildi (1-rasm).

Mazkur magolaning magsadi — tadgiqgotning birinchi
bosqichini, ya’ni modellashtirish uslubi, yagona sinov
dasturi va materiallarni tanlash masalalarini yoritishdan
iborat.

1-rasm. Bino modellarini (M-1, M-2, M-3) tayyorlash
jarayoni

2. Tadgiqot metodologiyasi

Temirbeton konstruksiyalarni to‘liq hajmda sinash katta
moddiy va texnik xarajatlarni talab gilgani sababli, tadgiqot
masshtabga solingan fizik modellar asosida o‘tkazildi.
Modellashtirish  nazariyasi G.A. Geniyev va V.N.
Kissyukning ishlarida ishlab chigilgan bo‘lib [2], uning
matematik asosini Bakingem-Pi teoremasi tashkil etadi [3].
Ushbu teoremaga ko‘ra, fizik jarayonga ta’sir giluvchi n ta
o‘lchamli kattalik va K ta asosiy o‘lcham birligi (uzunlik L,
kuch F, vagt T) bo‘lganida, jarayonni (n — k) ta o‘lchamsiz
r-kompleks orqali to‘liq tavsiflash mumkin [4]. Temirbeton
elementlari uchun asosiy o‘lchamsiz nisbatlar quyidagi
ko‘rinishda ifodalanadi:

nl = o/lEb; @2 = P/(fck-1?);
4 =11/12,

bu yerda ¢ — kuchlanish; E» — betonning elastiklik
moduli; P — yuk; foe— betonning prizmatik garshiligi; Ad/Ac
— armaturalash koeffisiyenti; /,/[- — geometrik o‘lchamlar
nisbati. Ushbu o‘lchamsiz komplekslar natura (original) va
model uchun bir xil giymatni saglasa, tajriba natijalari
masshtab koeffisiyenti yordamida bevosita natura binosiga
ekstrapolyatsiya gilinadi.

Geometrik o‘xshashlik kI = In/l, masshtab koeffisiyenti
bilan ifodalanadi (m — model, p — natura). Tadgiqotda 1:4
masshtab qabul gilindi; bu giymat laboratoriya sinov
jihozlarining (gidravlik domkratlar, o‘lchash asboblari)
imkoniyatlariga va natura  binosining  geometrik
ko‘rsatkichlariga mutanosib ravishda tanlandi. Asosiy fizik
kattaliklarni natura binosiga gayta hisoblash formulalari 1-
jadvalda keltirilgan.

n3 = (fy-As)/(fck-Ac);
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1-jadval
Masshtab koeffisiyentlari va gayta hisoblash
formulalari
Kattalik Belgisi Qayta I1zoh
hisoblash
formulasi
Uzunlik | lp = Imkl k=4
Kuch P Pp = Pmki*ko to‘liq
o‘xshashlikd
ako=1
Kuchlanis o op = om'ks —
h
Salgilik f fo = fmkl-ko/kE kKE —
elastiklik
modullari
nishati

Yuklash sxemasi sifatida har bir oraliqda rigel bo‘ylab
oralig uzunligining 1/3 nisbatida ikki nugtaga to‘plangan
vertikal statik yuk gabul gilindi (2-rasm). Yuklash gidravlik
domkratlar va traversa yordamida bosgichma-bosgich
amalga oshirildi; har bir yuklash bosgichining gadami
loyihaviy chegaraviy yukning 0,1 ulushiga teng olindi.
Sinovlar GOST 8829-94 [5] hamda SHNK 2.03.01-19 [7]
talablariga muvofiq o‘tkazildi.

ST 1300 ST 1300

Ik 1

A El A
2-rasm. Bino modelining yuklash sxemasi

LTI
)

Namunalar Samargand davlat arxitektura-qurilish
universiteti  (SamDAQU)  qoshidagi  tajriba-sinov
laboratoriyasida tayyorlandi. Beton sifatida B25 sinfli
portlandsementli og‘ir beton ishlatildi. Bog‘lovchi sifatida
Jizzax shahridagi «<HUAXIN CEMENT JIZZAH» MChJda
ishlab chiqarilgan M450 markali portlandsement qo‘llanildi;
sement aktivligi 32,7 MPa ni tashkil etdi. Model elementlari
uchun beton qorishmasining tarkibi (I m?® ga): sement 490
kg, qum 970 kg, chagiqtosh 730 kg, suv 245 I; suv-sement
nisbati S/S = 0,5; o‘rtacha hajmiy zichligi 2440 kg/m?.
Yechib olinmaydigan temirbeton gobiq uchun mayda donali
beton (sement 550 kg, qum 1590 kg, suv 275 I, Dmax=5 mm)
ishlatildi.

Bo‘ylama armatura sifatida diametri 8 mm bo‘lgan A400
sinfli po‘lat armatura, ko‘ndalang armatura sifatida diametri
2 mm bo‘lgan Vr-lI sinfli sim qo‘llanildi. Yechib
olinmaydigan qobigni armaturalashda diametri 4 mm
bo‘lgan  bazalt armaturadan foydalanildi. Barcha
materiallarning fizik-mexanik xossalari GOST 31108-2020,
GOST 30744-2001, GOST 8736-93, GOST 34028-2016 va
GOST 12004-81 talablariga muvofig, Ogdaryo tumanidagi
«Regional Testing  Centre» MChJ qoshidagi
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akkreditatsiyalangan tekshirildi
rasmlar).

\_ﬁm

laboratoriyada

(35

5-rasm. Beton namunalarni sinash natijasi

3. Natija va muhokamalar

Yordamchi sinov namunalari asosiy modellar bilan bir
vaqtda, bir xil beton partiyasidan tayyorlanib, bir xil
sharoitda (nisbiy namlik 90%, 28 sutka) saqglandi. Har bir
quyish partiyasidan o‘lchamlari 100x100x100 mm bo‘lgan
kamida 3 ta kub namuna hamda 100%100%400 mm bo‘lgan
3 ta prizma namuna tayyorlanib, GOST 10180-2012 [6]
talablariga muvofiq sinaldi. Prizmatik mustahkamlik va
statistik tahlil natijalari asosida quyidagi ko‘rsatkichlar
olindi: prizmatik mustahkamlikning o‘rtacha qiymati Rpm =
30,5 MPa; o‘rta kvadratik chetlanish S = 2,54 MPa;
o‘zgaruvchanlik koeffisiyenti Cv = S/Rpm = 0,083.
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95% ishonchlilik bilan ta’minlangan me’yoriy qarshilik
Rbn = Rom*(1 — 1,64-Cv) = 26,35 MPa, hisobiy garshilik esa
Rb = Rbn/ybe = 26,35/1,3 = 20,0 MPa etib aniglandi (6-rasm,
2-jadval). Ushbu giymatlar keyingi nazariy hisoblar va
chekli-elementli modellashtirish uchun dastlabki ma’lumot
sifatida gabul gilindi.

B25 sinfli betonning mustahkamlik ko‘rsatkichlari

35

w
=]

N
w

20,0

Mustahkamlik, MPa
- N
w o

=
o

[0}

o

(prizma)

(me'yoriy) (hisabiy)

6-rasm. B25 sinfli betonning mustahkamlik

ko‘rsatkichlari
2-jadval
B25 sinfli betonning sinov natijalari
Ko‘rsatkich Belgis | Qiyma Birlik
i t

Sement aktivligi — 32,7 MPa
Prizmatik Rbm 30,5 MPa
mustahkamlik
(o‘rtacha)
O‘rta kvadratik S 2,54 MPa
chetlanish
O‘zgaruvchanlik Cv 0,083 —
koeffisiyenti
Me’yoriy qarshilik Ron 26,35 MPa
Hisobiy qgarshilik Rob 20,0 MPa

Po‘lat armatura namunalari GOST 12004-81 talablariga
muvofig  universal sinov  mashinasida (UMM-50)
cho‘zilishga sinaldi; oqilish chegarasi, mustahkamlik
chegarasi, nisbiy uzayishi va elastiklik moduli aniglanib,
olingan giymatlar SHNK 2.03.01-19 [7] ning hisobiy
ko‘rsatkichlariga mos kelishi tasdiglandi. Shunday qilib,
yagona sinov dasturi, 1:4 masshtabli modellashtirish uslubi
va materiallarning ishonchli mexanik xossalari uch turdagi
bino modelini bevosita tagqoslash imkonini beradigan
metodik asosni tashkil etdi.

4. Xulosa

1. Yechib olinmaydigan temirbeton qobigli qoliplarda
barpo etiladigan yig‘ma-yaxlit sinchli bino modellarini
tajribaviy o‘rganish uchun yagona sinov dasturi ishlab
chigildi.

2. Bakingem-Pi teoremasiga asoslangan 1:4 masshtabli
modellashtirish uslubi qo‘llanilib, masshtab koeffisiyentlari
va natura binosiga gayta hisoblash formulalari asoslandi.
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3. Yordamchi namunalar sinovi asosida B25 sinfli
betonning o‘rtacha prizmatik mustahkamligi Rom = 30,5
MPa, me’yoriy qarshiligi Ren = 26,35 MPa va hisobiy
garshiligi
Rb = 20,0 MPa etib aniglandi.

4. Ishlab chigilgan metodik asos uch turdagi modelning
(M-1, M-2, M-3) kuchlanish-deformatsiya holati, yorigbar-
doshligi va mustahkamligini obyektiv tagqoslash imkonini
beradi.
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Technical and economic justification of ballastless track structures under

Abstract:

Keywords:

Uzbekistan’s conditions

R. Primkulov®?, Kh. Umarov®P
1Tashkent state transport university, Tashkent, Uzbekistan

The proposed methodology preserves the key principles underlying modern approaches to the evaluation
of technical and economic feasibility solutions for the design of ballastless track structures under
conditions of insufficient initial data. Given the relatively debatable nature of this feature of ballastless
track structures, the rationale for selecting a ballastless track structure for the construction of a high-
speed railway in Uzbekistan has been examined, taking into account the existing risks and the specific
conditions of the country. Taking into account the technical parameters of the upper structural elements
in operation on the railway network of Uzbekistan, the "Rheda" ballast-free track design, modified in
Germany, was selected.

ballastless track structure, economic efficiency assessment, net present value, technical and economic
feasibility study, hyundai rotem, Jaloliddin Manguberdi high-speed train, Tashkent-Samarkand
ballastless track section

O‘zbekiston sharoitida ballastsiz yo‘l konstruksiyalarini texnik-iqtisodiy

Annotatsiya:

Kalit so‘zlar:

asoslash

Primqulov R.0.X®2  Umarov X.K.2®P
Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Taklif etilayotgan metodika boshlang‘ich ma’lumotlarning yetarli emasligi sharoitida loyihalanayotgan
ballastsiz yo‘l konstruksiyalarini texnik-igtisodiy asoslash yechimlarini baholashda zamonaviy
metodikalarning asosi bo‘lgan eng muhim tamoyillarni saqlab qolgan. Balastsiz yo‘l
konstruksiyalarining bu xususiyati yetarlicha bahsli va mavjud risklarni hisobga olgan holda O‘zbekiston
sharoitidan kelib chiqib yuqori tezlikdagi temir yo‘lni qurishda balastsiz yo‘l konstruksiyani tanlash
asoslashlari ko‘rib chigilgan. O‘zbekiston temir yo‘l tarmog‘ida ekspluatatsiyadagi yuqori qurilma
elementlarni texnik parametrlari hisobga olgan holda Germaniyada modifikatsiyalangan ‘“Rheda”
ballastsiz yo‘l konstruksiyasini tanlab olingan.

ballastsiz yo‘l konstruksiyasi, iqtisodiy samaradorligini baholash, sof diskontlangan daromad, texnik-
igtisodiy asoslash, Hyundai Rotem, Jaloliddin Manguberdi tezyurar poyezdi, Toshkent — Samargand
ballastsiz yo‘l uchastkasi

1. Kirish

O‘zbekiston sharoitida ballastsiz yo‘l konstruksiyalarini
texnik-igtisodiy asoslash talab etadi. Buning uchun
O‘zbekiston sharoitini o‘rganish va turli xil sharoitlarda
balastsiz yo‘lning rentabelligi asoslash lozim. Bundan
tashqari Dbalastsiz yo‘llarni barpo gilishda qurilish
narxlarining keskin oshishi va joriy texnik xizmat ko‘rsatish
xarajatlarining pasayishi bilan qoplanadi degan prognozlarni
hisobga olgan holda asoslanishi talab etadi.

Ko‘rib chiqgish uchun taqdim etilgan har bir investitsiya
loyihasi bo‘yicha to‘rtta asosiy ko rsatkich aniqlanadi:

1. Sof diskontlangan daromad (SDD);

2. Rentabellik indeksi (RI);

3. Ichki daromad darajasi (IDD);

4. O‘zini oqlash muddati (Ty).

alZ https://orcid.org/0009-0005-3799-7494
bl https://orcid.org/0000-0003-0397-2780
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Ushbu ko‘rsatkichlar tizimi har bir alohida investitsiya
loyihasining tijorat, byudjet va milliy iqgtisodiy
samaradorligini  baholashga,  shuningdek  maksimal
rentabellik (yoki minimal yo‘qotish) mezonida ko‘rib
chigilganlar orasidan eng yaxshisini tanlashga imkon beradi.

2. Tadgiqot metodologiyasi

Sof diskontlangan daromad (SDD) — bu operatsion
ta’sir va hisob-kitob davri uchun investitsiyalar o‘rtasidagi
farglarning yig‘indisi bo‘lib, bitta (odatda boshlang‘ich)
yilga kamayadi:

Th

SDD = ) (B, = Kp) e,
t=0

https://doi.org/10.56143/2181-2438-2026-3-198-202


https://orcid.org/0009-0005-3799-7494
https://orcid.org/0000-0003-0397-2780

Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:3|2026

bu yerda: T,— hisoblash davri (hisoblash gorizonti)
yillarda; E, —t - yildagi ekspluatatsiya jarayonida iqtisodiy
samarasi; K, — t - yildagi investitsiya xarajatlari; n, —
diskontlash koeffitsiyenti.

Doimiy diskont stavkasi (E) bilan diskontlash
koeffitsiyenti (ko‘p martalik xarajat ko‘rsatkichlarini
kamaytirish koeffitsiyenti)ga teng:

T,

P P
Rl = ZRL' 'nc/ZK:'m,
t=0 t=0

Investitsiya loyihasi Rl > 1 bo‘lganda samarali
hisoblanadi.

Loyiha ikki valyutada — milliy valyuta - so ‘m, o‘lchov
birligi - minso‘'m da hisoblangan. Tashqi savdo
operatsiyalari uchun valyuta — AQSH.dol. Investision loyiha
ekanligini  hisobga olgan holda yakuniy shakllari
min.AQSH.dol. ekvivalentida bajariladi.

O‘zbekiston Respublikasi Prezidentining 2024 yil 12
avgustdagi  PQ-289-son qaroriga 1-ilovasiga muvofiq
ravishda “6 ta yuqori tezlikda harakatlanuvchi
elektropoyezdlarni xarid qilish” loyihasining asosiy texnik-
iqtisoliy qo‘rsatkichlari keltirilgan. Bunda,

Loyihaning umumiy giymati — 253 031,74 ming AQSH
dol.;

Yo‘lovich tashish quvvati — 1321,1 ming yo‘lovchi
yiliga;

Qarzni so‘ndirish muddati — 40 yil;

Kridetni gaytarishda imtiyozli davr — 10 yil;

Kridet foiz stavkasi — 0,05 %.

Hyundai Rotem “Jaloliddin Manguberdi” tezyurar
poyezdining Toshkent — Xiva to‘liq yo‘nalishi bo‘yicha bir
tomonlama chiptalarining rasmiy narxi:

— Ekonom-klass 1 km uchun — 0,064 AQSH dol.;

— VIP-klass 1 km uchun — 0,147 AQSH dol.

Hyundai Rotem “Jaloliddin Manguberdi” tezyurar
poyezdini tarkibi va sig‘imi 1-jadvalda keltirilgan.

1-jadval
“Jaloliddin Manguberdi” tezyurar poyezdini tarkibi va
sig‘imi
\Vagon Har bir yo‘lovchi Jami
Harakatlanuvc Ig vagoniga to‘g‘ri o‘rindi
. - - ar -
hi tarkib turi - keladigan glar
soni e . .
o‘rindiglar soni soni
VIP Klass: 2 24 48
Ekonom-klass 5 68 341
Bistro vagoni 1 0 0
Tortish
lokomotivi 2 0 0
Jami: 389

Biz, “Jaloliddin Manguberdi” tezyurar poyezdining
Toshkent — Samarqand yunalishi bo‘yicha ham analog
usulda qullaymiz. Birog, Toshkent — Xiva to‘liq yo‘nalishida
o‘rtacha harakat tezligi soatiga 136,3 kmni tashkil giladi.
Toshkent — Samarqand yunalishi bo‘yicha o‘rtacha harakat
tezligi soatiga 195,4 kmni tashkil etadi va bilet narxi tezlikka
mos ravishda oshadi. Bunda, koeffisiyent k = 195,4/136,3 =
1,43 ni olamiz.

Sotuv dasturida quyidagilar ko‘zda tutilgan:

Haftada 6 kun, yiliga 52 hafta harakat. Birinchi
bosqichda har bir tarkib kuniga 6 reysdan (“borish-kelish”)
harakatlanadi. Har 5 yilda 2 tadan reysga oshirilib boriladi
(2-jadval).
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2-jadval
“Jaloliddin Manguberdi” tezyurar poyezdiga sotish
shartlari
.‘E = °

c i =S~ § & 8 ~

2 S| EL| 8] B3

- [=] :,_ ‘o 7] < 5 =0

o S oM™ = o= & § S T

= ECSNY o | 28| §2 %)

2 XT - 8 e | < O

< -l 5 TS A oo 2

p <2 ¥ | 25| ER 22

< ES 02| L e~

< o < 3 % E S E

z < | o8 - <

+— — —
—

VIP-klass: | 0,210 48 96 5402,9

Ekonom- 1 o002 | 341 | 682 | 2% | 168154
ass:

Jami: - 389 | 778 22 218,3

“Toshkent — Samargand uchastkasida alohida ajratilgan
ikki izli tezyurar temir yo‘l magistrali qurilishi”
konsepsiyasi “O‘zbekiston temir yo‘llari” AJ topshirig‘iga
muvofiq, ishlab chigilayotgan “Toshkent — Samargand
uchastkasida yangi tezyurar temir yo‘l qurilishi” ga
qo‘shimcha ravishda ishlab chiqilgan.

Igtisodiy nugtai nazardan, Toshkent stansiyasi —
Samargand stansiyasi uchastkasida alohida ajratilgan ikki
izli tezyurar temir yo‘l magistrali qurilishi ko‘p mehnat talab
giladigan va gimmat loyiha hisoblanadi.

Yangi temir yo‘l liniyasi TIA ishlab chigishda ikkita
tubdan farq giluvchi yechim ko‘rib chiqildi:

1. Magistral qurilishining yer usti varianti (ballastli
yo‘l).

2. Magistral qurilishining yer usti varianti (ballastsiz
yo‘l).

Temir yo‘l qurilishining yer usti varianti klassik usulga
kiradi. Bu eng texnologik, tez va kam xarajatli qurilish turi
hisoblanadi. Hozirgi vaqtda dunyodagi temir yo‘llarning
aksariyati yer usti turiga kiradi.

Taqqoslash variantlarini ko‘rib chiqishda quyidagi
asosiy xususiyatlardan foydalanildi:

— ajratiladigan haydaladigan yerlar maydoni;

— yer ishlari hajmi (yer massasi tangisligi), grunt tashish
masofasi;

— sug‘orish texnologiyasining buzilishi;

— giymat ko‘rsatkichlari.

Konsepsiya qurilishining joriy narxlardagi taxminiy
giymati SHNK 4.01.16 - 09 “Qurilish qiymatini
shartnomaviy joriy narxlarda aniqlash qoidalari” va
“Loyiha-gidiruv  ishlari  giymatini  aniglash tartibi
to‘g‘risidagi nizom”ga (Davarxitektqurilishning 10.11.2008

yildagi 22-son qarori bilan tasdiglangan) muvofiq
aniglangan.
Obyekt qurilishining giymati  sotilgan  analog-

obyektlarning resurslarga bo‘lgan ehtiyoji to‘g‘risidagi
ma’lumotlar asosida quvvat birligiga (m?, m, km, p.m. va
h.k.) xarajatlarning solishtirma ko‘rsatkichlari bo‘yicha
normativlarga muvofig uni amalga oshirish uchun zarur
bo‘lgan barcha xarajatlar giymatini kalkulyatsiya qilish
asosida aniglangan.

Muallif magistrlik ishida, ballastsiz yo‘lni qo‘llash
bo‘yicha xorijiy tajribani tahlil gilgan [1]. Bu tajribani
O‘zbekiston sharoitiga ko‘chirish noto‘g‘ri bo‘ladi, ammo
umumiy tendensiyalarni tahlil gilish uchun, shubhasiz,
foydali bo‘ladi.

“Toshkent — Samarqgand uchastkasida alohida ajratilgan
ikki izli yuqori tezlikdagi temir yo‘l magistrali qurilishi”da
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“Toshtemiryo‘lloyiha” MCHJda qurilish smetalarini
hisoblash “ABC4-UZ (5.1)” dasturi yordamida amalga
oshirildi. Toshkent — Samargand uchastkasi ikki izli yugori
tezlikdagi temir yo‘l magistralini 1 km ustki qurilmasini
qurishda smetasi quyidagi natijalar olindi.

Toshkent — Samargand uchastkasida alohida ajratilgan
ikki izli yuqori tezlikdagi temir yo‘l magistralini 1 kmli
ballastli yo‘l qurilishida 66 630 (28 819,5+37 810,55) min.
so‘m ni tashkil gilmoqda (3 va 4-jadvallar). Bu, 66 630/12
000 = 5,552 mIn. AQSH.dol. ni tashkil giladi.

Ko‘pgina tadgiqotchilarning fikriga ko‘ra, ballastsiz
yo‘lni qo‘llash faqat uni qurish qiymati xuddi shu
sharoitlarda oddiy yo‘Ini qurish qiymatidan ko‘pi bilan 30%
ga oshgan taqdirdagina foydalidir [2]. Aytib o‘tish lozimki,
Yaponiya temir yo‘llari ballastsiz yo‘lni qirilish narxi
ballastli yo‘l qurilish narxidan 30%dan oshsa ballastsiz
yo‘Ini qurilish loyihasi qabul qilinmaydi. Germaniya temir
yo‘llari tajribasi shuni ko‘rsatadiki, Rheda ballastsiz yo‘lini
qurish giymati oddiy yo‘lni qurish giymatidan 20-40% ga
yuqori bo‘ladi [3]. Bu o‘sish taxminan 20 yil davomida
ballastli yo‘lga nisbatan ballastsiz yo‘lni ekspluatatsiya
qgilish xarajatlarining kamayishi bilan goplanadi.

3-jadval
Ustki gurilmani gurishda talab etilayotgan xarajatlar
Joriy
N Materiallar va konstruksiyalar narxlarda
i nomi gi giymati,
mlin. so‘m
Quruvchi ishchilar va mashinistlar
! mehnati xarajatlari 416,1863
2 | Qurilish mashinalari va mexanizmlari 1524,665
3 Qurilish materiallari, buyumlari va 25082 1
detallari '
4 | Inert materiallar 894,302
5 Pudratchining boshqa xarajatlari - 29
20% '
Jami: 28 819,5
Yuqoridagi tadgiqotlarga asoslanib  Toshkent —

Samargand uchastkasida alohida ajratilgan ikki izli yugori
tezlikdagi temir yo‘l magistralini ballastsiz yo‘lni 1 kmni
qurilishda 5,552 mIn. AQSH.dol.-1,4~7,78 min. AQSH.dol.
ni tashkil etadi deb hisoblaymiz.

4-jadval
Yer polotnoni qurishda talab etilayotgan xarajatlar
Joriy
N Materiallar va ko_nstruksiyalar nar_xlardggi
il nomi giymati,
mlin. so‘m
1 Quruvchi ishchilar va mashinistlar 1164.67
mehnati xarajatlari '
2 Qurilish mashinalari va 25 849,33
mexanizmlari '
3| Yer polotnosini qurish 107 47,25
4 | Inert materiallar 46,0
5 Pudratchining boshqa xarajatlari - 33
20% '
Jami: 37 810,55

Yo‘linfratuzilmasidan, xususan, yo‘Ini ustki qurilmasini
ekspluatatsiyasida, yo‘lga texnik xizmat ko‘rsatishda yo‘l
ishlarining asosiy turlari, vazifalari va tarkibini ajratib
ko‘rsatish lozim. Dissertatsiya tadqiqoti doirasida o‘rta
ta’mirlash va rejali-ogohlantiruvchi ta’mirlash, shuningdek,
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ballastli va ballastsiz yo‘l konstruksiyalarining joriy
ta’minoti 5 va 6-jadvallarda  ko‘rib  chiqiladi.
Ekspluatatsiyadagi samarani quyidagicha yozish mumkin:

T

Ee = Z(AEjor.tamci + AKremi)r
n=1

Bunda, AEjoy.tam ¢ - variantlar bo‘yicha joriy ta’minot
xarajatlarining farqi sifatida aniglanadigan igtisodiy samara,
uning yo‘lni ustki qurilmasi konstruksiyasi turiga bog‘liq
gismi;

AKpemi - yolni ta’mirlash uchun qo‘shimcha bir
martalik xarajatlar o‘rtasidagi farq bo‘lib, u yo‘lni ustki
qurilmasi konstruksiyasi turiga bog‘liq bo‘ladi.

Toshkent — Samargand uchastkasida alohida ajratilgan
ikki izli yuqori tezlikdagi temir yo‘l magistralini 1 kmni o‘rta
ta’mirda 14 409,75 min. so‘m ni tashkil qilishi aniglandi.
Bu, 14 409,75/12 000 = 1,2008 mIn. AQSH.dol. ni tashkil
giladi. Germaniya [5-7], Yaponiya [5] va Rossiya [4, 8]
ballastsiz yo‘lni ekspluatatsiya qilish tahlillari shuni
ko‘rsatadiki ballastsiz yo‘l ballastli yo‘lga nisbatan 2 marta
kam o‘rta va rejali-ogohlantirish ta’miri xarajatlari talab
giladi (5-jadval). Ballastsiz yo‘lni ekspluatatsiya gilish
tahlillari shuni ko‘rsatadiki ballastsiz yo‘l ballastli yo‘lga
nisbatan 3 marta kam joriy saglash xarajatlari talab giladi (6-
jadval).

5-jadval
Ballastsiz yo‘Ini ekspluatatsiya davomida (ta’mirlash)
sohasidagi samara (ekspluatatsiya davri T = 60 yil)

1 km uchun narx, min. Samara,
Ta’mirlash AQSH.dol. min.
turi Ballast | Davriyli | Ballasts | AQSH.d
li yol k iz yo‘l ol.
LOTa |9 o008 | 4 - 4,8032
ta’mir
2. Rejali-
ogohlantiri | 0,6004 6 - 3,6024
sh ta’miri
Ekspluatatsiyadagi  samarani  quyidagicha yozish

mumkin:

T
E, = 2(1,2008 -4 +0,6004-6) = 8,4056 AQSH.dol.
n=1
6-jadval
Ballastsiz yo‘Ini ekspluatatsiya davomida (joriy saqglash)
sohasidagi samara (ekspluatatsiya davri T = 60 yil)

1 km uchun narx, min. AQSH.dol. | Samara,
Ta’mirl | Ballas . min.
ashturi | tii | Davriy | Ballast S0 |\ nqp g
] lik sizyo‘l | ni
yo'l ol.
oy | 1095 | 60 | 0365 | 60 | 438
saglash

5 va 6-jadvallardan ko‘rinib turibdiki, bunday oraliq
natija va ballastsiz yo‘l konstruksiyasi konsepsiyasiga
amaliy jihatdan ekspluatatsiya xarajatlarini  talab
gilmaydigan konstruksiya sifatida yondashuvda (ya’ni
faoliyatning asosiy turlari, shu jumladan tashish turlari
bo‘yicha xarajatlar) yetarlicha sezilarli samaraga erishiladi.
Shubhasiz, tajribalar soni va ballastsiz yo‘l konstruksiyasini
yotqizish tajribasi yo‘Ini ehtimoliy ta’mirlash (ballastsiz yo‘l
konstruksiyasini qo‘llagan holda) va joriy saqlash xarajatlari
bo‘yicha tobora dolzarb ma’lumotlarni beradi [4].

Infratuzilmaning faqat bitta tashkil etuvchisi (yo‘l)ni
batafsilroq ko‘rib chigilganligi sababli, hisob-kitobda farq
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giluvchi AC,s parametriga ham to‘xtalib o‘tish lozim.
Bunday holda, yillik ekspluatatsiya xarajatlarining farqi
quyidagi formula bo‘yicha an’anaviy usulda aniqlanishi
mumkin [4]:
ACpys = AK;ay,
bu yerda: Ca; - joriy saglash bilan bog‘liq xarajatlar;

AK; - ta’mirlash uchun bir martalik xarajatlar, a, -
diskontlash koeffitsiyenti.

Yea+y

3. Natija va muhokamalar

Investitsiyalarni o°zini oqlash muddati (T,) grafoanalitik
tarzda aniglanishi mumkin. Buning uchun investitsiya
loyihasining hayotiy davri yillari absissa o‘qi bo‘ylab
qoldiriladi va diskontlangan effekt yig‘indisi E¢ ordinata
0°‘qi bo‘ylab qoldiriladi, bu yil uchun t bo‘ladi.

AR, —AZ{ + H, — K,
(1+E) ’

bu yerda: AR, - t — yilda erishilgan natijalardagi
o‘zgarishlar; AZ; - t — yilda ekspluatatsiya xarajatlarning
o‘zgarishi; + H, - t — yildagi soliq o‘zgarishlari; K, - t —
yildagi investitsiya xarajatlari.

Ballastli va ballastsiz yo ‘Ini o‘zini oglash muddati
grafigi 1-rasmda ishlab chigildi.

EP =

EP

Elsplaatatsyn e, pillac

1-rasm. O‘zini oqlash muddati grafigi

Bunda, Toshkent — Samargand uchastkasida alohida
ajratilgan ikki izli yuqori tezlikdagi temir yo‘l magistralni
qurilishda ballastsiz  yo‘lni o‘zini oqlash muddati
To bai—siz = 31 yilni va ballastli yo‘lni o‘zini oqlash
muddati esa Ty pqi—;; = 35 yilni ni tashkil gildi. Olingan
natijalar shuni ko‘rsatadiki yuqori tezlikdagi temir yo‘l
magistralni o‘zini oqlash katta muddat ta’lab qiladi.

1. Ballast yo‘li qurilish uchun kam xarajatlarga ega va
turli xil ekspluatatsiya sharoitlari uchun universal, bundan
tashqari, u shovqin va tebranishni so‘ndirish bo‘yicha eng
yaxshi texnik parametrlarga ega. Biroq, bunday yo‘l joriy
saglash uchun sezilarli xarajatlarga ega.

2. Ballastsiz yo‘Ini qurish ballastli yo‘lga qaraganda 30-
40% qimmatroqdir. Ballastsiz yo‘l xarajatlari ballastli yo‘lga
garaganda 20-30% ga past hisoblanadi. Ballastsiz yo‘lni
qurish xarajatlarining oshishi taxminan 20 yildan so‘ng uni
joriy saglash xarajatlarining kamayishi bilan qoplanadi.
Bunda ballastli yo‘lning taxminiy xizmat muddati 40 yilni,
ballastsiz yo‘Iniki esa 60 yilni tashkil etadi.

3. Ballastsiz yo‘lga nisbatan diskontlashni hisobga olgan
holda hayotiy sikl giymatini baholashning namunaviy
usullaridan foydalanish bir qator sabablarga ko‘ra maqgsadga
muvofiq emas:

- juda uzoq xizmat muddati;
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- ballastsiz yo‘lni wustki qurilmasini qo‘llashdan
olinadigan samara xizmat muddatining oxirgi uchdan bir
qismida yuzaga keladi va diskontlashda to‘liq o‘zlashtiriladi;

- umuman loyihadan olinadigan samaralar hisobga
olinmaydi;

- atrof - muhitdagi o‘zgarishlar (yangi texnologiyalar va
yangi materiallarning paydo bo‘lishi) hisobga olinmaydi.

4. Ballastsiz yo‘lni qo‘llashdan olingan diskontlangan
daromadni taxminan 60 yillik xizmat muddatida baholash
uchun diskontlash stavkasini gayta diskontlash lozim.

5. Ballastsiz  yo‘ldan  ekspluatatsiya  qilish
samaradorligining sharti diskontlashni hisobga olgan holda
ham uzoq vagt davomida undan ekspluatatsiya qilish
samarasining “so‘nmasligi” emas, balki o‘sishi hisoblanadi.
Bu shart diskontlanmagan ta’sirlar dinamikasi va diskont
me’yorining shunday kombinatsiyasida ta’minlanishi
mumkinki, bunda ta’sirni diskontlash koeffitsiyentiga
ko‘paytirish olingan giymatning oldingi davr qiymatiga
nisbatan pasayishiga olib kelmaydi.

4. Xulosa

Toshkent — Samargand uchastkasida alohida ajratilgan
ikki izli yuqori tezlikdagi temir yo‘l magistralini 1 kmli
ballastli yol qurilishida 5,552 mln. AQSH.dol. ni talab
qilishi aniglandi. Rheda ballastsiz yo‘l konstruksiyasini
qurish Toshkent — Samargand uchastkasida alohida
ajratilgan ikki izli yuqori tezlikdagi temir yo‘l magistralini 1
kmli uchun 7,78 mIn. AQSH.dol. ni talab gilishi aniglandi.

Ballastsiz yo‘Ini 60 yil ekspluatatsiya davri davomida
o‘rta ta’mir va rejali-ogohlantirish ta’mirlash sohasida
ballastli yo‘lga nisbatan iqtisodiy samara 8,4056 min.
AQSH.dol. tashkil qildi. Ballastsiz yo‘lni 60 yil
ekspluatatsiya davri davomida joriy saglash ballastli yo‘lga
nisbatan iqgtisodiy samara 43,8 miIn. AQSH.dol. tashkil gildi.

Toshkent — Samargand uchastkasida alohida ajratilgan
ikki izli yuqori tezlikdagi temir yo‘l magistralni qurilishda
sof diskont daromad ballastsiz yo‘lda SDDypai—siz =
658,34 min.AQSH.dol. ni,  ballastli yo‘l wuchun
SDDy pai—1i = 114,04 min. AQSH. dol. ni tashkil gildi.

Toshkent — Samargand uchastkasida alohida ajratilgan
ikki izli yuqori tezlikdagi temir yo‘l magistralni qurilishda
ballastsiz yo‘lni o°zini oqlash muddati Ty 4;_siz = 31 yilni
va ballastli yo‘lni o‘zini oqlash muddati esa T pq_;; =
35yilni ni tashkil qildi. Toshkent — Samargand
uchastkasida alohida ajratilgan ikki izli yuqori tezlikdagi
temir yo‘l magistralni texnik-igtisodiy asoslashda 60 vyil
ekspluatatsiya davri davomida ballastsiz yo‘l iqtisodiy
samaraligi asoslandi.
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Classification of methods for developing supply chains in road transport

Abstract:

Keywords:

logistics

M.S. Burikhodjaeval®?
1Tashkent state transport university, Tashkent, Uzbekistan

The expansion of global production cooperation, the growth of e-commerce, the fragmentation of order
composition, and the increasing demand for delivery speed necessitate the study of supply chain
development in automotive logistics as an independent scientific field. Under these conditions, the
development of the chain is not limited to improving a single transportation operation. It means the joint
transformation of the transport network, warehouses, information systems, contractual relations, tariff
mechanisms, risk management and customer service processes. Since a change made in one link of the
supply chain affects time, cost, inventory, and service levels in other links, a systematic classification of
improvement methods is of theoretical and practical importance.

"Supply" concept, SCM (supply chain management), SCOR, ASCM, supply concept, paradigm ,
infrastructure, risk, resilience, environmental, logistics concept, innovation development, optimization,
complex management, strategy, resource, supply chain planning

Avtomobil transporti logistikasida ta’minot zanjirlarini rivojlantirish usullari

Annotatsiya:

Kalit so‘zlar:

1. Kirish

tasnifi

Burixodjayeva M.S.10?
1Toshkent davlat transport universiteti, Tashkent, O¢zbekiston

Global ishlab chiqgarish kooperatsiyasining kengayishi, elektron tijorat hajmining ortishi, buyurtmalar
tarkibining mayda bo’laklarga ajralishi va yetkazib berish tezligiga qo‘yiladigan talablarning kuchayishi
avtomobil transporti logistikasida ta’minot zanjirlarini rivojlantirish masalasini mustaqil ilmiy yo*‘nalish
sifatida tadgiq etishni taqozo etadi. Mazkur sharoitda zanjirni rivojlantirish alohida tashish operatsiyasini
takomillashtirish bilan cheklanmaydi. U transport tarmog‘i, omborlar, axborot tizimlari, shartnomaviy
munosabatlar, tarif mexanizmlari, risklarni boshqarish va mijozlarga xizmat ko‘rsatish jarayonlarining
birgalikdagi transformatsiyasini anglatadi. Ta’minot zanjirining bir bo‘g‘inida amalga oshirilgan
o‘zgarish boshqa bo‘g‘inlarda vaqt, xarajat, zaxira va xizmat darajasiga ta’sir qilgani sababli
takomillashtirish usullarini tizimli tasniflash nazariy hamda amaliy ahamiyat kasb etadi.

"Yetkazib berish" tushunchasi, SCM (yetkazib berishlar zanjiri boshqgarish), SCOR , ASCM, Ta’minot
tushunchasi, paradigma, Infratuzilma , risk, rezilyentlik, ekologik, logistika tushunchasi, innovatsion
rivojlantirish, optimallashtirish, kompleks boshqarish, strategiya, resurs, yetkazib berishlar zanjirini
rejalashtirish

boshqa bo‘g‘inlarda vaqt, xarajat, zaxira va Xizmat
darajasiga ta’sir qilgani sababli takomillashtirish usullarini

Global ishlab chigarish kooperatsiyasining kengayishi,
elektron tijorat hajmining ortishi, buyurtmalar tarkibining
mayda bo’laklarga ajralishi va yetkazib berish tezligiga
qo‘yiladigan talablarning kuchayishi avtomobil transporti
logistikasida ta’minot zanjirlarini rivojlantirish masalasini
mustaqil ilmiy yo‘nalish sifatida tadqiq etishni taqozo etadi.
Mazkur sharoitda zanjirni rivojlantirish alohida tashish
operatsiyasini takomillashtirish bilan cheklanmaydi. U
transport  tarmog‘i, omborlar, axborot tizimlari,
shartnomaviy munosabatlar, tarif mexanizmlari, risklarni
boshqarish va mijozlarga xizmat ko‘rsatish jarayonlarining
birgalikdagi  transformatsiyasini  anglatadi. Ta’minot
zanjirining bir bo‘g‘inida amalga oshirilgan o°zgarish
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tizimli tasniflash nazariy hamda amaliy ahamiyat kasb etadi.

Ta’minot zanjiri boshqaruvi hagidagi zamonaviy
qarashlar zanjirni mustaqil korxonalar yig‘indisi emas, balki
umumiy iste’mol giymatini yaratishga yo‘naltirilgan o‘zaro
bog‘langan tizim sifatida talqin qgiladi.

Avtomobil transporti zanjirning geografik
moslashuvchanligini ta’minlashi, ishlab chigaruvchi, ombor,
terminal, savdo nuqtasi va yakuniy iste’molchini bevosita
bog‘lay olishi bilan boshqa transport turlaridan ajralib turadi.
Shu bilan birga ushbu ustunlik ko‘plab mayda tashuvchilar,
turli texnik holatdagi transport vositalari, bo‘sh yurishlar,
yo‘l va chegara infratuzilmasidagi  cheklovlar,
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ma’lumotlarning  parchalanganligi ~ hamda  tashish
jarayonidagi yuqori noaniqlik bilan birga namoyon bo‘ladi.

ASCM tomonidan ishlab chigilgan SCOR Digital
Standard zanjirni takomillashtirish va buyurtmani bajarish
jarayonlari bilangina cheklamasdan, tarmoq dizayni,
ma’lumotlar va texnologiyalar, shartnomalar, risk, ekologik-
ijtimoiy  boshqaruv, inson  resurslari, uzluksiz
takomillashtirish va aylanma iqtisodiyot elementlarini
yagona boshqgaruv doirasida ko‘radi [3]. Ushbu yondashuv
takomillashtirish usullarining keng tasnifini shakllantirish
uchun metodologik asos bo‘lib xizmat giladi. Jahon banki
logistika samaradorligini bojxona jarayonlari, infratuzilma,
xalgaro jo‘natmalarni tashkil etish, logistika xizmatlari
sifati, kuzatuvchanlik va o‘z vaqtida yetkazish
ko‘rsatkichlari orqali baholashi ham rivojlanish natijasi ko‘p
o‘Ichovli ekanini tasdiglaydi [4].

2. Tadgigot metodologiyasi

Mazkur tadgigotda avtomobil transporti logistikasida
ta’minot zanjirlarini rivojlantirish usuli deganda zanjirning
xarajat, vaqt, ishonchlilik, moslashuvchanlik, xavfsizlik,
ekologik samaradorlik va mijoz qiymati ko‘rsatkichlarini
magsadli yaxshilashga qaratilgan tashkiliy, iqtisodiy,
texnologik yoki institutsional ta’sir vositasi tushuniladi.

Birinchi mezon - ta’sir obyekti. Unga ko‘ra
rivojlantirish usullari transport infratuzilmasi, transport
vositalari, tarmoq konfiguratsiyasi, ombor va terminallar,
axborot ogimi, zaxiralar, shartnomaviy alogalar, kadrlar
yoki ekologik jarayonlarga yo‘naltiriladi.

Ikkinchi mezon — boshqaruv darajasi bo‘lib, strategik
usullar zanjir arxitekturasini, taktik usullar resurslarni o‘rta
muddatli tagsimlashni, operativ usullar esa kundalik tashish
va buyurtmalar bajarilishini o‘zgartiradi.

Uchinchi mezon — vaqt ufgi: gisga muddatli usullar
mavjud resurslardan foydalanishni  yaxshilasa, uzoq
muddatli usullar infratuzilma, park, ragamli platforma va
hamkorlik modelini yangilaydi.

To‘rtinchi mezon — zanjir gamrovi. Lokal usullar bitta
korxona yoki bitta logistika operatsiyasi doirasida
qo‘llanadi; korxonalararo usullar jo‘natuvchi, tashuvchi,
ombor, ekspeditor va qabul qiluvchi o‘rtasidagi alogalarni
o‘zgartiradi; tarmoq usullari esa hududiy yoki xalgaro
transport yo‘laklarini, logistika markazlarini va davlat tartib-
taomillarini gamrab oladi.

Beshinchi mezon — kutilayotgan natijaning ustuvor turi.
Bu xarajatni kamaytirish, vaqtni qgisqartirish, xizmat
darajasini oshirish, quvvatdan foydalanishni yaxshilash,
tavakkalchilikni pasaytirish, ekologik yukni kamaytirish
yoki zanjirning tiklanish qobiliyatini kuchaytirish shaklida
namoyon bo‘lishi mumkin.

Demak, rivojlantirish usullari o‘zaro muqobil vositalar
emas; ko‘p hollarda ular yagona dastur tarkibida bir-birini
kuchaytiruvchi to’plam sifatida qo‘llanadi.

Rivojlanish darajasini baholashda turli yo‘nalishlardagi
ko‘rsatkichlarni yagona o‘lchovga keltirish uchun integral
indeksdan foydalanish mumkin.  Natijada zanjirning
boshlang‘ich va rivojlantirilgan holatini qgiyoslash uchun
quyidagi umumlashgan ko‘rsatkich taklif etiladi:

lgev = Xwjz, Yw; = 1 @
|_dev — ta’minot zanjirining integral rivojlanish indeksi;

W_j — j-ko‘rsatkichning strategik  ahamiyatini
ifodalovchi vazn koeffitsiyenti;
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zj — 0 dan 1 gacha oraligda normallashtirilgan j-
ko‘rsatkich.

Integral indeksning mazmuni uning tarkibiga kiritilgan
ko‘rsatkichlar va vaznlar bilan belgilanadi. Shu sababli
vaznlarni ekspert bahosi, analitik iarxiya usuli, entropiya

yondashuvi yoki korxonaning strategik ustuvorliklari
asosida aniglash mumkin.
1-jadval
Ta’minot zanjirlarini rivojlantirish usullarini tasniflash
mezonlari
Tasnif
No lash Asosiy lmiy-amaliy
~ | mezon | guruhlar mazmuni
i
1 ]2 3 4
1 Infratuzilma, Usul gaysi
transport elementning holati
Ta’sir | vositasi, yoki ishlash
obyekt | jarayon, mexanizmini
i axborot, zaxira, | o‘zgartirishini
munosabat, ko‘rsatadi.
kadr
2 | Boshg | Strategik, Qarorning amal gilish
aruv taktik, oper ativ | doirasi va boshgaruv
darajas ierarxiyasidagi o‘rnini
i belgilaydi.
3 Qisqa, o‘rta va | Natija olinadigan davr
V. uzoq muddatli | hamda
aqt - o
ufi investitsiyaning
gaytish muddatini
ifodalaydi.
4 Lokal, Rivojlantirish
Zanjir | korxonalararo, | tadbirida
gamro | tarmoq va gatnashuvchi
vi xalgaro subyektlar va hududiy
gamrovni aniglaydi.
5 Ma’muriy, Ishtirokchilar xatti-
Ta’sir igtisodiy, harakatini
mexani | texnologik, o‘zgartiradigan
zmi axborot va boshqaruv vositasini
hamkorlik ochib beradi.
6 Xarajat, vaqt, Usulni baholash
Ustuvo sifat, uchun agosiy natijaviy
r natija moslashu_vc_han mezonni tanlash
lik, xavfsizlik, imkonini beradi.
ekologiya

Manba: muallif tomonidan tizimlashtirilgan.

Ta’minot zanjirlarini rivojlantirish usullarining asosiy
guruhlari quyidagicha:

1. Institutsional-huqugiy rivojlantirish usullari.

Institutsional-huqugiy usullar avtomobil transporti
logistikasidagi bozor qoidalari, ruxsat berish tartiblari,
bojxona va chegara jarayonlari, xavfsizlik talablari,
ma’lumot almashish standartlari hamda davlat-xususiy
sheriklik mexanizmlarini takomillashtirishga qgaratiladi.
Ularning asosiy vazifasi zanjir ishtirokchilari uchun
oldindan tushunarli, barqaror va bir xil qo‘llanadigan
faoliyat muhitini yaratishdir.

2. Tashkiliy-integratsion rivojlantirish usullari.

Tashkiliy-integratsion usullar zanjir ishtirokchilarining
alohida rejalari va manfaatlarini muvofiglashtirish orgali
umumiy natijani yaxshilashga qaratiladi. Ular ishlab
chiqaruvchi, yuk jo‘natuvchi, tashuvchi, ekspeditor, ombor,
distribyutor va gabul giluvchi o‘rtasida vakolat, javobgarlik,
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ma’lumot va iqtisodiy manfaatlarning uyg‘unlashtirilishini
nazarda tutadi.

Integratsiya  darajasini  baholash  uchun ichki,
ta’minotchi, mijoz va logistika provayderi bilan integratsiya
ko‘rsatkichlarini yagona indeksga birlashtirish mumkin:

Iint = Odin + Blsup + yIcus + é;I3PL (2)

I_int — zanjir integratsiyasining umumiy indeksi;

1_in, I_sup, I_cus, I_3PL — mos ravishda ichki, yetkazib
beruvchi, mijoz va logistika provayderi bilan integratsiya
darajasi;

o, f, 7, 06 — ahamiyat koeffitsiyentlari bo‘lib, ularning
yig‘indisi 1 ga teng.

3. Infratuzilmaviy = va  tarmog-konfiguratsion
rivojlantirish usullari.

Infratuzilmaviy usullar transport yo‘llari, logistika
markazlari, terminallar, omborlar, yuklash-tushirish
maydonlari, servis stansiyalari va chegara punktlarining
quvvati hamda  joylashuvini takomillashtirishga
yo‘naltiriladi. ~ Avtomobil  transporti  tarmog‘ining
rivojlanganligi faqat yo‘l uzunligi bilan emas, yuk oqgimlari
hosil bo‘ladigan markazlarning transport yo‘laklariga
ulanishi, tugunlardagi gayta ishlash quvvati va mugqobil
yo‘nalishlarning mavjudligi bilan belgilanadi.

Logistika tarmog‘ini rivojlantirish masalasi umumiy
xarajatlarni minimallashtiruvchi quyidagi model orgali
ifodalanishi mumkin:

minZ = ¥¥c;x; + Xfiy; + Ciny + Crisk + Ceny
©)

C_ij — i va j nuqtalar o‘rtasida yuk birligini tashish
Xarajati;

X_ij — i nuqtadan j nuqtaga yo‘naltiriladigan yuk oqimi;

f_j —j-logistika obyektini tashkil etish yoki ishlatishning
doimiy xarajati;

y_j — obyekt tanlansa 1, aks holda 0 giymat gabul
qiluvchi ikkilik o‘zgaruvchi;

C_inv, C_risk, C_env — zaxira, tavakkalchilik va
ekologik xarajatlar.

4. Transport-texnologik va operatsion rivojlantirish
usullari.

Transport-texnologik usullar mavjud avtomobil parki va
operatsion  jarayonlardan foydalanish  samaradorligini
oshirishga qaratiladi. Ushbu guruh investitsiya talab
gilmaydigan yoki nisbatan tez natija beradigan choralarni
ham, transport vositalarini texnik yangilash va maxsus
kuzovlardan foydalanish kabi kapital tadbirlarni ham
gamrab oladi.

Jarayonning asosiy xizmat ko‘rsatkichi sifatida o‘z
vaqtida va to‘liq bajarilgan buyurtmalar ulushi hisoblanishi
mumekin:

OTIF = Nen-timefull o 1000y, @)

Neotal

N_on-time, full — belgilangan vaqtda hamda to‘liq
hajmda yetkazilgan buyurtmalar soni;

N_total — jami bajarilgan buyurtmalar soni.

5. Ragamli-axborot rivojlantirish usullari.

Raqamli usullar ta’minot zanjiridagi ma’lumotlarni
yig‘ish, standartlashtirish, almashish, tahlil qilish va qarorga
aylantirish  jarayonlarini  takomillashtiradi. ~ Avtomobil
transportida  transportni  boshgarish  tizimi, omborni
boshqgarish tizimi, ERP integratsiyasi, GPS/telematika,
elektron hujjat aylanishi, ECMR, mobil haydovchi ilovalari,
nazorat minorasi, 10T sensorlari, prognozli tahlil va ragamli
egizak texnologiyalari asosiy vositalar hisoblanadi.

Ragamli yetuklikni quyidagi indeks bilan baholash
mumekin:
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D = XVisk ©)

D_m — zanjirning ragamli yetuklik indeksi;

s_k —ma’lumotlar sifati, integratsiya, real vaqt kuzatuvi,
tahlil va avtomatlashtirish bo‘yicha k-komponent bahosi;

v_k — komponentning vazn koeffitsiyenti.

6. Iqtisodiy-moliyaviy rivojlantirish usullari.

Igtisodiy-moliyaviy usullar zanjir ishtirokchilarining
qarorlarini umumiy natijaga yo‘naltiradigan narx, tarif,
rag'bat va investitsiya mexanizmlarini shakllantiradi.
Transport shartnomasida fagat kilometr yoki tonna uchun
to‘lov qo‘llansa, tashuvchi yukni belgilangan muddatda,
to‘liq va sifatli yetkazishdan ko‘ra hajmni oshirishga
ko‘proq manfaatdor bo‘lishi mumkin.

Rivojlantirish  loyihalarining igtisodiy = magsadga
muvofigligi diskontlangan pul ogimlari asosida baholanishi

lozim:
CF,

NPV = ¥ — o (6)

CF_t - t-davrdagi sof pul ogimi;

r — diskont stavkasi;

I_0 — boshlang‘ich investitsiya.

7. Servis va mijozga yo‘naltirilgan rivojlantirish
usullari.

Servis usullari yetkazib berish jarayonini transport
korxonasining ichki qulayligi emas, mijoz ehtiyoji nugtayi
nazaridan gayta loyihalashga garatiladi. Bunda mijozlar
yetkazib berish tezligi, partiya hajmi, mahsulot xususiyati,
xizmat hududi, axborotga ehtiyoj va narx sezgirligi bo‘yicha
segmentlanadi. Barcha mijozlarga bir xil xizmat darajasini
taklif qilish ortigcha xarajat yoki gonigmaslikni keltirib
chigarishi mumkin.

8. Risk, xavfsizlik va rezilyentlikni rivojlantirish
usullari.

Avtomobil transporti logistikasidagi ta’minot zanjiri
yo‘l-transport hodisasi, transport vositasining nosozligi,
chegara yopilishi, tirbandlik, yoqilg‘i ta’minotidagi uzilish,
axborot tizimi ishdan chiqishi, o‘g‘irlik, tabiiy ofat va
talabdagi keskin o‘zgarish kabi tavakkalchiliklarga duch
keladi.

Riskning kutilayotgan iqtisodiy zarari ehtimol va
oqibatning ko‘paytmasi asosida aniqlanadi:

ELisk = XPkli (M

p_k — k-risk hodisasining sodir bo‘lish ehtimoli;

L_k —hodisa sodir bo‘lgandagi igtisodiy zarar.

Riskni kamaytiruvchi chora xarajati uning oldini
oladigan kutilayotgan zarar va zanjirning tiklanish tezligiga
ta’siri bilan giyoslanadi.

9. Ekologik va resurs-tejamkor rivojlantirish usullari.

Ekologik usullar avtomobil yuk tashuvlarining yoqilg‘i
sarfi, issigxona gazlari, shovgin, chigindi va shahar muhitiga
salbiy ta’sirini kamaytirish bilan birga resurslardan
foydalanish samaradorligini oshiradi. Logistika choralariga
transport vositasini  to‘liqgroq yuklash, bo‘sh yurishni
kamaytirish, marshrut va vyetkazib berish vaqtini
optimallashtirish, yuklarni konsolidatsiyalash va multimodal
yechimlar kiradi.

Transportning  ekologik intensivligini  quyidagi
ko‘rsatkich yordamida aniglash mumkin:

M
EICOZ = Qioli (8)

M _CO: — tashish jarayonida hosil bo‘lgan karbonat
angidrid ekvivalenti massasi;

Q x L —bajarilgan transport ishi, tonna-kilometr.

10. Inson kapitali va innovatsion rivojlantirish usullari.

Ta’minot zanjirining texnik va raqamli rivojlanishi
xodimlarning malakasi, hamkorlik madaniyati va
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o‘zgarishlarni qabul qilish qobiliyatisiz barqaror natija
bermaydi. Inson kapitali usullari logistika menejerlari,
dispecherlar, haydovchilar, ombor xodimlari, tahlilchilar va
axborot texnologiyalari mutaxassislarining bilim hamda
ko‘nikmalarini rivojlantiradi.

3. Xulosa

Integral indeksning mazmuni uning tarkibiga kiritilgan
ko‘rsatkichlar va vaznlar bilan belgilanadi. Shu sababli
vaznlarni ekspert bahosi, analitik ierarxiya usuli, entropiya
yondashuvi yoki korxonaning strategik ustuvorliklari
asosida aniglash mumkin. Indeksning oshishi zanjirning bir
vaqtning o‘zida bir nechta muhim xususiyatlari
yaxshilanganini anglatadi; biroq u alohida ko‘rsatkichlar
dinamikasini  almashtirmaydi  ularni  umumlashtiradi.
Ta’minot zanjirlarini rivojlantirish usullarining asosiy 10ta
guruhlari ko’rib chiqildi va taxlil natijasiga ko’ra
institutsional rivojlantirishning iqtisodiy samarasi odatda
bevosita tashish tarifida emas, balki tranzit vaqgtining
gisgarishi, tashkiliy-integratsion  usullar manfaatlarini
muvofiglashtirish orgali umumiy natijani yaxshilashga
qaratilishi, Infratuzilmaviy usullar transport yo‘llarini
joylashuvini takomillashtirishga yo‘naltiradi, Transport-
texnologik usullar yuk birligiga to‘g‘ri keladigan masofa,
vaqt, yoqilg‘i va mehnat sarfini kamaytirgan holda yetkazib
berishning barqarorligini oshiradi, Ragamli usullar ta’minot
zanjiridagi ma’lumotlarni yig‘ish, qarorga aylantirish
jarayonlarini takomillashtiradi, Igtisodiy-moliyaviy usullar
zanjir ishtirokchilarining qgarorlarini  umumiy natijaga
yo‘naltiradigan narx va investitsiya mexanizmlarini
shakllantiradi, Servis usullari  mijoz ehtiyoji nuqtayi
nazaridan gayta loyihalashga qaratiladi, Risklarni
rivojlantirish usullari xavfni fagat sodir bo‘lgandan keyin
bartaraf etishga emas, uni oldindan aniglash, ogibatni
baholash, himoya choralarini tanlash rejasini tayyorlashga
garatiladi, Ekologik usullar avtomobil yuk tashuvlarining
yoqilg‘i sarfi, shovqin, chigindi va shahar muhitiga salbiy
ta’sirini kamaytirish bilan birga resurslardan foydalanish
samaradorligi oshirilishi aniglandi.
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Methods and priority directions for developing supply chains in automotive

Abstract:

Keywords:

transport logistics within the context of Uzbekistan

M.S. Burikhodjaeval®?
1Tashkent state transport university, Tashkent, Uzbekistan

The lack of direct access to Uzbekistan's seaports, the need to cross the territory of several countries in
international transportation, and the distances between inland regions increase the flexible connecting
role of road transport in supply chains. At the same time, the interoperability of international corridors,
border crossings, multimodal terminals, and domestic distribution networks is of particular importance.
The current tasks of the Ministry of Transport include developing the logistics services market, reducing
the transport and logistics costs of entrepreneurs, diversifying corridors, and developing multimodal
transportation. Practical measures to develop Uzbekistan's transport and logistics system include the
goals of electronic queues, expanding container transportation, and improving logistics efficiency [14].
To implement these tasks at the level of the automotive supply chain, close cooperation is required
between the state, logistics operators, shippers, transport companies, digital platforms, and educational
institutions.

Digital-Information, Service and customer-oriented, Risk, security and resilience, human capital and
innovation, institutional-legal, organizational-integrative, Transport-technological and operational, SCM
(supply chain management), SCOR, ASCM, supply concept, paradigm, infrastructure, risk, resilience,
environmental, logistics concept, innovation development, optimization, complex management, strategy,
resource, supply chain planning

O‘zbekiston sharoitida avtomobil transporti logistikasida yetkazib berish

Annotatsiya:

zanjirlarini rivojlantirish usullari va ustuvor yo‘nalishlari

Burixodjayeva M.S.102
1Toshkent davlat transport universiteti, Tashkent, O¢zbekiston

O‘zbekistonning dengiz portlariga to‘g‘ridan-to‘g‘ri kirishning yo‘qligi, xalqaro tashishda bir qancha
davlatlar hududini kesib o‘tish zarurati, ichki hududlar orasidagi masofalar avtomobil transportining
ta’minot zanjirlarida moslashuvchan bog‘lovchi rolini oshiradi. Shu bilan birga, xalgaro yo‘laklarning,
chegara o‘tish joylarining, multimodal terminallarning va ichki tarqatish tarmogqlarining o‘zaro
muvofigligi alohida ahamiyatga ega. Transport vazirligining hozirgi vazifalari gatoriga logistika
xizmatlari bozorini rivojlantirish, tadbirkorlarning transport va logistika xarajatlarini kamaytirish,
koridorlarni diversifikatsiya qilish, multimodal transportni rivojlantirish kiradi. O‘zbekistonning
transport-logistika tizimini rivojlantirish bo‘yicha amaliy chora-tadbirlar elektron navbatlarni tashkil
etish, konteyner tashishni kengaytirish, logistika samaradorligini oshirish maqsadlarini o‘z ichiga oladi
[14]. Ushbu vazifalarni avtomobilsozlik ta'minot zanjiri darajasida amalga oshirish uchun davlat,
logistika operatorlari, yuk jo'natuvchilar, transport kompaniyalari, ragamli platformalar va ta'lim
muassasalari o'rtasida yagin hamkorlik talab etiladi.

Kalit so‘zlar: Ragamli-axborot, Servis va mijozga yo‘naltirilgan, Risk, xavfsizlik va rezilyentlik, Inson kapitali va
innovatsiya, Institutsional-huqugiy, Tashkiliy-integratsion, Transport-texnologik va operatsion, SCM
(yetkazib berishlar zanjiri boshgarish), SCOR , ASCM, Ta’minot tushunchasi, paradigma, Infratuzilma ,
risk, rezilyentlik, ekologik, logistika tushunchasi, innovatsion rivojlantirish, optimallashtirish, kompleks
boshqarish, strategiya, resurs, yetkazib berishlar zanjirini rejalashtirish
1. Kil’iSh buyurtma sikli, xarajat tarkibi, zaxira, transport vositalari
yuklanishi, OTIF, mijoz shikoyatlari, risk hodisalari,
Tasnif rivojlantirish vositalarining mazmunini ochib axborotning  kechikishi ~va ekologik  ko‘rsatkichlar
beradi, biroq amaliy qaror uchun gaysi usul yoki usullar o‘rganiladi. Muammo ildiz sababi aniglanmasdan tanlangan
paketi ustuvor ekanini aniglash talab etiladi. Tanlash usul alomatni vagtincha bartaraf etishi, lekin tizimning
jarayoni zanjir diagnostikasidan boshlanadi. Diagnostikada umumiy holatini yaxshilamasligi mumkin.
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Ikkinchi bosqichda rivojlantirish maqgsadi o‘lchanadigan
ko‘rsatkichlar orqali belgilanadi. Masalan, “transportni
yaxshilash” umumiy ifoda bo‘lsa, “OTIFni 90 foizdan 96
foizga oshirish, bo‘sh yurishni 18 foizdan 12 foizga
kamaytirish va buyurtma siklini 10 foiz gisqartirish” aniq
magsad hisoblanadi. Uchinchi bosgichda turli guruhlardan
mugobil usullar shakllantiriladi. Agar kechikishning sababi
yo‘l emas, yuklash joyidagi navbat va ma’lumotning kech
uzatilishi bo‘lsa, yangi avtomobil xarid gilishdan ko‘ra slot
boshgaruvi, elektron xabarnoma va hamkorlikdagi jadval

samaraliroq bo‘lishi mumkin[1].

1-jadval

Avtomobil transporti logistikasida ta’minot zanjirlarini
rivojlantirish usullarining mualliflik tasnifi

Natija va

Ne gjwjﬁr Asosiy vositalar baholash

ko‘rsatkichlari

1 | Institutsi | Litsenziya va | Ma’muriy kutish
onal- ruxsatlarni va tranzaksiya
huqugiy | soddalashtirish; xarajatlari;

eCMR; elektron | chegara va hujjat
navbat;  yagona | rasmiylashtirish
darcha; xavfsizlik | vagti; nizolar
va ma’lumot | ulushi.
standartlari.

2 | Tashkili | S&OP; CPFR; | Integratsiya
y- SLA; uzoq | indeksi; zaxira
integrats | muddatli aylanishi; rejalar
ion hamkorlik; muvofigligi;

3PL/4APL;  VMI; | buyurtma sikli;
cross-docking; umumiy
hamkorlikda logistika
rejalashtirish. Xarajati.

3 | Infratuzi | Logistika O‘rtacha
Imaviy markazlari; ombor | asofa;
va tarmog‘i; terminal | gamrovradi
tarmog quvvati; mugqobil | usi; terminal

yo‘laklar; shahar | kutishi;

konsolidatsiya quvvatdan

markazlari. foydalanish;
mugobil
yo‘nalishlar
soni.

4 | Transpor | Marshrutlashtirish | OTIF; bo‘sh
t- ; backhauling; | masofa;
texnolog | konsolidatsiya; yuklanish;
ik  va | milk-run; vagt | yoqilg‘i sarfi;
operatsi | oynalari; preventiv | tonna-kilometr;
on Servis; parkni | texnik

yangilash. tayyorgarlik.

5 | Ragamli | TMS, WMS va | Ragamli
-axborot | ERP yetuklik;

integratsiyasi; kuzatuvchanlik;
GPS; telematika; | ma’lumot xatosi;
eCMR; 10T; | prognoz anigligi;
nazorat minorasi; | garor gqabul
tahlil va ragamli | qilish vaqti.
egizak.

6 Igtisodiy | SLA tariflari; | NPV; ROI;

- bonus-malus; xarajat tejalishi;
moliyavi | gainsharing; tarif va xizmat
y lizing;  sug‘urta; | muvozanati;
supply chain | investitsiya

gaytish muddati.
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‘ ‘ finance; PPP va ‘ ‘
yashil moliya.

7 | Servis Mijoz Mijoz gonigishi;
va segmentatsiyasi; shikoyatlar;
mijozga | xizmat paketlari; | OTIF; gayta
yo‘naltir | express/igtisodiy yetkazish;
ilgan tarif; proaktiv | mijozni saglab

xabarnoma; qgolish; xizmat
gaytarish tannarxi.
logistikasi.

8 | Risk, Risk reyestri; | Kutilayotgan
xavfsizli | diversifikatsiya; zarar; uzilish
k va | mugobil marshrut; | chastotasi;
rezilyent | zaxira quvvati; | aniglash va
lik monitoring; tiklanish vaqti;

sug‘urta;,  stress- | xavfsizlik
test; BCP. hodisalari.

9 | Ekologi | Eco-driving; bo‘sh | CO./tonna-km;
k va | yurishni yoqilg‘i sarfi;
resurs- kamaytirish; chigindi; gayta
tejamkor | alternativ yoqilg‘i; | foydalanish

elektr  transport; | ulushi; hayotiy
modal sikl xarajati.
kombinatsiya;

reversiv logistika.

1 | Inson Kompetensiya Xodim

0 | kapitali | modeli; o¢qitish; | unumdorligi;
va simulyatsiya; xatolar;
innovats | Lean/Kaizen; pilot | hodisalar;
iya loyihg; o‘qitish

o‘zgarishlarni samarasi;

boshqarish. takliflar;
texnologiya
gabul qilinishi.

Manba: muallif tomonidan ishlab chigilgan.

2. Tadgiqot metodologiyasi

Usullarni ko‘p mezonli baholashda iqgtisodiy samara,

joriy etish muddati, investitsiya hajmi, riskni kamaytirish,
xizmatga ta’sir, ekologik natija va tashkiliy murakkablik
mezonlari qo‘llanadi. Har bir muqobil usulning ustuvorlik
balli quyidagicha aniglanishi mumkin:

Py = Zw]’amj €Y

P_m — me-rivojlantirish usulining umumiy ustuvorlik
balli;

a_mj — m-usulning j-mezon bo‘yicha normallashtirilgan
bahosi;

®_j — j-mezonning vazni.

Baholash natijasida eng yuqori ball olgan usul avtomatik
ravishda tanlanmasligi kerak. Usullar o‘rtasidagi bog‘liglik,
resurs cheklovlari, ketma-ketlik va joriy etish xavfi tahlil
gilinadi.

Usullarni paket holida qo‘llashda sinergiya yuzaga
keladi. Ragamli kuzatuv, xizmat darajasi shartnomasi va
haydovchilarni  rag‘batlantirish  birgalikda qo‘llansa,
ularning umumiy natijasi har bir usulni alohida joriy etish
natijalari yig‘indisidan yuqori bo‘lishi mumkin. Sinergik
samara quyidagi ifoda orgali baholanadi:

Syn = Epackage — 2E; @

E_package — usullar paketi joriy etilgandagi umumiy
igtisodiy natija;

E_i — i-usulni alohida qo‘llashdan olinadigan natija.
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S yn musbat bo‘lsa, usullar o‘zaro kuchaytiruvchi
xususiyatga ega; manfly bo‘lsa, ular resurs uchun
ragobatlashishi, bir-birini  takrorlashi yoki tashkiliy
murakkablikni oshirishi mumkin. Shuning uchun dastur
portfeli shakllantirilganda sinergiya bilan birga xodimlar
yuklamasi, axborot tizimlari mosligi, investitsiya ogimi va
o‘zgarishlarni qabul gilish qobiliyati hisobga olinadi[2].

Rivojlantirish dasturini vaqt bo‘yicha ham bosqichlash
magsadga muvofig. Qisga muddatda jarayonlarni xaritalash,
ko‘rsatkichlar tizimi, marshrut va yuklanishni yaxshilash,
hujjatlarni standartlashtirish kabi tezkor tadbirlar amalga
oshiriladi. O‘rta muddatda TMS/WMS integratsiyasi,
hamkorlik shartnomalari, parkni yangilash, konsolidatsiya
markazlari va xodimlar kompetensiyasi rivojlantiriladi.
Uzog muddatda tarmoq konfiguratsiyasi, multimodal
infratuzilma, ragamli egizak, past emissiyali transport va
xalgaro axborot platformalariga integratsiya ta’'minlanadi.

2-jadval
Rivojlantirish usullarini boshqaruv darajalari bo‘yicha
joylashtirish

:o‘nalis Strat_egik Taktik daraja Oper_ativ
daraja daraja
1 2 3 4
Tarmoq Tugunlar Quvvat va Kunlik yuk
va va Xizmat ogimlarini
infratuzil | koridorlar | hududlarini tugunlarga
ma konfigurats | tagsimlash yo‘naltirish
iyasi
Transpor | Park Park tarkibi, Buyurtma
t modeli va | servis va biriktirish,
operatsiy | texnologik | tashuvchi marshrut
alari standart portfeli va
dispetcherl
ik
Ragamla | Ma’lumotl | Tizimlarni Real vaqt
shtirish ar integratsiya monitoring
arxitektura | qilish va i va
siva analitika og‘ishlarga
platforma javob
tanlash
Igtisodiy | Investitsiya | Tarif, SLA, To‘lov,
mexaniz | va bonus-malus jarima va
m hamkorlik | va budjet kundalik
modeli xarajat
nazorati
Risk va Rezilyentli | Mugobil Xavf
ekologiy | kva quvvat, signali,
a dekarboniz | sug‘urta va eco-driving
atsiya energiya rejasi | va
siyosati favqulodda
choralar

Manba: muallif tomonidan ishlab chigilgan.

O‘zbekistonning dengiz portlariga bevosita chigish
imkoniyati mavjud emasligi, xalgaro tashuvlarda bir nechta
davlat hududidan o‘tish zarurati va ichki hududlar
o‘rtasidagi masofalar ta’minot zanjirlarida avtomobil
transportining ~ moslashuvchan bog‘lovchi rolini
kuchaytiradi. Shu bilan birga xalgaro koridorlar, chegara

https://doi.org/10.56143/2181-2438-2026-3-207-210

punktlari, multimodal terminallar va ichki distribyutsiya
tarmoqlarining o‘zaro muvofiqligi alohida ahamiyatga ega.
Transport vazirligining amaldagi vazifalarida logistika
xizmatlari bozorini rivojlantirish, tadbirkorlarning transport-
logistika xarajatlarini kamaytirish, koridorlarni
diversifikatsiya gilish ~va multimodal tashuvlarni
rivojlantirish yo‘nalishlari belgilangan [3].

Milliy sharoitda birinchi ustuvor yo‘nalish — hujjatlar va
chegara jarayonlarini ragamlashtirishdir. Elektron navbat,
ECMR, elektron ruxsathomalar, transport va bojxona
ma’lumotlarini oldindan uzatish avtomobilning jismoniy
harakatini tezlashtirmasa ham, bekor turish vagtini va
rejalashtirish noanigligini kamaytiradi. [4].

Ikkinchi ustuvor yo‘nalish — hududiy logistika
markazlari va avtomobil—temir yo‘l alogalarini yuk ogimlari
asosida rivojlantirishdir. Logistika markazini fagat ombor
maydoni sifatida emas, konsolidatsiya, bojxona, gadoglash,
cross-docking, transport vositalariga servis va axborot
almashish  funksiyalarini  birlashtiruvchi tugun sifatida
tashkil etish zarur.

Uchinchi ustuvor yo‘nalish — tashuvchilar bozorining
axborot integratsiyasi va kooperatsiyasidir. Kichik transport
korxonalari uchun individual ravishda qimmat bo‘lgan
TMS, elektron hujjat, sug‘urta, qaytish yuklarini qidirish va
yoqilg‘i boshqaruvi xizmatlarini umumiy platforma yoki
logistika provayderi orgali taqdim etish mumkin.

To‘rtinchi ustuvor yo‘nalish — xizmat natijalarini
standart ko‘rsatkichlar asosida boshgarishdir. Transport
korxonalari faoliyatini fagat tashilgan tonna yoki tushum
bilan baholash zanjirga yaratilgan qiymatni to‘liq aks
ettirmaydi. CO: intensivligi, chegara kutishi va tiklanish
vaqti kabi ko‘rsatkichlar yagona monitoring panelida
yuritilishi lozim.

Beshinchi ustuvor yo‘nalish — riskka asoslangan va
ekologik jihatdan ogilona transport siyosatidir. Mugqobil
yo‘nalishlar, transport quvvati rezervi, chegara va yo‘l holati
bo‘yicha real vaqt axboroti, haydovchilar xavfsizligi hamda
yukni himoya qilish choralarini kuchaytirish zanjir
uzilishlarining ogibatini kamaytiradi.

O‘zbekiston transport-logistika tizimini rivojlantirishga
oid amaliy choralarda elektron navbat, konteyner
tashuvlarini  kengaytirish va logistika samaradorligini
oshirish  maqgsadlari ilgari surilmogda [5]. Mazkur
vazifalarni avtomobil transporti ta’minot zanjiri darajasida
amalga oshirish uchun davlat, logistika operatorlari, yuk
jo‘natuvchilar, transport korxonalari, raqamli platformalar
va ta’lim muassasalari o‘rtasida uzviy hamkorlik talab
etiladi.

Avtomobil transporti logistikasida ta’minot zanjirlarini
rivojlantirish ko‘p obyektli va ko‘p mezonli boshqgaruv
vazifasi bo‘lib, uni bitta texnologiya yoki tashkiliy chora
bilan hal etish mumkin emas.

Taklif etilgan mualliflik tasnifi rivojlantirish usullarini
o‘nta guruhga ajratadi: institutsional-huquqiy, tashkiliy-
integratsion, infratuzilmaviy va tarmog, transport-
texnologik, ragamli-axborot, igtisodiy-moliyaviy, servis,
risk va rezilyentlik, ekologik-resurs tejamkor hamda inson
kapitali-innovatsion usullar.

Rivojlantirish usulini tanlash zanjir diagnostikasi, aniq
magsadli ko‘rsatkichlar, muqobil variantlarni ko‘p mezonli
baholash, igtisodiy samarani hisoblash, risk va sinergiyani
tahlil gilish hamda bosgichma-bosgich joriy etishga
asoslanishi kerak.
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3. Xulosa

O‘zbekiston sharoitida elektron hujjatlar, hududiy
logistika markazlari, umumiy ragamli platformalar, standart
samaradorlik ko‘rsatkichlari, risk boshqaruvi hamda park va
kadrlar ~ salohiyatini  yangilash  ustuvor.  Ularning
muvofiglashtirilishi xarajatlarni kamaytirib, yetkazib berish
ishonchliligi va xalgaro integratsiyani kuchaytiradi.
Avtomobil transportining zanjirdagi roli uning eshikdan
eshikkacha yetkazish imkoniyati bilan cheklanmaydi. U
talab o°zgarishiga moslashish, multimodal tugunlarni
bog‘lash, hududiy tagsimot va so‘nggi milni bajarish orqali
zanjirning tezkorligini shakllantiradi. Shu sababli avtomobil
logistikasini rivojlantirish bo‘yicha qarorlar transport
korxonasi chegarasidan chigib, ishlab chigarish, ombor,
savdo, bojxona, moliya va ragamli axborot tizimlari bilan
integratsiyada gabul gilinishi lozim.
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Methods for analyzing complex electrical circuits

A.A. Rakhmonberdiev®?2
1Tashkent state transport university, Tashkent, Uzbekistan

This article presents a detailed study and comparative analysis of three main methods for analyzing
complex electrical circuits: the nodal potential method, the loop current method, and the state variable
method. The analysis made it possible to identify the strengths and weaknesses of each method, as well

Despite the widespread use of the nodal potential method and the loop current method, they require the
solution of parametric matrices and integro-differential equations, which makes their application labor-
intensive and time-consuming. In contrast, the state variable method demonstrates high efficiency and
accuracy in analyzing circuits with nonlinear elements by formulating a system of first-order differential

The state variable method significantly simplifies the analysis of complex electrical circuits and reduces
computational time. Thus, this method is the most suitable for analyzing complex electrical circuits,
providing fast and accurate evaluation with minimal resource consumption, which confirms its advantage

Abstract:

as their applicability and efficiency under various conditions.

equations without the need to process parametric matrices.

for practical application in the field of automation and telemechanics in railway transport.
Keywords:

methods of analysis of complex electrical circuits, mathematical modeling, method of nodal potentials,
method of loop currents, method of state variables, Kirchhoff's laws of currents and voltages, parametric
matrix, topological matrix, transposed matrix

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Murakkab elektr sxemalarni tahlil gilish usullari

Raxmonberdiyev A A 102
Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Mazkur magolada murakkab elektr sxemalarni tahlil gilishning uchta asosiy usuli: tugun potensiallari
usuli, kontur toklar usuli va holat o‘zgaruvchilari usulining batafsil o‘rganilishi va solishtirma tahlili
amalga oshirildi. Tahlil har bir usulning kuchli va zaif tomonlarini, shuningdek, ularning qo‘llanilishi va
samaradorligini turli sharoitlarda aniglash imkonini berdi.

Tugun potensiallari usuli va kontur toklar usulining keng qo‘llanilishiga qaramay, ular parametrik
matritsalarni va integratsion-differensial tenglamalarni yechishni talab giladi, bu esa ularning
qo‘llanishini mehnat talab qiladigan va vaqtni talab giladigan holga keltiradi. Ulardan farqli o‘laroq, holat
o‘zgaruvchilari usuli, chizigli bo‘lmagan elementlarga ega bo‘lgan sxemalarni tahlil qilishda yuqori
samaradorlik va aniglikni namoyish etadi, parametrik matritsalarni gayta ishlashsiz birinchi tartibli
differensial tenglamalar tizimini shakllantiradi.

Holat o‘zgaruvchilari usuli murakkab elektr sxemalarni tahlil qilish jarayonini sezilarli darajada
soddalashtiradi va vaqt sarfini kamaytiradi. Shunday qilib, ushbu usul murakkab elektr sxemalarni tahlil
qilish uchun eng maqbul usul bo‘lib, resurslarni minimal sarflab, tez va aniq baholashni ta’minlaydi, bu
uning temir yo‘l transportida avtomatika va telemexanika sohasida amaliy qo‘llanish uchun afzalligini
tasdiglaydi.

murakkab elektr sxemalarni tahlil gilish usullari, matematik modellashtirish, tugun potensiallari usuli,
kontur toklar usuli, holat o'zgaruvchilari usuli, Kirxgofning tok va kuchlanish gonunlari, parametrik
matritsa, topologik matritsa, transpozitsiyalangan matritsa

komponentlar hamda  o‘zaro  kuchli  bog‘langan
tarmoglarning mavjudligi bilan izohlanadi. Shu sababli,

So‘nggi yillarda elektr energetika tizimlari, xususan,
murakkab strukturaga ega elektr sxemalarni matematik
modellashtirish va tahlil gilish masalalari dolzarb ilmiy-
texnik yo‘nalishlardan biri sifatida rivojlanib bormogqda.
Bunday tizimlarning murakkabligi ularning tarkibida
chizigli va chizigsiz elementlar, energiya to‘plovchi reaktiv

3l https://orcid.org/0009-0006-0585-7582
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elektr zanjirlarni anig va ishonchli tahlil qilish uchun
universal va samarali matematik usullarni qo‘llash zarur
hisoblanadi.

Hozirgi kunda murakkab elektr sxemalarni tahlil
gilishda tugun potensiallari usuli, kontur toklar usuli hamda
holat o‘zgaruvchilari usuli keng qo‘llaniladigan asosiy
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klassik yondashuvlar sifatida e’tirof etiladi. Ushbu usullar
elektr zanjirlarning statik va dinamik holatlarini
modellashtirish, o‘tish jarayonlarini tahlil qilish hamda
bargarorlik mezonlarini aniglashda muhim ahamiyat kasb
etadi. Ularning matematik asosini Kirxgof gonunlari hamda
elementlarning volt-amper xarakteristikalari tashkil etadi [1-
3].

Elektr sxemalarni formal ifodalashda graf nazariyasi
muhim rol o‘ynaydi, bunda sxema elementlari tugunlar va
tarmoqlar orqali ifodalanadi. Yo‘naltirilgan graf asosida
shakllantirilgan  model elektr zanjirning topologik
tuzilmasini to‘liq aks ettiradi. Ushbu topologik model
asosida tugunlar va konturlar uchun inkidensiya hamda
bog‘lanish matritsalari tuziladi, bu esa elektr zanjirni vektor-
matritsali ko‘rinishda ifodalash imkonini beradi.

Mazkur matematik yondashuvda elektr sxema
tenglamalari parametrik matritsalar asosida shakllantiriladi,
bunda har bir elementning fizik parametrlari (qgarshilik,
induktivlik, sig‘im va boshqalar) alohida hisobga olinadi [1-
3]. Natijada hosil bo‘lgan yuqori tartibli algebraik va
differensial tenglamalar tizimi zamonaviy sonli usullar
yordamida yechiladi. Birog, amaliy hisoblash jarayonida
ushbu tizimlarning murakkabligi hisoblash resurslariga
bo‘lgan talabni oshiradi va algoritmik jihatdan sezilarli
giyinchiliklar tug‘diradi.

Shu nugtayi nazardan, elektr sxemalarni tahlil gilish
usullarining matematik tuzilmasini chuqur o‘rganish,
ularning hisoblash  samaradorligini  baholash hamda
murakkab tizimlar uchun eng optimal yondashuvni aniglash
dolzarb ilmiy muammo hisoblanadi. Aynigsa, chizigsiz

elementlarni o‘z ichiga olgan sxemalarda an’anaviy
usullarning  cheklovlarini  kamaytirish va  hisoblash
jarayonini  optimallashtirish ~ muhim  ilmiy-amaliy

ahamiyatga ega.

Shuning uchun ushbu ishda murakkab elektr sxemalarni
tahlil gilishning asosiy usullari chuqur tahlil gilinib, ularning
matematik asoslari, qo‘llanilish sohalari hamda hisoblash
samaradorligi o‘rganiladi.

2. Tadgiqot metodologiyasi

Tugun potensiallari va Kontur toklar usullari

Tugun potensiallari usuli. Tugun potensiallari usuli
tadqiq gilinayotgan elektr zanjirda tugunlar soni mustaqil
konturlar soniga teng yoki undan kam bo‘lgan hollarda
go‘llaniladi [2]. Ushbu usul sxemadagi barcha tugun
potensiallari uchun vektor-matritsali tenglamani olish
imkonini beradi. Bunda tugun nugtalarining potensiallar
vektori (V¥ (t)) quyidagi ko‘rinishga ega:

V(t)=—-(4-Y-AT)"1-A-0 (1)
Bu vyerda: A - tugunlar matritsasi; Y -
o‘tkazuvchanliklarning diagonal matritsasi; AT — A

matritsasining transponirlangan ko‘rinishi; © — kuchlanish
manbalari toklarining noma’lum qiymatlari vektori.

(1) tenglamadagi satrlar soni (N¥ — 1) ga teng bo‘lib, bu
yerda N¥Y — tugunlar soni. Ushbu tenglama integro-
differensial  tenglamalar  tizimini  ifodalaydi. Bu
tenglamalarda sig‘imlardagi toklar kuchlanishning hosilasi
orgali, induktivliklardagi toklar esa mos reaktiv elementlar
kuchlanish funksiyalarining integrali orgali aniglanadi.

Kontur toklar usuli. Keyingi usul — kontur toklar usuli
bo‘lib, u murakkab elektr zanjirlarni hisoblashning asosiy
usullaridan biri hisoblanadi va amaliyotda keng qo‘llaniladi
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[3]. Ushbu usulning mohiyati shundan iboratki,
tarmoqlardagi toklar o‘rniga Kirxgofning ikkinchi qonuniga
asosan konturlarda yopiluvchi kontur toklar aniglanadi.

Kontur toklar usulida barcha kontur toklariga nisbatan
tenglamalar tizimi qo‘llaniladi. Kontur toklar vektori (I¢ (t))
quyidagi ifoda bilan aniglanadi (2):

1t)=—(B-Z-B")*-B-v 2)

Bu yerda: Z — elementlar garshiliklarining diagonal
matritsasi; v — tok manbalari kuchlanishlarining noma’lum
kattaliklari vektori; B — konturlar matritsasi; BT — B
matritsasining transponirlangan ko‘rinishi.

(2) ifoda vektor-matritsali tenglama bo‘lib, unda graf
bog‘lanishlarining barcha kontur toklari aniglanadi.

Kontur toklar usulidan foydalanish tugun potensiallari
usulidan foydalanishdagi kabi parametrik matritsalarga
murojat gilishni talab etadi — birinchi holatda (4 - Y - A7),
ikkinchi holatda (B-Z-BT). Matritsalarni teskari
aylantirish (inversiyalash) barcha matritsali amallar ichida
eng murakkab va vaqt talab giladigan jarayon hisoblanadi.

Holat o‘zgaruvchilari usuli

Ma’lumki, sxemaning holati reaktiv elementlarda
to‘plangan energiya hamda mustaqil tok va kuchlanish
manbalari bilan aniglanadi. Kondensator zaryadi va
induktivlik g‘altaklarining magnit oqim bog‘lanishi holat
o‘zgaruvchilari hisoblanadi. Sig‘imlardagi kuchlanishlar va
induktivliklardagi toklar, agar ularning giymatlari o‘zgarmas
bo‘lsa, holat o‘zgaruvchilari sifatida gabul qilinadi.

Holat o‘zgaruvchilari usuli yordamida
induktivliklardagi kuchlanishlar va sig‘imlardagi toklar,
shuningdek, sxemaning nereaaktiv  elementlaridagi
kuchlanish va toklar (y(t)) holat o‘zgaruvchilari (x(t))
hamda mustagil tok va kuchlanish manbalari (u(t)) orgali
ifodalanadi.

Agar mustaqil tok va kuchlanish manbalari ma’lum
bo‘lsa va holat o‘zgaruvchilarining boshlang‘ich qiymatlari
(x(t)) berilgan bo‘lsa, u holda (3) va (4) tenglamalar
yordamida noreaaktiv elementlardagi kuchlanish va toklar
vektori — y(t), shuningdek boshlang‘ich vaqt momenti
uchun induktivliklardagi kuchlanishlar va sig‘imlardagi
toklar aniglanadi.

x() = filx(@),u®) ], ©)
y(@) = folx(®),u(®) ]. ©)

Differensial tenglama (4) ni yechish orqali ma’lum vaqt
oralig‘ining oxiri (integratsiya qadami) uchun holat
o‘zgaruvchilari vektori x(t) aniglanadi. Olingan x(t)
giymati keyingi integratsiya qadami uchun boshlang‘ich
giymat sifatida gabul qilinadi. Ushbu jarayon berilgan
iteratsiyalar sonigacha takrorlanadi [1].

Kontur-tarmoq topologik matritsasi (F-matritsa) holat
o‘zgaruvchilari usuli algoritmining asosini tashkil etadi.

Kirxgofning tok va kuchlanish gonunlari F-matritsa
orgali ifodalanadi:
Uc(t)=—F-UB 5
B)=F"-1I¢ (6)

u yerda:

UC(t), I(t) — sxemaning yo‘nalgan grafigidagi
bog‘lanishlar kuchlanish va toklar vektorlari; UB (¢), IB (t) —
tarmoglar kuchlanish va toklar wvektorlari; FT — F
matritsasining transponirlangan ko‘rinishi.

Murakkab elektr sxemalarni tahlil gilish usullarini
asosiy xususiyatlar bo‘yicha solishtirish

Murakkab elektr sxemalarni tahlil gilish usullari asosiy
xususiyatlari bo‘yicha solishtirildi. Yuqorida ko‘rib
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chigilgan usullarni  taggoslash

keltirilgan.

natijalari  1-jadvalda

1-jadval

Murakkab elektr sxemalarni tahlil gilish usullarining solishtirma jadvali

Usullarning asosiy xususiyatlari

Murakkab elektr sxemalarni tahlil gilish usullari

“Tugun potensiallari usuli”

“Kontur toklar usuli”

“Holat o‘zgaruvchilari

usuli”
Klrxgofn'ln'g 'Eok va kuchlanish Ha Ha Ha
gonunlarini qo‘llash
Int‘egro-dlfferensml tenglamalarni Ha* Ha* Yo'q
go‘llash
Parametr_lk matritsalardan Hax* Hax Yo'q
foydalanish
Topologik matritsa Yo‘q Yo‘q Ha
Katta vagt sarfini talab gilmaydi Yo‘q Yo‘q Ha
Birinchi  tartibli  differensial
tenglamalar tizimini olish Yo‘q Yo‘q Ha
imkoniyati
Chizigsiz elementlarga qo‘llanishi Cheklangan Cheklangan Yugori

Murakkabligi yuqori

Murakkabligi yuqori

Murakkab emas (matritsani

Lﬁg:ﬁg g:?rinl yechish (matritsani teskari gilish (matritsani teskari gilish teskari gilish talab
g talab etiladi) talab etiladi) etilmaydi)
Tahlil anialici Tahlil anigligi yugori, Tahlil anigligi yuqori, Tahlil anigligi yugori va
a9 ammo mehnat talab giladi | ammo mehnat talab giladi samarali
- . - - Yugori samaradorlik va
AfzalliKlari A”'q"o'f’“’;izij{l'iyada A”'q':)‘f’“r;ffi:{l'iyada aniglik, foydalanish
4 4 qulayligi, tez hisoblash
Murakkabligi yugori M‘urak_kabllgl yugort
. . R bo‘gani uchun mehnat o .. .
Kamchiliklari bo‘gani uchun mehnat - . Sezilarli kamchiliklari yo‘q
. ) talab etadi, vaqt sarfi
talab etadi, vaqt sarfi katta K
atta
Izohlar:

*Integrall-differensial tenglamalar birinchi tartibli differensial tenglamalarga qaraganda murakkabroq bo‘lib, ularni yechish

ko‘proq vaqt sarfini talab giladi;

**Parametrik matritsalarni teskari aylantirish matritsalar ustidagi barcha amallar ichida eng mehnat talab giladigan operatsiya

bo‘lib, ko‘p vaqt sarflashni talab giladi.

Holat o‘zgaruvchilari usulida differensial tenglamalar
soni sxemadagi reaktiv elementlar soniga teng. Holat
o‘zgaruvchilari usulining afzalligi shundaki, u parametrik
matritsalarni teskari aylantirishni talab gilmaydi va birinchi
tartibli, oson yechiladigan differensial tenglamalarni olish
imkonini beradi. Yuqorida keltirilgan murakkab elektr
sxemalarni tahlil gilish usullarining solishtirma natijalari 1-
jadvalda keltirilgan.

Holat o‘zgaruvchilari usulidan amaliy foydalanishga
misol sifatida temir yo‘l avtomatika va telemexanika
tizimlarining elektr sxemalarini va ularning energiya
tizimlari bilan bog‘lanish sxemalarini, jumladan, temir
yo‘lning o‘zgaruvchan tok tortish tarmog‘idagi murakkab
elektromagnit  jarayonlarni, ularning avtomatika va
telemexanika tizimlari qurilma va elementlariga ta’sirlarini
hamda ushbu ta’sirlardan himoya qilish vositalarining
samaradorligini murakkab parametrik matritsalarga murojat
gilmasdan turib samarali tahlil gilish imkoniyatini qo‘shish
mumkin. Natijada himoya qurilmalarini loyihalash,
elektromagnit moslashuvchanlikni  baholash va tortish
tarmoglarida kommutatsiya rejimlarini optimallashtirish
bo‘yicha ilmiy hulosalarga ega bo‘lish mumkin. [4-6] ilmiy
ishlarda holat o‘zgaruvchilari usulidan samarali foydalanib
olib borilgan tadgigotlar va ularning natijalari keltirib
o‘tilgan.
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3. Xulosa

O‘tkazilgan  tahlil  shuni  tasdigladiki,  holat
o‘zgaruvchilari usuli murakkab elektr sxemalarini tahlil
qilish uchun eng samarali va aniq usul hisoblanadi, aynigsa
chizigsiz elementlarni o‘z ichiga olgan sxemalarda. Tugun
potensiallari usuli va kontur toklar usuli parametrik
matritsalarni teskari aylantirish hamda integral-differensial
tenglamalarni yechishni talab gilishi bilan farglanadi, holat
o‘zgaruvchilari usuli esa birinchi tartibli differensial
tenglamalar tizimini shakllantirish imkonini beradi, bu esa
yechish jarayonini sezilarli darajada soddalashtiradi va vaqt
sarfini kamaytiradi.

Holat ofzgaruvchilari usulining afzalligi faqatgina
yuqori aniqlik va tezkor tahlilni ta’minlash qobiliyatida
emas, balki mehnat sarfi va hisoblash resurslarini
kamaytirishidadir. Bu esa mazkur usulni temir yo‘l
avtomatika va telemexanika sohasida amaliy qo‘llash uchun
aynigsa muhim giladi, chunki bu sohada tahlilning tezkorligi
va anigligi hal giluvchi ahamiyatga ega.

Shunday qilib, tadqiqot natijalari holat o‘zgaruvchilari
usulini murakkab elektr sxemalarini tahlil gilishda ustuvor
usul sifatida qarash lozimligini ko‘rsatadi, chunki u
resurslardan yanada samarali va ogilona foydalanishni
ta’minlaydi.
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Developing mechanisms for evaluating the relationships between supply chain

Abstract:

Keywords:

participants

M.S. Burikhodjaeval®?
1Tashkent state transport university, Tashkent, Uzbekistan

In the modern economy, the competitiveness of a product is determined not only by the internal efficiency
of the enterprise that produces it. The decisions of all branches, from the supplier of raw materials to the
manufacturer, transport forwarding organization, warehouse operator, distributor, retail entity, financial
and insurance institutions and the final consumer, jointly affect the cost of products, delivery time and
quality of Service. Therefore, the analysis of the relationships between participants in the economic
mechanism of the supply chain represents a broader scientific task than describing the activities of
individual enterprises. The supply chain is a system of technological sequences on the one hand and
economic interests on the other. While a technological sequence represents the flow of a product from
one operation to another, an economic system encompasses the decisions of each participant aimed at
generating revenue, reducing costs, strengthening market position, and limiting risk.

distributor, transaction, digital-Information, Service and customer-oriented, Risk, security and resilience,
human capital and innovation, institutional-legal, organizational-integrative, Transport-technological and
operational, SCM (supply chain management), SCOR, ASCM, supply concept, paradigm , infrastructure,
risk, resilience, environmental, logistics concept, innovation development, optimization, complex
management, strategy, resource, supply chain planning

Ta’minot zanjiri ishtirokchilari munosabatlarini baholash mexanizimlarini

Annotatsiya:

ishlab chigish

Burixodjayeva M.S. 102
1Toshkent davlat transport universiteti, Tashkent, O¢zbekiston

Zamonaviy igtisodiyotda mahsulotning ragobatbardoshligi fagat uni ishlab chigaruvchi korxonaning
ichki samaradorligi bilan belgilanmaydi. Xomashyo yetkazib beruvchidan boshlab, ishlab chigaruvchi,
transport-ekspeditorlik tashkiloti, ombor operatori, distribyutor, chakana savdo subyekti, moliyaviy va
sug‘urta institutlari hamda yakuniy iste’molchigacha bo‘lgan barcha bo‘g‘inlarning qarorlari mahsulot
tannarxi, yetkazib berish muddati va xizmat sifatiga birgalikda ta’sir ko‘rsatadi. Shu sababli ta’minot
zanjiri iqtisodiy mexanizmi ishtirokchilarining o‘zaro munosabatlarini tahlil qilish alohida korxonalar
faoliyatini tavsiflashdan ko‘ra kengroq ilmiy vazifani anglatadi.

Ta’minot zanjiri bir tomondan texnologik ketma-Ketlik, ikkinchi tomondan igtisodiy manfaatlar tizimidir.
Texnologik ketma-ketlik mahsulotning bir operatsiyadan boshqasiga o‘tishini ifodalasa, iqtisodiy tizim
har bir ishtirokchining daromad olish, xarajatni kamaytirish, bozor mavgeyini mustahkamlash va
tavakkalchilikni cheklashga garatilgan garorlarini gamrab oladi.

distribyutor, tranzaksiya, ragamli-axborot, servis va mijozga yo‘naltirilgan, risk, Xavfsizlik va
rezilyentlik, Inson kapitali va innovatsiya, institutsional-huqugiy, tashkiliy-integratsion, Transport-
texnologik va operatsion, SCM (yetkazib berishlar zanjiri boshgarish), SCOR , ASCM, ta’minot
tushunchasi, paradigma, Infratuzilma , risk, rezilyentlik, ekologik, logistika tushunchasi, innovatsion
rivojlantirish, optimallashtirish, kompleks boshqarish, strategiya, resurs, yetkazib berishlar zanjirini

Kalit so‘zlar:
rejalashtirish
1. Kirish
Zamonaviy igtisodiyotda mahsulotning

ragobatbardoshligi fagat uni ishlab chigaruvchi korxonaning
ichki samaradorligi  bilan belgilanmaydi. Xomashyo
yetkazib beruvchidan boshlab, ishlab chigaruvchi, transport-
ekspeditorlik tashkiloti, ombor operatori, distribyutor,
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chakana savdo subyekti, moliyaviy va sug‘urta institutlari
hamda yakuniy iste’molchigacha bo‘lgan barcha
bo‘ginlarning qarorlari mahsulot tannarxi, yetkazib berish
muddati va xizmat sifatiga birgalikda ta’sir ko‘rsatadi. Shu
sababli  ta’minot  zanjiri  iqtisodiy = mexanizmi
ishtirokchilarining o‘zaro munosabatlarini tahlil qilish
alohida korxonalar faoliyatini tavsiflashdan ko‘ra kengroq
ilmiy vazifani anglatadi.
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Ta’minot zanjiri bir tomondan texnologik ketma-ketlik,
ikkinchi  tomondan igtisodiy ~manfaatlar tizimidir.
Texnologik ketma-ketlik mahsulotning bir operatsiyadan
boshqasiga o‘tishini ifodalasa, iqtisodiy tizim har bir
ishtirokchining daromad olish, xarajatni kamaytirish, bozor
mavgeyini mustahkamlash va tavakkalchilikni cheklashga
garatilgan garorlarini gamrab oladi.

Mentzer va  hammualliflar ta’minot  zanjirini
boshqarishni korxonalar ichidagi hamda ular o‘rtasidagi
an’anaviy biznes funksiyalarini tizimli va strategik
muvofiglashtirish sifatida izohlaydi. Lambert va Cooper esa
ta’minot zanjiri boshqaruvini tarmoq tuzilishi, biznes
jarayonlari va boshqaruv komponentlarining o‘zaro
bog‘ligligi orqali tushuntiradi.

Mazkur materialning maqsadi ta’minot zanjiri iqtisodiy
mexanizmi ishtirokchilarining o‘zaro munosabatlarini
tarkibiy, funksional, shartnomaviy, iqtisodiy, axborot, xulg-
atvor va tavakkalchilik o‘lchamlari bo‘yicha tizimli tahlil
qilish, manfaatlar garama-garshiligi hamda
muvofiqlashtirish vositalarini ilmiy asoslash va O‘zbekiston
amaliyoti uchun metodik xulosalar ishlab chigishdan iborat.

Igtisodiy ~ mexanizm iqtisodiy  subyektlarning
magsadlari, resurslari va xatti-harakatlarini muayyan
natijaga yo‘naltiruvchi tamoyillar, usullar, shartnomalar,
rag‘batlar, cheklovlar va nazorat vositalari majmuasidir.
Williamsonning tranzaksiya xarajatlari yondashuvi bozor
bitimining narxdan tashqari xarajatlarini — hamkorni izlash,
muzokara, nazorat, shartnomani bajarishga majburlash va
opportunistik xatti-harakatlardan himoyalanish xarajatlarini
— alohida tahlil qilish zarurligini ko‘rsatadi . Agentlik
nazariyasi esa topshiriq beruvchi va uni bajaruvchi tomon
o‘rtasidagi magsadlar farqi hamda axborot
nomutanosibligini markazga qo‘yadi. Ta’minot zanjirida
ishlab chigaruvchi tashuvchiga yetkazib berish vazifasini
beradi, chakana savdo tarmog‘i ishlab chiqaruvchidan
Xizmat darajasini talab giladi, bank esa
moliyalashtirilayotgan ishtirokchining riskini baholaydi.

Ta'minot zanjirl ishtirokchilari munosabatlarini
baholash mexanizmini ishlab chigish
lok-sxema)

1-rasm.Ta’minot zanjiri ishtirokchilari munosabatlarini
baholash mexanizimlarini ishlab chigish

2. Tadgigot metodologiyasi

Taklif etilayotgan yondashuvga ko‘ra, ta’minot zanjiri
igtisodiy mexanizmi yetti tarkibiy gatlamdan iborat:
ishtirokchilar tarkibi; ular o‘rtasidagi alogalar; shartnomaviy
qoidalar; narx va to‘lovlar; axborot almashinuvi; risk hamda
javobgarlikni tagsimlash; natijani baholash va boshgaruv
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organlari. Ushbu gatlamlarni quyidagi tizimli ifoda orqali
ko‘rsatish mumkin:
EMgc = {N,A,CP,LR,G} (1)

EMgc — ta’minot zanjiri iqtisodiy mexanizmi;

Mazkur ifoda iqgtisodiy mexanizmni fagat narx yoki
shartnoma bilan cheklamaslik kerakligini ko‘rsatadi.
Masalan, aniq shartnoma mavjud bo‘lsa-da, buyurtma
ma’lumoti kech uzatilsa yoki javobgarlik ko‘rsatkichi
o‘lchanmasa, zanjir natijasi pasayishi mumkin. Aksincha,
uzog muddatli ishonch mavjud bo‘lgan hamkorlikda barcha
holatlarni batafsil shartnomalashtirish talab etilmaydi.
Shuning uchun rasmiy va norasmiy boshgaruv vositalari bir-
birini to‘ldiradi.

1-jadval
Ta’minot zanjiri iqtisodiy mexanizmi
ishtirokchilarining funksiyalari va manfaatlari

.. | Nazor .
Asosiy Iqtisodi at gﬁ/O:I?I/(
Ishtirokchi | funksiy | Y qiladi -
. manfaat alchili
asi i gan K
resurs
Xomas | Talab
Xomash | Bargaror .
yo, buyurtm hﬁ X E_asayls
butlovch | a, Ishiab L
Yetkazib i gism | quvvat grr]uqarl ntarx .
beruvchi yoki bandligi, uvvat (S)hizgarl
Xizmatni | o‘z ? to‘iov
Z??S%'m :’;?gsa texnol | kechiki
ogiya | shi
Resursla Ta’min
i Tannarx :\gta hsu ot
tayyor ni di uzilishi
hsulo | kamaytir dizayn
Ishlab mansulo - * i, -
chigaruvch tga ish, ishlab ortiqch
: aylantiri | sotuv va chigari a
sh va | bozor sh zaxira,
zanjirni ulushini raiasi sifat va
tashkil oshirish erend’ sotuv
etish riski
Avtop
Transpo | ark, ¢
Yuk rt tashuv Bt?riss}rln
harakati | quvvatin | chilar yo i |
Transport/ | ni i yugori | tarmog iync;rfi
ekspeditor | rejalasht | band ‘i, kechiki
irish va | qilish, marshr
. . sh, yuk
bajarish | foydali ut ;
/ zarari
tarif axboro
ti
Quvvat
Saglash, | Maydon | Ombor n;r;tg
konsolid | va sig‘im Eandli
Ombor/ atsiya, uskunala | i, _ gi,
terminal qayta rdan _ texnik Jarar
ishlash unumli a, inver;ta
va foydalan | joylas ;
jo‘natish | ish huv tafovut
i
Talabni | Savdo Mijoz | Talab
Distribyuto | shakllant | marjasi, | ma’lu | noaniq
r/savdo irish va | assortim | moti, ligi,
mahsulo | ent sotuv eskiris
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tni aylanish | kanali, | h,
bozorga | i, xizmat | bozor | yetish
chigaris | darajasi | kirishi | movch
h ilik
Ko‘p
operatsi Axbor | Xizmat
yalarni Xizmat ot uzilishi
integrats | paketi platfor |,
3PL/4PL iyalash daromad | masi, subpud
operator va i, hamko | ratchi
tarmogni | miqyos rlar va | sifati,
muvofiq | igtisodi kompe | kiberx
lashtiris tensiya | avf
h
Aylanm
a Foiz, . Kredit
mablag‘, | komissi Kap!ta gaytma
I, risk e
Bank/ kafolat, ya, bahola sligi,
sug‘urta riskni sug‘urta sh noto‘g’
moliyavi | mukofot modeli ri - risk
y i bahosi
goplash
ol Norm | D11
! .| Soliq tiv .
infratuzi tushumi. | vakola tartib-
Davlat Ima  va xavfsizli t taomil,
organlari Jamoat k r;qa’lu bozord
g manfaati | .” . . agi
. igtisodiy | mot va
ni - - nomut
, faollik infratu -
ta’minla - anosibl
zilma :
sh ik
- Kechik
Talabni ﬁZLasljllo Tanlov | ish,
yuzaga tni ,to‘lov | sifat
Yakuniy keltirish maabul va nomuv
iste’molchi | va q fikr- | ofigligi
- . | narx va
giymatni d muloh |,
baholash vagtda aza yugqori
olish
narx

Jadvaldan ko‘rinadiki, bir xil qaror turli ishtirokchilar
uchun turlicha igtisodiy ogibat yaratadi. Katta partiyada
yetkazib berish tashuvchining avtomobil sig‘imidan
foydalanishini va ishlab chigaruvchining tashish xarajatini
yaxshilashi mumkin, biroq distribyutor zaxirasini oshiradi.
Shu sababli alohida ishtirokchining optimal garori butun
zanjir uchun optimal bo‘lishi shart emas.

Har bir ishtirokchining igtisodiy foydaliligi daromad,
xaragjat, risk, majburiyat va  qo‘llab-quvvatlovchi
rag‘batlarning birgalikdagi natijasi sifatida qaralishi
mumekin:

UizRi_Ci_Li_TCi+Si (2)

U, — i-ishtirokchining igtisodiy foydaliligi;

R;— bitim va zanjirdagi ishtirokdan olinadigan daromad;

C;— operatsion va resurs xarajatlari;

L; — risk ro‘y bergandagi kutilayotgan yo‘qotish;

TC;— muzokara, nazorat va shartnomani bajarish
tranzaksiya xarajatlari;

S; — bonus, subsidiya, chegirma yoki hamkorlikdan
olingan qo‘shimcha samara.

Ishtirokchi zanjirdagi hamkorlikni Ui mustaqil faoliyat
yoki muqobil kontragent bilan ishlashdan olinadigan rezerv
foydadan yuqori bo‘lgandagina davom ettiradi.

Ta’minot zanjiridagi o‘zaro munosabatlarni faqat
‘yetkazib beruvchi—xaridor’ vertikal alogasi bilan cheklash
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tarmogning haqiqiy murakkabligini aks ettirmaydi.
Amaliyotda vertikal, gorizontal, diagonal va platformaviy
munosabatlar bir vaqtning o‘zida mavjud bo‘ladi.

2-jadval
Ta’minot zanjiridagi o‘zaro munosabatlarning asosiy
shakllari
Munosa Isht_lro Asosiy Mqvpflqla Kutiladigan
- | kchila . | shtirish -
bat turi obyekti o natija
r vositasi
Buyurtm Yet_ka2|b Ogimning
Ketma- berish s
a, narx, uzluksizligi
. ket : shartnomas .
Vertikal « .. | sifat, - va umumiy
bo*g’in muddat ! VM, xarajatning
lar zaxira " | CPFR, kamayishi
SLA y
Bir Quwvat, Konsorsiu !\/Il_qyo§
. bosgic | marshrut m, . iqtisod, .
Gorizont hdagi ombor kooperatsi | bo‘sh yurish
al g ! ' ya, va ortiqcha
korxon | transport ‘sh -
alar talabi qo‘shma quvvat_nln_g
platforma | kamayishi
Moliya
viy,
sug‘urt Kapi Kredit,
apital, .
Z;(boro risk, fakt‘o';ftng' Likvidlik va
Diagonal t  va ma’lum :;galrzlia’ risklarni
logistik ot, in?e ratsi boshaarish
9 kafolat grasty
a a
subyek
tlari
. Buyurtm
K?p a, narx, | Algoritmik | .. .
jo‘natu reyting | tanlash Q|d|ruv_ va
Platform | vchi va va elektroﬁ tranzaksiya
aviy Xizmat quwvat | kontrakt Xarajatining
provay | o clasht | API " | kamayishi
derlari |. .
irish
Infratuzi -
Davlat | Ima, Dax g::r;\ sTr:slr?lltl va
Davlat- | organla | standart, g %a koridor
xususiy |ri  va|ma’lum yd’ dorli
biznes | ot standart va | samaradorlig
' litsenziya | i
nazorat
Iste’molc _Savdo, T_alab, CRM. Talabga_
hi bilan |sh_lab xizmat reyting moslashlsh
teskari chigaru | sifati, a tarn’1a va  xizmat
aloca vchi va | qaytaris Iqoyistika giymatini
g xaridor | h g oshirish

Moddiy, axborot va moliyaviy ogimlar orqali
munosabatlarning shakllanishi

Ta’minot zanjiridagi munosabatlar bir vaqtning o‘zida
bir nechta ogimlar orqali namoyon bo‘ladi. Moddiy oqim
mahsulot va resurslarning jismoniy harakatini, axborot
ogimi buyurtma, prognoz, zaxira, transport holati va sifat
ma’lumotlarini, moliyaviy oqim esa to‘lov, kredit, sug‘urta,
solig va kompensatsiyani ifodalaydi.

Masalan, yuk belgilangan vaqtda yetib kelgan bo‘lsa-da,
elektron hisob-faktura yoki gabul hujjati tasdiglanmasa,
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tashuvchining to‘lovi kechikadi va aylanma mablag‘ga
ehtiyoj ortadi. Buyurtma axboroti ishlab chigaruvchiga
agregatsiyalangan va kechikkan holda yetib borsa, real
iste’mol talabidan katta buyurtmalar shakllanishi mumkin.
Qamchi effektini buyurtma o‘zgaruvchanligining
yakuniy talab o‘zgaruvchanligiga nisbati orqali baholash
mumekin:
Var(Qy)

BW; = Var(D)

BW, —i-bo‘g‘indagi qamchi effekti koeffitsiyenti;
Q_i — i-bo‘g‘inning buyurtma miqdori;

D — yakuniy iste’mol talabi;

Var — tegishli ko‘rsatkich dispersiyasi.

®)

BW_i birga yaqin bo‘lsa, buyurtma o‘zgarishi real talab
dinamikasini nisbatan to‘g‘ri aks ettiradi. Koeffitsiyentning
birdan sezilarli yuqori bo‘lishi prognoz, partiyalash,
chegirma siyosati yoki axborot kechikishi sababli talab
signali kuchayganini ko‘rsatadi.

Tranzaksiya xarajatlarini quyidagi tarkibiy ko‘rinishda
ifodalash mumkin:

TC =Cs + C, + C, + C. + C, (4)

TC — bitimni tashkil etish va bajarish bilan bog‘liq jami
tranzaksiya xarajati;

C_s — hamkor va axborotni izlash xarajati;

C_n —muzokara va shartnoma tuzish xarajati;

C_m — bajarilishni monitoring qilish xarajati;

C_e — huquqiy ijro, da’vo va kompensatsiya xarajati;

C_o - opportunizm va ishonchsizlikdan kelib
chiqadigan yo‘qotish.
Tranzaksiya  xarajatlari  ko‘pincha  buxgalteriya

hisobotida alohida modda sifatida ko‘rinmaydi. Masalan,
xarid bo‘limining takroriy tekshiruvlari, haydovchining
hujjat kutishi, nizoni hal gilish uchun sarflangan boshgaruv
vaqti yoki kontragentning ishonchsizligi sababli ortigcha
zaxira saglash xarajati turli moddalarda aks etadi. Shu bois
munosabatlar tizimini tahlil gilishda fagat tarif va xarid
narxini emas, bitimning yashirin xarajatlarini ham hisobga
olish zarur.

3-jadval

Ta’minot zanjiri ishtirokchilari munosabatlarini
baholash mexanizimlarini ishlab chigish

Baholash Asosiy Ma’lumo | Iqtisodi
bloki ko‘rsatkichlar tmanbai |y
talqini
Iqgtisodiy Umumiy logistika | Moliyavi | Hamko
natija xarajati, foyda, | y va | rlik
zaxiravaaylanma | boshgaru | yaratga
mablag® tejalishi | v hisobi | n
moddiy
samara
Operatsion | OTIF, sikl vagti, | TMS, Jarayo
muvofiglik | kutish, bo‘sh | WMS, nlarnin
yurish, buyurtma | ERP, g
xatosi GPS sinxron
ligi
Axborot Aniqlik, to‘liglik, | Axborot | Qaror
sifati kechikish, tizimi noanig|l
tizimlararo loglariva | igining
moslik audit kamayi
shi
Shartnoma | Majburiyat Shartno | Tranza
intizomi bajarilishi, ma ksiya
nizolar, da’volar, | reyestri, | xarajati
to‘lov muddati EDI, va
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bank ishonc
ma’lumo | hlilik
ti
Manfaatlar | Umumiy KPI | SLA va | Lokal
ni ulushi,  bonus- | boshgaru | optimal
moslashtiri | jarima  balansi, | v lashtiri
sh samara tagsimoti | bayonno | shning
malari chekla
nishi
Ishonch va | Qo‘shma reja, | So‘rovno | Noras
hamkorlik | ma’lumot ma va | miy
ochigligi, takroriy | intervyu | boshga
shartnoma, ruv
gonigish kapitali
Risk va | Mugobil manba, | Risk Uzilish
bargarorlik | javob va tiklanish | reyestri, | ogibati
vagti, risk | ssenariy | ni
axboroti sinovi kamayt
irish
Innovatsiya | Qo‘shma loyiha, | Loyiha Uzoq
va ragamli portfeli muddat
rivojlanish | integratsiya, va li
xodimlar investitsi | ragobat
tayyorlash ya qobiliy
rejalari ati

Baholash jarayoni to‘rt bosqichda amalga oshirilishi
mumkin. Birinchi bosgichda zanjir xaritasi va kritik
ishtirokchilar aniglanadi. Ikkinchi bosgichda ikki tomon
uchun umumiy magqgsad va o‘lchanadigan ko‘rsatkichlar

belgilanadi. Uchinchi bosqichda ma’lumotlar yig‘ilib,
igtisodiy natija  hamda munosabat sifati baholanadi.
To‘rtinchi  bosqichda tafovutlar bo‘yicha qo‘shma

takomillashtirish rejasi tuziladi. Baholash fagat kontragentni
jazolash vositasiga aylansa, u ma’lumotni yashirishga
rag‘bat beradi; shu bois natija rivojlantirish muloqoti bilan
bog‘lanishi kerak.

O‘zbekiston sharoitida ta’minot zanjiri ishtirokchilari
munosabatlarini  takomillashtirishda  birinchi  vazifa
zanjirning to‘liq iqtisodiy xaritasini shakllantirishdir.
Korxonalar ko‘pincha bevosita yetkazib beruvchi va
xaridorni  biladi, birog ikkinchi darajadagi ta’minotchi,
subpudratchi tashuvchi, oralig ombor, moliyalashtiruvchi va
kritik axborot provayderining zanjirdagi rolini to‘liq
baholamaydi. Natijada yashirin bog‘ligliklar va uzilish
nugtalari  aniglanmaydi.  Kritik mahsulotlar  uchun
ishtirokchi, ogim, sharthoma, quvvat va risk xaritasi tuzilishi
lozim.

4-jadval
Ta’minot zanjirini muvofiglashtiruvchi shartnoma
mexanizmlari
Kimni
Iqgtisodi | ng
(9
Shartn_o y rag ba Afzalligi _Cheklov
maturi | mazmun | tini i
i o‘zgar
tiradi
. Ikki
Birlik Xa_mdo Sodda va | karra
. rning
Ulgurji uchun b arzon ustama
s uyurt . .
narx qat’iy ma boshqaril | va risk
narx qarori adi por_’ngvof
igligi
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Sotuv Buyurtm E(L) = ¥psLs, Ly = YL (2.9
Ishlab Sotuv i ulushla vie mdisi bi ishi lo
Daroma Qaromad chigaru a va | lumo ~ Javobgarli ulushlari yig*indisi birga teng bo‘lishi lozim.
dni i vehi va sotuv ti va Birog ulqrnl teng taqsmlqsh har doim ado_latll yoki _sagmar_ah
. .. | ulushlard manfaati . emas. Riskni eng yaxshi boshgara oladigan, oldini olish
bo‘lishis savdo . audit e . . . . ..
h a bo‘etin n talab choralarini ko‘ra oladlgan }_lokl sug_u_rta}ash 1m}<0n1yat1ga
tagsimla | . g yaginlas o ega tomon katta mas’uliyatni gabul gilishi mumkin.
nadi : htirai | 9112
:r?tllmag Distrib Talab Qaytarm 3. Xulosa
Qaytari yutorni | . a
mahsulot riskini . . . . o
b sotib | . ng o logistika O‘tkazilgan tahlil asosida ta’minot zanjiri iqtisodiy
. gisman . bo‘lishad s e oo . ¢ Y
olish - zaxira . va moral mexanizmi ishtirokchilarining o‘zaro munosabatlari tizimini
g?y ariia garori ! hazard “7M’ konseptual modeli orqali ifodalash taklif etiladi. Model
! tarkibiga: ishtirokchilar majmui (Members); ogim va rollar
Bu_yurtm xaritasi (Mapping); manfaatlar muvozanati (Motivation);
. ant _Yetkaz Noanigli shartnomaviy =~ mexanizm  (Mechanism);  ma’lumot
Miqdor | belgilang | ib kka Quvvat integratsiyasi (Mutual information); risk va javobgarlikni
mosr']asn‘_ an E?VUVC moslash | rezervi birgalikda boshgarish (Mutual risk); natijani o‘lchash va
uvehanti diapazon I va uvchanli | xarajati rivojlantirish (Measurement) kiradi. Mazkur elementlardan
gl d? . Xa_rIIdO[' k birining yo‘qligi munosabat tizimining to‘ligligini buzadi.
Othamrl rejaarn Birinchidan, ta’minot zanjiri iqtisodiy mexanizmi bozor
S _ _ narxlari, shartnomalar va ma’muriy topshiriglarning oddiy
) Hajm Buyurt Miqyos Ortigcha yig‘indisi emas; u mustaqil ishtirokchilarning qarorlarini
'V“q‘?'or oshga}nc_j ma !qt'SOdm zaxira umumiy mahsulot giymatiga yo‘naltiruvchi ko‘p qatlamli
Ch_eglrm a l?lrllk partiya ! ) yaratishi boshqaruv tizimidir.
2l U tagsimla | o vin Ikkinchidan, zanjir ishtirokchilari texnologik jihatdan
pasa}yad' ydi bir-biriga bog‘liq bo‘lsa-da, ularning iqtisodiy magsadlari
Qat’iy Foyda Umumiy avtomatik ravishda mos kelmaydi. Muvofiglashtirishning
IkKi to‘lov va tagsim foydani | Muzokar ilmiy vazifasi lokal foyda va umumiy zanjir samarasi
gismli | Pk i | moslash | avakuch ortasidagi tafovutni kamaytirishdan iborat.
tarif narxi buyurt uvchan | nomutan Uchinchidan, o‘zaro munosabatlarning iqtisodiy
kombina ma tagsimla | osibligi mazmuni mahsulot ogimi bilan bir gatorda axborot, moliya,
tsiyasi _ sh__ xizmat va risk ogimlarida namoyon bo*ladi.
Investitsi Sifat, Zanjir To‘rtinchidan, shartnoma narxni belgilash vositasi
Xarajat | ya yoki market :Chéml_ Hagigiy bo‘lish bilan birga qaror ya.kolzliti,. rigk, jaYobgarlik va
ni servis Ing, roydall xarajatni qo‘shimcha samara tagsimotining iqtisodiy arxitekturasidir.
bo‘lishis | xarajati | [ANSPO | INVESHLSI | o) chiris Beshinchidan, ishonch va uzog muddatli hamkorlik
h denan | M yani h giyin tranzaksiya  xarajatlarini  kamaytiradi, birog  ular
adi harakat | rag‘batla o‘lchanadigan natija, shaffof ma’lumot va adolatli nizolarni
_ ! ntiradi hal qilish tizimi bilan qo‘llab-quvvatlanishi kerak.
Xizmat Transp Natijani Oltinchidan, ragamlashtirish ~ munosabatlarning
korsatki | "0 | vaqt, Noto'g'r texnologik asosini yaxshilaydi, ammo manfaatlar va
SLA va | chi logistik Slf‘aF Va1l KPI ma’lumot boshqgaruvi qoidalarini ozi hal gilmaydi.
bonus- | uchun a to‘liqlikk | xatti- Yettinchidan, munosabat samaradorligi - moliyaviy
Jarima to‘lov operato a haraka_ltnl natija, Xxizmat darajasi, axborot sifati, shartnomaviy intizom,
o‘zgarad ri bog‘layd buzadi ishonch, risk va innovatsiya ko‘rsatkichlarining birgalikdagi
| J tahliliga asoslanishi lozim.
Kutilma Shunday qilib, ta’minot zanjirining barqaror va samarali
gar‘1 . Barqaror | Risk faoliyati ist;tiro.kchilaming Ifigchli nazorfat ?ilinishi bilan
yo“qotis ; IS emas, ularning iqtisodiy manfaatlari to‘g’ri
Barcha | lik ehtimoli
Risk- h o kritik investitsi | ni loyihalashtirilgan munosabatlar orqali uyg‘unlashtirilishi
sharing | “6MSM19 | oo | yasini | baholash bilan ta’minlanadi. O‘zbekiston ~korxonalarida  ushbu
an rlar kuchayti | murakka yondas_h_uvnl joriy etish umumiy Iogl_stlka xarajatl_arm!
ulushda radi b pasaytirish, transport va ombor quvvatidan foydalanishni
taq3_|m|a yaxshilash, aylanma  mablag‘larning aylanishini
nadi tezlashtirish, yetkazib berish ishonchliligini oshirish hamda

Ta’minot zanjirida hamkorlik orqali yaratilgan
go‘shimcha samara tagsimlanmasa, ishtirokchilar umumiy
optimallashtirishga yetarli rag‘bat olmaydi. Qo‘shimcha
samara tashish partiyasini birlashtirish, umumiy prognoz,
zaxirani kamaytirish, bo‘sh yurishni gisgartirish yoki sifatni
oshirish natijasida yuzaga kelishi mumkin.

Riskni igtisodiy baholash ehtimol va ogibatni
birlashtirishni talab qiladi. Zanjir bo‘yicha kutilayotgan risk
xarajati quyidagicha ifodalanadi:
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zanjir uzilishlariga moslashuvchanlikni  kuchaytirishga
xizmat giladi.

Foydalangan
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Systematic methods for assessing and managing occupational safety of train

Abstract:

Keywords:

drivers

Kh. Kamilov®2 M. Amirov®P
1Tashkent state transport university, Tashkent, Uzbekistan

The article examines the issues of assessing and managing occupational safety at railway transport
enterprises, in particular, train drivers performing shunting work. The purpose of the study is to
systematically identify dangerous and harmful factors that arise during the work of train drivers, assess
occupational risks and justify organizational, technical and ergonomic measures aimed at reducing them.
The study analyzed the possibilities of using hazard identification, probability and consequence
assessment, risk matrix, mathematical modeling, RULA, REBA and OWAS ergonomic assessment
methods. It was found that the work of a train driver is complexly affected by the composition of the
moving train, work between cars, boarding and disembarking from cars, switchgear, slipping, electrical
hazards, adverse meteorological conditions, noise, vibration, physical and psycho-emotional loads. As a
result of the study, a continuous management model was proposed, consisting of hazard identification,
risk assessment, information collection, mathematical modeling, selection of protective measures,
automated monitoring and reassessment. This approach can serve as a scientific and practical basis for a
comprehensive assessment of the working conditions of train drivers and the reduction of occupational
risks.

train driver, occupational safety, occupational risk, shunting operations, ergonomic loading,
meteorological conditions, risk factor, automated monitoring, Safety-I, Safety-I1

Poyezd tuzuvchilarining mehnat xavfsizligini baholash va boshgarishning

Annotatsiya:

tizimli usullari

Kamilov X.1®3 Amirov M.1®P
1Toshkent davlat transport universiteti, Tashkent, O¢zbekiston

Magqolada temir yo°l transporti korxonalarida, xususan, manyovr ishlarini bajaruvchi poyezd
tuzuvchilarining mehnat xavfsizligini baholash va boshqarish masalalari tadqiq etilgan. Tadgigotning
magsadi poyezd tuzuvchilarining mehnat faoliyati davomida yuzaga keladigan xavfli va zararli omillarni
tizimli ravishda aniglash, kasbiy risklarni baholash hamda ularni kamaytirishga garatilgan tashkiliy,
texnik va ergonomik choralarni asoslashdan iborat. Tadgiqotda xavflarni identifikatsiyalash, ehtimollik
va oqibat og‘irligini baholash, risk matritsasi, matematik modellashtirish, RULA, REBA va OWAS
ergonomik baholash usullaridan foydalanish imkoniyatlari tahlil qilindi. Poyezd tuzuvchisining ish
faoliyatiga harakatdagi tarkib, vagonlar orasida ishlash, vagonlarga chigish-tushish, strelkali
o‘tkazgichlar, sirpanish, elektr xavfi, noqulay meteorologik sharoitlar, shovqin, vibratsiya, jismoniy va
psixoemotsional yuklamalar kompleks ta’sir ko rsatishi aniglandi. Tadgiqot natijasida xavflarni aniqlash,
riskni baholash, axborotni yig‘ish, matematik modellashtirish, himoya choralarini tanlash,
avtomatlashtirilgan monitoring va gayta baholashdan iborat uzluksiz boshgaruv modeli taklif etildi.
Mazkur yondashuv poyezd tuzuvchilarining mehnat sharoitlarini kompleks baholash va kasbiy risklarni
kamaytirish uchun ilmiy-amaliy asos bo‘lib xizmat qilishi mumkin.

Kalit so‘zlar: poyezd tuzuvchisi, mehnat xavfsizligi, kasbiy risk, manyovr operatsiyalari, ergonomik yuklama,
meteorologik sharoit, xavf omili, avtomatlashtirilgan monitoring, Safety-I, Safety-I1.

1. Kirish poyezd tuzuvchi (poyezd tuzuvchi yordamchisi) kasbi temir
yo‘l sohasi bo‘yicha eng yuqori jarohatlanish xavfiga ega

Temir yo‘l transporti tizimining barqaror va xavfsiz mutaxassisliklardan biri hisoblanadi [1]. o
faoliyat yuritishi ko‘p jihatdan saralash stansiyalarida Poyezd tUZUVCh'S'n'ng ) mfhnat ‘ faoliyati
poyezdlarni shakllantirish va targatish ishlarining sifatiga harakatlanayotgan manevr tarkiblari, ogir texnik uskunalar,
bog‘liq. Ushbu texnologik jarayonlarni amalga oshiruvchi ochiq havodagi o‘zgaruvchan meteorologik —sharoitlar

a

b
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hamda sutkaning turli vaqtlaridagi (shu jumladan, tungi)
yugori ruhiy va jismoniy yuklamalar ostida kechadi.
Amaldagi mehnat muhofazasi tizimlari asosan sodir bo‘lgan
hodisalarni gayd etish va reaktiv reagirlashga (Safety-I)
asoslangan bo‘lib, ular xavflarni oldindan prognoz qilish
hamda proaktiv profilaktika gilish (Safety-11) imkoniyatini
to‘liq qamrab olmaydi [2].

Ushbu tadgigotning magsadi poyezd tuzuvchilarining
mehnat faoliyatidagi xavf va zararli omillarni kompleks
tahlil gilish, kasbiy risklarni migdoriy va sifat jihatidan
baholash usullarini takomillashtirish hamda mehnat
xavfsizligini oshirish bo‘yicha tizimli tavsiyalarni ishlab
chigishdan iborat.

Adabiyotlar tahlili

Temir yo‘l transportida mehnat xavfsizligi va kasbiy
risklarni boshqarish masalalari bo‘yicha mahalliy va xorijiy
olimlar tomonidan bir gator ilmiy-tadgiqot ishlari olib
borilgan [3-11].

Sanoat xavfsizligi va transportda risklarni boshgarish
sohasidagi tadgiqotlarda kasbiy xavflarni ehtimollik va
ogibatlar  og‘irligi  ko‘paytmasi  sifatida  baholash
konsepsiyasi keng yoritilgan. Xususan, temir yo‘l
hodisalarini tahlil gilishda inson omili (human factor) va
uning mehnat sharoitlariga bog‘liqligi yetakchi sabablardan
biri sifatida ko‘rsatiladi [4].

Ergonomik xavflarni baholash sohasida McAtamney va
Corlett (RULA) [5], Hignett va McAtamney (REBA) [6],
hamda Karhu va boshqgalar (OWAS) [7] tomonidan ishlab
chigilgan metodologiyalar ishchilarning statik va dinamik
yuklamalarini, noqulay ish holatlarini (non-neutral postures)
hamda mushak-skelet tizimi kasalliklari yuzaga kelish

xavfini migdoriy baholashda yuqori samaradorlikni
ko‘rsatgan.

Birog, mavjud ilmiy manbalarda  poyezd
tuzuvchilarining  faoliyatiga ta’sir etuvchi  texnik,

meteorologik, ergonomik va psixofiziologik omillarni
yagona integral ko‘rsatkich orqali kompleks baholash hamda
ularni  avtomatlashtirilgan ~ monitoring  tizimlariga
integratsiya gilish masalalari yetarlicha yoritilmagan.

2. Tadgiqot metodologiyasi

Poyezd tuzuvchisining mehnat xavfsizligini boshqarish
tizimining asosiy magsadi manyovr ishlarini bajarish
jarayonida xodim hayoti va sog‘lig‘iga xavf tug‘diruvchi
omillarni oldindan aniqlash, ularning ta’sirini kamaytirish
va xavfsiz mehnat sharoitlarini yaratishdan iborat.

ISO 45001 xalgaro standarti mehnatni muhofaza qilish
va xavfsizlikni boshqarishda xavflarni aniglash, risklarni
baholash, boshgaruv choralarini amalga oshirish va tizimni
doimiy takomillashtirish tamoyillariga asoslanadi [4].

Xalgaro mehnat tashkilotining 1LO-OSH 2001
yo‘rignomasida ham mehnat xavfsizligini boshgarish
tizimini korxonaning umumiy boshgaruv tizimi bilan
integratsiyalash zarurligi ko‘rsatilgan [8].

Boshgaruv tizimining magsadini asoslash uchun poyezd
tuzuvchisining mehnat faoliyatini tavsiflovchi asosiy
ko‘rsatkichlar aniqlanishi lozim. Bu ko‘rsatgichlarga
quyidagilar kiradi:

—  xavfli operatsiyalar soni;

—  harakatdagi tarkibga yaginlashish chastotasi;

—  vagonlarga chigish-tushish soni;

— ish davomiyligi;

—  yurish masofasi;

September, 2026
Research, Innovation, Results

222

—  jismoniy yuklama;

—  ergonomik yuklama;

— meteorologik sharoit;

—  yoritish darajasi;

—  xodimning psixofiziologik holati;

—  xavfsizlik qoidalariga rioya gilish darajasi.

Ushbu ko‘rsatkichlarni yagona tizimga birlashtirish
orgali poyezd tuzuvchisining mehnat xavfsizligi holatini
kompleks baholash mumkin.

Poyezd tuzuvchisining mehnat xavfsizligini matematik
modellashtirish. Poyezd tuzuvchisining mehnat xavfsizligini
boshqarishda tizimlar nazariyasi matematik modellashtirish
usullaridan foydalanish  xavfsizlik holatini miqdoriy
baholash imkonini beradi.

Mehnat xavfsizligining integral ko‘rsatkichini quyidagi
ko‘rinishda ifodalash mumkin:

Ky =2 -W; - X;

bunda:

Kumx — poyezd tuzuvchisining mehnat xavfsizligi integral
ko‘rsatkichi;

Wi — xavf omilining vazn koeffitsiyenti;

Xi — tegishli xavf omilining baholangan giymati.

Tizimli yondashuv xavfsizlikni bir-biridan ajralgan
hodisalar yig‘indisi sifatida emas, balki o‘zaro bog‘liq
elementlardan tashkil topgan tizim sifatida baholash
imkonini beradi [3, 4].

Masalan, poyezd tuzuvchisi uchun harakatdagi tarkib
bilan bog‘liq xavf eng yuqori ustuvorlikka ega bo‘lishi
mumkin. Keyingi o‘rinlarda vagonlarga chiqish-tushish,
meteorologik sharoit, ergonomik yuklama, elektr xavfi va
psixofiziologik omillar baholanadi.

Mazkur matematik model yordamida xavfsizlik
darajasini vaqt bo‘yicha kuzatish va xavfsizlik holatining
o‘zgarishini prognozlash imkoniyati yaratiladi.

Poyezd tuzuvchisining kasbiy riskini baholash

Kasbiy riskni baholash poyezd tuzuvchisining mehnat
xavfsizligini boshgarishning asosiy elementlaridan biridir.
Xalgaro xavfsizlik boshgaruvi amaliyotida xavfni aniglash
va uning ehtimoliy ogibatlarini baholash xavfsizlikni
boshgarishning muhim bosqichi sifatida qgaraladi [8, 9].
Kasbiy riskni baholash poyezd tuzuvchisining mehnat
xavfsizligini boshgarishning asosiy elementlaridan biridir.

Riskni soddalashtirilgan holda quyidagicha ifodalash
mumkin:

R=PxS§

bunda:

R — kasbiy risk;

P — xavf yuzaga kelish ehtimoli;

S — xavf oqibatining og‘irligi.

Poyezd tuzuvchisining ish joyida risklarni baholash
quyidagi ketma-ketlikda amalga oshirilishi mumkin 1-rasm.

Risk darajasiga qarab xavflarni past, o‘rta, yuqori va
juda yuqori guruhlarga ajratish mumkin.

Poyezd tuzuvchisining mehnat xavfsizligini axborot
bilan ta’minlash

Poyezd tuzuvchisining mehnat xavfsizligini
boshqarishda axborotning o‘z vaqtida va to‘liq
shakllantirilishi muhim ahamiyatga ega.
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1) Xavfni 2) Xavfni
/ aniglash tasniflash \
7) Qayta 3) Ehtimollikni
baholash baholash

6) Himoya '
choralarini belgilash

1-rasm. Poyezd tuzuvchisining ish joyida risklarni
baholash ketma-ketligi

“O‘zbekiston temir yo‘llari” AJ tizimida poyezd
tuzuvchilarining mehnat xavfsizligi holatini baholash uchun
zarur axborotlarni yig‘ish, hisobga olish va tahlil qilishning
yagona tuzilmasini shakllantirish magsadga muvofig.

Axborotlar quyidagi yo‘nalishlarda shakllantiriladi 2-

rasm.
Poyezd tuzuvchisi ]
Boshgaradi / Ma’lumot
beradi

radi v

Brigada / boshgaruv
bo‘gini

Nazorat qiladi

Mehnat muhofazasi Tahlil va qarorlar
bo'yicha mas'ul

Hisobot beradi
v

Ma’lumot yo‘naltiradi
v

[ Tahlil va boshgaruv markazi ]

2-rasm. Poyezd tuzuvchisining mehnat xavfsizligini
oshirishda axborot bilan ta’minlash ketma-Kketligi

Poyezd tuzuvchisining mehnat xavfsizligiga ob-havo
sharoitlarining ta’siri:

Poyezd tuzuvchisi o‘z mehnat faoliyatini asosan ochiq
havoda amalga oshirgani sababli meteorologik sharoitlar
uning xavfsizligiga bevosita ta’sir ko‘rsatadi. Ularga
quyidagilar kiradi: kuchli sovuq, yuqori harorat, yomg'ir,
gor, tuman, kuchli shamol, muzlama va yuqori namlik
darajasi. Yuqorida sanab o’tilgan poyezd tuzuvchilarning
mehnat faoliyatini olib borishda, aynigsa manyovr ishlarini
bajarish jarayonlarini murakkablashtiradi.

Masalan, yomg‘ir yoki qor yog‘ishi natijasida vagon
pog‘onalari va ballast yuzasi sirpanchiq bo‘lib qolishi
mumkin. Bu esa poyezd tuzuvchisining vagonlarga chigish-
tushish jarayonida yigilish xavfini oshiradi. Tuman yoki
kuchli qor paytida ko‘rish masofasining kamayishi esa
poyezd tuzuvchisi va harakatdagi tarkib o‘rtasidagi xav{siz
masofani nazorat gilishni giyinlashtiradi.

Shu sababli ob-havo sharoitlarini poyezd tuzuvchisining
mehnat xavfsizligini baholash modeliga mustaqil parametr
sifatida kiritish magsadga muvofig.
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Poyezd tuzuvchisining mehnat faoliyatini ergonomik
baholash

Poyezd tuzuvchisining mehnat faoliyatida ergonomik
omillar ham muhim ahamiyatga ega. Xodimning ish
jarayonida doimiy yurishi, egilishi, burilishi, vagonlarga
chiqishi va tushishi hamda qo‘l bilan turli harakatlarni
bajarishi jismoniy yuklamani oshiradi.

Ergonomik baholashda quyidagi ko‘rsatkichlarni
aniglash mumkin:

—  tanaegilish burchagi;

—  bo‘yin holati;

—  yelka vatirsak burchaklari;

— bilak holati;

—  oyoq va tizza holati;

—  statik yuklama davomiyligi;

- takroriy harakatlar soni;

—  yurish masofasi;

vagonlarga chigish-tushish chastotasi.

Poyezd tuzuvchisining ish holatini baholashda RULA,
REBA va OWAS usullaridan foydalanish mumkin. Ushbu
metodlar yordamida poyezd tuzuvchisining qaysi ish
operatsiyalarida ergonomik xavf yugori ekanligini aniglash
va ularni kamaytirish bo‘yicha texnik hamda tashkiliy
choralarni ishlab chigish mumkin.

RULA metodi ishchining yuqori qo‘l gismlari, bo‘yin va
tana holatini baholash uchun ishlab chigilgan [8]. REBA esa
butun tana holatini baholashga mo‘ljallangan bo‘lib, turli ish
operatsiyalaridagi ergonomik xavfni aniglash imkonini
beradi [5]. OWAS metodi esa ishlab chigarishdagi ish
holatlarini tizimli ravishda baholash uchun qo‘llaniladi [6].

Poyezd tuzuvchisining mehnat faoliyatini ergonomik
baholashda quyidagi ko‘rsatkichlarni aniqlash maqsadga
muvofiq:

—  tanaegilish burchagi;

—  bo‘yin holati;

—  yelka vatirsak burchaklari;

—  bilak holati;

—  oyoq va tizza holati;

—  statik yuklama davomiyligi;

— takroriy harakatlar soni;

— yurish masofasi;

—  vagonlarga chigish-tushish chastotasi.

Ergonomik baholash natijasida poyezd tuzuvchisi uchun
eng xavfli ish operatsiyalari aniglanib, ularni kamaytirish
bo‘yicha texnik va tashkiliy choralar ishlab chiqilishi
mumkin.

3. Natija va muhokamalar

Poyezd tuzuvchisining mehnat xavfsizligini ta’minlash
usullari

Poyezd tuzuvchisining mehnat xavfsizligini ta’minlash
usullarini beshta asosiy guruhga ajratish mumkin.

1. Tashkiliy usullar:

—  ish boshlashdan oldin xavfsizlik yo‘rignomasini
o‘tkazish;

— xodimlarning bilimini muntazam tekshirish;

— manyovr ishlarini xavfsiz tashkil etish;

ish va dam olish vaqtlarini to‘g‘ri belgilash;
—  xavfli vaziyatlarni gayd etish va tahlil gilish.
2. Texnik usullar:
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signalizatsiya tizimlarini takomillashtirish;
aloga vositalaridan foydalanish;

vagon pog‘onalari va

ergonomiklashtirish;

w

sirpanishga qarshi yuzalarni qo‘llash;
ish joylarini yetarli yoritish;
xavfsizlik belgilarini o‘rnatish.

. Ergonomik usullar:

ish holatini optimallashtirish;

ortigcha egilish va burilishlarni kamaytirish;
vagonlarga chigish-tushishni xavfsizlashtirish;
jismoniy yuklamani me’yorlashtirish;

ish joyini poyezd tuzuvchisining antropometrik

xususiyatlariga moslashtirish.
4. Shaxsiy himoya vositalari:
Poyezd tuzuvchisini:

himoya kaskasi;

signal beruvchi maxsus kiyim;

sirpanishga garshi maxsus poyabzal;

himoya qo‘lqoplari;

mavsumiy maxsus kiyim bilan ta’minlash zarur.

5 Axborot-tahliliy usullar:

etish.

xavfsizlik ko‘rsatkichlarini elektron qayd etish;

xavfli vaziyatlarni ma’lumotlar bazasida saqlash;

risklarni avtomatik hisoblash;
xavfsizlik darajasini monitoring qilish;

xavf oshgan holatlarda ogohlantirish tizimini joriy

Mehnat xavfsizligini baholashni avtomatlashtirish

Poyezd
boshqarishda  axborot

tuzuvchisining mehnat
texnologiyalaridan

xavflarni tezkor aniglash imkonini beradi 3-rasm.

ruxsat etilganmi?
N\
¥ Yo'q (Yugori xavf)
¥

Ha (Normal)

[ Ma’lumotlarni yig‘ish ]‘ﬁ
i

[ Xavf omillarini aniqlash ]

1

[ Ma’lumotlarni elektron

bazasiga kiritish

i

[ Risk ko'rsatkichlarini

hisoblash

!

‘ Matematik model asosida

e

Ha (Qayta baholash)

xavflilik darajasini
aniglash

¥

=

Xavf darajasi

qarorini shakllantirish

Jarayon davom /

etayaptimi?

[ Qo'shimchish va boshqaruv ]

b4 y Yo'q

3-rasm. Poyezd tuzuvchisining mehnat xavfsizligini

boshqarish algoritmi

tutqichlarini

xavfsizligini
foydalanish

September, 2026

Research, Innovation, Results

224

Bunday tizim poyezd tuzuvchisining mehnat
sharoitidagi o‘zgarishlarni muntazam kuzatish va xavf
darajasi oshgan hollarda profilaktik choralarni o‘z vaqtida
belgilash imkonini beradi. Bu yondashuv Safety-I va Safety-
I konsepsiyalarida ko‘rsatilgan xavfsizlikni tizimli va
proaktiv boshqgarish tamoyillariga mos keladi [3].

Poyezd tuzuvchilarining mehnat xavfsizligini oshirish
bo yicha tavsiyalar

Poyezd tuzuvchilarining mehnat xavfsizligini oshirish
uchun quyidagi tavsiyalarni amalga oshirish magsadga
muvofiq:

1. Poyezd tuzuvchisining ish jarayonidagi
omillarining yagona tasnifini ishlab chigish.

2. Kasbiy risklarni migdoriy baholash metodikasini
takomillashtirish.

3. Ergonomik xavflarni RULA, REBA va OWAS
usullari asosida baholash.

4. Meteorologik sharoitlarni xavfsizlik darajasini
baholash modeliga Kiritish.

5. Mehnat xavfsizligi bo‘yicha
elektron shaklda yig‘ish va saqlash.

6.  Xavfsizlikning integral ko‘rsatkichini aniglash
uchun matematik model ishlab chigish.

7.  Xavf darajasini  avtomatik
ogohlantirish tizimini joriy etish.

8.  Vagon pog‘onalari va tutgichlarini ergonomik
jihatdan takomillashtirish.

9. Poyezd tuzuvchilarining mavsumiy mehnat
sharoitlariga mos maxsus kiyimlarini takomillashtirish.

10. Mehnat xavfsizligi bo‘yicha davlat va tarmoq
me’yoriy talablaridagi o‘zgarishlarni korxona standartlariga
muntazam Kiritib borish.

Mazkur tavsiyalar mehnat xavfsizligini boshgarishning
doimiy takomillashtirish tamoyiliga asoslanadi [8].

Poyezd tuzuvchisining mehnat xavfsizligini
boshgarishning taklif etilayotgan modeli.
Tadgiqot  natijalaridan  kelib
tuzuvchisining mehnat  xavfsizligini
quyidagi modeli taklif etiladi 4-rasm.

xavf

ma’lumotlarni

aniglash  va

chigib,  poyezd
boshgarishning

m POYEZD TUZUVCHISINING

MEHNAT FAOLIVATI
5
oLl o ) XAVFLIVA ZARARLI
OMILLARNI ANIQUASH

/e
m NATUALARNI
TAHLIL QILISH TEXNIK, ERGONOMIK,
METEGROLOGIK VA
PSIXOFIZIOLOGIK
POYEZD 9 & BAHOLASH
e

() arossmsimcan TUZUVCHISINING
oo KASBIY RISKNI
XAVFSIZLIGIN awaasH

BOSHQARISH

SIKLI

Coboar

TASHKILIY VA TEXNIK
HIMOYA CHORALARINI
VA QAYTA ISHLASH
- Statistika
- Kuzatuar

AXBOROTLARNI YIGISH ]

[f3 MEHNAT XAVFSIZLIGH
DARAJASINI ANIQLASH

MATEMATIK MODEL ASOSIDA
KOMPLEKS BAHOLASH

%) (u

Izoh: Sikl uziuksiz takeorlanadiva doimiy takornilisshtiilodi.

4-rasm. Poyezd tuzuvchisining mehnat xavfsizligini
boshqarish sikli

Mazkur model mehnat xavfsizligini uzluksiz boshgarish
sikli sifatida garash imkonini beradi. Ushbu yondashuv
xavfsizlikni oldindan boshgarish, xavflarni nazorat gilish va
tizimni doimiy takomillashtirish tamoyillariga asoslanadi [3-
7].
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4. Xulosa

Poyezd tuzuvchisining mehnat faoliyati temir yo‘l
transportidagi yuqori xavfli mehnat jarayonlaridan biri
bo‘lib, uning xavfsizligi ko‘plab texnik, tashkiliy,
ergonomik, meteorologik va psixofiziologik omillarga
bog‘lig.

Tadgiqot natijasida poyezd tuzuvchisining mehnat
xavfsizligini ta’minlashni beshta asosiy yo‘nalish -
tashkiliy, texnik, ergonomik, individual himoya va
axborot-tahliliy usullar asosida tashkil etish magsadga
muvofigligi aniglandi.

Poyezd tuzuvchisining mehnat xavfsizligini boshqarish
magsadini  asoslashda matematik modellashtirishdan
foydalanish xavfsizlikka ta’sir qiluvchi omillarni miqdoriy
baholash va ularning ustuvorligini aniglash imkonini beradi
[3, 10]. Shu bilan birga, mehnat xavfsizligi to‘g‘risidagi
axborotlarni yig‘ish, hisobga olish va tahlil qilishni
avtomatlashtirish xavfli vaziyatlarni tezkor aniglash va
boshqaruv qarorlarini o‘z vaqtida qabul qilish imkonini
beradi.

Poyezd tuzuvchisining mehnat faoliyati ochig havoda
amalga oshirilishi sababli meteorologik omillarni alohida
baholash zarur. Havo harorati, yog‘ingarchilik, tuman,
shamol, muzlama va ko‘rish masofasi kabi omillarni
xavfsizlik modeliga kiritish real mehnat sharoitini yanada
anigroq ifodalash imkonini beradi.

Bundan tashgari, poyezd tuzuvchisining ish holatlarini
RULA, REBA va OWAS metodlari yordamida ergonomik
baholash orgali mushak-skelet tizimiga tushadigan
yuklamani  aniglash va xavfli ish operatsiyalarini
kamaytirish mumkin [4-11].

Umuman olganda, “xavfni aniglash — riskni baholash
— axborotni yig‘ish — matematik modellashtirish —
xavfsizlik darajasini aniglash — himoya choralarini
tanlash — avtomatlashtirilgan monitoring - gayta
baholash” tamoyiliga asoslangan boshgaruv tizimi poyezd
tuzuvchilarining mehnat xavfsizligini oshirishning ilmiy-
amaliy asosi bo‘lib xizmat qilishi mumkin.

Ushbu yondashuv “O‘zbekiston temir yo‘llari” AJ
tarkibidagi stansiyalarda poyezd tuzuvchilarining mehnat
sharoitlarini kompleks  baholash, kashiy risklarni
kamaytirish ~ va mehnat  xavfsizligini  boshgarish
samaradorligini oshirishga imkon beradi.
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Sanitary and hygienic requirements for improving working conditions of

Abstract:

Keywords:

train drivers

Kh. Kamilov®2 M. Amirov®P
1Tashkent state transport university, Tashkent, Uzbekistan

The article presents a systematic analysis of the work activities of train driver workers at railway stations
and the hazardous and harmful occupational factors affecting them. The activities of train shunting
workers within the “Human—Production Environment” system are examined, including the effects of
meteorological conditions, noise, vibration, static and dynamic physical loads, and psycho-emotional
factors on the human body, as well as the risk of developing occupational diseases. In addition, the
“Three-Point Support” (Three-Point Contact) safety rule, aimed at preventing falls from height and
injuries during shunting operations, is considered. Comprehensive practical recommendations and
solutions have also been developed to improve sanitary and hygienic working conditions.

train driver, work environment, sanitary-hygienic requirements, three-point contact, occupational
diseases, microclimate, noise, vibration, occupational safety

Poyezd tuzuvchilari mehnat sharoitini yaxshilashga oid sanitar-gigiyenik

Annotatsiya:

Kalit so‘zlar:

talablar

Kamilov X.1®2 Amirov M.1®P
1Toshkent davlat transport universiteti, Tashkent, Ozbekiston

Magqolada temir yo‘l stansiyalarida poyezd tuzuvchilarning mehnat faoliyati va ularga ta’sir etuvchi
xavfli hamda zararli ishlab chigarish omillari asosida tizimli tahlil gilingan. Poyezd tuzuvchilarning
“Inson — ishlab chiqarish muhiti” tizimi doirasidagi faoliyati, meteorologik sharoitlar, shovqin, tebranish,
statik va dinamik yuklamalar hamda psixoemotsional omillarning inson organizmiga ta’siri va kasb
kasalliklari rivojlanish xavfi baholangan. Shuningdek, manyovr ishlarini bajarishda balandlikdan tushib
ketish va jarohatlanishlarning oldini oluvchi “Uch nugqtali tayanch” (Uch nugqtali kontakt) xavfsizlik
goidasi hamda sanitar-gigiyenik sharoitlarni yaxshilashga qaratilgan kompleks amaliy takliflar va
yechimlar ishlab chigilgan.

poyezd tuzuvchi, mehnat muhiti, sanitar-gigiyenik talablar, uch nugtali tayanch, kasbh kasalliklari,
mikroiglim, shovqin, tebranish, mehnat xavfsizligi

1. Kirish

Temir yo‘l transportida poyezd tuzuvchilarining mehnat
faoliyati ochiq havoda, stansiyalarning xavfli zonalarida va
harakatlanuvchi tarkiblar bilan bevosita alogada olib
boriladi. Shuning uchun ularning mehnat sharoiti ishlab
chigarish muhitidagi fizik, kimyoviy, biologik va axborot
omillarining murakkab kombinatsiyasidan iborat. Poyezd
tuzuvchilar "Inson —ishlab chigarish muhiti* tizimi doirasida
mehnat qiladi. Ushbu tizim elementlari orasida modda,
energiya va axborot ogimlarining uzluksiz almashinuvi
yuzaga keladi [82].

Manyovr ishlarini olib borish davomida poyezd
tuzuvchilarga noqulay meteorologik sharoitlar, shovqin,
tebranish, yetarsiz yoritilganlik kabi omillar bilan birga katta
statik va dinamik yuklamalar ta’sir ko‘rsatadi. Xususan,
vagon zinapoyasida harakatlanish vagtida tutgichni ushlab
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tana og‘irligini ushlash hamda avtotirkamalarni ajratishda
katta kuch sarflanadi [1]. Noto‘g‘ri tanlangan ergonomik
tavsiflar va ish o‘rinlaridagi xatoliklar tayanch-harakat
apparatida zo‘riqish hosil qilib, vaqt o‘tishi bilan turli kasb
kasalliklarini keltirib chigaradi [83; 38-40-b, 84; 24-31-b.].
Ushbu tadgigotning magsadi poyezd tuzuvchilarining
mehnat sharoitini sanitar-gigiyenik va ergonomik talablar
asosida baholash hamda xavfsizlik va salomatlikni
muhofaza qilish bo‘yicha samarali chora-tadbirlarni ishlab
chigishdan iborat.

Adabiyotlar tahlili

Mehnat muhiti omillarining inson organizmiga ta’sirini
gigiyenik baholash natijalariga ko‘ra, mehnat sharoiti xavfli
va zararli omillarning son hamda sifat ko‘rsatkichlariga
qarab komfort, yo‘l qo‘yilgan, xavfli (zararli) va o‘ta xavfli
sinflarga bo‘linadi. Mikroiglim ko‘rsatkichlari (havo
harorati, namligi, harakat tezligi) organizmning issiglik
almashinuviga va funksional holatiga bevosita ta’sir
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ko‘rsatadi [90; 32-34-b, 91; 72-73-b.]. Havo haroratining
me’yordan pasayishi qon tomirlarining torayishi, charchoq
va metabolizmning susayishiga olib kelsa, namlikning
yugoriligi immunitetni zaiflashtiradi [92; 611-614-b, 93;
600-601-b.].

Shovgin va tebranish omillari markaziy asab tizimi
hamda eshitish analizatorlariga salbiy ta’sir ko‘rsatib, qonda
stress gormonlari (kortizol, adrenalin) darajasini oshiradi.
Tadgqiqotlar shuni ko‘rsatadiki, shovqin foni yuqori bo‘lgan
ish joylarida mehnat unumdorligi 10 foizga pasayadi,
kasallanish ko‘rsatkichi esa 37 foizga ortadi [96; 14-15-b,
97; 38-40-b, 98; 36-39-b.]. Ish wvaqgtida yuqori
psixoemotsional yuklama va vaqt tangisligi sharoitida
ishlash asab tizimi buzilishlariga va stressli holatlarga sabab
bo‘ladi [85; 41-43-b.].

2. Tadgigot metodologiyasi

Tadqiqotda poyezd tuzuvchilarning ish o‘rinlaridagi
ishlab chigarish muhiti omillari kompleks sanitar-gigiyenik
va ergonomik usullar yordamida o‘rganildi. Metodologiya
quyidagi bosqichlarni o‘z ichiga oladi:

U Ishlab chigarish muhitini gigiyenik baholash:
Mikroiglim parametrlarining (harorat, namlik, havo
harakati tezligi), shovqin va tebranish darajalarining hamda
yoritilganlik ko‘rsatkichlarining sanitariya me’yorlari va
goidalariga muvofigligi tahlil gilindi.

o Ergonomik va biomexanik baholash: Poyezd
tuzuvchisining vagon zinapoyasida joylashishi, harakat
davomidagi tana holati (postura) va tayanch nugtalari tahlil
qgilindi.

° Kasbiy xavflarni tahlil gilish: Tana
mushaklarining statik zo‘rigishi, umurtqa pog‘onasiga
tushadigan yuklamalar hamda balandlikdan qulash xavfi
modellashtirildi.

Umuman olganda poyezd tuzuvchisining ishi bir gator
kasbiy omillarning (noqulay meteorologik sharoitlar,
shovqin, tebranish, past yorug‘lik, jismoniy og‘irlik, ruhiy
zo‘rigish va boshqalar) ta’siri bilan bog‘liq. Poyezd
tuzuvchisining mehnat jarayoni davomida olib boradigan ish
faoliyati og‘ir mehnatga kiradi. Ular smena davomida tik
turgan holatda poyezdlarni shakllantirishda ko‘plab
masofani (shu bilan birga gishda kiyim kechak va
jihozlarning og‘irligi bilan) bosib o‘tadilar, balandligi 0,7-
1,0 metrgacha bo‘lgan vagon zinapoyasiga smena davomida
juda ko‘p marotaba chiqib tushadi. Dinamik ishdan tashqari
ularning faoliyatida katta statik yuklama ham mavjud.
Bunga vagon  zinapoyasida  manyovr ishlarini
bajarayotganda tutgichni ushlab tik turgan holatdagi tana
og‘irligini ushlab turishi va avtotirkamalarni ajratishda kuch
sarflashi kiradi [1] (1-rasm).

1-rasm. Poyezd tuzuvchisihiﬁg méhr‘]at'jé.rayonini olib
borishdagi holati

227

https://doi.org/10.56143/2181-2438-2026-3-226-229

3. Natija va muhokamalar

Poyezd tuzuvchilar va ishlab chigarish muhiti
munosabati mehnat faoliyati davridagi moddalar va ularning
birikmalari, turli fizik tabiatga ega energiyalar va axborotlar
oqimlarini uzluksiz mavjudligiga asoslangan. Salbiy ta’sir
etuvchi oqimlar (ma’lumotlar, energiyalar, axborotlar)
tizimning har bir elementiga nisbatan tashqi ogimlardir.
Gigiyenik baholash natijalariga ko‘ra, mehnat sharoiti xavfli
(shikastlovchi va zararli) omillarning son va sifat
ko‘rsatkichlari qiymatlari asosida komfort, yo‘l qo‘yilgan,
xavfli (zararli) va o‘ta xavfli sinflarga bo‘linadi. Poyezd
tuzuvchilarining mehnat faoliyati ko‘p harakatlilik bilan
bog‘liq, shu bois ular mehnat jarayoni ish joyining
xususiyati, iqlim omillari, jismoniy og‘irlik va zo‘rigish,
zararli moddalar va chang, shovgin va tebranish,
yoritishning yetarli emasligi hamda psixoemotsional
yuklamalar ta’sirida olib boriladi. Lekin bu holat inson
tanasiga majburiy hamda yoqimsiz vaziyatni yuzaga
keltiradi, ya’ni oyoq, qulog, koz, bosh, bo‘yin, yelka va qo‘l
mushaklarining zo‘rigishi hamda umurtqa pog‘onasining
yuklanishiga sababchi bo‘lib, eshitish a’zolari bilan bog‘liq
bo‘lgan kasalliklar (Masalan: tinnitus, koxlear nevit),
pnevmoniya kasalligi osteoxondroz, shuningdek vagon
zinapoyasi va inson tanasi o‘rtasida ya’ni poyezd tuzuvchisi
uchun eng muhim jihat - bu doimiy ravishda “Uch nugqtali
kontakt” qoidasiga rioya qilishdir. Bu qoidaga ko‘ra, xodim
ko‘tarilish yoki tushish paytida doimo ikki qo‘l va bir oyoq
yoki ikki oyoq va bir qo‘l bilan zinapoya yoki tutqichga
tayanishi shart. Zinapoya konstruksiyasi aynan shu goidani
bajarishga imkon berishi uchun tutgichlar bilan birgalikda
loyihalashtirilishi kerak. Aks holda “Uch nugqtali kontakt”
goidasiga rioya gilmasdan harakat gilish balandlikdan
qulashi, shamol bo‘lganda yoki harakat tarkibi qo‘zg‘alga
vagondan tushib ketishi muvozanatni yo‘qotishi natijasida,
uning natijasida bosh miya jarohati yoki umurtqa pog‘onasi
sinishi (2-rasm).

LA » s S \.—"IL“'-'&:.'.
A) To‘g‘ri usul - 3 nugtali tayanch:
v' 2 qo‘l - zinapoya tutgichlarini mustahkam ushlab
turibdi
v' 1 o0yoq - zinapoya pog‘onasida
v' 1 o0yoq - keyingi pog‘onaga ko‘tarilmogda
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= Jami: 3 nugta (xavfsiz!)

A % o )
2-rasm. “Uch nuqtali kontakt” qoidasi
B) Noto‘g‘ri usul -fagat 2 ta tayanch nuqtasi:
X 1 qo‘l - zinapoyani ushlab turibdi
X 1 oyoq - zinapoya pog‘onasida
X 1 qo‘l - bo‘sh (lekin zinapoyada emas)
X 1 oyoq - pastda
> = Jami: 2 nugta (xavfli!)

Noto‘g‘ri tanlangan ish joyida tik holatda uzoq muddatli
mehnat jarayonini olib borish, umurtqa pog‘onasining
egriligini  yuzaga keltirishi mumkin. Ushbu kasallik
(patologiya) umurtqa pog‘onasi orasidagi disk churrasini
yuzaga Kkeltirishi mumkin, bu o°‘z navbatida, asab
tolalarining siqilishiga va radikulitning paydo bo‘lishiga olib
keladi. Umurtqa pog‘onasi kasalligi rivojlanishining asosiy
sababi ish joyidagi noto‘g‘ri ishlash holatidir.

Yuqoridagi asosiy kasb kasalliklaridan tashqari, poyezd
tuzuvchilarda yuqori psixoemotsional yuklama, tungi
smenalar va noto‘g‘ri ovgatlanish ogibatida yurak-gon tomir
tizimi xastaliklari (masalan, gipertoniya), shuningdek,
oshgozon-ichak tizimi kasalliklari rivojlanish xavfi ham

mavjud.
Aytish  joizki, ushbu kasalliklarning aksariyatini
muntazam tibbiy ko‘riklar, sifatli shaxsiy himoya

vositalaridan foydalanish va mehnat hamda dam olish
tartibiga qat’iy rioya qilish orgali oldini olish yoki jiddiy
asoratlarni kamaytirish mumkin.

Poyezd tuzuvchilar faoliyatida uchraydigan asosiy
salbiy omillar va ularning inson organizmiga ta’siri hamda
ularni kamaytirish bo‘yicha profilaktik chora-tadbirlar
tizimlashtirildi (2-jadval).
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1-jadval

Ishlab chigarish muhiti omillari va uning oldini olish

chora-tadbirlari

Poyezd Tavsiya
tuzuvchisiga Salbiy ta’siri etiladigan
ta’sir giluvchi | va ogibatlari kompleks
omillar turi yechimlar
Mavsumga mos,
Suvsizlanish, ‘is';r‘l’a Z‘;V .
Noqulay gipertermiya, zha;si ?1}i/m gaa
mikroiglim gon tomirlar vos>i/talari y
(Yuqori/past torayishi, (SHHV) bilan
harorat, namlik, immunitet ta’minlash
havo harakati) susayishi, .2 ast,
nevmoniya isitish/salginlatish
P " | xonalarini tashkil
etish.
Eshitish
qgobiliyati
?Sfmzzl Sifatli qulogchin
koxlear’ vositalaridan
Shovqin va . foydalanish,
. nevrit), stress . L
tebranish ormonlari shovqin darajasini
g ortishi doimiy nazorat
unumdorlik qilish.
10% ga
pasayishi.
Ergonomik
Mushak tutgich va
. R zinapoyalarni
St_atlk va zo‘rigishi, loyihalash, “Uch
dinamik umurtga . N
. . nugqtali tayanch
yuklama pog‘onasi oidasioa qat’i
(Jismoniy egriligi, disk 4 rio agilcilsh y
og‘irlik) churrasi, ya qriish,
radikulit mehnat va dam
' olish rejimini
me’yorlashtirish.
Koz Stansiya hududini
z0‘riqishi, me’yoriy yoritish,
Psixoemotsional bosh_og rigli, | tungi sr‘ne‘nglarnl
va yoritilganlik digqat to g 1t
omillari bo‘linishi, tagsimlash,
gipertoniya, muntazam tibbiy
asab tizimi ko‘riklarni
buzilishi. o‘tkazish.
4. Xulosa

Poyezd tuzuvchilarning mehnat faoliyatida uchraydigan

xavfli va zararli omillar ularning salomatligi hamda ish
qobiliyatiga bevosita salbiy ta’sir ko‘rsatadi. Tadqiqot
natijalariga ko‘ra quyidagi xulosalar shakllantirildi:

1.  Poyezd tuzuvchilarining mehnat sharoitlari
sanitariya me’yorlari va qoidalari asosida doimiy nazorat
qilinishi hamda belgilangan ko‘rsatkichlar bo‘yicha mehnat
sharoiti sinflari aniglanishi shart.
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2. Manyovr ishlarini olib borishda
jarohatlanishlarning oldini olish uchun poyezd tuzuvchilar
doimiy ravishda “Uch nuqtali tayanch” qoidasiga (ikki qo‘l
va bir oyoq yoki ikki oyoq va bir qo‘l) rioya qilishlari shart.
Vagon va lokomotiv zinapoyalari ushbu goidani bajarishga
imkon beradigan ergonomik tutgichlar bilan jihozlanishi
lozim.

3. Kasb kasalliklari (osteoxondroz, radikulit, koxlear
nevrit, gipertoniya) xavfini kamaytirish uchun muntazam
tibbiy ko‘riklarni tashkil etish, zamonaviy shaxsiy himoya
vositalaridan foydalanish hamda smena davomida mehnat va
dam olish tartibiga qat’iy rioya qilish talab etiladi.
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The “Maktabga xavfsiz qadam” web platform: preventing road traffic

Abstract:

Keywords:

accidents involving children

D.M. Imamaliev?, D.U. Sayfieval
1Tashkent state transport university, Tashkent, Uzbekistan

This scientific article highlights the critical issue of preventing road traffic accidents (RTAs) involving
children by evaluating the state of road infrastructure around general education schools in Uzbekistan. It
analyzes the main goals, tasks, and practical significance of the *"Maktabga xavfsiz gadam" web platform.
Through the platform, school principals utilize their personal login credentials to assess the surrounding
road infrastructure, uploading relevant data and photographs into the system. Artificial Intelligence (Al)-
based image analysis serves as an additional verification mechanism to cross-check evaluations made by
school administrators, enhancing data reliability and identifying high-risk zones. Furthermore, the article
describes the system's capabilities for regional, district, and school-level monitoring, prompt intervention
for schools categorized with "low" or "very poor" safety ratings, and elevating students' knowledge of
traffic rules through interactive testing modules.

road traffic accidents, child safety, school infrastructure, traffic rules, artificial intelligence, digital
platform, monitoring, pedestrian safety, "Maktabga xavfsiz gadam".

“Maktabga xavfsiz qadam” veb-platformasi: maktab hududlari atrofidagi
yo‘l infrastrukturasini baholash va bolalar ishtirokidagi yo‘l-transport

Annotatsiya:

Kalit so‘zlar:

hodisalarining oldini olish

Imamaliyev D.M.%, Sayfiyeva D.O¢.!
Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Mazkur ilmiy maqolada O‘zbekistondagi umumta‘lim maktablari atrofidagi yo‘l infratuzilmasi holatini
baholash orqali bolalar ishtirokidagi yo‘l-transport hodisalarining oldini olish masalasi yoritilgan. Unda
“Maktabga xavfsiz gadam” veb-platformasining magsadi, vazifalari va amaliy ahamiyati tahlil gilinadi.
Platforma orqali maktab direktorlari o‘zlarining shaxsiy login va parollari yordamida maktab atrofi yo‘l
infratuzilmasini baholaydi, mavjud muammolar yuzasidan ma‘lumot hamda fotosuratlarni tizimga
yuklaydi. Sun‘iy intellekt asosidagi tasvir tahlili direktor tomonidan berilgan bahoni qo‘shimcha
tekshirish, ma‘lumotlar ishonchliligini oshirish va xavfli hududlarni aniqlashga yordam beradi.
Shuningdek, magolada viloyat, tuman va maktablar kesimida monitoring olib borish, “past” va “juda
yomon” holatdagi maktablarga tezkor yordam ko‘rsatish hamda o‘quvchilarning yo‘l harakati qoidalari
bo‘yicha bilimini testlar orqali oshirish imkoniyatlari bayon etilgan.

yo‘l-transport hodisasi, bolalar xavfsizligi, maktab infratuzilmasi, yo‘l harakati qoidalari, sun‘iy intellekt,
raqamli platforma, monitoring, piyodalar xavfsizligi, “Maktabga xavfsiz qadam”

1. Kirish

Bugungi kunda bolalarning hayoti, salomatligi va
xavfsizligini ta‘minlash jamiyat oldidagi eng muhim
ijtimoiy va davlat ahamiyatiga molik vazifalardan biridir.
Bolalar har kuni maktabga borish va gqaytish vaqgtida
avtomobil yo‘llari, piyodalar o‘tish joylari, chorrahalar
hamda jamoat transporti bekatlaridan unumli foydalanadilar.
Shu sababli maktab atrofidagi yo‘l infratuzilmasining holati
o‘quvchilarning xavfsiz

harakatlanishiga bevosita ta‘sir ko‘rsatadi. Yo‘l belgilari
yo‘qligi, piyodalar yo‘laklarining nosozligi, svetoforlarning
ishlamasligi, yoritish tizimining yetarli emasligi va transport
vositalari tezligining yuqoriligi bolalar uchun jiddiy xavf
tug‘diradi. Aynigsa, boshlang‘ich va o‘rta sinf o‘quvchilari
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yo‘l holatini to‘g‘ri baholash hamda tezkor qaror qabul
qilishda kattalarga nisbatan ko‘proq qiyinchilikka duch
kelishadi. O‘zbekistonda ham bolalar ishtirokidagi yo‘l-
transport hodisalari dolzarb muammolardan biridir. 11V
ma‘lumotlariga ko‘ra, 2023-yilda respublikada bolalar
ishtirokida 1 794 ta YTH sodir bo‘lib, ularda 1 568 nafar
bola jarohatlangan va 263 nafar bola halok bo‘lgan. Mazkur
ragamlar bolalar xavfsizligini ta‘minlashda an‘anaviy
targ‘ibot bilan birga zamonaviy, tezkor va ragamlashtirilgan
monitoring tizimlarini joriy etish zarurligini ko‘rsatadi.
Ushbu muammoning innovatsion yechimi sifatida
“Maktabga xavfsiz qadam” veb-platformasi ishlab chigildi.
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2. Tadgigot metodologiyasi

Yo‘l-transport  hodisalari natijasida bola nafagat
jismoniy jarohat olishi, balki ruhiy bosim, qo‘rquv va uzoq
muddatli salbiy ogibatlarni ham boshdan kechirishi mumkin.
Bunday holat bolaning o°qishiga, ijtimoiy faolligiga hamda
oilasining turmush tarziga ta’sir qiladi. Shuning uchun
bolalar ishtirokidagi YTHlarning oldini olish fagat yo‘l
harakati xavfsizligi tizimining emas, balki ta’lim, sog‘ligni
saglash,mahalliy boshgaruv organlari va ota-onalarning ham
umumiy vazifasidir. 2021-yilning yanvar-dekabr oylarida
bolalar ishtirokida sodir bo‘lgan yo‘l-transporti hodisalari
1 621 birlikni tashkil etib, 2020- yilning mos davriga
nisbatan 479 birlikka (41,9 %) oshgan. Yo‘l-transporti
hodisalarida jarohat olgan bolalarning umumiy soni 1
408 Kishini tashkil etdi. 2020- yilning mos davriga nisbhatan
ushbu ko‘rsatkich 467 kishiga (49,6 %) ko‘paygan. Sodir
bo‘lgan yo‘ltransporti hodisasida jarohat olgan bolalarning
umumiy sonidan 1-7 yoshgacha bo‘lgan bolalarning ulushi
32,5 % ni, 8-15 yoshgacha bo‘lgan bolalarning ulushi 67,5
% ni tashkil etdi.2020-yilning yanvar-dekabr oylari bilan
taqqoslaganda, yo‘l-transporti hodisalarida 1-7 yoshgacha
bo‘lgan jarohatlangan bolalar soni 92 nafarga ko‘payib, va
457 kishini tashkil etdi. 2021- vyilning yanvar-dekabr
oylarida 8-15 yoshgacha bo‘lgan jarohatlangan bolalar
sonining 375 nafarga ko‘payganligi qayd etildi. Ushbu
yoshdagi jabr ko‘rgan bolalarning umumiy soni 951 nafarni
tashkil etdi.

Yo'l-transporti hodisasida jarohatlangan
bolalar sonini yoshi bo*yicha
taqqoslanishi, kishi
(2021- yil yanvar-dekabr holatiga ko'ra)

8-15 yosh

1-7 yosh

951 kishi 457 kishi

1-rasm. Manba: O‘zbekiston Respublikasi ITV

tomonidan taqdim etilgan ma‘lumotlar asosida
hisoblangan, 2021 yil

“Maktabga xavfsiz qgadam” veb-platformasining
magsadi

“Maktabga xavfsiz qadam” — Ofzbekistondagi
umumta’lim maktablari atrofidagi yo‘l infratuzilmasi
holatini baholash va bolalar xavfsizligini oshirish uchun
ishlab chigilgan ragamli platformadir.Platformaning asosiy
magsadi — maktabga borib-kelayotgan bolalar uchun xavf
tug‘diruvchi yo‘l omillarini o‘z vaqtida aniqlash, ularni
hududlar kesimida umumlashtirish va mas’ul tashkilotlarga
tezkor choralar ko‘rish uchun ishonchli ma’lumot taqdim
etishdir.Loyiha doirasida har bir maktab direktori yoki
belgilangan mas’ul xodim o‘zining shaxsiy login va paroli
orqali platformaga kiradi. U maktab atrofi yo‘l
infratuzilmasi bo‘yicha baholash shaklini to‘ldiradi. Tizimga
kiritilgan ma’lumotlar markazlashgan bazada saqlanadi va
ularni viloyat, tuman, shahar hamda alohida maktab
kesimida ko‘rish mumkin bo‘ladi.Bu tizim maktab
atrofidagi xavfsizlik holatini muntazam o‘rganish va kuzatib
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borishga imkon beradi. Masalan, bir tumandagi
maktablarning aksariyati “yaxshi” holatda bo‘lsa, ayrim
tuman maktablar “past” yoki “juda yomon” toifasida qayd
etilishi mumkin. Shu orgali gaysi hududga birinchi navbatda
e’tibor qaratish lozimligi aniq bo‘ladi.

Yol infratuzilmasini baholash mezonlari

Platforma orqali maktablar atrofidagi yo‘l
infratuzilmasi bir nechta muhim mezonlar asosida
baholanadi. Ushbu mezonlar bolalarning maktabga xavfsiz
gatnoviga bevosita bog‘liq bo‘lgan omillarni gamrab oladi.

Baholash jarayonida quyidagi holatlar ko‘rib chiqiladi:

. maktab oldida yoki unga yagin hududda
piyodalar o‘tish joyi mavjudligi;

. piyodalar o‘tish joyining yo‘l chiziqlari aniq
chizilgani;

. maktab va bolalar belgilarining mavjudligi;

U svetofor yoki tugmali svetoforning o‘rnatilgani;

U] yo‘l belgilarining ko‘rinarliligi va yaroqlilik
holati;

U tezlikni cheklovchi vositalar, jumladan sun’iy
notekisliklarning mavjudligi;

U piyodalar yo‘lagining mavjudligi va holati;

U tungi paytda yo‘Ining yoritilganligi;

U avtomobillar to‘xtash joyining bolalar harakatiga
xalaqgit bermasligi;

. maktab oldidagi transport oqimi va yo‘lning
xavflilik darajasi.

Ushbu ko‘rsatkichlar asosida maktab atrofi yo‘l holati

“yaxshi”, “o‘rta”, “past” va “juda yomon” toifalaridan

biriga Kiritiladi.
Bahqlas_h Tauvsifi
darajasi

Yo‘l belgilari, piyodalar o‘tish joyi, yoritish
Yaxshi va boshqga asosiy xavfsizlik vositalari mavjud
hamda yaroqli holatda

Xavfsizlik vositalarining asosiy — gismi
O‘rta mavjud, birog ayrim kamchiliklarni bartaraf
etish talab etiladi

Bir yoki bir nechta muhim xavfsizlik vositasi

Past mavjud emas yoki ishlamaydi

Yo‘l infratuzilmasida bolalar hayoti uchun
Juda yomon yugqori xavf tug‘diruvchi jiddiy kamchiliklar
mavjud

Bu baholash tizimi ma’lumotlarni tushunarli va
solishtirishga qulay shaklda taqdim etadi. Natijada mas’ul
tashkilotlar qaysi maktablarda piyodalar yo‘lagi, svetofor,
yo‘l belgisi yoki yoritish tizimiga ehtiyoj borligini aniglay
oladilar.

Nima uchun baholash maktab direktorlari orgali
amalga oshiriladi?

Maktab hududlari atrofidagi yo‘l infratuzilmasini
baholashni fagat alohida nazorat xodimlari orgali amalga
oshirish ko‘p vaqt va mablag® talab qiladi. Har bir tuman
uchun maxsus xodimlar ajratilgan taqdirda ham, ular
hududdagi barcha maktablarga borib chigishi, joylashuvini
topishi, yo‘l holatini o‘rganishi va xulosalarni shakllantirishi
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kerak bo‘ladi.Ayniqsa, maktablar shahar, tuman markazi,
gishlog, mahalla va chekka hududlarda joylashgani hisobga
olinsa, bunday an’anaviy baholash jarayoni ancha murakkab
bo‘lishi mumkin. U transport xarajatlari, inson resurslari va
qo‘shimcha vaqt talab giladi. Shuningdek, bitta xodimning
barcha maktablarga bir xil tezkorlikda yetib borishi ham
qiyin. Maktab direktori esa 0z ta’lim muassasasi atrofidagi
holatni yaxshi biladi. U maktabga gaysi tomondan bolalar
ko‘proq kelishini, qaysi yo‘l yoki chorraha xavfli ekanini,
ota-onalar tomonidan qanday muammolar ko‘tarilayotganini
hamda mavjud yo‘l infratuzilmasining kundalik holatini
kuzatib boradi.Shu sababli direktor yoki maktabdagi mas’ul
xodim tomonidan amalga oshiriladigan birlamchi baholash
tezkor, amaliy va tejamkor yechimdir. Bu usul orgali
minglab maktablar bo‘yicha ma’lumotlarni markazlashgan
tizimga qisqa vaqt ichida kiritish mumkin bo‘ladi. Bunda
direktor bahosi yakuniy hukm sifatida emas, balki dastlabki
ma’lumot sifatida qabul gilinadi. Ma’lumotlarning
ishonchliligini oshirish uchun platformada qo‘shimcha
tekshiruv mexanizmi ham mavjud bo‘lishi zarur.

Fotosurat va sun’iy intellekt asosida tekshirish
mexanizmi

“Maktabga xavfsiz gqadam” platformasining muhim
afzalliklaridan biri — direktor kiritgan bahoni maktab
atrofidan yuklangan fotosuratlar yordamida qo‘shimcha
tekshirish imkoniyatidir. Direktor yoki mas’ul xodim
baholash anketasini to‘ldirish bilan birga, maktab atrofi
yo‘llarining rasmlarini ham tizimga joylaydi. Jumladan,
maktabning asosiy kirish qismi, piyodalar o‘tish joyi, yo‘l
belgilari, svetofor, yo‘l chiziqlari va transport oqimi
ko‘rinadigan  fotosuratlar  yuklanadi.  Platformaga
biriktirilgan sun’iy intellekt texnologiyasi ushbu tasvirlarni
tahlil gilishga yordam beradi. U rasmlarda piyodalar o‘tish
joyi, yo‘l belgisi, svetofor, sun’iy notekislik, piyodalar
yo‘lagi yoki yoritish moslamalari borligini aniqlash uchun
qo‘llanilishi mumkin. Masalan, direktor maktab atrofi
holatini “yaxshi” deb baholaydi, biroq rasmlarda piyodalar
o‘tish joyi chizilmagani yoki “Bolalar” yo‘l belgisi mavjud
emasligi ko‘rinsa, tizim ushbu holatni “qo‘shimcha
tekshiruv talab etiladi” deb belgilashi mumkin. Aksincha,
direktor bahosi va tasvir tahlili bir-biriga mos kelsa,
ma’lumotning ishonchlilik darajasi yuqori deb qayd etiladi.
Sun’iy intellekt tahlili inson bahosining o‘rnini to‘liq
bosmaydi. Chunki ayrim holatlarni, masalan, yo‘lning
qorong‘i vaqtdagi yoritilishi yoki ma’lum soatlarda transport
ogimining ortishi kabi omillarni fagat bitta surat orgali
baholash qiyin bo‘lishi mumkin. Shuning uchun sun’iy
intellekt direktor ma’lumotini tekshiruvchi va xatolarni
aniqlashga ko‘maklashuvchi vosita sifatida ishlatiladi.

Hududlar kesimida monitoring va tezkor yordam

Platformaning yana bir asosiy imkoniyati — maktablar
holatini viloyat, tuman va shaharlar kesimida monitoring
qilishdir. Tizim boshgaruv panelida gaysi hududda nechta
maktab “yaxshi”, “o‘rta”, “past” yoki “juda yomon” baho
olgani aks ettiriladi. Masalan, bir viloyatdagi tumanlardan
birida “juda yomon” holatdagi maktablar soni ko‘payib
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ketsa, ushbu hududni alohida nazoratga olish mumkin
bo‘ladi. Yo‘l harakati xavfsizligi xizmati, hokimlik, yo‘l
xo‘jaligi tashkilotlari va ta’lim boshqarmasi birgalikda
mazkur maktablar bo‘yicha amaliy reja ishlab chigadilar.
“Past” va “juda yomon” baholangan maktablar uchun
quyidagi choralar tavsiya etilishi mumkin:
J piyodalar o‘tish joyini tashkil etish;
] yo‘l chiziqlarini qayta chizish;
J “Bolalar” va tezlikni cheklovchi yo‘l belgilarini
o‘rnatish;
] sun’iy notekisliklar o‘rnatish;
tugmali svetoforlarni joriy etish;
piyodalar yo‘laklarini ta’mirlash;
tungi yoritish tizimini yaxshilash;
yo‘l patrul xizmati nazoratini kuchaytirish;

° ota-onalar va o‘quvchilar uchun tushuntirish
tadbirlarini tashkil etish.
11V ma’lumotiga ko‘ra, ta’lim muassasalari atrofida
minglab tezlik cheklovchi yo‘l belgilari, qavariq piyodalar
o‘tish joylari va 172 ta tugmali svetofor o‘rnatilgan. IV
Yo‘l harakati xavfsizligi
xizmati(https://gov.uz/oz/iiv/news/view/165050). Bu kabi
chora-tadbirlar maktab atrofidagi yo‘l infratuzilmasini
yaxshilash bolalar xavfsizligi uchun amaliy ahamiyatga ega
ekanini ko‘rsatadi.

Bolalarning yo‘l harakati qoidalari bo‘yicha
bilimini oshirish

Bolalar xavfsizligini ta’minlash faqat yo‘l
infratuzilmasini yaxshilash bilan cheklanmaydi.
O‘quvchilarning yo‘l harakati qoidalari bo‘yicha bilimini
oshirish ham muhim profilaktik chora hisoblanadi. Shu
sababli “Maktabga xavfsiz qadam” platformasida
o‘quvchilar uchun testlar, savol-javoblar, rasmlar, gisqa
videolar va o‘quv materiallarini joylashtirish maqgsadga
muvofiqdir.

Ushbu materiallar bolalarga yo‘l harakati qoidalarini
qiziqarli va sodda usulda o‘rgatishga yordam beradi.

Testlarda quyidagi mavzular yoritilishi mumkin:

. svetofor signallarining ma’nosi;

. piyodalar o‘tish joyidan foydalanish qoidalari;

. yo‘Ini kesib o‘tishdan avval e’tibor berilishi
kerak bo‘lgan holatlar;

. yo‘l belgilarini farqlash;

e  jamoat transportida xavfsiz yurish goidalari;

. velosiped va skuterda harakatlanish xavfsizligi;

. tungi va yomon ob-havo sharoitida harakatlanish
qoidalari.

Testlar natijasi o‘quvchilar kesimida saqlanib borishi
mumkin. Bu esa maktab ma’muriyati va o‘qituvchilarga
bolalarning gaysi mavzularda bilimlari sustligini aniglash,
shu bo‘yicha qo‘shimcha tushuntirish ishlari olib borish
imkonini beradi.
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3. Xulosa

Bolalarning maktabga xavfsiz borib-kelishini ta’'minlash
— fagat bitta tashkilotning emas, balki butun jamiyatning
vazifasidir. O‘zbekistonda bolalar ishtirokidagi yo‘l-
transport hodisalari bo‘yicha qayd etilgan statistik
ma’lumotlar bu  masalaning  dolzarbligini  yaqqol
ko‘rsatadi.“Maktabga xavfsiz gadam” veb-platformasi
maktablar atrofidagi yo‘l infratuzilmasini muntazam
baholash, xavfli nuqtalarni aniglash va mas’ul tashkilotlar
tomonidan tezkor choralar ko‘rilishini ta’minlashga xizmat
giladi. Baholashni maktab direktorlari orgali tashkil etish
vaqt, mablag’ va inson resurslarini tejaydi. Chunki
direktorlar o‘z maktabi atrofidagi muammolarni bevosita
kuzatib boradilar va hududni yaxshi biladilar.Fotosuratlarni
sun’ly intellekt yordamida tahlil qilish esa direktorlar
kiritgan ma’lumotlarni tekshirish, xatoliklarni kamaytirish
va natijalarning ishonchliligini oshirish imkonini beradi.
Shuningdek, platformadagi testlar bolalarning yo‘l harakati
qoidalari bo‘yicha bilimini oshirib, xavfsiz harakatlanish
ko‘nikmasini  shakllantirishga yordam beradi.Demak,
“Maktabga xavfsiz qadam” loyihasi maktablar, ota-onalar,
yo‘l harakati xavfsizligi xizmati, mahalliy hokimliklar va
keng jamoatchilikni yagona magsad — bolalar hayoti va
salomatligini asrash yo‘lida birlashtiruvchi zamonaviy
hamda samarali ragamli yechimdir.
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Research on the time norms for performing technological operations with

multi-group trains at railway stations

K.N. Mustafaeva'®?, Sh.B. Jumaev®®, A.Kh. Makhkamov?®¢, Sh.M. Suyunbaev*®¢

Abstract:

Keywords:

1Tashkent state transport university, Tashkent, Uzbekistan
2JSC “Temiryo'linfratuzilma”, Tashkent, Uzbekistan

This article examines the issues of determining the technological time norms and substantiating the most
rational sorting method in order to improve the efficiency of the process of assembling multi-group
freight trains at marshalling yards. At present, at the stations of “Uzbekistan Railways” JSC, such trains
are assembled mainly on the basis of the practical experience of the staff, which makes improving this
process through modern technological approaches a relevant task. Using the example of Chuqursoy
station, the study identified the problems of transit cars staying beyond the established time norm and the
increased consumption of diesel fuel during shunting operations. Under identical conditions and using
the example of train sets with a varying number of groups (from 3 to 15), the time spent on assembling
the train set was calculated for the Sologub (“S”), combinatorial (“V”’), and conditional-groups (“G”)
methods. The results showed that the combinatorial sorting method (“V”) ensures the lowest time
expenditure — 64.7 minutes for a 15-group train set — and makes it possible to achieve the highest
economic efficiency. In addition, the relationship between the number of groups in a train set and the
required number of sorting tracks was revealed on the basis of the Fibonacci numbers regularity. The
obtained results, through the selection of a rational sorting method, contribute to eliminating the idle
standing of trains on the sorting tracks, shortening the delivery time of freight, and saving diesel fuel.
multi-group train, marshalling yard, shunting operations, sorting cycle, shunting trip, technological time,
sorting methods, station performance indicators

Temir yo‘l stansiyalarida ko‘p guruhli poyezdlar bilan texnologik
operatsiyalar bajarishga sarflanadigan vaqt me’yorlarini tadqiq etish

Mustafayeva K.N.X02 Jumayev Sh.B.2®° Maxkamov A.X.2¢, Suyunbayev Sh.M ¢

Annotatsiya:

Toshkent davlat transport universiteti, Toshkent, O‘zbekiston
2“Temiryo‘linfratuzilma” AJ, Toshkent, O‘zbekiston

Mazkur maqolada saralash stansiyalarida ko‘p guruhli yuk poyezdlarini tuzish jarayonining
samaradorligini oshirish magsadida texnologik vagt me’yorlarini aniglash va eng ratsional saralash
usulini asoslash masalalari ko‘rib chigilgan. Hozirgi kunda “O*zbekiston temir yo‘llari” AJ stansiyalarida
bunday poyezdlar asosan xodimlarning amaliy tajribasiga tayanib tuzilmogda, bu esa jarayonni
zamonaviy texnologik yondashuvlar asosida takomillashtirishni dolzarb vazifaga aylantiradi. Maqgolada
Chuqursoy stansiyasi misolida tranzit vagonlarning me’yordan ortiqcha turib qolishi va manyovr
ishlarida dizel yoqilg‘isi sarfining ortishi muammolari aniqlanib, bir Xil sharoit va turlicha (3 tadan 15
tagacha) guruhli tarkiblar misolida Sologub (“S”), kombinatoriyali (“V”’) va shartli guruhlar (“G”)
usullari bo‘yicha tarkibni tuzishga sarflanadigan vaqt hisoblab chiqilgan. Natijalar shuni ko‘rsatdiki,
kombinatoriyali saralash usuli (“V”) eng kam vaqt sarfini — 15 ta guruhli tarkibda 64,7 dagigani
ta’minlab, eng yuqori iqtisodiy samaradorlikka erishish imkonini beradi. Shuningdek, tarkibdagi
guruhlar soni bilan zaruriy saralash yo‘llari soni o‘rtasidagi bog‘lanish Fibonachchi sonlari gonuniyati
asosida ochib berilgan. Olingan natijalar ratsional saralash usulini tanlash orgali poyezdlarning saralash
yo‘llarida ortiqcha turib qolishini bartaraf etish, yuklarni yetkazib berish muddatini gisqartirish va dizel
yoqilg‘isi sarfini tejashga xizmat qiladi.

Kalit so‘zlar: ko‘p guruhli poyezd, saralash stansiyasi, manyovr ishlari, saralash sikli, manyovr reysi, texnologik vaqt,
saralash usullari, stansiya ish ko‘rsatkichlari
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1. Kirish

Temir yo‘l stansiyalari transporti infratuzilmasining
asosiy elementlaridan biri va davlat hamda aholining
tashishlarga bo‘lgan talablarini qanoatlantiruvchi asosiy
bo‘g‘inlardan hisoblanadi. Saralash stansiyalarining asosiy
vazifalaridan biri — turli yo‘nalishlardagi vagonlardan
iborat ko‘p guruhli poyezdlarni tuzish bo‘lib, bu jarayon
eng ko‘p mehnat va vaqt talab giladigan texnologik
operatsiyalardan biri hisoblanadi.

Respublikamizda so‘nggi yillarda temir yo‘l
infratuzilmasini yaxshilash, yuklarni tashishda yangi
zamonaviy texnologiyalarni qo‘llash orqali yuk oqimini
ko‘paytirish hamda yuklarning sifatini o‘zgartirmasdan
dunyo bozoriga yetkazish bo‘yicha bir qancha ishlar
amalga  oshirilmoqda.  O‘zbekiston = Respublikasi
Prezidentining 2022-yil 28-yanvardagi “2022-2026-
yillarga mo‘ljallangan Yangi O‘zbekistonning taraqqiyot
strategiyasi to‘g‘risida”gi PF-60-sonli Farmonida “Barcha
transport turlarini uzviy bog‘lagan holda yagona transport
tizimini rivojlantirish, ... transport va logistika xizmatlari
bozori va infratuzilmasini rivojlantirish, ... multimodal
transport-logistika markazlari tarmog‘ini rivojlantirish
konsepsiyasini ishlab chiqish” hamda 2023-yil 10-
oktyabrdagi “O‘zbekiston Respublikasi temir yo‘l
transporti sohasini tubdan isloh qilish chora-tadbirlari
to‘g‘risida”gi  PQ-329-sonli Qarorida “Yuk tashish
xizmatlarini amalga oshirish, yuk vagon va konteyner
xo‘jaligini saglash va rivojlantirish, multimodal “eshikdan
eshikkacha” tashuvlarni yo‘lga qo‘yish, logistika
markazlari va terminallarini tashkil etish” bo‘yicha
vazifalar belgilab berilgan. Mazkur vazifalarni amalga
oshirishda saralash stansiyalarining ish samaradorligi,
xususan vagonlarning stansiyalarda ortigcha turib
golmasligi muhim ahamiyat kasb etadi.

Ushbu vazifalarni bajarishda, jumladan, wvagonlar
aylanmasi umumiy giymatining 40% dan 45% gacha
gismini vagonlarning texnik stansiyalarda turib qolishi
tashkil qilayotgan sharoitda, temir yo‘llarda ko‘p guruhli
poyezdlar bilan texnologik operatsiyalar bajarish
texnologiyasini takomillashtirish dolzarb muammolardan
biri hisoblanadi.

Adabiyotlar tahlili

Saralash stansiyalarida ko‘p guruhli poyezdlarni tuzish
va manyovr ishlari samaradorligini oshirish masalalari
ko‘plab ilmiy maqolalarda ko‘rib chiqilgan. Temir yo‘l
transportida vagon ogimlari hajmining ortib borishi va
yuklarni o‘z vaqtida yetkazib berishga qo‘yiladigan
talablarning  kuchayishi tarkiblarni tuzish jarayonini
tezlashtirish hamda manyovr ishlarini optimallashtirishni
dolzarb vazifaga aylantirmoqda. Shu sababli mavjud ilmiy
ishlarda asosan tarkiblarni tuzishning texnologik usullari,
vagonlar guruhini saralash sxemalari, manyovr reyslari va
saralash sikllarining ratsional ketma-ketligi hamda vagon
ogimlarini boshgarish masalalari tahlil gilingan.

Jahonda bu yo‘nalishda keng qamrovli izlanishlar olib
borilmogda. Vagonlarni saralash texnologiyasi, manyovr
ishlarini optimallashtirish, yoqilg‘i sarfini kamaytirish,
stansiyalar ishini modellashtirish va resurslardan samarali
foydalanish kabi ustuvor masalalar Rossiya, Germaniya,
Xitoy, AQSh, Daniya, Polsha va boshqa ilg‘or transport
tizimiga ega davlatlar olimlari tomonidan chuqur tadgiq
etilgan. Jumladan, V.I. Bobrovskiy, G.I. Buxalo, N.K.
Sologub, 0O.0. Grenkevich va l.Ya. Skovron kabi
mutaxassislar ~ ko‘p  guruhli  tarkiblarni  samarali
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shakllantirish va ularning texnologik sxemalarini ishlab
chiqishga e’tibor qaratganlar; aynigsa, Sologub tomonidan
taklif etilgan usul ko‘plab tadgiqotlarda tagqoslovchi asos
sifatida qo‘llanilgan. Bundan tashqari, transport tizimlarini
avtomatlashtirish va axborot texnologiyalarini joriy etishga
oid izlanishlar doirasida Zhang va Zhao tomonidan ilgari
surilgan model asosida zamonaviy stansiyalar faoliyatini
optimallashtirish imkoniyatlari o‘rganilgan.

Yurtimizda esa S.M. Suyunbayev, A.M. Bashirova,
S.K. Xudayberganov va Sh.B. Jumayev kabi olimlar
“Shartli guruhlar” va “Kombinatorika” usullari asosida
ko‘p guruhli poyezdlarni shakllantirishning amaliy
jihatlarini o‘rganib, stansiyalardagi ishlarni
modellashtirish, vagonlarni saralash vaqtini gisgartirish va
yoqilg‘i sarfini kamaytirishga doir ijobiy natijalarga
erishganlar.

Ilmiy ishlar tahlili shuni ko‘rsatadiki, saralash
stansiyalarining ish samaradorligini oshirish ikki asosiy
yo‘nalish — texnologik va tashkiliy yechimlar orgali amalga
oshiriladi.

Texnologik yondashuvlarda ko‘p guruhli tarkiblarni
tuzishning ~ turli ~ usullarini  ishlab  chigish  va
takomillashtirish  masalalari  ko‘rib  chiqgilgan. Bu
yo‘nalishdagi dastlabki va asosiy ishlardan biri N.K.
Sologubga tegishli bo‘lib, u [1] tadqiqotida saralash parki
yo‘llarining optimal sonini aniglash masalasini o‘rgangan.
Muallif mahalliy vagonlarni detallashtirilgan holda yig‘ish
usulini taklif etib, saralash yo‘llari soni va vagon oqimi
o‘rtasidagi bog‘liglikni asoslab bergan; mazkur usul
keyingi ko‘plab tadgiqotlarda boshga usullarni baholash
uchun tagqoslovchi asos sifatida gabul gilingan. I.Ya.
Skovron [2] izlanishlarida ko‘p guruhli tarkiblarni tuzish
texnologiyasi va texnik vositalarini takomillashtirish
masalalari tahlil qilinib, muallif vagonlar guruhini
saralashning bir necha usulini tizimlashtirgan va ularni
saralash yo‘llari soniga bog‘liq ravishda tanlash bo‘yicha
amaliy tavsiyalar ishlab chiggan. 1985-yilda MPS
tomonidan ishlab chigilgan maxsus ko‘rsatmada [3] ko‘p
guruhli tarkiblarni tuzishning yangi — kombinatoriyali
texnologiyasini joriy etish masalasi bayon etilgan bo‘lib,
unda tarkibdagi guruhlar soni va saralash yo‘llari
o‘rtasidagi bog‘liglik hamda manyovr reyslarining ketma-
ketligini aniglash usullari keltirilgan. S.K. Xudayberganov
va hammualliflarning [4] tadqiqotida “Sologub” va
kombinatoriyali saralash usullarini saralash stansiyasi
sharoitida qo‘llash natijalari aniq hisob-kitoblar asosida
tagqoslangan. Shu yo‘nalishdagi boshqa bir ishda [5] esa
“Shartli guruhlar bo‘yicha saralash” va “Kombinator
saralash” usullarini qo‘llash natijalari tahlil qilinib, haqiqiy
guruhlarni  shartli guruhlarga birlashtirishning asosiy
qoidalari asoslab berilgan; bu esa tartibga solinishi lozim
bo‘lgan guruhlar sonini va manyovr ishlari hajmini
kamaytirish imkonini bergan. G.I. Buxalo [6] esa mahalliy
saralash tizimlari parametrlarini kompleks
optimallashtirish masalasini o‘rganib, tizim parametrlarini
o‘zaro muvozanatlashtirish orqali umumiy samaradorlikni
oshirish mumkinligini ko‘rsatgan.

Shu bilan birga, zamonaviy axborot texnologiyalari
rivojlangan sharoitda Zhang va Zhao [7] tomonidan taklif
etilgan model stansiyalar faoliyatini ragamlashtirish va
jarayonlarni avtomatlashtirilgan holda optimallashtirish
imkoniyatlarini ochib beradi.

Ushbu texnologik yechimlar  manyovr ishlari
samaradorligini oshirishda muhim ahamiyatga ega bo‘lsa-
da, ularda (Zhang va Zhao [7] modeli bundan mustasno
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bo‘lib) asosan yagona usul qo‘llanilib, turli usullarning
samaradorligi bir xil sharoitda, turlicha guruh sonlari uchun
yetarli darajada giyoslanmagan. Shuningdek, tanlangan
usulning stansiyaning real ish ko‘rsatkichlariga — tarkibni
tuzish vaqti, yoqilg‘i sarfi va iqtisodiy xarajatlarga ta’siri
kompleks tahlil gilinmagan.

Tashkiliy yondashuvlarda vagon ogimlarini tashkil
etish va stansiya ish ko‘rsatkichlarini boshqarish masalalari
o‘rganilgan. D.B. Butunov [8] tadqiqotida saralash
stansiyalarida vagon ogimlarini tashkil etish va
boshqarishning texnik-ekspluatatsion baholash usullari
tahlil qilinib, muallif vagon ogimlarini ilmiy asoslangan
ko‘rsatkichlar ~ orqali ~ boshqarish  stansiya  ish
ko‘rsatkichlarini yaxshilashga olib kelishini asoslab
bergan. Sh.M. Suyunbayev va hammualliflar [9]
“O‘zbekiston temir yo‘llari” AJ temir yo‘llarida ko‘p
guruhli poyezdni targatish va tuzish jarayonini mahalliy
sharoitda bevosita o‘rganib, real natur varoglari
ma’lumotlari asosida vagonlarning yo‘nalishlar bo‘yicha
tagsimlanishini tahlil qgilganlar va ko‘p guruhli poyezdlar
ulushining yugoriligini aniglaganlar. A.V. Rojkov, Sh.M.
Suyunbayev va hammualliflar [10] monografiyasida zavod
ichidagi temir yo‘l tashishlarini optimallashtirish masalalari
atroflicha ko‘rib chiqilib, sanoat temir yo‘llarida manyovr
lokomotivlari va yo‘l infratuzilmasidan samarali
foydalanish imkoniyatlari tahlil gilingan. M.V. Fufacheva
[11] esa ikki yo‘lli liniyalarda uzun tarkibli yuk poyezdlari
harakatida tashishlarni  bosgichma-bosgich  egallash
usullarini  rivojlantirib, liniyaning o‘tkazuvchanlik va
tashish imkoniyatlaridan yuqori darajada foydalanish
mumkinligini asoslab bergan.

Bu tashkiliy yechimlar vagon ogimlarini tashkil etish va
resurslardan foydalanishni yaxshilash orgali stansiya ish
ko‘rsatkichlarini oshirishda muhim ahamiyatga ega bo‘lsa-
da, ularda tarkiblarni tuzishning texnologik jihatlari,
xususan saralash usullarini o‘zaro giyoslab eng samaralisini
tanlash hamda texnologik vaqgt bilan igtisodiy
ko‘rsatkichlar o‘rtasidagi bog‘liglik yetarlicha
o‘rganilmagan.

Yugqoridagi tahlildan ko‘rinadiki, mavjud tadqiqotlarda
texnologik va tashkiliy yondashuvlar ko‘pincha alohida
o‘rganilgan bo‘lib, turli saralash usullarining stansiya ish
ko‘rsatkichlariga ta’sirini qiyosiy baholash masalasi ochiq
golmogda. Shu bois mazkur maqgolada saralash
stansiyalarida ko‘p guruhli poyezdlarni  tuzishga
sarflanadigan texnologik vaqtni gisqartirish masalasi ko‘rib
chiqiladi. Unda Sologub (“S”), kombinatoriyali (“V”) va
shartli guruhlar (“G”) usullari bir xil sharoitda, turlicha
guruh sonlari uchun o‘zaro giyoslanib, eng ratsional usul
texnologik vaqt va igtisodiy samaradorlik bo‘yicha asoslab
beriladi.

2. Tadgigot metodologiyasi

Magqolada saralash stansiyalarida ko‘p guruhli yuk
poyezdlarini tuzishga sarflanadigan texnologik vagtni
aniglash va mavjud usullar orasidan eng ratsionalini
asoslash magsadida tahliliy, giyosiy va hisobiy usullardan
foydalanildi. Manbalar tahliliga ko‘ra [5] ko‘p guruhli
tarkiblarni tuzishning barcha usullarini shartli ravishda uch
guruhga — bitta lokomotiv bilan tuzish, ikkita lokomotiv
bilan sinxron tuzish hamda ikkita lokomotiv bilan bir
nechta tarkibni bir vaqtda tuzish usullariga ajratish
mumekin.
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“O‘zbekiston temir yo‘llari” AJ stansiyalaridagi texnik
jihozlanganlik xususiyatlari, yuk frontlari va manyovr
lokomotivlarining ish sharoitlaridan kelib chigib, tadgiqot
obyekti sifatida birinchi guruhga oid usullar tanlandi.
Vagonlar guruhini saralash va gayta joylashtirish beshta
usul bilan amalga oshirilishi mumkin [2]: Sologub usuli
(“S”), kombinatoriyali saralash usuli (“V”’), minimal sikllar
usuli (“A”), shartli guruhlar bo‘yicha saralash usuli (“G”)
va guruhlar bo‘yicha tagsimlash usuli (“W”). Ulardan
amaliyotda eng ko‘p qo‘llaniladigan “S”, “V” va “G”
usullari batafsil o‘rganildi.

Tarkibni jamlash ketma-ket joylashgan yo‘llardan
vagonlarni mos yo‘lga yig‘ish orqali amalga oshiriladi.
Bunda, ko‘p guruhli poyezdning qayta yig‘ilish jarayonini
amalga oshirish uchun saralash tepaligi va yo‘llarning
joylashuvi sxemasi zarur bo‘ladi (1-rasm).

400m
340m

/Psﬁ/l/ M\HHHHHH\HHHHHi

{‘TT‘ ’\ ’\1?6 122 2

4

300m

1-rasm. Saralash tepaligi va zaruriy yo‘llarning
joylashuv sxemasi

Yugoridagi usullar bo‘yicha vagonlar guruhini yo‘ldan
yo‘lga olib o‘tishda manyovr yarimreyslarining
davomiyligi quyidagi formula orgali aniglanadi [2]:

tyer = (244+0,1°m) - v/2+3,6: 1,4, /v, dag. (1)
to‘xtash va qo‘zg‘alish
paytida lokomotiv harakat
tezligini 1 km/soatga
o‘zgarishini hisobga oluvchi
zaruriy vaqt koeffitsienti,
sek/km/soat;

bunda: 2,44 —

0,1- to‘xtash va qo‘zg‘alish
paytida manyovr tarkibidagi
har bir vagonning harakat
tezligini 1 km/soatga
o‘zgarishini hisobga oluvchi
go‘shimcha vaqt
koeffitsienti, sek/km/soat;

manyovr tarkibidagi
vagonlar soni, vag.;

manyovr vagtida ruxsat
etilgan tezlik, km/soat;
Lyar — yarim reys uzunligi, m.
Mabhalliy vagonlarni tepalik qurilmalari orgali saralash

vagtida bitta siklga sarflanadigan vaqt migdori quyidagicha
aniglanadi [2]:

teqr = tM + £19V + £897 daq. )
bunda: ttush saralash tepaligidan
- tarkibni tushirishga

sarflanadigan vaqt;
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tlush _ vagon guruhlarini

(tarkibini) har bir saralash
siklidan  keyin  saralash
tepaligiga tortishga
sarflanadigan vagt. Ushbu
vagt har bir texnologiya

uchun har xil bo‘lgan
manyovr yarimreyslari
sonining davomiyligi
yig‘indisi bo‘yivha

aniglanadi, dag.

Guz— targatilayotgan
tarkibdagi uzilishlar soni;
tioy - mos ravishda tarkibni

bir-biriga ulash vagti, daq.;

t/°Y = 0,06 - m,, daq. 4

“S” usuli bo‘yicha bitta saralash siklida (Z—1) yo‘nalish
guruhi yig‘iladi (bunda Z — saralash yo‘llari soni), tarkibni
tuzish uchun talab etiladigan saralash sikllari soni esa
quyidagicha aniglanadi:

trush = (0,06 m; - L/ viysn) - (1 — 1/ guz), dag. ©)] k.= n-1 (5)
€7 21
bunda: L, - vagon uzunligi, m; o
bunda: n saralanayotgan tarkibdagi
Veush— to‘xtash va qo‘zg‘alish - mahalliy vagonlarning
paytida manyovr tarkibidagi yo‘nalishlari soni.
har bir vagonning harakat . . )
tezligini 1 km/soatga (5) formula natijasida olingan giymat katta tomonga
o‘zgarishini hisobga oluvchi garab butun songa yaxlitlanadi. Har bir k-saralashda j-
go‘shimcha vaqt yo‘lda qaysi yo‘nalishlar bo‘lishi quyidagi ifoda orqali
koeffitsienti, km/soat; topiladi:
m, — tarqatilayotgan Swp=k+0U—1) ke (6)
tarkibdagi vagonlar soni,
vag.;
Berilgan tarkibning targatilib-yig‘ilishidan oldingi holati
Ij 110 3[e[13n2[2[14 4[4 1512 5[1]8]3]5[1af1a] 9] 5[ 7 [14 1[3[n0[ 6] 2] 7[1a[ o[13 2[1g 3[1 4 6[10f14[ 5[5 [1[14 7[11[ 8] 8 [1q 9] 4 11 511[ 8] 2[13]

Yo‘nalishlar bo‘yicha yo‘llarda joylashuv sxemasi

1-saralashda 2-saralashda 3-saralashda

4-saralashda 5-saralashda

3.2,1 4.3.2,1 54321
6 7.6 8.7,6 98,76 10,9,8,7,6
11 12,11 13.12,11 14 13 12,11 15,14,13,12,11

qolgan_barcha yo‘nalishlar golgan barcha yo‘nalishlar

golgan barcha yo‘nalishlar

qolgan barcha yo‘nalishlar

1-saralash Vagonlarning yo‘llarda joylashuvi 2-saralash
[10[3[13[12[2[1A[A[A[15[12[5[8]3[5[14]9[5[7[1A[3[10[2]7[9[13[2[15[3[12[A[10[14[5[5[1A[7[5[8[14[9[4]12[15[8[2[13] l10[3[13[14[4[4115[5[8[3[5[14[9[5[14[3]1019113[15[3[4[10[14[5[5[141818[14[9[411515113]
3-saralash 4-saralash
[s]s]s]e]2]2]2]2]a]a]a]1] [4]4]aT4]s]a]s s 2222 e a]a]a]
[els[s[s[7[7[7]e]e 6] [oofefe[s[e[e[7[7]7[6]6]6]
[13[13]13[12]12]12]12] 12 11 11]11] 14]14]14]14]14]14]13]138]13]12]12[12[12] 1112 ]12]11]
[10[14] 4 [4]15]5] 5 [14] 9 [ 5 [14[10[9]15] 4 [10]14] 5 [5[14]14] 9] 4 [15] [10[15] 5[ 5] 5]10]15[10[ 5] 5 [15]

5-saralash

[e[=]2]2]2]2]1]2]1]1]

(s[s[s[s[s]4]2T4]4[3]3
[10]10]10] 9] 99

[efefefe]7[7[7[e]6]6]

[15]15][15]14]14]14]14]14]14]13]13

[18]12]12]12[12]11]12 12 ]11]

bo‘sh yo‘l

3- va 2- yo‘ldan vagonlarni yig‘ib chiqish

o A A A T o oo oo [ [ o o< oo [ [ ST

2-rasm. “S” usulga muvofiq berilgan tarkibni saralash texnologiyasi

“Kombinator saralash” usuli (“V” usuli) yordamida
tarqatilishi ko‘zda tutilgan ko‘p guruhli poyezdning qayta

yig‘ilish jarayonini amalga oshirish uchun saralash tepaligi
va yo‘llarning joylashuvi sxemasi zarur bo‘ladi
(3-rasm).

Kombinatoriyali usul bo‘yicha ko‘p  guruhli

poyezdlarni tuzishda tarkibdagi guruhlar soni va mavjud
yo‘llar soni muhim ahamiyatga ega. Temir yo‘l transporti
sohasida turli yillar davomida bu ikki ko‘rsatkich orasidagi
bog‘liglikni aniqlash asosiy muammo bo‘lib kelgan.
Tadqiqotlar natijasida ko‘p guruhli poyezd tarkibidagi
guruhlar soni zaruriy yo‘llar bilan Fibonachchi sonlari [3]
orqali bog‘liq ekanligi aniglandi.
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Ushbu bog‘liglikning mohiyati shundan iboratki, “V”
usulida har bir saralash sikli oldingi sikllarda hosil bo‘lgan
guruhlarni  birlashtirib, yangi kattaroq guruhlarni
shakllantiradi. Natijada, muayyan sikldagi mumkin bo‘lgan
guruhlar soni oldingi ikki sikl natijalarining yig‘indisiga
bog‘liq holda o°sib boradi — bu esa Fibonachchi ketma-
ketligining asosiy xususiyati (har bir keyingi had oldingi
ikki hadning yig‘indisiga teng bo‘lishi) bilan mos keladi.
Boshqgacha aytganda, saralash yo‘llari soni (Z) ortishi bilan
ularda joylashtirilishi mumkin bo‘lgan guruhlar soni (n)
chizigli emas, balki tezlashuvchi (Fibonachchiga xos)
sur’atda ortadi, bu esa (5)-formulada keltirilgan sikllar
sonini (k.) hisoblash mantig‘ining nazariy asosini tashkil
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etadi. Ushbu bog‘liglik ilgari BRTYTITI mutaxassislari
tomonidan Beskudnikovo stansiyasi misolida amaliy tarzda
tasdiglangan [8].

Ushbu usul [4] da batafsil bayon etilgan va ko‘p guruhli
poyezd tarkiblarini saralash tepaligida yig‘ish yoki qayta
saralash uchun mo‘ljallangan. Umuman olganda, shartli
guruhli saralash usulida ko‘p guruhli poyezdlarni saralash
va yig‘ish amallari [4] da bayon etilgan kombinator saralash

usuliga o‘xshash va ushbu usul bo‘yicha ba’zi amallar
takrorlanadi. Manyovr reyslarini gisqartirish eng samarali
natija berishi, vagonlarni gayta saralashga sarflanadigan
vaqt esa saralash yo‘llari soni to‘rttadan oshmaganda eng
magbul giymatga erishishi inobatga olindi. Shu asosda
yaratilgan texnologiya 2, 3 va 4 saralash yoli bilan
vagonlarni yig‘ish ketma-ketligini belgilaydi [1] (3-rasm).

Berilgan tarkibni targatilib-yig-ilishidan oldingi holati

@ 1[10[3[6[13{12[2[14{4[4I15[12[5[1|8[3[5[14[11{9[5[ 7|14[ 1[3[10[6[2[7[11[9[13[2[1%3[1214[6[10[141 5[5[ 111417[11[8[8[14[9}4[12{15[11[8[2[13‘

Yo‘nalishlar bo‘yicha yo‘llarda joylashuv sxemasi

1-saralashda 2-saralashda

3-saralashda 4-saralashda

1 1+2 1.243+4 142+3+4+5+6+7+8
<-—— 24689111315 9 9+10+11 9+10+11+12+13+14+15
3710 =—— 37,1014+481115 bo'sh yo'l bo'sh yo'l
5.12 5,12+6,13 ~—— 512613+7.14+8,15 bo'sh yo'l

Vagonlarning yo‘llarda joylashuvi

1]a]a]1]

1-saralash

2-saralash

~—]o[132[4]agsL1[o[6[2fr1]of132]15a[6[11[8[8]o] 4]15[11] 8] 2[13]

91919

4]afpss[ufhgafis[s]a [ ]sfd3 ]34 7143} 7[3]0h41q 714

[12[12] 5[5 [5]12] 5[5 [12]

3-saralash

[6]13[6 [13[6 [13]12[12] 5[5 [5[12] 5[ 5 [12]

4-saralash

[4]a]4]4]s]3]s]s]s]2]2]2]2]a]a]2]1]

(e[e[e[e[ 7 [7[e[o[e[s 5[5 5[5 ]4[4[4[4[3[3[s[s[32[2[2[2[2[+]1[1]

[12]11]11]11]10[10[10[ 9 9 9]

(e sfiaiafaiafiairafiziizliafiafiafiafiofi0f10[ o [0 [ 9]

bo‘sh yo‘l

s[shesfdid7 e 7716 16 [re[o s [s]s|25]s]i7

bo‘sh yo‘l

bo‘sh yo‘l

2- yo‘ldan vagonlarni yig‘ib chiqish

@15]15[15[14114[14[14[14114[13|13[13[12[12[12[12[11[11[11[11[10110[10[ 9 [ 9 [ 9 I 8 [ 8[ 8[ 8 I 7 [ 7 [ 7[ 6[ 6 [ 6[ 5}5[ 5[ 5[ 5 [ 4 I 4 [ 4[ 4[ 3 I 3 [ 3 [ 3[ 2[ 2 [ 2[ 2[ 1 I 1[ 1 I 1 l

3-rasm. “V” usulga muvofiq berilgan tarkibni saralash texnologiyasi

Shartli guruhlar (“G”) usulida [4] haqiqiy guruhlar
shartli guruhlarga birlashtiriladi; birlashtirishning asosiy
goidalari [5] ishda bayon etilgan. Natijada shartli guruhlar
soni haqiqiy guruhlar sonidan kichik bo‘lib, tarkibni yig‘ish

uchun zarur saralashlar va bir yo‘ldan boshqasiga o‘tishlar
soni kamayadi
(4-rasm).

Berilgan tarkibni targatilib-yig‘ilishidan oldingi holati

182 5109 2113 3129 4 1 6 3 4119 7 4 6 1113 8 52 6 9 7 102 123104 58 11565 1 11 6 9 7 7118 41012 9 7 2 11
A o3 el T TP o[ Al T R s 2]
. . . . . . Nstarei= 12;
Yo‘nalishlar bo‘yicha shartli guruhlarning yo‘llarda joylashuv sxemasi Z=4; 5=<Nsharti=<25 [ 13
1-saralashda 2-saralashda 3-saralashda 4-saralashda

F— A 1,2+3+4 1,2,3456,7,8

- 2,468,911 9 9+10+11 «———  91011,121314,15
3,7,10,14 - 3,7,10+4,8,11 bo‘sh yo‘l bo‘sh yo‘l

5,12 5.12+6 - 5,12,6+7,8 bo’sh yo*l

Vagonlarning yo‘llarda joylashuvi
1-saralash 2-saralash

11 1

1

1]1]1]1]

8 29 211 9 46411 9 4611 8 26 9 24 8 11 116 9 118 4 9 2 11
<—11o]3|12]2|14|12[5]s|5|14|11|5|7|14|10|2|7|11{ [4|1o|14|14|7|11|14|9|4|11|2|13]

15@231591]]@

9
12|12|11(11{11 {11

]« ¢ [2[]3]s I13l |12|8|81121 lHlOIHI [shfshfichdidhfse I13Il3l e [s | ISJQIEISIEIBIEIEFI

61561565515

3-saralash

[s|7|7|7|e]15[ ]15|e|5|5|15\

4-saralash

[s[s[s[« 4 Te[a]2[a[3[3[2[2[2[2[1[2]1]1]

ifoll%lfoléléléfléléléI?I?ﬁlélélélélélélélélilililil313|§|Zl§1§fﬁTlTl

11 11 11 11 11 11 11 10 10 10 10 9 9 9 9 9 9
[14]14[14]1414]14]13[13]13]12[12]12[12[1a]1a]11]11

8 8 8 8 7 7 7 7 7 6 6 6 6 5 12 5 12 5 5 5 12
~<—{10[10[10[ 9 [o o[8[ 88 7[7[7[6[15[6[15[6]5]5 [15]

2 12 11 11 11 11 11 11 10 10

<—H11_5]E]1\4|14|14 h4]1a]14]13] 13]13]12]12[12]12]11]11[11 m

bo‘sh yo‘l

bo‘sh yo‘l

2- va 1- yo‘ldan vagonlarni yig‘ib chiqgish

12 12 11 11 11 11

11 1

|:i15[15[15[14[14[14[14[14[14[13[13[13[12[12[12[12[11[11[11[11[10[10[10[ 9o 5 [ o | s [ s [ s [ s | 7 [ 7 [ 7 [ Z[ Z[g[ ;[ '55[ ;[ Q[Q[Z|Z[ . [i[ 3 | g[ Z[Q[E[ ;[;[;[ 1 [1]1]1]

4-rasm. “G” usulga muvofiq berilgan tarkibni saralash texnologiyasi
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Barcha hisob-kitoblar bir xil sharoit — TEM-2 markali
manyovr teplovozi va bir xil tarkib (57 vagon) uchun
bajarildi. Har bir usul bo‘yicha olingan natijalar jadvallar
ko‘rinishida tizimlashtirilib, bajarilgan saralash sikllari va
manyovr reyslari soni hamda umumiy sarflangan vaqt o‘zaro
giyoslandi. Shu asosda tarkibni tuzishga sarflanadigan
texnologik vaqtning poyezdlarning saralash yo‘llarida turib
golishi, yuklarni yetkazib berish muddati, manyovr
lokomotivlaridan foydalanish ko‘rsatkichlari va saralash
tepaligining qayta ishlash qobiliyatiga ta’siri baholandi.

3. Natijalar va muhokama

Ko‘p guruhli poyezdlar tarkibini shakllantirishda
qo‘llaniladigan  saralash usuli jarayonning umumiy
davomiyligiga bevosita ta’sir ko‘rsatadi. Shu sababli
amaliyotda eng ko‘p qo‘llaniladigan uchta usul — Sologub
(“S”), shartli guruhlar bo‘yicha saralash (“G”) va
kombinatoriyali saralash (“V”’) usullari turlicha (3 tadan 15
tagacha) guruhga ega tarkiblar misolida qiyosiy tahlil
gilindi. Har bir usul uchun saralash jarayoni davomiyligi
hisoblab  chiqilib,  natijalar  o‘zaro  solishtirildi
(1-jadval).

1-jadval
Ko‘p guruhli poyezdlarni taklif etilayotgan usullar
orgali targatishdagi vaqt sarfi

“Sologub” “Shartli “Kombinat.ori
Guruh_lar usuli guruhlar” ka” usuli
soni bo'yicha usqll bo‘yicha
bo‘yicha
3 taguruh 41,1 44,9 48,7
6 ta guruh 53,2 52,9 52,6
9 taguruh 65,3 61,0 56,7
12 ta 774 69,0 60,7
guruh
15ta 895 77,1 64,7
guruh

1-jadval ma’lumotlaridan ko‘rinaki, guruhlar soni 3
tadan 15 tagacha ortgan sari barcha usullarda vaqt sarfi oshib
boradi, birog bu o‘sish har bir usulda turlicha intensivlikka
ega. “Sologub” usulida vaqt sarfi eng keskin ortadi: 3 ta
guruhda
41,1 daqiqadan 15 ta guruhda 89,5 daqiqagacha. “Shartli
guruhlar” usuli o‘rtacha samaradorlik ko‘rsatib, 15 ta
guruhda 77,1 daqgiqani tashkil etadi. “Kombinatorika” usuli
esa barcha holatlarda eng kam vaqt sarfini ta’minlaydi va 15
ta guruhda atigi 64,7 dagiqgani talab giladi.

100
90

80

895
7.4 7.1
.0
65.3 647
6.0 ©0.7
60 - 5.7
532529526
e 48.7
50 249
411
. II
30

Jarayon davomiyligi, dagiga;
1

3 ta guruh 6 ta guruh 9 ta guruh 12 ta guruh 15 ta guruh
W Sologub saralash B Shartli guruhlar bo'yicha saralash
B Kombinator saralash

5-rasm. Turli usullar asosida saralash davomiyligini
guruhlar soniga garab solishtirish
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5-rasmdagi ustunli diagramma usullar o‘rtasidagi farqni
yaqqol ko‘rsatadi. Guruhlar soni kam bo‘lganda (3-6 ta)
usullar orasidagi farq, guruhlar soni ko‘p bo‘lgandagi (9-15
ta) farqga nisbatan kamroq. 15 ta guruh bo‘lgan holatida
“Kombinatorika” usuli “Sologub” usuliga nisbatan 24,8
daqiqa, “Shartli guruhlar” usuliga nisbatan esa 12,4 daqiqa
kam vaqt sarflaydi.

100

7’

3 ta guruh

Jarayon davomiyligi, daqiqa

6 ta guruh 9 ta guruh 12 ta guruh 15 ta guruh

—a—Sologub saralash =e=Shartli guruhlar bo'vicha saralash ==e==K ombinator saralash

6-rasm. Saralash davomiyligi o‘zgarishining usullar
bo‘yicha tendensiyasi

6-rasmdagi chiziqli diagramma vaqt sarfining o‘sish
tendensiyasini ko‘rsatadi. “Sologub” usuli eng tik va keskin
o‘suvchi chiziqqa ega bo‘lib, guruhlar soni ortgani sari
saralash davomiyligi keskin oshadi. “Shartli guruhlar”
usulida o‘sish nisbatan barqaror kechadi. “Kombinatorika”
usuli esa eng past o‘sish trendiga ega bo‘lib, vaqt resurslarini
eng tejamkor sarflaydi va katta guruh sonlarida
samaradorligini saglab goladi.

Hozirgi kunda Chuqursoy stansiyasida ko‘p guruhli
poyezdlarni tarqatish uchun o‘rtacha 90 daqiqa vaqt
sarflanishini inobatga olgan holda, taklif etilayotgan usullar
bo‘yicha tejaladigan vaqt miqdori hisoblandi (2-jadval).

2-jadval
Ko‘p guruhli poyezdlarni tarqatishda hozirgi kunda
go‘llanilayotgan texnologiya va taklif etilayotgan
usullar uchun sarflanadigan vagtlar farqi

Usul nomi Sikllar soni, Tejaladigan
dona yoqilg‘i sarfi, kg
Sologub 5 17
Shartli guruhlar 4 33
Kombinatorika 4 33

Yoqilg‘i sarfi bo‘yicha tahlil ham o‘tkazildi. 15 ta
guruhli tarkib uchun xronometraj asosida aniglanishicha,
“Shartli guruhlar” va “Kombinatorika” usullari (har biri 4 ta
sikl bilan)
33 kg gacha yoqilg‘i tejashga imkon beradi, “Sologub”
usulida esa sikllar soni 5 taga teng bo‘lib, atigi 17 kg yoqilg‘i
tejaladi
(3-jadval).

3-jadval
Ko‘p guruhli poyezdlarni tarqatishda hozirgi kunda
qo‘llanilayotgan texnologiya va taklif etilayotgan
usullar uchun sarflanadigan yoqilg‘ini tejash miqdori

. Sikllar soni, | Tejaladigan yoqilg‘i
Usul nomi dona sarfi, kg
Sologub 5 17
Shartli guruhlar 4 33
Kombinatorika 4 33

Saralash usullarining igtisodiy samaradorligi tarkibni
targatishda tejaladigan vaqt va yoqilg‘i xarajatlari bo‘yicha
baholandi. Hisob-kitobda Chuqursoy stansiyasi uchun
aniglangan ko‘rsatkichlar — sutkalik targatiladigan poyezdlar
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soni (13 ta), manyovr lokomotivining lokomotiv-soat xarajat
stavkasi

(218 913 so‘m/soat) va yoqilg‘i narxi (14 650 so‘m/kg)
qo‘llanildi. Natijada “Kombinatorika” usuli bo‘yicha yillik
iqtisodiy samara 2 milliard 730 million so‘mni tashkil etdi;
bu ko‘rsatkich “Sologub” usuliga nisbatan qariyb 2 baravar,
“Shartli guruhlar” usuliga nisbatan esa 200 million so‘mdan
ortig yugori.

Olingan natijalar shuni ko‘rsatadiki, saralash sikllari va
manyovr reyslari sonining kamayishi tarkibni tuzishga
sarflanadigan  texnologik vagtni  sezilarli  darajada
gisgartiradi. Yig‘ish sikllari davomiyligi guruhlar soniga
nisbatan deyarli o‘zgarmaganligi sababli, asosiy vaqt
yuklamasi aynan saralash bosgichiga to‘g‘ri keladi va aynan
shu bosgichni optimallashtirish magsadga muvofigdir.

4. Xulosa

Mazkur magqolada saralash stansiyalarida ko‘p guruhli
yuk poyezdlarini tuzish jarayonining samaradorligini
oshirish magsadida texnologik vagt me’yorlarini aniglash va
eng ratsional saralash usulini asoslashning nazariy hamda
amaliy jihatlari o‘rganildi. Tarkibni tuzishga sarflanadigan
vagtni hisoblash bo‘yicha yondashuv go‘llanilib, tarkibdagi
vagonlar soni, guruh yo‘nalishlari soni, mavjud saralash
yo‘llari soni, manyovr yarimreyslari davomiyligi hamda
saralash va yig‘ish sikllari kabi asosiy texnologik omillar
kompleks tarzda hisobga olindi.

Ko‘p guruhli poyezdlarni tuzish va mahalliy vagon
oqimlariga ishlov berish ishlarini tezlashtirish bo‘yicha
ilmiy ishlar tahlili shuni ko‘rsatdiki tuzishning ratsional
texnologiyalarini izlash giyin optimallashtirilgan masala
hisoblanadi va u hozirgi kunga qadar ham to‘liq o‘z
yechimini topmagan. Shu sababli stansiyalarda ko‘p guruhli
poyezdlarni tuzish jarayonlari samaradorligini oshirish
bo‘yicha turli texnologik hamda rekonstruktiv tadbirlar
tahlili o‘tkazildi va quyidagi innovatsion g‘oya tuzildi:
Mabhalliy vagon oqimlariga ishlov berish hamda ko‘p guruhli
poyezdlarni tuzish uchun stansiya saralash parki yo‘llarini
seksiyalashtirishning samaradorligi.

Sologub (“S”), shartli guruhlar (“G”) va kombinatoriyali
(““V”) usullari bir xil sharoitda, 3 tadan 15 tagacha guruhli
tarkiblar misolida giyoslanganda, barcha holatlarda guruhlar
soni ortgan sari vaqt sarfi oshib borishi aniglandi. Birog bu
o‘sish “Sologub” usulida eng keskin (15 ta guruhda 89,5
daqiqa), “Kombinatorika” usulida esa eng kam (64,7 daqiqa)
bo‘lib, “Shartli guruhlar” usuli oraliq natija (77,1 daqiqa)
ko‘rsatdi. “Kombinatorika” wusuli Tarkibni tuzishga
sarflanadigan vaqt bevosita saralash sikllari va manyovr
reyslari soniga bog‘liq bo‘lib, yig‘ish sikllari davomiyligi
guruhlar soniga nisbatan deyarli o‘zgarmasligi sababli
asosiy vaqt yuklamasi saralash bosgichiga to‘g‘ri keladi va
optimallashtirish ham aynan shu bosgichga garatilishi lozim.

Chuqursoy stansiyasi uchun o‘tkazilgan qiyosiy
baholash natijalariga ko‘ra, 15 ta guruhdan iborat ko‘p
guruhli poyezdlarni tarqatishda “Kombinatorika” usuli vaqt
va yoqilg‘i sarfi bo‘yicha eng tejamkor usul ekanligi hamda
yiliga 2 milliard 730 million so‘m igtisodiy samara berishi
asoslandi. Ushbu usulni qo‘llash poyezdlarning saralash
yo‘llarida ortigcha turib qolishini bartaraf etib, manyovr
lokomotivlarining dizel yoqilg‘isi sarfini kamaytirish,
harakat tarkibidan samarali foydalanish hamda yuklarni
yetkazib berish muddatlarini gisqgartirish imkonini beradi.
Shu bilan birga, ratsional usulni tanlash orgali mavjud
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infratuzilma sharoitida, katta kapital qo‘yilmalarsiz ham

stansiya ish ko‘rsatkichlarini yaxshilashga erishish
mumkinligi ko‘rsatildi.
Yuqorida sanalgan barcha usullar ko‘p guruhli

poyezdlarni qayta ishlaydigan istalgan stansiya uchun
o‘rinlidir, chunki ular ma’lum bir stansiyaning texnik
xususiyatlariga emas, balki ko'p guruhli tarkiblarni gayta
ishlashning umumiy mantigiga asoslangan. Namunaviy
hisob-kitoblar ~ esa  uslubiyatning amaliy jihatdan
qo‘llanilishini ko‘rsatish magsadida Chuqursoy stansiyasi
misolida amalga oshirildi.

Olingan natijalar saralash stansiyalarida ko‘p guruhli
poyezdlar bilan texnologik operatsiyalarni tashkil etishni
takomillashtirish, manyovr ishlarini optimallashtirish hamda
stansiyaning qayta ishlash qobiliyatini oshirish bo‘yicha
amaliy tavsiyalar ishlab chigishda muhim ahamiyatga ega.
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Study of the magnetocaloric effect in magnetic materials

Abstract:

Keywords:

F.F. Khasanov®?
1Tashkent state transport university, Tashkent, Uzbekistan

The paper considers the physical basis of the magnetocaloric effect (MCE), the prospects of using
magnetic phase transitions for widening the working temperature range, and the design solutions of
magnetic refrigeration systems. It is shown that the efficiency of magnetic cooling is governed by the
magnitude of the magnetocaloric effect, the frequency of the working cycle, the amount of the working
body and the efficiency of heat exchange. The operation of a magnetic refrigerator with a gadolinium-
based working body is examined and the prospects of MnAs-based compounds are analysed. Particular
attention is paid to the influence of pressure and of the structural contribution on the magnitude of the
effect: for MnAs under a pressure of 2.23 kbar an isothermal entropy change of 267 J/(kg-K) is reported,
while for an MnAs—PVA composite in a field of 1.2 T the adiabatic temperature change reaches 1.2-1.3
°C against 0.87 °C for the prototype. The results indicate that magnetic materials with pronounced
magnetostructural phase transitions are promising for the design of highly efficient magnetic refrigeration
systems.

magnetocaloric effect, magnetic materials, magnetic cooling, magnetic refrigerator, heat exchange,
magnetic phase transition, gadolinium, MnAs, polymer matrix, pressure

HccnenoBanne MarHeTokajopuueckoro 3gpexra B MArHUTHBIX MaTepuasiax

XacanoB ®.®.102

TamkenTckuit rocynapcTBEHHbI TPAaHCIIOPTHEIA yHHBEpCUTET, TalkeHT, Y36eKucTan

AHHOTAINA:

Kunrouessie cioBa:

1. BBeanenue

Jis uccnenoBaHus (QyHIAMEHTATBHBIX (U3MIECKUX

B crarbe paccMOTpeHbl (u3nMHYecKre OCHOBBI MarHeTokanopudeckoro s¢dexra (MKD), nepcrnekTuBsl
NIPUMEHEHUS] MAarHUTHBIX ()a30BBIX EPEXOIOB VIS PACLIMPEHHS TEMIIEPATyPHOro pabodero A1ana3oHa,
a TaKk)Ke KOHCTPYKTHBHbIE PEIICHUs MAarHUTHBIX XOJOAMIbHBIX cucTeM. [TokazaHo, 4to 3 dexTHBHOCTD
MarHUTHOTO OXJIQK/ICHUS OIpENEeNsAeTcs BEIMYMHOH MarHeTOKaJopU4YecKoro 3(QekTa, 4acToToiH
pabouero muKia, KOJIMYECTBOM pabouero Ttena u 3¢hQeKTuBHOCTHIO TemiooOMeHa. PaccMoTpeHb
0COOEHHOCTH PabOThl MAarHUTHOTO XOJIOJWIBHHKA C pPabOYMM TEJIOM Ha OCHOBE TaJlONMHUA U
MPOAHAIM3UPOBAHBI TIEPCIEKTUBBl NMPUMEHEHHS COeIMHEHUH Ha ocHoBe MnAs. Oco0oe BHUMaHHE
YZIEJICHO BJIMSIHUIO TaBJIEHUS U CTPYKTYPHOro BKJIaja Ha BenuuuHy MKDO: mis MnAs noa naBieHueM
2,23 kbap mpuBeneHo u3oTepMuueckoe u3MeneHue surponun 267 Hx/(kr-K), a aius komnosura MnAs—
[IBA B none 1,2 Tn aguabatudeckoe n3MeHenue remneparypsl gocruraer 1,2—1,3 °C nportus 0,87 °Cy
npororuna. [IpencraBieHHble pe3yJabTaThl YKa3blBAlOT HA HEPCHEKTUBHOCTH HMCIHOJIB30BAHUS
MAarHuTHBIX MaTEPHAJIOB C BBIPAKEHHBIMH MAarHUTHO-CTPYKTYPHBIMH (Da30BBIMH NEPEXOAaMM Is
CO3/1aHKsL BBICOKOO( (EKTUBHBIX MATHUTHBIX XOJIOIMIBHBIX CHCTEM.

MarHeToKJIOpuueckuil 3(QeKT, MarHUTHbIE MaTrepuajbl, MArHUTHOE OXJAXKIEHHWE, MAarHUTHBIN
XOJIOIMJIBHUK, TEII000MEH, MarHUTHBIH (ha30BbIil Iepexo1, raJloNnHui, MnAs, nojnuMepHas MaTpulia,
JlaBJICHUE

(YHKLIHOHAIBHBIX CBOWCTB, BKJIIOYAs
TIOJTYTIPOBOJAHUKOBBIE, MarHUTHBIE, CBEPXIPOBOALIME U
KaTaJUTHYeCKue XapakTepucTuku [1, 3]. Otu coeauHeHus

CBOIMCTB BELIECTB BO MHOTHMX CIy4asX HEOOXOIMMbI
BBICOKOKAUECTBEHHBIE MOHOKPHUCTAJLIBI, MOCKOJIBKY
HCTIONIb30BAHHUE MOHOKPHCTAJUINYECKUX 00pa3uoB
MO3BOJSIET M3y4YaTh AHU30TPOIMIO CBOWCTB, YMEHBIIATh
BJIMSIHUE TTIOBEPXHOCTHBIX 3 ()EKTOB H MOBBIIIATH TOYHOCTD

paccMaTpuBalOTCA KaK IEPCHEKTHBHBIE MaTephajbl Ui
COBPEMEHHOI JIEKTPOHHKH, YHEPreTHKH U CHHHTPOHUKU.
Kpome Toro, cysibbumHbie CoeIMHEHHsT BXOIIAT B COCTaB
MPUPOTHBIX MOTUMETAUTUYECKUX Py, YTO OMpPEISIsieT X
MpUKIIagHOoe 3HaYeHue [2, 4, 5].

m3mepennit [2, 7]. OcoOblii WHTEpeC MPEACTABIAIOT OnunM W3 paclpoCTpaHEHHBIX METOJOB  [IOJTyHeHHs
XaNBKOTEHUABl W THHUKTHIABI TEPEeXOAHBIX METAJUIOB, KPHUCTAJIOB  MOJ00HBIX CO@HHHeUHHH SIBJIICTC.  METON
XapaKTEepH3yOIIHeCs LIXPOKUM CIIEKTPOM pacTBOp-pacIuiaBa, OCHOBaHHBII Ha MeJIEHHOM
a2 https://orcid.org/0009-0004-6301-9822
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OXJIXKIEHHM  MHOTOKOMIIOHEHTHOrO  paciuasa. Ilpm
KJIACCHYECKON peaH3alliil JaHHOTO MOAXOJa BO3MOXKHO
(hopMHpoOBaHHE 30HAIFHO HEOJHOPOJHBIX KPHCTAIUIOB [4,
7]. IlpuMeHeHWe  CTaIMOHAPHOTO  TEMIIEPATYPHOTO
TpajieHTa I03BOJSIET CTAaOMIM3HPOBATH YCIIOBUS POCTa,
YMEHBIINTh  M3MCHEHHE  AKTHBHOCTH  KOMIIOHEHTOB
pacIuiaBa ¥ HOBBICHTH BOCIIPOM3BOANMOCTE Pe3yIbTaToB. B
CBSI3M C 3TUM aKTyallbHOH 3aJaueil sBiseTcs pa3padoTka
METO/IOB CHHTE3a BBICOKOKAYECTBEHHBIX (DyHKITHOHAIBHBIX
MaTepuajoB C KOHTPOJHPYEMBIMH CTPYKTYPHBIMH U
(bur3nUeCKUME XapakTepucTikamu [6, 8].

C pa3BHTHEM METO/IOB CHHTE3a BBHICOKOKAUECTBEHHBIX
KPUCTAUIOB MHTEHCHBHO pa3BHBAETCS  HCCIEIOBaHHE
MarHeTOKIOPHYECKUX MAaTepHajloB, YTO OOYCIIOBICHO
MIEPCTIEKTUBHOCTHIO CO3JaHMSI MAarHWTHBIX XOJIOAMJIBHBIX
CHUCTEM, CHOCOOHBIX 3((hEeKTHBHO paboTaTh BOIH3H
KOMHaTHOH Temriepatypsl [1, 8]. MaruutHoe oxiakaeHue
paccMaTpuBaeTcs KakK  IIOTEHIWAJbHAs  aJbTepHATHBA
TPaJUIIOHHEIM  MAapOKOMIIPECCHOHHEIM  YCTaHOBKaM
Omaromapss BO3MOXKHOCTH TIOBBIIIEHHS DHEPreTHYecKOit
9 (PEKTUBHOCTH ¥ CHIDKEHHIO SKOJIOTMYECKOH HarpysKH.
®usnueckol OCHOBOW JAaHHONW TEXHOJOTMH  SIBIISIETCS
MarHeTOKJIOPHIECKHH et — W3MEHEHHE
TEeMIepaTyppl ~ MarHUTHOTO  MaTepHajlla IpH  €ro
HaMarHMYMBaHUU W Pa3MarHWYMBAHUM B aIMa0aTHISCKHX
ycnoBusx [ 3, 6].

CoBpeMeHHBIE MarHUTHBIE XOJIOAWIBHBIE CHCTEMBI
pa3BHBAIOTCS. OT YCTaHOBOK CO CBEPXIIPOBOISIIUMU
MarHuTaMu K 60Jiee KOMITAKTHBIM KOHCTPYKIIHSIM Ha OCHOBE
MOCTOSTHHBIX MarHUTOB. OTHIM W3 KITIOYEBBIX HaIpaBICHAI
MOBBIMIEHHUST  XOJIOZOTPOM3BOJIUTEIBHOCTH  SIBIISIETCS
YBENMYEHHE 4YacTOThl pabodero IMKiIa, HOCKOJBKY
MPOU3BOUTEIBHOCTh CUCTEMBI OINPENEIIACTCS HE TOJIBKO
BennuuHoit MKD, HO U konnyecTBOM pabodero matepuana
1 3¢ dexTHBHOCTHIO Tertonepenayu [ 5, 7]. [Tpu aTom 00bEM
MarHeTOKaJIOPUYECKOro  MaTepuaja  OTrpaHHYMBAaeTCs
IEOMETPUYECKMMH  pa3MepaMH  MarHUTHOH  CHCTEMBI,
dopmupyloleld BHEIIHee MarHuTHoe mone. I[losromy
YBEJIMYEHHE YacCTOThl pabodyero ILUKJIA paccMaTpHBAaeTCs
KaKk OJMH H3 CHOCOOOB TOBBIICHUA —OXJIAXKIAIoIen
MOIIHOCTH 0€3 CYIIECTBEHHOT'O YBEJIHYEHHs Ta0apuToB
ycTaHOBKH [8, 9].

BeicokouacToTHas paboTa MarHUTHOTO XOJIOAWJIBHHKA
NpEbSABISIET ITIOBBIICHHBIE TPEOOBAaHMS K OpraHW3aLuu
temwiooOMena.  beicTpas mepemaya  TEIUIOTBI  MEXIY
MAarHeTOKaJIOPUYECKHM MaTepHaoM M TEIUIOHOCUTENIEM
BO3MOXKHA IPH HCHOJb30BAaHUM TEIULIOOOMEHHHKOB C
Pa3BUTOM TOBEPXHOCTBIO M PALMOHAIBHON reomMeTpueit
pabouero Tena. IMepcreKTHBHBIMU SBIAIOTCS
MHOTOCJIOMHbIE KOHCTPYKIIMM W3 TOHKHMX HapaJulelbHBIX
IUTACTHH WK cTepyHed TommmHon nopsaka 0,1-0,3 Mmm ¢
HEOOJIBIIMMHU MEXKIUIACTHHYATBIMU 3a30pamy,
00eCreynBalOIIUMA ~ MUHTEHCUBHBIA  TEIUIOOOMEH — pH
OTPaHWYEHHBIX TUAPOJUHAMUYECKUX MoTepsx [6, 10].

JononnurenbHbIM  (akTopoM,  BIMSIOIIMM — Ha
3 PEeKTUBHOCTH MATHUTHOTO XOJIOJWIbHUKA, SIBISETCS
pa3MarHuyMBaolee noue, BEIIMYMHA KOTOpOTo
oIpeneNnsercs reoMeTpueit MarHeTOKaJOpHYECKOro
marepuasia.  COracHO  PacCMOTPEHHBIM  JaHHBIM,
JleMarHUTU3aMOHHBIE 3()(HEKThI YMEHBIIAIOTCS B TOHKUX U
YIUIMHEHHBIX ~ DJIEMEHTaX, OPUCHTUPOBAHHBIX  BJIOJb
HanpaBJCHHUS  BHENIHEO  MAarHUTHOTO  MOJIL,  4TO
cnocobctByer Oonee 3P EeKTHBHOMY — HCIOJIH30BAHUIO
MarHUTHOTO TIOJ W TIOBBILEHHIO  SHEPreTH4YecKon
a¢dexruBHOCTH cucTeMsl [7, 8].
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VHTepMeTaUIMYeCKUe COeIMHEHHs], paccMaTpHBaeMble
KaK IIEePCTCKTHBHBIE MarHETOKAJIOPHYECKUE MaTepHualsbl,
XapaKTePU3YIOTCS XPYHKOCTBIO M OTHOCHTEIBHO HH3KOW
TEXHOJIOIMYHOCTBI0. DTO 3aTPY/AHACT H3rOTOBICHHE U3 HUX
TEIIO0OMEHHBIX CTPYKTYP CIIOXKHOi reomerpun. ITosromy
Ba)XHOE 3HAuYeHHE IpHoOpeTaeT pa3paboTKa CIocoO0B
HOJIY4YEHUs] MAaTepUaJIOB C KOHTPOIMPYEMOH CTPYKTYpOH,
obecnieunBatonield 3pQeKTUBHBIN TEINIOOOMEH, a TaKKe
UCCIIC/IOBAHUE BIMSHUS TEPMHYCCKHX H MEXaHHYECKHX
BO3/ICHCTBHUIT HA UX CTPYKTYpPHBIC 1 MAarHETOKAJIOPHYECKHE
xapakrepuctuxu [11, 13].

Lenbro HacTOsIIIEH PaOOTHI SIBISIETCS aHATTN3 (haKTOPOB,
onpenessonmx dPPEKTHBHOCTh MATHUTHOTO OXJIAXICHUS,
—  BEJWYMHBl  MarHeToKalopudyeckoro  sddexra,
TeMIEepaTypbl MarHUTHOTO ()a30BOrO MEpexojia, YacTOThI
pabodyero mukia, TeOMETpUH pabodero Tena M yCIOBHI
MEXaHHYECKOr0 BO3JEHCTBHS, — a TakXKe OIEeHKa
MepCIICKTHB MPUMEHEHHUS COCMHEHHUI Ha ocHOBe MnAs B
KayvecTBe paboyvero Tejia MarHUTHOM XOJIOAMITBHOM CHCTEMBI
[11, 12].

2. MeToauka HcCJIeI0BAHNA

2.1. ®u3nyecKue 0CHOBHI MATHUTHOTO OXJIAKIECHUSI

MarHuTHOE OXJIaK/IECHHE OCHOBAaHO Ha CIIOCOOHOCTH
MarHUTHOI'O MaTepHajla W3MEHSTh CBOIO TEeMIepaTypy M
SHTPOIIHIO MO/ BO3AEHCTBIEM BHEIIHET'0 MAarHUTHOTO MOJIS.
Tlo anamoruu ¢ mporeccaMy CKaTHsl U pacIlupeHus ra3a B
TPaJMIMOHHBIX  XOJOMWIBHBIX MAallMHaX HM3MEHEHHe
HanpsHKEHHOCTH MAarHUTHOTO TIOJIS BBI3BIBACT M3MEHEHHE
TEPMOANHAMHYECKOT0 COCTOSTHHSI MarHUTHOTO Marepuaia.
JlaHHOE SBIICHME HA3bIBACTCS MarHETOKAJIOPUYCCKUM
a¢pdexrom [4, 9]. M3mMeHeHHne TeMnepaTypsl 00yCIOBICHO
nepepacipeneieHieM  BHYTPEHHEH  SHEpruu  Mexmy
CHCTEMOMH MarHUTHBIX MOMEHTOB aToOMOB "
KpUCTAUIMYECKOM peiméTkoil. MakcuMasibHbple 3HA4YEHUs
MKD HaOmomaoTcst B MarHUTOYIOPSIIOUEHHBIX
Marepuanax, B YaCTHOCTH B (eppoMarHeTHKax |
aHTH(EepPPOMarHeTuKax, B O0NacTH MarHUTHBIX (ha30BBIX
nepexonos — Ttemneparyp Kiopu, Heens u mpyrux
TeMIeparyp MarHUTHOTO yropsioueHus [2, 7, 9].

2.2. O0beKT U NCTOYHMKH AHAJIM3UPYEMbIX JaHHBIX

B kauectBe OOBEKTOB aHAJIM3a PACCMOTPEHBI [BE
TPyHIBl MaTEpPUAlIOB: METAJUIMYECKUI TaJoJMHUN Kak
KJIaCCUYECKoe pabouee Te0 MAarHUTHOIO XOJOAMJIbHHKA
KOMHATHOTr'0 IMaIia30Ha M COSIMHEHHS HA OCHOBE apCeHn1a
Mmapranna MnAs, o06nagaromue MarHUTHO-CTPYKTYPHBIM
(ha30BBIM N1EPEXO/IOM NEPBOT0O POJa. AHAIU3 BBIIIOJIHEH MO
OIlyOJINKOBAHHBIM ~ 3KCIIEPUMEHTAJIbHBIM  JAHHBIM O
Benunde MKD, rtemmeparype ¢asoBoro mnepexoma u
BIMSHUM THIPOCTAaTHYECKOTO JABJICHUS, a TAaKXkKe MO
JAHHBIM O KOHCTPYKTHMBHBIX DEILCHHSX MAarHMTHBIX
XOJIOAMIIBHBIX cHcTeM. COIOCTaBIISIEMbIME  BEJIUYMHAMU
SBISUIUCh M30TEPMHUYECKOE HU3MeHeHue sHTponuu AS
(Jx/(xr-K)), annabaruueckoe m3meneHne TeMmneparypst AT
(°C) u 3HayeHHe MPUIOKEHHOro MarHuTHoro mois (Ti).
3HayeHWs NPUBOJATCS B TOM BHAE, B KAaKOM OHH
OITyOJIMKOBAaHbl B HCXOJHBIX HMCTOYHHKAX; COOCTBEHHBIC
U3MEPEeHUs B HACTOSIIEH paboTe He BHIOIHSIUCE.

3. Pe3yabTaThl U 00CyKAeHHE

3.1. KoHcTpykTHBHaAsi peaju3alusi MArHUTHOIO
X0JIOIUIBHUKA
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PaccmarpuBaemasi KOHCTPYKIHS — TIpEIyCMaTpUBAET
BpaineHne pabouero Kolieca uepe3 paboumnii 3a30p MarHura,
B KOTOPOM COCPEIOTOYEHO MArHWUTHOE IoJie (PUCYHOK 1).
[Ipu BXxOz€ cCerMeHTa ¢ TaJoIMHIEM B 00JIaCTh MAarHUTHOTO
moJisi B Marepuaiie BosHukaer MKD, conpoBokIaroniuiics
MTOBBIIICHHEM €r0 TeMreparypbl. O0pa3oBaBIIAsCS TEIUIOTA
OTBOJMTCS TEIUIOOOMEHHUKOM, OXJIaXIaeMbIM BooH. [Ipu
BBIXOJIC TAJOJIMHUS W3 30HBI MarHUTHOTO ITOJII BO3HUKAET

MOCTOAHHBIA MarHUT

MarHutonposoj

MKD  [pOTHBOINOJNOXKHOTO 3HAKa, BCIEICTBHE 4Yero
MaTtepHa JIOHOJHUTENILHO OXJIaXKAACTCS K OTBOIUT TEIUIOTY
OT BTOPOTO MOTOKAa BOJBL. DTOT IOTOK HCIIOIB3YeTCs UL
OXJIaXKICHHUS TIOJIE3HON Harpysku MAarHUTHOTO
XOJIOAWIIbHUKA. Takas KOHCTPYKIMSI —XapaKTepu3yeTcs
KOMITAKTHOCTBIO M OTCYTCTBHEM MEXaHHYECKHX BHOpaIuii,
CBSI3aHHBIX C TPAJUIMOHHBIM  TAPOKOMIIPECCHOHHBIM
koM [9, 11].

Fopsiunit U Xonoabli TeENI006MEHHUKIN

dp

K0neco ¢ MarHuTHbIM
MOpOLWKOM

Puc. 1. Cxema paGoTbl MATHUTHOT'O X0JI0AHIBHUKA

Ilo HpI/IBe}IéHHLIM B HUCXOAHOM MaTe€puaji€ AaHHbIM,

MarHUTHOE OXJIK/ICHUE MOXET obecrieunBaTh
sHepreruueckyo 3dexruBHocTh Ha 20-30 % BBIIIE TTO
CpPaBHEHHIO C IapPOKOMIIPECCHOHHBIM  OXJIXK/ICHHEM.

JIOTIOTHUTENBHBIM TIPEUMYIIIECTBOM SIBIISIETCST OTCYTCTBHE
HEOOXO/IMMOCTH HCIIONIb30BaHUS 030HOPA3PyLIAIOMNX U
MapHHUKOBBIX XJIAJIaATCHTOB, YTO MOBBIIIAET KOJIOTMIECKYIO
MpPUBJIEKATENBHOCTh TeXHOoMoruu [13].

3.2. MarHerokanopuueckue cBoiictea MnAs

CruiaBbl Ha OCHOBE apCEHHUJIOB MIEPEXOAHBIX METAILIOB,
B 4YacTHOCTH apceHun Mmapranina (MnAs), NmpeacTaBisioT
HHTEpeC BCJCACTBHE HAJIMYUS MAarHUTHO-CTPYKTYPHOTO
(azoBoro mepexoja MepBOro poja U BHICOKOW BEITUYMHBI

Marserokanopmdeckoro sd¢ekra. B paccmarpnBaembpIx
uccnenoBaHuAX Uit MnAs nox nasnenueM 2,23 k6ap npu
KOMHATHOH TeMIeparype MIPUBE/ICHO 3HaYCHHUE
HM30TEpPMHYECKOT0 W3MeHeHus sHTpormn 267 Jx/(xr-K)
(pucyHoKk 4).

Jns xommosnta Ha OCHOBe MnAs B TOIMMEPHOM
MmaTtpunie [IBA, BblIepKaHHOIO B TEYEHUE CYTOK IOJ
nasineHneM 10 k0ap, B MCXOIHBIX JAaHHBIX IPUBE/ICHBI
MakcuMaibHble u3MeHeHus remnepatypsl AT = 1,2 °C npu
HarpeBe u AT = 1,3 °C npu oxnaxnenun (pucyHok 2). I[Ipu
U3MEHEHNH MarHuTHoro monst go 1,2 Tn sty 3HaueHwmst
HPEBBIIIAIOT YKa3aHHOE B pabOTe 3HAYCHHE JUIs IPOTOTHUIIA
—0,87°C[7, 12]

AT, °C

024

MCE in magnetic
field 1.2 Tesla

T
30

T, K

si13

Puc. 2. Marnerokajopuyeckuii 3¢ ekt komnozura Ha ocHoBe MnAs B nommmepHoii Mmarpune [IBA npn MaruurHom
noJe 1,2 Ta

Ilpn TemmepaTypHOM mepexoae 0e3 IPUIOKESHHSL
JIABJICHMS. BEJIMYMHA M3MEHEHMS OSHTPOIMH, COIJIACHO
HCXOJHBIM JaHHbIM, cocraBmsier okono 40 Jhx/(xr-K).
Ipenmonaraercs, YTO yBEIUYEHHE CTPYKTYPHOTO BKJIaaa B
MKD MnAs MOXeT MNPHUBECTH K POCTY H3MEHEHUs

September, 2026
Research, Innovation, Results

244

temneparypsl ¢ AT =~ 18 °C po mmanazona 50—-60 °C, yto
co3maér TIPENOCHUIKH IS pa3paboTku
BBICOKOO()()EKTUBHBIX MAarHHTHBIX XOJIOIMJIBHBIX CHCTEM

[10].
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Puc. 3. TemnepaTypHbIe 3aBHCHMOCTH yAeJbHOI Hamaranyennoctu B1obs OJIH (H L ¢) nias MoHOKpHCTa 12 apceHn1a
Mapranna B MarautHoM noJjie H = 10 kD npu narpese (1) n oxaaxaennn (2), a taxkxke B nojie H = 140 k3 npu narpese (3)

IIpuBenéunsie 3aBUCUMOCTH MOATBEPKIAIOT
NEPCHEKTUBHOCTh ~ YIPABIECHUS MAarHETOKaJOpUYECKUM
OTKJIMKOM MnAS TIOCPEICTBOM H3MEHECHHS BHEITHUX
ycioBuil. B uacTHOCTH, MOBBIIICHHE CTPYKTYPHOTO BKJIaza
paccmaTrpuBaeTcs Kak OAMH U3 IyTed YyBEIMYECHUs

W3MEHEHMs] TeMIepaTypbl M IOBBILECHUSA 3()PEKTHBHOCTH
MarHMTHOro  XonoaunabHoro mukna.  ComocraBieHue
JAHHBIX JUIi HOPMAIbHBIX YCIOBHH M JUI yCIOBHH
MIPUJIOKEHHOI0 THIPOCTATHYECKOrO JIABJICHHUS MPHUBENICHO
Ha PHUCYHKE 4.

50
D (1. (M} K bvar]
2404 —f— 0.38 Kbar|
== (.57 Klyar]
20M1 —&— 1,13 kbar
—_ e 1. 80 Kyar]
Z 1604 —— 2.23 Kbar]
g 120 —fp— 240 Kbar|

60 270 20 290 MO

MO 320 3 340

Temperature (K)

MCEfor Mnas under pressure much higher than for MnAs  in nomnal
condition Plan isto realizepressure in MnAs  composites

AANRE]

Puc. 4. Marneroxanopudecknii 3¢ppekt MnAs nmoj 1aBjieHHeM U B HOPMAJIBHBIX YCIOBHIIX

3.3. O6cyxnenue n orpaHUYeHNUs]

CorocTaBiieHHE PAaCCMOTPEHHBIX JAHHBIX IOKA3bIBAET,
41O apdexTrBHOCTH MarHUTHOTO OXJIK/ICHHUS
oIpesiensercss He OAHUM IapaMeTpoM, a COBOKYITHOCTBIO
B3aHMOCBSI3aHHBIX (hakTopoB: BEJINYMHON
MarHeTOKAJIOPHIECKOr0o addexra, MOJIOXKCHUEM
TEMIIepaTypbl MarHUTHOTO (aszoBoro nepexo/a
OTHOCHUTENIbHO pabouero auana3oHa, 4acToToil padouero
LKA, TIeoMeTpueil paboyero Tesla, MHTEHCHBHOCTBIO
TEII000MeHa U yCIIOBUSMH MEXaHHYECKOro BO3JEHCTBHSL.
IpunokeHre TUAPOCTATHYECKOrO JAaBJICHUS  CMELIAeT
TEMIIepaTypy Iepexo/ia U yBeINYUBAET CTPYKTYPHBIN BKJIa/1
B 3 eKT, UTO AeNaeT ero JOMOJHUTEIbHBIM YIPABISIFOLIM
[apaMeTpoM Hapsily ¢ COCTaBOM M MAarHUTHBIM I1OJIEM.

OrpaHuyeHuss BBINOJHEHHOTO aHalIW3a COCTOAT B
crenyromeM.  Bo-mepBbIX,  NPUBOAMMBIE — 3HAYCHHS
3aMMCTBOBAaHbl M3 ONYOJMKOBaHHBIX HCTOYHHKOB U
MOJIy4EHbl B Pa3iIM4HbIX JKCIIEPUMEHTANIBHBIX YCIOBUSX,
BCJICICTBHE 4YErO0 KX MpPSMOE COIOCTABICHHE HMEET
OTPaHUYEHHYI0  KOPPEKTHOCTb.  BO-BTOpBIX,  OLEHKA
Bo3MOkHOT0 pocta AT nmo 50-60 °C HOCHT MPOTHO3HBIN
Xapaktep M TpeOyeT SKCIepUMEHTATbHOW TMPOBepKH. B-

245
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TPeThHX, BIIMAHHME LMUKIMPOBAHUA IOJII M JABJICHUSA Ha
obpatumocts dddeKTa B paMKax HacTosed paboThl He
paccMarpuBaIOCh, XOTS MMEHHO LMKIMYECKas BeIMYMHA
a¢dexra ompenenseT NPUTOAHOCTb MaTepHana Uil
YCTpOMCTBA.

4. 3akaoueHue

1.  DddexkTuBHOCTH  MArHUTHOTO  OXJIAXKACHHS
onpenessiercs COBOKYITHOCTBIO B3aUMOCBSI3aHHBIX
(haxTOpOB: BENUYMHOW MarHeTokajgopuyeckoro sgddexra,
TEMIIepaTypoil MarHUTHOTo (H)a30BOro Mepexo/ia, 4acToToi
paboyero  mukia, reoMmerpueit  paboyero  Tena,
HHTEHCHBHOCTBIO TernoooMeHa u YCIIOBHSAMHU
MEXaHHYECKOI0 BO3JCHCTBHSL.

2. KoHcTpykiumss MarHMUTHOTO — XOJOAMWIBHUKA C
BpalaonmMcss paboyuM KOJIECOM M pabouMM TEJOM Ha
OCHOBE TaJIONMHKUA  O0ECIeYMBaeT KOMIIAaKTHOCTh U
OTCYTCTBHE MEXaHHYECKMX BHOpAIMil, XapaKTepHBIX I
MIApOKOMITPECCHOHHOTO LIMKJIA; TI0 NMPUBEAEHHBIM JaHHBIM
sHepreTuyeckas 3hPpekTHBHOCTH Takoit cxemsl Ha 20-30 %
BBILLIE.
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3. st MnAs B pacCCMOTPEHHBIX HCTOYHHUKAX OTMEYEHBI
3HAYUTENIFHBIE BETMINHBI MarHETOKAJIOpHUIECKOro S dexTa
— no 267 Ix/(xr-K) nmox maBmenmem 2,23 xbap —
BO3MOXXHOCTh YCWICHHUS CTPYKTYpHOTO BKJIAJa IIpH
BO3JICUCTBHUH NaBliCHUs; s Komrio3nuta MnAs—IIBA mpu
mone 1,2 Tn mpuBenenst 3Hauenumss AT = 1,2-1,3 °C,
npeBbImaromue 3HaueHne npororumna 0,87 °C.

4. YBenuueHne 3MEHEHHs TEMIIEpaTypbI 0 Anaria3oHa
50-60 °C 3a cuér pocra CTPYKTYpHOTO BKJIaJa
paccMaTpuBaeTCs KaK IEPCHEKTHBHOE HAaNpaBJICHUE UL
CO3aHus BBICOKO3((PEKTUBHOTO MarHuTHOTO
XOJIOJIVITbHUKA; JTaHHasI OLICHKA Tpebyer
9KCIIEPUMEHTAIIEHOTO TTIOATBEPIKICHUS.

5. JlambHeiimee pa3BHTHE TEXHOJIOTMH Tpebyer
KOMIUIEKCHOM ONTHMH3AallMH COCTaBa W  CTPYKTYPHI
MarHUTHBIX ~MaTepHaloB, TE€OMETPHH TETUIOOOMEHHBIX
9JIEMEHTOB M IapaMeTpoB pabodyero IWKIa, a TaKxke
uccienoBanus odparnMocTd dpdekTa mpu MHOTOKpaTHOM
IUKJINPOBaHUH.
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The magnetocaloric effect as a basis for energy-efficient magnetic

Abstract:

Keywords:

refrigeration

F.F. Khasanov®?
1Tashkent state transport university, Tashkent, Uzbekistan

The paper presents a systematic thermodynamic description of the magnetocaloric effect as the physical
basis of energy-efficient magnetic refrigeration operating near room temperature. The relevance of the
direction is determined by the drawbacks of vapour-compression systems, primarily the risk of refrigerant
leakage with the associated depletion of the ozone layer and the greenhouse effect. Starting from the
decomposition of the total entropy of a magnetocaloric material into magnetic, lattice and electronic
contributions, expressions are derived for the adiabatic temperature change and for the isothermal change
of the magnetic entropy by means of the Maxwell relation; the applicability of the entropy decomposition
is shown to be restricted to second-order phase transitions. The Weiss molecular-field model is used for
the quantitative description of ferromagnetism. It is shown that the magnitude of the effect is proportional
to the temperature derivative of the magnetisation and inversely proportional to the heat capacity, so that
the largest values are attained near the magnetic ordering temperatures. On this basis the requirements
imposed on the working body of a magnetic refrigerator are formulated: a magnetic ordering temperature
close to the working range, a large temperature derivative of the magnetisation, a low heat capacity and
a small magnetic hysteresis.

magnetocaloric effect, magnetic refrigeration, adiabatic temperature change, isothermal entropy change,
Maxwell relation, Weiss molecular field, magnetic phase transition, energy efficiency, refrigerants

Marnurokanopuyeckuil 3¢ eKT Kak 0CHOBa JHepProd¢pGpeKTUBHOIO

MATrHUTHOTI'O OXJIAKICHUSA

XacanoB ®.P.102

TamkenTckuil rocynapcTBEHHbI TPaHCIIOPTHEIA yHHBEpcUTET, TamkeHT, Y36eKkucTan

AHHOTAINA

KnroueBsie cioBa:

B pabore 13105KeHO TEPMOIMHAMUYECKOE ONMCAHNE MarHUTOKaJIOpH4eckoro 3dgdexra Kak Gpusnyeckon
OCHOBBI 3HEpro3(pPeKTUBHOr0O MArHUTHOTO OXJAXKACHUA B O0JAaCTH KOMHATHBIX TEMIEpaTyp.
AKTyalbHOCTb HalpaBJICHUs ONPENENAeTCs HEeNOCTaTKaMH IapOKOMIIPECCHOHHBIX CHUCTEM, IMPEeKIe
BCEr0 PUCKOM YTEUKHU XJIaJareHTOB C COIYTCTBYIOIIMM Pa3pyLICHHEM O30HOBOTO CJIOS M yCHIEHHEM
napHUKoBoro sddexra. Mcxons U3 pa3nokeHus MOJTHOH SHTPOITMN MarHUTOKAJIOPUYECKOTO MaTepHalia
Ha MAarHUTHYIO, PEIIETOYHYI0 M 3JIEKTPOHHYIO COCTABIIAIOLIME, C HCHOJIb30BAHMEM COOTHOLICHMS
MakcBeria o Ty4eHbl BRIPKSHUS 11 a11a0aTHYeCKOro U3MEHEHHUs TEMIIEPaTyphbl U U30TEPMHYECKOro
N3MEHEHMSI MarHUTHON SHTPOIUH; [IOKa3aHO, YTO PA3JI0KEHHE SHTPOIIMU CTPOrO IPUMEHHUMO JILIb IS
(ha30BbIX IIEPEXOI0B BTOPOro poza. Jisi KOJIMYEeCTBEHHOro ONMCaHus (peppoMarHeTu3Ma MpHBIIeHEeHa
MoOJenb MoJjeKyaspHoro moyisi Beiicca. IlokazaHo, uro BemuumHa d3(d¢exra NponopIHOHAbHA
NPOU3BO/IHOM HAMAarHWYEHHOCTH [0 TEMIIepaType M OOpaTHO IPONOPLHOHAIbHA TEIUIOEMKOCTH,
BCJICJICTBHE YEr0 HAaOOJIbIINE 3HAYCHHUS JOCTUIAIOTCS BOJIM3U TEMIIEPaTyp MArHUTHOT'O YOS I0USHUS.
Ha or0it ocHOBe cdopmynupoBaHbl TpeOOBaHUs K paboueMy Tely MArHHUTHOTO XOJOAMIbHHKA:
TeMIepaTypa MAarHUTHOIO YNOpSAOYeHHs BONW3M paboyero auana3oHa, BBICOKAs IPOU3BOIHAS
HaMarHUYEHHOCTH 110 TeMIepaType, HU3Kas TeIUIOEMKOCTb M MaJIbli MArHUTHBIH THCTEPE3HC.
MarHUTOKANIOpHIeCKHi 3(GPeKT, MarHUTHOE OXJIAXKACHHE, afrHadaTuIecKoe U3MEHEHHE TeMIIepaTyphl,
H30TEPMHYECKOE H3MEHEHHE SHTPOIMH, COOTHOIIeHMe MakcBeiuia, MOJeKyJsipHoe mnone Beiicca,
MarHUTHBIH (ha30BbIi IEPeX01, SHEProdPPeKTUBHOCTb, XJIaJar¢HThI

1. BBeaenue

Ha ceromssuHuii [OeHb CO3JaHHE KOMITAKTHBIX, HaJIEKHBIX XOTOIMIBHBIX YCTPOHCTB, (yHKIIMOHUPYIOIINX
JKOJIOTUYECKH  0e30MacHbIX, JHEProdMGeKTUBHBIX U B 00JIaCTH KOMHATHBIX TEMIIEpaTyp, MpeacTaBisieT co0oit

a2 https://orcid.org/0009-0004-6301-9822
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OlHy W3 Hambollee AaKTyalbHBIX HAYYHO-TEXHUYECKHX
3a/1a4. AKTyaJIbHOCTh JIAHHOTO HAIPABIICHUS OPEICISIETCS
pAOOM  CYIIECTBEHHBIX HEJIOCTAaTKOB, MPUCYIIHAX
TPAJUIIMOHHBIM OXJIAXKJAIOIUM CHCTeMaM. B 4acTHOCTH,
OKCIUTyaTalsi COBPEMEHHBIX XOJIOJUIBHBIX YCTaHOBOK
COTPsDKEHA C PUCKOM YTEUKH PabovMX XJIJareHTOB, YTO
MPUBOJUT K TaKUM DKOJOTMYECCKHM ITOCIICICTBUAM, Kak
pa3pylIeHHe O30HOBOTO CJIOSI M YCWICHHE NapHUKOBOTO
a¢pdexra [1, 4]. B umcie anpTepHATHBHBIX TOJXOJIOB K
MIOCTPOCHUIO  XOJIOJWIBHONH TEXHHWKH BCE  Oobliee
BHUMAaHHE HAYYHOTO COOOIIECTBA MPHUBIIEKACT TEXHOJIOTHS
MarHuTHOro oxJjaxaenus [1-3].

Joctxenue BBICOKOTO KILJ MarHUTHBIX
pedpkepaTopoB  TpeOyeT  co3maHus  IPPEKTHBHBIX
MAarHUTOKaJIOPUYECKIX MATepUalioB, NPHUTOMHBIX IS
paboTel B oONacTM KOMHATHBIX TeMIepaTtyp. Takue
MaTepualibl  JIOJDKHBI  XapakTepU30BaThCs  MaJbIM
MarHUTHBIM THUCTEPE3UCOM, BBIPAKCHHBIM
MarHUTOKAJIOPUIECKIM addexTom, BBICOKOU

HaMarHMYEHHOCTBIO W NPHUEMIIEMBIMH TEXHOJIOTHIECKHMH
mapameTpamu [3, 4]. IoBbIMIEHHEIH HHTEpeC K M3YUSHUIO
MarHUTOKAJIOPUIECKOTO apdexra o0ycnoBieH
MOTPEOHOCTEI0 B MaTepHajiax C BBICOKAMH 3HAYECHMSIMH
MKD, crocoGHBIX BBHIMOJIHATH (QYHKIHIO pabodero tena B
YCTPOMCTBaX MAarHMUTHOTO OXJIOXKICHUS;, HpHMEHEHHe
MOJOOHBIX MaTepPHAJIOB OTKPHIBAET BO3MOXKHOCTH ITOJTHOTO
0TKa3a OT 3KOJIOTMYECKHU BPEIHbIX XJIaJareHTos |3, 5].
UccnenoBaHne MarHUTHBIX W MarHATOKAaJIOPHUUECKHX
XapaKkTepUCTHK Na€T JOTOJHHUTEIbHYI0 HH(POPMAIHUIO O
MIPUPOJIE MarHUTOYTIOPSIOYEHHOTO COCTOSTHUS BEIIECTBA 1
0 B3aUMOCBSI3M MarHWTHBIX W TEIUIOBBIX CBOMCTB [2, 5].

YcTaHOBIEHO, 4YTO MaKCHMallbHble 3HadeHuss MKD
HaOmomaroTcst  BONMM3M  (a30BBIX — MEPEXOAOB,  UYTO
00ycioBiIHMBaeT 0coOBI MHTEpEC K M3yYSHUIO HIMEHHO 3TOM
o00JacT. Takum o0pasom, HCCIIEZI0BaHNE

MAarHuTOKaJIOpU4Yeckoro 3d¢ekra Hepa3pblBHO CBA3aHO C
pa3BuTueM (QU3MKK (a30BBIX MEPEXOAOB U KPUTHYECKHX
siBJieHui [3, 6].

Llenbto HacTosAIIEH PaOOTHI ABISLETCS CUCTEMATHIECKOS
U3JI0KEHUE TEPMOJMHAMUYECKOT O OIHCaHUs
MarHUTOKAJIOPUYECKOro 3ddexkra — OoT ompeaeneHust
a¢dekra U pasioKEHHUs IHTPOIHUU 0 MOACUCTEMAM 0
BBIPKCHUN JUISE a/11abaTHyecKoro U3MECHEeHUsA

Warming

TeMIeparypsl U U30TEPMUIECKOT0 U3MEHEHHS SHTPOIIUN —
U CONOCTAaBICHHME  IOJNY4aeMbIX  COOTHOLICHUH €
TpeOOBaHISIMY, TPEIbSIBIIEMBIMH K pabodeMy Temly
MarHMTHOI'O XOJIOJMIbHUKA KOMHATHOI'O JUAaIa30Ha.

2. MeTtoauka HccJIeJ0BAHUA

2.1. Onpenenenue u pusndeckas npupoaa 3¢pdexra
SIBJIeHHE MarHUTHOI'O OXJIAXKACHHUA OCHOBAaHO Ha

CIOCOOHOCTH MAarHUTHOTO Marepuana HU3MEHSTh
COOCTBEHHYIO TEMIlEpaTypy IIOJ JCHCTBHEM BHEIIHETO
MAarHuTHOTO TI0JISI. M3menenue SHTPONHHU B

HU30TEPMHYECKOM IIPOLIECCe JIHO0 H3MEHEHNE TEMIIePaTy bl
B aauabaTH4eckoM Mpolecce, MPOUCXOJslIee IIpu
W3MEHEHHH MarHMTHOrO TOJsl, TPHHITO  HAa3bIBaTh
MarauTokajgopudeckum spdexkrom (MKD) [4].

TeXHOJIOrusi MAarHUTHOTO OXJTXACHHUS MPH KOMHATHON
TeMIeparype, OCHOBaHHAas HA MAarHHUTOKaJOPHYECKOM
a¢dexre, SBIAETCS OTHOCHTENHHO HOBBIM  HAy4HO-
TeXHHYeCKNM HampasieHueM. Camo siBierne MKD Obiio
BriepBbIe 3aduxcuposano BapOyprom: B 1881 romy mm Ob110
OTMEUYEHO TOBBIIICHHE TeMIeparypbl 00pasiia xees3a mpu
BHECEHHM €ro B MAarHHUTHOE [OJIE M MOCJEAYHolIee
MOHWKCHHE TEMITEPaTyPhI IIPH BRIBEACHUH 00pa3iia 13 moJist
[3, 7, 10]. Takum oOpa3oM, MarHUTOKaIopuuecKui 3 dexr
npejcraBisier  coboil  (yHIaMEHTaIbHOe  CBOWCTBO
MAarHUTHBIX MaTePHAJIOB, MPOSBIISFOLICECS B M3MEHEHHH UX
TeMIepaTypbl 1O/ ACHCTBHEM TPUIIOKESHHOTO MarHUTHOTO
MOJIs; MarepHaibl, O00Ja/arollie JaHHBIM CBOWCTBOM,
MOJTYYHITH Ha3BaHKHE MarHuTOKanopuaeckux. MKD npucyy
BCEM MEPEXOAHBIM METaJlJIaM U JIAHTAaHOU/IaM, CIIOCOGHBIM
nposBIsITH (heppomarHuTHele cBoictBa [3, 4, 8]. Ilpm
CHATMM  MarHUTHOTO IO  MAarHWUTHbIE  MOMEHTBI
HPHOOPETAIOT Xa0THYECKYIO OPHEHTALHIO, BCIIEICTBUE YETO
(heppoMarHeTHK OXJIaXJAeTCs.

MaruuTokanopuueckuii ekt npencrapuser coboii

BHYTpCHHEE CBOMCTBO MAarHUTHBIX MaTepHaloB,
3aKiroyaronieecss B IOMVIONIEHHH JHOO — BBIACICHUU
TEIUIOBOM HSHEPrHM  IOJ] BO3JCHCTBHEM  BHEIIHETrO
MarautHoro  nois  [6, 10].  JlanHoe  siBieHHE

COIIPOBOKJIAETCSl 0OPaTUMBIM HArPEBOM MIIM OXJIAXKIEHUEM
MaTepuaa, Kak MoKa3aHo Ha pUCYHKe 1.

Cooling

Puc. 1. Maraurokajaopudeckuii 3pdext

2.2. TepMoMHAMUYECKHE COOTHOIIEHUSI

AOCONIOTHasE ~ SHTPONHS  MarHUTOKAJOPUYECKOTO
Marepuaia, Oyay4uu GpyHKIMEH TeMrepaTypbl 1 MarHUTHON
WHIYKIUHM, MOXET OBITh MpeJCTaBIeHa Kak CyMMma
MAarHUTHOM COCTaBIIIOLIEH, PEIIETOYHON COCTaBIISAIOIEN U
BKJIaJ[a SHTPOIUH 3JIEKTPOHOB MPOBOAUMOCTH, BEITHUHHOI
KOTOpOro OOBIYHO MOXHO mpeHebpeur [6, 7, 9]
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CooTBeTCTBYOLIEE BHIPAKECHUE HMEET BH/L:
S(T,B) =Sm+Si (1)
r7ie Sm ¥ S| — MarHuTHast ¥ PEIIETOYHAs COCTABILIOLINE
SHTpONUH cooTBeTcTBeHHO, 1 (K) — Temmeparypa, B (Tm)
— MarHMTHas HHIYKIHUA.
IIpencraBnenHoe B (1) pasnokeHHe SHTPONHUHU
CIIPaBEIMBO TOJIBKO JUISI MAaTEPHAJIOB, HCIIBITHIBAIOLINX
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(ha30BBIi IEpexo BTOPOTO PoAa, A1t KOTOPHIX XapaKTepHO
IUIAaBHOE M3MEHEHHWE HAMarHWYEHHOCTH C TeMIepaTypow.
s (a3oBBIX MIepeX0/I0B HEPBOro pona,
CONPOBOXKAAFOLINXCS PE3KUM HN3MEHEHUEM
HaMarHMYeHHOCTH  BONM3M  TEMIEpaTypsl  IIepexoa,
o700HOe pasioKeHNE OKa3bIBAeTCsl HETOYHBIM [6, 9]. B
OOJIBIIMHCTBE  NPAaKTHYECKHMX  CIIydaeB  JIOCTaTOYHO
OIepupoBaTh TIONHOM SHTponmed, auddepeHanIbHas

(bopma KOTOpOii 3aIHChIBACTCS KAK:

dS(T,B) = (Z—E)T dT + (;’—;)T dB @)

VYaensras temioémkocte Cp (Ix-m3-K™') marepuana
OTIPEIETISIETCS] COOTHOIICHHUEM:

=(5),T 3
OTKY/Ja CJIEYET: oS .
(5),=% @

C yuérom BeIpakeHnH (2) 1 (4) MOXKHO 3aITicaTsb:

ds(T,B) = ZdT + (%)T dB

Jlis anquabarudeckoro mporecca (AS = 0) u3MeHeHHe

TeMIepaTypbl, C  HCIOJIb30BAaHHEM  COOTHOIICHHS
Makcgemna [6, 9]:
T (3S
dr =7 (a—B)T dB (6)
as oM
G, + G, )
rae M (A-M™') — HaMarHU4eHHOCTh, MOYKHO 3aIiCaTh:
T (0M
dr=-2 (a—T)B dB ®)
Bennuuny MarHUTOKaJIOPHYECKOro addexra
(amnabatuyeckoe  M3MEHEHHE TEeMIEpaTypbl)  MOXKHO
IPEICTaBUTh B BUJE:
— _ (BT (3_1‘4) —
ATy = B, c; \or BdB = MCE 9)

B ciyyae wm3oTepMHUecKoro Tmporecca TemIeparypa
oOpasia B XoJie HaMarHMYMBaHUS OCTAETCs HEM3MEHHOM, a
HU3MEHEHHE YHTPOITHH OTHCHIBACTCS BEIPAXKCHHEM:

dS(T, B) = (0S/0B)T dB (10)

Ucnonw3yst cootHomenne MaxkcBesia (7), n3MEHEHUE

MarHUTHOM YHTPOIIMH MOYKHO TPEJCTABHUTh KaK:

aT = [ (Z—“;)B dB (11)

IIPY 3TOM BBIJENISEMOE TEIUIO MEPEXOIUT B TEIIOBBIE
KOJIeOaHuUsI KpUCTAILTHYeCcKoi peérku [7, 9].
2.3. Moneab MoJieKyJISIpHOTo 1oJis Beiicca

Teopernueckoe onmcanme MKD Oasupyercs Ha
MOJIEKYJISIpHOM Teopuu mosist  (Mmozenu Beiicca) u
TEPMOAUHAMUYECKUX COOTHOLLIEHUSX. s

KOJIMUECTBEHHOr0 omucanus (eppoMarHeTi3ma Beiicc
NPEUIOKUT  (PEHOMEHOJIOTHYECKYI0 MOJIENb, COIVIACHO
KOTOpPOM JeiicTBHMEe BHemHero mons B momomusercs
spdexkrom  Mmonmekymaspuoro mois  [6, 8,  10],
MPONOPLMOHAIBHOrO 00bEMHON HAMarHUYEHHOCTH:

By = AuoM (12)
COOTB@TCTBeHHO, 3HepFI/I5[ MAar"HuTHOIr o MOMCHTAa

3aIIUCBIBACTCA KaK:
E=—u(B +By) (13)

3. Pe3yabTaThl U 00CykKAeHHE

3.1. [IpeumymecTBa MArHUTHOTO OXJIAXKIEHUSI TIepPe]t
NapOKOMIPECCHOHHBIM

HroroBoil nenbio pa3BUTHS TEXHOJOTMH MarHUTHOTO
OXJIAXKICHHS SBJISIETCS CO3JaHue OBITOBOTO XOJIOAMIBLHOIO
obopynoBanust HoBOro mnokoneHud. [lo cpaBHeHHIO C
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TpaJULHOHHBIMH KOMIIPECCOPHBIMU CHCTEMaMH,
MarHuTHOE OXJIAXK/ICHHE NOTCHIMAIBHO MO3BOJISIET CHU3UTh
KaK 9KCIUTyaTaliOHHBIC, TAK U 00CITYKHUBAIOIHE PACXO/IbI.
Orka3 OT KOMIIpECcopa YCTpaHsSeT CBSI3aHHBIE C HHM
BBICOKHE KallUTaJIbHbIE 3aTPaThl U SHEPronoTpedlieH e, YTo
JelaeT  MAarHMUTHOE  OXJ&KACHHE  SKOHOMHYECKH
KOHKYPEHTOCIIOCOOHOW ~ abTepHATHBON KOMIIPECCOPHBIM
TEXHOJIOTHSIM.

K OCHOBHBIM MPEUMYIIECTBAM MarHUTHOTO
OXJIAXICHUS TIepe]] KOMIIPECCOPHBIM MOXHO OTHECTH:
9KOJIOTMYECKYI0 YHCTOTY — OTCYTCTBHE BBIOPOCOB
BPEIHBIX U TOKCHYHBIX ra3oB [1, 4]; 6ecuryMHOCTD paboTHI
3a c4€T OTCYTCTBHSI Kommpeccopa [2, 3]; Gomee BBICOKYIO
SHEPreTUYecKyr0  3(P(EeKTUBHOCTh,  KOHCTPYKTHBHYIO
MPOCTOTY YCTPOMCTB;, HHU3KHE 3aTpaThbl Ha TEXHHYECKOE
obcimykMBaHHe, a TaKke paboTy TpH  HH3KOM
(atMoc(hepHOM) JIaBICHHH, YTO OCOOCHHO IICHHO IS
CHCTEM  aBTOMOOWJIBHOTO  KOHIWIMOHHPOBAHUS U
XOJIOMMIIBHOTO 000pynoBanus [4, 6].

3.2. TpeOoBaHusi K  MArHHTOKAJIOPHYECKUM
Marepuajiam

W3 npuBeJEHHBIX COOTHOILICHHH CIIE/IyeT, YTO BETMYNHA
3¢ dexra MPOTIOPIHOHATTEHA TIPOM3BOTHOH
HAMAarHMYEHHOCTH MO  TeMmmeparype ©  0oOpaTHO
MPOTIOPIHOHAITbHA  TEIUIOEMKOCTH  Mareprana. Orcrona
BBITEKAOT TpeOOBaHUsS K pabodueMy Teny: TemIieparypa
MarHUTHOIO  YIHOPSIIOYCHHsS JOJDKHA JIeKaTh BONH3M
pabouero quanasoHa yCcTpoicTsa, npoussojaHas (OM/0T)s B

3TOW  00JacTH JODKHA  OBITh ~ MakCHMalbHOW, a
TEIJIOEMKOCTh — o BO3MOKHOCTH HU3KOH.
JIONOTHUTENTPHBIME ~ TPEOOBAaHUSMU  SIBIITIOTCS.  MaJIBIi

MarHUTHBIH THCTEPE3nC, 00eCcIeunBaroIunii 00paTuMOCTh
a¢dexra IpH IUKINPOBAHUH, BBICOKAas HAMarHUYEHHOCTh
HACBILICHMS, npueMiemMas TEIUIOIPOBOIHOCTD u
TEXHOJIOIMYHOCTH [3, 4].

B MarHurokamopuyeckux MaTepHasiax MPIOKCHUE
7100 CHATHE BHEIIHET'0 MAarHUTHOTO TIOJIsl COIIPOBOXKIAETCS
3aMETHbIM H3MEeHeHueM sHTponuu. Benununna MKD nns
KOHKPETHOTO MaTrepHaja OIpee/sIeTCS HCKIIOUUTEIHHO
€ro HCXOIHOW TemIleparypoil W  HanpsHKEHHOCTBIO
MarHuTHOro momsi, a caM d3G¢dekT MoxeT ObITh
0XapaKTEepU30BaH KaK uYepe3 M30TSPMHUYECKOe H3MEHEHHE
SHTPONHUH, TaK M uepe3 aauabaTuveckoe H3MEHEHHe

TeMIepaTypébl. 3ro 00CTOATENBCTBO MO3BOJISIET
UCHOJIB30BAaTh 00€ BEIMYMHBI KaK B3aUMOOIONHSIOIIMIE
XapaKTEepPUCTHKK IpH  OTOOpPE MaTepuajioB, OJHAKO

COIIOCTABJIATh UX CJIIEAYET C y‘iéTOM TOro, KaKkuM METOI0M
— OPSAMBIM UJIN KOCBEHHBIM — OHU OBLIH IOJIy4€HBI.

4. 3akaouyeHue

1.  Maruautokanopuueckuii ~ 3pdexkr  sBisercs
BHYTPEHHHUM CBOWMCTBOM MAarHUTHBIX MAaTepHUalioB U
NpOSIBISIETC. B M3MEHEHMH MX TEMIepaTypbl HpH
a1MabaTHYECKOM M3MEHEHHH BHEIIHEr0 MarHUTHOTO IOJI
a1060 B M3MEHEHUM OSHTPOIHMU IIPU HM30TEPMHYECKOM
nporecce.

2.  Tepmomunamudeckoe  omucanue  3(dekra,
OCHOBAaHHOE Ha Pa3JIOKEHUH SHTPOIUHM IO MOJICHCTEMaM U
Ha COOTHOIIICHUH MakcBesia, IPUBOAUT K BeIpaKeHUsIM (9)
u (11) s anmmabaTu4ecKkoro U3MEHEHHs TeMIepaTrypsl U
M30TEPMHYECKOTO W3MEHEHWS MAarHUTHOH SHTPOINUH,
pa3JIoKEeHHe SHTPOIMU Ha cjaraeMble CTPOro NMPUMEHHUMO
JMIIB 171 (a30BBIX EPEX0JI0B BTOPOTO POAA.
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3. Benmmuuna sa¢dexra nponopripoHaabHa IPON3BOIHON
HAMarHMYeHHOCTH 110  TeMmeparype u  o0paTHO
MIPONIOPIMOHATGHA  TEIUIOEMKOCTH,  BCIIEICTBHE  YETrO
MakcuMaibHble 3HaueHHs MKD moctwratorcs BOIM3M
TEMIIepaTyp MarHUTHOTO YIIOPSIIOYEHHS.

4. MarautHoe OXJ@KAEHWE O0JIamaeT  pAAOM
TIPEUMYIIECTB nepen MAPOKOMIIPECCHOHHBIM ~ —
9KOJIOTMYECKasi YHCTOTA, OECIIyMHOCTb, KOHCTPYKTHBHAS
IpocToTa, paboTra mpH aTMOCHEPHOM MAABICHHUH, — YTO
oIpeleNsieT MEepCIeKTUBHOCTh €r0 NPUMEHEHUs, B TOM
YHCIIe B CUCTEMaX aBTOMOOHIBHOIO KOHIUIIOHUPOBAHMS 1
XOJIOJIVIIBHOTO 000pyTOBaHUSL.

5. JlanbHeliee pa3BUTHE HANpaBICHUS CBSI3aHO C
MIONCKOM  MaTephalioB, COYETAIOIUX  TeMIIepaTypy
MarHUTHOTO YIIOPSIIOYCHUS BOJIIM3H KOMHATHOM, BBICOKYIO
MIPOM3BOTHYIO HAMarHHIEHHOCTH TI0 TeMIIepaType, HU3KYIO
TETIOEMKOCTh U MaJIbIH TUCTEpE3UC.
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IR spectroscopic study of the formation of functional groups on the surface of
polymer materials for packaging under the influence of corona discharge

Abstract:

Keywords:

D.R. Safaeval®?2, Sh.B. Tashmuhammedoval®®, D.T. Zairov'®°¢

Tashkent Institute of Textile and Light Industry, Tashkent, Uzbekistan

The article presents the results of an investigation of the surface properties of polypropylene and
polyethylene polymer films before and after corona discharge treatment using infrared (IR) spectroscopy.
Absorption bands characteristic of the main functional groups of the polymers were identified. After
corona discharge treatment, the spectra of BOPP and PE films exhibited new absorption bands in the
1700-1750 cm™ region, indicating the formation of oxygen-containing functional groups on the polymer
surfaces, particularly carbonyl (C=0) groups. The results demonstrate that corona discharge treatment
increases the polarity and surface energy of the polymers, as well as improving their wettability and
adhesion properties. The findings provide a basis for substantiating the effectiveness of corona treatment
of polymer films in enhancing their adhesion to printing inks and improving print quality.

polymer film, polypropylene, polyethylene, BOPP, IR spectroscopy, corona discharge, surface energy,
functional group, adhesion, printing ink

Qadogqlar uchun polimer materiallar yuzasida tojli razryad ta’sirida
funksional guruhlarning shakllanishini ig-spektroskopik tadqiqi

Annotatsiya:

Kalit so‘zlar:

Safayeva D.R.}®2 Tashmuhammedova Sh.B.X®®, Zairov D.T.}®¢

1Toshkent to‘gimachilik va yengil sanoat instituti, Tashkent, O‘zbekiston

Magolada polipropilen va polietilen polimer plyonkalarning tojli razryad bilan ishlov berishdan oldingi
va keyingi sirt xususiyatlarini infragizil (1Q) spektroskopiya usulida tadqiq gilish natijalari keltirilgan.
Polimerlarning asosiy funksional guruhlariga xos yutilish polosalari aniglandi. Tojli razryad bilan ishlov
berilgandan keyin BOPP va PE plyonkalar spektrlarida 1700-1750 sm™ sohada yangi yutilish
polosalarining paydo bo‘lishi polimer sirtida kislorod saqlovchi funksional guruhlar, xususan, karbonil
(C=0) guruhlari shakllanganligini ko‘rsatdi. Natijalar tojli razryad ta’sirida polimer sirtining qutbliligi
va sirt energiyasi ortishi, namlanish hamda adgezion xususiyatlar yaxshilanishini ko‘rsatdi. Olingan
natijalar polimer plyonkalarning bosma bo‘yoqlari bilan adgezion o‘zaro ta’sirini oshirish va bosma
sifatini yaxshilashda tojli razryadli ishlov berishning samaradorligini asoslash imkonini beradi.

polimer plyonka, polipropilen, polietilen, BOPP, 1Q-spektroskopiya, tojli razryad, sirt energiyasi,
funksional guruh, adgeziya, bosma bo‘yoq

1. Kirish

Polimer materiallar zamonaviy bosma va gadoglash
sanoatida keng qo‘llaniladigan materiallardan biri bo‘lib,
ularning funksional va ekspluatatsion xususiyatlari nafagat
polimerning hajmiy tuzilishi, balki sirt gatlamining fizik-
kimyoviy holati bilan ham belgilanadi. Aynigsa, polietilen
(PE) va polipropilen (PP), jumladan, biaksial yo‘naltirilgan
polipropilen  (BOPP)  plyonkalar  yugori  mexanik
mustahkamligi,  kimyoviy  bargarorligi,  namlikka
chidamliligi va texnologik qulayligi tufayli gadoglash
materiallari hamda bosma mahsulotlar ishlab chigarishda
keng qo‘llaniladi.

Shu bilan birga, polietilen va polipropilen kabi
polimerlarning sirt energiyasi nisbatan past bo‘lganligi
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sababli ularni bosma bo‘yoqlari bilan namlash va
mustahkam adgezion bog‘lanish hosil qilishda muayyan
texnologik giyinchiliklar yuzaga keladi. Polimer sirtining
past qutbliligi bo‘yoqning sirtga bir tekis tarqalishi,
namlanishi va mustahkam birikishini cheklaydi. Shu
munosabat bilan polimer plyonkalar sirtini bosma jarayoniga
tayyorlash va uning adgezion xususiyatlarini yaxshilash
muhim ilmiy-amaliy vazifalardan biri hisoblanadi.

Polimer  sirtini  modifikatsiyalashning ~ samarali
usullaridan biri tojli razryad bilan ishlov berish hisoblanadi.
Ushbu jarayon ta’sirida polimer sirtida fizik va kimyoviy
o‘zgarishlar sodir bo‘lib, sirt energiyasi va qutblilikning
ortishi, namlanish gobiliyatining yaxshilanishi hamda yangi
funksional guruhlarning shakllanishi kuzatiladi. Natijada
polimer sirtining bosma bo‘yoqlari bilan adgezion o‘zaro
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ta’siri kuchayadi. Polimer materiallarning sirt va hajmiy
tuzilishini, makromolekulyar zanjirlardagi funksional
guruhlarni hamda tashqi ta’sirlar natijasida yuzaga keladigan
struktur  o‘zgarishlarni  aniqlashda infragizil (IQ)
ahisoblanadi.  1Q-spektroskopiya yordamida polimer
tarkibidagi funksional guruhlarga xos yutilish polosalarini
aniglash va spektral xarakteristikalardagi o‘zgarishlar
asosida materialning kimyoviy tuzilishida sodir bo‘lgan
o‘zgarishlarni baholash mumkin [1]. Shu nuqtai nazardan,
tojli razryad bilan ishlov berilgan polimer plyonkalarning
sirt gatlamida yuzaga keladigan kimyoviy o‘zgarishlarni 1Q-
spektroskopiya usulida o‘rganish mazkur ishning
dolzarbligini belgilaydi.

2. Tadgigot metodologiyasi

Polimer materiallarni sirt modifikatsiyalash va ularning
adgezion xususiyatlarini yaxshilash masalalari bo‘yicha olib
borilgan tadqiqotlarda tojli razryadli ishlov berish usuliga
alohida e’tibor garatilgan. Tadqiqotlar shuni ko‘rsatadiki,
yugori kuchlanishli tojli razryad ta’sirida polimer sirtida
erkin radikal markazlar hosil bo‘lib, ular atmosfera
tarkibidagi kislorod va namlik bilan o‘zaro ta’sirga kirishadi.
Bu jarayon natijasida sirtda kislorod saglovchi qutbli
funksional guruhlar shakllanadi [2—4].

Polipropilen  va  polietilen  plyonkalarning  sirt
xususiyatlarini o‘rganishga bag‘ishlangan ilmiy ishlar tahlili
tojli razryad ta’sirida sirt energiyasining ortishi va kontakt
burchagining kamayishini ko‘rsatgan. Bunday o‘zgarishlar
polimer sirtining namlanish gobiliyati yaxshilanishi bilan
bog‘liq bo‘lib, keyingi bosqichda bo‘yoq, lak va boshqa
goplama materiallarining sirtga adgeziyasini oshirish
imkonini beradi.

1Q-spektroskopiya polimerlarning kimyoviy tarkibi va
funksional guruhlarini identifikatsiya qilishda keng
go‘llaniladigan analitik usullardan biri hisoblanadi. Mazkur
usulda molekulalarning infragizil nurlanishni yutishi
ulardagi kimyoviy bog‘larning valent va deformatsion
tebranishlari bilan bog‘liq. Shu sababli ma’lum to‘lqin
sonlaridagi yutilish polosalari polimer tarkibidagi C—H, C-
C, C=C, C=0 va O—H kabi funksional guruhlarni aniglash
imkonini beradi. Polipropilenning 1Q-spektrida 3000-2800
sm! sohada C-H bog‘larining valent tebranishlari, 1500—
1300 sm™? sohada esa C-H va C-C bog'larining
deformatsion tebranishlari xarakterli hisoblanadi. Polimer
sirti oksidlanganda esa 1700—1750 sm™' sohada C=0 bog‘iga
xo0s yangi yutilish polosalarining paydo bo‘lishi kuzatilishi
mumkin. Mazkur spektral o‘zgarishlar polimer sirtida
kislorod saglovchi funksional guruhlarning
shakllanganligidan dalolat beradi.

Adabiyotlar tahlili shuni ko‘rsatadiki, tojli razryad bilan
ishlov berishning polimer sirtidagi funksional guruhlar
tarkibiga ta’siri yetarlicha o‘rganilgan bo‘lsa-da, BOPP va
PE plyonkalarda spektral o‘zgarishlarning bosma bo‘yoqlari
bilan adgezion o‘zaro ta’sirga ta’sirini kompleks baholash
masalasi go‘shimcha tadqiqotlarni talab etadi. Shu sababli
mazkur tadgiqotda BOPP va PE plyonkalarning tojli
razryaddan keyingi 1Q-spektrlarini o‘rganish orqali sirtda
shakllangan funksional guruhlarni aniglash va ushbu
o‘zgarishlarni polimerning adgezion xususiyatlari bilan
bog‘lashga alohida e’tibor qaratildi.

Mazkur tadqiqotning magsadi tojli razryad ta’sirida
ishlov berilgan polimer plyonkalarning 1Q-spektroskopik
xususiyatlarini o‘rganish, makromolekulyar zanjirlarning
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yo‘nalganligi va uzunligi, shuningdek, polimer sirtida hosil
bo‘luvchi funksional guruhlarning spektral yutilish
intensivligiga ta’sirini aniqlashdan iborat.

Tadgiqot obekti sifatida galinligi 20 mkm bo‘lgan
biaksial yo‘naltirilgan polipropilen (BOPP) va polietilen
(PE) polimer plyonkalaridan foydalanildi. Namunalarning
1Q-spektroskopik tahlili  PerkinElmer Spectrum Two
spektrofotometrida  4200-600 sm™ to‘lqin  sonlari
diapazonida amalga oshirildi. Olingan eksperimental
spektrlar  Aldrich-IChem  1Q-spektrlar  kutubxonasi
ma’lumotlari bilan tagqoslanib, polimerlarning funksional
guruhlari va ularga mos yutilish sohalari identifikatsiya
qgilindi(1-rasm).
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1-rasm. 1-BOPP ning tojli razryadli ishlov beriogandan
oldingi 1Q-spektri; 2—Aldrich-1Chem 1Q-spektr
kutubxona baza dasturidagi spektri

Tadqiqot natijalari shuni ko‘rsatdiki, tojli razryad bilan
ishlov  berilmagan BOPP  plyonkaning  1Q-spektri
polipropilenga xos bo‘lgan yutilish polosalari bilan
tavsiflanadi (1-rasm). Xususan, 2949-2918 sm™ sohada
to‘yingan C—H bog‘larining simmetrik valent tebranishlari,
28672838 sm™ sohada esa C-H bog‘larining asimmetrik
valent tebranishlariga mos yutilish polosalari gayd etildi.
1456-1375 sm™ diapazonida C—C va C-H bog‘lariga xos
deformatsion va valent tebranishlar kuzatildi. Shuningdek,
1167, 997, 972 va 840 sm™' sohalarda polipropilen
makromolekulalaridagi C-H va C-C bog‘lariga xos
tebranishlar aniglandi.

Tojli  razryad bilan ishlov  berilgan polimer
plyonkalarning  1Q-spektrlarida  ishlov  berilmagan
namunalarga nisbatan yangi yutilish polosalarining paydo
bo‘lishi va ayrim polosalar intensivligining o°‘zgarishi
kuzatildi. Aynigsa, 1700—1750 sm™' sohasida yangi intensiv
yutilish polosasining shakllanishi polimer sirtida kislorod
saglovchi funksional guruhlar hosil bo‘lganligini ko‘rsatadi.
BOPP plyonkada 1745,34 sm™!, PE plyonkada esa 1744,78
sm™' sohalarda kuzatilgan yutilish minimumlari C=0O
karbonil guruhlariga xos tebranishlar bilan bog‘lig.

Shu nugtai nazardan, tojli razryad ta’sirida polimer
sirtining kimyoviy tarkibida ma’lum darajada oksidlanish
jarayoni sodir bo‘lishi va natijada kislorod saglovchi
funksional guruhlar migdorining ortishi hagida xulosa gilish
mumkin. Bunday o‘zgarishlar polimer sirtining qutbliligini
oshiradi hamda uning adgezion xususiyatlarini yaxshilaydi.
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Polietilen plyonkaning 1Q-spektroskopik tahlilida ham
tojli razryadli ishlovdan keyin spektral o‘zgarishlar
aniglandi (2-rasm). PE uchun xarakterli bo‘lgan C-H
bog‘lariga tegishli yutilish polosalari bilan bir qatorda ishlov
berilgan namuna spektrida kislorod saglovchi funksional

guruhlarga xos qo‘shimcha polosalar shakllanganligi
kuzatildi.
o M

%T

3-résm. ;I:aj ribéviy PE polimer plyonkaning 1Q-
spektroskopik tahlili

2000 1500

500 350

Olingan spektroskopik natijalar tojli razryad bilan ishlov
berish polimer materiallar sirtining kimyoviy holatiga ta’sir
ko‘rsatishini tasdiglaydi. Ishlov berish jarayonida yuqori
energiyali razryad ta’sirida polimer makromolekulalaridagi
ayrim C—H va C—C bog"larining faollashishi natijasida sirtda
erkin radikal markazlar hosil bo‘ladi. Ushbu faol
markazlarning atmosfera tarkibidagi kislorod va namlik
bilan o‘zaro ta’siri natijasida gidroksil (—OH), karbonil
(>C=0), karboksil (-COOH) va gidroperoksid (—-OOH) kabi
kislorod saglovchi funksional guruhlar shakllanishi
mumkin.

Shakllangan qutbli funksional guruhlar polimer sirtining
sirt energiyasini oshiradi, namlanish qobiliyatini yaxshilaydi
va bosma bo‘yoqlari bilan o‘zaro ta’sirini kuchaytiradi.
Natijada polimer sirtida bo‘yoq komponentlarining
adgeziyasi yaxshilanib, bosma gatlamining material bilan
bog‘lanish mustahkamligi ortadi. Shu sababli tojli razryad
bilan ishlov berish polipropilen va polietilen kabi past sirt
energiyasiga ega polimer plyonkalarni bosma jarayoniga
tayyorlashning samarali usullaridan biri hisoblanadi [5].

1Q-spektroskopik tahlil natijalari shuni ko‘rsatadiki, tojli
razryad ta’sirida polimer sirtida yuzaga kelgan struktura-viy
va kimyoviy o‘zgarishlar, avvalo, kislorod saglovchi
funksional guruhlarning hosil bo‘lishi bilan namoyon
bo‘ladi. 1745,34 sm™' (BOPP) va 1744,78 sm' (PE)
sohalardagi yangi yutilish polosalari C=0 bog‘larining
mavjudligini  tasdiglaydi. Ushbu o‘zgarishlar polimer
sirtining qutbliligini oshirib, sirt energiyasining ortishi va
adgezion xususiyatlarning yaxshilanishiga olib keladi.

3. Xulosa

Shunday qilib, 1Q-spektroskopik tadgiqot natijalari tojli
razryad bilan ishlov berish BOPP va PE polimer plyonkalar
sirtida sezilarli fizik-kimyoviy o‘zgarishlarni yuzaga
keltirishini ko‘rsatdi. Tojli razryad ta’sirida C=0, —-OH, —
COOH va —-OOH kabi qutbli funksional guruhlarning
shakllanishi polimer sirtining sirt energiyasi va namlanish
gobiliyatini oshiradi. Bu esa polimer materiallarning bosma
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bo‘yoqlari bilan adgezion o‘zaro ta’sirini kuchaytiradi va
bosma sifati barqarorligini ta’minlashga xizmat qiladi.
Olingan natijalar polimer plyonkalarni chuqur bosma va
boshga bosma usullarida ishlatishdan oldin tojli razryad
bilan sirtga ishlov berishning texnologik samaradorligini
asoslaydi.
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Improving the cold-start process in fourth-generation gas-cylinder vehicles

Abstract:

Keywords:

operating on compressed natural gas fuel

A. Azimovi©?
1Tashkent state transport university, Tashkent, Uzbekistan

This article investigates the reduction of hazardous exhaust pollution and rational energy conservation in
vehicle transportation, both essential for protecting urban ecosystems from environmental deterioration.
Fourth-generation gas-cylinder equipment equipped with a universal fuel supply system, installed on gas-
cylinder vehicles, was selected as the object of the study. The article analyzes the process of switching
the engine from gasoline fuel to compressed natural gas fuel during a cold start, and substantiates the
adjustment of the temperature threshold governing this transition — recommended by manufacturers to
be in the range of 30-40°C — to a level of 25°C, adapted to the climatic conditions of the Republic of
Uzbekistan. Based on the operational tests and experiments carried out, empirical formulas for
determining gasoline fuel consumption during the engine's cold start were developed, along with a
mathematical model describing the "gasoline-gas" and "gas-gasoline™ control modes as a function of
crankshaft rotation frequency and coolant temperature. The results of the study contribute to improving
the energy efficiency and ensuring the environmental safety of gas-cylinder vehicle engines during the
cold start process.

gas-cylinder vehicle, gas-cylinder equipment, compressed natural gas, "gasoline-gas" control, engine
cold start, crankshaft rotation frequency, coolant temperature, energy efficiency, environmental safety,
mathematical model

Sigilgan tabiiy gaz yonilg'isida ishlovchi 1V-avlod gaz ballonli avtomobillarda

Annotatsiya:

sovuq ishga tushirish jarayonini takomillashtirish

Azimov A.}0?2
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Magolada markazlashgan shaharlar ekotizimiga salbiy ta’sir ko‘rsatuvchi asosiy omillardan biri bo‘lgan
avtomobil transporti ekspluatatsiyasi jarayonida atmosferaga chiqariladigan zararli chigindi gazlar
miqdorini kamaytirish va energiya resurslaridan oqilona foydalanish masalalari ko‘rib chiqilgan.
Tadqiqot ob’yekti sifatida universal yonilg‘i ta’minot tizimiga ega IV-avlod gaz ballon uskunalari bilan
jihozlangan gaz ballonli avtomobillar tanlangan. Magolada dvigatelning sovugq holatda ishga
tushirilishidan benzin yonilg‘isidan siqilgan tabiiy gaz yonilg‘isiga o‘tish jarayoni tahlil gilingan hamda
ushbu o‘tishni belgilovchi harorat ko‘rsatkichi ishlab chigaruvchilar tomonidan tavsiya etilgan 30-40°C
oralig‘idan O‘zbekiston Respublikasi iqlim sharoitlariga moslashtirilib 25°C darajasiga o‘tkazilgani
asoslangan. O‘tkazilgan ekspluatatsiya sinovlari va eksperimentlar asosida dvigatelning sovuq ishga
tushirilishi davomidagi benzin yonilg‘isi sarfini aniqlovchi empirik formulalar hamda tirsakli val
aylanishlar chastotasi va dvigatel haroratiga bog‘liq holda “benzindan gazga” va “gazdan benzinga”
boshgaruv rejimlarini tavsiflovchi matematik model ishlab chigilgan. Tadgiqot natijalari gaz ballonli
avtomobil dvigatellarining sovuq ishga tushirish jarayonidagi energiya samaradorligini oshirish va
ekologik xavfsizligini ta’minlashga xizmat giladi.

Kalit so‘zlar: gaz ballonli avtomobil, gaz ballon uskunasi, siqilgan tabiiy gaz, “benzindan gazga” boshqaruvi,
dvigatelning sovuq ishga tushirilishi, tirsakli val aylanishlar chastotasi, dvigatel harorati, energiya
samaradorligi, ekologik xavfsizlik, matematik model

1. Kirish bormoqgda. Markazlashgan shaharlar ekotizimining buzilishi
xususan, havo sifatining yomonlashuvi, issigxona effekti,

Dunyo bo’yicha antropogen omillar natijasida ekologik PM zarrachalarining yuqori darajasi ijtimoiy muhit uchun
vaziyatning yomonlashuvi va iqlim o’zgarishlari natijasida jiddiy xavflardan hisoblanadi. Ushbu muammolarning
yuzaga kelayotgan ulkan tabiiy ofatlar kun sayin ortib bartaraf etishning asosiy yechimi, ularni keltirib chigaruvchi
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manbalarni tadgiq etish va ularning mugobil turlarini
yaratish hamda joriy etishdir. Shahar ekotizimiga salbiy
ta’sir etuvchi asosiy manbalardan biri avtomobil transporti
hisoblanadi. Avtomobillashtirish darajasining yil sayin ortib
borishi nafagat ekspluatatsiya jarayonidagi zararli gazlar
miqdorini oshiradi balki energiya resurslariga bo’lgan
talabning ham oshib borishiga olib keladi.

Markazlashgan shaharlar ekotizimini bargaror saglash
hamda energiya resurslaridan ogilona foydalanishda barcha
energiya iste’molchilari uchun energiya tejamkor
texnologiyalar va muqobil energiya manbalaridan
foydalanish yuqoridagi muammolarni bartaraf etishda
samarali yechimlardan hisoblanadi. Xususan, avtomobil
transporti  ekspluatatsiyasida an’anaviy yonilg‘ilariga
muqobil bo’lgan yonilg‘ilardan foydalanish va energiya
tejamkorligi yuqori bo’lgan texnologiyalarni yaratish
rag‘batlantirilmoqda. Avtomobillar uchun mavjud neft
yonilg‘ilariga muqobil sifatida sigilgan va suyultirilgan
tabiiy gaz yonilg‘isidan foydalanish keng ommalashib
bormoqda.

Benzin yoki dizel dvigatellarini sigilgan tabiiy gaz
(STG) yonilg‘isi uchun qayta jihozlashda, avtomobil maxsus
gaz ballon uskunalari (GBU) bilan gayta jihozlanadi va
ularni umumiy nom bilan gaz ballonli avtomobillar (GBA)
deb nomlaymiz. Benzinli dvigatelarga GBU o‘rnatilishi,
dvigatel maksimal quvvatini biroz pasaytiradi, lekin shu
bilan birga, chigindi gazlarning toksikligini va shovgin
darajasini sezilarli darajada yo‘qotib, yonilg‘i va moylash
materiallari narxini sezilarli darajada kamaytiradi.

Avtomobillar ekspluatatsiyasida gaz yonilg‘ilaridan
foydalanish iqtisodiy jihatdan istigbolli bo‘lishi bilan birga,
gaz  ballonli  avtomobillarning  yuqori  yonilg‘i
samaradorligini va ekologik xavfsizligini ta’minlashi gaz
yonilg‘isidan foydalanish ko‘lamini yanada oshirmoqda.

Gaz hallonli avtomobillar dvigatellarining STG
yonilg‘isini ishlatish usuliga ko‘ra [1,2], ikki yonig‘ida
ishlovchi ya’ni siqilgan tabiiy gazda ishlovchi, aralash
(kombinatsiyalashgan) va fagat gazda ishlovchi turlarga
bo‘linadi. Ular ichida birinchi guruh gaz ballonli
avtomobillar, umumiy avtomobil parkining asosiy gismini
tashkil etadi va asosan yengil avtomobillarda o‘rnatiladi.

Gaz ballon  uskunalarining vyillar  davomida
takomillashib borishi va yonilg’i tejamkor texnologiyalarga
asoslangan elektron dasturiy ta’minotlar asosida ishlab
chiqarilishi, avtomobillar ekspluatatsiyasi samaradorligini
oshirishda yanada keng imkoniyatlarni tagdim etdi. Ushbu
o‘zgarishlarning bosqichma-bosgich amalga oshirilishi
natijasida, turli avliod gaz ballon uskunalarini guruhlanishiga
olib keldi.

Adabiyotlar tahlili

Bugungi kunda gaz ballonli avtomobillarda mavjud gaz
ballon uskunalari oltita avlodga bo‘linadi. Shulardan to‘rtta
avlod gaz ballon uskunalari STGda ishlovchi universal
yonilg‘i ta’minlash tizimli gaz ballonli avtomobillarda keng
miqyosda qo‘llaniladi. Uchinchi va to‘rtinchi avlod gaz
ballon uskunalari avtomobillarga o‘rnatilish salmog‘i
bo‘yicha yuqori hisoblanadi. Aynan uchunchi va to‘rtinchi
avlod gaz ballon uskunalari avtomobil dvigateli dastlab
benzinda ishga tushirilib so‘ng gaz yonilg‘isiga o‘tadi. Ill-
avlod gaz ballon uskunalari benzindan gazga rejimining
o‘zgarishi tirsakli val aylanishlar chastotasiga bog‘liqdir
ya’ni benzinda ishga tushirilgan dvigatel, tirsakli valning
belgilangan ko‘rsatgichida gaz yonilg‘isiga o‘tadi. IV-avlod
GBU ega avtomobillarida ham dvigatel dastlab benzinda
ishga tushadi va ma’lum vaqt davomida belgilangan
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haroratgacha (ekspluatatsiyadagi asosiy gaz ballonli
avtomobillar dasturiy sozlamalarida 30°C dan 40°Cgacha)
gizdirilgandan so‘ng gazga o‘tadi [3,9]. Tadqiq etilayotgan
sigilgan tabiiy gazda ishlovchi I\VV-avlod GBUning asosiy
modellarida (STAG, Digitronic, Tomasetto, Landi Renzo va
boshga) dvigatelning sovuq ishga tushirilib benzindan gazga
o‘tishidagi (“benzindan gazga” boshqaruvi) bazaviy
sozlamalarda tavsiya etilgan harorat 30°C qilib belgilangan.
Benzindan gazga o‘tish vaqt davomiyligi tashqi mubhit
haroratiga bog‘liq holda o‘zgaradi ya’ni harorat pasayishi
bilan gaz ballonli avtomobillar benzindan gazga o‘tish vaqti
oshib boradi.

Dvigatel benzindan gazga o‘tish jarayoni quyidagi
hollardan bo’lmaydi [3, 4]:

. dvigatel  yuklanishi  belgilangan  kalibrlash
chegarasidan tirsakli valning aylanishlar chastotasi
(TVACh) oshgan bo‘lsa;

. dvigatel harorati me’yor chegaradan quyi bo‘lsa;

. injektorlardagi gaz harorati past bo‘lsa;

. tagsimlash valining holat datchigi ishlamayotgan
bo‘lsa;

. elektr jihozlarida kuchlanish migdori 24 V dan
yugqori bo‘lsa;

. dvigatel ish holati elektr jihozlaridagi kuchlanish
miqdori 8 V dan past bo‘lsa.

GBUga ega dvigatellarning benzindan gazga o‘tish
parametrlaridagi harorati (gaz reduktori harorati), GBU
ishlab chigaruvchi kompaniyalar (Stag, Landi Renzo,
Tomasetto va boshg.) tomonidan barcha mavsumlar uchun
o’rtacha harorat 30° va 40°C norma belgilangan [5] (1-
rasm). Bu haroratni O‘zbekiston Respublikasi iqlim
sharoitida 25°C ga tushirilgan (2-rasm), ushbu haroratda
gazga o‘tish dvigatel detallari va GBUning ish
ko‘rsatgichlariga hech qanday salbiy ta’siri mavjud emas.
Bu dvigatel va GBUning STGda normal ishlash harorati,
tashqi muhit harorati 10°C dan yuqori bo‘lganda [6],
shuningdek, dvigatelni STGda ishga tushirish imkoniyati
tashqgi muhit harorati -5°C [7,6] ekanligi bilan asoslanadi.
Shuningdek benzindan gazga o‘tishdagi dvigatel harorati
25°C etib belgilanishi, ko’plab yengil avtomobillarda
o‘tkazilgan  eksperimentlar  natijasida  asoslanadi.
Eksperimentlar dvigatel ishga tushirilib benzindan gazga
o‘tishdagi dvigatel harorati 25°C dan quyi ko‘rsatgichlarda,
dvigatel bargarorligining buzilishi, tebranish kuchayishi va
dvigatelning o‘chishi bilan tugadi.

A Settings [
ACWOL - Jistandard - [ |8 ] |#]
Voltage - . 1PG .
CTO42K (i~ | Standard  ~ _1,93 391 V286 Gasleve
WPGH - o 4 cylinders _ 10 RPM sensivey
N k) O Hot start
600", « oy 0O Es bR
07, w0y, O . SR VALS g
207 s wn 000, ) 1A Evan) off treshod
037/ w om0y O i s ey
1'.’5 % le‘- D ba 15 Pressure release
i | o RPM m VA
\ Rutocabraton

1-rasm. GBUni diagnostika dasturidagi “benzindan
gazga” boshqaruvining zavod tomonidan tavsiya etilgan
universal rostlash tartibi [8]
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2-rasm. GBUni diagnostika dasturidagi “benzindan
gazga” boshgaruvini past (< 25°C) va yuqori (= 25°C)
haroratli ekspluatatsiya sharoitiga ko’ra rostlash tartibi

2. Tadgigot metodologiyasi

Dvigatelning benzindan gazga o‘tish algoritmining
optimallashtirilishi, uning gazga o°tish jarayonini
tezlashtiradi va benzinda ishlash vagtining gisgarishiga,
yonilg‘i xarajatlarining tejalishiga hamda atmosferaga
chigariladigan ZChG miqdorini kamayishiga olib keladi.
Tashqi muhit harorati 25°C gacha bo‘lgan holatlarda
dvigatelning ishga tushirilib benzindan gazga o‘tish jarayoni
dvigatel haroratiga binoan amalga oshsa, 30°C yuqori
haroratli sharoitlarda tirsakli val aylanish chastotasi asosida
amalga oshadi (3-rasm).

Dvigatel ishga
tushirish

Dvigatel sovug ishga tushirish va salt ish
rejimida

Benzin rejimiga o'tish T

ha

T.225°C
Gaz rejimiga
o'lish

Dvigatel o'rta va yuqori

vuklanish rejimida

Gaz rejimiga o'tish

Gazhenzin™
boshqani T, > 25%C

‘ ,—“)‘L‘ 7500 min < 1 2400 min™* ‘
T lhﬂ
———

3-rasm. GBAning sovuq ishga tushirishda benzindan
gazga - gazdan benzinga o‘tish algoritm blok sxemasi

Gaz rejimiga o'tish

Benzin rejimiga o'tish |

Sigilgan tabiiy gazda ishlovchi 1V-avlod gaz ballonli
yengil avtomobil dvigatellarining benzinda ishga tushirilib
STGga o‘tish parametrlarini ratsional o‘zgartirish orgali
GBAning ekspluatatsion ko‘rsatgichlarini oshirishning
matematik modelini yaratishda ekspluatatsiya sharoitini
hisobga olish eng muhim shartlardan hisoblanadi.

GBAning ishga tushirishda benzindan gazga o‘tish
shartlarini tashgi muhit harorati (I'YoD sovitish suyugligi
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harorati), I'YoD TVACh va gaz ballon idishini gaz bilan
to‘ldirish holatlariga qarab I'YoDni sovuq ishga tushirish
jarayonini 3 xil ekspluatatsiya sharoiti bo‘yicha quyidagicha
matematik modellashtirishimiz mumkin [3,9]:

a. Ts<10°C da

- har ganday holatda dvigatel benzinda ishga tushiriladi.

b. 10°C < Ts <25°C

- Gaz ballon idishini gaz to‘ldirishdan oldin:

Dvigatel benzinda ishga tushiriladi.

Sovuq ishga tushirish fazasi tugagach, dvigatel harorati
Ts>25°C bo‘lganda yoki tirsakli val aylanishlar chastotasi
750 min~' ga etganda gaz rejimiga o‘tadi.

- Gaz ballon idishini gaz bilan to‘ldirishdan keyin:

Benzinda ishga tushiriladi.

A-zond faollashganidan so‘ng, dvigatel harorati Ts>25°C
bo‘lganda gaz rejimiga o‘tadi.

c. Ts>25°C

- Gaz ballon idishini gaz bilan to‘ldirishdan oldin:

- Benzinda ishga tushiriladi, dvigatel ishdan chigib
ketgandan keyin 30 sekundgacha benzin rejimida goladi;

- Agar tirsakli val aylanishi 750 min™ dan oshsa,
gaz rejimiga o‘tadi.

—  Gaz ballon idishini gaz bilan to‘ldirishdan keyin:

- Benzinda ishga tushiriladi;

- Tirsakli val aylanishi 750 min™ dan oshganda gaz
rejimiga o‘tadi.

Avtomobillar ekspluatatsiyasida dvigatelning asosiy
sifat ko‘rsatkichlardan biri yonilg‘i sarfi yoki uning
tejamkorligi hisoblanadi. Dvigatel ish ko‘rsatgichlarini
aniglashda maxsus stend bilan belgilangan ish rejimlarida
(Ni;pi;n=const), sinash vaqtidagi ma’lum quvvat uchun
sarflangan yonilg‘i miqdorlari o‘lchanadi. O°‘lchash
natijalari har soatda kg hisobida sarflangan yonilg‘i migdori
quyidagicha aniglanadi [3]:

G, = ATg - 3,6 kg/soat, 1)
bu yerda Ag — oflchangan yonilgi miqdori, g; T —
yonilg‘ining sarf vaqti, s.

IV-avlod GBAning sovuq ishga tushirishda benzindan
avtomatik gazga o‘tish algoritmiga ko‘ra, dvigatelning
sovuq ishga tushirilishidan gaz yonilg‘isiga o tishi
davomidagi benzin sarfi sovitish suyuqgligi haroratiga Ts
bogliq hisoblanadi. Ya’ni Ts miqdori 25°C dan past
bo‘lganda dvigatel benzin sarflaydi va Ts migdori 25°C da
avtomatik gaz yonilg‘isi sarfi boshlanadi. Ushbu shartlarni
(1) formulaga bog‘laydigan bo‘lsak, t -ning giymati Ts
<25°C bo‘lganda benzin sarflanish vaqti T, gabul
gilinib, Ts >25°C bo‘lganda benzindan gaz yonilg‘isiga
o‘tishini bildiradi, biz ushbu shartlarni matematik formula
sifatida quyidagicha ifodalaymiz:

1. tni harorat Ts ga bog‘liq holda quyidagicha
aniglaymiz:

_ (Tpenzin» agar Tg <25°C ?
~t4az agar Ts > 25°C.
2. tni TVACh ga bog'liq holda quyidagicha
aniglaymiz:

{Tbenzin, agar 7500 min~! < n < 400 min~?
T =

Tgaz, agar 700 min~' < n < 750 min™?
®)
- Indikator funksiya (I) yordamida benzin uchun t -ning
giymatini quyidagicha ifodalaymiz:
T = Tpenzin "1 (4)

bu yerda:
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1, agar Ts<25°C
r={ - NG
1,agar 7500 min™" < n < 400 min

Yugoridagilardan kelib chigib, (1) formulaga benzin
yonilg‘i sarflanish vaqtiga (), GBAning “benzindan gazga”
boshqgaruvi asosida yaratilgan indikator funksiya (I)ni
bog‘laymiz va sovuq ishga tushirish davomidagi salt ish
rejimi uchun benzin yonilg‘i sarfini quyidagi empirik
formula orgali aniglaymiz:

Gy == = ~-3,6, kg/soat (6)
benzin

IV-avlod GBU ega sigilgan tabiiy gazda ishlovchi
avtomobil dvigatellarini ratsional rostlangan “benzindan
gazga”/“gazdan  benzinga”  boshqaruvini  funksional
ko‘rinishdagi matematik modeli asosida dvigatelni sovuq
ishga tushirishdagi benzin sarfi quyidagi ifoda orgali
aniglanadi:

Ag

—9.3,6 agar T,<25°C, 7500 min~* < n < 400 min"*
benzin:
GyO(b,y):

3,6 agar T,;=>25°C,700 min~! < n < 750 min™!

()

Tgaz

3. Natijalar va muhokamalar

Sigilgan tabiiy gazda ishlovchi IV-avlod GBU bilan
jihozlangan gaz ballonli yengil avtomobil dvigatellarining
sovuq ishga tushirish jarayonidagi energiya samaradorligini
oshirish va ekologik xavfsizligini yaxshilash bo‘yicha
amalga oshiriladigan  benzindan gazga boshgaruv
sozlamalarini ratsional rostlash tamoyillariga asoslangan
GBA ekspluatatsion ko‘rsatkichlarini oshirish
konsepsiyasining qo’llanilishi GBA ekspluatatsion ish
sanarasini oshirishda eng muhim ishlardan hisoblanadi.

Sigilgan tabiiy gazda ishlovchi IV-avlod bilan
jihozlangan GBA ihlashida yonilg‘ining benzindan gazga
yoki aksi o‘tishida dvigatel bargarorlikni saglashi, tebranish,
shovgin chigarmasligi umuman olganda turg‘un holatda
ishonchli o‘t olishi lozim, bu benzindan gazga o’tish
sozlamalariga bog‘liqdir. Ushbu sozlamalarning gaz
yonilg’isida ratsional ishlash harorati, tashqi mubhit
haroratidan 10°C yugqori bo‘lganda, dvigatelni gazda ishga
tushirish imkoniyati esa tashgi muhit harorati -5°C yuqori
haroratlarda oson amalga oshadi. Past haroratli sharoitlarda
benzindan gazga o‘tish dvigatelning noturg‘un ishlashiga,

o’t olmasligi o‘tkazilgan ekspluatatsiya sinovlarida
aniglandi.
4. Xulosa

Xulosa qilib aytganda, sigilgan tabiiy gazda ishlovchi
IV-avlod GBU bilan jihozlangan gaz ballonli yengil
avtomobil dvigatellarining sovuq ishga tushirish jarayonida
“benzindan gazga” va “gazdan benzinga” o’tkazuvchi
elektron boshgaruv  sozlamalarini ratsional rostlash
tamoyillariga asoslangan holda, GBA ish ko‘rsatkichlarini
oshirish imkoniyati aniglandi. Ekspluatatsiya sinov
natijalariga ko’ra GBUning STGda normal ishlash harorati
tashqi muhit harorati (10°C) dan yuqori bo‘lganda,
dvigatelni STGda tezda ishga tushirish harorati -5°C dan
yugqori bo‘lganda oson amalga oshadi. Past haroratli tabiiy
iqlim sharoitlarida benzindan gazga o‘tish jarayoni dvigatel
ishini noturg‘un holatga kelishi va uning to‘xtab qolishiga
olib kelishini ko‘rsatdi.

GBA ekspluatatsiyasida GBUning bazaviy sozlamalarda
ko’rsatilgan harorat Respublikamiz tabiiy iglim sharoiti
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bo‘yicha 25°C ga rostlanishi sovuq ishga tushirish vagqtini
gisqarishiga olib keladi.

Sigilgan tabiiy gazda ishlovchi [IV-avlod GBA
benzindan gazga o’tish algoritmi takomillashtirilib shu
asosida GBA dvigatellarining sovuq ishga tushirish
jarayonidagi energiya samaradorligini oshirish va ekologik
xavfsizligini ta’minlash bo‘yicha “benzindan gazga” yoki
“gazdan benzinga” boshqaruvining ratsional rostlanishi
ularning ekologik vca iqtisodiy samaradorligini oshirish
imkoniyatini tagdim etadi.
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Improvement of the method for assessing the need for electrochemical

Abstract:

Keywords:

protection of reinforced concrete bridge piers

A.A. Beliy?®?, Sh.Sh. Kadirova®®
1Tashkent state transport university, Tashkent, Uzbekistan
2K2 Engineering LLC, Moscow, Russia

The article analyzes the initiation and development of reinforcement corrosion in reinforced concrete
bridge piers exposed to chloride attack and stray currents during operation. The influence of these factors
on the technical condition and long-term operational reliability of the structures is also considered. An
approach is presented for assessing corrosion processes and determining the effectiveness of
electrochemical protection of reinforcement, taking into account the chloride ion content and stray
current parameters in reinforced concrete bridge piers. The proposed approach makes it possible to assess
the development of reinforcement corrosion under the combined effects of chloride attack and stray
currents, substantiate the need for electrochemical protection, and improve the operational reliability of
reinforced concrete bridge piers.

reinforced concrete bridge piers, chloride attack, stray currents, reinforcement corrosion, electrochemical
protection, cathodic protection, operational reliability

Ko‘prik temirbeton tayanchlarida elektrokimyoviy himoyani qo‘llash

Annotatsiya:

zaruratini baholash usulini takomillashtirish

Beliy A.A.1203 Kadirova Sh.Sh.1@P
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston
2“K2 Engineering” MChJ, Moskva, Rossiya

Magolada ekspluatatsiya jarayonida xlorid agressiyasi va daydi toklar ta’siriga uchraydigan ko‘prik
temirbeton tayanchlarida armatura korroziyasining yuzaga kelishi va rivojlanish xususiyatlari tahlil
gilingan, shuningdek, ushbu omillarning konstruksiyalarning texnik holati va uzoq muddatli
ekspluatatsion ishonchliligiga ta’siri ko‘rib chigilgan. Ko‘prik temirbeton tayanchlarida xlorid-ionlar
miqdori va daydi toklar ko‘rsatkichlarini hisobga olgan holda korroziya jarayonlarini baholash hamda
armaturani elektrokimyoviy himoya gilish samaradorligini aniglash yondashuvi keltirilgan. Taklif
etilayotgan yondashuv xlorid agressiyasi va daydi toklarning birgalikdagi ta’siri sharoitida armatura
korroziyasining rivojlanishini baholash, elektrokimyoviy himoyani qo‘llash zaruratini asoslash hamda
ko‘prik temirbeton tayanchlarining ekspluatatsion ishonchliligini oshirish imkonini beradi.

ko‘prik temirbeton tayanchlari, xlorid agressiyasi, daydi toklar, armatura korroziyasi, elektrokimyoviy

korroziyaga qarshi tabiily himoya xususiyatlarining
buzilishiga olib keladi.

Xlorid-ionlarning beton himoya gatlami orgali armatura

Kalit so‘zlar:
himoya, katod himoyasi, ekspluatatsion ishonchlilik
1. Kirish
Temirbeton ko‘prik tayanchlari transport

infratuzilmasining muhim konstruktiv elementlaridan biri
bo‘lib, ularning texnik holati va uzoq muddatga chidamliligi
inshootning ishonchli  va xavfsiz ekspluatatsiyasini
ta’minlaydi. Ekspluatatsiya jarayonida ko‘prik tayanchlari
harorat va  namlikning o‘zgarishi, betonning
karbonatlashuvi, atmosfera ta’siri, xlorid birikmalarining
kirib borishi hamda boshqga agressiv muhit omillarining
ta’siriga uchraydi [1-11]. Ushbu omillar orasida xlorid
agressiyasi temirbeton konstruksiyalarning uzoq muddatga
chidamliligiga sezilarli ta’sir ko‘rsatib, armaturaning

3 https://orcid.org/0000-0002-2825-1368
bl https://orcid.org/0009-0007-6148-9785
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sirtiga kirib borishi uning passiv holatining buzilishiga va
elektrokimyoviy korroziya jarayonining faollashishiga
sabab bo‘ladi (1-rasm) [16, 19-25]. Korroziya mahsulotlari
hajmining ortishi beton tarkibida ichki kuchlanishlarning
yuzaga kelishiga, himoya qatlamining darz ketishi va
buzilishiga, armaturaning ochilib golishiga hamda uning
ko‘ndalang kesim yuzasining kamayishiga olib keladi.
Natijada temirbeton elementlarning texnik  holati
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yomonlashib, ularning uzoq muddatga chidamliligi va
ekspluatatsion ishonchliligi pasayadi [16, 17, 20-25].

Kislorod (0,)
=

R

Karbonat angidrid S
(co,) -
°

@’

Xlorid ionlari

Namlik
(suv)

5
e

Elektrolit

(tuprog, yo'l muhiti) § ik
korroziyasi

1-rasm. Xlorid agressiyasi ta’sirida temirbeton
armaturasida korroziyaning rivojlanish mexanizmi

Beton tarkibidagi namlik va xlorid-ionlar bilan bir
qatorda, tashqi elektr ta’sirlari, xususan, daydi toklarning
mavjudligi ham armaturada kechadigan elektrokimyoviy
jarayonlarning jadallashishiga sabab bo‘lishi mumkin [31].
Bunday sharoitda agressiv omillarning birgalikdagi ta’siri
temirbeton elementlarda korroziya jarayonining rivojlanish
xavfini oshiradi. Shu sababli konstruksiyaning hagiqiy
ekspluatatsiya sharoitini baholashda alohida omillarning
ta’siri bilan bir qatorda, ularning o‘zaro bog‘liq ta’sirini ham
hisobga olish muhim ahamiyat kasb etadi.

Temirbeton konstruksiyalarni  korroziyadan himoya
gilish ~ uchun  turli  konstruktiv, texnologik va
elektrokimyoviy usullar qo‘llaniladi [5, 14-18, 26-30].
An’anaviy ta’mirlash usullari, jumladan, shikastlangan
beton gatlamini olib tashlash va qayta tiklash, himoya
goplamalarini qo‘llash hamda gidroizolyatsiyani tiklash
konstruksiyaning texnik holatini yaxshilash imkonini beradi.
Birog beton tarkibida xlorid-ionlar saglanib golgan sharoitda
ushbu usullar korroziya jarayonining elektrokimyoviy
sabablarini to‘liq bartaraf eta olmaydi [16-18].

Armatura  korroziyasini  susaytirishning istigbolli
usullaridan biri elektrokimyoviy himoya, xususan, katod
qutblanishi hisoblanadi [18]. Mazkur usul armaturaning
elektrokimyoviy potensialini manfiy tomonga siljitish orgali
uning anod erishi jarayonini kamaytirishga asoslangan.
Elektrokimyoviy himoyadan foydalanish xloridlar bilan

zararlangan  temirbeton  konstruksiyalarda  korroziya
jarayonini  boshgarish, uning rivojlanish  tezligini
kamaytirish va konstruksiyaning xizmat muddatini

uzaytirish imkonini beradi [18, 31].

Shu bilan birga, elektrokimyoviy himoyaning yugqori
samaradorligi uni barcha temirbeton ko‘prik tayanchlarida
bir xil sharoitda qo‘llash zarurligini anglatmaydi. Himoya
tizimini qo‘llash to‘g‘risida muhandislik qarorini qabul
gilishda konstruksiyaning hagiqgiy ekspluatatsiya sharoiti,
beton tarkibidagi xlorid-ionlar miqgdori, daydi toklarning
mavjudligi va korroziya jarayonining rivojlanish darajasini
kompleks hisobga olish talab etiladi. Shu nugtai nazardan,
ushbu omillarni o‘zaro bog‘liq holda hisobga oluvchi va
elektrokimyoviy himoyani qo‘llash zaruratini miqdoriy
jihatdan asoslash imkonini beruvchi baholash usullarini
takomillashtirish dolzarb ilmiy-amaliy vazifa hisoblanadi

2. Tadgigot metodologiyasi

Tadqiqot ko‘priklarning temirbeton tayanchlarida
armatura Kkorroziyasining rivojlanishiga ta’sir etuvchi
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ekspluatatsion omillarni aniglash hamda elektrokimyoviy
himoyani qo‘llash zaruratini baholashga qaratilgan
kompleks yondashuv asosida amalga oshirildi. Tadgigot
metodikasi ilmiy va me’yoriy manbalarni tahlil gilish,
obyektning texnik holatini naturaviy o‘rganish, beton
tarkibidagi xlorid-ionlar migdorini laboratoriya sharoitida
aniqlash, daydi toklar parametrlarini o‘Ichash hamda olingan
natijalarni hisobiy-tahliliy baholashni o‘z ichiga oladi.

Tadgiqot obyekti sifatida Toshkent shahrining Bobur
ko‘chasida, Islom Karimov nomidagi Toshkent xalgaro
aeroporti yo‘nalishida joylashgan yo‘l o‘tkazgichning
temirbeton tayanchlari gabul qilindi. Mazkur inshoot
murakkab tabiiy-iglimiy, texnogen va antropogen ta’sirlar
sharoitida ekspluatatsiya gilinadi [32]. Naturaviy tadgiqotlar
yo‘l o‘tkazgichning 12, 10 va 8-3-sonli tayanchlarida amalga
oshirildi (2- rasm).

2-rasm. Ko‘prik temirbeton tayanchlarida
elektrokimyoviy himoya tizimi va nazorat o‘lchovlari:
a) armatura karkasiga o‘rnatilgan yordamchi anodlar;
b) beton yuzasida elektrokimyoviy ko‘rsatkichlarni dala
sharoitida o‘Ichash jarayoni

Armatura korroziyasiga ta’sir etuvchi agressiv muhitni
baholash uchun beton tarkibidagi xlorid-ionlar migdori va
daydi toklarning elektr ko‘rsatkichlari asosiy nazorat
parametrlari sifatida gabul gilindi. Xlorid-ionlar miqgdori
tayanchlarning turli  uchastkalaridan olingan  beton
namunalarini laboratoriya sharoitida tahlil gilish orgali
aniglandi. Daydi toklarning mavjudligi va ularning
kuchlanish ko‘rsatkichlari esa dala sharoitida maxsus
o‘Ichash vositalari yordamida aniqlandi. O‘lchash ishlari har
bir tayanchning to‘rtta nazorat kesimida bajarilib, jami 100
dan ortiq o‘lchash natijalari olindi.

Naturaviy va laboratoriya tadgigotlari natijalarini qayta
ishlashda xlorid-ionlar konsentratsiyasi bilan armatura
korroziyasi jadalligi o‘rtasidagi bog‘liglik hisobga olindi.
Bunda beton tarkibidagi xloridlar miqgdorining ortishi
natijasida armaturaning passiv holati buzilishi va korroziya
jarayonining nochizigli rivojlanishi asosiy baholash sharti
sifatida gabul qilindi [19-25]. Korroziya jarayonining
miqdoriy tavsifi sifatida korroziya toki zichligi va armatura
korroziyasi tezligi ko‘rsatkichlaridan foydalanildi. Bazaviy
tadgigotda ushbu bog‘liglik  0,20-2,00 % xlorid
konsentratsiyasi oralig‘ida baholangan.

Elektrokimyoviy himoyaning samaradorligini
baholashda katod himoya toki zichligi, armatura
elektrokimyoviy potensialining siljishi va korroziyani
susaytirish darajasi o‘rtasidagi bog‘liglik qabul qilindi.
Himoya toki zichligining ortishi armatura potensialining
manfiy tomonga siljishiga va korroziya jarayonining
kamayishiga olib kelishi hisobga olindi [18]. Ushbu
parametrlarni  o‘zaro  taqqoslash  elektrokimyoviy
himoyaning samarali ishlash diapazonini hamda muayyan
ekspluatatsiya sharoitida uni qo‘llashning maqgsadga
muvofigligini baholash imkonini beradi.
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Takomillashtirilayotgan baholash usulining asosiy
tamoyili xlorid agressiyasi va daydi toklarni alohida omillar
sifatida emas, balki armatura korroziyasining rivojlanishiga
birgalikda ta’sir etuvchi ekspluatatsion omillar sifatida
ko‘rib chiqishdan iborat. Shu asosda naturaviy o‘lchash
natijalari, xlorid-ionlar migdori va armatura korroziyasining
hisobiy ko‘rsatkichlarini ozaro taqqoslash orqali temirbeton
tayanchlarda elektrokimyoviy himoyani qo‘llash zaruratini
baholash ko‘zda tutiladi.

Har bir tayanchning to‘rtta nazorat kesimida bajarilgan
o‘Ichashlar bo‘yicha jami 100 dan ortiq natija olindi. Daydi
toklarni o‘lchash natijalariga ko‘ra, nazorat nuqtalaridagi
kuchlanish giymatlari 0,008-0,35 V oralig‘ida o‘zgardi.
Beton namunalarining laboratoriya tahlili esa xlorid-ionlar
miqdori 0,04 % ekanligini ko‘rsatdi [32].

Olingan natijalar shuni ko‘rsatadiki, tadqiqot obyektida
armatura korroziyasiga ta’sir qiluvchi omillarni faqat xlorid-
ionlar miqdori bo‘yicha baholash yetarli emas. Beton
tarkibida xloridlarning mavjudligi bilan bir vagtda daydi
toklarning gayd etilishi armatura atrofidagi elektrokimyoviy
mubhitni baholashda ushbu ikki omilni birgalikda hisobga
olish zarurligini ko‘rsatadi. Shu sababli elektrokimyoviy
himoyani qo‘llash zarurati konstruksiyaga ta’sir giluvchi
alohida agressiv omil asosida emas, balki ularning
birgalikdagi ta’siri asosida baholanishi maqsadga muvofiq.

Armatura  korroziyasining  rivojlanish  darajasini
miqdoriy baholash uchun xlorid-ionlar konsentratsiyasi,
korroziya toki zichligi va korroziya tezligi o‘rtasidagi
bog‘liglik tahlil qilindi. Hisobiy natijalar xlorid-ionlar
konsentratsiyasi ortishi bilan korroziya jarayoni nochizigli
ravishda jadallashishini ko‘rsatdi. Xlorid-ionlar miqdori
0,20 % bo‘lganda korroziya toki zichligi 0,08 pA/cm? va
korroziya tezligi 0,92 um/yilni tashkil etgan bo‘lsa, xloridlar
miqdori 0,40 % ga yetganda ushbu ko‘rsatkichlar mos
ravishda 0,21 pA/cm? va 2,43 pm/yilgacha oshgan. Xloridlar
konsentratsiyasining 0,80 % gacha ortishi korroziya tezligini
13,28 um/yilgacha, 1,60 % da esa 91,21 um/yilgacha
oshiradi. 2,00 % xlorid migdorida hisobiy korroziya tezligi
177,01 um/yilga yetadi (1-jadval).

1-jadval
Xlorid-ionlar konsentratsiyasiga bog‘liq holda
armatura korroziyasi ko‘rsatkichlarining o‘zgarishi

Xlorid-ionlar Korroziya toki| Korroziya

konsentratsiyasi, sement zichligi, tezligi,

massasiga nisbatan % pA/cm? pm/yil
0,20 0,08 0,92
0,40 0,21 2,43

0,80 1,15 13,28

1,20 3,44 39,76

1,60 7,89 91,21

2,00 15,31 177,01

1-jadval natijalari korroziya jarayonining chizigli
emasligini  yaqqol ko‘rsatadi. Xususan, xlorid-ionlar
konsentratsiyasi 0,40 % dan 0,80 % gacha ikki baravar
oshganda korroziya tezligi 2,43 dan 13,28 um/yilgacha,
ya’ni qariyb 5,5 baravar ortadi. Xloridlar migdori 1,60 % ga
yetganda esa korroziya tezligi 0,40 % dagi giymatga
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nisbatan qariyb 37,5 baravar yuqori bo‘ladi. Bu holat
xloridlarning ma’lum darajada to‘planishidan so‘ng
armaturaning passiv  holati buzilishi va korroziya
jarayonining keskin jadallashishini ko‘rsatadi.

Keyingi bosgichda  elektrokimyoviy ~ himoya
parametrlarining  armatura  korroziyasini  susaytirish
samaradorligiga ta’siri tahlil qilindi. Katod himoya toki
zichligi 2,55 mA/m? bo‘lganda armatura potensialining
siljishi —92,3 mV ni, korroziyani susaytirish darajasi esa 85,7
% ni tashkil etdi. Himoya toki zichligi 5,10 mA/m? gacha
oshirilganda korroziyani susaytirish darajasi 94,2 %, 7,65
mA/m? da 97,8 % va 10,20 mA/m? da 99,1 % ga yetdi. Tok
zichligining keyingi oshirilishi himoya samaradorligining
nisbatan kichik o‘zgarishiga olib keldi.

3. Xulosa

Oc‘tkazilgan tadgiqotlar elektrokimyoviy himoyadan
foydalanish ko‘prik temirbeton tayanchlarida armatura
korroziyasini nazorat gilish va uning rivojlanish jadalligini
kamaytirishning samarali yechimi ekanligini ko‘rsatdi.
Katod qutblanishi korroziya ogibatlarini bartaraf etishga
emas, balki armaturada Kkechayotgan elektrokimyoviy
jarayonni susaytirishga qaratilganligi bilan an’anaviy
ta’mirlash usullaridan farq qiladi. Himoya parametrlarining
magbul giymatlarida korroziya jarayonini 98 % gacha
kamaytirish, tashgi tok manbaiga ega tizimlardan
foydalanilganda esa konstruksiyaning hisobiy xizmat
muddatini sezilarli darajada uzaytirish imkoniyati mavjud.

Olingan natijalar EKHni fagat konstruksiyada korroziya
shikastlanishlari aniqlangandan keyin qo‘llaniladigan
ta’mirlash tadbiri sifatida baholash yetarli emasligini
ko‘rsatadi. Uni ko‘prik inshootining butun xizmat davri
davomida texnik holatini saglashga qaratilgan preventiv
himoya chorasi sifatida qo‘llash magsadga muvofiq. Bunda
EKHni joriy etish to‘g‘risidagi qaror konstruksiyaning
haqiqiy ekspluatatsiya sharoiti, xlorid agressiyasi, daydi
toklarning mavjudligi va korroziya jarayonining rivojlanish
darajasini hisobga olgan holda gabul gilinishi lozim.

Uzog muddatli ekspluatatsiya nugtai nazaridan EKH
tizimlariga sarflanadigan dastlabki xarajatlar keyingi
davrlarda takroriy va kapital ta’mirlash ishlariga bo‘lgan
ehtiyojning kamayishi hisobiga qoplanadi. Shu sababli
elektrokimyoviy himoyani ko‘priklarning ekspluatatsion
ishonchliligini oshirish, xizmat muddatini uzaytirish va
ularni saglash bilan bog‘liq xarajatlarni optimallashtirishga
xizmat giluvchi texnik-igtisodiy jihatdan asoslangan
boshgaruv vositasi sifatida garash mumkin.
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Effect of a binary micro-filler and polyfunctional admixture on the structure
formation and properties of cement binders

A.l. Adylkhodjaev*®?, I.A. Kadyrov*®P?, F.E. Abdukadyrov'®¢, S.S. Niyazbekov?,

A.F. Babajanov®9 A Kh. Kamalov*
1Tashkent state transport university, Tashkent, Uzbekistan
2National Research University “Tashkent Institute of Irrigation and Agricultural Mechanization Engineers”
3Uzbek-Japan Innovation Center of Youth, Tashkent, Uzbekistan
4Ko'priksifatnazorat LLC, Tashkent, Uzbekistan

Abstract: This study investigates the structure formation and properties of a cement binder modified with a binary
micro-filler (silica fume and ground marble) and a polyfunctional admixture, KIW. Using the design of
experiments and response surface methodology, the mixture composition was optimized. The optimal
combination of 10% silica fume, 15% marble powder, and 0.9% K1W significantly reduces water
demand and maximizes the compressive strength of the hardened cement paste, achieving 74.0 MPa at
28 days and 90.2 MPa at 90 days. X-ray diffraction (XRD) analysis confirms that this complex
modification intensifies the formation of calcium silicate hydrates (C-S-H) while reducing free
portlandite content. The findings substantiate the efficiency of the developed binder for resource-saving
and sustainable construction technologies.

Keywords: Cement binder, binary micro-filler, silica fume, ground marble powder, polyfunctional admixture
(K1W), hardened cement paste, structure e formation, compressive strength, mathematical modeling,
green construction, resource efficiency

Bausinre OMHAPHOT0 MUKPOHANOJHUTEJIS U MOJU(PYHKIIMOHATBHOM 100aBKHU
Ha (popMHUpOBaHUE CTPYKTYPHI H CBOMCTB LEMEHTHOI0 BSXKYLIETro

Annaxomxkae AM.102 Kamnpos U.A.20P, Adaykagupos @.9.10¢, Husiz6exon C.C.°

Ba6axanos A.®.'0% Kamanos A.X.*

TamkenTckuil rocynapcTBEeHHbI TPaHCIIOPTHEIA yHHBEpcUTeT, TalkeHT, Y36eKkucTan
2HauuoHanbHbIH MCCIeN0BaTENbCKUI YHUBEPCUTET « TAlIKEHTCKUI HHCTUTYT MHKEHEPOB MPPMTaLMH U
MEXaHM3alUH CEJILCKOTO X03SMCTBay, TalKeHT, Y30eKnCcTaH
3Y36ekcKko-SImoHCKHIT MOJIONESKHBIH LEHTp UHHOBaLM, TankeHT, Y30eKucTan
4000 «Ko'priksifatnazorat», Tamkent, Y36ekuctan

AHHOTaINUA: B crarbe wuccnenoBaHo (OpMHUpPOBaHHE CTPYKTYphl W CBOWCTB  LIEMEHTHOTO  BSDKYILETO,
MOAN(UIMPOBAHHOIO OMHAPHBIM MUKPOHAOJIHUTENIEM (MHKPOKPEMHE3EM U TOHKOMOJIOTBIIT Mpamop)
u nonupyskuronansHoi nodaskoit K1W. C npuMeHeHHeM METOIOB MaTeMaTHUECKOr0 ITIaHUPOBAHUS
U TOBEPXHOCTEH OTKIMKAa ONTUMU3UPOBAH COCTaB CHCTEMBI. YCTaHOBIEHO, uTo BBeAecHHe 10 %
MHKpPOKpeMHe3eMa, 15 % mpamopnoro Hanonsurens u 0,9 % nobasku K1W obecnieunBaeT CHUXKEHHE
BOJIONIOTPEOHOCTH U MAaKCUMAJIbHBIH IPUPOCT MPOYHOCTH LIEMEHTHOTr0 KaMHs (10 74,0 MIla B 28 cyrok
u 90,2 MIla B 90 cytok). [To naHHBIM peHTreHO(a30BOro aHaM3a, KOMIUIEKCHOE MOAU(DHIUPOBAHUEC
HHTEHCUHUIMPYEeT 00pa30BaHHE THUAPOCUIIUKATOB KaJbLUS M CHIDKACT COJIEpXKaHHe CBOOOIHOrO
nopmianaura. Pe3ysbraThl HOATBEPXKAAIOT A(QGEKTHBHOCTh Pa3pabOTaHHOTO  BSKYLIETO UL
NPUMEHEHUs B PeCypcocOeperarolnx TeXHOIOIHAX SKOJIOTHYHOIO CTPOUTENIBCTBA.

KiroueBsie cnopa: IlementHOe  BsDKylee, OWHAapHBIA  MHKPOHANONHHUTENb,  MHKPOKPEMHE3EM,  MPaMOPHBII
MUKPOHAIOJIHUTENb, nou(yHKIHOHATbHAS no00aBKa, KIW, LIEMEHTHBII KaMeHb,
CTPYKTYypooOpa3oBaHHe, MNPOYHOCTb, MaTeMaTHYECKOEe MOJIEIMPOBAHHUE, 3€NEHOE CTPOHMTEIBCTBO,
pecypcocbepexeHne
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1. BBeaenue

CoBpeMeHHOE  pa3BUTHE CTPOHUTENBHOH  OTpaciu
CBSI3aHO c He0OXOAUMOCTBIO nepexona K
pecypcocheperaromuM 1 3K0JIOrIYeCKY OPHEHTHPOBAHHEIM
TEXHOJIOTHSIM, o0eceunBaloIM CHIDKEHHUE
MaTepHaIOEMKOCTH W JHEPreTHYeCKHX 3aTpar IIpU
COXpaHEHHH TpeOyeMOro YpOBHS 3KCIUIyaTallMOHHBIX
XapaKTepUCTUK CTPOMTENBHBIX MaTepHaloB. B pamkax
KOHICNIIIUK 3€JIEHOTO CTPOMTEIBCTBA 0CO00E 3HAUCHHE
npuobperaer pa3paboTka 3()(HEKTHBHBIX BSIKYIIHX CHCTEM
C HCIIOJIb30BAHUEM MUHEPAIBHBIX KOMIOHEHTOB MECTHOIO
IIPOUCXOKJICHUS, HI03BOJISTIOIIHNX PalOHAIBHO
UCHOJNB30BaTh IIPUPOJHBIE PECYpChl M OJHOBPEMEHHO
HOBBIIIATH KAYECTBO IEMEHTHBIX MAaTEPHAJIOB.

OnmHUM W3 TEPCNEKTHBHBIX HANpaBICHHN SBISIETCS
Moau(bHIMPOBaHHE LIEMEHTHBIX BSDKYILIHX
BBICOKO/IUCTICPCHBIMH MUHEPAJIbHBIMH KOMITOHCHTAMH U1
XUMHYECKUMHU J06aBKaMH. IIpuMeHeHye
MHKPOHAIOTHHTENEH HO3BOJISIET IeJIeHATIPABIICHHO
PeryJIpoBaTh TPaHYJIOMETPHUSCKYIO YIIaKOBKY, IPOLECCH
rufparaim U (HOPMUPOBAHUE IOPOBOH  CTPYKTYPEI
[IEMEHTHOTO0 KaMHs. JICIonb30BaHME TOHKOIWCHEPCHBIX
MHHEpaJIbHBIX MaTepHaloB TaKkke CO3JaT BO3MOXKHOCTH
YaCTHYHOTO 3aMeLICHUs [EMEHTHOH COCTaBisIomei |
Gojee  PAlMOHANTBHOrO  WCIOJNB30BAaHUS  CHIPHEBBIX
peCypcoB.

OcoOblii ~ MHTEpeC  NPEACTaBIsleT  NPUMEHEHHE
OGUHAPHBIX MUKPOHAIOJTHUTENEH, COYETAIOIINX
KOMITOHEHTBI C PA3JIMIHBIM MEXaHU3MOM BO3ICHCTBHS Ha
LeMEHTHYI0  cucTeMy. COBMECTHOE  HCIIOJIb30BaHHE
MHKPOKpEMHe3éMa H  TOHKOAHCIIEPCHOIO MpPaMOpPHOIO
MHKPOHAIOJIHUTEIS MO3BOJISIET OJJHOBPEMEHHO
peanu3oBaTh IIyLIIOJIAHOBBIH, MUKPOHAIOIHAIOMUA |
CTPYKTYpOOOpa3yIommii ¢ dexTsI. Mpun 3TOM
3¢ PeKTUBHOCT, MUHEPATIBHOTO MOAN(UIIMPOBAHUS MOXKET
OBbITh [JOTOJHUTENBHO IIOBBIIIEHA 332 CYET NPUMEHEHHS
oI yHKIIMOHAJIBHBIX XUMHYECKUX J100aBOK,
PEryIHPYIONX BOJONOTPEOHOCTH u HpOoLIECCh
CTPYKTYpooOpa3oBaHUsl IEMEHTHOI'O TECTA.

C HayyHOH M NPAKTUYECKOW TOUKU 3PEHHS BaXKHBIM
SIBIICTCS YCTAHOBJICHHE 3aKOHOMEPHOCTEH COBMECTHOTO
JICUCTBUSA MUHEPAJBHBIX U XUMHYECKHX MOJIU(HUKATOPOB,
IIOCKOJIbKY HMEHHO HMX B3aMMOJEHCTBHE OIpelessieT
(dbopMHUpOBaHHE CTPYKTYpbl LEMEHTHOIO KaMHi H €ro

MOCTIe Y FOLLIHE (hU3MKO-MeXaHUYECKUE CBOMCTBA.
PamioHanpHOE  COYETAHHE  KOMIIOHEHTOB  IO3BOJIIET
nonydatb  Oomee  IUIOTHYIO — CTPYKTYpPY,  CHIDKAarh
BOJIONOTPEOHOCT, M MOBBIATh  3()PEKTUBHOCTH

UCIIONB30BAHMS IEMEHTHOTO BSDKYILIET O, YTO COOTBETCTBYET
OCHOBHBIM  IPHHLHMIIAM  pecypcocOeperaromero  u
9KOJIOT'MYECKH OPUEHTUPOBAHHOTO CTPOUTEIIBCTBA.

[lenbto MccaenoBaHus SBISIETCS YCTaHOBIICHUE BIIUSAHUS
OMHAPHOTO MUKPOHATOIHUTENS U MONUA(YHKIHOHATEHOM
n00aBku Ha (GOPMUPOBaHHE CTPYKTYPHI, TEXHOJIOrUIECKHE
1 (pU3UKO-MEXaHUYECKHE CBOMCTBA 1IEMEHTHOTO BSDKYILETO
U OIIpeie]IeHHe UX PALIMOHAIBHOTO COYETaHHS.

Hayuynas HOBHM3Ha 3aKiIOYaeTCsi B YCTaHOBJICHHU
3aKOHOMEPHOCTE COBMECTHOTO JEHCTBUsS OWHAPHOTO
MHKPOHAIIOJIHUTENsT Ha OCHOBE MHKDOKpeMHe3éMa u
MPaMOPHOTO MHKPOHAIOJIHHUTENS U MOIU(YHKIIMOHATBHON
nobaBku K1W Ha dopmupoBaHure CTPYyKTyphl M CBOICTB
LIEMEHTHOTO BSDKYILEro, a Takxke B OOOCHOBAHMM HX
PpalOHAIBHOTO COYCTaHUS JUTSE CHIDKECHUS
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BOJIONOTPEOHOCTH U (pOPMHUPOBAHMS IJIOTHOH CTPYKTYpPBI
LEMEHTHOT'O KaMHsL.

2. MeTtoauka HccJIeI0BaHNA

2.1. TIpumeHsieMble MAaTEPHAJIbI

B kauectBe OCHOBHOTO BSDKYIIETO  MaTepuaia
ucnonb3oBay  nopriaangiuemesr CEM 1 42.5N. Ero
XAUMHUYECKHI COCTaB XapakTepu3oBaics copepkanneM SiO:z
—21,08 %, Al20s — 5,12 %, Fe-0s — 4,74 %, CaO — 63,7 %,
MgO - 2,63 % n SOs — 0,43 %. Munepaiornieckuii cocTan
nemenTa Brirouan CsS — 54,8 %, C2S — 18,2 %, CsA - 5,8 %
n CAF - 144 %. HopmampHas TrycToTa IIeMEHTA
cocranisuia 29 %, Hauao ¥ KOHeI| cxXBaTbiBanus — 168 u 311
MHH COOTBETCTBEHHO, yJIelIbHast TOBEPXHOCT — 3681 cM?/T,
mwioTHOCTh — 3,18 T/cM?, a TPOYHOCTE TpH CXKATHH B
Bozpacte 28 cyrok — 44 Mlla.

B xauecTBe MuHEpansHOr0 MoaU(UKATOPa MPUMEHSIIH
OWHapHEIH MHKPOHAIIOTHUTEIB, COCTOSIIIIIH u3
MHKpOKpeMHe3éMa W TOHKOMOJIOTOTO  MPaMOpPHOTO
HAIIOJTHHUTEISI. MpaMop MoiTydeH n3 MecTopoxeHus ['azran
HaBowiickolf obmacT W XapakTepH3yeTcs CTaOMIBHBIM
XUMHYECKMM COCTaBOM M OJHOPOJHOH CTPYKTYpOil
OCHOBHBIMH KOMHNOHEHTaMH Mpamopa sBisiiorcs CaO u
CO2, conepkaHHe KOTOPBIX COCTABISET COOTBETCTBEHHO
53-55n 42-43 %.

MukpokpemHe3EM TpeICTaBIIIT coboit
BBICOKOJIMCIIEPCHBI  TIOPOIIOK, OCHOBY  MaTepuaia
COCTaBISIIOT C(epHYEeCKHe YacTUIIbl THOKCHAA KPEMHUS,
conepxanue SiO: cocraBiser 85-90 %.

Ha mepBoMm srame copepaHne MHUKpOKpPEMHeE3EMa H
MPaMOPHOTO MMKPOHAIOJHUTENS W3MEHIM B JiHana3oHe
020 % or wMmaccel wnemeHTta. Jluig yCTaHOBJICHHUS
PAILMOHATIBHOIO COYETaHUsl KOMIOHEHTOB ObUT pealn30BaH
MOJHBINA BYX(AKTOPHBIM 3KCHEPHMEHT, BKJIIOYABIIUHA 25
COCTaBOB. YJeibHas MOBEPXHOCTh MHKPOKpEeMHe3&Ma
m3mensutace ot 12000 mo 20000 cm?*r, MpaMOpHOTO
HanosHuTeNs — ot 2000 1o 4000 cM/r.

B kayecTBe XMMHYECKOr0 MOJM(HKATOpa MPUMEHSIIN
nonupyHKIMOHaIbHYI0 1n00aBky KIW, ob6nanaronryro
BOJIOpE Iy IUPYIOLINM JISHCTBHEM M CIIOCOOHOCTBIO BIIUSATH
Ha KUHETUKY TBEpACHUA LEMEHTHOH cucrembl. Jlis
UCCJIe/IOBAHUS BIMSAHUSA 100aBKH €€ COleprKaHue N3MEHSIIN
ot 0,3 10 1,5 % ot Macchl BSXKYILETO.

2.2. MetoasI uccie10BaHUS

Hccnenosanue IIPOBOAMIIOCH B HECKOJIBKO
HoCJIeZI0BaTeIbHBIX 3TanoB. Ha nepBom arane onpenensiu
BJIMSIHUE KOMIIOHEHTOB OMHAPHOI'0 MUKPOHAIOJIHUTEN Ha

OCHOBHBIE TEXHOJIOIMYECKHE u MPOYHOCTHBIE
XapaKTepUCTUKH LEMEHTHOH cuctembl. HopmanbHyro
TYCTOTY W BOJOHOTPEOHOCTH  IIEMEHTHOIO  TecTa

OTIPEEISIIM C UCTIONB30BaHueM mpubopa Buka no riryoune
MOTpYy>KeHHs nectrka. Hauano u koHel cXBaThIBaHUS TaKKe
ompenessid ¢ MCHONb30BaHMEM mpubopa Buka B
COOTBETCTBHHU c TpeOOBaHUAMU JIeHCTBYIOLINX
HOPMAaTHBHBIX JIOKYMEHTOB.

Jliist OlleHKH BAMSHHS NOMU(DYHKIMOHAIBHOM NOOaBKH
OIpeNIeIIN HOPMAJIbHYIO TYCTOTY M CPOKH CXBaThIBaHHUS
LEMEHTHOTo Tecta 6e3 MHUHEepaJIbHOro MoaudukaTopa u B
HPHUCYTCTBUH ONTHUMAJILHOTO OuHapHOTO
MUKpOHAIoJHuTeNsA. JlaHHBIM KOMIUIEKC TIOKa3aTesei
UCIOJIB30BAJIN JUIs OLIGHKH M3MEHEHHs BOJJONIOTPEOHOCTH 1
XapakTepa Ha4aJIbHBIX MPOLIECCOB THAPATALH.

Hns HCCIIEJOBAHUS TIPOLIECCOB
CTPYKTYpOOOpa30oBaHus onpeessn

paHHero
KHHETHUKY
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[UIACTMYECKOW MPOYHOCTH LEMEHTHOro TecTa. JlaHHbIH
TOKa3aTenb HCIIONIb30BAIN TS OLICHKH
MIPOJIODKUTETIFHOCTH MHAYKIMOHHOTO MEPHOJa, CKOPOCTH
(GOpMHPOBaHUS MEXKYACTHYHBIX KOHTAKTOB M IIepexoja
LIEMEHTHOH CHCTEMBI OT IUIACTHYECKOTO COCTOSIHUS K
MIPOCTPAHCTBEHHO CBSI3aHHOW CTpyKType. MccnemoBanums
TIPOBOVIIN TUTS KOHTPOJIBHOTO, OuHapHO-
momudunmpoBanHoro, K1W-momudummpoBanHoro  u
KOMIUTEKCHO-MOANU(HIIPOBAHHOTO COCTABOB.

JIiss  OmeHKM pa3BUTHS MEXaHWYECKHX CBOICTB
OTIPEIEIISIIIN TIPOYHOCTh NP CHKaTHH [IEMEHTHOTO KaMHS B
Bospacte 2, 7, 28 u 90 cyrok. OOpa3upl ¢opmoBamn B
MeTanIeckux (opmax pasmepom 20%20x20 MM U
HCTIBITHIBAJIM HA TU/IPABINYECKOM TIPECCe TPH MOCTOSHHOM
CKOpPOCTH HarpyxeHus. TBepaeHHe OCYIIECTBILUIN B
HOPMAJIBHBIX BI&XKHOCTHO-TEMIICPATYPHBIX YCIOBHUSIX TIPH
temrieparype (20+2) °C u OTHOCHTENBHOW BIAKHOCTH
BO3/1yXa He MeHee 95 %.

Jist  nccnenoBaHuWs KWHETHKW Habopa IPOYHOCTH
KOMIUTEKCHO-MOAN(HIIPOBAHHOTO ~ [IEMEHTHOTO  KaMHS
KCIBITAaHUS IPOBOAWIIN B Bo3pacte 1, 3, 7, 14, 28 n 90 cyTok,
YTO II03BOJIIUIO COIIOCTAaBUTH pa3BHTHE IPOYHOCTH Ha
PaHHUX U MO3/IHHUX CTAJIMSIX TBEPICHHSL.

2.3. MartemaTnyeckoe Mo/JeJHPOBaHUE

J1y1s1 ycTaHOBIIEHHS KOJTMYECTBEHHBIX 3aKOHOMEPHOCTEH
BIIMSTHUSL KOMITOHEHTOB OWHapHOTO MHUKPOHAIIONHHUTENS Ha
CBOWCTBa LIEMEHTHOTO BSDKYILIETO NPUMEHSITH
MaTeMaTHdeckoe  IUIaHHUPOBaHME  JKCHEPUMEHTa U
perpeccHoHHBIN aHanmu3. B kadecTBe OCHOBHBIX (haKTOPOB
paccMaTpuBaNM  CONIEp)KaHHWE  MHKPOKpEMHe3eMa |
TOHKOMOJIOTOTO MpPaMOpPHOTO MHKpPOHAIOJHUTENS, a B
Ka4yecTBE BBIXOJHBIX apaMeTPOB — HOPMAIBHYIO TyCTOTY
LIEMEHTHOI'O TECTa ¥ POYHOCTh LIEMEHTHOT'O KaMHSI.

JI1st MaTeMaTH4ecKOTro OMUCAHUS SKCIEPUMEHTAIBHBIX
3aBHCUMOCTEH HCIIOJIB30BAIN HOJIMHOMHUAIBHYIO MOJENb
BTOPOT'O HopsiziKa, YUYHTBIBAIOLIYO JMHeiHoe,
KBaJIpaTUYHOE M COBMECTHOE BJIMSHHE HCCIEIYEMbIX
(axTopoB:

Y = by + X bix; + ¥ byx} + ¥ byjxix;, 1)

. rae Y — HporHo3upyemoe 3HaueHue (yHKIUH
OTKJIMKA (IIPOYHOCTh NPH CKaTUU Rn M HOpMaJibHAs TYCTOTA
LIEMEHTHOI'O TECTA);

. bo — cBOGOAHEIIT WeH ypaBHEHUS;

. bi, bii, bij — xo3dpduLHEHTH THHEHHBIX,
KBaJpPaTHYHbIX U MAPHBIX B3aUMOJICUCTBUI (haKTOPOB;

. Xi — KOJMpPOBaHHbIE 3HAYCHUS HE3aBHUCHMbIX
[IEPEMEHHBIX.

JIyist OLCHKY BIHSIHUS MOJMU(YHKIHOHATBHON T00aBKH
KIW  nomonHWTeNbHO — HCCIENOBAIM  3aBUCHMOCTH
HOPMAJIBHOM T'yCTOTBI, CDOKOB CXBAaTBIBAHMS M IPOYHOCTU
LIEMEHTHOr0 KaMHi OT ee J03upoBkH. [lomydeHHbIe
3aBHCHUMOCTH HCIIOJIb30BAJIN JUISE ompeieneHus

PALMOHATIBHOTO COJAEPXKAHUS XHMHUYECKOW [100aBKH B
KOMIUIEKCHO-MOJU(HUIIMPOBAHHOM LIEMCHTHOM BSUKYILIEM.
Ha  oOCHOBaHMHM  NOJYYEHHBIX  PErPECCHOHHBIX
YPaBHEHUH CTPOWIM IOBEPXHOCTH OTKIMKA U JIMHUU
pPaBHOTO  YPOBHsi,  XapakTEepu3ylollMe  H3MEHEHHUe
UCCIIElyeMbIX CBOIMCTB B 3aBHCHMOCTH OT COJEPIKAaHHS
KOMIIOHCHTOB ~ OMHAapHOIO  MHKPOHAMOJHHUTEN.  OJTO
TIO3BOJIMJIO OTIPEZICIIUTH 00JIACTh PAIIMOHATIBHBIX COCTABOB 1
YCTaHOBHTB Xapakrep COBMECTHOT'O BIIUSTHUS
MHKPOKpPEMHE3eMa ¥ MPaMOPHOTO MUKPOHAIIOITHHUTEIIS.
AJIeKBaTHOCTb MaTeMaTH4YeCKUX MOAENeH OLECHHBAIH
IyTEM COINOCTABJIECHUS PACUETHBIX M 3KCIIEPHMEHTaJbHBIX
3HAYCHHUH, a TaKkxke Mo KodpduimeHTy aeTepMuHaIi R? u
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BEJIMYMHE OCTATOYHBIX OTKJIOHEHHH. PallMOHAIBHBIHN COCTaB
OTpeNeNsIi ~ Ha  OCHOBE  KOMIUIGKCHOTO  aHajm3a
MaTeMaTHYECKMX  MOJACNEed M OKCHEPHUMEHTAIBHBIX
pe3yIBTaTOB C YyUYETOM MHUHHMH3AIWU BOJAOTIOTPEOHOCTH U
obecrieyeHus TpeOyeMOro ypoBHS MPOYHOCTH [IEMEHTHOTO
KaMHSI.

IIpuMeHeHne  MareMaTHYecKOro  MOJICIUPOBAHUSL
MO3BOJIMIIO KOJHMYECTBEHHO OLEHHWTH BJIMSHHE OTJIEJIBHBIX
KOMITOHEHTOB M UX B3aMMOJICHCTBUS, ONPEICIUTh 00IacTh
paIMOHaIBHOTO CoJIepIKaHUs OMHApHOTO
MUKPOHAIIOJHUTENSI H  TOJU(PYHKIIMOHATIBHON JTOOABKH
KI1W, a Takxe mMOATBEPAUTH  IKCIEPUMEHTAIHHO
YCTaHOBJICHHBIH  ONTUMAIBHBI COCTaB  KOMIUIEKCHO-
MOJIUGHUIIMPOBAHHOTO IIEMEHTHOT'O BSKYILIETO.

3. Pe3yabTaThl U 00CykKAeHNE

3.1. Bausinme OMHAPHOT0 MHMKPOHAMOJHUTENS] HA
CBOIiCTBA IEMEHTHOT0 BSI/KYIIET0

Ha mepBoM srame wcciaenoBaHUs W3ydanoch BIMSTHUE
COJZIep)KaHUS ¥ JIHCIIEPCHOCTH KOMIIOHEHTOB OWHapHOTO
MHUKPOHAITOTHHUTEJIIS — MHKpOKpeMHe3EMa "
TOHKOMOJIOTOTO MPaMOPHOTO MHKPOHAIIOJHUTENST — Ha
TEXHOJIOTHYECKHEe W  (DU3UKO-MEXaHWYECKHE CBOWCTBa
LEMEHTHOTO BSDKYIIETO. DKCHeprMeHTAIbHbIC
HCCIIEI0BAHNUS IPOBOAMINCH Ha 25 COCTaBax C Pa3IMYHBIM
COJIep)KaHHEM M YJeJbHOW MOBEPXHOCTHIO KOMITOHEHTOB.
OCHOBHBIE pe3yNbTaThl HCCIEIOBAHUH MPEICTaBICHB B
tabime 1.

Jisi  KOHTPOJIBHOTO COCTaBa HOpPMaJIbHas TyCTOTa
LIEMEHTHOI0 TecTa cocTaBmsuia 26  %. Baenenue
MpPaMOpPHOTO MHKpOHANONHHUTEsT B KonnuectBe 15-20 %
CII0COOCTBOBAJIO CHIDKEHHIO HOPMAIBHOM I'yCTOTHI 110 25 %.
JlaHHbII apdexr CBSA3aH c yJIy4IIeHHeM
IPaHYJIOMETPUYECKOH YIaKOBKM TBEPABIX 4YacTHL MU
3alOJIHEHHEM  MEXK3CPHOBOrO  IIPOCTPAHCTBA  Oouiee
MEJIKUMHU YaCTULAMH MPaMOPHOTO HAIIOJIHUTEIIS.

Beenenue MHKPOKPEMHE3EMA, HaIpOTHUB,
COIPOBOXKIATIOCH yBEJIMYEHHEM BOJIONOTPEOHOCTH
LIEMEHTHOTo TecTa. [Ipu conmepikaHMM MHKpOKpeMHe3éMa
15-20 % HopMasbHAs TyCTOTa yBeJIUUMBaach 10 28-29 %.
3TO CBA3AaHO C BBICOKOMH JIMCIIEPCHOCTHIO MUKPOKPEMHE3EMa
U 3HAYUTEIbHBIM YBEIUYCHUEM YJCNbHON IIOBEPXHOCTU
TBEPHOI (hasbl, TpeOyrolIeil TONOIHUTEILHOIO KOINYECTBA
BOIbI 11 HOPMHUPOBAHYS INIACTUYHON 1IEMEHTHON CHCTEMBI

VI3MeHeHHe CPOKOB CXBATBHIBAHMS TAaKXKE 3aBHCEIO OT
NpUPOABl U COJEp)KaHUA MUKpOHamonHuTenei. Ilpu
YBEJIMUYEHHH COZICP’KaHU MPaMOPHOTO MUKPOHAIIOIHHUTEIS
10 20 % nHauano cxBaTbIBaHMA cokparianock ¢ 140 no 120
MHH, a KoHel cxBaTbiBaHusi — ¢ 210 go 185 mun. s
MHKpOKpeMHe3éMa XapakTep H3MeHeHus: Obul  Oosee
cnoxHeiM. IIpu ero coxepxxanun 5-10% HaOmonanock
YCKOpEHHE CTPYKTYPOOOpa30BaHHs, TOr1a KaK JajibHelIee
yBenuueHue conepxanus 1o 15-20 % npuBommio K
HEKOTOPOMY  3aMEUICHHIO  IPOLECCOB  BCJIEACTBHUE
MOBBIIIEHHS BOJOIIOTPEOHOCTH.
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Taoauua 1
Buusinue 0MHAPHOT0 MMKPOHANOJIHUTE/IS HA CBOICTBA IeMEHTHOI'0 BSIKYILIET0
Jucn. Jucn.
MK, Mpamop, HIT, Hauauno, | Konen, R2, Rz, R2s, Roo,

Cocras % | MK % MPaMop, |- oy, MHH mun | MIla | MIla | MIIa | MIla

cM?/r cM*r

MKO0_MAOQ 0 — 0 — 26 140 210 30,16 | 45,24 | 58,00 | 70,76

MKO0_MAS5 0 — 5 2563 26 135 200 30,81 | 46,22 | 59,25 | 72,28

MKO0_MA10 0 — 10 2850 26 130 200 31,46 | 47,19 | 60,50 | 73,81
MKO0_MAI15 0 — 15 3220 25 125 190 32,11 | 48,16 | 61,75 | 75,33
MKO0_MA20 0 — 20 3520 25 120 185 32,76 | 49,14 | 63,00 | 76,86
MK5_MAQ 5 14500 0 — 27 150 220 32,50 | 48,75 | 62,50 | 76,25
MK5_MAS 5 14800 5 3050 27 145 215 33,15 | 49,73 | 63,75 | 77,77
MK5_MA10 5 15100 10 3300 26 135 200 33,80 | 50,70 | 65,00 | 79,30
MK5_MAI15 5 15400 15 3550 26 130 200 34,45 | 51,68 | 66,25 | 80,83
MK5_MA20 5 15700 20 3900 26 125 195 35,10 | 52,65 | 67,50 | 82,35
MK10_MAO 10 | 15100 0 — 28 155 225 34,84 | 52,26 | 67,00 | 81,74
MK10_MA5 10 | 15300 5 3300 27 150 220 35,49 | 53,23 | 68,25 | 83,27
MK10 MA10 | 10 | 15500 10 3600 27 145 215 36,14 | 54,21 | 69,50 | 84,79
MK10 MA15 | 10 | 15620 15 3720 26 130 200 38,20 | 57,10 | 74,00 | 90,20
MK10 MA20 | 10 | 15800 20 3980 27 140 210 37,10 | 55,60 | 71,50 | 87,10
MK15_MAO 15 | 16200 0 — 28 160 230 33,28 | 49,92 | 64,00 | 78,08
MK15 MA5 15 | 16500 5 3200 28 150 225 33,93 | 50,90 | 65,25 | 79,61
MK15 MA10 | 15 | 16800 10 3500 28 150 220 34,58 | 51,87 | 66,50 | 81,13
MK15 MA15 | 15 | 17100 15 3750 28 145 215 35,23 | 52,84 | 67,75 | 82,66
MK15 MA20 | 15 | 17400 20 4000 27 135 210 35,88 | 53,82 | 69,00 | 84,18
MK20_MAO 20 | 17600 0 — 29 170 240 31,72 | 47,58 | 61,00 | 74,42
MK20_MAS5 20 | 17800 5 3000 29 165 235 32,37 | 48,55 | 62,25 | 75,94
MK20 MA10 | 20 | 18000 10 3350 29 160 230 33,02 | 49,53 | 63,50 | 77,47
MK20 MA15 | 20 | 18200 15 3700 28 150 220 33,67 | 50,51 | 64,75 | 79,00
MK20 MA20 | 20 | 18400 20 4000 28 145 220 34,32 | 51,48 | 66,00 | 80,52

Haunbonee cymecTBeHHbIe H3MEHEHHS ObUIH BBISBICHBI omnpejejeHHe PAMOHAJIBHOIO COCTABA
IpY  HUCCIEIOBAaHWM IPOYHOCTH IIEMEHTHOro KaMHi. B JInst KONMMYECTBEHHOM OLEHKM BIIMSHHS KOMIIOHCHTOB
BO3pacTe 2 CYTOK MaKCHMalbHas IPOYHOCTh IpHU OMHApHOTO0 MHUKPOHAINOJHHUTENA Ha CBOWCTBA 1IEMEHTHOTO
UCIIONB30BAHMN OMHAPHOTO MUKPOHAIOIHUTEINS IOCTUTajIa BSDKYILETO NPUMEHSIIOCh MaTeMaTH4eCcKOe IUIaHUPOBAHHE
38,20 MIIa no cpaBuenuto ¢ 30,16 MIla 1 KOHTPOIBHOTO SKCIIEPUMEHTA U PerpecCUOHHBIN aHaIH3.
cocraBa. B Bo3pacte 7 CyTOK COOTBETCTBYIOILIME 3HAYCHUS B kauectBe BappUpyeMbIX (haKTOPOB PacCMaTPUBAIUCH
cocrasnsiu 57,10 u 45,24 MIla. coJiepKaHie MUKPOKpEeMHe3EMa, CoJep)KaHle MPaMOPHOTO

B Bo3pacre 28 CyTOK NPOYHOCTH KOHTPOJIBHOTO MHUKPOHANOJHHUTEN! M MX yIeJIbHas HOBEPXHOCTb.
LleMeHTHOro kamus coctasisiia 58,0 Mlla, Torpa kax ass OYHKUMAMH OTKJIMKA SIBJISUIMCH HOpPMajbHAasi TyCTOTa
ONTUMAJIBHOTO COCTaBa ¢ OMHAPHBIM MUKDPOHAIIOIHUTENIEM LIEMEHTHOTO TeCTa U NPOYHOCTb LIEMEHTHOTO KaMHS IIPU
3HayeHue pgocruraio 74,0 MIla. B Bospacte 90 cytok CKAaTUU.
npouHocTs yBenuuuBanack a0 90,20 Mlla nporus 70,76 Jns omnucaHus SKCIEPUMEHTATIBHBIX 3aBUCUMOCTEN
MIla y KOHTpOJBHOrO cocTaBa. Takum 00pasoMm, UCHOJIB30BAJIaCh ~ MareMaTH4eckas  MoJelb  BTOPOro
[PUMEHEHUE OGUHapHOrO MHKPOHAIOIHUTEINS nopsizika.  IlodydeHHble  PErpECCHOHHBIE  ypPAaBHEHHU
o0ecreunBalIo He TOJBKO ITOBBIIIEHHE PAaHHEH MPOYHOCTH, HO3BOJIMJIM ONPEAECIIUTH BIUSHUE OTJENIBHBIX (haKTOPOB, UX
HO M CYIIECTBEHHBIH NPUPOCT IPOYHOCTH HA MO3IHHUX KBa/IpaTHYHBIX 3((QEKTOB U COBMECTHOI'O B3aUMOAEHCTBUS.
CTaAMsIX TBEPACHUS. Jns mpoyHOCTH LEMEHTHOro KaMHs B Bo3pacTe 28

Hawu6ounee 3¢ dhexTrBHBIM ObLIO OMPEeIeHO COYeTaHNE CYTOK TIOJIy4€HO CIIe/IyIolIee ypaBHeHHUE:

10 % wmukpokpemueséma u 15 %  MpamoOpHOro R,g = 69.12 + 3.68x, + 2.84x, + 1.18x,x, —
MUKpOHAHONHUTesA. [IpH 3TOM pallMOHAJbHAS yHeTbHas 5.94x2 — 1.76x2,

MOBEPXHOCTh MUKpOKpeMHe3&ma coctasisuia 15000-16000 rze R2s — MPOYHOCTH EMEHTHOTO KaMHSI [IPH CKATHH
cMm?/r, a MpamopHoro MmukpoHanonautens — 3300-3800 B Bo3pacte 28 cyrok, MIla;

cMAT. X1 — coJiep>KaHue MUKPOKPEMHE3EMa;

[NoBbllIeHHE NPOYHOCTH TIPU JAHHOM COYETaHUU X2 — coJiep>KaHue MPaMOPHOTO MUKPOHATIOIHUTEIIS.
KOMIIOHEHTOB CBfAI3aHO C€ COBMECTHBIM IIPOABICHUEM ]_'[n;[ HOpMaHLHOﬁ TYCTOTbI IEMECHTHOI'O TECTA IIOJIy4YCHO
MHUKPOHAMONHAIOIIETO W MYIIIOJaHOBOrO 3G {QeKToB. ypaBHEHKE:

MpamopHslit MUKPOHAIIOJIHUTEIb CIocoOCTBYET HI = 27.1 + 1.55x; — 0.85x, — 0.3x;x, + 0.42x% +
YIUIOTHEHHUIO YTIAKOBKH YacCTHI] LIEMEHTHOH CHCTEMBI, TOT/a 0.15x2,

KaK  aKTUBHBIH  KpeMHe3EM  B3aMMOJCHCTBYeT ¢ rae HI' — HopManbHas TycTOTa IIEMEHTHOTO TecTa, Y%o.
TUAPOKCUIOM KalbllUsA C O6paSOBaHI/IeM JOIMOJTHUTECIIbHBIX HOHy‘{eHHBIe MaTreMaTH4YeCcKue 3aBUCUMOCTH
THJPOCHIMKATOB KalblMA. B pesymbrare dopmupyercs WCTIONIb30BATUCH ISl TOCTPOSHHS TOBEPXHOCTEH OTKITMKA U
GoJiee MI0THAsI CTPYKTYPa LIGMEHTHOTO KaMHsL. ompeesieHHsl 00JIACTH PallMOHAIBHBIX COCTABOB.

3.2. MartemaTrunyeckoe MO/IeJMPOBaHNe "
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Ananus HOBerHOCTeﬁ OTKJIMKa IIOKa3bIBACT HAJIW4HUC

BEIpOKECHHOM  obmactn  onTmMyma.  MakcuMaibHBIE
3HAYEHHS IPOYHOCTH  COOTBETICTBYIOT  COJAEPIKAHHIO
MHKpOKpeMHe3éMa okono 10 % u  MpaMopHOTo

MUKPOHAIOIHUTEIS OKoJo 15 %. [lanbHeliiee yBenndeHne
coziepKaHUsl MUKPOKpPEMHE3éMa MPUBOJUT K TOBBIIIEHHIO
BOJONOTPEOHOCTH, YTO OrpaHUYUBaET 3P (YEeKTUBHOCTD ero
JabHEHIIIEr0 BBEACHUS.

Mpowiocn
npu cxatvn (Rps),
78 MNa
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s 66
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MHKPOKDEMHEIEMS, %o

Puc. 1. IToBepxHOCTh OTKJIMKA 3aBUCHMOCTH
NPOYHOCTH LIEMEHTHOI'0 KAMHS B Bo3pacre 28 cyTOK OT
coiepkaHusi MUKPOKpeMHe3éMa 1 MpaMOPHOT 0
MHKPOHAIOJTHUTEJISI
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MPAMOPHOTO MUKPORBNOAMMTEAN, a2/

o~ 250

Xz, yaeasan nosepuocts
MAKpOKpenHe3EMa, cu/r

Puc. 2. [ToBepxXHOCTh OTKJIHMKA 3aBUCHMOCTH
TPOYHOCTH EMEHTHOTO KaMHSI OT yIeJIbHOM
TIOBEPXHOCTH MHKPOKpeMHe3éMa 1 MPaMOpPHOTO
MHKPOHAOJTHUTEJISI
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Puc. 3. [IoBepXHOCTH OTKJIHMKA 32aBUCHMOCTH
HOPMAJILHOI I'yCTOTHI IEMEHTHOTO TeCTa 0T
cojlepKaHusi MUKPOKpeMHe3éMa 1 MPaMOPHOI0
MHKPOHAMOJTHUTEJISI
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Puc. 4. TloBepxXHOCTb OTK/INKA 3aBHCUMOCTH
HOPMAJILHOIf TYCTOTBI EMEHTHOI0 TECTa OT yAeIbHOI
NMOBEPXHOCTH KOMIIOHEHTOB OMHAPHOI0
MHKPOHANOJTHATEIs

Tomydennsie pe3yIbTaThl MaTeMaTHIEeCKOTO
MOJIETIMPOBAHUS COTJIACYIOTCSI C OKCIEPUMEHTAIBHBIMHU
JaHHBIMH. DTO TOATBEPKAAET afeKBaTHOCTH BHIOpaHHOI
MOJIETI W TI03BOJISIET OOOCHOBATh PAIMIOHAIBHBIA COCTaB
OMHAPHOTO MUKPOHAIIOJIHHUTEIIS.

Takum 00pa3oM, MaTeMaTH4ecKoe MOJEINpPOBaHKE
MOATBEP/MIIO, YTO ONTUMAIIBHOE COYCTaHHE KOMIIOHEHTOB
JocTuraercs npu conaepxkanuu 10 % MukpokpeMHe3éma U
15 % MpaMOpHOr0 MHKPOHAIIOIHHUTEIIS.

3.3. Bamsinme MOMMPYHKIHMOHAIBLHOH A06aBKH
K1W Ha cBoiicTBa IEeMEHTHOI0 TecTa

Ha crnemyromem aranme HcClIeIoBaloCh — BIMSHUE
nonugyHKIMoHaapHOU nobaBku K1W Ha TexHONIOrnueckue
XapaKTEePUCTHKH LieMeHTHOro Tecra. Cozneprkanue 100aBKu
m3MeHsiim B juamasone ot 0,3 go 1,5 % or maccel
BSDKYILEr0. Pe3ysbTaTsl pecTaBiIeHsl B Tabmuue 2.

Jlst  KOHTPOJIBHOTO COCTaBa HOpPMaJlbHasg TI'ycTOTa
cocrasisina 26 %. Ilpu yeenumuenun cogepxanus K1W no
0,3 % oHa cHkanack 10 25 %, npu 0,6 % — 10 23 %, a
npu 0,9 % — no 22 %. Ilpn naneHelimem yBeaUdeHUH
Jo3upoBku 110 1,2-1,5 % HopMmasbHas T'ycTOTa CHUKalach
10 20 %.

Taxum o6paszom, nobaska K1W obiagaer BepakeHHbIM
BOJIOpE Y LIUPYIOLIUM JeHCTBHEM. Haubosnee
CYILECTBEHHOE CHIDKEHHE BOAOINOTPEOHOCTH HAOIIONACTCS
1o posupoBkH 0,9 %, Torna kak JanbHeilllee yBeIUdeHHE
collepkaHus J100aBKM IPaKTHYECKM HE NPHBOAUT K
JONOJHUTENTBHOMY () (DeKTy.

Tabnnna 2
Bausinue no3uposku K1W Ha HOPpMAJIBHYIO I'YCTOTY M
CPOKH CXBATHIBAHHS LIEMEHTHOI'O TeCTa

Havauo Konen
HI,
INe CocraB 0/ CXBaTbIBaH CXBaTbIBaH
° M1, MUH M1, MUH
| | Kourpomi )¢ 140 210
bIX COCTaB

KIwW

2 (0.3 %) 25 145 225
KIwW

3 (0,6 %) 23 165 245
KI1IwW

4 (0,9 %) 22 175 250
KIwW

5 (1.2 %) 20 175 250
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K1W
6 (1,5 %) 20 175 250
OIHOBpEMEHHO C U3MCHEHHEM BOJOIOTPEOHOCTH

M3MEHSTNCh CPOKH CXBaThIBAaHHS IIEMEHTHOTO TecTa. [Ipm
yBenmdeHun coiepkanmss KIW  Hawaimo W KOHeI
CXBaTBIBAHUS HECKOJIbKO YBEIUYUBAITUCE. 210
CBUJICTEIILCTBYET O BIHMSHUM JOOaBKH HAa KHHETUKY
HaYaJIbHBIX MTPOIIECCOB THAPATAIH IIEMECHTA.

[TonmyyeHHple  pe3ysbTaThl  TMO3BOJSIOT  HPUHATH
no3upoBky 0,9 % KIW B kavecTBe paliOHaJIBHOW ISt
JajbHeMIIMX  ucciienoBaHuil. VMeHHO mnpu  jaHHOU
KOHIICHTpalli ~ JIocTHraeTcs 3(PQEKTUBHOE CHIDKCHHE
BOJIONIOTPEOHOCTH 0€3 CYIIECTBEHHOTO JIOTIOIHUTENHEHOTO
YBEJITMYCHUSI IO3UPOBKU XMMUIECKOTO MOAH(MDUKATOPA.

3.4. CoBmecTHOE BJINSIHUE OnMHapHOro
MHKPOHANOJHUTEISA H K1w Ha paHHee
CTPYKTYpOoOoOpa3oBaHue

Jns ompeneneHust XapakTepa COBMECTHOTO IEHCTBHS
MHHEPAJIBHOI'O u XUMHUYCCKOIr'o MO)II/Id)I/IKaTOpOB
HuccieaoBajiacb KHHCTHKA IUTACTHYECKON NPOYHOCTH

neMeHTHoro tecta. CpaBHHMBAJIMCh KOHTPOJBHBINA COCTaB,
cocTaB ¢ OMHAPHBIM MUKPOHATIOJIHUTENEM, cocTaB ¢ K1W u
KOMIUTEKCHO-MOAU(HIIPOBAHHBII COCTaB.

Pe3ynbrate! peacTaBiaeHsl Ha pUCYHKE S.

BESET -
0 20 40 60 80 100 120 140 160 180 200 220 240
Bpews, it

——1 -2 ——3 —— 4

Puc. 5. Kuneruka ¢gopMupoBaHus NJIaCTHYECKOM
MPOYHOCTH LIEMEHTHOI'0 TeCTA MPHU Pa3THYHBIX
crnocodax moauduuuposanns. 1 — Hement + MK10 % +
MAI1S %; 2 — KonTpoabHblii cocTas; 3 — LlemenT +
MK10 % + MA15 % + KI1W (0,9 %); 4 — LemenT +
K1W (0,9 %)

Beenenue OUHApHOrO MUKPOHAIIOIHUTES
cnocoOcTByeT Ooliee  MHTEHCHBHOMY  (POPMHPOBAHHUIO
HA4aJbHOM CTPYKTYphI LIEMEHTHOI'O TecTa. DTO CBSI3aHO C
YBEJIMYEHHEM KOJIMYECTBA TBEPIBIX YacTHL M ILIEHTPOB
KPHUCTAJUTM3ALMK THIPATHBIX HOBOOOPA30BaHUM.

Ipu BBemennn KIW HaGmiomaercs ompenenéHHOe
3aMe[UICHHe pPaHHero CTPyKTypooOpazoBanus. JlaHHbBII
¢ dekr Moker ObITh CBs3aH C aacopOluell KOMIIOHEHTOB
XMMHYECKOW I00aBKH Ha TIOBEPXHOCTH LIEMEHTHBIX YaCTHIL
U U3MEHCHHEM CKOPOCTH Ha4albHBIX T'MAPATALMOHHBIX
IPOLIECCOB.

B KOMILIEKCHO-MOIUDUIIMPOBAHHOM cucTeme

HaOmomaercst coderaHue ykasanHbiX dddexroB. Ha
HauanpHOM 3Tame aeiictBue K1W Heckonbko 3amenanser
(dbopMHUpOBaHUE CTPYKTYpPBI, OJHAaKO B JajbHEHIIeM
CHU)KEHHE BOJIONIOTPEOHOCTH " NPHUCYTCTBUE
BBICOKO/IUCIIEPCHBIX MHHEPAJIBHBIX KOMIIOHEHTOB
CrocoOCTBYIOT (POPMUPOBAHHUIO OOJIee TIIOTHOM IIEMEHTHOM
MaTpHIIBL.

Takum obpazom, paHHss KHHETHKA
CTPYKTYpoOoOpa3oBaHUsl ¥  KOHEYHBIE  MPOYHOCTHBIC

269

https://doi.org/10.56143/2181-2438-2026-3-264-271

XapaKTepUCTHKH HE BCETAAa W3MEHSIOTCS CHHXPOHHO.
Hexoropoe 3amerienie paHHETo CTPYKTYpooOpa3oBaHus B
TIPUCYTCTBHM XUMHYECKOH 100aBKM KOMIIEHCHUPYETCS
TocienyonmM  Ooiee  HMHTCHCHBHBIM — pa3BUTHEM
TIPOYHOCTH.

3.5. Bausinme KOMIJIEKCHOTO MOIU(PHIMPOBAHUS
HA KHHETUKY HA00pa NPO4YHOCTH

JUis OeHKH pa3BUTHS IPOYHOCTHBIX XapaKTEPHUCTHK
00pas3Ibl IEMEHTHOTO KaMHsI HCCIIEI0BAIN B Bo3pacre 1, 3,
7, 14, 28 m 90 cyrok. IlomyueHHble pe3ynbTaThl
MPEJICTABIICHBI HA PHCYHKE O.

120 W

100

Ha okarue, Mlla
%
g

60

40

20

1 3 7 14 21 28 90
Bpews, cyrin

—— 1 —8—2 —3 4

Puc. 6. Knnernka Habopa NpoYHOCTH IIECMEHTHOTO
KaMHS# NIPH Pa3InYHbIX crnoco0ax Moan¢uIupoBanus.
1 — Konrpoasnslii cocras; 2 — lement + MK10 % +
MAI15 %; 3 — Illement + KIW (0,9 %); 4 — LlemenT +
MK10 % + MA15 % + K1W (0,9 %)

KoHTponbHBI cocTaB  XapakTepusyeTcs Haubonee
HM3KMMU 3HAUYCHHSMH IIPOYHOCTH Ha BCEX MCCIIEAO0BaHHbBIX
JTanax TBEPJICHHUS. BBenenue OGUHapHOTrO
MHKPOHAINOJHUTENS  HPUBOAUT K  CYIIECTBEHHOMY
YBEJINUYEHHIO IPOYHOCTH Y)KE HA PAHHUX CPOKaX TBEPACHUS.

Ipumenenne K1W Ttarxke obOecrieunBaeT MOBBIILICHUE
HPOYHOCTH LIEMEHTHOT'0 KaMHs. JTO CBA3aHO NPEXIE BCErO
CO CHI)KCHHEM BOJONOTPEOHOCTH LIEMEHTHOH CHUCTEMBI U
YMEHBIICHHEM KOJIMYECTBA KAIWUIIPHBIX HOp Iocie
TBEPJCHHS.

HaubGonpmmii 3¢ ekt HabmromaeTcs npu COBMECTHOM
HCIIOJIb30BAaHUM OWMHApPHOro MUKpoHamojHurens u KIW.
KommnekcHoe moau¢unupoBanue obecreunBaer Oosee
BBICOKYIO HPOYHOCTb IO CPABHEHHIO C KOHTPOJIBHBIM M
OT/EJILHO MOAN(UIIMPOBAHHBIMH COCTABAMH.

B Bozpacte 28 cCcyrok MpoOYHOCTH KOMILIEKCHO-
MOIU(UIIMPOBAHHOI'O LIEMEHTHOr0 KamHusi pocruraer 74,0
Mlla, a B Bo3pacte 90 cytox — 90,2 MIla. Ilonyuyennsie
pe3ysibTaThl  CBHJCTENBCTBYIOT O  IPOJOJDKAIOIIEMCS
CTPYKTYPHOM YIUIOTHEHHUM LIEMEHTHOIO KaMHs M Pa3BUTHU
MPOLIECCOB THUPATALIMU HA TIO3/IHUX CPOKaX TBEPIACHUSL.

ToBbleHHEe MIPOYHOCTH KOMIUIEKCHO-
MOAU(GUIMPOBAHHOTO cocrasa 00yCII0BIICHO
CHHEPreTHYeCKUM  JeWcTBHeM  KoMmoHeHToB. KIW
CHIDKAeT BOZONOTPEOHOCTb, a OHMHAPHBIT
MUKPOHAIIOJIHHUTEIb obecrieunBaeT ¢buznyeckoe

YIUIOTHEHUE CTPYKTYPbI U JIOIOJHHUTEIbHOE 00pa3oBaHUE
THIPOCUIIMKATOB KaJbIHsL.

4. 3akaouyeHue

B pe3yJnbTare TIPOBEEHHBIX HCCIEI0OBAHNHI
YCTaHOBJICHBI ~ 3aKOHOMEPHOCTH  BIIMSHHMS ~ OMHApHOTO
MUKPOHAIIOJHUTEN W TNONMU(YHKIMOHAIBHOH J100aBKH
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K1W =a ¢popMupoBanue CTpyKTypbI U CBOHCTB IIEMEHTHOTO
BSDKYILETO.

1. VcraHoBIeHO, 4YTO  COBMECTHOE  IPHMCHEHHE
MHKPOKpeMHe3éMa W TOHKOMOJIOTOTO  MPaMOPHOTO
MHUKPOHAMOMHUTENS obecreunBaer Oonee 3¢dexTHBHOE
HU3MEHEHHE CBOWCTB IIEMEHTHOT'O BSKYIIETO 110 CPABHEHUIO
C UX pa3lelbHBIM NpuMeHeHHeM. Oddekt oO0ycioBieH
COYETaHNEM IYIIOIAHOBON aKTHBHOCTH MUKPOKPEMHE3EMA

u MHKPOHAIIOJIHAOIIETO HeﬁCTBHH MpaMOPHOT'O
KOMIIOHCHTA.

2. Ha ocHOBaHMH OKCIIEPUMEHTAJILHBIX I/ICCJ'ICI[OBaHI/Iﬁ "
MaTeéMaTu4eCKoro MOACIIUPOBAHUA OHpC,Z[CJ'IéH

palMoOHANBHBI COCTaB OWHAPHOTO MHKPOHAIIOJIHUTEI,
pmovaronmid 10 %  MukpokpemHesémMa u 15 %
MpPaMOpPHOTO MHKpOHAINoNMHUTEN. [I7s1 TaHHOTO cocTaBa
pamfoHanbHas  yIeNbHas TOBEPXHOCTh KOMITOHEHTOB
COCTaBIIsCT 15000-16000 w  3300-3800  cm*T
COOTBETCTBEHHO.

3. YcTaHOBNEHO BBIpRXEHHOE  BOJOpEAyLHUpYIOIIee
neicTBre oMM YHKINOHATEHOM 100aBKH KI1W.
ParmmonaneHOl ompenencna mo3upoBka 0,9 % oT Macchl
BSDKYIIETO, TP KOTOpOH Jocturaercs dS¢QeKTHBHOE
CHIDKEHHE  BOJONOTpeOHOCTH  0e3  CYIIeCTBEHHOIt
HEOOXOMMOCTH JANbHEUIer0 YBEIHMYCHUs COJepIKaHUs
J00aBKy.

4. KomiekcHoe MIPUMEHEHHE OGuHapHOro
mukpoHanonautens u K1W obecnieunBaer gopmupoBanue
Ooyiee TUIOTHOW IIEMEHTHOM CTPYKTYphl M TIOBBILICHHE
MIPOYHOCTH [IEMEHTHOT0 KaMHs1. [Ipy onTUMalibHOM cocTaBe
npouHocTh gocruraet 74,0 MIla B Bozpacte 28 cytok u 90,2
MIIa B Bo3pacte 90 cyTOK.

5. Pesynbratsr peHTreHoha3oBoro aHajM3a
MOATBEPKIAIOT U3MEHEHHUE (ha30BOr0 COCTaBa KOMILIEKCHO-
MOAU(HUIMPOBAHHOIO IIEMEHTHOTO KaMHsl, BbIpaKaroeecs
B CHIDKCHMH KOJIMYECTBA CBOOOJHOrO NOPTJIAHAWTA U
(bopmupoBaHUK JIOTIOTHUTENBHBIX TUJPOCUIMKATOB
KaJbLHs. OTO NOATBEPKAAET XMMUUECKYIO COCTABIISIONLYIO
MeXaHHU3Ma CTPYKTYypPHOTO YIUIOTHEHHSL.

6. MaremaTHueckoe  MOJCIMPOBAHHE  MO3BOJIHIO
KOJIMYECTBEHHO OLICHUTH BIIMSHUE HCCIIENAyeMbIX (PaKTOpOB,
YCTaHOBHTb  OOJACTh  PAlMOHAIBHBIX  COCTAaBOB U
MOATBEPANUTh COOTBETCTBUE PACUETHBIX 3aBUCUMOCTEHl
9KCIEPUMEHTANIBHBIM PE3YNIbTaTaM.

B 1ie110M KOMILIEKCHOE MOJU(UIIMPOBAHHE IEMEHTHOTO
BSKYLLETO OUHAPHBIM MHKPOHAIOIHUTENEM u
nonuyHKIMOHaNbHOW  nobaBkoit K1W  mpencraeiser
c000i1 3(peKTUBHBIN CcHOco0 yrpaBieHHs IPOLECCaMU

CTPYKTYpOOOpa3oBaHus u (dbopmupoBaHust
9KCIUTyaTallMOHHBIX XapaKTEPUCTUK LEMEHTHOTO KaMHS.
[lonmyyeHHBIH  TOAXOJ ~ COOTBETCTBYET  MPHUHIMIIAM
pecypcocbeperaroiiero u 9KOJIOTUYECKH

OPHUECHTHUPOBAHHOTO CTPOHUTEIBCTBA 33 CUET PALIMOHATIEHOTO
HCIOJIb30BAHMS MUHEPAITbHBIX KOMITOHEHTOB M [TOBBIIICHHSI
3¢ PEeKTUBHOCTH LIEMEHTHON CUCTEMBI.
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Numerical analysis of tunnel lining for a metro station

A.l. Karshiboev®?
1Tashkent state transport university, Tashkent, Uzbekistan

This paper presents a practical method for analyzing the deformation behavior of metro tunnel linings
located in various soil types. The method is based on the finite element approach and employs a two-
dimensional elasticity model to study the interaction between the tunnel structure and the surrounding
ground. To accurately simulate stresses and deformations in the system, a combination of bar (truss)
elements and isoparametric finite elements is applied. The computation process is automated using Excel-
based software integrated with TurboPascal programs. The proposed model enables a detailed evaluation
of the tunnel lining performance under static loads, including soil pressure and the self-weight of the
structure. Comparison with analytical results confirms the reliability of the method and its applicability
to the design and safety assessment of urban metro tunnel structures.

tunnel, strength, calculation methods, finite elements, construction

Annotatsiya:

Kalit so‘zlar:

Metro bekati tonnel goplamasini hisoblashning sonli usuli

Qarshiboyev A.1.152

1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Ushbu maqolada turli xil grunt turlarida joylashgan metro tonnel goplamalarining deformatsiyalanish
xususiyatlarini tahlil gilishning amaliy usuli keltirilgan. Usul chekli elementlar yondashuviga asoslangan
bo‘lib, tonnel inshooti va uning atrofidagi grunt o‘rtasidagi o‘zaro ta’sirni o‘rganish uchun ikki o‘lchovli
elastiklik modelidan foydalanadi. Tizimdagi kuchlanish va deformatsiyalarni anig simulyatsiya gilish
magsadida sterjen va izoparametrik chekli elementlarning kombinatsiyasi qo‘llanilgan. Hisoblash
jarayoni TurboPascal dasturlari bilan integratsiyalashgan Excel asosidagi dasturiy ta’minot yordamida
avtomatlashtirilgan. Taklif etilayotgan model tonnel goplamasining statik yuklar, jumladan grunt bosimi
va konstruksiyaning xususiy og‘irligi ta’sirida ish faoliyatini batafsil baholash imkonini beradi. Analitik
natijalar bilan taggoslash usulning ishonchliligini va uni shahar metrosi tonnellari konstruksiyalarini
loyihalash hamda xavfsizlik darajasini aniqlashdagi qo‘llanilish imkoniyatini tasdiglaydi.

tunnel goplamasi, metro stansiyasi, chekli elementlar usuli, kuchlanish—deformatsiya tahlili

1. Kirish

Hozirgi kunda metropoliten infratuzilmasi qurilishini
rivojlantirish ~ zamonaviy =~ megapolislarda  transport
muammolarini  hal etishning eng samarali vositasi
hisoblanadi. Xususan, metro tonnel goplamalari uchun yangi
konstruktiv yechimlarni ishlab chigish hamda ularning
konstruktiv. ~ mustahkamligini ~ hisoblash  usullarini
takomillashtirish ushbu sohada yetakchi o‘rinlarni egallaydi.
Rivojlangan mamlakatlarda, jumladan agsh, shveytsariya,
janubiy koreya, rossiya, xitoy va o‘zbekiston respublikasida
transport inshootlarining mustahkamligi ilg‘or zamonaviy
loyihalash texnologiyalari va texnik vositalarni qo‘llash
orgali ta’minlanadi. Shu yo‘nalishda sayoz metro tonnel
goplamalari uchun mugqobil konstruktiv yechimlarni ishlab
chiqish hamda ularning har xil turdagi gruntlar bilan o‘zaro
ta’sirini modellashtirishga alohida e’tibor qaratilmoqda.

3 https://orcid.org/0000-0003-2755-2609
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2. Tadgiqot metodologiyasi

Xoy tekisligida joylashgan, ikki o‘lchovli  sohasi bilan
ifodalanuvchi vac,’ hamda C,” chegaralari bilan
chegaralangan jismni ko‘rib chigamiz. Ushbu soha C,'va
C,'’konturlari bilan o‘ralgan ikkita bo‘shliqgdan iborat.
Mazkur Kkonturlar ichida aylana halgalar (temirbeton
konstruksiyalar) joylashgan bo‘lib, ular tekis sohaning
golgan qismidan farqli fizik xususiyatlarga ega. O‘z
navbatida, ushbu golgan gism ham turli fizik tavsiflarga ega
bo‘lgan muhitlardan (har xil turdagi gruntlardan) tashkil
topgan bo‘lishi mumkin.
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1-Rasm Tekis relefdagi “grunt - tonnel qoplamasi”
tizimining hisobiy sxemalari: c - tonnellar orasidagi
masofa, H - chuqurlik, P,, P,, - tashqi kuchlar, C,’ va
C," - tekis soha chegaralari, Co - tonnel goplamasining
tashqi konturi, Ci - tonnel goplamasining ichki konturi,
Et, vt - tonnel qoplamasi materialining deformatsiya
moduli va Puasson koeffitsiyenti, Eg;, vg,i — tonnel
atrofidagi har xil (bir jinsli bo‘lmagan) grunt turlariga
mos keluvchi deformatsiya modullari va Puasson
koeffitsiyentlari

1-rasmda ko‘rsatilganidek, masofa fazodagi tekis
holatga keltiriladi, bunda soha mahkamlangan bo‘lib, unga
hajmiy kuchlar ta’sir qiladi, hamda P, va P, kuchlar mos
ravishda C,’ va C; chegaralarida qo‘yilgan. Faraz gilaylik,
ushbu kuchlar ta’sirida yuzaga keladigan deformatsiyalar
kichik bo‘lsin, shuning uchun quyidagi asosiy tenglamalar
o‘rinli hisoblanadi [1]:

Muvozanat tenglamalari (statik tenglamalar):

a = a a _
Trplmax=0 Zx4ev=0 ()

E+ ay dx

) ) Txy = Tyx =T
Bu yerda X va Y hajmiy kuchlar sifatida garaladi. Shu
bilan birga, buni matritsa shaklida ham ifodalash mumkin.

AG+P =0
d ?
a0 oyl 5
Bu yerda A= s ol d=loxo 1 P=
- o
(X Y]

2. Deformatsiyalar va siljishlar orasidagi bog‘lanishlar
(geometrik tenglamalar)

u v dv | du
gxza‘ syza' nyza 5 (3)
2
dx
. - al.
yoki €=ATU buyerda AT =|0 €=
a0
15y )
[sx sy]T, U=[u v]" 4)

3. Fizik tenglamalar (Guk gonuni)

1 1 Txy
& =7 (D’X — vay), & =% (O'y — vax), Yoy =
()

yoki =Bo
1 —v 0
bu yerda B = % [—v 1 0
0 0 21+v)
Shunday qilib, elastiklik nazariyasining chegaraviy

(chek) shartlar bilan birga tenglamalarini quyidagi
ko‘rinishda yozish [3]:

AG+P =0
g=ATU
£§=Bd

Kontur bo‘yicha kinematik chegaraviy shartlar:

https://doi.org/10.56143/2181-2438-2026-3-272-277 Research, Innovation, Results

U=0,
C,' va C; konturlaridagi statik chegaraviy shartlar
Co' va C," konturlari bo‘yicha kinematik chegaraviy

shartlar:
U=U, (6)
Co va Ci konturlaridagi statik chegaraviy shartlar:
ACOO_-) i PO' (7)
Aclo_: = Pal (79 a)

bu yerda ﬁu - maydon chegarasi konturida berilgan

ko*chishlar vektori, P, P, - Co va C1 konturlarida berilgan
kuchlanishlar vektorlari, A., A¢1- yo‘naltiruvchi kosinuslar
matritsalari.

(5) tizimining ikkinchi va uchinchi tenglamalaridan o ni
ifodalab chigaramiz:

o =B 1ATU
Bunda:
1 v 0
“1_p=_EF v 1 0
B™'=D-= " 0 o v (8)

2
Bu yerda D- turli muhitlar materiallarining fizik
xususiyatlarini hisobga oluvchi Guk gonuni matritsasidir.
Birinchi  (2) tenglamaga ¢ ning  giymatini
qo‘yganimizda, elastiklik nazariyasining ko‘chishlar
bo‘yicha quyidagi differansial tenglamasini matritsaviy
shaklda olamiz:
ADATU+P =0 9)

A+p)5+uvu+P =0

ol A+W 5+ uvv+p, =0
du OJv
A=¢g + &y = a‘l‘ @
Vi= a_z + a_z A= L
ox2 = 0y?’ A-2v)(1+v)
u= 2(£V) — Lyame doimiylari

Endi, variatsion masalani shakllantirishda (9)
differensial tenglama va unga mos (6-7) chegaraviy
shartlardan foydalanamiz. Shunda Lagranjning variatsion
tamoyiliga asoslangan holda [5] ko‘chishning kichik
o‘zgarishlaridagi (& l_i) jismning to‘liq potensial energiyasi
uchun uning deformatsiyalanish potensial energiyasi va
tashqi kuchlar bajargan ish yig‘indisi ko‘rinishida quyidagi
ifodani yozish mumkin:

S+ 6A=0 (10)

Endi jismning deformatsiyalanish potensial energiyasi
ifodasiga variatsiya amalini qo‘llaymiz:

617=1f§TD65d!2=1f6Wd!2
2 n 2 n

Bu yerda 6éW- jismning solishtirma potensial
energiyasini anglatadi. Shuni ta’kidlash joizki, ushbu
holatda potensial energiya deformatsiyalarning funksiyasi
bo‘lib, ular o‘z navbatida ko‘chish maydoniga bog‘liq
hisoblanadi. Shu sababli, ko‘p o‘zgaruvchili murakkab
funksiyani variatsiyalash qoidasidan foydalanish talab
etiladi. Bunda ko‘chishlar mustaqil variatsiyalanadigan
funksiyalar sifatida, deformatsiyalar esa ko‘chishlarga
bog‘liq bo‘lgan variatsiyalanadigan funksiyalar tarzida
garaladi.

Shuningdek, shuni ta’kidlash lozimki, formal nuqtayi
nazardan, matematik jihatdan funksiya variatsiyasini
hisoblash amaliyoti funksiya differensialini hisoblash
amaliyotiga ekvivalent hisoblanadi, ya’ni bir xil qoidalarga
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ko‘ra bajariladi. Buning natijasida W uchun quyidagi
ko‘rinishdagi ifodani olish mumkin:
SW = 8(TDE) = 5€TDE+ 7D 5¢€ (11)
Bu yerda &¢ - deformatsiyalar vektorining variatsiyasi.
Ko‘paytma skalyar bo‘ladi, demak:
&TD6E = (ETD 68T = §8TDE
Keyingi (2.11) ni quyidagicha yozish mumkin:
SW = 8(€TDE) = 6€TDE+ ETD 6 = 2687 DE
(13)
Shunday qilib, jismning deformatsiyalanish potensial
energiyasining o‘zgarishi quyidagicha ifodalanadi:
6H=f06§TD§d!2 (14)
Tashqi kuchlar ishining o‘zgarishi, ko‘chish maydoni
o‘zgaruvchan mustaqil funksiya ekanligini hisobga olgan
holda, nisbatning oddiy variatsiyalash yo‘li bilan topiladi:
6A =—[,6U"Pdn- Je,/ 8 UTB, dC,' —

-8 UTB,, dC,

Bu yerda 8U- siljish vektorining variatsiyasi.

Endi (14) va (15) ifodalarni potensial energiya o‘zgarishi
(10) formulasiga qo‘yaylik. Shunda ko‘chishlar vektorining
haqiqiy o‘zgarishlari tizimning to‘liq energiya funksionaliga
statsionar qiymat berishini ko‘ramiz:

53:]5?1)5@—]5?%0—
n n

(12)

(15)

-1, 6 UTB, dC, — I8 UTP,,dC, =0 (16)

0, sohasida diskret modelni olish uchun {N,,(x,y)}

bo‘lakli uzluksiz bazis funksiyalar tizimini va butun soha

uchun Z,, tugunli ko‘chishlarni kiritamiz [8]. Bu bazis

funksiyalar shunday tanlanadiki, ular chegarasidagi

masalaning kinematik chegaraviy shartlarini o‘z-o‘zidan
ganoatlantiradi:

U=3M_ Ny (x,y)-Z, yoki matritsali ko‘rinishda

U=NZ
[N, 0 N, 0 Npl =_
N_[O v o \, 0],2_[21...zm]
(17)

Bu yerda m=1.....M - bazis funksiyalar tugunlarining
umumiy soni, ya’ni modellashtiriladigan tizimning jami
tugun soni hisoblanadi [58]. Modellashtirish vaqtida:

1. Berilgan soha aniq chiziglar yoki nugtalar yordamida
ma’lum miqdordagi chekli elementlarga ajratiladi.

2. Chekli elementlar cheklangan migdordagi tugun
nuqtalarida o‘zaro bog‘langan deb garaladi.

3. Har bir chekli element uchun uning tugunlari
xususiyatlari orgali element ichidagi gidirilayotgan tasnifni
(masalan, ko‘chishlarni) aniq belgilaydigan funksiya
beriladi.

Ushbu bo‘linishga muvofiq, potensial energiya va tashqi
kuchlar ishi ifodalari tarkibidagi hajmiy va sirt bo‘yicha
integrallar  chekli elementlar bo‘yicha integrallar
yig‘indisiga teng bo‘ladi. Shunga ko‘ra, (2.16) integral
munosabati quyidagi ko‘rinishda ifodalanadi:

83 =35, (f, 08Dedn ~ [, 6UTPda°) -
-k Iy, 6UT B, dCy’ —
~ Yoty J, 6UTP,dC; =0
(18)

Bu yerda R, - chekli elementlarning umumiy soni, R;-
esa soha chegarasiga chiquvchi chekli elementlar soni
hisoblanadi. Element doirasidagi asos funksiyalar uchun
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ko‘chish maydoni quyidagi interpolyatsiya munosabatlari
yordamida aniglanadi:

n
g = Z Ni(e) (6 y) - Z;
i=1

yoki matritsali ko‘rinishda i@ =Ne7 (19)
Element shaklining bazis funksiyalari, element tugunlari
sonini anglatadi. (19) ifodani (18) ga qo‘yib, ba’zi
o‘zgartirishlarni amalga oshirgach va umumiy yig‘indini
hisoblagach, natijada quyidagi ko‘rinishdagi tenglamalar
tizimini olamiz:
8ZTKZ — 6ZTP — 6B, — §2"P,, =0
(20)
Bundan quyidagini olamiz:
KZ-P-B,—P,,=0 (21)
Tugun ko‘chishlarining umumiy vektoriga nisbatan
chekli elementlar tenglamalar tizimining yechimini quyidagi
usulda olamiz:
KZ =P +P+P,, (22)
Bu yerda K - tizimning bikrlik matritsasi, P, va P, —
tizimning chegaraviy tugunlariga mos ravishda ta’sir
giluvchi tashqi yuklar wvektori elementlarning umumiy
Chekli elementlar usuli yordamida KDH ni tahlil gilish statik

muvozanat shartlarini  ganoatlantiradi  va elastiklik
xususiyatlari, bir jinsli emaslik hamda geometrik
shakllarning  o‘zgarishi  tufayli  yuzaga keladigan
kuchlanishlar o‘zgarishini baholash imkonini beradi.

Sohaning o‘z og‘irligi va uning chegaralaridagi tashqi
kuchlardan kelib chiggan holda har bir tugun nugtasidagi
kuchni aniglash orgali, umumiy bikrlik matritsasiga
asoslangan qo‘shma tenglamalar tizimini har bir tugun
nuqtasining ko‘chishiga nisbatan yechish mumkin bo‘ladi.

Tonnel qoplamasi konstruksiyalari o‘z massasi
vaznidan, ustida joylashgan grunt gatlamlarining bosimidan,
shuningdek grunt massasining gorizontal va vertikal tashqi
bosim ta’siridan deformatsiyalanadi.

Chekli elementlar usulining qoidasiga binoan tonnel
konstruksiyasi bir qancha kichik elementlarga bo‘linadi va
ushbu elementlar bir-birlari bilan tugunli nugtalarda
birikadilar. Bunday metodologiya inshootni fizik diskretlash
deyiladi. Hisoblash modelida kerakli darajada tonnel
qoplamasi konstruksiyasi va atrofidagi bir jinsli bo‘lmagan
gruntlarning real xossalarini e’tiborga olishi lozimdir.

Har bir element uchun (5) formulasini qo‘llash va ularni
bir-biri bilan bog‘lash orgali (barcha elementlar bo‘yicha),
tonnel Kkonstruksiyasi va grunt muhitidagi holatni
tasvirlaydigan birinchi darajali tenglamalar tizimini olamiz
va tugun nugtalaridagi ko*chishlar orgali elementlar ichidagi
deformatsiya va kuchlanish giymatlarini aniglaymiz.

Chekli elementlar usuli orqali “grunt - tonnel qoplamasi”
tizimini kuchlanganlik-deformatsiyalanish holatini
tekshirishda quyidagi tahlil tartibini keltiramiz [10]:

1) Konstruksiyani chekli elementlarga bo‘lish orqali
hisoblashning fizik modelini yaratish.

2) Elementlarning lokal bikrlik va tashqi kuchlar vektori
matritsalarini qurish.

3) Tizimning global bikrlik va tashqi kuchlar vektori
matritsalarini qurish.

4) Tonnel goplamasi
muhitidagi  holatni  tasvirlaydigan
tenglamalar tizimini yechish.

5) (5) formulalar bo‘yicha elementlardagi kuchlanish va
deformatsiyalarni aniglash.

konstruksiyalari
birinchi

va grunt
darajali
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Mavjud “qoplama-grunt” tizimini modellashtirishda Y.
Shmelter, M. Datsko, S. Dobrochinskiy, M. Vechoreklar
tomonidan  keltirilgan  kombinatsiyalashgan (aralash
konstruksiyalar) dan iborat chekli elementlar tizimi
tushunchasini kiritamiz [8]. Bunda tonnel gqoplamasini 2 ta
tugunli sterjenli va grunt massivini 4 tugunli izoparametrik
chekli elementlar bilan diskretlaymiz va
kombinatsiyalashgan tizimda elementlar birlashishida
(murakkab) tugunlar hosil bo‘lish prinsipini e’tiborga
olamiz, ya’ni tonnel qoplamasi va grunt elementlarining bir
koordinatada birlashishi 2 ta tugun orgali ifodalanadi (2-
rasm) [7]. Bugungi kunda keng ishlatilayotgan LIRA,
MIDAS Civil va ANSYS hamda boshga bir gancha chekli
elementlar usuliga asoslangan muhandislik hisob-kitoblari
uchun kuchli dasturiy ta’minot majmualarida ushbu prinsip
shakllantirilgan [6]. Ixtiyoriy izoparametrik chekli elementni
qurishning umumiy konsepsiyasiga binoan, biz ushbu
turdagi elementlarning geometriyasiga mos keladigan tabiiy
lokal koordinatalar tizimini hisobga olamiz va ularning
bikrlik matritsalarini [9] larda keltirilgan ma’lum bo‘lgan
ifodalardan aniglaymiz. Masalan, sterjenli element uchun,
uning bikrlik matritsasini giymatlarini quyidagicha keltirish

mumkin:
- EF EF

T 0 0o -= 0 0 |
12EI 6EI 12EI 6EI

0 13 Iz 0 - Iz

0 6EI AEI 0 6EI  2EI

[k]e _ 12 1 12 1

- EF EF

- 0 0 e 0 0
12EI 6EI 0 12EI 6EI
TR B Ty

6EI 2El 0 6EI  AEl
12 l 12 [
(23)

Bu yerda E - sterjen materialining elastiklik moduli, I, F
- sterjen ko‘ndalang kesimining inersiya momenti va yuzasi,
| — sterjenning uzunligi.

Y
V.
1 I v4‘I

u, 1 5, 3 “4
0 X
+
2-Rasm. Modellashtirishda ishlatiluvchi chekli
elementlar: I —sterjenli element, Il —izoparametrik

yassi element

Ishlab chiqilgan tonnel konstruksiyalarini statik ta’sirlar
ostidagi real muhitdagi grunt bilan o‘zaro ta’sirini e’tiborga
oluvchi usulning algoritmi 3-rasmda keltirilgan. Dasturlash
paketida masalalar aniq algoritm-sxema orgali olib boriladi.
Ushbu sxema o‘rnatilgan vazifalarni bajaradi va yuqorida
keltirilgan ifodalarga mos tushadi. Tizimning differensial
tenglamalari algebraik tenglamalar tizimiga almashtirilishi
bilan ishlab chigilgan algoritmlar asosida har bir alohida
masala uchun hisoblash jarayonlari boshlab yuboriladi.
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Materiallaning
xossalari

l |

[ Chekli elementli model ]

Hal giluvchi
Chekli elementli
model matritsalari

Hsiob-kitoblar natijalari

|

[ Natijalarni qayta ishlash ] ¢
L Ko'rinish J

3- Rasm. Dasturlash paketidagi masalani yechish
algoritmi

’ | Chegaraviy \

I Geometrik model shartlar

yuk

19 119940 [

uepn

J—

—

hisoblash

Chekli elementlar
matritsalari

Ko‘rilayotgan masalalarda tashqi kuchlar chegaraviy
shartlariga berilgan sohaning yuklangan yoki kuchdan ozod
tugunlari kiradi. Kinematik shartlarga esa bog‘langan
tugunlar kiradi. Yaratilgan paket yordamida hisoblash
ishlarini  bajarishda konstruksiyaning chekli elementli
modelini kiritish uchun umumiy axborotni jamlash zarur
bo‘ladi. Bu yerda tugun komponentlari kodlari chegaraviy
shartlar uchun ikki xil giymatni olishi mumkin, ya’ni 0 va 1.
Agar u shartlar 0 giymatini olsa, u xolda bu tugunlar har
ganday bog‘lanishlardan ozod bo‘ladilar, ammo agar 1
giymatga ega bo‘lsa, unda ushbu tugunning belgilangan
erkinlik darajasi bo‘yicha chegaraviy shartlar qo‘yiladi va bu
yerda nolga teng bo‘lgan kinematik ko‘chish shartlari
bajariladi. Dastur paketi “Excel-ilova” ko‘rinishida amalga
oshirilgan, ya’ni barcha hisoblash modullarini boshqarish
Excel dasturidan bajariladi. Bunday tizimning tanlanishi
quyidagi sabablar bilan izohlanadi:

1. Chekli elementlarga ajratish, bikrlik matritsasini
qurish va chizigli tenglamalar tizimini yechish dasturlari
Microsoft Office muhitida Delfi tilida alohida bajariladigan
fayllar ko‘rinishida ishlab chiqilgan. Excel dasturida
o‘rnatilgan Visual Basic for Application (VBA) mavjud
bo‘lib, u diskdagi fayllarni ishga tushirish buyruqlarini o‘z
ichiga oladi. Shu sababli, masalani yechish jarayonini
boshgarishning barcha bosgichlari ushbu dasturlarida
amalga oshirildi.

2. Excel dasturi muhandislar uchun qulay bo‘lgan
chizish va jadval ma’lumotlarini kiritish funksiyalarini o‘z
ichiga oladi;

3. Barcha grafik va ragamli natijalar bevosita jadvalga
kiritiladi.

4. Natijalarni chiqarish Excel dasturiga o‘rnatilgan
funksiyalar yordamida amalga oshiriladi.

5. Hisoblash yakunlangach, jadvalda boshlang‘ich
ma’lumotlar va hisoblash natijalari hagidagi barcha axborot
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mavjud bo‘ladi, shu sababli Excel dasturi funksiyalarida
hisobot tayyorlash ishlari bajaradi.

Ishlab chiqilgan dastur bo‘yicha tonnellarni hisoblash
quyidagi bandlardan iboratdir:

1. “Excel-ilova” bo‘yicha fizik-mexanik ma’lumotlarni
kiritish ~ (4-rasm). Bunda kiritilgan ~ma’lumotlarning
to‘g‘riligini tekshirish mumkin.

GRUNTLARNING FIZIK-MEXANIK XOSSALARI 'YURISH TONNELLARI

Ne |HimFi,MPa v |CMPa| ¢ |y MPaim CHUQURLIGI H=| 150
1 2 [4,2]0,32]0,4 7 18,2 RADIUSI r=| 268
2
3
4
s

4 [10,7] 0,32 [2,4| 12 17,1 MASOFA [ L[ 129 [
7 13,8| 0,28 | 4,6 15 18,7
20 |16,5| 0,28 | 11,2 17 19,4
17

40 |16,5| 0,28 | 11,2 19,4

CTERJENLI ELEMENTLAR RAQAMLARI H

ar Vs
NEARNY,

4-Rasm. “Grunt - tonnel qoplamasi” tizimidagi
hisoblash dasturining umumiy ko‘rinishi (namunaviy)

2. “Chekli elementlar to‘rini tuzish” bo‘yicha diskdan
“Tonl.exe” dasturi ishga tushadi - bu dastur berilgan sohani
chekli elementlarga ajratishni bajaradi.

iy i

e
A e
rerrrrE A S T
R
1 1 I
MR

5-Rasm. Sohani chekli elementlarga ajratish

Bu dasturda hisoblash geometriyasi usullari qo‘llaniladi,
xususan egri chiziqni berilgan miqdordagi qismlarga bo‘lish
usuli keng foydalaniladi. Ushbu yondashuvning mohiyati
quyidagicha: ikkita chiziq (siniq yoki egri chiziglar) beriladi
va ular teng migdordagi gismlarga bo‘linadi. So‘ngra bu
chiziglardagi mos nuqtalarni birlashtiruvchi to‘g‘ri chiziglar
o‘tkaziladi va ular ham berilgan miqdordagi gismlarga
bo‘linadi [22].

Tugunlar va elementlarni  ragamlash, chegaraviy
shartlarni hisobga olish, har bir chekli element uchun fizik
xususiyatlarni aniglash, o‘z og‘irligi va sirt kuchlaridan kelib
chiqadigan yuklamani belgilash “Tonl_t.exe” dasturi orqali
amalga oshiriladi. 2.5-rasmda konstruksiyaning chekli
elementlarga bo‘linishi tasvirlangan. Bu yerda turli fizik
xususiyatlarga ega bo‘lgan elementlar har xil ranglarda
bo‘yalishi mumkin.

1-jadval
Hisoblash usullarini solishtirma tahlili
Takomillas
Tesh!k . M.' Zenkevich htirilgan
chekkasidagi | Sekulovich o usul
- usulidagi .
usulidagi hi bo‘yicha
kuchlanishlar yechim yechim olingan
yechim
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o, (MPa) 1,000 0,996 0,996

g, (MPa) 3,000 2,899 2,899

“Tonl_sorcord.exe” bu dasturi tizim matritsasining
minimal kengligini ta’minlash uchun koordinatalarni qayta
ragamlaydi. Bu jarayon shunday bajariladi: tugunlar
konstruksiyaning uzun tomoni bo‘ylab, bir chekkasidan
boshqa chekkasigacha ketma-ketlikda ragamlanadi.

“Tonl_sort2.exe” dasturi global koordinatalar tizimidagi
chekli elementlarni saralaydi. Bu jarayon bikrlik matritsasini
tuzish va tenglamalar tizimini Gauss usuli bo‘yicha
yechishga tayyorlashni amalga oshiradi.

Dasturlar o‘rtasidagi bog‘lanish kiritilgan ma’lumotlar
fayllari orgali amalga oshiriladi.

3. “Masalani yechish” bandi orqali tizim global bikrlik
matritsasi tuziladi, chizigli tenglamalar tizimi yechiladi va
gruntdagi kuchlanishlar aniglanadi.

4. “Kuchlanish izoxromlari” bandi bo‘yicha ox, Gy, Txy
kuchlanishlarining izochiziglarini qurish zarur bo‘lganda
bajariladi.

5. “Tonnel qoplamasidagi kuch epyuralari” bandi orqali
eguvchi moment, ko‘ndalang va normal kuchlar epyuralarini
qurish ishlari amalga oshiriladi va hisoblash natijalari jadvali
tuziladi.

Yassi sohada joylashgan aylana shaklidagi teshigi
bo‘lgan sohaning (plastina) P=1 MPa miqgdoridagi yoyilgan
yuklama ostidagi cho‘zilish masalasini ko‘rib chigamiz (2.6-
rasm, a).

Sohaning fizik xususiyatlari quyidagicha: E=300000
MPa, v=0,35, H=40 m, D=2 m. Soha materiali metall
plastinkadan iborat. 2.6-2.7-rasmlarda bosh
kuchlanishlarning vektor maydoni hamda chekli elementlar
markazida hisoblangan maksimal o, va o, kuchlanish
qiymatlari izoxromlari ko‘rsatilgan. 1-jadvalda esa plastina
bo‘shlig‘ining chekkasida olingan maksimal kuchlanishlar
giymatlari boshga mavjud yechimlar bilan taggoslangan
holda keltirilgan.

a) b)
P
BEEEEEEEE]

| H
6-Rasm. Aylani shaklidagi teshigi bo‘lgan soha (a) va
hisoblash natijalaridan olingan vertikal ko‘chishlar
maydoni (b)

https://doi.org/10.56143/2181-2438-2026-3-272-277



Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:3|2026

a)

b)

7-Rasm. Maksimal kuchlanishlarning izoxromlari,
MPa: a - o,, kuchlanishi, b - g, kuchlanishi

3. Xulosa

Olingan natijalarning qiyosiy tahlili ishlab chigilgan
hisoblash usulining to‘g‘riligini ko‘rsatadi va keyingi
tadqiqotlarni o‘tkazish imkonini beradi.

Magolada  qurilish  mexanikasining ~ zamonaviy
usullariga asoslangan holda sayoz metro tonnel goplamalari
va ularni o°‘rab turgan har xil grunt turlari o‘rtasidagi o‘zaro
ta’sirni hisobga oluvchi hisoblash metodi taklif etilgan.

Grunt yuklari ta’sirida konstruksiyalarda yuzaga
keladigan  deformatsiya va ichki  kuchlanishlarni
modellashtirishning amaliy usullari hamda ularning sonli
ifodalarini  aniglash  mezonlari  keltirilgan.  Mazkur
yondashuvda tuprog uzluksiz muhit mexanikasi - elastiklik
gonuniyatlari asosida tavsiflanadi, tonnel konstruksiyasi esa
atrofdagi muhit bilan birgalikda deformatsiyalanuvchi tekis
tizim sifatida garaladi. Model har bir grunt gatlamining fizik
xususiyatlarini  hamda tonnel doimiy goplamasining
konstruktiv xarakteristikalarini hisobga oladi. “Grunt -
goplama” tizimini chekli elementlar usulida hisoblash
varianti uchun tekis sohaning hisobiy sxemasi ishlab
chiqilgan bo‘lib, tonnel konstruksiyasi qalinligi 1,0 m va
geometrik mustahkamlik sinfi I ga ega bo‘lgan ixtiyoriy
shakldagi tekis elementlar majmui sifatida modellangan.

Doimiy va vaqtinchalik yuklar ta’sirida konstruksiya
kesimlaridagi ichki zo‘rigishlarni aniqglash uchun tahliliy
tartib berilgan.

Hisoblash  metodining  ishonchliligini  tekshirish
magsadida bir gator model masalalar yechilib, ularning
natijalari aniq analitik yechimlar bilan solishtirildi. Bunda
maydon materialining plastik xossalari shartli ravishda inkor
etildi va fagat elastik sohadagi kuchlanishlar aniglandi. Bosh
kuchlanishlarning vektor izoxromalari chekli elementlar
markazlarida  qurildi.  Olingan  natijalar ~ amaliy
ma’lumotlarga yaqin bo‘lib, bu ishlab chiqilgan metodning
yuqori aniglik darajasini tasdiglaydi.

Natijalarning qiyosiy tahlili shuni ko‘rsatadiki, taklif
etilgan hisoblash usuli har xil grunt sharoitidagi sayoz aylana
metro tunnel qoplamalarining kuchlanish—deformatsiya
holatini o‘rganishda samarali qo‘llanilishi mumkin.
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Improving energy performance through the application of single-phase
capacitor asynchronous electric motors in auxiliary circuits of electric rolling

Abstract:

Keywords:

stock

U. Berdievl®?, G. Kahhorova!
1Tashkent state transport university, Tashkent, Uzbekistan

This article analyzes the potential for improving the energy efficiency of single-phase capacitor
asynchronous electric motors used in the auxiliary circuits of electric rolling stock. In railway transport,
the electricity consumption of auxiliary mechanisms, including fans, compressors, pumps, and cooling
systems, constitutes a significant portion of total energy consumption. Improving the technical and
energy performance of the electric motors used in these devices is one of the important factors in ensuring
energy efficiency. In this study, the operating principle of single-phase capacitor asynchronous motors
and their effects on the power factor and efficiency were theoretically investigated. The results
demonstrated that the use of these motors in auxiliary circuits can reduce electricity consumption and
improve the overall efficiency of the system.

electric rolling stock, auxiliary circuits, induction motor, capacitor, energy efficiency, power factor,
electric drive, railway transport

Elektr harakat tarkiblari yordamchi zanjirlarida bir fazali kondensatorli
asinxron elektr motorlarni qo‘llash asosida energetik ko‘rsatkichlarni

Annotatsiya:

Kalit so‘zlar:

1. Kirish

oshirish

Berdiyev U.}®2 Qahhorova G.!
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Mazkur maqolada elektr harakat tarkiblarining yordamchi zanjirlarida qo‘llaniladigan bir fazali
kondensatorli asinxron elektr motorlarning energetik samaradorligini oshirish imkoniyatlari tahlil
qilingan. Temir yo‘l transportida yordamchi mexanizmlar, jumladan ventilyatorlar, kompressorlar,
nasoslar va sovutish tizimlarining elektr energiyasi iste'moli umumiy energiya sarfining muhim gismini
tashkil etadi. Ushbu qurilmalarda qo‘llaniladigan elektr motorlarning texnik va energetik
ko‘rsatkichlarini yaxshilash energiya tejamkorligini ta'minlashning muhim omillaridan biridir. Tadgiqot
davomida bir fazali kondensatorli asinxron motorlarning ishlash prinsipi, quvvat koeffitsiyenti va foydali
ish koeffitsiyentiga ta'siri nazariy jihatdan o‘rganildi. Natijalar yordamchi zanjirlarda ushbu motorlardan
foydalanish elektr energiyasi sarfini kamaytirish va tizimning umumiy samaradorligini oshirish imkonini
berishini ko‘rsatdi.

elektr harakat tarkibi, yordamchi zanjir, asinxron motor, kondensator, energiya samaradorligi, quvvat
koeffitsiyenti, elektr yuritma, temir yo‘l transport

tizimlari va boshga iste'molchilar kiradi. Mazkur
qurilmalarning uzluksiz ishlashi sezilarli migdorda elektr

Temir yo°l transportini elektrlashtirish va energiya
resurslaridan ogilona foydalanish bugungi kunda transport
tizimini rivojlantirishning ustuvor yo‘nalishlaridan biri
hisoblanadi. Elektr harakat tarkiblarida tortuv tizimlari bilan
bir gatorda yordamchi elektr qurilmalar ham muhim
ahamiyatga ega bo‘lib, ular harakat xavfsizligi va
yo‘lovchilarga qulay sharoit yaratishda muhim vazifalarni
bajaradi [1, 5].

Yordamchi zanjirlar tarkibiga ventilyatsiya tizimlari,

energiyasi sarflanishiga olib keladi. Shu sababli yordamchi
elektr yuritmalarning energiya samaradorligini oshirish
dolzarb ilmiy va amaliy masalalardan biri hisoblanadi [1, 3,
5].

Bir fazali asinxron elektr motorlar konstruktsiyasining
soddaligi, ekspluatatsion ishonchliligi va texnik xizmat
ko‘rsatish xarajatlarining nisbatan pastligi bilan ajralib
turadi. Birog ularning asosiy kamchiliklaridan biri ishga
tushirish ~ momentining  kichikligi  hamda  quvvat

kompressor agregaﬂari’ sovutish ql‘|ri|nf]a|a|'iY yoritish koeffitsiyentining pastllgldlr Ushbu kamchiliklarni bartaraf
3 https://orcid.org/0000-1234-5678-9101
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etish magsadida kondensatorlardan foydalanish keng
go‘llaniladi [7, 9]. Kondensator yordamida qo‘shimcha faza
siljishi hosil qilinib, statorda aylanuvchi magnit maydon
yuzaga keladi. Natijada motorning ishga tushirish
xususiyatlari yaxshilanadi, quvvat koeffitsiyenti ortadi
hamda energiya yo‘qotishlari kamayadi.

Tadgiqotning magsadi  elektr harakat tarkiblari
yordamchi zanjirlarida bir fazali kondensatorli asinxron
elektr motorlarni qo‘llashning energetik samaradorlikka
ta'sirini nazariy jihatdan tahlil gilish va ularning
afzalliklarini asoslashdan iborat [5, 8, 9].

Adabiyotlar tahlili

Elektr mashinalarining energetik samaradorligini
oshirish va ularning ish rejimlarini takomillashtirish
masalalari ~ zamonaviy  elektrotexnikaning ~ muhim
yo‘nalishlaridan biridir. Fitzgerald, Kingsley va Umans [1]
hamda A.l. Voldek [2] asarlarida asinxron elektr
motorlarning ishlash prinsipi, energetik ko‘rsatkichlari va
yuklama rejimlari  batafsil yoritilgan.Elektr  harakat
tarkiblarining elektr jihozlari va elektromexanik tizimlarini
takomillashtirish masalalari U.T. Berdiyev va hammualliflar
tomonidan  o‘rganilgan  [3]. U.T.  Berdiyevning
tadgigotlarida energiya samarador elektr motorlar, ularning
konstruksiyasi va yangi materiallardan foydalanish
imkoniyatlari tahlil gilingan [4, 13]. Shuningdek, asinxron
motorlarni sinovdan o‘tkazish va energiya tejamkor yuklama
sxemalarini qo‘llash masalalari tadqiq etilgan [5].

Elektr harakat tarkiblarining yordamchi agregatlarida bir
fazali asinxron va kondensatorli motorlardan foydalanish,
ularni boshqarish hamda ekspluatatsion ko ‘rsatkichlarini
yaxshilash bo‘yicha tadqiqotlar [6, 7] da keltirilgan.
Energiya  tejamkor elektr ~ mashinalarini  yaratish
muammolari [8], asinxron motorlarning elektromagnit
parametrlarini yaxshilash masalalari esa [9] da ko‘rib
chigilgan. Asinxron motorlarni matematik modellashtirish
[10] va ularning texnik parametrlarini aniglash [11] bo‘yicha
tadgigotlar ham mavjud.

Tahlil gilingan adabiyotlar shuni ko‘rsatadiki, asinxron
elektr motorlarning energetik samaradorligini oshirishda
konstruktiv parametrlarni takomillashtirish,
kondensatorlardan  foydalanish,  boshgaruv  usullarini
optimallashtirish va magnit materiallarni to‘g‘ri tanlash
muhim ahamiyatga ega [4, 7, 13]. Biroqg elektr harakat
tarkiblarining  yordamchi  zanjirlarida  bir  fazali
kondensatorli asinxron elektr motorlarning quvvat
koeffitsiyenti, foydali ish koeffitsiyenti va elektr
energiyasi iste’molini kompleks baholash masalasi
yetarlicha yoritilmagan. Shu sababli mazkur tadgigotda
ushbu motorlardan  foydalanish  orgali  yordamchi
zanjirlarning ~ energetik  ko‘rsatkichlarini  oshirish
imkoniyatlari o‘rganiladi.

L

N - neys
U102 - asosiy

S Asosly
(chol g'am)
Loz / i b

- centifugal (markazdan qochma) kait
S—— i S - centrifugal (markazdan qochma) kaiit

U
7 Ishga tushgandan sofng, motor nominal
tezlikka yetgach, § kalt ochiladi va
yordam zanjirdan uziladi.

orama Motorning tuzilish ko'rinishi

C Ishga tushirsh
kondensatori

1-rasm "'Bir fazali kondensatorli asinxron motorning
prinsipial sxemasi'*

279

https://doi.org/10.56143/2181-2438-2026-3-278-281

2. Tadgiqot metodologiyasi

Elektr harakat tarkiblarining yordamchi zanjirlarida
go‘llaniladigan bir fazali kondensatorli asinxron elektr
motorlarning energetik ko‘rsatkichlarini baholash uchun
nazariy tahlil va giyosiy tagqoslash usullaridan foydalanildi.
Tadgiqot obyekti sifatida yordamchi elektr yuritmalarda
ishlatiladigan bir fazali asinxron motorlar
gabulgilindi[6,8,10].

Bir fazali asinxron motorlarda stator chulg‘amidan
ogayotgan tok magnit maydon hosil giladi. Birog bunday
maydon mustaqil ravishda aylanuvchi magnit maydon hosil
gila olmaydi. Shu sababli qo‘shimcha chulg‘am va
kondensator yordamida fazalar siljishi hosil qilinadi.
Natijada aylanuvchi magnit maydon yuzaga kelib,
motorning ishga tushish va ish rejimidagi ko‘rsatkichlari
yaxshilanadi.

Motorning energetik samaradorligini baholashda foydali ish
koeffitsiyenti va quvvat koeffitsiyenti asosiy mezon sifatida
gabul qilindi [10, 12].
Foydali ish koeffitsiyenti quyidagi ifoda orqali
aniglanadi:
n= %100%
bu yerda: n -foydali ish koeffitsenti, %; P;_ tarmoqdan
iste'mol gilinadigan quvvat, W; P, —dvagatel validagi
foydali quvvat, W.

Agar kirish quvvati kuchlanish, tok va quvvat koeffitsenti
orgali aniglansa, dvigatel uchun:
Pi=U-I-cos¢e

bu yerda:

U- ta’minot kuchlanishi, V, I-iste’'mol toki, A; Cose-
quvvat koeffitsenti.

Shunda FIK quydagicha yoziladi
2
n_U-I-cosq)xmo

Yordamchi zanjirlarda elektr energiyasidan samarali
foydalanishni ta'minlashda quvvat koeffitsiyentining yugqori
bo‘lishi muhim ahamiyatga ega. Kondensatorlardan
foydalanish natijasida reaktiv quvvat iste'moli kamayadi va
elektr tarmog‘ining yuklanishi pasayadi. Elektr harakat
tarkiblarining yordamchi tizimlarida energiya iste'moli
ko‘pincha ventilyatorlar, kompressorlar va sovutish
qurilmalari hissasiga to‘g‘ri keladi. Ushbu qurilmalarda
ishlatiladigan elektr motorlarning energetik ko‘rsatkichlarini
yaxshilash umumiy energiya sarfini kamaytirishga xizmat

giladi [11, 13].
Nazariy tahlillar shuni ko‘rsatadiki, kondensatorli
asinxron  motorlarda  stator magnit  maydonining

simmetrikligi ortadi, ishga tushirish momenti yaxshilanadi
hamda motorning foydali ish koeffitsiyenti oshadi.

1-jadval
Oddiy va kondensatorli asinxron motorlarning
energetik ko‘rsatkichlarini taqqoslash

Ko‘rsatkich Oddiy Kondensatorl | O’zgarish,
motor i motor | %

Nominal 0,75 0,75 -

quvvat

Foydali ish | 72 81 +12,5

koeffitsiyenti

()
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Quvvat 0,70 0,92 +31,4
koeffitsiyenti

(coso)

Tok istemoli | 5,1 44 -13,7
Faol quvvat 0,95 0,87 -8,4
Reaktiv 0,97 0,37 -61,9
quvvat

To’la quvvat | 1,35 0,95 -29,6
Elektr 7,60 6,96 -84
energiya sarfi

3. Natijalar va muhokamalar

Jadvaldan ko‘rinib turibdiki, kondensatorli asinxron
motorlarni qo‘llash natijasida quvvat koeffitsiyenti 0,70 dan
0,92 gacha oshadi, foydali ish koeffitsiyenti 72% dan 81%
gacha yaxshilanadi. Shu bilan birga reaktiv quvvat istemoli
61,9%, ga tok istemoli esa 13,7% ga kamayadi natijada
elektr energiyasi sarfi kamayib,elektr harakat tarkiblarining
yordamchi elektr yuritmalarida energiya samaradorligi
oshadi va sezilarli darajada yaxshilanadi. Bu esa elektr
energiyasi sarfining kamayishiga olib keladi[10,13,14].

Elektr harakat tarkiblarining yordamchi zanjirlarida
bunday motorlarni qo‘llash natijasida elektr ta'minoti
tizimining yuklanishi kamayadi hamda elektr uskunalarining
xizmat muddati uzayadi. Bundan tashgari, energiya
yo‘qotishlarining kamayishi ekspluatatsion xarajatlarni
pasaytirishga xizmat giladi.
Kondensatorli motorlarning yana bir afzalligi ularning
konstruktsiyasi nisbatan sodda va texnik xizmat ko‘rsatish
xarajatlari kamligidir. Shu sababli ularni [7, 9]. yordamchi
elektr yuritmalarda qo‘llash iqtisodiy jihatdan ham
magsadga muvofiq hisoblanadi

10 4

09 - [§ Oddiy (kondensatorsiz)

08 4 asinxron motor

074 . Kondensatori
asinxron motor

06 1
05 4
04 1 Kondensator qoTandishi
qunat koeffasyentey
sezlari dargada oshirad
i sektr tamogan
oingan tok kamayad va
energya smandrip
oshad

03 4

Quvvat koeffitsiyenti (cosg)

02 4

014

5% 50% 5% 100%
Yuklanish (nominal quvvatga nisbatan), %

Xelosz:
¥ Kondensatork asturon motor har qanday yuklanishda oddiy 2smason mosorga isbatan yugor quviat koefitsiyentica ega
¥ Nominal yukdanishda: oddiy motor cosg = 075; kondensator motor cosg = 095

¥ Bu esa reaitiv quvvatni kamaytrad va elektr energiyasidan foydalanish samaradorigini oshradi

2-rasm ""Kondensatorli va oddiy asinxron motorlarning
quvvat koeffitsiyenti bo‘yicha taqqoslash diagrammasi"

4. Xulosa

O‘tkazilgan nazariy tahlillar natijasida elektr harakat
tarkiblarining yordamchi zanjirlarida bir fazali kondensatorli
asinxron elektr motorlarni qo‘llash energetik samaradorlikni
oshirishning muhim yo‘nalishlaridan biri ekanligi aniglandi.

Tadgiqot natijalari asosida quyidagi xulosalarga kelindi:
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Kondensatorli asinxron motorlardan foydalanish quvvat
koeffitsiyentini oshirish imkonini beradi. Reaktiv quvvat
iste'molining kamayishi elektr energiyasi yo‘qotishlarini
gisqartiradi. Foydali ish koeffitsiyentining ortishi yordamchi
elektr yuritmalarning samaradorligini oshiradi. Yordamchi
zanjirlarda energiya sarfining kamayishi elektr harakat
tarkiblarining ~ umumiy  energetik  ko‘rsatkichlarini
yaxshilaydi. Kondensatorli asinxron motorlarni qo‘llash
ekspluatatsion  xarajatlarni  kamaytirish  va  elektr
jihozlarining ishonchliligini oshirishga xizmat qiladi.
Shunday qilib, elektr harakat tarkiblarining yordamchi
zanjirlarida bir fazali kondensatorli asinxron elektr
motorlarni qo‘llash energiya tejamkor texnologiyalarni joriy
etishning istigbolli yo‘nalishlaridan biri hisoblanadi.

Foydalangan
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Stress-strain state characteristics of closed reinforced concrete frames
considering infill wall effects

N.P. Sanaeval@®?
1Samarkand State Technical University named after Mirzo Ulugbek, Samarkand, Uzbekistan

Abstract:

The article presents the results of theoretical and experimental investigations into the stress-strain state

of single-bay reinforced concrete closed frames, both without infill and with infill, under the combined
action of vertical and horizontal loads. The test specimens comprised two series: the first series of closed
frames remained uninfilled, whereas the interior space of the second series of closed frames was densely
infilled with aerated concrete blocks, without gaps, extending up to the columns. The uninfilled
reinforced concrete closed frame was analyzed using the force method as a thrice statically indeterminate
system. In the infilled reinforced concrete closed frame, the infill wall was replaced with an equivalent
diagonal strut using the Mainstone model, accounting for the combined parallel interaction of the frame
and the infill (dual system). The specimens were tested under the combined action of vertical and
horizontal loads. The data obtained from the experimental testing and theoretical calculations were
compared and subjected to comparative analysis.

Keywords:

load-bearing capacity, crack resistance

reinforced concrete closed frame, infill wall, aerated concrete block, diagonal strut, combined loading,

To‘ldirma ta’sirini hisobga olgan holda yopiqg temirbeton ramalarning
kuchlanganlik-deformatsiyalanganlik holati xususiyatlari

Sanayeva N.P.'@2
IMirzo Ulug‘bek nomidagi Samarqand davlat texnika universiteti, Samargand, O‘zbekiston

Annotatsiya:

Magqolada vertikal va gorizontal yuklarning birgalikdagi ta’sirida bo‘lgan bir ravoqli to‘ldirmasiz va

to‘ldirmali temirbeton yopiq ramalarning kuchlanish-deformatsiyalanish holatlarini o‘rganish bo‘yicha
nazariy va eksperimental tadgiqot natijalari keltirilgan. Sinov namunalari ikkita seriyadan iborat bo‘lib,
birinchi seriyadagi yopiq ramaning ichi to‘ldirilmagan, ikkinchi seriyadagi yopiq ramaning ichi esa
gazoblok bilan ustunlarga zich (tirqishsiz) holda to‘ldirilgan. Ichi to‘ldirilmagan temirbeton yopiq rama
siljishlar usuli asosida uch marta statik noaniq tizim sifatida tahlil gilingan. Ichi to‘ldirilgan temirbeton
yopiq ramadagi to‘ldirma ekvivalent diagonal tirgak modeli (Mainstone modeli) bilan almashtirilib, rama
va to‘ldiruvchining parallel (dual system) ishlashi hisobga olingan. Namunalar vertikal va gorizontal
yuklarning birgalikda ta’siriga sinaldi. Sinov va nazariy hisob-kitob bo‘yicha olingan natijalar giyosiy

taggoslangan.
Kalit so‘zlar:

1. Kirish

Zamonaviy qurilishda ramali tizimdan iborat temirbeton
sinchli turar-joy, jamoat va sanoat binolari eng keng
targalgan konstruktiv - yechimlardan biri hisoblanadi.
An’anaga ko‘ra, bunday tizimlarni loyihalashda rama
ustunlari oralari to‘siq sifatida turli xildagi materiallar
(g‘isht,  gazobeton yoki yengil beton bloklar) bilan
to‘ldiriladi. To‘ldirmalar sinchning ishlashiga jalb qilinishi
yoki jalb qilinmasligi mumkin. Birinchi holatda
to‘ldirmalarning ta’siri ramani hisoblashda e’tiborga olinadi.
Ikkinchi holatda esa to‘ldirmalar rama rigellariga tasir
qiladigan doimiy yuk sifatda e’tiborga olinadi.
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temirbeton yopiq rama, to‘ldirma, devor, gazoblok, diagonal tirgak, kombinatsiyalashgan yuklanish, yuk
ko‘tarish qobiliyati, darzbardoshlilik

Tashqi yuklar ta’siridan ichi to‘ldirilgan ramaning
kuchlanish-deformasiyalanish holati ichi to‘ldirilmagan
ramadan keskin farq qiladi. To‘ldirma materialining
mustahkamligi va undan bajarilgan terim bikirligi tashki
yuklar (vertikal va gorizontal) ta’sirida bo‘lgan ramaning

irligini  bir- necha marta oshiradi va gorizontal
ko‘chishini kamaydiradi [1].

Adabiyotlar tahlili

Kim va Yu (2021) tomonidan o‘tkazilgan eksperimental
tadqiqotda ichi to‘ldirilgan to‘rtta va ichi to‘ldirilmagan bitta
temirbeton yopig rama namunalari sinalgan. Miqdori
o‘zgarmagan doimiy vertikal yuk ta’siri ostida bo‘lgan yopiq
rama miqdori oshib boruvchi, yo‘nalishi o‘zgargan
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gorizontal yuklar ta’siriga sinalgan. Tadqiqotda yuqori rigel
bilan to‘ldirma orasidagi chok
30 mm tashkil gilgan. Bunday konstruksiyadagi yopiq
ramaning seysmik ta’sirlarga qarshiligi o‘rganilgan [2].
Sinov natijalari bo‘yicha tirqish mavjud bo‘lgan
namunalarda tirgishsiz namunaga nisbhatan mustahkamlik
75-80% ga, bikirlik esa 55-70% ga kamaygani aniglangan.

Springer nashrida (2025) e’lon qilingan tadqiqotda
to‘ldirmali temirbeton ramalarning nochiziqli ishlashi,
plastik sharnirning hosil bo‘lishi to‘ldirmaga ekvivalent
bo‘lgan siqiluvchi diagonal tirgak modeli asosida tahlil
gilingan. Hisoblash jarayonida ustunlarga ta’sir qilgan
doimiy vertikal yuk miqgdori 40 kN teng gabul gilingan,
konstruksiyaning gorizontal yuk ta’sirlariga qarshiligi esa
nochiziqli statik tahlil usuli bilan o‘rganilgan. Tadqiqot
natijalari to‘ldirmaning temirbeton sinch bilan birgalikda
qobiliyatini sezilarli darajada oshirganligi kkeltirilgan.
To‘ldirma sigiluvchi diagonal tirgak vazifasini bajarib,
gorizontal kuchlarning bir gismini gabul giladi va rama
ustunlari hamda rigellari o‘rtasida ichki kuchlarni gayta
tagsimlaydi. Tadgigot mualliflari temirbeton sinchlarning
seysmik mustahkamligini baholashda to‘ldirmalar ta’siri,
vertikal yuklarning mavjudligi va «sinch—to‘ldirma»
tizimining o‘zaro ta’sirini kompleks ravishda hisobga olish
muhim ahamiyat kasb etishini qayd etganlar [3].

D. Sen va hammualliflar tomonidan oftkazilgan
tadgiqotda [1] to‘ldirmasiz va to‘ldirmali temirbeton yopiq
rama hamda ferrosement bilan kuchaytirilgan to‘ldirmali
sinchlarning kvazistatik siklik yuklar ostidagi ishlashi
eksperimental jihatdan tadgiq gilingan. Sinov jarayonida
doimiy vertikal yuk ta’sirida bo‘lgan namunalarga
bosgichma-bosqgich oshirilib boriluvchi siklli gorizontal
yuklar ta’sir gilgan. Natijalarga ko‘ra, to‘ldirma temirbeton
sinchning gorizontal bikirligi, yuk ko‘tarish qobiliyati va
energiya yutish xususiyatini sezilarli darajada oshirgan.
Ferrosement bilan kuchaytirilgan to‘ldirma esa mazkur
ko‘rsatkichlarni yanada yaxshilab, konstruksiyaning
zilzilabardoshliligini oshirgan. Shu bilan birga, to‘ldirma
sinch tarkibida sigiluvchi diagonal tirgak sifatida ishlab,
gorizontal yuklarning ma’lum qismini gabul qilishi hamda
rama elementlaridagi (ustun, rigel) ichki kuchlarni qayta
tagsimlashi aniglangan. Mualliflar to‘ldirmaning sinch bilan
0°zaro ta’sirini hisobga olish zarurligini ta’kidlaganlar.

Tadgigotning ilmiy yangiligi bir xil geometrik
parametiriga va material xarakteristikalariga ega ikki xil
seriyadagi rama namunasi (to‘ligsiz va zich to‘ldirilgan)
ustida o‘tkazilgan nazariy hisob va laboratoriya tajribasi
natijalarini  giyosiy tahlil qilinishi va to‘ldirmaning
mustahkamliligi va darzbardoshliligi aniglanganligi bilan
belgilanadi.

QMQ 2.01.03-19 "Zilzilaviy hududlarda qurilish"
me’yoriy hujjatining 3.2.5-bandida ko‘p qavatli binolar
sinchlarini hisoblashda to‘ldirmalarning ta’sirini hisobga
olish zarurligi umumiy tarzda ko‘rsatilgan. Biroq bu ta’sirni
aniq qanday hisoblash bo‘yicha batafsil tavsiyalar
keltirilmagan [4]. So‘nggi o‘n yilliklardagi xalgaro
tajribaviy tadqiqotlar to‘ldirmali rama tizimining yuk
ko‘tarish qobiliyati va bikirligiga sezilarli ta’sir ko‘rsatishi
e’tirof etilgan.

2. Tadgigot metodologiyasi

Ichi to‘ldirilmagan va gazobloklar bilan to‘ldirilgan bir
oraligli temirbeton ramalarning vertikal va gorizontal
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yuklarning  birgalikdagi
deformatsiyalanishi holatlari
tadqiq etildi.

Eksperimental tadgigotlar uchun tayyorlangan rama
namunalari va elementlarining o‘lchamlari 1, (a-b) - rasmda
keltirilgan. Rama elementlari sigilishdagi mustahkamligi
bo‘yicha sinfi B25 bo‘lgan betondan tayyorlanib A400 sinfli
armaturalar bilan jihozlanganligi 1, (a)-rasmda keltirilgan.
Bo‘ylama va ko‘ndalang armaturalarning oquvchanlik
chegarasi hamda betonning sigilishdagi mustahkamligi
GOST talablari asosida aniglandi [5].

Yopiq temirbeton ramaning ichini to‘ldirish uchun D500
markali, B2,0 sinfli 300x150x100 mm o‘lchamdagi
avtoklavsiz gazoblok ishlatildi 1,(s)-rasm. Avtoklavsiz
gazoblokdan bajarilgan terim (devor) galinligi 150 mm.
Terim ramaga zich (tirgishsiz) holda yelim yordamida
bajarildi. GOST 25485 tasnifiga muvofig B2,0 sinfli
gazoblokning  siqilishdagi  kafolatlangan ~ me’yoriy
mustahkamligi 2,0 MPa tashkil qildi [6]; To‘ldirma
temirbeton sinch mustahkamlikka erishganidan keyin barpo
etilgan.

a)

ta’siridagi  kuchlanish  va
eksperimental va nazariy

o e i e e e = m A
o T

[T

1750

[1111

.

:

\ [TTTTTTIM
T 4,
-

2800

l‘ 2800

1-rasm. Namunalarning konstruktiv sxemasi
a-sinov namunasining geometrik o‘lchamlari
(mm), b-to Idirmasiz yopiq temirbeton rama, V-
to ‘ldirmali yopiq temirbeton rama

Tayyorlangan namunalar 28 sutkadan keyin statik yuklar
ta’siriga sinaldi. Vertikal yo‘nalishda yuklar 25 tonnalik,
gorizontal yo‘nalishda esa 5 tonnalik gidravlik domkratlar
yordamida berildi. Siljish, salgilik va deformatsiyalar
aniqgligi 0,01 bo‘lgan soat tipidagi indikator yordamida
o‘Ichandi.

2-rasm. Sinov stendining sxematik ko‘rinishi:
1 - yopiq temirbeton rama; 2 — quwvati 5 t domkrat; 3 —
quvvati 25t domkrat; 4 —soat tipidagi indikatorlar; 5 va 6
— gidravlik nasos stansiyalari
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3. Natijalar va muhokamalar

Ichi to‘ldirilmagan va to‘ldirilgan yopiq temirbeton
ramaning yuk ko‘tarish qobiliyatiga vertikal va gorizontal
yuklarning birgalikdagi ta’sirini aniqlash uchun rama
namunalari maxsus tayyorlangan stendda sinaldi (2-rasmga
garang).

Sinovning dastlabki bosgichlarida wvertikal yukning
Percers =6,25 KN, gorizontal yukning Qcrcers =3,4 kN
giymatlarida ichi to‘ldirilmagan rama elementlarining
siqilgan zonalaridagi betonlar va cho‘zilgan zonalariga
armaturalar elastik holatda ishlaganli sababli rama
elementlarining cho‘zilgan zonalarida darzlar kuzatilmadi.

Tashgi yuklarning, mos ravishda Pg..e.xs =9 KN va
Qcrcexs =45 KN giymatlarida rama rigelining cho‘zilgan
zonalarida birinchi darzlar hosil bo‘ldi. Vertikal va
gorizontal yuklar giymatlarining oshishi bilan darzlar
rivojlana borib, rigel bo‘ylab hamda rigel-ustun tutashgan
tugunlar atrofida paydo bo‘ldi. Yuk giymatining yanada
oshishi natijasida ustunlarda ham darzlar paydo bo‘lib,
konstruksiyaning kuchlanganlik-deformatsiyalanganlik
holati nochizigli bosqichga o‘tdi. Darzlarning asosiy gismi
rigel tayanchlarining yuqori va ravog‘ining pastki
cho‘ziluvchi zonalarida, shuningdek rigel-ustun tugunlarida
hosil bo‘lganligi kuzatildi. Sinov oxirigacha ramaning yuk
ko‘tarish qobiliyati saglanib golindi va buzilish holati qayd
etilmadi.

Tashgi yuklarning P, . = 44,5 KN va Qy s = 22 kN
giymatlari rama namunasi buzilish holatiga keldi. Ramaning
buzilish holatidagi ko‘rinishi 3, (a)-rasmda keltirilgan.

Tajriba natijalari to‘ldirmali yopiq temirbeton ramada
tashqi yuklar ta’siridan hosil bo‘lgan kuchlanishlar rama va
to‘ldirma o‘rtasida qayta tagsimlangan holda qabul qilinib,
ularning yagona konstruktiv tizim sifatida birgalikda
ishlaganligini ko‘rsatdi. Sinovning dastlabki bosgichlarida
vertikal yukning Pg.cexs =14,3 KN, gorizontal yukning
Qcrceks =6,8 kN qiymatlarida ichi to‘ldirilgan rama
elementlarining siqilgan zonalaridagi betonlar va cho‘zilgan
zonalariga armaturalar elastik holatda ishlaganli sababli
rama elementlarining cho‘zilgan zonalarida hamda
to‘ldirmada darzlar kuzatilmadi. Tashqi yuklarning, mos
ravishda Pgyc exs =23,8 KN Va Q. ors =11 KN giymatlarida
to‘ldirmada birinchi darzlar hosil bo‘ldi. Yuklarning oshishi
natijasida  Prcers =33,2 KN va Qgrcers =16 KN
giymatlarida rama rigelining cho‘zilgan zonalarida birinchi
darzlar hosil bo‘ldi. Vertikal va gorizontal yuklar
giymatlarining oshishi bilan darzlar rivojlandi. Rigel bo‘ylab
va rigel-ustun tutashgan tugunlar atrofida hamda
to‘ldirmada darzlar paydo bo‘ldi. Bu holat to‘ldirmada
darzlanish boshlanganidan keyin yuklarning bir gismi
temirbeton rama elementlariga gayta tagsimlanganligini
ko‘rsatdi. Yuk ortishi bilan darzlar rivojlanib, to‘ldirmaning
turli gismlariga targaldi.

Yakuniy yuklash bosqichida to‘ldirmaning yugqori
gismida rama bilan tutashuv sohalarida darzlar zichligi
ortgan bo‘lsa-da, temirbeton rigel va ustunlarda sezilarli
konstruktiv shikastlanishlar gayd etilmadi. Bu holat tashqi
yuklar ta’sirida hosil bo‘lgan kuchlanishlarning katta gismi
to‘ldirma tomonidan qabul qilinganligini va energiyaning
asosan to‘ldirma darzlanishi hisobiga so‘ndirilganligini
ko‘rsatadi. Namuna maksimal yuk ko‘tarish qobiliyatiga
Py exs =94,5 kN vertikal va Q, .,s =45kN gorizontal yuk
ta’sirida erishgan bo‘lib, sinov oxirigacha to‘ldirmaning
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to‘liq shikastlanishi yoki rama elementlarining mo‘rt
yemirilishi kuzatilmadi.

Olingan natijalar to‘ldirma yopiq temirbeton ramaning
umumiy bikrligi va yuk ko‘tarish qobiliyatini oshirish bilan
bir qatorda, shikastlanishlarni asosan to‘ldirma qatlamida
jamlash orqali rama elementlarini og‘ir shikastlanishlardan
muhofaza qilishini  ko‘rsatdi.  Darzlarning  asosan
to‘ldirmada rivojlanishi va temirbeton rama elementlarida
og'ir shikastlanishlarning kuzatilmaganligi tashqi yuklar
ta’sirida hosil bo‘lgan kuchlanishlarning konstruksiya
elementlari bo‘ylab samarali qayta tagsimlanganligini
ko‘rsatdi. Bu holat konstruksiyaning yuklash jarayonida yuk
ko‘tarish qobiliyatini saglab qolgan holda
deformatsiyalanishini  hamda  buzilish  jarayonining
bosgichma-bosgich rivojlanganligini tasdiglaydi 3, (b)-
rasm.

3-rasm. Namunalarning bo‘zilish xolatidagi
ko‘rinishlari:
a) — to‘ldirmasiz yopiq temirbeton rama;
b)- to‘ldirmali yopiq temirbeton rama

Nazariy hisoblash natijalari

Bikir mahkamlangan to‘ldirmasiz yopiq temirbeton
rama uch marta statik noaniq tizim sifatida, deformasion
(siljishlar) usuli bilan tahlil gilindi. Naziriy hisob bo‘yicha
to‘ldirmasiz yopiq temirbeton ramaning yuk ko‘tarish
gabiliyati Py, naz=43 KN, darz xosil qgilish yuki Perc, naz=9,65
kN aniglandi.

To‘ldirmali  yopiq temirbeton ramani nazariy
hisoblashda Mainstone modelidan foydalanamiz ya’ni,
to‘ldirmaning rama bilan o°zaro ta’siri ekvivalent diagonal
sigiluvchi tirgak orgali ifodalanadi. Yuk uzatish jarayonida
asosan siqiluvchi diagonal faol ishtirok etadi. Ekvivalent
tirgakning hisobiy eni to‘ldirma va rama elementlarining
nisbiy bikirligi, to‘ldirma qalinligi, geometrik parametrlari
va diagonal burchagini hisobga oluvchi Mainstone empirik
ifodasi orgali aniglanadi (4-rasm). Bu modelni 1971 yilda R.
J. Mainstone taklif gilgan va hozirgacha FEMA 306,
Eurocode 8, ASCE 41 kabi deyarli barcha xalgaro me’yoriy
hujjatlarda standart usul sifatida qo‘llaniladi [7, 8].

a)

\\

4-rasm. Malnstone (1971) ekwvalent dlagonal S|q|Iuvch|
tasma modeli:
(a) haqiqiy to ‘ldirmadagi diagonal siqilish zonasi; (b) uni
almashtiruvchi, fagat sigilishda ishlovchi sharnirli
diagonal tasma (kengligi w, uzunligi d)

Ichi gazoblok bilan to‘ldirilgan yopiq temirbeton
ramaning geometrik parametrlari 1,a-rasmda keltirilgan.
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To‘ldirma gqalinligi t = 150 mm bo‘lganda, to‘ldirma
diagonali va og‘ish burchagi quyidagi formula yordamida
aniglanadi

dy = /l,%, +h, ()

Diagonalning gorizontal yo‘nalishga og‘ish burchagi
a = arctan(h,, /l,,) =32,7°. cosa = 0,841, sin2a=
0,910.

Ekvivalent diagonal tirgakning hisobiy eni (Mainstone
formulasi bo‘yicha):

w/d = 0,16(A,h,,)" %3 (2)

bu yerda: A;-to‘ldirmali yopiq temirbeton ramaning

nisbiy bikirlik parametri:

Rama va to‘ldirmaning birgalikdagi ishlashi hisoblashda
Paulay va Priestley (1992) hamda FEMA 306 (1998)
hujjatlarida keltirilgan umumiy tarzda asoslangan (dual
resisting system) tamoyilidan foydalanildi [9] va yuk
ko‘tarish qobiliyatiP, ,,, = 73,2kN, darz xosil qilish yuki
Pere, naz=15 kN temirbeton rama va to‘ldirmaning tutashgan
chegarasida (yuqori rigel va yon ustunlar bo‘ylab yelim
chokida) aniglandi. Darz xosil gilish yuki Perc, naz=22 kNd a
rigelning oraliq (prolet) qismidagi pastki cho‘zilgan
zonasida paydo bo‘ldi.

Eksperimental va nazariy hisoblash natijalarining
taqqoslash tahlili

Yuk ko‘tarish qobiliyati bo‘yicha olingan nazariy natija

Et, sin2a]1/% eksperimental tadgigot bilan tagqoslandi 1-jadval.
1 =[] ®)
bitlw
1-jadval
Yuk ko‘tarish qobiliyati bo‘yicha olingan nazariy natijalarning eksperimental tadgigot natijalari bilan taggoslanishi
Ko‘rsatkich To‘ldirmasiz yopiq To‘ldirmali yopiq Farqi
temirbeton rama temirbeton rama
Nazariy Punaz, KN 43 73,2 +70,2%
Eksperimental Puitexs, KN 45 94,5 +110%
Nisbati 0,95 0,77 —
Namunlarda dastlabki darzlar paydo bo‘lishi bo‘yicha
olingan natijalar nazariy va eksperimental tadgigot bilan
taggoslandi 2-jadval.
2-jadval

Namunalarda dastlabki darzlar paydo bo‘lishi bo‘yicha olingan nazariy va eksperimental tadgiqot natijalarining
taqqoslanishi

Ko‘rsatkich To‘ldirmasiz yopiq temirbeton To‘ldirmali yopiq temirbeton rama
rama
Nazariy Rerenaz, KN 9,65 22
Eksperimental Rerceks, KN 9 33,5
Nisbati 1,7 0,65

Birinchi darzlarning ancha oldin to‘ldirmada xosil
bo‘lishi temirbeton va gazoblokning elstiklik modullari Ep ,
Em keskin farq qilgani uchun kontakt zonasidagi cho‘zuvchi
kuchlanishlar  yelimning yopishish mustahkamligidan
oshadi va birinchi ajralish mikroyorigi hosil bo‘ladi.
Kontakt choki ajralgach, egiluvchi momentning bir gismi
rigelga o‘tadi va betondagi cho‘zilish kuchlanishi betonining
normativ cho‘zilish mustahkamligidan oshib, betonda
egilish yorig‘i ochiladi.

To‘ldirilmali temirbeton ramaning yuk ko‘tarish
gobiliyati bo‘yicha olingan nazariy hisoblash natijalari real
eksperimental tadqiqot ko‘rsatkichlaridan sezilarli darajada
past ekanligi aniglandi. Ushbu nomuvofiglikning asosiy
sababi —nazariy modellashtirishda gazoblokning fagat sof
bir o‘qli siqilishdagi mustahkamligi e’tiborga olinishidir.
Tadgiqot jarayonida esa, temirbeton kontur ichiga tirgishsiz
va zich terilgan  gazoblok to‘liq  cheklangan
deformatsiyalanish sharoitiga tushadi. Natijada, material
murakkab hajmiy (uch o‘qli) siqilish holatiga o‘tib,
konturning siqgib turish (oboyma) effekti evaziga uning real
mustahkamligi keskin ortadi. Bundan tashqgari, kontakt
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yuzasidagi o‘zaro ta’siri evaziga rama rigeli va to‘ldirma bir
yaxlit to‘sin-devor (balka-stenka) sifatida birgalikda ishlaydi
hamda vertikal va gorizontal yuklarni devor maydoni
bo‘ylab qayta tagsimlaydi.

Olingan natijalarni nazariy hisoblash va eksperimental
tadqiqot ma’lumotlari bilan qiyosiy tahlil qilish natijalari
tadgiqotchilar tomonidan  olingan ilmiy xulosalar mos
kelishini ko‘rsatdi [7]. Jumladan, Meynstoun tadqiqotlarida
hamda zamonaviy seysmik me’yorlarda qo‘llaniladigan
ekvivalent diagonal tirgak modellarida to‘ldirmaning rama
bilan o‘zaro ta’siri va uning haqiqiy kuchlanish-
deformatsiya  holati  hisobga olinmasligi  natijasida
konstruksiyaning haqiqiy yuk ko‘tarish qobiliyati to‘liq aks
etmasligi gayd etilgan [10]. Asteris va Mehrabi tomonidan
o‘tkazilgan eksperimental tadqiqotlar natijalari esa rama
konturiga zich joylashtirilgan to‘ldirmaning fazoviy siqilish
holati, deformatsiyalarning cheklanishi va rama bilan o‘zaro
ta’siri hisobiga yuk ko‘tarish qobiliyati nazariy hisob
giymatlardan yuqori bo‘lishi mumkinligini ko‘rsatgan [11,
12]. Shuningdek, Murti va Jayn tadqiqotlarida to‘ldirmali
ramalarning bikrligi va mustahkamlik ko‘rsatkichlari
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to‘ldirmasiz ramalarga nisbatan sezilarli darajada yuqori
ekanligi aniglangan [13]. Ushbu natijalar mazkur tadgigotda
olingan nazariy va eksperimental ma’lumotlar o‘rtasidagi
farglarning fizik-mexanik asoslari mavjudligini tasdiglaydi.

4. Xulosa

Nazariy tahlil natijalari to‘ldirmaning temirbeton rama
darzbardoshligiga sezilarli ta’sir ko‘rsatishini tasdigladi.
Xususan, to‘ldirmasiz yopiq temirbeton ramada dastlabki
darz 9,65 kN ni tashkil etgan bo‘lsa, to‘ldirmali ramada
ushbu giymat 22,0 kN ga yetgan. Bu to‘ldiruvchi devorning
rama bilan birgalikda ishlashi natijasida konstruksiyaning
dastlabki yorilishga qarshiligi taxminan 2,28 marta
oshganligini ko‘rsatadi.

Eksperimental tadqiqot natijalariga ko‘ra, to‘ldirmasiz
yopiq temirbeton ramada dastlabki darz hosil bo‘lish yuki
9,0 kN ni tashkil etgan bo‘lsa, to‘ldirmali ramada mazkur
ko‘rsatkich 33,5 kN ga yetgan. Demak, to‘ldiruvchi
devorning rama bilan birgalikda ishlashi natijasida
konstruksiyaning dastlabki yorilishga garshiligi sezilarli
darajada oshgan va darzlanish yuki to‘ldirmasiz ramaga
nisbatan taxminan 3,72 marta yuqori bo‘lgan.

Nazariy va eksperimental tadqiqot natijalari to‘ldirmali
temirbeton ramaning yuk ko‘tarish qobiliyati va
darzbardoshligiga sezilarli ijobiy ta’sir ko‘rsatishini
tasdigladi. Eksperimental sinovlarda to‘ldirmali ramaning
vertikal yuk ko‘tarish qobiliyati to‘ldirmasiz ramaga
nishatan 2,1 martaga oshgan, nazariy hisoblarda esa ushbu
o‘sish 1,45 tashkil etgan. Nazariy va eksperimental natijalar
o‘rtasidagi farq to‘ldirmaning rama bilan birgalikda ishlashi,
deformatsiyalarning cheklanishi va fazoviy siqilish
(oboyma) effekti bilan izohlanadi. Gorizontal yuk ta’sirida
esa gazoblok devor ramaning umumiy bikirligi va seysmik
garshiligini oshirib, yuklarni gayta tagsimlashda faol
ishtirok etgan.
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