SN -

JOURNAL OF TRANSPORT

".II'.'
iy,
ALIET

.....

ISSUE 2, 2026 vol. 3
E-ISSN: 2181-2438
ISSN:3060-5164

RESEARCH, INNOVATION, RESULTS



TOSHKENT DAVLAT
'I r TRANSPORT UNIVERSITET!
Tashkent state

transport university

JOURNAL OF TRANSPORT

RESEARCH. INNOVATION. RESULTS

E-ISSN: 2181-2438
ISSN: 3060-5164

VOLUME 3, ISSUE 2
JUNE, 2026

jot.tstu.uz



TASHKENT STATE TRANSPORT UNIVERSITY

JOURNAL OF TRANSPORT
SCIENTIFIC-TECHNICAL AND SCIENTIFIC INNOVATION JOURNAL
VOLUME 3, ISSUE 2 JUNE, 2026
EDITOR-IN-CHIEF
SAID S. SHAUMAROV
Professor, Doctor of Sciences in Technics, Tashkent State Transport University
Deputy Chief Editor
Miraziz M. Talipov
Doctor of Philosophy in Technical Sciences, Tashkent State Transport University

The “Journal of Transport” established by Tashkent State Transport University (TSTU),
is a prestigious scientific-technical and innovation-focused publication aimed at disseminating
cutting-edge research and applied studies in the field of transport and related disciplines. Located
at Temiryo‘lchilar Street, 1, office 465, Tashkent, Uzbekistan (100167), the journal operates as a
dynamic platform for both national and international academic and professional communities.
Submissions and inquiries can be directed to the editorial office via email at jot@tstu.uz.

The Journal of Transport showcases groundbreaking scientific and applied research
conducted by transport-oriented universities, higher educational institutions, research centers, and
institutes both within the Republic of Uzbekistan and globally. Recognized for its academic rigor,
the journal is included in the prestigious list of scientific publications endorsed by the decree of
the Presidium of the Higher Attestation Commission No. 353/3 dated April 6, 2024. This inclusion
signifies its role as a vital repository for publishing primary scientific findings from doctoral
dissertations, including Doctor of Philosophy (PhD) and Doctor of Science (DSc) candidates in
the technical and economic sciences.

Published quarterly, the journal provides a broad spectrum of high-quality research articles
across diverse areas, including but not limited to:

Economics of Transport

Transport Process Organization and Logistics

Rolling Stock and Train Traction

Research, Design, and Construction of Railways, Highways, and Airfields, including
Technology

e Technosphere Safety

Power Supply, Electric Rolling Stock, Automation and Telemechanics, Radio Engineering
and Communications

Technological Machinery and Equipment

Geodesy and Geoinformatics

Automotive Service

Air Traffic Control and Aircraft Maintenance

Traffic Organizatsion

Railway and Road Operations

The journal benefits from its official recognition under Certificate No. 1150 issued by the
Information and Mass Communications Agency, functioning under the Administration of the
President of the Republic of Uzbekistan. With its E-ISSN 2181-2438, ISSN 3060-5164 the
publication upholds international standards of quality and accessibility.

Articles are published in Uzbek, Russian, and English, ensuring a wide-reaching audience
and fostering cross-cultural academic exchange. As a beacon of academic excellence, the "Journal
of Transport” continues to serve as a vital conduit for knowledge dissemination, collaboration, and
innovation in the transport sector and related fields.

jot.tstu.uz Research, Innovation, Results



mailto:jot@tstu.uz

JOURNAL OF TRANSPORT
SCIENTIFIC-TECHNICAL AND SCIENTIFIC INNOVATION JOURNAL
VOLUME 3, ISSUE 2 JUNE, 2026

EDITORIAL BOARD

Viktor A. Sidorov
Professor, Doctor of Economic Sciences, Kuban State University

Olga I. Kopytenkova
Professor, Doctor of Medical Sciences, Emperor Alexander | St. Petersburg
State Transport University

Oksana D. Pokrovskaya
Associate Professor, Doctor of Technical Sciences, Emperor Alexander | St.
Petersburg State Transport University

Oleg R. llyasov
Professor, Doctor of Biological Sciences, Ural State Transport University

Timur T. Sultanov
Associate Professor, Candidate of Technical Sciences, L.N. Gumilyov
Euroasian National University

Dmitriy V. Efanov
Professor, Doctor of Sciences in Technics, Russian University of Transport
(MIIT)

Oyum T. Balabayev
Associate Professor, Candidate of Technical Sciences, Abylkas Saginov
Karaganda Technical University

Shinpolat M. Suyunbaev
Professor, Doctor of Sciences in Technics, Tashkent State Transport
University

Khasan M. Kamilov
Associate Professor, Doctor of Philosophy in Technical Sciences, Tashkent
State Transport University

Odil A. Turdiev
Associate Professor, Doctor of Philosophy in Technical Sciences, Tashkent
State Transport University

Yashnarjon R. Juraev
Associate Professor, Doctor of Philosophy in Pedagogical Sciences, Tashkent
State Transport University

Research, Innovation, Results \ jot.tstu.uz



https://www.kstu.kz/?lang=en
https://www.kstu.kz/?lang=en

Journal of Transport

ISSN: 2181-2438 Volume:3|Issue:2|2026

Analysis of remote real-time monitoring of the technical condition of aircraft

Abstract:

Keywords:

engines based on 10T systems

1.S. Maturazov*@®?, A.B. Turdimurodov*®®, S.I. Otaboev!@°©

Tashkent state transport university, Tashkent, Uzbekistan

Post-flight maintenance is a key factor in flight safety, influencing the reliability and longevity of aircraft.
With the advancement of aviation technologies, maintenance requirements are becoming more stringent
to ensure compliance with regulations and prevent failures. Maintenance procedures include external
inspections, engine diagnostics, fluid checks, and flight data analysis to identify potential risks. However,
language barriers and communication challenges in international teams can lead to errors. These issues
can be addressed through multilingual training, the use of Al for translation, and standardized protocols.
Additionally, modern technologies such as artificial intelligence (Al), the Internet of Things (loT),
drones, and augmented reality (AR) contribute to predictive maintenance by integrating traditional
methods with innovative solutions, ultimately enhancing flight safety.

maintenance, repair, reliability, safety, airworthiness, communication

0T tizimlari asosida aviatsiya dvigatellarning real vaqtdagi texnik holatini

Annotatsiya:

Kalit so‘zlar:

masofaviy monitoringining tahlili

Maturazov 1.5.292 TurdimurodovA.B.}®° Otaboyev S.1.10°¢

Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Ushbu magolada aviatsiya dvigatellarining texnik holatini nazorat qilish tizimlarida zamonaviy axborot-
kommunikatsiya texnologiyalari, xususan, Internet of Things (IoT) va sun’iy intellekt elementlaridan
foydalanish masalalari tahlil gilinadi. An’anaviy bort nazorat tizimlarining cheklovlari ko‘rib chiqilib,
real vaqt rejimida ma’lumotlarni yig‘ish, uzatish va tahlil qilishga asoslangan yangi yondashuvlar taklif
etiladi. 10T asosidagi monitoring tizimlarining arxitekturasi, ishlash prinsiplari va ularning aviatsiya
xavfsizligi hamda texnik xizmat ko‘rsatish samaradorligiga ta’siri ilmiy jihatdan asoslab berilgan.

10T, aviatsiya dvigatellari, real vagt monitoringi, masofaviy diagnostika, texnik holat nazorati, prognozli

texnik xizmat, PHM tizimlari

1. Kirish

Auviatsiya texnikasining ishonchliligi va xavfsizligi
zamonaviy fugaro aviatsiyasining eng muhim talablaridan
biridir. Samolyot dvigatellari murakkab mexanik va elektron
tizimlardan tashkil topgan bo‘lib, ularning texnik holatini
doimiy ravishda nazorat qilish parvoz xavfsizligini
ta’minlashda hal qiluvchi ahamiyatga ega. An’anaviy
nazorat tizimlari asosan bortdagi “qora quti” qurilmasiga
asoslanib, ma’lumotlar parvoz yakunlangandan keyin tahlil
gilinadi. Bunday yondashuv nosozliklarni erta aniglash
imkoniyatini cheklaydi.

So‘nggi yillarda IoT texnologiyalarining jadal
rivojlanishi aviatsiya sohasida ham yangi imkoniyatlarni
ochib berdi. Real vaqt rejimida masofadan monitoring gilish,
katta hajmdagi ma’lumotlarni bulutli platformalarda qayta
ishlash va sun’iy intellekt yordamida tahlil qilish
dvigatellarning texnik holatini samarali boshgarishning
zamonaviy yo‘nalishiga aylandi.

Hozirgi kunda samolyotlarda o‘rnatilgan dvigatel
monitoring tizimlari asosan parvoz paytida asosiy
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parametrlarni gayd etish va ularni bort xotirasida saglashga
mo‘ljallangan. Bunday tizimlar dvigatel harorati, bosim
ko‘rsatkichlari, yoqilg‘i sarfi, vibratsiya darajasi hamda
aylanish tezligi kabi parametrlarni nazorat giladi. Biroq
amaldagi tizimlar quyidagi kamchiliklarga ega:

—  ma’lumotlar real vaqt rejimida yer stansiyasiga
uzatilmaydi;

—  nosozliklar fagat parvozdan keyin aniglanadi;

—  katta hajmdagi ma’lumotlarni uzatish qimmatga
tushadi;

—  diagnostika asosan reallik xarakterga ega bo‘lib,
prognozlash mexanizmlari yetarli darajada rivojlanmagan.
[1;2].

2. Tadgiqot metodologiyasi

Asosiy gism. loT asosidagi aviatsiya dvigatellarini
monitoring gilish

¢ U https://orcid.org/0009-0008-7258-7361
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Shu sababli dvigatel holatini masofadan, uzluksiz va
avtomatlashtirilgan tarzda kuzatishga asoslangan yangi
tizimlarni joriy etish dolzarb vazifaga aylandi.

Internet of Things (loT) texnologiyasi noyob IP-
manzilga ega qurilmalar ofrtasida uzluksiz axborot
almashish imkonini beradi. Aviatsiyada loT
platformalaridan  foydalanish quyidagi imkoniyatlarni
yaratadi:

- bort sensorlaridan kelayotgan ma’lumotlarni real
vaqt rejimida yig‘ish;

— ularni simsiz aloga kanallari orqgali yer
stansiyasiga uzatish;

—  markazlashtirilgan serverlarda saglash va tahlil
qilish;

- nosozliklarni oldindan bashorat gilish;

- texnik xizmat ko‘rsatishni optimallashtirish.

loT tizimlari kam quvvat sarflashi, uzogq masofaga
ma’lumot uzata olishi va integratsiyalashuv darajasining
yugoriligi bilan ajralib turadi.

Aviatsiya dvigatellarining texnik holatini real vagt
rejimida masofadan monitoring gilishda eng muhim
masalalardan biri — bort tizimlaridan olingan ma’lumotlarni

ishonchli, uzluksiz va tezkor ravishda yer stansiyalariga
uzatish hisoblanadi. Zamonaviy samolyotlarda juda ko‘p
sonli sensorlar o‘rnatilgan bo‘lib, ular dvigatel va boshqa
muhim tizimlarning ishlash parametrlarini doimiy ravishda
gayd etib boradi. Ushbu ma’lumotlarni samarali uzatish
uchun hozirgi kunda asosan ikki turdagi aloga
texnologiyalari qo‘llaniladi:

1) Yer-Havo (Air-to-Ground, ATG) aloga
texnologiyasi;

2)  Sun’iy yo‘ldoshga asoslangan aloga tizimlari.

Yer—Havo aloga texnologiyasi samolyotlarni yer ustida
joylashgan mobil aloga minoralari va maxsus yer
stansiyalari orqali internet tarmog‘iga ulashga asoslanadi.
Bunda samolyot bortiga o‘rnatilgan antenna yer usti aloqa
tarmoqlari bilan bevosita ma’lumot almashadi. Mazkur
texnologiyaning eng mashhur namunalaridan biri sifatida
Gogo kompaniyasining ATG tarmog‘ini keltirish mumkin.
Ushbu tizim, aynigsa, AQSh hududida ichki parvozlarni
axborot bilan ta’minlashda hozirda keng qo‘llanilmoqda.
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1- rasm. Yer-Havo (Air-to-Ground, ATG) aloga texnologiyasi

10T asosidagi monitoring tizimining samaradorligi va

amaliy qo‘llanilishi

Yer-Havo aloga texnologiyasining asosiy afzalliklari

quyidagilardan iborat:

—  tizimni joriy etish va ekspluatatsiya gilish

xarajatlarining nisbatan arzonligi;

—  mavjud mobil aloga infratuzilmasidan foydalanish

imkoniyati;

—  bort uskunalarining nisbatan soddaligi va engilligi;

—  ma’lumot uzatish tezligining ko‘plab operatsion
vazifalar uchun yetarli darajada yugoriligi.

Biroq ushbu texnologiyaning bir gator cheklovlari ham
mavjud. Eng asosiy kamchiligi shundaki, aloga fagat yer usti
minoralari  gamrovi mavjud bo‘lgan  hududlarda
ta’minlanadi. Shu sababli okeanlar ustidan yoki uzoq cho‘l
hududlari bo‘ylab amalga oshiriladigan parvozlarda aloga
sifati keskin pasayadi yoki butunlay yo‘qoladi. Bundan
tashqari, bir vaqtning o‘zida ko‘plab samolyotlardan katta
hajmdagi ma’lumotlarni uzatish zarur bo‘lganda tarmoq
o‘tkazuvchanligi yetarli bo‘Imasligi mumkin.
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Sun’iy yo‘ldoshga asoslangan aloqa tizimlarining havo
vositasida Wi-Fi yaratishning asosan ikkita usuli mavjud.
Aviatsiya sohasida eng keng targalgan va istigbolli

Kosmik segment

Foydalanuvchi segmenti

yechimlardan biri — sun’iy yo‘ldosh aloga tizimlaridan
foydalanishdir.
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2- rasm. Sun’iy yo‘ldoshga asoslangan aloqa tizimi

Mazkur texnologiya samolyot bortidagi ma’lumotlarni
Yer orbitasida joylashgan sun’iy yo‘ldoshlar orqali
to‘g‘ridan-to‘g ri yer stansiyalariga uzatishga imkon beradi.
Bu usul global gamrovni ta’minlashi bilan ajralib turadi va
parvoz yo‘nalishidan qat’i nazar barqaror alogani
kafolatlaydi. Sun’iy yo‘ldosh aloga tizimlari odatda uch
asosiy chastota diapazonida ishlaydi:

—  L-diapazon — nisbatan past tezlikka ega bo‘lsada,
signal barqarorligi juda yuqori bo‘lib, ob-havo sharoitlariga
kam sezgir hisoblanadi;

—  Ku-diapazon — o‘rtacha tezlik va yuqori sifatli
ma’lumot uzatishni ta’minlaydi, ko‘plab aviakompaniyalar
tomonidan keng qo‘llaniladi;

—  Ka-diapazon — eng zamonaviy va yuqori
o‘tkazuvchanlikka ega diapazon bo‘lib, bir samolyot uchun
20-40 Mbps va undan yuqori tezliklarda ma’lumot uzatish
imkonini beradi.

Sun’iy yo‘ldosh texnologiyasining asosiy afzalliklari:

—  global gamrov va uzluksiz aloga imkoniyati;

—  katta hajmdagi ma’lumotlarni real vaqt rejimida
uzatish;

—  okeanlar, tog‘li va chekka hududlarda ham
bargaror ishlash;

—  loT asosidagi monitoring tizimlari uchun yetarli
o‘tkazuvchanlik.

Shu bilan birga, ushbu tizimlarning kamchiliklari
sifatida bort uskunalarining nisbatan yuqori narxi, xizmat
ko‘rsatish xarajatlarining kattaligi va ayrim hollarda signal
kechikishining mavjudligini ko‘rsatish mumkin. Aviatsiya
dvigatellarini  masofaviy monitoring qilish  tizimini
loyihalashda ma’lumot uzatish texnologiyasini tanlash
quyidagi omillarga bog‘liq:

—  uzatilishi zarur bo‘lgan ma’lumotlar hajmi;

7
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—  real vaqt rejimi talablari;

—  parvoz yo‘nalishlarining geografik xususiyatlari;

— iqgtisodiy samaradorlik;

—  tizimning ishonchliligi va xavfsizlik talablari.

Amaliyotda  ko‘pincha  gibrid  yondashuv

go‘llanilib, quruqlik ustidagi parvozlarda Yer—Havo
texnologiyasi, uzoq masofali va okean orgali parvozlarda esa
sun’iy yo‘ldosh aloqasi birgalikda ishlatiladi. Bunday
integratsiyalashgan tizim loT asosidagi dvigatel monitoringi
uchun eng magbul va ishonchli yechim hisoblanadi.

O‘rganilgan mavjud monitoring va diagnostika
tizimlarining  tahlili ~ shuni  ko‘rsatadiki, aviatsiya
dvigatellarining texnik holati bo‘yicha doimiy va sifatli
ma’lumotlarni real vaqt rejimida olish murakkab texnologik
jarayon hisoblanadi. Amaldagi tizimlarda axborot
almashinuvi ko‘pincha aloqa kanallarining barqaror
emasligi, ma’lumot uzatish tezligining yetarli darajada
bo‘Imasligi yoki aloga infratuzilmasining qimmatligi sababli
cheklangan bo‘ladi. Bundan tashqari, ayrim hollarda uzatish
jarayonida ma’lumotlarning yo‘qolishi yoki uzilishlar
yuzaga kelishi tizimning samaradorligini pasaytiradi. Shu
sababli, zamonaviy IoT texnologiyalari asosida yig‘ilgan
ma’lumotlarni kompleks tahlil qilish va ulardan foydalangan
holda yangi avlod diagnostika tizimlarini ishlab chigish
dolzarb ilmiy-amaliy vazifa hisoblanadi. Bunday tizimlar
havo kemasi va uning dvigatellarida yuzaga kelishi mumkin
bo‘lgan nosozliklarni parvoz jarayonining o‘zida aniqlash,
ularni oldindan bashorat qilish hamda texnik xizmat
ko‘rsatish jarayonlarini optimallashtirish imkonini beradi.

Taklif etilayotgan loT asosidagi aviatsiya dvigateli
monitoring tizimi bir gator muhim apparat va dasturiy
komponentlarni o‘z ichiga oladi. Tizimning asosini
dvigatelning ish holatini tavsiflovchi parametrlarni
o‘lchovchi turli xil sensorlar tashkil etadi. Xususan, harorat,

June, 2026
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:2|2026

bosim, yoqilg‘i darajasi, vibratsiya va tezlanish sensorlari
dvigatelning real vaqtdagi holatini uzluksiz nazorat gilib
boradi. Ushbu sensorlardan kelayotgan ma’lumotlar
markaziy boshgaruv elementi — mikrokontroller yordamida
yig‘iladi va dastlabki qayta ishlashdan o‘tkaziladi. Amaliy
loyihalarda bunday vazifalar uchun ko‘pincha ARM
LPC2148 turidagi mikrokontrollerlardan foydalanish
magsadga muvofiq hisoblanadi.

Yig‘ilgan ma’lumotlarni masofadan uzatish uchun
tizimda ESP8266 kabi Wi-Fi moduli qo‘llaniladi. Mazkur
modul sensorlardan olingan ma’lumotlarni simsiz aloqa
kanallari orgali bulutli serverlarga yoki yer stansiyasidagi
monitoring markaziga uzatishni ta’'minlaydi. Bundan
tashgari, samolyotning aniq joylashuvini aniglash va
monitoring ma’lumotlari bilan integratsiya qilish magsadida
GPS qurilmasi tizim tarkibiga kiritiladi. Tizimning dasturiy
gismi esa bulutli server va veb-interfeysdan iborat bo‘lib, u
real vaqt rejimida kelayotgan ma’lumotlarni saqlash,
vizualizatsiya qilish hamda tahlil gilish imkonini beradi.
Veb-interfeys orgali operatorlar dvigatel parametrlarini
kuzatishi, nosozliklar hagida tezkor xabarnomalar olishi va
zarur  hollarda  tegishli ~ qarorlar  qgabul qilishi
mumkin.Sensorlardan olingan ma’lumotlar mikrokontroller
orqali qayta ishlanib, IoT tarmog‘i yordamida yer
stansiyasidagi  veb-platformaga  uzatiladi. Barcha
parametrlar real vaqt rejimida aks ettiriladi hamda
ma’lumotlar bazasida saqlanadi.

Taklif etilayotgan tizimning eng muhim jihatlaridan biri
— Prognostics and Health Management (PHM)
yondashuvining  qo‘llanilishidir. ~ Ushbu  yondashuv
qurilmalarning golgan xizmat muddatini bashorat gilish,
ehtimoliy nosozliklarni oldindan aniglash, texnik xizmat
ko‘rsatish jadvalini optimallashtirish hamda rejasiz ta’mirlar
sonini kamaytirish imkonini beradi. Ma’lumotlarga
asoslangan tahlil algoritmlari yordamida har bir nazorat
parametri uchun kritik chegaralar belgilanadi va ushbu
chegaralar buzilgan hollarda tizim avtomatik ravishda
ogohlantirish signallarini shakllantiradi.

AVIATSIYA DVIGATELI MONITORING TIZIMI PHM
ALGORITMI

Ma’lumotlarni gayta
ishlash
Tahlil va bashorat
- Yo'q
a Nosozlik — S Ogohlantirish signali
‘bashorati

|
==
|
|
| |

3- rasm. Taklif etilayotgan tizimning algortimi
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loT asosidagi masofaviy monitoring tizimi aviatsiya
sohasida muhim amaliy ahamiyatga ega bo‘lib, parvoz
xavfsizligini oshirish, texnik xizmat ko‘rsatish xarajatlarini
kamaytirish, dvigatel resursidan samarali foydalanish hamda
nosozliklarni erta bosgichda aniglashni ta’minlaydi. Bundan
tashqari, ekspluatatsiya jarayonlarini to‘liq raqamlashtirish
va real vaqt rejimidagi ma’lumotlar asosida favqulodda
vaziyatlarda tezkor va asoslangan garorlar qgabul gilish
imkonini yaratadi.

3. Xulosa

O‘tkazilgan  tahlillar ~ shuni  ko‘rsatadiki, IoT
texnologiyalarini aviatsiya dvigatellarining texnik holatini
nazorat qilish tizimlariga jorly etish an’anaviy
yondashuvlarga nisbatan sezilarli ustunliklarga ega. Real
vaqt rejimida ma’lumotlarni yig‘ish va tahlil qilish
imkoniyati nosozliklarni oldindan aniglash, prognozli texnik
xizmat ko‘rsatish va ekspluatatsion xavflarni kamaytirishga
xizmat qiladi. Taklif etilgan tizim aviatsiya sohasini
raqamlashtirish jarayonining muhim tarkibiy gismi bo‘lib,
kelajakda sun’iy intellekt, katta ma’lumotlar va avtonom
boshgaruv texnologiyalari bilan integratsiyalashuvi orqali
yanada yugori samaradorlikka erishishga olib keladi.
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Prediction of technical failures in aircraft based on artificial intelligence

I.S. Maturazov'®?, A.B. Turdimurodov'®P, S.I. Otaboev'®°
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In aviation, predictive technologies powered by Artificial Intelligence (Al) are fundamentally
transforming aircraft maintenance and operational practices. Al algorithms analyze data collected from
various aircraft sensors to detect potential failures before they occur, enabling timely and efficient
maintenance.

This proactive approach (the ability to foresee, prevent, and prepare for potential issues before they arise)
reduces unplanned delays, improves safety, and lowers maintenance costs. The use of Al in predictive
maintenance allows continuous monitoring and analysis of aircraft components by leveraging machine
learning, data analytics, and technologies such as the Internet of Things (1oT).

predictive maintenance for aircraft, Artificial Intelligence (Al), AWS (Amazon Web Services), Internet
of Things (loT), SageMaker training modules, predictive models

Keywords:

Sun’iy intellekt asosida havo kemalarida texnik nosozliklarni oldindan
bashoratlash

Maturazov 1.5.222 TurdimurodovA.B.X0P Otaboyev S.1.2®¢
Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Annotatsiya: Aviatsiyada sun’iy intellekt (AI) yordamida amalga oshiriladigan oldindan bashorat qiluvchi
texnologiyalar samolyotlarga texnik xizmat ko‘rsatish va ekspluatatsiya qilish usullarini tubdan
o‘zgartirmoqda. Turli samolyot sensorlaridan olingan ma’lumotlarni tahlil giluvchi Al algoritmlari ro‘y
berishi mumkin bo‘lgan nosozliklarni sodir bo‘lmasidan oldin aniqglay oladi, bu esa o‘z vaqtida va
samarali texnik xizmat ko‘rsatishni ta’minlaydi. Ushbu proaktiv yondashuv (muammo yoki vaziyat kelib
chigishidan oldin uni oldindan ko‘ra bilish, oldini olish va tayyor choralar ko‘rish usuli)
rejalashtirilmagan kechikishlarni kamaytiradi, xavfsizlikni oshiradi va texnik xizmat xarajatlarini
pasaytiradi. Bashoratli texnik xizmatlarda Al dan foydalanish o‘rganish, ma’lumotlarni tahlil qgilish va
lIoT (Internet of things-narsalar interneti) kabi texnologiyalarni qo‘llab, samolyot komponentlarining
holatini doimiy ravishda monitoring gilish va tahlil gilish imkonini beradi.

Kalit so‘zlar: samolyotlar uchun bashoratli texnik xizmat, sun’iy intellekt (AI), AWS (Amazon Web Services), nharsalar
interneti (IoT), SageMaker o‘quv modullari, bashorat modellari
1. Kirish aniglash  orgali  aviakompaniyalar texnik  xizmatni

samaraliroq rejalashtira oladi. Ushbu proaktiv yondashuv

Bugungi kunda aviakompaniyalar kuchli ragobatga duch
kelmoqda va yo‘lovchilar avvalgidan ham iqtisodiy va
tejamkor bo‘lib qolgan, bu esa aviakompaniyalarga
xarajatlarni  kamaytirishning yangi usullarini izlashda
doimiy undamoqda. Xarajatlarni tejash mumkin bo‘lgan
muhim sohalardan biri — texnik xizmat ko‘rsatishdir.
So‘nggi yillarda samaradorlik oshgan bo‘lsa-da, texnik
xizmat xarajatlarining 20 foizdan ortig'i hali ham
rejalashtirilmagan xizmatlar hisobiga bo‘lmoqda, bu esa
qo‘shimcha yoqilg‘i sarfini taxminan 5 foizga oshiradi.
Ushbu kutilmagan muammolar nafagat xarajatlarni oshiradi,
balki yo‘lovchilarga kechikish va noqulayliklar keltiradi.

Bashoratlovchi texnik xizmatlar va ma’lumotlarni tahlil
qgilish ushbu muammolarga samarali yechim taklif giladi.
Zamonaviy  texnologiyalar yordamida samolyot
komponentlarining holatini doimiy monitoring gilish va
mumkin bo‘lgan nosozliklarni sodir bo‘lishidan oldin
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b= https://orcid.org/0009-0003-6438-3960

June, 2026
Research, Innovation, Results

rejalashtirilmagan to‘xtashlarni kamaytiradi, xavfsizlikni
oshiradi va umumiy texnik xizmat xarajatlarini pasaytiradi.

Birog, bashoratli texnik xizmatni joriy etish oson emas.
Aviakompaniyalar yangi texnologiyalarga sarmoya Kiritishi
va xodimlarni wularni qo‘llashga o‘rgatishi lozim.
Shuningdek, samolyotning holatini to‘liq ko‘rish uchun
sensorlar va texnik xizmat yozuvlari kabi turli manbalardan
ma’lumotlarni birlashtirish zarur. Bundan tashqari, aviatsiya
organlarining yangi texnologiyalardan foydalanishga ruxsat
berishi talab gilinadigan normativ va muvofiglik masalalari
ham mavjud.

Bashoratli texnik xizmat samolyotlarni mukammal
holatda saqlashning aqlli usulidir. An’anaviy, belgilangan
jadvalga tayanib ta’mirlash o‘rniga, biz texnologiyalardan
foydalangan holda samolyotning real vaqt rejimidagi
ishlashini kuzatamiz. Tasavvur giling, samolyot mayda
sensorlar bilan goplangan. Ushbu sensorlar dvigatel ishlashi

¢ U https://orcid.org/0009-0008-7258-7361
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va komponentlarning eskirish darajasi kabi barcha
ma’lumotlarni yig‘adi. Kompyuterlar ushbu ma’lumotlarni
tahlil qilib, tendensiyalarni aniglaydi. Agar biror narsa
odatdagidan farq qiladigan bo‘lsa, bu bizga potentsial
muammo hagida signal beradi.

Bu esa ta’mir va almashtirish ishlarini favqulodda
holatga aylanishidan oldin bilish va rejalashtirish imkonini
beradi. Bu xavfsizrog, samaralirog va aviakompaniyalar
uchun sezilarli xarajatlarni tejaydi. Shu bilan birga,
yo‘lovchilar kutilmagan texnik nosozliklar tufayli parvoz
kechikishi yoki bekor gilinish ehtimoli kamligini bilib,
ko‘proq ishonch bildiradilar.

2. Tadgigot metodologiyasi

Bashoratli texnik xizmat va ma’lumotlarni tahlil qilish

Bashoratli texnik xizmat har bir samolyot tomonidan
yaratilgan ma’lumotlarni va operatsion ma’lumotlarni
birlashtirib, samolyotdagi tizimlarning holatini aniglashga
yordam beradi. Samolyotdagi sensorlar havo bosimi,
harorat, havo tezligi va yoqilg‘i oqimi kabi muhim
parametrlarni kuzatadi. Ushbu sensorlar tizimning optimal
ishlashini ko‘rsatadigan qimmatli ma’lumotlarni taqdim
etadi. Aksincha, agar ma’lumotlar avionika tizimida
muammo borligini ko‘rsatadigan bo‘lsa, tegishli texnik
xizmatni qulay vaqgtda rejalashtirish mumkin bo‘ladi. Ideal
holda, bashoratli texnik xizmat ma’lumotlari aviatsiya
kompaniyasiga avionika tizimi ishlash samaradorligi
sezilarli darajada pasayishidan yoki eng yomoni butunlay
ishlamay golishidan oldin gancha vaqt borligini aniglash
imkonini berishi kerak.

y
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Gaioway A Data Acquisition Unit
I|||
Dnu (u — '
m Dll.hocoulnq Fleet Manag
—L—

Maintenance
Expert or Planning
Machine Learning

-
Airplance Graphic Se4c0e021d81¢

A

1-rasm. Samalyotlar uchun bashoratli texnik xizmat
jarayoni

Ushbu rasm samolyotlar uchun bashoratli texnik xizmat
jarayonini ko‘rsatadi. Bu jarayon ma’lumotlarni yig‘ish,
gayta ishlash va amaliy tavsiyalar berish orgali texnik
xizmatni rejalashtirishni yaxshilashga garatilgan.

Quyida uning tarkibiy gismlari va ularning vazifalari
batafsil bayon gilingan:

Bashoratli texnik xizmat tizimining tarkibiy gismlari:

®  Samolyot va sensorlar: Samolyot turli sensorlar
bilan jihozlangan bo‘lib, ular havo bosimi, harorat, havo
tezligi va yoqilg‘i oqimi kabi muhim parametrlarni kuzatadi.
Ushbu sensorlar real vaqt rejimida ma’lumot to‘playdi, bu
esa samolyotdagi turli tizimlarning holatini baholash uchun
juda muhimdir.

® Ma’lumotlarni yig‘ish bloki (Data Acquisition
Unit, DAU): Sensorlar tomonidan to‘plangan ma’lumotlar

https://doi.org/10.56143/2181-2438-2026-2-10-14
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DAU ga uzatiladi. Bu blok barcha sensor ma’lumotlarini
yig‘ish va uzatishga tayyorlash uchun javob beradi.

® Simli yoki simsiz avionika magistrali: DAU
ma’lumotlarni simsiz yoki mavjud avionika magistrallari
orgali gateway (oraliq blok) ga yuboradi. Bu samolyotdan
yer tizimlariga ma’lumot uzatishni uzluksiz ta’minlaydi.

® Gateway (oraliq blok): Gateway samolyotdan
bulutli serverga ma’lumot uzatishni osonlashtiradigan vosita
sifatida ishlaydi. U ma’lumotlarni xavfsiz va samarali tarzda
uzatilishini ta’minlaydi.

®  Bulut serveri: Ma’lumotlar bulut serveriga yetib
borgach, u saqlanadi va qayta ishlash uchun tayyor bo‘ladi.
Bulut serverlari katta hajmdagi ma’lumotlarni saglash va
gayta ishlash imkonini beradi.

®  Ma’lumotlarni qayta ishlash: Bulutda saglangan
ma’lumotlar ilg‘or algoritmlar yordamida gayta ishlanadi.
Bu jarayon ma’lumotlarni tozalash, standartlashtirish va
dastlabki tahlilni o‘z ichiga oladi, shuningdek, potensial
muammolarni ko‘rsatadigan grafiklar yoki anomaliyalarni
aniglaydi.

®  FEkspertlar yoki o‘z-o‘zidan o‘rganish (Machine
Learning): Qayta ishlangan ma’lumotlar ekspertlar yoki
mashinali ML modellari tomonidan tahlil gilinadi. ML
algoritmlari tarixiy ma’lumotlar asosida nagshlarni aniqlash
va nosozliklarni bashorat gilish uchun tayyorlangan. Ushbu
modellar samolyot tizimlarining holati hagida tushuncha
beradi va texnik xizmat gachon kerakligini oldindan prognoz
qilish imkonini beradi.

Amaliy ma’lumotlar: ML modellari yoki ekspertlar
tomonidan yaratilgan tushunchalar amaliy ma’lumotlarga
aylantiriladi. Bu shuni anglatadiki, ma’lumotlar oson
tushuniladigan va ularga asoslanib harakat gilish mumkin
bo‘lgan shaklda taqdim etiladi.

Flot menejeri: Amaliy ma’lumotlar samolyot flotining
umumiy texnik xizmati va ekspluatatsiyasiga mas’ul bo‘lgan
flot menejeriga uzatiladi. Flot menejeri  ushbu
ma’lumotlardan texnik xizmatni rejalashtirish va resurslarni
tagsimlash bo‘yicha asosli qarorlar gabul gilish uchun
foydalanadi.

Texnik xizmatni rejalashtirish: Amaliy tushunchalarga
asoslanib, flot menejeri texnik xizmat tadbirlarini
rejalashtiradi. Bashoratli texnik xizmat faqat zarur bo‘lganda
texnik xizmatni belgilash imkonini beradi, belgilangan
vaqtlarga qaramay, ya’ni juda erta yoki kech bo‘lishi
mumkin bo‘lgan holatlarni oldini oladi.

Feedback sikli: Tizimda texnik xizmat natijalari tizimga
gayta Kiritiladigan feedback sikli mavjud. Ushbu uzluksiz
feedback ML modellari takomillashtirilishiga va kelajakdagi
prognozlarning anigligi oshishiga yordam beradi.

Samolyotlarga texnik xizmat: Reaktiv va proaktiv
yondashuvlar

Samolyotlarga texnik xizmat strategiyalari asosan ikki
asosiy turga bo‘linadi: reaktiv va proaktiv. Har bir
yondashuvning o‘ziga xos xususiyatlari va operatsion
samaradorlik hamda xavfsizlikka ta’siri mavjud.

I Preventive Predictive

| |

Failure-Based Age-Based

Condition-Based

Too late 00 early Righton time

2-rasm. Reaktiv texnik xizmat
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Reaktiv  texnik xizmat, shuningdek nosozlikka
asoslangan texnik xizmat deb ham ataladi, gismlarni fagat
ular ishlamay qolgandan keyin ta’mirlash  yoki
almashtirishni o°‘z ichiga oladi. Ushbu yondashuv “kechikib
harakat qilish” deb ta’riflanishi mumkin, chunki muammo
sodir bo‘lishini kutib, keyin choralar ko‘riladi. Bu turdagi
texnik xizmat kutilmagan to‘xtashlarga, favqulodda
ta’mirlash xarajatlarining oshishiga va potensial xavfsizlik
xatarlariga olib kelishi mumkin.

Kechikib amalga oshiriladi: Texnik xizmat fagat
nosozlik yuzaga kelgandan keyin bajarilgani sababli,
xarajatlar ko‘proq bo‘lishi va xavfsizlik xatarlarining oshishi
kuzatiladi.

Proaktiv texnik xizmat

Proaktiv texnik xizmat muammolar yuzaga kelishidan
oldin ularni oldini olishga garatilgan. U ikki kichik turga
bo‘linadi: oldini oluvchi (preventive) va bashoratli
(predictive) texnik xizmat.

Oldini oluvchi texnik xizmat: Oldini oluvchi texnik
xizmat  komponentlarning yoshi  yoki ishlatilishiga
asoslangan muntazam tekshiruvlar va almashtirishlarni o‘z
ichiga oladi. Ba’zan bu yondashuv “erta” texnik xizmatga
olib kelishi mumkin, ya’ni gismlar hali eskirmagan bo‘lsa
ham almashtiriladi, natijada keraksiz xarajatlar yuzaga
keladi.

Yoshga asoslangan: Komponentlar ularning hagiqiy
holatidan qat’i nazar, belgilangan intervallar bilan
almashtiriladi yoki xizmat ko‘rsatiladi. Bu jadval oldingi
ma’lumotlar va ishlab chiqaruvchi tavsiyalariga asoslanadi.

Erta: Qismlarni hagigiy holatiga garab emas, balki yosh
yoki ishlatilishiga qarab almashtirish ba’zan keraksiz
gismlarni almashtirish va xarajatlarni oshirishga olib keladi.

Holatga asoslangan: Sensorlar va ma’lumotlarni tahlil
gilish orgali komponentlarning hagigiy holati kuzatiladi.
Texnik xizmat fagat ma’lumotlar qismlarning foydali
muddati tugash arafasida ekanligini ko‘rsatganda amalga
oshiriladi.

AWS Al xizmatlari yordamida samolyotlar uchun
bashoratli texnik xizmat

Quyidagi rasm aviatsiya sohasida AWS Al (Amazon
Web Services Artificial Intelligence) va ML xizmatlaridan
foydalangan holda bashoratli texnik xizmatni amalga
oshirishning keng qamrovli arxitekturasini ko‘rsatadi. U
samolyot sensorlari, texnik xizmat yozuvlari va parvoz
operatsiyalari voqealari kabi turli manbalardan olingan
ma’lumotlarning AWS  vositalari orqali  yig‘ilishi,
saglanishi, gayta ishlanishi va tahlil gilinishini aks ettiradi.
Tizim mumkin bo‘lgan texnik xizmat ehtiyojlarini oldindan
bashorat gilish va real vaqgt rejimida ogohlantirishlar berish
uchun mo‘ljallangan, bu esa proaktiv choralarni qo‘llash
imkonini yaratadi.

Ushbu yechim Amazonning bulutga asoslangan
xizmatlaridan, jumladan Amazon S3, SageMaker va
QuickSight dan foydalangan holda markazlashtirilgan,
kengaytiriladigan va samarali samolyot holatini va
xavfsizligini saglash yechimini vyaratadi. Magsad -
kutilmagan to‘xtashlarni kamaytirish, texnik xizmat
jadvalini  optimallashtirish  va umumiy operatsion
samaradorlikni oshirishdir.
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3-rasm. Samolyotlarga texnik xizmat ko‘rsatish uchun
AWS asosida qurilgan bashoratli tahlil tizimi.

1. Diagrammadagi ko‘rsatkich: Diagrammaning chap
tomonida “1” bilan belgilangan bo‘lim.

Tafsilotlar: Ushbu bo‘lim samolyotlarga texnik xizmat
tahlilida foydalaniladigan ma’lumotlarning kelib chiqishini
ifodalaydi. U quyidagilarni o‘z ichiga oladi: Samolyot
ma’lumotlari (ACARS, QAR): Samolyotdagi tizimlar
dvigatel ishlashi, parvoz sharoitlari va tizim holati kabi turli
parametrlar bo‘yicha ma’lumotlarni to‘playdi. Ushbu
ma’lumotlar samolyotning joriy holati va oldingi ishlashini
tushunish uchun juda muhimdir. MRO yozuvlari: Ushbu
yozuvlar samolyotga ko‘rilgan barcha texnik xizmat
choralari, jumladan ta’mirlash, almashtirish  va
tekshiruvlarni hujjatlashtiradi. Ular samolyotning holati va
unga qgilingan ishlar tarixini beradi. Parvoz operatsiyalari
ma’lumotlari: Parvoz vaqtida yuzaga kelgan voqealardan
olingan ma’lumotlar, masalan rejalashtirilgan yo‘nalishdan
chekinish yoki kutilmagan tizim ogohlantirishlari, texnik
xizmat talab qiladigan yashirin muammolarni ko‘rsatishi
mumekin.

2. Ma’lumotlarni yig‘ish (Data Ingestion).
Diagrammadagi ko‘rsatkich: “Data Ingestion” bo‘limi, “2”
bilan belgilangan.

Tafsilotlar: Bu bo‘lim to‘plangan ma’lumotlar AWS
tizimiga Kkiritiladigan joydir: AWS DataSync: Tarixiy
ma’lumotlarni on-premises saglash joylaridan yoki boshga
tizimlardan AWS bulutiga uzatadi. Amazon Kinesis Data
Streams: Samolyot va unga bog‘liq tizimlardan real vaqgt
rejimida ma’lumotlarni qabul giladi va oqim sifatida uzatadi,
bu esa ularni darhol gayta ishlash va tahlil gilish imkonini
beradi. AWS Glue: Ma’lumotlar kelishi bilan ularni
tozalaydi va tartibga soladi, saglashdan oldin ma’lumotlar
sifatini va  uyg‘unligini  ta’'minlaydi. Xom va
normallashtirilgan ma’lumotlarni saqlaydi.

3. Diagrammadagi ko‘rsatkich: Ma’lumotlar
saglanadigan bo‘lim, “Amazon S3 Raw data” va “AWS
Glue Normalize” bilan, “3” belgisi ostida ko‘rsatilgan.

Tafsilotlar: Amazon S3 (Xom ma’lumotlar):
Ma’lumotlarni ~ yig‘ish  bosgichidan olingan, qayta
ishlanmagan xom ma’lumotlarni saqlaydi. Bu samolyot va
boshqa manbalardan to‘plangan barcha ma’lumotlarning asl
shakli hisoblanadi. AWS Glue (Normallashtirish): Xom
ma’lumotlarni normallashtiradi, ya’ni ma’lumotlarni bir xil
va ishlatishga yarogli shaklga keltiradi. Normallashtirilgan
ma’lumotlar ham Amazon S3 da, “Maintenance data lake”
nomli maxsus saqlash joyida keyingi tahlil uchun saglanadi.

4. Hujjatlash tizimi (System of Record). Diagrammadagi
ko‘rsatkich: “System of Record” bo‘limi, “Amazon Aurora”
bilan belgilangan, “4” ko‘rsatkich ostida.

Tafsilotlar: Amazon Aurora: Bu ma’lumotlar bazasi
samolyot komponentlari va tizimlari hagidagi muhim
strukturaviy ma’lumotlarni saqlaydi. U barcha tegishli
ma’lumotlar uchun ishonchli manba hisoblanadi, jumladan
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har bir gismning texnik xususiyatlari, texnik xizmat tarixi va
umr ko‘rish holati haqida batafsil ma’lumotlar.

5. Bashorat modellari tayyorlash (Training Prediction
Models)

Diagrammadagi ko‘rsatkich: “Amazon SageMaker
Training” jarayoni, “5” belgisi ostida.

Tafsilotlar: Amazon SageMaker: Texnik xizmat gachon
kerak bo‘lishini bashorat qiluvchi ML modellarini ishlab
chigish va tayyorlash uchun ishlatiladi. Tayyorlash jarayoni
“Maintenance  data  lake”da  saqlangan tarixiy
ma’lumotlardan foydalanadi va potensial nosozliklar yoki
muammolarni ko‘rsatadigan nagshlar va signalni aniglashga
yordam beradi.

6. Bashorat qilingan ma’lumotlarni hosil qilish
(Generating Predicted Data)

Diagrammadagi ko‘rsatkich: “Amazon S3 Predicted
data” va “Amazon SageMaker Inference,” “6” belgisi ostida.

Tafsilotlar: Tayyorlash jarayonidan so‘ng, modellar
kelajakdagi texnik xizmat ehtiyojlarini bashorat qilishi
mumkin. Ushbu bashoratlar, masalan, komponentlarning
kutilayotgan nosozliklari yoki kerakli texnik xizmat
choralarini, Amazon S3da “predicted data” sifatida
saglanadi. Bu ma’lumot texnik xizmat jamoalariga proaktiv
texnik xizmat tadbirlarini rejalashtirish va ustuvorlik
berishda yordam beradi.

7. Texnik xizmat portal (Maintenance Portal)

Diagrammadagi ko‘rsatkich: “Maintenance Portal”
bo‘limi, “Amazon API Gateway” va “Amazon QuickSight”
bilan, “7” belgisi ostida.

Tafsilotlar: Amazon API Gateway: Ma’lumotlar va
funksiyalarni APl orgali xavfsiz tarzda olish imkonini
beradi. Bu texnik xizmat portali kabi turli ilovalarga
ma’lumotlar va modellarga ulanib ishlash imkonini yaratadi.
Amazon QuickSight: Vizual tahlil imkoniyatlarini tagdim
etadi, texnik xizmat jamoalariga boshgaruv panellari va
hisobotlarni ko‘rish imkonini beradi. U ma’lumotlarni vizual
tarzda taqdim qilib, bashorat modellari va tarixiy
ma’lumotlardan tendensiyalar, muammolar va
tushunchalarni aniglashni osonlashtiradi.

8. Real vaqt rejimidagi xizmat ogohlantirishlari (Real-
Time Service Alerts)

Diagrammadagi ko‘rsatkich: “Amazon SNS” qutisi, “8”
belgisi ostida.

Tafsilotlar: Amazon SNS (Simple Notification Service):
Bashorat modellari potensial muammolarni aniglaganda
yoki ma’lum shartlar bajarilganda, SNS real vaqt rejimida
ogohlantirishlar yuboradi. Ushbu ogohlantirishlar texnik
xizmat xodimlari va boshga manfaatdor tomonlarga darhol
yetkaziladi, bu esa muammolar jiddiylashmasdan oldin oz
vaqtida aralashish va texnik xizmat tadbirlarini amalga
oshirish imkonini beradi.

9. Onlayn tahliliy ishlov berish (Online Analytical
Processing — OLAP)

Diagrammadagi ko‘rsatkich: “Amazon Athena” bo‘limi,
“9” belgisi ostida.

Tafsilotlar: Amazon Athena: Ushbu xizmat saglangan
ma’lumotlarni SQL so‘rovlaridan foydalangan holda chuqur
tahlil qgilish imkonini beradi. Bu, masalan, Amazon S3 da
saglangan ma’lumotlar ustida murakkab so‘rovlar bajarish,
tendensiyalarni tahlil gilish, asosiy sabablarni aniglash yoki
ma’lumotlar  asosida  texnik  xizmat  jadvalini
optimallashtirish imkonini beradi.

Bashoratli texnik xizmatni joriy etish uchun
aviakompaniyalar quyidagi gadamlarni bajarishlari kerak:
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llg‘or sensorlarni o‘rnatish: Samolyotlarni turli
parametrlarni kuzatadigan va real vaqt rejimida ma’lumot
to‘playdigan sensorlar bilan jihozlash.

Ma’lumot manbalarini integratsiya qilish: Sensorlar,
texnik xizmat yozuvlari va operatsion ma’lumotlarni
birlashtirib, samolyotning holati bo‘yicha to‘liq tasavvurga
ega bo‘lish.

Ma’lumot  tahlilidan  foydalanish:  To‘plangan
ma’lumotlarni tahlil qilish va potentsial nosozliklarni
bashorat qilish uchun ilg‘or ma’lumot tahlili va ML
algoritmlaridan foydalanish.

Xodimlarni tayyorlash: Texnik Xizmat jamoasi va
boshga tegishli xodimlarni yangi texnologiyalar va
ma’lumot tushunchalarini samarali ishlatishga o‘rgatish.

Qonuniy va tartibga muvofiqlikni ta’minlash: Bashoratli
texnik xizmat texnologiyalarining qo‘llanilishi aviatsiya
qonunchiligi va standartlariga mos kelishini ta’minlash
uchun tegishli aviatsiya idoralari bilan ishlash.

Bashoratli texnik xizmatning afzalliklari

Xarajatlarni tejash: Nosozlik yuzaga kelishidan oldin
texnik  xizmatni  bajarish  orgali  aviakompaniyalar
rejalashtirilgan to‘xtash vaqtida xizmatni amalga oshirishi
mumkin, bu esa favqulodda ta’mirlash xarajatlarini
kamaytiradi va parvozlarni buzilishining oldini oladi.

Xavfsizlikni oshirish: Tizimlarni real vaqt rejimida
kuzatish muammolarni erta aniglashga yordam beradi, bu
samolyotning umumiy xavfsizligini oshiradi.

Operatsion samaradorlik: Bashoratli texnik xizmat
texnik xizmat tadbirlarini samarali rejalashtirishga yordam
beradi, natijada samolyotlar ta’mir uchun yerga tushish
o‘rniga ko‘proq vaqt havoda bo‘ladi.

Yoqilg‘i sarfini kamaytirish: To‘g‘ri texnik xizmat
ko‘rsatilgan samolyotlar samaraliroq ishlaydi, bu esa
yoqilg‘i sarfini kamaytiradi va atrof-muhitga ta’sirini
pasaytiradi.

Yo‘lovchi tajribasini yaxshilash: Kutilmagan texnik
nosozliklar tufayli kechikishlar va bekor gilinishlar kamroq
bo‘lishi, yo‘lovchilarning umumiy tajribasini yaxshilaydi.

3. Xulosa

O‘tkazilgan Bashoratli texnik xizmat aviakompaniyalar
uchun xarajatlarni kamaytirish, xavfsizlikni oshirish va
operatsion samaradorlikni yaxshilash bo‘yicha muhim
imkoniyatni taqdim etadi. Ushbu yechimlarni joriy etishda
qiyinchiliklar mavjud bo‘lsa-da, uning potensial foydalari
investitsiya qgilishga arziydi. Texnologiya rivojlanib borishi
bilan bashoratli texnik xizmat zamonaviy aviatsiyaning
ajralmas gismiga aylanib, aviakompaniyalarga ish
faoliyatini silliq olib borish va yo‘lovchilarga sifatli xizmat
ko‘rsatishda yordam beradi.

ligfor  sensorlar, ma’lumot tahlili va ML
texnologiyalarini integratsiya gilish orgali aviakompaniyalar
reaktiv texnik xizmat strategiyasidan proaktiv strategiyaga
o‘tishi mumkin, bu esa ularning flotini doimo optimal
holatda saqlashni ta’minlaydi. Ushbu yondashuv nafagat
xarajatlarni tejashga yordam beradi, balki xavfsiz va
ishonchli havo sayohatini ta’minlashga ham hissa qo‘shadi..
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Problems of formation of basic professional competence among students of

Abstract:

Keywords:

technical higher educational institutions

A.Kh. Kiyomov!®?
Termez State Pedagogical Institute, Termez, Uzbekistan

The article is currently devoted to the issue of existing problems in the preparation of future specialists
in technical higher education institutions and their elimination. It describes the role, importance and
content of professional competence in the preparation of future specialists in technical higher education
institutions. At the same time, the main components that make up professional competence, their
distinctive features are revealed.

competence, professional competence, competence model, basic competencies, motivating competence,
cognitive-creative competence

Texnika oliy o‘quv yurtlari talabalarida tayanch kasbiy kompetentlikni

Annotatsiya:

Kalit so‘zlar:

shakllantirish muammolari

Kiyomov A.X.'®2
Termiz davlat pedagogika instituti, Termiz, O‘zbekistan

Magqola hozirgi kunda texnika oliy ta’lim muassasalarida bo‘lajak mutaxassilarni tayyorlashda mavjud
muammolar va ularni bartaraf etish masalalaiga bag‘ishlangan. Unda texnika oliy ta’lim muassasalarida
bo‘lajak mutaxassislarni tayyorlshda kasbiy kompetentlikning o‘rni, ahamiyati va mazmuni haqida
fikrlar bayon qgilingan. Shu bilan birga kasbiy kompetentlikni tashkil etuvchi asosiy komponentlar,
ularning o°ziga xos xususiyatlari ochib berilgan.

kompetentlik, kashiy kompetentlik, kompetentlik modeli, tayanch kompetensiyalar, motivatsiyalovchi
kompetentlik, kognitiv-ijodiy kompetentlik

1. Kirish

O‘zbekiston Respublikasi Prezidentining 2024-yil 20-
iyunda muhandislik sohalarida kadrlar tayyorlash va oliy
ta’lim muassasalari faoliyatini yanada takomillashtirish
masalalariga bag‘ishlangan videoselektor yig‘ilishida
mamlakatimizda kadrlar tayyorlash tizimi oldiga gator
ustuvor vazifalar belgilab berildi, jumladan “to‘liq dual
ta‘lim tizimiga o‘tish, dekanatlarning talabalarga xizmat
ko‘rsatish funksiyalarini to‘liq ragamlashtirish, “Registrator
ofis” tizimiga o‘tish hamda ta’lim muassasalarida ta’lim
jarayonlarini dunyoning etakchi mamlakatlari hisoblangan
Germaniyaning Drezden texnika va Yaponiyaning Sukuba
universitetlari ~ dasturlariga ~ moslashtirish”  vazifasi
yuklatildi[1].

Bu esa o‘z navbatida Respublikamizdagi muhandis
mutaxassilarni tayyorlovchi oliy ta’lim muassasalari oldiga
qator vazifalarni qo‘yadi. Jumladan muhandislik sohasidagi
olly ta’lim muassasalari  bitiruvchilarida  kasbiy
kompetentlikning shakllanganligi muhim ahamiyat kasb
etadi. Jahonning rivojlangan mamlakatlarida muhandislik
sohasidagi oliy ta’lim tizimini modernizatsiyalash jamiyat
va mehnat bozoridagi dinamik o‘zgarishlar sharoitida
kechmoqda. Ta’lim magsadi, mazmuni, qadriyatilari va
yo‘nalishidagi yangilanishlar muhandislar tayyorlashga
zamonaviy yondashuvlarni joriy etishni talab etmoqda.
Kadrlar tayyorlashda kompetentli yondashuv (competent
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approach) hamda dual ta’lim tizimini joriy etish, ta’lim
tizimi  rivojlanishining global tendensiyasi (global trend)
hisoblanadi. Rivojlangan mamlakatlar tajribasi shuni
ko‘rsatadiki, ta’limiy vazifalarni hal etishda bo‘lajak
muhandislarning aynan kashiy kompetentligini
shakllantirish va rivojlantirish muhim shartlaridan biri
hisoblanadi. Muhandislarning kasbiy tayyorgarligi tizimini
diversifikatsiyalash ~ va  modernizatsiyalash,  zamon
talablariga moslashtirish sharoitida texnologik va konseptual
innovatsiyalar (texnologiyalar va bilimlar transferi)ni joriy
etish zaruratga aylanmoqda.

2. Tadgiqot metodologiyasi

Ta'limning kompetentlikka-yo‘naltirilgan yondashuv
paradigmasiga o'tish, hozirgi kunda texnika oliy ta’lim
muassasalari bitiruvchilariga qo‘yiladigan talablar  va
bo‘lajak muhandislarni tayyorlash ta’lim jarayonlari
o'rtasidagi mavjud garama-qarshiliklar aynan shu toifadagi
oliy ta’lim muassasalari faoliyatini modernizatsiya qilish va
ta’lim sifatini yangi bosgichga olib chiqishni taqozo
etmoqda.

Texnika oliy ta’lim muassasalarida muhandis kadrlarini
tayyorlash jarayonini tahlil qgilish natijalari shundan dalolat
beradiki, bugungi bitiruvchilar ~ mamlakatimizda
kechayotgan tezkor rivojlanish va ish beruvchilarning
bitiruvchilarga qo‘yadigan zamonaviy talablariga javob bera
olmaydi. Hozirda qo‘llanilayotgan ta’lim texnologiyalari
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texnika oliy ta’lim muassasalari bitiruvchilarida kasbiy
kompetentlikni  shakllantirishga, ulardagi ijodkorlik
salohiyatini ochib berishga va talabalarda mustaqil ta’lim
olish ko‘nikmalarini hosil qilishga yetarlicha sharoit yarata
olmayapti. Texnika oliy ta’lim muassasalaridagi ta’lim
jarayonlari yuqorida ko‘rsatilgan kamchiliklarni bartaraf eta
olish imkoniyatlariga ega bo‘lishi kerak.

Tadgiqotimizning magsadi-texnika oliy o‘quv yurtlari
talabalarida tayanch kasbiy kompetentlikni shakllantirish
yuzasidan orttirilgan tajribalar va mavjud takliflar bilan
o‘rtoqlashish.

Ta’limda  kompetentli  yondashuv  nazariyasi,
kompetentlik, kasbiy komptensiya, pedagogik kompetentlik,
texnologik kompetentlik, texnologik ta’lim masalalari
Kiyomov A.X. [2],

Maxmudov M.X. [3] va boshqgalarning ilmiy
tadgigotlarida aks etgan.

Mustaqil davlatlar hamdo‘stligi olimlari ITerpyx B. A.
[4], Merpyk B. A.[5], I[Tetpyk B. A. [6], Ilnaronos K.K.[7],
[Mrertn6epr B.D.  [8] va  boshqalar  bo‘lajak
mutaxassislarning texnologik kompetentligi mohiyati va
komponentlarini o‘rganishgan.

Kompetentlikka  yo'naltirilgan  ta'lim  pedagogik
loyihalash tamoyillari asosida loyihalangan va ta’lim
jarayonlariga joriy etilgan muhandislar tayyorlashga
mo‘ljallangan kompetentlik modelini namoyon etadi,
ta’limning bunday tizimida asosiy natija bitiruvchida kasbiy
va  tayanch  kompetensiyalarning  shakllanganligi
hisoblanadi.

Kashiy kompetentsiyalar deganda standart va no
standart vaziyatlarda oz kasbiy vazifalarini samarali hal gila
olishga garatilgan-shaxsning o'z imkoniyatlarini (egallangan
bilim, ko'nikma, malakalar, mavjud qobiliyatlar va shaxsiy
fazilatlar tizimi) yuzaga chigara olishga tayyorligini
tushunish mumkin.

Tayanch kompetensiyalar deganda-kasbi va
mutaxassisligidan qat’iy nazar zamonaviy mutaxassisning
faoliyatida uchraydigan ma’lum bir toifadagi muammolarni
hal gilishga qaratilgan shaxsning tayyorligini tushunish
mumkin. Bo‘lajak muhandislarning kasbiy
kompetentsiyalarini ularning umumiy kompetensiyalarining
ajralmas tarkibiy gismi (belgilangan darajadagi vazifalarni
bajara olishni ta’minlovchi, shaxsning muhim kasbiy
fazilatlari hamda bilim, ko'nikma va malakalar tizimi) deb
hisoblash mumkin.

Kasbiy kompentensiyalarga berilgan turli ta’riflarni
tahlil qilgan holda, bo‘lajak muhandislar taynch
kompetensiyalarining quyidagi tizimini tavsiya etish
mumkin: motivatsiyalovchi, ijtimoiy, uslubiy, tabiiy-ilmiy,
gumanitar, umumtexnikaviy va maxsus.

Shuni ham ta'kidlash joizki, barcha yo‘nalishlardagi
texnika oliy ta’lim muassasalarining birinchi kurslari
talabalariga ta’lim beruvchi pedagoglar, talabalarda (maktab
bitiruvchilarida) shakllangan kompetensiyalarning
darajasiga alohida e’tibor qaratishlari lozim. Aksariyat
hollarda birinchi  kurs talabalarining motivatsiyalari,
ularning ta’lim faoliyatini to‘g‘ri tashkil etish, erishgan
yutuglarini munosib baholash va kreativ imkoniyatlari
e’tibordan chetda qolib ketadi.

Texnika oliy ta’lim muassasalarida  bo‘lajak
muhandislarga ta’lim berish va ilmiy-pedagogik faoliyat
yuritish jarayonlarida orttirilgan tajribalar, kuzatishlardan
kelib chiqib, shunday xulosa qilish mumkinki, bunday ta’lim
muassasalarida fundamental va aniq fanlarni chuqur
o‘qitishga alohida etibor qaratish kerak, chunki fundamental
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fanlarni chuqur o‘qitmaslik bo‘lajak muhandislarda kasbiy
kompetensiyalarni yuqori darajada shakllanmasligiga olib
keladi.

Birinchi kurs talabalarida shakllangan
kompetensiyalarni inobatga olgan holda, fundamental
fanlarni o‘qituvchi pedagoglar tomonidan shakllantirilishi
lozim bo‘lgan tayanch kasbiy kompetensiyalarning quyidagi
turlarini (motivatsiyalovchi, kognitiv-ijodiy, kommunikativ)
ajratib ko‘rsatish mumkin.

Texnika oliy ta’lim muassasalari birinchi kurs
talabalarining motivasiyalovchi kompetensiyalarini o‘zining
kasbiy faoliyatini samarali amalga oshirish uchun
motivatsiyalar sifatida anglab etish, ya’ni belgilangan
darajada o°z kasbiy vazifalarini bajarishga zamin yaratishda
zarur bo‘ladigan bilimlar, ko‘nikmalar, malakalar va shaxsiy
fazilatlarni o‘zlashtirishi sifatida talqin qilinadi.

3. Natija va muhokamalar

Texnika oliy ta’lim muassasalari birinchi kurs
talabalarining kognitiv-ijodiy kompetentsiyalarini bo‘lajak
muhandisning ijodkorligi va samarali ijodiy faoliyat
yuritishini  belgilab beruvchi bilimlar, ko‘nikmalar,
malakalar, mustaqil ta’lim olish va o‘z-o‘zini
rivojlantirishga ijodiy yondashib wularni o‘zlashtirish
qgobiliyati sifatida talgin gilinadi.

Texnika oliy ta’lim muassasalari birinchi kurs
talabalarining  tayanch  kashiy =~ kompetentsiyaning
komponenti sifatida, fagatgina o‘z mutaxassisligi bo‘yicha
faoliyat ko‘rsatish jarayonlarida emas, balki pedagogik va
ilmiy-tadgiqot faoliyatida ham mulogot qilish, o‘zaro
hamkorlikda ishlash  usullarini ~ bilish hamda bu
gobiliyatlaridan samarai foydalana olish ko‘rsatkichi sifatida
kognitiv kompetensiyalar talgin gilinadi.

Texnika oliy ta’lim muassasalari birinchi kurs
talabalarining ijtimoiy motivatsiyasiga kuchli ta’sir
ko‘rsatish biroz mushkul, sababi bu muhandis
mutaxassilarga jamiyatning ehtiyoji va muhandislarning
jamiyatdagi nufuziga bog‘liq bo‘ladi. Mamlakatimizda esa
muhandis ~ mutaxassilarga  bo‘lgan ehtiyoj va
muhandislarning nufuzi hozirgi kunda kechayotgan
islohotlar asosida ortib bormoqda.

Texnika oliy ta’lim muassasalari birinchi kurs
talabalarining o‘z  mutaxassisligi bo‘yicha kasbiy
shakllanish darajasini gisman ta’minlovchi motivatsion
kompetentsiyani shakllantirish masalasiga kelsak, kognitiv,
ijodiy va kommunikativ kompetensiyalarni shakllantirish
orgali imkoniyatlar ancha kengayadi.

Texnika oliy ta’lim muassasalari bo‘lajak bitiruvchilari
kasbiy kompetensiyalarini shakllantirishning metodologik
tamoyillari muammolarini tadqiq qilish shuni ko‘rsatadiki,
aksariyat mamlakatlarda talabalarda fundamental fanlarni
o‘qitish jarayonlarida kamchiliklar mavjudligi ko‘zga
tashlanadi.

Ko'p yillik kuzatishlar va olib borilgan ilmiy-tadgiqotlar
asosida  bo‘lajak  muhandislarda  tayanch  kasbiy
kompetensiyalar ~ shakllanish  jarayonining  quyidagi
konseptual tamoyillari aniglangan va asoslangan.

Birinchi kontseptual tamoyil sifatida fudamental fanlarni
o‘qitishni mutaxassislikka yo‘naltirilganligini keltirish
mumkin:

-ta’lim standartlari va malaka talablaridan kelib chiqib,
mutaxassislikka oid fundamental fanlar bloki bo‘yicha
talabalarda bilim, ko‘nikama va malakalarni shakllantirish;
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-0‘z sohasini puxta egallashga zamin yaratuvchi nazariy
bilim va ko'nikmalarning quyi tizimini shakllantirish,
ixtisoslashgan fanlarni chugur o'rganish va bu bilimlardan
ilmiy-texnik jarayonlarda kechadigan o‘zgarishlarga mos
holda o°zining kelgusidagi faoliyatida oqilona qo‘llay olish;

-0z tanlagan sohasiga hurmat bilan munosabatda
bo‘lish, mutaxassisligi bo‘yicha faoliyat yuritishga bo‘lgan
gizigishlarini  oshirish, intellektual  qobiliyatlarini
rivojlantirish va axlogiy fazilatlarini rivojlantirish.

Ikkinchi kontseptual tamoyil-bu texnika oliy ta’lim
muassasalari birinchi kurs talabalarida ta’lim muassasasida
tahsil olishni boshlanishidan oliy ta’lim muhitida aqliy
faoliyatning natijador usullarini egallashni rivojlantirish. Bu
ko'nikmalarni shakllantirish talabalarning mustaqil ta’lim
olish va agliy faoliyati imkoniyatlarini kengaytirishda
muhim o'rin tutadi.

Uchinchi kontseptual tamoyil-bu texnika oliy ta’lim
muassasalarida ta’lim jarayonlarini tashkil etishda kredit-
modul tizimidan samarali foydalanish, buning natijasida
talaba oliy ta’lim tizimiga tezroq moslashadi. Modulli
reyting tizimi bo‘yicha ta’lim jarayonlari tashkil etilganda
talabaning har bir modul bo‘yicha o‘zlashtirish natijalarini
kuzatib borish ta’minlanadi, ta’lim jarayoni to‘liq nazorat
ostida bo‘ladi, bu esa talabani semestr davomida o‘z ustida
tizimli ishlashga yo‘naltiradi, talabaning auditoriya
mashg‘ulotlarida faol ishlashiga qizigishini kuchaytiradi,
eng muhimi unda darsdan tashgari vagtda mustaqil ishlash
ko‘nikmalarini rivojlantiradi.

4. Xulosa
Xulosa qilib shuni aytish mumkinki, taklif etilgan
konseptual tamoyillar asosida texnika oliy ta’lim

muassasasida tahsil olayotgan bo‘lajak muhandislarda
kashiy kompetensiyalarni shakllantirish uchun, texnika oliy
ta’lim muassasalarida fundamental fanlarni o‘qitish
texnologiyalarida tub burilish yasash kerak, chunki bu
talabalar uchun keng gamrovli nazariy asos, muhandislik
masalalarini echishda qo‘llanma bo‘ladi, shu bilan birga
kashiy kompetensiyalarni shakllantirish uchun qulay sharoit
yaratiladi.
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Numerical calculation of the bending of an elastic beam using the finite
difference method

M.M. Rasulmuhamedov®2, Z.M. Mirzaeval®®, A.Kh. Matkarimov'®°¢,

M.Kh. Mehmonov!®¢
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The problem of solving plane bending issues by the finite difference method was examined. The values
of the bending function at the beam's node points were studied using a system of linear algebraic
equations. The deflection and bending moment of the beam were determined. The bending moment
depends on the stiffness of the beam, its width, and the properties of the support. The article examines
two loading cases (combined loading and edge loading), as well as two types of support conditions
(cantilever supports at the edges and hinged supports).

Keywords: flexible beam, bending, flexible foundation, finite difference method, mesh method

Elastik to‘sinni egilishga chekli ayirmalar usuli
bilan sonli hisoblash

Rasulmuhamedov M.M.X®2 Mirzayeva Z.M.*®° Matkarimov A.X.1®¢,
Mehmonov M. X 1o
Tashkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Tekis egilish masalalarini chekli ayirmalar usuli bilan yechish masalasi ko‘rildi. To‘sin tugun
nuqtalaridagi egilish funksiyasi giymatlari chizigli algebraik tenglamalar tizimi yordamida
o‘rganildi. To‘sinning salqiligi va eguvchi momenti aniglandi. Eguvchi moment to‘sinning
egilishdagi bikrligi, uning (eni) kengligi va asosning xususiyatiga bog‘liq. Magolada yuklanishning
ikki holati (umumiy yuklanish va chetlardan yuklanish), shuningdek, ikki xil mahkamlanish holati
(chekkalarda bikr tayanchlar va sharnirli tayanchlar) ko‘rib chigqildi.

Kalit so‘zlar: egiluvchan to‘sin, egilish, egiluvchan asos, chekli ayirma usuli, to‘rlar usuli.

1. Kirish

Egiluvchan  asosda  yotgan konstruksiyalarni

2. Tadgiqot metodologiyasi
Tekis egilishga uchragan, chekkalari bikr yoki

hisoblashga bag‘ishlangan ko‘plab ilmiy ishlar mavjud
[1-4]. Zamonaviy tadgigot usullari fundament plitalari va
yo‘l qoplamalarini loyihalashda ham sonli, ham analitik
hisoblash usullariga asoslangan. Chekli ayirmalar usulini
balkalar, plastinalar va qobiglarni hisoblashga go‘llash
masalalariga A. V. Aleksandrov, N. P. Abrovskiy, M. A.
Koltunov, S. P. Timoshenko, P. M. Varvak kabi ko‘plab
olimlar o‘z ishlarini

bag‘ishlaganlar [1-8]. Chekli ayirmalar usulining katta
afzalligi  shundaki, u chegaraviy shartlarga va
boshlang‘ich kuchlanish holatiga kam bog‘liq bo‘ladi
.Kamchiliklaridan biri — algebraik tenglamalar tizimining
yuqori tartibda bo‘lishi, lekin zamonaviy dasturiy
komplekslar bu muammoni bartaraf etadi. Bunday
masalalar plitali fundamentlar, inshoot pollari, aerodrom
va yo‘l qoplamalarini loyihalashda uchraydi. Egiluvchan
asosda yotgan to‘sin-tasma, balka egilishi masalalari
inshootlar konstruksiyasini loyihalashda katta amaliy
ahamiyatga ega.

@& https://orcid.org/0000-0001-8404-3013
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June, 2026
Research, Innovation, Results

sharnirli maxkamlangan, butun eni bo‘ylab elastik asosga
tayangan tekis yuklangan to‘sin-tasmaning holatini ko‘rib
chigamiz. Plastinadan to‘sin-tasmani kesib olib, uni
elastik asosdagi balka sifatida garaymiz. Bunda to‘sin-
tasma elastik muhitli "to‘shak" ustiga yotqizilgan, muhit
pastga hamda yuqoriga qarab ta’sir etuvchi kuchlarga
garshilik ko‘rsata oladi deb hisoblanadi. Ushbu holatda,
tekis yuklangan, butun eni bo‘ylab elastik asosga
tayangan va chetlari bikr yoki sharnirli maxkamlangan
uzun to‘g‘ri to‘rtburchak plastinaning egilishini tahlil
gilamiz (rasm 1).
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1-rasm. Elastik asosdagi, butun uzunligi bo‘ylab
teng yuklangan va chetlari bikr yoki sharnirli
maxkamlangan to‘g‘ri to‘rtburchak to‘sin-tasma

Differensial tenglama quyidagi ko‘rinishda bo‘ladi
[1,2]:

d*w

dx*

D =q—kw. Q)

Bu yerda

D- to‘sin-tasmaning silindrik bikrligi, k-elastik asos
koeffitsiyenti, g-tekis targalgan yukning intensivligi.

Avvalo funksiyaning hosilasini chekli miqgdorlar
nisbati orgali ifodalash imkonini beruvchi formulalarni
olamiz. Bunda Teylor formulasidan foydalanib, to‘sin-
tasmaning ixtiyoriy m nuqtasida funksiyaning hosilalarini
taxminan hisoblaymiz (rasm 2).

2-rasm. To‘sin-tasmaning egilish funksiyasini bo‘lish
sxemasi

Bunda m nugtani markaziy nuqta deb ataymiz, unga
yaqin nuqgtalar esa teng masofada joylashgan deb
hisoblanadi. Teylor formulasidan foydalanib, birinchi uch
hadni olamiz:

Wig1 = W+ h*w +h—z*wf';
i+1 i 1 Zz i (2)
Wiy = w;—h*w| +x wy';

Ayirish va qo‘shish orqali quyidagini hosil gilamiz:

Wi —Wi_q = 2h*w';
— 2 ", (3)
Wirqy +Wi_q = 2w; + h* *wy';
Bundan:
W[r — Wit1= Wi (4)

2h

” Wig1=2WitWi_q

wy = M2, (5)
Ikkinchi hosilaning (5) ifodasidan birinchi hosilaning
(4) formulasi bo‘yicha hosila olamiz:

Wim — Wi+2_2Wi+;';§Wi—1_Wi—2 (6)
Xuddi shunday to‘rtinchi tartibli hosilani olamiz:

Wit =4 Wit +6Wi—4Wj_1+Wj_»

wiV = ” 0]
To‘sin-tasmaning elementar gismini ajratib, uni teng
uzunlikdagi chekli bo‘laklarga bo‘lamiz:

19
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Bu yerda L — to‘sin-tasmaning uzunligi; n — yarim
uzunlik  bo‘yicha  bo‘lishlar  soni.  Bo‘laklarning
ragamlanishi simmetriyani hisobga olgan holda 3-rasmda
ko‘rsatilgan.

q

WL T T T LT
LI et A
3-rasm. Elastik asosdagi, tekis yuklangan va chetlari

bikr yoki sharnirli maxkamlangan to‘sin-tasmaning
bo‘laklarini simmetriyali raqamlash

To‘rtinchi hosilaning chekli ayirmalar usuli orqali i
nuqtadagi ko‘rinishi:
A*'W _ Wit —4Wig H6Wi—4Wi_1+ Wi,
dx* Ay ®
Buni (1) tenglamaga qo‘ysak, m nuqta uchun
quyidagi tenglamani olamiz:

Wit —4Wip 1 +6Wi—4Wi_ 1+ Wi,

+iw =% (10)

A%
Yoki:
kAt
Wity = 4Wipq + 6W; — 4w + Wi, +—Fw; =
A4
> (a
bu yerda i=1,2,........ .
Belgilashlar kiritamiz:
— ko — qiby
a=="% 6 = P (12)

U holda (11) quyidagi ko‘rinishni oladi:

Wijyo — 4Wi+1 + 6Wi - 4Wi—1 + Wij_2 + aw; = 61'
(13)
To‘sin-tasmaning  ikki  chekkasi  sharnir  bilan
biriktirilgan bo‘lsa, chegara shartlari:

x = i% : w=0; Mx=0.

Bu M=0 shartdan, £ = 0 kelib chigadi.

Chekli ayirmalar usulida bu shart w_; =w;
quyidagicha ifodalanadi. (13) tenglamalarni ichki nugtalar
uchun va chegara shartlarini hisobga olgan holda tuzsak,
w; salgiliklarni aniglash uchun n*n tartibli algebraik
tenglamalar  tizimi koeffitsiyentlari dasturda quyidagi
ko‘rinishni hosil giladi:

Ai= (i==0|]i == 1]]i == n)?0:1;
Bi = (i==0||i == n)?0:4;
Ci=(i==0|i == 1||i == n)?1:_
(i==1]li == n—-1)?7.0 + K:6.0 + K;
Di= (i==0|[i == n)?0:4;
Ei=(i==0|]|i == n—1||]i == n)?0:1
) ) ) Ix\*
fi=(@{==1|]i == n)?0:qx* (H) _
(b * hb * hb * hb/12 * E);
(14)
Yuqoridagi (14) tenglama matritsalar ko‘rinishida
quyidagicha yoziladi:
A W=B,
bunda A — koeffitsiyentlar matritsasi; W —
salgiliklar ustun- vektori; B — erkin hadlar ustuni.
Matritsa A quyidagi ko‘rinishni oladi:
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a;p ot Qg
A=[s ] (1)

Any  *° Qpp
W va B ustun-vektorlari:

wlh= [Wy Wy s Wog Wy
T 1 (16)
BT = 5[61 Oy e Opq Gy
Ushbu tenglamalar tizimini yechish orgali to‘sin-
tasmaning belgilangan nugtalaridagi salqilik
giymatlarini w = %A‘lB aniglaymiz.
Silindrik egilish uchun eguvchi moment quyidagicha
aniglanadi:

d*w
Mx= _DW
Ikkinchi  hosilaning chekli ayirmalar Kko‘rinishida
yozamiz:

(dzw) — Wme1=2Wim+ Wi 17)
dax? /), A2 ’

m nugta uchun eguvchi momentning aniglanishi:

My = —D - oetZomtn=s (18)

To‘sin-tasma salqiligini quyidagi son giymatlarda
hisoblaymiz:

E=2,1-108 KN/m? , v=0.3, k=3,75-10* kN/m®, 1=10
m, h,=0,3m, g=1 kN/m.
_ ER® h3
T 12(1-v2) -

mao
Lu0son
)
0o
)
Lu00s
L0000
u0sost
Lo0o00ss
L0006
o

S| oowos
sau | Qom0

i ooomes

w Qoo
00

v e [ui

0o

namen
am oo
| aoomon
LESewedz | Qoowon

o [ (omemooo_[oemaenmlemonse

1-jadvalda chekli ayirma usulining oraligda tugun
nugtalar soni n=20, 40, 80, 160, 320 bo‘lganda 2 ustunda
sonli usulning natijasida hosil bo‘lggan ko‘chishning x=
0.5L da W(0.5L) giymati va 3 ustunda ko‘chishning analitak
yechimi keltirilgan. Ularni solishtirganda tugun nugtalar
soni n ortishi bilan analitik yechim bilan sonli usul
yechimining ishonchli giymatlar soni to‘rtga teng bo‘lishi
ko‘rsatilgan.

1-jadval
Chekli ayirma usuli bo‘yicha n ortishi bilan
x=0.5L dagi sonli va analitik ko‘chish giymatlari
tagqoslangan va moslik yaxshilangani

Kko‘rsatilgan

Tugun Sonli usul Analitik

nugtalar yechimi- yechim-

soni n W(0.5L) W(0.5L)
20 -0,000281085 -0,0002756
40 -0,000276951 -0,0002756
80 -0,000275918 -0,0002756
160 -0,000275659 -0,0002756
320 -0,000275595 -0,0002756
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2-jadvalda chekli ayirma usulining oraligda tugun
nuqtalar soni n=20, 40, 80, 160, 320 bo‘lganda, hamda
to‘sin-tasmaning elastik asos koeffitsiyenti k=3,75-10*
giymatni olganda, 2 ustunda sonli usulning natijasida hosil
bo‘lgan  W(0.5L) qiymatini yaqinlashishi ko‘rsatilgan.
Ularni solishtirganda tugun nugtalar soni n ortishi ishonchli
giymatlar soni to‘rtga teng bo‘lishi ko‘rinib turibdi.

2-jadval
kr = 3,75-10% uchun n ortishi bilan W(0.5L)
giymatining yaginlashuvi va anigligi oshishi

Tugun nugtalar . o
soni n Sonli usul yechimi-W(0.5L)
20 -0,000028574434
40 -0,000028625753
80 -0,000028638811
160 -0,000028642090
320 -0,000028642911
Cankunnk W(0,5L)
0 @ 8
e
=
-0,0005
X
== =0 ==@==K=10000
K=20000 K=37500

4-rasm. Tasmaning to‘shak ta’siri va ta’sirisiz holda
ko‘chishning grafigi

4- rasmda x=0; 0,25m; 0,5m;...9,25m; 9,5m; 9,75m;
10,0m dagi giymatlarda W(x) ko‘chishning ¢iymatlari
grafigi keltirilgan. Ko‘rsatilgan chizmadan W(x) markazda
ya'ni x=0.5Lda maksimal qiymatga erishadi, hamda
yechimning grafigi parabolik ko‘rinishi oladi va x=0 va x=L
tugun nugtalarda W(x) nol giymatga teng bo‘ladi. Tasma
to‘shagi ta’siri K ning giymati kattalashgan sari W(x) ning
maksimal giymati kamayib boradi.

3ryBun momeHT M(0,5L)

10
in
o 0
s o i in mWﬁ N o
&+ QL SRR TR R |
=) ~ () n © 0 o
-10
X
== K=0 ==@-K=10000
K=20000 K=37500

5-rasm. Tasmaning to‘shak ta’siri va ta’sirisiz holda
eguvchi momentning grafigi
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5- rasmda x=0; 0,25m; 0,5m;...9,25m; 9,5m; 9,75m;
10,0m dagi giymatlarda M(x) momentning gqiymatlari
grafigi keltirilgan. Ko‘rsatilgan chizmadan M(x) markazda
ya’'ni x=0.5Lda ekstremal qiymatga erishadi, hamda
yechimning grafigi parabolik ko‘rinishi oladi va x=0 va x=L
tugun nugtalarda M (x) eng katta giymatga teng bo‘ladi.
Tasma to‘shagi ta’sirining qiymati kattalashgan sari M (x)
ning maksimal giymati kamayib boradi.

Kecysum Kyu Q(0,5L)

10

O =N M g 0 O TENNG

X

0

Q(0,5L)

-10

== K=0 ==@==K=10000

K=20000 K=37500

6-rasm. Tasmaning to‘shak ta’siri va ta’sirisiz holda
kesuvchi kuchning grafigi

6- rasmda x=0; 0,25m; 0,5m;...... 9,25m; 9,5m; 9,75m;
10,0m dagi giymatlarda Q(x) kesuvchi kuchning giymatlari
grafigi keltirilgan. Ko‘rsatilgan chizmadan Q(x) markazda
ya’'ni x=0.5Lda nol qgiymatga erishadi, hamda yechimning
to‘gri chiziqli ko‘rinishi oladi va x=0da Q(x) musbat
maksimal giymatga, hamda x=L tugun nuqtalarda Q(X)
manfiy maksimal giymatga teng bo‘ladi. Tasma to‘shagi
ta’sirining qiymati kattalashgan sari Q(x) ning maksimal
giymati kamayib boradi.

3. Xulosa

Elastik to‘sinni egilishini chekli ayirmalar usuli orqali
sonli hisoblash masalasi tahlil gilinib, ushbu yondashuvning
samaradorligi va qo‘llash imkoniyatlari ko‘rsatib berildi.
Tadgqiqot natijalari shuni ko‘rsatadiki, chekli ayirmalar usuli
differensial tenglamalarni yaginlashtirib yechishda qulay va
aniq usullardan biri hisoblanadi. U orgali to‘sinning turli
yuklanish holatlaridagi egilishini aniglash, chegaraviy
shartlarni hisobga olgan holda ishonchli natijalar olish
mumkin.

Shuningdek, sonli usullar an’anaviy analitik yechimlar
qiyin yoki mumkin bo‘lmagan hollarda muhim ahamiyat
kasb etishi ta’kidlandi. Chekli ayirmalar usulining oddiy
algoritmga egaligi va kompyuterda oson amalga oshirilishi
uni muhandislik masalalarida keng qo‘llash imkonini beradi.
Olingan natijalar ushbu usulning anigligi yetarli darajada
yuqori ekanligini va amaliyotda samarali qo‘llanilishi
mumkinligini ko‘rsatdi.

Xulosa qilib aytganda, chekli ayirmalar usuli elastik
to‘sinlarning egilishini tahlil gilishda ishonchli, samarali va
amaliy jihatdan ahamiyatli vosita hisoblanadi.
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An innovative surface coating for transportation infrastructure

E.V. Shchipacheval®? R.H. Pirmatov!, Li Jia Jun', R.R. Khasanov?, S.T. Sadikov?,

O.A. Sodikov!
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This study investigated the possibility of expanding the typology of the “Kislovodsk™ structural roof by
altering its shape through a transition from a square plan to a rectangular one. Calculations using the
universal software and computational complex PK LIRA CAD 2017 for a structural slab with plan
dimensions of 30x36 m showed that the forces in the elements of the proposed structure are lower than
the values in the diagonals of standard 36x36 m structures: by 5% for tension — 12% for tension and 3 —
15% for compression. Calculations for the second group of limit states showed that the displacement
caused by design loads does not exceed the allowable limit values. Based on the results of theoretical and
model studies of the “Kislovodsk™ type structural roof with plan dimensions of 30%36 m, it has been
established that this structural solution possesses sufficient strength and acceptable deformability and can
be applied in transportation infrastructure buildings — railway stations, bus stations, logistics centers,
garages, parking lots, and warehouses.

Keywords: structural slab, typology, transportation infrastructure, calculation, load, forces, deformations

NHHOBAaLIMOHHOE MPOCTPAHCTBEHHOE MOKPBITHE AJI51 TPAHCIIOPTHOM
HHPPACTPYKTYPHI

Ilunauesa E.B.1©2 Mupmaros P.X.!}, Li Jia Jun!, Xacanos P.P.!, Cagukos C.T.,

Coauxos O.A.}
TamkenTckuit rocy1apcTBEHHbIA TPAHCIIOPTHBIA YHUBEPCUTET, TalkeHT, Y36eKucTan

AnHOTaNW: HccnenoBanach BO3MOXKHOCTh PACIIMPEHUsS] THIOJIOTHMH CTPYKTYpPHOTO MOKpBITHS «KuciaoBoack» 3a
cyeT n3MeHeHust GopMbI OKPBITHA MyTEM Nepexosa OT KBaJpara B IVIaHe K NPSAMOYTOJIbHUKY. Pacuerst
IIpY HOMOIIM YHHMBEPCAIBHOIO MPOrPaMMHOIO pacd€THO-BbluMcauTenpbHoro kommiekca [IK JIMPA
CAIIP 2017 cTpykTypHO# mIUTHI ¢ pazMepaMu B miaHe 30x36 M MOKazajiM, YTO yCWIMA B DJIEMEHTax
NpeylaraéMoi CTPYKTYpbl MEHbIIE 3HAUCHUI B packocax TUIOBBIX CTPYKTYp 36X36 M: Ha pacTsKeHue
Ha 5—12%, a Ha cxxatue Ha 3 — 15%. Pacuer no BTOpoii rpymnme npeeiabHbIX COCTOSTHUM MOKa3all, 4To
3HAYCHHE NEPEMELICHUS OT PaCYETHBIX HArPY30K HE MPEBbIIIACT NPEENIBHO IOy CTUMBIX 3HaYeHuH. [To
pe3yJibTaTaM TEOPETHYECKUX M MAKETHBIX UCCIIEA0BAHUI CTPYKTYPHOTO MOKPBITHS THIA «KHCIoBOACK»
¢ pasmepamu B miaHe 30x36 M yCTaHOBIIEHO, YTO IMOJ0OHOE KOHCTPYKTHBHOE pEIICHHE 00Jiafaet
JOCTATOYHOM NMPOYHOCTBIO U JIOIYCTUMOH J1e()OPMATHBHOCTBIO U MOXKET OBITh IIPUMEHEHO B 3aHUIX
TPaHCIIOPTHOH MH(PACTPYKTypbl — BOK3al1aX, ABTOCTAHIMAX, JIOTMCTHYECKMX LEHTpAX, rapakax,
ABTOCTOSIHKAX, CKJIa/lax.

KitoueBslie ciioBa: CTPYKTYpHasl IUIMTA, THIIOJNOTHSA, TPAHCHOPTHas MHQPAcTpyKTypa, pacyeT, Harpyska, YCHIIus,
nehopMaIum

BECHUT B 25 pa3 MeHbllIe, BCero 77 TOHH, YTO YKa3bIBaeT Ha
3HAYMTEIBHOE COKPAILEHHE MaTepHaJOEMKOCTH CTPOCHUN

1. BBe[[eH]/[e U, KaK CJeJCTBUE, 00BEMOB TPAHCIIOPTHBIX MEPEBO30K [5].
Kpome Toro, 3HauMTENBHO COKpALIAETCs U TPYAOEMKOCTH

IIpopbiBHasl PEBONIOLMSL B PAa3BUTHM CTPOMTEIBHBIX BO3BEJICHUSI CTPOUTENHLHOTO 00bEKTa B 11esIoM [6].
KOHCTPYKLHi M OKOHOMHH  Marepualion o0ycoBIieHa IlpuHuMast BO BHUMaHHE, YTO Pa3BUTHE TPAHCIIOPTHOM
MOSIBJICHUEM JIETKHX IPOCTPAHCTBEHHBIX METaJUIMYECKHUX MH(PACTPYKTYpbl TPeGyeT CO3IAHHS HOBBIX THIIOB 3aHHUIl
CTepXHEBbIX  HOKpbiTHiA  [1-4].  Tak,  Hampuwmep, 00CITy)KMBAIOILETO U IIPOU3BOACTBEHHOIO HA3HAYCHUS U UX
OJIHOSTaXXHOE 31aHue ¢ pasmepamu B miaHe 30x30 M c KOHCTPYKTUBHOTO pEILUCHHS, a TaKKe (OPMHPOBAHMS
KUPIMMHBIME ~ CTCHAMH U TIOKDBITHEM U3  COOPHBIX OOIIMPHBIX MHTEPHEPOB U PA3HOOOPA3HBIX APXUTEKTYPHO
KEeNe300CTOHHBIX ~ KOHCTPYKLMI ¢ yTCILIATENEM M3 BBIPAsUTENbHBIX  (opM, OBLIIO 1Le1eCO00Pa3HBIM
Kepam3urobeToHa uMeeT maccy okoso 1000 TonH (6e3 Beca HCCIICI0BATh  BO3MOJKHOCTh  PACIIMPEHHs.  THIIONOTHH
(byHIaMCHTOB), @ HMCTIONB30BAHHE TAKOTO JKE IO PasMepy [IUPOKO PACIPOCTPAHEHHOTO CTPYKTYPHOTO TOKPBITHSI
OII0Ka €O CTPYKTYPHBIM MOKpbITHeM THIa «KHCIOBOACK» «KHuCioBoJCK» 32 CYET HW3MEHEHUS (POPMBI TMOKPBITHSI

3 https://orcid.org/0009-0000-0489-445X
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IyTéM Iepexo/ia OT KBaJpaTa B IUIaHE K NPIMOYTOJIbHUKY,
YTO MO3BOJIWIO OBl B ONpE/ECICHHON CTEIICHH PELIUTh PSLI|
YKa3aHHBIX TPoOIeM.

CrpykTypHOe TOKpBITHE THIa «KHCIoBOACK» BEIOpaHO
HE CIy4aiiHo, TaK Kak B PecryOmrike Y30eKuCTaH yxe ecTh

2. MeTtoauka UccJIeJ0BAHUA

Tunosble CTPYKTypHBIE IUINTHI TUna «KHCIOBOACK»
HMEIOT OPTOrOHANBHYIO CETKY MOSICOB ¢ sSuelkoi 3X3 M u
BBICOTOH 110 OCSIM 05ICOB paBHOM 2,12 M. CTep>KHU MOSICOB
U3TOTOBIIIFOTCS. M3 CTAJbHBIX  TOpSYEKaTaHbIX U
3NEKTPOCBAPHBIX TPYD, COEIMHEHHBIX MEXIy coOoi
Y3JIOBBIMHM ~ 3JIEMEHTaMM,  IIPE/ACTaBIAIONMMH  COOOit
BOCEMUT'PaHHHKH C Pe3b0OBBIMU OTBEPCTUSMU (pHC. 2).

Puc. 1. ABrocajion B r. Tamkenre

OIIBIT €0 UCIIOJIB30BAHUS UMCHHO B 3JJaHUAX
TPaHCIOPTHOM MHPPACTPYKTYPBI — IPH CTPOUTEIILCTBE
aBTocanona B Tamkenre (puc.1) [7].

V376l BepXHETO W HIKHETO T0Sca COEIUHSIOTCS
packocamu. Bce cTepkHM — CTPYKTYyphl — HMEIOT

OJIMHAKOBYIO JUIMHY W B 3aBHCHUMOCTH OT Harpysku
BBITIOJIHAIOTCS ONPE/ICNICHHOr0 AWaMeTpa M TOJIHUHEL B
cepun 1.4663c, nmpeaHa3HauE€HHOW U1 HCHOJIb30BaHUSA B
CEHCMHYECKM  ONAcHbIX  pailloHaX,  PEKOMEHIYeTCs
MIPUMEHSATD CIEIYOINe TUIIOPa3Mephl JIEMEHTOB U3 TPYO:
60x3, 76x3,5, 89x4, 102x4, 114x6, 127x7, 133x8 [8].
Crpykrypel Tuna «KucnoBoick» npenHa3HauYeHbl JUIS
TIEePEKPHITUA CEKLIMU 3JaHui pa3Mepamu B miaane 30x30
(puc. 3) u 36x36 M C BHYTPHKOHTYPHBIM ONHMPaHHEM Ha
YeTbIpe KOJIOHHBI, KOTOPBIC DPACIIOJNIOKEHBI JUIS CEKLUU
30x30 M ¢ marom 1818 M u st cexun 36x36 M ¢ marom
24x24 m [3].

B uccrnenoBaHMsAX 11 CpaBHEHUS PacCMaTpUBAJIHCH
CTPYKTYpHBIE IUIUTHI C pa3MepamH B miane 36x36 m u 30x36
M, OIHUpAaIoIIMecs IOCPEACTBOM KamuTesied Ha 4eTbipe
Hecylllue KOJIOHHBI BbICOTOM 6,2 M. BblcoTa muTel
cocraBmia 2,12 M. MartepuaaoM i U3rOTOBIEHUA
cTepxHeit Obuta npursiTa ctanb C 245, sBistomasics Ooee
SKOHOMUYHOH,  4€M  BBICOKOYIJIEPOJUCTBIE  CTAJIH,
Onarozaps CBOGH OTHOCHTENBHO HHU3KOH CTOMMOCTH U
xopoueid ipouHoctu [9]. TpyOsr npunster: 60x3; 76x3,5;
102x4 1 127x7 (cornacHo THHOBO# KOHCTpyKIu Mapku CIT
300-400).

https://doi.org/10.56143/2181-2438-2026-2-22-25
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3. Pesyabtarsl u O0cyxkaeHue

B kauectBe M3MEHEHHS pPa3MEpOB CTPYKTYpPHI OBLI
MIPEUIOKEH CTPYKTYpHBIH OnoK 30Xx36 M ¢ paccTossHEEM
MeXIy KonoHHamu 18 um 24 ™. IlpencTosio OIEHUTH
MIPOYHOCTH U JIe(hOPMAIOHHbIE CBOMCTBA KOHCTPYKIIUH.

Pacuér cTpyKTypHOM! IUIUTHI IIPOU3BEEH IIPU IIOMOILU
YHHBEPCAIBHOTO MIPOrpPaMMHOTO pacuérHo-
BeranciuTepbHOro Kominiekca [TK JIMPA CATIP 2017 [10].
V3510BbIE COSMMHEHHS NPHHATHI LIAPHUPHBEIMHU, C TPEMs
creneHsMu cBoOo bl OTIOpHBIE Y3IIbI TAKXKe IapHUPHBIMHY,
3aKpEIUIEHHBIME OT TEpEeMENIeHNH 110 HalpaBJICHUIO
MECTHBIX oceil koopanHaT. HykHssS JacTh KOJIOHH JKECTKO
3amemicHa. [IpoekTHas Harpyska, paBHas 400 kr/m2 [10],
MPUBOAMIACE K  BEPTHKAIBHOM  Y3JI0BOH  Harpyske,
MIPWIOKEHHOM K y37laM BepXHEro Iosica CTPYKTYpPHOTO
TIOKPBITHSL.

Pacu€r pacTSHYTBIX JIEMEHTOB IIPOM3BOIWICS B
cootBercTBHM ¢ TpeboBanmwsmu [11] mo dopmyne (1) u
MpeIeTbHON THOKOCTH [X]:400

=4 SR ¥ (1)

e A — (I)aKTquCKaﬂ WIM TPUHATas IUIOMIAIb
MOTIEPEYHOr0 CeUSHMS IIEMEHTa,;

N — ycunue, Bo3HUKaOIIEe B 3JIEMEHTE;

Ry — pacu€rHoe CONpOTHBIICHHE CTAaJIH PACTSIKEHHIO,
CKaTHIO M M3TH0Y Ha TPaHUIIE TeKY4eCTH;

Yc — K0dHIEHT yCIOBHA pabOThI ANIeMEHTA.

Pacu€r cxaThIX  2NEMEHTOB  TPOM3BOAWICS B
cootBercTBHM ¢ TpeboBanmwsmu [11] mo dopmyne (2) u
TIpeeTbHOM THOKOCTH, paccuuTaHHOH 1o Gopmye (3).

A\-I \\'l;

A '
‘YA\\VI’ NN/ A\W/A\WMRY'I’A\VI

AN SN/ N/
AN AN/ AN/ \‘l!’
A“’; VAN

N S ST 77

N

UZHSR}’.VC’ (2)

[A]=180 - 60 a, (©)

— kod¢dunuent, npuHUMaeMsIi >0,5;

raic a = N
A - u-A-Ry-y

ocTaJbHBIE 0003HAYCHUS TaKue ke, Kak B hopmyie (1).

B pesynbrarte pacdyéra ObUIO YCTAaHOBJIEHO, YTO YCHIIHS
B JIEMEHTaX IpemiaraeMol cTpykrypsl 30x36 M MeHbIe
3HAYCHUH B pacKocax THIIOBBIX CTPYKTYp 36x36 M,
TIPUBEICHHBIX B UCCIeIOBaHMsX [12], Ha pacTshkeHne HA 5
— 12%, a mHa cxarme Ha 3 — 15%, ciiemoBaTenbHO
obecrieunBasi HEOOXOAUMYIO IPOYHOCTb.

IIpu pacuére 1o BTOpPOH rIpymnne NpeaeabHbIX
COCTOSIHUH JIOJDKHO BBITIOJHSTECS YCIIOBHE:

f<fu 4)
rae f — nporu® (BHITMO) M TEpEeMENICHUE 3JICMEHTA
KOHCTPYKIIUH (WJIN KOHCTPYKIIMH B IIEJIOM);

fu — mpenesnpHbINA TPOrK6 (BBIrMO) WK MEpeMelieHHe,
ycranaBnuBaemble 1o [11]. [t THIMOBOW KOHCTPYKIIMH
36x36 M OH COCTaBIISIET:

1/400 = 24000/400=60 M™m

Pacuér mnokazan, 4YTO 3HAuCHHE MEPEMELICHHS OT
pacu€THBIX Harpy3ok Ui cTpykTypbl 30x36 M cocraBisier
48 MM, 4To Ha 7% MeHblue nporuda st cTpyKTypsl 36x36
M ¥ HE NPEBBIIIACT NPEJeTIHHOTO 3HAUCHUSL.

TonydeHHble pacu€THHIM MyTEM pe3yJabTaThl ObUIH
MPOBEpPEHB Ha BO3MOXKHOCTh pEaTH3allMd TPH IMTOMOIIN
CO3JaHUs MakKeTa CTPYKTYPHOTO IOKPHITUSI B Macmrabe
1:50 (puc. 4).

BT
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Y

"r‘A\\"J
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Puc. 4. Maker npeasiaraeMmoro crpykrypHoro 6;oka «KuciaoBoack» pazmepom 36x30 m

4. 3akiaodyeHue

ITlo pesynpraraM TEOPETMYECKHX UM  MAaKETHBIX
HCCIIeI0BaHUN CTPYKTYPHOTO HOKPBITUS THIIA
«KucnoBonck» ¢ pazmepamu B ruiane 30x36 M ycTaHOBIICHO,
49T0 TOMO0HOE KOHCTPYKTHBHOE pelleHne oOiamaer

JIOCTaTOYHOM MPOYHOCTBIO u JIOIYCTUMOM
n1ehOPMATHBHOCTBIO U MOXKET OBITh IIPUMEHEHO B 3JIAHUSIX
TPaHCIIOPTHOI UHPPACTPYKTYPBI - BOK3aJax,
aBTOCTAHIMSAX, JIOTHCTHYECKMX  ILEHTpaX, rapaxax,

aBTOCTOSIHKAaX, ckiaaax. llpu 3TOoM Marepuano€MKoCTh

June, 2026
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BO3BEJCHUSI OOBEKTOB C HCIHOJB30BAHHMEM IIPELIaraeMoro
CTPYKTYPHOTO TOKPBITHS TI0 CPABHEHHIO C MOKPHITHEM M3
COOpHBIX JKEJIe300€TOHHBIX KOHCTPYKLHUA MOXET ObITh
CHIDKCHA B JICCSITKH Pa3, a TPYIOBbIC 3aTPAThl COKPAIICHBI
Gornee uem B 2,5 pasa.
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The effect of adhesion properties on asphalt concrete pavement

G.K. Isakoval®?, I.S. Sadikov'©P, R.K. Kadirbergenov®¢
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The resistance of asphalt pavements to traffic loads and environmental influences is directly dependent
on the mechanical bonding of the selected bitumen-aggregate materials, the properties of the bitumen-
aggregate interface, and the internal cohesive strength of the bitumen. Studies have shown that the
strength of the bitumen-aggregate bond depends primarily on the composition of these two components
and the degree of exposure to moisture. To ensure satisfactory performance of bitumen pavements, it is
necessary to select appropriate combinations of bitumen and aggregates.

asphalt binder, bitumen, mineral materials, aggregates, adhesion, asphalt concrete, bond strength,
moisture effect
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Bausinue aare3MOHHBIX CBOMCTB HA ac(aibTO0ETOHHOE MOKPHITHE

Hcakosa I'.K.'©?3 Cagnkos U.C.'®°, Kagnp6eprenos P.K.}0°
TamkenTckuit rocyapcTBEHHbIA TPAHCTIOPTHBIA YHUBEPCUTET, TamkeHT, Y36eKkucTan

AHHOTALVYA: CompotuBnenne acanbTOOSTOHHBIX TOKPBITHH TPAHCIOPTHBIM HAarpy3kaM H  BO3JCHCTBHUIO
OKpYXKaIOIIeH Cpeapl HampsMyl0 3aBHCHUT OT MEXaHHYECKOHW CBSI3M BBIOPaHHBIX OWTYMHO-
3aIOJTHUTENIFHBIX MAaTepHalloB, CBOMCTB TpaHUIBl pa3jena OHTYM-3allONHUTENs W BHYTPEHHEH
KOTe3MOHHOM NMpoYHOCTH OuTyMa. MccnenoBanus moka3aiy, 9To MPOYHOCTH CBSI3H OUTYM-3aIlOJHATENb
3aBUCHT TIPEXJE BCEro OT COCTaBa ATHUX JBYX KOMIIOHEHTOB M CTEICHHW BO3JIEWCTBUS Biaru. Jlis
oOecrieueHnsl  yIOBJICTBOPUTEIIBHBIX ~ AKCIUTYyaTal[HOHHBIX ~XapaKTEePHCTHK OWTYMHBIX ITOKPBITHI
HE00XO0IMMO MPAaBHIBHO MO00paTh KOMOMHAIMY OUTYMa U 3aIOJTHUTEIICH.

Kitouessie ciioBa: acanbpToBOE BSDKYyILEe, OUTYM, MUHEpaIbHbIE MaTepHalbl, 3allONHHUTENH, aaresus, achaibToOeToH,

MIPOYHOCTH CLETUICHUS, BO3CHICTBHIE BIIark

ANre3MOHHOE  CLEIUICHHE  MexXay ac(halbTOBbIM
BSDKYIIIMM 1 MUHEPAJIbHBIMH 3aII0JIHUTEIAMH 00ecTIeurBacT
MEXaHHYECKYIO IIPOYHOCTb, BOJIOCTOMKOCTB u
YCTOMYMBOCTE K  JepopMamusiM  acharbTOOSTOHHBIX
nokpeituit. [lpum HenocraroyHoil anresun OuTyma K
HOBEPXHOCTH 3aIIOJHUTENS B MOKPHITUM MOTYT BO3HHKAaTh
TaKue 1e(eKThl, KaK TPEIINHbI 1 BBIOOHHBI.

IIponece anre3uu cBszaH ¢ AEHCTBUEM MOJIEKYJIAPHBIX
CHJI IPUTSIKEHHUS, TIOBEPXHOCTHOM SHEPruei M sIBICHUAMU

1. BBenenue

CoBpeMeHHast JIOpOXKHAS TPaHCTIOPTHAs
UH(PPACTPYKTypa paccMaTpUBAETCS KaK OIMH U3 KIIFOYEBBIX
(aKkTOpOB 3KOHOMUYECKOro pa3BUTHA. J[OJIrOBEYHOCTh U
9KCIUTyaTallMOHHbIE XapaKTEPHCTUKHN ac(anbTOOCTOHHBIX
MOKPBITUIL B 3HAUUTEIBHOM CTENEHH ONpPEeIesIIOTCs
aJIre3MOHHBIMM  CBOMCTBAaMHM  MEXAy  OUTyMOM U
MHUHEpaIbHBIMM  3anoynHuTensMu.  [lpoumecc  aaresuu
NPOTEKaeT Ha  pPa3NIMYHBIX  MAacIUTaOHBIX  YPOBHSAX azicopOum. Ionspusie KOMIIOHEHTBI ouryma
(MyJIBTHYPOBHEBBIH XapakTep), NPH 3TOM CEJEeKTHBHAs a/IcCOpOUPYIOTCS Ha TIOBEPXHOCTHU 3aIOJIHUTENS, GOPMHUPYS
a/1copOLMs MOJIEKyYJ1 OMTYMa Ha IOBEPXHOCTH 3arOIHUTEIS NpOYHYIO CBA3b. B CBA3M ¢ 3TUM HcClleIOBaHHUE
UrpaeT PeIIaollyl0 poib. [IpOYHOCTH M JIOITOBEYHOCTH XMMHUYECKOTO U MHHEPAJIOTMYECKOro  cocTaBa  Kak
JIOPOXKHBIX TOKPBITHH HAaNpAMYIO 3aBHCAT OT KayecTBa acanbTOBOrO  BSXKYIIETOo, Tak M MHHEPaJIbHbBIX
achanbTOOCTOHHBIX cMeceil. B 3TuxX cMmecsiX OCHOBHBIMH 3aM0JHUTENIEH HMMEeT BaKHOE HAYYHOE M IPAaKTHIECKOe
KOMITIOHEHTaMH SIBJISIOTCS ac(alibToBoe BsDKyIee (OUTyM) 3HAaYCHUE.

1 MUHEPAJIbHBIE 3aII0JHUTEIH.

3HauyuTeNbHAs YacTh IOPOKHBIX MOKPBHITHHA BO BCEM
MHpE COOPYKAETCsI C MCIIONB30BaHHEM OMTYMHBIX CMECeil.
ButymHast cMech TpencraBiseT coOOl KOMIO3HIIMOHHBII
Marepuall, COCTOSAIIMHA U3 OUTYMHOrO  BSDKYLIEro,
3aI0JIHUTENIEH M MHHEPAIBHOIO  IOpOLIKA, KOTOpbIE
CMEIIMBAIOTCS B ONpPEACNAEHHBIX  HPOIOPLMAX UL
YCTPOICTBA HEXECTKMX JOPOKHBIX TOKPHITHMH. B psne

2. MeToauka uccJjieJ0BaHus

ANre3MOHHOE  CLEIUICHHEe  Mexay  ac(ajabTOBbIM
BSDKYILM U MHHEPAJIbHBIMH 3aIIOTHUTEISIMU 00ECTIeYNBAET
MeXaHUYECKYIO MIPOYHOCTH, BOJIOCTOMKOCTb u
yCTOMYMBOCTE K JedopManusiM  acharbTOOSTOHHBIX
nokpeituit. [lpu HegocraroyHoi amresun OWUTyma K

CllydaeB B COCTaB CMeceil BBOIATCS JO0AaBKH C LEJbIO
YITyULICHHUST 9KCIUTYaTalMOHHBIX XapaKTEePUCTHK
acdanpTobeToHa.
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MOBEPXHOCTH 3aIIOJIHUTENSI B MOKPHITHH MOT'YT BO3HHKATh
Takue Ae(eKThl, KaK TPEIINHbI 1 BBIOOUHSI [1].
IIpouecc aare3uu cBsA3aH ¢ AEUCTBUEM MOJIEKYISIPHBIX
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CHJI TIPUTSDKCHUS, TIOBEPXHOCTHON SHEPTUeH W SBICHUAMHI
agcopOmm. Ionspusie KOMIIOHEHTBI ouryma
ancopOUpyIOTCsl Ha IOBEPXHOCTH 3aIIOJIHATEINS, GOPMHUPYS
MPOYHYI0 CBA3b. B CBI3M C OSTHUM HCCIeOBaHWE
XMUMHYECKOTO ¥ MHHEPAJOTHYECKOro  COCTaBa  Kak
acasbTOBOr0  BSDKYLIEro, Tak M MHHEPAIbHBIX
3aIlOJIHUTENIE HMMEeT Ba)KHOE HAyYHOE M IIPaKTHYECKOe
3Hauenne [2]. Kanmxam m Pukapac Beienunm 4eTbipe
OCHOBHBIX (haKkTOpa, CIOCOOCTBYIOIIMX OTCJIaNBaHUIO:
HaJM4YMe BJIard, BBICOKAs TEMIIEpaTypa, IOBBIIICHHOE
COJIepKaHNE BO3AYLIHBIX ITyCTOT M BBICOKHE HAaIpsDKEHUS
[3]. Orcnoenne mpencraBisier coO0il MHKPOCKOIHYECKOE
OTJIeJICHUE OUTYMHOM IUIEHKN oT ITOBEPXHOCTH
3aII0JTHUTEIIS 10/ BO3/ICHCTBIEM BIIark 03 SIBHOTO pa3phiBa
camoil OutymHOW TUIEHKH. Anmaxew, I'pendemt u Diipn
(2014) IIPOBEIU HCCIIEIOBAHUE, MOCBSAIIEHHOE
HaOMIOAEHUIO 00paTHMOro BJIATOBOI'O TIOBPEXKICHUS B
acanbTOOETOHHBIX cMecAX. Pe3ynbTaThl IHOKasalH, 4TO
KECTKOCTH Marepuajia, Kak TIPaBWIO, CHIDKAETCS C
YBEIMYEHNEM BpEeMeHH KOHAWIMOHMpoBaHUA. CoriacHo
Mannany, Axmamy u Tapednepy (2017), cxopocth
CaMOBOCCTAHOBJICHHSI ~ BSDKYIIETO TakXKe 3aBUCHUT OT
Bo3zeifictBust  Brmarm  [1].  @akTnueckmit  MexXaHH3M
TIOBPEX/ICHNUH, BEI3BAHHBIX BO3JEHCTBHEM BIIArd, /10 KOHIA
HE W3YyYeH, OJHAKO CYMTAETCs, YTO JAHHOE SBIICHUE B
3HAYUTEIBHON CTEeNeHU 00YyCIIOBIIEHO ¢uzuKo-
XHUMHYECKUMH B3aUMOJICHCTBUASIMHA MEXIy MacTHKOH |
MHUHEPAIBGHBIMU  3alIOJIHUTENSIME B TPUCYTCTBUH  BOJBL
OO0pazoBanre Mex(pa3HOrO CJOs BOJABI TONIIMHON B
HECKOJIBKO MOHOCIOEB (35-45 HM) Ha rpaHMIe pasjiena
«3aIOJIHATENI—OMTYM» pacCMaTpHBaeTCs Kak OfHa M3
OCHOBHBIX IpHYHH 1otepy aare3uu [2]. [Tokaszano (Airey u
1p., 2007), 9TO0 MUHEPAIOTHYECKUH ¥ XUMHYECKHH COCTaB
3aI0JTHUTEIICH MOXKET UrpaTh 00Jee CYIIECTBEHHYIO POilb B
Pa3BUTHM BJIAroBBIX MOBPEKIEHHMIA, YeM CBOICTBa OUTyMa,
TaKkue Kak TIiyOMHAa IpPOHMKAHWSA, KHUCIOTHOE YHCIO H
pacrpezesicHie MOJIEKYJAPHBIX pa3MepoB [4]. oriacHo
®dpommy, 0OpaTHas SMyJIbralyis BiIaru B OUTyMe NpUBOAUT
K T[OTepe aaresud M MOCIEAYIOIEMY pa3pyIICHHIO
CLICIICHHUS. BoieneHo HECKOJIbKO MEXaHU3MOB
oTciauBaHus (Stripping), BKJIIOYash BBHITECHEHHE, OTPBIB,
[IOPOBOE JIaBJICHUE, CaMOIIPOU3BOJIBHYIO SMYJIBralli0 U
runpasinyeckoe pasmbiBanue [4]. Kenwnemu u Ilunr
ONpeelwin Stripping Kak MOTEePI0 aIre3uOHHOW CBSI3U
MEXIy MHHEpaJIbHBIM 3alOJHUTENEM M  OUTYMHBIM
BSDKYLIUM [5].

Kak ormeuanocw panee, acdanbroBas MacTHKAa MOXKET
paccMaTpuBaThCs KaK OCHOBHOW aAre3MOHHBIA KOMIIOHEHT,
CBSI3BIBAIOLIMI 3aTI0JIHUTENH B cMecu. [loatomy st Gosiee
r7Iy0OKOro HOHUMAaHHUs POOJIEMBI BJIArOBbIX TIOBPEXACHUN
HE00XOAMMO YUHUTHIBATh OCHOBHbIE KOHIICIILINH, JIEXKALIHE B
OCHOBE  IIPOLIECCOB  QAre3ud M pa3ylnpOvYHEHUsS
(nebonauura). B Hacrosiiiee BpeMst PeI0KEHO HECKOIBKO
TeopHi aIre3u , BKIIoUast Teopuio Gpusnudeckoit ancopOuuu,
TEOPHI0 XHUMHYECKOrO  CBA3bIBaHUS, AUPPY3HOHHYIO
TEOPUIO, TEOPHUIO AIIEKTPOCTATUYECKUX B3aHUMOJECHCTBUIMA,
TEOPUI0 MEXaHMYECKOrO 3allCIUICHHUs M TEOpHUIo ciadoro
MOTpaHUYHOrO cinost  [6]. OmHUM U3  TPOSBICHUI
MOBPEKICHHUS aATE€3MOHHOM CBA3UM C OTpULATEIbHON
paboToif aaresuM B NPUCYTCTBMM  BOABI  SBISETCS
HeoOpaTiMasi MOTeps MNPOYHOCTH  cueruieHus. s
achanbTOOCTOHHBIX CMecell IMOIXObl, OCHOBAHHBIC Ha
Teopud (HU3NYECKON aacopOLMK, B HACTOSIIEE BpPEMs
SIBISIFOTCS  HAWOOJiee MIMPOKO MpHUMeHseMbIMU [7]. DTO
OOBSICHAETCS TEeM, 4YTO CBS3b MEXIy OWTYMOM U
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MHHEPAJIBHBIM ~ 3aloNHUTENeM (opMHpyeTcss 3a  CUET
TECHOT'0 KOHTAKTa TOHKHX INIEHOK ac(haJIbTOBOTO BSKYIIIETO
Y TIOBEPXHOCTH 3aITOTHUTEIS B IIPOIECCE CMEIIMBAHIIS.

B ucnerranmsax meronom ESEM-EDS Ha MukpoypoBHe
HCCIeyeTcs unTepdeiic MEXIY OuTyMOM u
MHHEPIPHBIMH MaTepHallaMi, a TaKKe OIPeAesieTCs
azcopOIysl pa3IMYHBIX SJIEMEHTOB OMTYMa MOBEPXHOCTBHIO
muHepanoB. IM3mepenmst ESEM-EDS npoBomsitcs Ha
MONEPEYHBIX CEYEHHMIX KOMIIO3UTHBIX 00pa3IloB CHCTEMBI
«OUTyM—MHHEpaIbHBIH MaTepHamy. [1oJIpHbIE MOJIEKYIIH,
BBICTYTIAIONINE B KaYeCTBE «IKOPHBIX» (footprint) Monekyn
B cJloe OUTyMa, B pa3IMUHON CTENEHH aJCOPOMPYIOTCS Ha
MOBEPXHOCTH  PAa3IMYHBIX  MHHEpajoB. B  maHHOM
UCCJIENIOBAaHNM B KadecTBE HWHIWKATOpa WCIIONIb3YeTCs
OTHOIIICHUE COJepkaHus yriepoga kK kuciopomy (C/O).
M3meHeHne 3HAUEHMS TAHHOTO TOKA3aTellsl Ha Pa3IMIHBIX
pPacCTOSHUAX OT TIOBEPXHOCTH MHHepajla OTpakaeT
pa3nuums B aACOPOLIMH TOJNSPHBIX BEIIECTB HA Pa3HBIX
MHHEPATBHBIX TIOBEPXHOCTAX [8].

Kak ormewanoch paHee, MHHEpaJOrHYECKHH COCTaB
3aIlOJHUTENIEH OKa3bIBaeT CYIIECTBCHHOE BIIMSHHE Ha
BOCTIPHUIMYHBOCTD ac(aTbTOOSTOHHBIX CMeCei K BIIarOBBIM
TOBPEXKJICHUSIM. MUHepalormueckyii CoCTaB 3aroJIHUTENeH
ObUT OXapaKTepU30BaH C HCIHOJIE30BAaHHEM aHAIN3aTopa
MuHepanbHoro cocrasa (Mineral Liberation Analyzer, FEI
Quanta 600 SEM). [lanHelii npubop coueraer
aBTOMaTH3MPOBAaHHBI  CKAHMPYIOIIMH  2JIEKTPOHHBIN
MHKPOCKON W HECKOJIBKO  SHEProJIMCIIEPCHOHHBIX
PEHTTEHOBCKHUX JIETEKTOPOB C COBPEMEHHBIM MPOrPAMMHBIM
obecrieyeHHeM UL TOJYYCHWS]  KOJMYECTBEHHBIX
MHHEPAIOTHIECKIX XapaKTePHUCTHK. [MonyyenHsre
pe3ynbTaThl OBLIM HCHOJIB30BaHBl UL HMICHTU(DHKAIINN
KJIIOYEBBIX MHUHEPANbHBIX ()a3 M OLCHKU HMX BIMAHHS Ha
CHIKEHHE a/iIr€3MOHHOM MIPOYHOCTH CHCTEMBI
«3aIoJIHUTENIb—MACTUKay» T0JA Bo3aeiicrBueM Biaru [11].
JlpyruM BaKHBIM HapaMeTPOM, BIHSIOLUIMM HAa BIIArOBbIE
HOBpEXJEeHU  ac]anbToOCTOHHBIX  cMeceH, SBISeTCS
CKOPOCTh U CTENEHb BOAONOIJIOLIEHNUS 3alOJHHUTENCH.
Hcnbitanns Ha BOJOMOIJIOLIEHHE MPOBOJUINCH C LIENBIO
MOJIEJIMPOBAaHHsA  MepeHoca  BIarM B CTPYKType
3aloJIHUTENed METOJIOM MOJIHOTO HOTPYXKEHHs B BOAY NPHU
temneparype 20 °C. Meroauka mpegycMarpuBalia
HNOTpY)KEHHe HeoOpaOOTaHHBIX  JWUCKOB  3aIlOJIHUTENS
HOMUHAJIBHBIMU pa3MepaMu 23 MM B uaMeTpe U 15 MM o
TOJILHE B JEHOHHM3UPOBAHHYIO BOAY C IOCIEIYHOLIMM
U3MEpPEHUEM IIOINIONIEHHOW BJIArM C  HCIOJIb30BAHHEM
BBICOKOYYBCTBUTEIIbHBIX MUKpoBecoB (paspeuienue 0,1
Mkr) [11].

3. Pe3yabTaThl U 00CyKAeHHE

Tomny4eHHble pe3yJIbTaThl CBUAETENBCTBYIOT O TOM, YTO
MUHEPAJIOTHYECKHA ¥ XUMHYECKUI COCTaB 3aroJHHUTENCH
HaNpsIMyl0 BIHMSET HA ancopOLuI0 MoJekyn Outyma. B
YaCTHOCTH, KOMIIOHEHTbI OUTyMa, COJEpIKalllie MOJIsipHbIE
(yHKIMOHANIBHBIE TPYIIbI, MPOSBIIOT 0ojee MPOYHOE
B3aHMOJICHCTBUE C IIOBEPXHOCTBIO 3aIOJHUTENSA, 4YTO
CIOCOOCTBYET YBEIHYCHHIO MPOYHOCTH /M €31 H.

3anoaHUTENH u ac(anbToBBIC MAaCTHKH
XapaKTEepU3yIOTCS ~ 3HAUUTENBHBIMH  Pa3IMYMsAMU 110
crocoOHOCTM K BiiaromorjomeHuto. Ha  ocHoBaHMM
UCTIBITAHUI ~TUHAMHYECKOW COpOLMH BOJASHOTO Mapa
YCTaHOBJICHO, YTO TPAHUTHBIC 3aMOJHUTENH IOTJIOMAOT
Gonblie BArk 10 CPaBHEHHIO C M3BECTHAKOBBIMHU. Takoe
HoBeJieHHEe  OOBSCHACTCA  HAIMYUEM  TI'MAPO(UIBHBIX
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MHHEPAJIOB B MUHEPAIOIMYECKOM COCTAaBE I'PAHUTA, TAKHX
KaK KBapIl ¥ MOJIEBOH IIMar.

Bonee Toro, sBIeHWE CENEKTHBHOHW aacopOmuu
MPUBOANT K W3MEHEHHIO COCTaBa OWTyMa € TEUCHHEM
BPEMEHH, 4YTO, B CBOIO O4Yepe/b, BIMSET HAa IPOLECCHI
CTapeHHss ¥  BOCIPHUMYHMBOCTG  ac(aabTOOETOHHBIX
MOKPBITUM K BO3JCHCTBUIO  Biaru.  PesynbraThl
11a00paTOPHBIX MCHBITAaHUH TAKKe ITOKA3ald, YTO YPOBEHb
aAre3VMOHHOTO CIEIUICHHUS MEXIy ac(albTOBBIM BSIKYIIHM
W MHUHEPAIBHBIMH 3allOJHATESIMH 3aBUCHT OT THIIA
3aIIOJTHUTEIIS ¥ YCIIOBUE UCTIBITaHu [4].

C wucnons3oBanneM MerogoB ESEM-EDS  6puto
npoBefieHo  HaOmiomeHne  (aKTUUECKOW  aare3MOHHOI
TPaHMIBI MEXIY OUTYMOM M Pa3INYHBIMA MHUHEPAIBHBIMHU
TIOBEPXHOCTSAMH Ha MHKPOCKONIYECKOM ypoBHe. O6pasipl,
MOJIrOTOBJIEHHBIE METOIOM Kpuopasioma (freeze-fracture),
TTO3BOJIMITH COPMHUPOBATH TIIATKHIA M YETKO BBIPAKCHHBIH
TIOTIEpEeYHBIN Cpe3 Ha TpaHuIle «ONTYyM—MHHEpam». JTo, B
CBOIO OYepelp, CO3JAN0 HEOOXOIMMBIE YCIOBUS JUISL
JIOCTOBEPHOTO aHAJIM3a paclpeeNIeHUs DIIEMEHTOB [§].

Pesynbrare! nuHeWHOro ckaHupoBaHus meronoM EDS
yOeMTeNnbHO  TOATBEPAWNIM  SIBICHWE  CEJIEKTUBHON
agcopOIMM  TOJAPHBIX ~ KOMIIOHEHTOB  OWTymMa  Ha
MOBEPXHOCTH MHHEpaoB. Pe3koe M3MeHeHHe OTHOIICHHUS
yraepora k kuciopony (C/O) B obmact, OnMH3KOH K
IpaHHMIle pa3zena, yKa3blBaeT Ha TO, YTO MOJIEKYJbI OUTyMa
pacripeiesieHs o MOBEPXHOCTH 3aIIOTHUTEIIS
HEpaBHOMEPHO, a BBICOKOIOJSPHBIC BEIIECTBA HMEIOT
TEHJICHIMIO K HAKOIUIGHHMI0O Ha wuHTepdeiice [8].
3aIoHUTENN MOTYT KJIACCU(UIIMPOBATHCS KaK KUCIIBIE WITH
OCHOBHBIE (IIIEIOYHBIE) B 3aBUCUMOCTH OT UX XUMHYECKON
npupospl. CorylacHO HccieioBaHMsIM Xedepa, KHCIIbIE
MaTepualbl, Kak IpaBWwiIo, 00pa3yrorT Oosee HpOYHbIE
XMMHYECKHUE CBSI3M C OCHOBHBIMH MaTepHaIaMH, TOrJa KaKk
OCHOBHBIE MaTepHabl Gonee 3¢ pexkTHBHO
B3aMMOJICHCTBYIOT € KHCIBIMH. B cucreme «OuTymM—
3aI0JIHUTEIbY 00pa30BaHHUE MPOYHON XMMMYECKOH CBS3H
MPOUCXOJUT, HAmpuMep, B Clydae, KOIJla OCHOBHOH
3aIl0JIHUTENIb, TAKOW KaK M3BECTHAK, BCTYNaeT B
OnaronpusiTHoe B3aHMO/ICHCTBHE c KHCIIBIMU
KOMIIOHEHTaMH, IPUCYTCTBYIOIIUMY B Outyme [9].

KapOonar kambumsa (CaCOs), copepxammiics B
H3BECTHsIKE, 00pa3yer NpO4YHbIC CBSI3M C KapOOHOBBIMHU
KHUCIIOTaMH B cocTaBe Outyma. B orimume or sroro,
KpeMHHCTbIe  (CHJIMKATHBIC) 3alOJHUTENH  00JajaloT
KHCJIOW TPHUPOOH, B TO BpeMs KaKk caM OHMTYM Tarke
paccmarpuBaeTcsl Kak crnabokucibslii mMatepuan. [losromy
NPOYHOCTh  aAre3ud Mexay OMTYMOM M TaKuMHU
3aM0JIHUTEIIMA OTHOCUTEIHLHO HEBBICOKA [9].

Kennenu u Ilunr (1991) ompenenunu orciauBaHue
(stripping) Kak MOTEPIO aare3ud MeXIy OUTYMOM U
3aMOJHUTEIIMM TI0J] Bo3aeicTBreM Bojbl [S5]. Kanmxan u
Pukapac  (2001)  Beigenuian — OCHOBHBIE — (DaKTOpBI,
CIIOCOOCTBYIOIME OTCIIANBAHUIO: HAJIMYUE BJIATH, BBICOKASL
TEMIIepaTypa, IOBBILIEHHOE COAEPIKAHHE BO3LYIIHBIX
IIyCTOT ¥ MOBBILICHHBIN YPOBEHb HANPSKEHUH [3].

UccnenoBanus mokaszany, uTo achaibTOOCTOHHbIC
cmecy, norepssiue 10 80% mHepBoHAYAIBHON JKECTKOCTH,
MOT'YT MOJIHOCTBIO BOCCTaHABJIMBATH CBOU CBOMCTBA MOCIIE
BbIChIXaHMS. KUM M COaBT. IPOJAEMOHCTPUPOBAIH, YTO
ucnonb3oBanue ruaparuposanHoit  m3Bectu  (Ca(OH)2)
3¢ PeKTUBHO CHIKAET BIIArOBBIC MOBPEKCHHS U YITyUIIaeT
CIETUICHHE MKy OUTYMOM | 3amonHuTessmu [ 10].

Taxxke OBUIO YCTaHOBIEHO, YTO MpPU YBEIHYCHUU
riy6ouHbI mpoHuKaHust ouryma ¢ 60/70 no 80/100 mpouHOCTH
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CIIEIUICHMSI CHIDKaeTcs mpuMepHo Ha 9,73%. Kpowme Toro, B
CYXHUX YCIOBHUSX OK0JIO 90% nepBOHAYaIbHOH IPOYHOCTH
cuerieHus: (GOpMHpYyeTcss B TEYCHHE MEpBBIX 24 4Yacos.
JanpHeiiniee  yBeNmMYeHHE  MPOYHOCTH  HPOHCXOAUT
3HAYUTENBHO OoJiee MeITIeHHBIME Temmami [ 10].

JlaHHas ~ MeTOAMKA  BKJIIOYAeT  SKCIIOHMPOBAHHUE
00pas3LoB 3aloJHUTENCH P Pa3INYHBIX KOHLEHTPAIUIX
(YacTHYHBIX  MAPUHAIBHBIX  JaBICHHSAX)  CIICHUAJIBHO
MoKOOpaHHBIX  30HJOBBIX JKHIKOCTEH W  HM3MEpeHHe
NMpUpPOCTA MacCchl BO BPEMEHH C  HCIHOJIb30BaHHEM
BBICOKOUYBCTBHTENILHBIX MUKPOBECOB (¢ paspeureruem 0,1
MKT). B KkadecTBe 30HIOBBIX KHIKOCTEH HCIOJIB30BAJINCH
xyopodopm, dTWwIaneraT u oktaH. IlompoGHOE omucaHue
MeTo/ja COPOLIUHU MPUBEICHO B JPYTHX UCTOYHHUKAX.

Tony4yeHHble pe3ysbTaThl OBUIH HCIOIB30BaHBI IS
MOCTPOCHUS psiZia COPOIMOHHBIX H30TEPM, HA OCHOBE
KOTOPBIX OLCHHBAJIMCH YACIbHAsK TIOBEPXHOCTH 10 METOIY
Bpynayspa—Ommerra—Temnepa (BET), a TaKxe
KOMITOHEHTHI TTOBepXHOCTHOH cBoOoaHOW sHeprun (SFE)
3anonHurenieid. Kpome TOro, pesynabTarhl  I[MO3BOJIMIH
OLICHHTh OTHOCHTENIbHYIO IMOPUCTOCTh 3allOJHUTENCH, a
TakKe  TEPMOJMHAMUYCCKYIO  paboTy  aaresun
paspymrerns (debonding) CBsI3M «3aMOTHATETB—OUTY M.

[11]  Pe3ynbrarel, JAEMOHCTPHUpPYIOIIME  JIYYIIYIO
YCTOHYHUBOCTH K MOBPEXKICHUSIM, BBI3BAHHBIM BIIAroM, st
CBsI3efl  3amMOJNHHUTENS, CONCPKAIIMX  H3BECTHIKOBYIO
MAacTHKy, YeM TPaHHTHYI0 MACTHKYy, COIJIACyIOTCS C
NpEeABIIYIIMMH  HCCIeoBaHMsIMUA [1] Oosiee  CIIOMKHBIX
ucnbiTanuil  acdanerobeToHHpIx cMeceil. Ha  srom
OCHOBAaHHH MOXXHO YTBEP)KIATh, YTO IpPEJCTABICHHAS B
JAHHOM  HCCJIC/IOBAHMM  YCTaHOBKA JUISl  WCIBITAHHN
CTBIKOBBIX IIIBOB MpE/UIaracT MepCIeKTHBHBINA MOAXOM K
OLICHKE YYBCTBUTEJIBHOCTU ac(abTOOCTOHHBIX cMeced K
BJIAre.

TNomny4eHHble pe3ynbTaThl MOKA3bIBAIOT, YTO IPOLECC
aJire3un Mexy ac(haabTOBBIM BSKYIIIUM U 3aIIOJHUTEIISIMU
3aBUCUT OT psna (akTopoB. Bo-nepBbIX, MHHEpasbHbIH
COCTaB  3allOJIHUTENICH MIpaeT 3HAYUTENIBHYIO  POJlb.
[llenoyHble  3aMOJIHUTENM  JIEMOHCTPUPYIOT — JIYHIIYIO
aJire3uio ¢ OUTYMOM, TOT'/1a KaK KHCIIbIE 3aII0JHUTENH Oosiee
BOCIIPUMMYHBBI K BJIare.

Bo-BrOphIX, CcOocTaB OWUTyMa Takke HMeeT OOJIbIIoe
3HaueHue. MoaupuuupoBaHHble OUTYMBI 00pa3yroT Ooiee
MPOYHBIE aIT€3UOHHbIE CBA3HU C 3aMOTHUTEISIMH [3].

B-TpeThux, ycnoBus OKpysKaroliedl cpenpl, 0COOSHHO
BIQKHOCTh M TEMIIEpaTypa, OKa3bIBAlOT 3HAYUTENILHOE
BJIMSIHHE HA CPOK CIY>KObI acaibTOOCTOHHBIX MOKPBITHIA.
TlosTomy npu npoekTHpoBaHHU acHabTOOSTOHHBIX CMeceit
HEOOXOMUMO  BBIOMpATh  MOAXOMIIIYI0 KOMOHHAIUIO
ac(aabTOBOrO BSKYLIETO M 3aI0JIHUTEIICH.

4. 3akaoueHue

Pe3ynprarsl JaHHOTO HCCIEAOBAHMS MOKA3bIBAIOT, YTO
aJIre3MOHHAs CBA3b MEXAy ac(aJbTOBBIM BSKYIIUM U
3aMOJIHUTEISIMU MIPAET PEIIAIONIYI0 POJIb B IMPOYHOCTH U
JIOJITOBPEMEHHOM paboTOCIOoCcOOHOCTH acharbTOOCTOHHBIX
TIOKPBITHH. ITostomy npu MPOEKTUPOBAHUHU
acdanbTOOCTOHHBIX ~ cMeceil  BBIOOpD  COBMECTHUMOTO
coueTaHus acQalbTOBOr0 BSDKYIIErO M 3allONHHUTENCH, a
TaKJKe yJy4dIIeHHE UX a/Ir€3HOHHBIX CBOMCTB MMEEeT BaKHOE
HAay4yHOE W IPAKTHYECKOE 3HAUCHWE VIS IOBBILICHHUS
9KCIUTyaTallMOHHBIX ~ XapaKTePUCTHK ac(haabTOOSTOHHBIX
MOKPBITHH.
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Analysis of international experience in organizing train operations on
complex mountainous railway sections

M.N. Masharipov!, E.A. Asatov?, R.Sh. Bozorov*
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Currently, one of the urgent problems of railway transport is the effective use of the train capacity and
carrying capacity of sections by optimizing the mass and speed of freight trains on complex mountain
railway sections. For this purpose, the rational use of train capacity through the introduction of resource-
saving technologies into the methods of organizing train traffic on railway sections, as well as the
introduction of scientifically based practical recommendations for optimizing their mass and speed, is of
great importance. Based on this, based on the main qualitative and quantitative indicators of the work of
railway sections, their available, required throughput capacity, sectional and technical speeds, as well as
the amount of transported cargo, are calculated. For this purpose, this article provides an in-depth analysis
of the practical skills of developed countries in this area.

Keywords: complex mountain sections of roads, trains, mass, speed, world experience, technology, improvement

Murakkab tog‘li temir yo‘l uchastkalarida poyezdlar harakatini tashkil etish
bo‘yicha xorijiy tajribaning tahlili

Masharipov M.N.%, Asatov E.A.%, Bozorov R.Sh.!
Tashkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Hozirgi kunda temir yo‘l transportining murakkab tog‘li temir yo‘l uchastkalarida yuk poyezdlari massasi
va tezligini optimallashtirish orgali uchastkalarning poyezd of‘tkazuvchanlik va tashuvchanlik
qobiliyatidan samarali foydalanish dolzarb muammolaridan biri hisoblanadi. Shu maqsadda temir yo‘l
uchastkalarida poyezdlar harakatini tashkil etish usullariga resurstejamkor texnologiyalarni tatbiq qilish,
shuningdek ular massasi va tezligini optimallashtirish bo‘yicha ilmiy asoslangan amaliy tavfsiyalarni
amaliyotga joriy etish orqali ularning poyezd o‘tkazuvchanlik qobiliyatidan ratsional foydalanish muhim
ahamiyat kasb etadi. Bunga asoslanib temir yo‘l uchastkalari ishining asosiy sifat va son ko‘rsatkichalari
bo‘yicha ularning mavjud, zaruriy o‘tkazuvchanlik qobiliyati, uchastka va texnik tezliklar, shuningdek,
tashilgan yuklar miqdori hisoblanadi. Shu magsadda aynan ushbu maqolada jahonning taraqqiy etgan
davlarning ushbu yo‘nalishda amaliy ko‘nikmalari chuqur tahlili amalga oshirildi.

Kalit so‘zlar: murakkab tog‘li yo‘l uchastkalari, poyezdlar, massasi, tezligi, jahon tajribasi, texnologiya,
takomillashtirish

1. Kirish asoslangan texnik-texnologik yechimlarni ishlab chigish
muhim ahamiyat kasb etadi.
“O‘zbekiston — Qirg‘iziston — Xitoy” temir yo‘lini

qurilishi Respublikamizning  tranzit  salohiyatini 2. Tadqlqot metodologlyaSI
yuksalishiga xizmat qilib yuk va poyezd ogimlarini ortishiga o ) ]
zamin yaratadi. Bu esa Markaziy Osiyo davlatlarini Hind Rivojlangan davlatlar bo‘lmish AQSH, Shveytsariya,
okeani va Fors ko‘rfazi portlariga eng gisga masofalarda Kanada, Xitoy va Rossiya kabi gator davlatlar transport
chigish imkoniyatini yaratadi hamda Janubiy va Janubiy — sohasining  asosiy ilmiy-amaliy yo‘nalishlaridan ~ biri
G‘arbiy Osiyoni Xitoy bozorlari bilan temir yo‘llar orqali murakkab va tog‘li relyefga ega temir yo‘l uchastkalarida
bog‘laydi. Shuni alohida ta’kidlash lozimki, “Angren — Pop” yuk poyezdlari  massasini optimallashtirish  asosida
temir yo‘l uchastkasi “Xitoy — Markaziy Osiyo — Yevropa” uchastkglar tashuvchanlik gobiliyatidan ogilona foydalanish
tranzit yo‘lagida muhim bo‘g‘in hisoblanadi, ushbu sanaladi. ) ) . )
uchastkadan barqaror poyezdlarni o‘tkazish esa butun Amerika Qo‘shma Shtatlari temir yo‘llari murakkab
yo‘nalishning samaradorligini  belgilab beradi. Shu Appalachi tog® tizmalari orqali o‘tganligini hisobga olib,
maqgsadda, ushbu murakkab tog‘li yo‘l uchastkasida ushbu temir }.loh‘llarda poyezdl.ar harakatlm tashkil etlsh
joylashgan “Angren — Pop” temir yo‘l tunnelining yuk texnologiyalarini o‘rgamsl} 1021md1r._ Ay_nan ushl_)u tog‘li
tashuvchanlik va poyezd o‘tkazuvchanlik qobiliyatini tahlil uchastkalarda poyezdlarni boshqarishni - takomillashgan
qilish, ilg‘or xorijiy tajribalar asosida uning faoliyatini tizimi (Advanced train control sytems — ATCS) va
takomillashtirish, poyezdlar o‘tkazish texnologiyalarini tagsimlanadigan energiya bloklari (Distributed power units
takomillashtirish, ~uchastkada harakatlanayotgan ~ yuk — DPU)dan foydalangan holda poyezdlar harakati
poyezdlari massasini optimallashtirish bo‘yicha ilmiy tashkillashtiriladi (1-rasm). Ushbu tizimlar yuk poyezdlari

bir nechta lokomotivlarini markazlashgan boshgarish
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asosida harakatni o‘zaro muvofiglashtirish va yuk
tagsimotini optimallashtirish imkonini beradi. Shuningdek,
poyezdlar energiya sarfini boshqarish tizimi (Train energy
management sytems — TEMS) yordamida real vaqgt rejimida
yuk poyezdining massasi, turli yuklamalar, tormoz masofasi
va va energiya sarfi kuzatib boriladi bu esa massani xavfsiz
va samarali tagsimlash imkonini
beradi [9-11].

1-rasm. AQSH Appalachi murakkab tog‘li temir yo‘l
uchastkalarida harakatlanayotgan yuk poyezdlari

Ushbu temir yo‘llarning Janubiy tinch okeani bo‘limida
qiyaligi 33 %ogacha bo‘lgan uchastkalar uchun og‘irligi
6000 tonnadan yuqori bo‘lgan ikkilangan va uchlangan
poyezdlar harakati yo‘lga qo‘yilgan. Bunda lokomotivlar
soni ikkita bo‘lganida birinchisi tarkib boshiga ikkinchisi
poyezd uzunligining 3/5 gqismidan keyin qo‘yilishi
belgilangan. Agar poyezd tarkibida uchta lokomotiv bo‘lsa
birinchisi tarkib boshiga, ikkinchi va uchunchi lokomotivlar
esa uchlangan tarkib o‘rtasiga birgalikda qo‘yilgan holda
tashilib kelinmogda [12].

Shveytsariya og‘ir relyef sharoitiga ega bo‘lgan Alp tog*
tizmasi orgali yuklarni tashishga moslashgan. Ushbu temir
yo‘llarda elektrlashtirilgan tortuv tizimlari va yuqori
aniglikdagi lokomotiv yuk sensor tizimlari orgali lokomotiv
elementlariga tushadign yuklamalar harakat davomida gayd
etib boriladi va yo‘l safarida yuk poyezdlarining massasi
qat’ly nazorat qilinadi. Ushbu temir yo‘llarning har bir
uchastkasi uchun yuk massasining maksimal miqdorlari
belgilangan bo‘lib undan yuqori massadagi yuk poyezdlarini
harakatlanishiga ruxsat berilmaydi. Shuningdek, poyezdlar
harakatini  rejalashtirishda  sun’iy intellekt asosida
modellashtirish  vositalaridan ham keng miqyosida
foydalaniladi. Shveytsariyaning 14,61 km uunlikka ega
bo‘lgan ikki yo‘lli Lyochberg tunneli orqgali 2017-yilda
kuniga 110 ta poyezd o‘tgan, bundan, 80 ta poyezd og‘ir yuk
poyezdlari bo‘lib, maksimal yuk tashish hajmi yiliga 35,7
million tonnani tashkil etgan (2-rasm). Yuk poyezdlarning
uzunligi 1500 metrgacha massasi esa 3600 tonnagacha
ruhsat berilgan [2-11].

o‘tgan lyochberg temir yo‘l tunneli
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Kanada temir yo‘llarida tog® hududlari orqali o‘tgan
uchastkalarda yuk poyezdlari massasini optimallashtirish
magsadida lokomotiv va vagonlar orasidagi ulanishlarda
yuklamalar tahlili amalga oshirilib boriladi. Bu usul
yordamida massani bir tekis tagsimlash imkoniyati yaratiladi
va avtoulagichlarga tushadigan ortiqcha yuklanishlar oldi
olinadi (3-rasm). Kanada temir yo‘llari kompaniyalari,
xususan Kanada tinch okeani temir yo‘li kompaniyasida
(Canadian pacific railway) avtomatlashtirilgan  yuk
muvozanati  algoritmlaridan foydalangan holda yuk
massasini  nafagat texnik jihatdan, balki iqgtisodiy
ko‘rsatkichlar asosida optimallashtiriladi [1, 12].

\é-rasm. Kanada temir yo‘llarida harakatlanayotgan
og‘ir tarkibli yuk poyezdlari

Xitoy togli hududlari orqali o‘tgan temir yo‘l
yo‘nalishlarida og‘ir harakatda tarkiblarni tashish uchun
odatda yuqori quvvatli va ko‘p o‘qli lokomotivlarlardan
foydalanish yo‘lga qo‘yilgan. Xitoy temir o‘llari tizimida
Big Data va loT (Internet of Things) texnologiyalari asosida
yuk monitoring tizimlari joriy gilingan bo‘lib, ular har bir
vagonning real vagtdagi holatini nazorat gilishga xizmat
giladi. Shu orgali ortigcha yuklanishlar aniglanib, massani
avtomatik ravishda tenglashtirish amalga oshiriladi. AQSH
temir yo‘llarida bo‘lgani kabi Xitoy temir yo‘llarida ham
ko‘mir va ruda tashish maqgsadida ommaviy og‘ir vaznli
yuklarni tashish ommalashgan. “Datong — Tsin’xuandao”
uchastkasida yuk poyezdlari og‘irligi 10000 tonna va
poyezdlararo vaqt intervali 13 daqgigani tashkil etadi [1, 9-
12].

Rossiya temir yo‘llari tizimida tog‘li yo‘l uchastkalari,
xususan Sibir va Ural hududlari bo‘ylab yuklarni tashishda
tormoz  tizimlarida  kompozitsiyali ~ materiallardan,
masofadan boshgariluvchi tormozlash tizimlaridan va
dinamik yuk tagsimotini boshgarish tizimlari keng
go‘llanilib kelinmoqda. Yuk massasini optimallashtirishning
turli matematik modellaridan, poyezdlar harakat grafigining
aniq tahlili va har bir uchastka uchun mo‘ljallangan yuk
aylanmasini hisobga olgan holda maksimal yuk ortish
me’yorlari  belgilanadi.  Rossiya  tajribasida  yuk
poyezdlarining uzunlig ham muhim omil bo‘lib, yuk poyezdi
massasini  poyezd uzunligi bilan muvofiglashtirilgan
amaliyoti keng qo‘llaniladi. Xususan, umumiy uzunligi 4324
kilometr bo‘lgan Baykal-Amur magistrali (BAM) yoki
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Transsibir temir yo‘l magistrallarining murakkab tog‘li
yo‘llarida yuk poyezdlarining og‘irligi 4000 tonna etib
belgilangan. Ushbu uchastkalarda poyezdlar ko‘pincha
go‘shimcha yordamchi lokomotivlar bilan harakalanadi,
xususan ol tomonidan tortuvchi yoki ort tomonidan
suruvchi.

Baykal-Amur magistrali uchun zamonaviy
lokomotivlardan foydalaniladi, ya’ni massasi 7100
tonnagacha poyezdlarni tortishga qodir bo‘lgan 3 TE25K2M
seriyali dizel lokomotivlari yordamida sinov yurishlari
amalga oshirilgan. Shuningdek, ba’zi sharaoitlarda ushbu
lokomotivlar massasi 8230 tonna bo‘lgan poyezdlarni
tortgan. Qolaversa, Ural tog* tizmalari orqali 2011-yilda
2ES10 “Granit” rusumli lokomotivlar yordamida ushbu
lokomotivlarni uch bo‘limli turidan foydalanib (uchlangan
tarkib) massasi 9000 tonna bo‘lgan poyezdlar tashilgan.

4-rasm. Baykal-Amur magistralining murakkab tog‘li
temir yo‘l uchastkasida harakatlanayotgan 3TE25K2M
rusmli teplovoz

Sinov natijalariga asosan o‘rtacha nishablik 16 %oni,
maksimal nishablik 20 %oni tashkil etgan. Yuk poyezdlari
harakat tezligi 20+30 km/soatni tashkil etgan.

3. Xulosa

Xorijiy davlatlar tajribasi shuni ko‘rsatadiki, murakkab
tog‘li temir yo‘l uchastkalarida yuk poyezdlarini harakat
xavfsizligini ta’minlagan holda tashkil etish dolzarb
ahamiyatga ega. Shu magsadda yuk poyezdlarini massasini
optimallashtirish nafagat texnik balki boshgaruv, logistika,
ragamli texnologiyalar va modellashtirish bilan uzviy
bog‘liqdir. Shu magsadda O‘zbekiston temir yo‘llarining
murakkab tog‘li yo‘l uchastkalari uchun yuk poyezdlari
massasini lokomotiv tizimlari, yo‘llar holati, energiya
sarfalari va yana bir gancha omillarni hisobga olgan holda
me’yorlashtirish shuningdek, yuk poyezdlarini o‘tkazish
texnologiyasini takomillashtirish lozim. Bu vazifalarni
yechish uchun albatta taraqqiy etgan davlatlarning va
mahalliy olimlarning ilmiy izlanish natijalarini tahlilini
amalga oshirish lozimdir.
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The role and impact of ESG factors in the development of the banking and

Abstract:

Keywords:

financial system

M.B. Sultonboevat
Turin Polytechnic University in Tashkent, Tashkent, Uzbekistan

This article examines the growing importance of integrating ESG (Environmental, Social, and
Governance) principles into the financial sector in the context of global climate change and population
growth. It analyzes the outcomes of ongoing financial sector reforms in Uzbekistan, including banking
system modernization, digital transformation, and improvements in the regulatory framework. At the
same time, key systemic challenges are identified, such as the high level of state participation in the
banking sector, insufficient development of risk management systems, and low financial intermediation.
The study substantiates the role of ESG as a comprehensive approach to evaluating financial sector
performance and provides practical recommendations for its effective implementation.

bank, finance, ESG, efficiency, evaluation, banking sector, environmental, governance, economy

Bank-moliya tizimini rivojlantirishda ESG omillarining roli va ta’siri

Annotatsiya:

Sultonboyeva M.B.!

!Toshkent Turin Politexnika Universiteti, Toshkent, O‘zbekiston

Mazkur maqolada global iqlim o‘zgarishlari va aholi sonining ortib borishi sharoitida moliya sektorida
ESG (ekologik, ijtimoiy va boshqgaruv) tamoyillarini joriy etishning dolzarbligi tahlil gilingan.
O‘zbekiston moliya sektorida amalga oshirilayotgan islohotlar, xususan bank tizimini modernizatsiya
qilish, ragamli transformatsiya jarayonlari va huqugiy bazaning takomillashuvi natijalari yoritilgan. Shu
bilan birga, sektor rivojlanishiga to‘sqinlik gilayotgan asosiy muammolar — davlat ulushining yugoriligi,
risklarni boshqarish tizimining yetarli darajada rivojlanmaganligi va moliyaviy vositachilik darajasining
pastligi tahlil etilgan. Tadgiqotda ESG yondashuvi moliya sektorining samaradorligini kompleks
baholash vositasi sifatida asoslab berilgan hamda ushbu tamoyillarni joriy etish bo‘yicha amaliy takliflar

ishlab chigilgan.
Kalit so‘zlar:

1. Kirish

Hozirgi kunda dunyo aholisining ko‘payishi va global
igqlim o‘zgarishlari sharoitida korporativ boshgaruvga ESG
(ekologik, ijtimoiy va boshgaruv) mezonlarini integratsiya
qilish hamda “yashil” investitsiyalarni joriy etish dolzarbligi
tobora ortib bormoqda. Shu sababli, moliyaviy sektorni
tizimli isloh qilish magsadida bir gator chora-tadbirlar
amalga oshirilmoqda. Natijada, ilg‘or bank biznesini yuritish
va moliyaviy sektorda ragobat muhitini kuchaytirish uchun
zarur huqugiy shart-sharoitlar yaratilmogda. Jumladan,
moliya sektorining barqaror faoliyat yuritishini ta’minlash
va xorijiy investitsiyalarni jalb gilish uchun qulay huqugiy
muhit yaratishga garatilgan bir gator asosiy gonun hujjatlari
yangilandi: “O‘zbekiston Respublikasining Markaziy banki
to‘g‘risida”, “Banklar va bank faoliyati to‘g‘risida”,
“Valyutani tartibga solish to‘g‘risida” hamda “To‘lovlar va
to‘lov tizimlari to‘g‘risida”gi qonunlarning yangi tahrirda
gabul qilinishi bank tizimining institutsional asoslarini
mustahkamlashda muhim ahamiyat kasb etdi [Ommuo6ka!
Hcrounuk ccbuikn He Haiifen.]. Ushbu o‘zgarishlar
moliya sektorida shaffoflikni oshirish, risklarni boshgarish
tizimini takomillashtirish va ilg‘or bank xizmatlarini joriy
etish uchun zamin yaratdi.

Lekin shunga garamay bank-moliya sektorida bir gancha
tizimli muammolar mavjud. Markaziy bank tomonidan
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bank, moliya, ESG, samaradorlik, baholash, bank sektori, ekologik, boshgaruv, igtisodiyot

o‘tkazilgan tadqiqotlarni shuni ko‘tsatmoqdaki, geosiyosiy
xatarlar eng asosiy xatar sifatida belgilangan. Shuningdek,
valyuta kursi o‘zgaruvchanligi, aholi orasida qarz yuki
darajasining ortishi, yuqori inflyatsiya va kiber hujumlar
bilan bog‘liq xavflar moliya tizimi uchun asosiy xatarlar
deya baholanmogda. Shu bilan birga, respondentlar
tomonidan kredit xatari, igtisodiy pasayish, yirik garz
oluvchilarning defolt xavfi, likvidlilik muammolari hamda
iqlim o‘zgarishi bilan bog‘liq xavflar O‘zbekiston moliya
tizimiga salbiy ta’sir ko‘rsatishi mumkin bo‘lgan xatarlar
qatorida sanab o‘tilgan [Omméka! UcToUHNK cCHLIKHM He
Haiifen.]. Bu esa moliya sektorini yanada chuqurroq isloh
gilish va yangi yondashuvlarni joriy etish zarurligini
ko‘rsatadi.

Mazkur yo‘nalishda muhim hujjatlardan biri sifatida
O‘zbekiston Respublikasi Prezidentining 2020-yil 12-
mayda qabul gilingan “2020 — 2025-yillarga mo‘ljallangan
O‘zbekiston Respublikasining bank tizimini isloh qilish
strategiyasi to‘g‘risida”gi PF-5992-son Farmonida bank
tizimiga zamonaviy axborot texnologiyalari va moliyaviy
texnologiyalarni keng joriy etish, axborot xavfsizligini
ta’minlash hamda manfaatdor tomonlar bilan samarali
kommunikatsiyani  yo‘lga qo‘yish zarurligi alohida
ta’kidlangan [Omu6ka! UCTOYHUK CCHLIKH He HaiieH. ).
Ushbu amalga oshirilayotgan ishlar moliya sektorining
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ragamli transformatsiyasini jadallashtirish bilan birga, uning
umumiy samaradorligini oshirishga xizmat giladi.

Mamlakatning uzoq muddatli rivojlanish strategiyasi
doirasida moliya sektorining roli yanada ortib bormoqda.
“O‘zbekiston — 2030 strategiyasida iqtisodiyot hajmini
oshirish, inflyatsiya darajasini magbul darajada ushlab turish
va moliyaviy bargarorlikni ta’minlash ustuvor vazifalar
sifatida belgilangan. Xususan, 2026-yilda inflyatsiya
darajasini 6-6,5 foiz atrofida ushlab turish, pul-kredit
siyosatini qat’iy yuritish va real foiz stavkalarini ijobiy
darajada shakllantirish kabi chora-tadbirlar belgilangan
bo‘lib, bu moliya sektorining barqaror ishlashini
ta’minlashga qaratilgan [Omuoka! UcTOYHMK CCHIIKH He
Haiinen.]. Shu Dbilan Dbirga, strategiyada “yashil
iqtisodiyot”ga o‘tish masalalariga alohida e’tibor qaratilgan.
“Yashil iqtisodiyot”ga o‘tish, uning asosi bo‘lgan qayta
tiklanuvchi energiyadan foydalanish ko‘rsatkichlarini
keskin oshirish, Qayta tiklanuvchi energiya manbalarining
jami generatsiyadagi (iste’'moldagi) ulushini 54 foizga
yetkazish, Issigxona gazlarini yalpi ichki mahsulot birligiga
nisbatan 2010-yildagi darajadan 35 foizga qisqartirish,
Qayta tiklanuvchi energiya manbalarini 25 ming MVtga
yetkazish, Issiqlik tarmogqlaridagi yo‘qotishlarni 20 foizga
tushirish [Omméka! McToYHMK CCHUIKM He HaiiaeH.],
ekologik barqarorlikni ta’minlash va ushbu jarayonlarni
muntazam monitoring gilish vazifalari belgilangan. Bu esa
moliya sektorida ekologik va ijtimoiy mas’uliyatni
kuchaytirish zaruratini yuzaga keltiradi.

Bank tizimini rivojlantirish bo‘yicha belgilangan
magsadlar ham  sektorning kengayib borayotganini
ko‘rsatadi. Xususan, banklarni xususiylashtirish va davlat
ixtiyorida 4 ta bankni saglab golish, bank va moliya tizimida
yillik kreditlash hajmini 720 trillion so‘mga yetkazish, tijorat
banklari depozitlari qoldig‘ini 560 trillion so‘mga yetkazish,
islomiy moliyaning huquqiy asoslarini yaratgan holda 3 ta
tijorat bankida islomiy moliya xizmatini yo‘lga qo‘yish
[Ommoka! Mcrounuk ccblIKM He Haiimen.] singari
vazifalar sektorni nafagat hajm juihatidan, balki sifat
jihatidan ham rivojlanishiga turtki beradi.

Yuqoridagi holatlar moliya sektorida samaradorlikni
baholashga nishatan yangi yondashuvlarni talab etadi.
An’anaviy moliyaviy ko‘rsatkichlar ushbu murakkab
jarayonlarni to‘liq aks ettira olmaydi. Shu sababli,
zamonaviy  ilmiy  yondashuvlar,  xususan  ESG
(Environmental, Social, Governance) tamoyillarini moliya
sektoriga integratsiya gilish dolzarb ahamiyat kasb etmoqda.
ESG yondashuvi moliyaviy natijalar bilan bir gatorda
ekologik, ijtimoiy va boshgaruv omillarini ham hisobga
olish orqgali sektor samaradorligini yanada chuqurrog
baholash imkonini beradi.

2. Tadgigot metodologiyasi

2025 yil boshida umumiy kredit tashkilotlari soni 229
tani tashkil etgan bo‘lsa yil yakunida ushbu ko ‘rsatkich 260
tani tashkil etdi. Shundan 36 tasi tijorat banklari bo’lsa, 224
tasi nobank tashkilotlar (mikromoliya tashkkilotlari 132 ta,
lombardlar 91 ta va bitta Ipotekani gayta moliyalashtirish
tashkilotlari). Shuningdek O‘zbekiston moliya sektorida
sezilarli ijobiy o‘sish tendensiyalari kuzatilmoqda. Xususan,
amalga oshirilgan islohotlar natijasida bank kapitali 1,8
barobarga oshgan bo‘lsa, kreditlash hajmi deyarli 2
barobarga ko‘paygan. Shu bilan birga, ragamli
transformatsiya jarayonlari natijasida onlayn bank
xizmatlari hajmi 2,7 barobarga oshgani moliya
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xizmatlarining sifat jihatdan yangi bosqichga ko*tarilganini
ko‘rsatadi. Bank sektorining xalqaro moliya bozorlariga
integratsiyasi ham sezilarli darajada kuchaygan. Xususan,
ayrim tijorat banklari tomonidan xalgaro kapital bozorlariga
chigish orgali 1 milliard AQSh dollari migdorida mablag*
jalb qilingani ushbu sektorning investitsion jozibadorligi
ortib borayotganidan dalolat beradi. Shu bilan birga, yangi
xususiy banklarning tashkil etilishi ragobat muhitining
shakllanayotganini  ko‘rsatadi [Ommobka! Hcrounuk
CCBLJIKH He HaiiieH.].

Makroiqtisodiy ko‘rsatkichlar tahlili ham moliya
sektorining  ofsishini  tasdiglaydi. Jumladan, boshga
investitsiyalar hajmi 50 trln so‘mdan 63 trln so‘mgacha
oshgan bo‘lib, bu moliyaviy faollikning ortib borayotganini
bildiradi. Shuningdek, depozit tashkilotlari
ko‘rsatkichlarining o‘sishi bank tizimining likvidlilik
darajasi mustahkamlanayotganini ko‘rsatadi. Bundan
tashqari, bank xizmatlari bozori igtisodiyotning eng tez
rivojlanayotgan segmentlaridan biri sifatida shakllanmoqda.
Masofaviy xizmatlar, mobil banking va boshga ragamli
mahsulotlarning keng joriy etilishi aholining moliyaviy
xizmatlardan foydalanish imkoniyatlarini sezilarli darajada
kengaytirdi .

Umuman  olganda,  yuqoridagi  ko‘rsatkichlar
O‘zbekiston moliya sektorida institutsional va funksional
rivojlanish mavjudligini ko‘rsatadi. Biroq ushbu o‘sish bilan
bir gatorda sektor samaradorligini chuqurroq baholash
zarurati ham yuzaga kelmoqda.

Moliyaviy sektorning yuqori sur’atlarda
rivojlanayotganiga qaramasdan, uning samaradorligini to‘liq
ta’'minlashga to‘sqinlik qilayotgan bir qator tizimli
muammolar saglanib gqolmogda. Eng avvalo, bank tizimida
davlat ishtirokining yuqori darajada ekanligi ragobat
muhitining to‘liq shakllanishiga salbiy ta’sir ko‘rsatmogqda.
Davlat ulushining yuqoriligi ayrim hollarda resurslarning
samarali tagsimlanmasligiga hamda bozor
mexanizmlarining yetarli darajada ishlamasligiga olib
keladi.

Muhokama. Shuningdek, ayrim tijorat banklarida
korporativ boshqgaruv va tavakkalchiliklarni boshgarish
tizimining yetarli darajada rivojlanmaganligi kuzatiladi. Bu
esa kredit portfelining sifatiga, likvidlilikni boshgarishga va
umumiy moliyaviy barqarorlikka salbiy ta’sir ko‘rsatishi
mumkin. Aynigsa, risklarni baholash va monitoring gilish
mexanizmlarining zamonaviy talablarga to‘liq mos
kelmasligi bank faoliyatining samaradorligini pasaytiruvchi
omillardan biri hisoblanadi.

Bundan tashqari, iqgtisodiyotda moliyaviy vositachilik
darajasining nisbatan pastligi ham muhim muammo sifatida
namoyon bo‘lmoqda. Moliyaviy resurslarning real sektor
ehtiyojlariga to‘liq yo‘naltirilmasligi iqtisodiy o°sish
sur’atlariga ham ta’sir ko‘rsatadi. Bu holat banklar va
boshga moliyaviy institutlarning iqtisodiyotdagi rolini
yanada kuchaytirish zarurligini ko‘rsatadi.

Ragamlashtirish  jarayonlari jadal rivojlanayotgan
bo‘lsa-da, axborot texnologiyalarini joriy etish va axborot
xavfsizligini ta’minlash bilan bog‘liq muammolar ham
dolzarbligicha qolmoqda. Xususan, ayrim moliyaviy
institutlarda ragamli infratuzilmaning vyetarli darajada
rivojlanmaganligi xizmatlar sifatiga ta’sir qilishi mumkin.

Shu bilan birga, moliya sektorida shaffoflik va axborot
ochigligi darajasini oshirish masalasi ham muhim ahamiyat
kasb etadi. Xususan, ESG ko‘rsatkichlari bo‘yicha yagona
standartlar va hisobot tizimining mavjud emasligi sektor
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samaradorligini kompleks baholash imkoniyatlarini cheklab
gqo‘ymoqda.

Natijada, mavjud muammolar moliya sektorida amalga
oshirilayotgan  islohotlarning  samaradorligini  to‘liq
namoyon etishiga to‘sqinlik qilmoqda va yangi, zamonaviy
baholash yondashuvlarini joriy etish zaruratini yuzaga
keltirmoqda.

Yuqgorida gayd etilgan muammolar moliya sektorida
samaradorlikni baholashda  an’anaviy = moliyaviy
ko‘rsatkichlarning yetarli emasligini ko‘rsatadi. Shu sababli,
zamonaviy yondashuv sifatida ESG (Environmental, Social,
Governance) tamoyillarini joriy etish dolzarb ahamiyat kasb
etmoqda. ESG yondashuvi moliyaviy natijalar bilan bir
gatorda ekologik, ijtimoiy va boshqgaruv omillarini ham
hisobga olish orgali sektor faoliyatini yanada kompleks
baholash imkonini beradi.

Ekologik komponent (E) nuqgtai nazaridan garaganda,
O‘zbekistonda “yashil iqtisodiyot”ga o‘tish bo‘yicha
belgilangan strategik magsadlar moliya sektoriga yangi
vazifalarni yuklamogda. Xususan, qayta tiklanuvchi
energiya manbalarini rivojlantirish, ekologik loyihalarni
moliyalashtirish va “yashil kreditlar” ulushini oshirish
banklarning faoliyat yo*nalishida muhim o‘rin egallamoqda.
Bu esa moliya institutlaridan ekologik risklarni hisobga
olgan holda garor gabul gilishni talab etadi.

ljtimoiy komponent (S) esa moliyaviy xizmatlarning
ommaviyligini oshirish va aholining barcha gatlamlari
uchun moliyaviy imkoniyatlarni kengaytirish bilan bevosita
bogliq. So‘nggi yillarda ragamli bank xizmatlarining
kengayishi, masofaviy xizmatlar va innovatsion moliyaviy
mahsulotlarning joriy etilishi aholining moliyaviy tizimga
jalb qilinishini oshirmogda. Bu esa moliya sektorining
nafagat igtisodiy, balki ijtimoiy ahamiyatini ham
kuchaytiradi.

Boshgaruv komponenti (G) esa moliya sektorida eng
muhim yo‘nalishlardan biri hisoblanadi. Qabul gqilingan
normativ-huquqgiy hujjatlar bank tizimida shaffoflikni
oshirish, hisobdorlikni kuchaytirish va risklarni samarali
boshqarish uchun asos yaratdi. Shu bilan birga, korporativ
boshgaruv tizimini  takomillashtirish va manfaatdor
tomonlar bilan samarali muloqotni yo‘lga qo‘yish moliya
institutlarining barqaror rivojlanishida muhim omil bo‘lib
xizmat giladi.

Shu nugtai nazardan garaganda, ESG tamoyillarini
moliya sektoriga integratsiya gilish mavjud muammolarni
bartaraf etishda samarali vosita bo‘lishi mumkin. Xususan,
ESG yondashuvi orgali resurslarni yanada samarali
tagsimlash, risklarni chugurrog baholash va uzoq muddatli
barqaror rivojlanishni ta’minlash imkoniyati yaratiladi.

3. Xulosa

O‘tkazilgan tahlillar shuni ko‘rsatadiki, so‘nggi yillarda
O‘zbekiston Respublikasida moliya sektorini rivojlantirish
bo‘yicha amalga oshirilayotgan keng ko‘lamli islohotlar
natijasida ushbu sohada sezilarli ijobiy o‘zgarishlar
kuzatilmogda. Xususan, bank Kkapitalining oshishi,
kreditlash hajmining kengayishi, ragamli Xxizmatlarning
jadal rivojlanishi hamda xalgaro moliya bozorlariga
integratsiyaning kuchayishi sektorning bargaror
rivojlanayotganini tasdiglaydi.

Birog, erishilgan natijalarga garamasdan, moliya
sektorida gator tizimli muammolar ham mavjudligi
aniglandi. Jumladan, davlat ishtirokining yuqoriligi,
korporativ boshgaruv va tavakkalchiliklarni boshgarish
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tizimining yetarli darajada rivojlanmaganligi, shuningdek
moliyaviy  vositachilik darajasining pastligi  sektor
samaradorligini to‘liq ta’minlashga to‘sqinlik qilmoqda.

Shu nugtai nazardan, moliya sektorida samaradorlikni
baholashda an’anaviy moliyaviy ko‘rsatkichlar bilan
cheklanib golmasdan, zamonaviy yondashuvlarni joriy etish
zarurati yuzaga kelmoqda. Xususan, ESG (Environmental,
Social, Governance) tamoyillarini integratsiya gilish sektor
faoliyatini yanada kompleks baholash imkonini beradi. ESG
yondashuvi orqali ekologik barqarorlikni ta’minlash,
ijtimoiy ahamiyatga ega xizmatlarni kengaytirish hamda
korporativ boshqaruvni takomillashtirish mumkin bo‘ladi.

Tadgiqot natijalariga asoslanib, moliya sektorining
samaradorligini oshirish uchun quyidagi takliflarni ilgari
surish mumkin:

birinchidan, banklar faoliyatida ESG hisobot tizimini
bosgichma-bosgich joriy etish;

ikkinchidan, yashil moliyalashtirish instrumentlarini
rivojlantirish va ekologik loyihalarni qo‘llab-quvvatlash;

uchinchidan, korporativ boshgaruv  standartlarini
xalgaro talablarga mos ravishda takomillashtirish;

to‘rtinchidan, moliyaviy xizmatlarning ommaviyligini
oshirish orgali aholi va biznes subyektlarining moliyaviy
tizimga jalb gilinishini kengaytirish.

Umuman olganda, ESG tamoyillarini moliya sektoriga
integratsiya qilish nafagat mavjud muammolarni bartaraf
etishga, balki uzoq muddatli barqaror iqtisodiy o‘sishni
ta’minlashga xizmat qiladi. Shu bois, kelgusida moliya
sektorini  rivojlantirishda ESG yondashuvlari ustuvor
yo‘nalishlardan biri sifatida garalishi magsadga muvofiqdir.
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Development of an information system for rapid communication with

Abstract:

Keywords:

emergency services

O.A. Turdiev @2, M.B. Murtozaeva®
Tashkent state transport university, Tashkent, Uzbekistan

In modern society, the prevention and management of emergency situations (ES) is one of the most
important state tasks. Emergencies are situations that can cause serious harm to human life and health,
the environment and material resources, and their rapid detection and timely response are crucial in
saving people's lives. World experience shows that the time to contact emergency services can save a
person's life every minute. Therefore, the integration of modern information and communication
technologies into ES management systems is an urgent scientific and practical issue.

Emergency Situations (ES), GPS Integration, RFID, MySQL Database, RBAC (Role-Based Access
Control), Operator Efficiency, SUS Score (Percentage), HTML5 and CSS3

Favqulodda vaziyatlar xizmatlari bilan tezkor aloga uchun axborot tizimini

Annotatsiya:

Kalit so‘zlar:

ishlab chigish

Turdiyev O.A.%52 Murtozayeva M.B.!

1Toshkent davlat transport universiteti, Toshkent, O’zbekiston

Zamonaviy jamiyatda favqulodda vaziyatlar (FV) oldini olish va boshgarish eng muhim davlat
vazifalaridan biri hisoblanadi. Favqulodda vaziyatlar — bu inson hayoti va salomatligiga, atrof-muhitga
va moddiy boyliklarga jiddiy zarar yetkazishi mumkin bo‘lgan holatlar bo‘lib, ularning tezkor aniqlanishi
va o‘z vaqtida javob berilishi odamlar hayotini saqlab qolishda hal qiluvchi ahamiyatga ega. Jahon
tajribasi shuni ko‘rsatadiki, favqulodda vaziyatlar xizmatlariga murojaat qilish vaqti har bir daqiqada
inson hayotini qutgarishi mumkin. Shu sababli, zamonaviy axborot-kommunikatsiya texnologiyalarini
FV boshgarish tizimlariga integratsiya qilish dolzarb ilmiy-amaliy masala hisoblanadi.

Favqulodda vaziyatlar (FV), GPS-integratsiya, RFID, Ma‘lumotlar bazasi MySQL, RBAC (Role-Based
Access Control), Operator samaradorligi, SUS ball (foiz), HTML5 va CSS3

1. Kirish

O‘zbekiston Respublikasi 2019-yilda yagona 112
go‘ng‘iroq xizmatini joriy etgan bo‘lib, bu xizmat orqali
fugarolar tez tibbiy yordam, o‘t o‘chirish va qutqaruv,
politsiya hamda gaz xo‘jaligi xizmatlariga bir maromda
murojaat qilish imkoniyatiga ega bo‘ldilar. Birog, mavjud
tizimning bir gator texnik va funksional cheklovlari mavjud:
GPS-integratsiya yo‘qligi, ko‘p kanalli qo‘llab-quvvatlash
etishmasligi, tibbiy ma‘lumotlar integratsiyasining bo‘lishi
hamda gishlog joylarda texnik infratuzilmaning
yetishmasligi  kabi muammolar tizim samaradorligini
sezilarli darajada cheklaydi. Shunday ekan, mavjud 112
tizimini takomillashtirish va yangi zamonaviy axborot
tizimini ishlab chiqish zaruriyati tug‘ildi.

Ushbu ilmiy maqola Toshkent davlat transport
universiteti Axborot texnologiyalari fakultetida magistratura
darajasida bajarilgan dissertatsiya ishi asosida tayyorlandi.
Tadgigotning magsadi — favqulodda vaziyatlar xizmatlari
bilan tezkor aloga o‘rnatish uchun yangi axborot tizimini
loyihalashtirish, ishlab chigish va sinashdan iborat. Tizim
GPS-integratsiya, ko‘p kanalli murojaat, tibbiy ma‘lumotlar
bazasi va zamonaviy veb-texnologiyalar asosida yaratilgan
bo‘lib, O°zbekiston sharoitlariga moslashtirilgan.

3 https://orcid.org/0000-0002-1651-5493
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Tadgiqotning ilmiy yangiligi quyidagilarda ifodalanadi:
birinchidan, O‘zbekistonda axborot texnologiyalari va
favqulodda vaziyatlar boshgaruvi chorrahasida birinchi
marta tizimli tadqiqot o‘tkazildi; ikkinchidan, xorijiy tajriba
va mahalliy ehtiyojlarni giyosiy tahlil qgilish orgali yangi
yondashuv taklif etildi; uchinchidan, ochiq manbali
texnologiyalar asosida mabhalliy sharoitlarga moslashgan
tizim yaratildi. Tadqiqot natijalari O‘zbekiston Favqulodda
vaziyatlar vazirligi va aholi xavfsizligi tizimlarini
takomillashtirishda amaliy qo‘llanishga ega bo‘la oladi.

Magolada quyidagi vazifalar yechilgan: xalgaro
tajribaning qiyosiy tahlili, talablar muhandisligi bo‘yicha
empirik tadqiqot, tizim arxitekturasi va ma‘lumotlar bazasi
loyihasini ishlab chigish, prototipning amaliy tatbiq etilishi,
sinovlar o‘tkazish va natijalarni tahlil qilish. Tadgigot
Agile/Scrum metodologiyasi asosida 14 hafta davomida, 7
sprintda amalga oshirildi va 340 ta Git-commit bilan
hujjatlashtirildi.

O‘ZBEKISTONDA FV XIZMATLARI HOLATI

O‘zbekistonda 112 yagona qo‘ng‘iroq xizmati 2019-yil
1-yanvardan boshlab ishga tushirilgan bo‘lib, u Favqulodda
vaziyatlar vazirligi tizimida faoliyat yuritadi. 2019-2023-
yillar oraligiida xizmat statistikasi ko‘rinishicha, jami
murojaatlar soni 842 mingdan 1 million 189 minggacha
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o‘sgan, bu yillik o‘rtacha 9 foiz o‘sishni bildiradi. Javob
berish vaqgti 8,4 dagigadan 6,9 dagigagacha gisgargan
bo‘lsa-da, bu ko‘rsatkich xalqaro standartlardan (3-5
dagiga) ancha yuqori [7].

Internet orqgali kelgan murojaatlar ulushi 2019-yilda atigi
2 foizni tashkil etgan bo‘lsa, 2023-yilda bu ko‘rsatkich 9
foizga yetdi. Bu tendentsiya fuqgarolarning ragamli
kanallarga o‘tishini ko‘rsatadi va veb-asosli murojaat
tizimini yaratishning ahamiyatini tasdiglaydi. Biroq, hozirgi
kunda 112 xizmatining texnik infratuzilmasi bir gator
muammolarga duch kelmoqda: GPS-integratsiya mavjud
emas, bu murojaat gilayotgan fugaroning joylashuvini
aniqlashda qiyinchiliklar yaratadi; ko‘p kanalli qo‘llab-
quvvatlash yo‘q, fagat ovozli qo‘ng‘iroq orqali murojaat
qilish mumkin; tibbiy ma‘lumotlar bazasi bilan integratsiya
etishmagan, bu operatorga fugaroning tibbiy holati hagida
ma‘lumot  bermaydi;  qishloq  joylarda  texnik
infratuzilmaning zaifligi tizim ishonchliligini pasaytiradi

8.

1-jadval
O¢zbekiston 112 xizmati statistikasi (2019-2023)

Ko‘rsatkich 2019 2020 2021 2022 2023

Murojaatlar 842 938 1 1 1
(ming) 024 106 189
Javob vagti 8,4 7,8 7,3 7,1 6,9
(daq)
Internet 2% 4% 5% % 9%

murojaat (%)

Texnologik jihatdan hozirgi kunda LAMP (Linux,
Apache, MySQL, PHP) texnologik to‘plami keng
go‘llaniladi. PHP 8.1 versiyasi o‘zining yuqori
samaradorligi va xavfsizlik funksiyalari bilan ajralib turadi.
MySQL 8.0 ma‘lumotlar bazasi boshqaruvi tizimi esa
ishonchli saglash va tezkor so‘rovlar bajarish imkoniyatiga
ega. HTML5 va CSS3 zamonaviy veb-interfeys yaratish
uchun standart texnologiyalar hisoblanadi [9].

2. Tadgiqot metodologiyasi

Ushbu bobda taklif etilayotgan axborot tizimining
loyihalash  metodologiyasi,  arxitekturaviy — qarorlari,
ma‘lumotlar bazasi loyihasi va xavfsizlik choralari bayon
etiladi. Tizim ishlab chigish jarayonida talablar
muhandisligi, dasturiy ta‘minot  arxitekturasi va
foydalanuvchi  markazli  dizayn kabi  zamonaviy
yondashuvlardan foydalanildi.

TIZIM ARXITEKTURASI VA LOYIHA
TUZILMASI

Talablar muhandisligi bosgichida 23 ta chuqur intervyu
va 120 kishini qamrab olgan so‘rovnomalar o‘tkazildi.
Intervyu ishtirokchilari orasida FV xizmati operatorlari, tez
tibbiy yordam xodimlari, politsiya vakillari, IT-
mutaxassislar va oddiy fuqarolar bor edi. So‘rovnomada
foydalanuvchilar FV xizmatiga murojaat qilish tajribasi,
mavjud muammolar va kutgan xususiyatlari hagida so‘raldi.
Natijada 94 ta talab aniglandi va ular MoSCoW usuli
bo‘yicha saralandi: 32 ta Must Have (majburiy), 28 ta
Should Have (kerakli), 21 ta Could Have (istalgan) va 13 ta
Won‘t Have (amalga oshirilmasligi) [10].

https://doi.org/10.56143/2181-2438-2026-2-38-41

Tizim arxitekturasi sifatida MVC (Model-View-
Controller) na‘mush patterni tanlandi, u dasturiy ta‘minotni
uchta mustagil komponentga ajratadi: Model — ma‘lumotlar
bazasi bilan ishlash, View — foydalanuvchi interfeysi,
Controller — biznes-mantig. Arxitektura uchta asosiy
foydalanuvchi rolini nazarda tutadi: Foydalanuvchi (fugaro)
— murojaat yuborish, joylashuv aniglash, tibbiy
ma‘lumotlarni kiritish imkoniyatiga ega; Operator —
murojaatlarni gabul qilish, tasniflash va tegishli xizmatga
yo‘naltirish; ~ Administrator —  tizimni  boshgarish,
operatorlarni  nazorat  qilish, hisobotlarni  ko‘rish
funksiyalarini bajaradi.

Texnologik to‘plam sifatida LAMP (Linux, Apache,
MySQL, PHP) tanlandi. PHP 8.1 wversiyasi JIT-
kompilyatsiya, enums, fiber va yaxshilangan turi xavfsizligi
kabi zamonaviy funksiyalarni taqdim etadi. MySQL 8.0
CTE (Common Table Expressions), window funksiyalari va
yaxshilangan JSON qo‘llab-quvvatlash kabi imkoniyatlarga
ega. Veb-interfeys HTML5, CSS3 va JavaScript yordamida
yaratildi. Mobile-First responsive dizayn yondashuvi
qo‘llanib, barcha qurilma o‘lchamlariga moslashuvchan
interfeys ta‘minlandi [11].

MA‘LUMOTLAR BAZASI LOYIHASI

Ma‘lumotlar bazasi MySQL 8.0 reliksion boshqaruvi
tizimida loyihalandi va 6 ta asosiy jadvalni o‘z ichiga oladi.
USERS jadvali foydalanuvchilarning shaxsiy va tibbiy
ma‘lumotlarini saqlaydi, jumladan qon guruhi, allergiyalar
va tibbiy izohlari. MUROJAATLAR jadvali barcha
murojaatlarni qayd etadi, ularning turi, holati va vaqt
belgilarini saglaydi. OPERATORLAR jadvali operatorlar
ro‘yxatini va ularning vakolat darajasini boshgaradi.
XIZMATLAR jadvali mavjud FV xizmatlari (tez yordam,
o‘t ofchirish, politsiya, gaz xizmati) ma‘lumotlarini
saglaydi. BILDIRISHNOMALAR jadvali
foydalanuvchilarga  yuboriladigan  bildirishnomalarni
kuzatadi. HISOBOTLAR jadvali tizim faoliyati bo‘yicha
hisobotlarni saglaydi [12].

Ma‘lumotlar bazasida tashqi kalitlar (foreign keys)
orqali jadvallar o‘rtasidagi munosabatlar o‘rnatildi.
Masalan, MUROJAATLAR jadvali USERS va
XIZMATLAR jadvallariga bog‘langan. USERS jadvalidagi
tibbiy ma‘lumotlar (blood type, allergies, medical notes)
operatorga murojaat gilayotgan fugaroning tibbiy holati
haqida tezkor ma‘lumot beradi, bu esa to‘g‘ri xizmatni
yo‘naltirishda muhim ahamiyatga ega. Ma‘lumotlar
bazasining normalizatsiya darajasi 3NF (Third Normal
Form) bo‘lb, ma‘lumotlar takrorlanishi oldini olindi va
ma‘lumotlar yaxlitligi ta‘minlandi.

XAVFSIZLIK ARXITEKTURASI

Tizim  xavfsizligi OWASP Top-10 xavfsizlik
tahdidlariga asoslanib loyihalandi. Autentifikatsiya tizimida
berypt algoritmi bilan 12 ta iteratsiya (cost factor) ishlatiladi,
bu go‘lnmalarni xeshlash uchun zamonaviy va ishonchli
usul hisoblanadi. Ma‘lumotlar bazasi so‘rovlari PDO (PHP
Data Objects) prepared statements orgali bajariladi, bu SQL-
injection hujumlaridan himoyalaydi. RBAC (Role-Based
Access Control) rolga asoslangan kirish nazorati tizimi joriy
etilib, har bir foydalanuvchi roliga mos vakolatlar belgilandi.
CSRF (Cross-Site Request Forgery) himoyasi uchun token-
asosli autentifikatsiya mexanizmi qo‘llanildi [13].

Shuningdek, tizimda quyidagi qo‘shimcha xavfsizlik
choralarini ko‘rildi: barcha ma‘lumotlar uzatishda HTTPS
protokoli orqgali shifrlanadi, parollar minimum 8 belgi, katta-
kichik harf, ragam va maxsus belgi talab giladi, operator
sessiyalari 30 dagigadan keyin avtomatik tugaydi, barcha
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tizim harakatlari jurnalga (log) yoziladi va monitoring
qilinadi. Xavfsizlik siyosati O‘zbekiston “Davlat axborot
tizimlarini xavfsizlikka muhofaza qilish” standartlari hamda
xalgaro ISO/IEC 27001 talablariga muvofiq ishlab chigildi
[14].

3. Natija va muhomalar

Tizim  ishlab  chigish  jarayoni  Agile/Scrum
metodologiyasi asosida 14 hafta davomida amalga oshirildi.
Umumiy 7 sprint o‘tkazilib, har bir sprint 2 haftadan iborat
edi. Sprintlar davomida jami 340 ta Git-commit bajarildi va
barcha ishlar versiya boshgaruv tizimida hujjatlashtirildi.
Ishlash jarayonida Backlog-refinement, Sprint Planning,
Daily Standup, Sprint Review va Sprint Retrospective kabi
Scrum marosimlari muntazam o‘tkazildi. Birinchi sprintda
asosiy arxitektura va ma‘lumotlar bazasi loyihasi yaratildi,
oxirgi sprintlarda foydalanuvchi interfeysi, xavfsizlik
modullari va sinovlar yakunlandi.

SINOV NATIJALARI

Tizim uchta bosqgichda sinovdan o‘tkazildi: unit-
sinovlar, integratsion sinovlar va foydalanuvchi gabul
sinovlari (UAT). Unit-sinovlar uchun PHPUnit test
freymvorki qo‘llanilib, jami 89 ta test yozildi. Sinovlar
natijasida 86 ta test muvaffaqiyatli o‘tdi va 3 ta test
muvaffaqiyatsiz bo‘ldi, bu 96,6 foiz o‘tish foizini bildiradi.
Muvaffaqiyatsiz bo‘lgan testlar chegaraviy holatlarni
tekshirish bilan bog‘liq bo‘lib, keyingi sprintlarda tuzatildi.

Integratsion sinovlar tizim komponentlari o‘rtasidagi
o‘zaro ta‘sirni tekshirish uchun o‘tkazildi. Jami 47 ta
integratsion test bajarildi, jumladan ma‘lumotlar bazasi
ulanish sinovlari, APl endpoint sinovlari, autentifikatsiya va
avtorizatsiya sinovlari. Barcha integratsion sinovlar
muvaffaqiyatli o‘tdi. JMeter yordamida yuk sinovlari
o‘tkazilib, 100 ta bir vaqtliy foydalanuvchi ostida tizimning
ishlash ko‘rsatkichlari o‘lchandi. O‘rtacha javob vaqti 1,24
soniya, P95 (95-percentil) javob vaqgti 1,68 soniya va
maksimal javob vagqti 2,31 soniya bo‘ldi.

Foydalanuvchi gabul sinovlari (UAT) 83 nafar
ishtirokchi bilan o‘tkazildi. Ishtirokchilar tizimning barcha
asosiy funksiyalarini sinab ko‘rdilar va SUS (System
Usability Scale) so‘rovnomasini to‘ldirdilar. SUS ballari
82,4/100 natijani ko‘rsatdi, bu “Yaxshi” (Good) toifasiga
mos keladi va Web-usability standartlariga muvofiq
hisoblanadi. Foydalanuvchilarning 91 foizi tizimdan
goniqish bildirdi, umumiy qoniqish ko‘rsatkichi 4,5/5 ballni
tashkil etdi [15].

ISHLASH KO‘RSATKICHLARI

Tizimning asosiy ishlash ko‘rsatkichlari 3-jadvalda
keltirilgan. Taklif etilgan tizim mavjud 112 xizmati bilan
solishtirganda javob berish vagtini 65 foizga gisqartirdi,
operator samaradorligini 67 foizga oshirdi va foydalanuvchi
gonigishini  4,5/5 ballgacha yetkazdi.  Tizimning
ishonchliligi Billz.uz serverida 30 kunlik kuzatuv natijasida
99,87 foiz uptime ko‘rsatkichini ta‘minladi, bu yuqori
mavjudlik (high availability) talablariga javob beradi.
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2-jadval
Tizim ishlash ko‘rsatkichlari: mavjud va taklif etilgan
tizimlar solishtirmasi

Ko‘rsatkich Mavjud  Taklif  Yaxshilanish

112 etilgan
tizim
Javob berish 6,9daq 2,4daq 65%
vaqti
Operator 100% 167% +67%
samaradorligi
Foydalanuvchi 3,2/5 4,5/5 +41%
gonigishi
SUS ball (foiz) 68,2 82,4 +21%
Uptime 97,5%  99,87% +2,4%
GPS- Yo‘q Ha +100%

integratsiya

Tizimning joylashuvni aniglash (geolocation) funksiyasi
foydalanuvchining GPS ma‘lumotlarini avtomatik ravishda
oladi va murojaat bilan birga operatorga uzatadi. Sinov
natijalariga ko‘ra, GPS aniglash anigligi shahar sharoitida
o‘rtacha 5 metr, gishlog sharoitida 15 metrni tashkil etdi. Bu
ko‘rsatkich FV xizmatlarining joylashuvni aniglashda
muhim yaxshilanish bo‘lb, avvalgi tizimda bu funksiya
butunlay yo‘q edi. Tibbiy ma‘lumotlar integratsiyasi
sinovlarida operatorning to‘g ri xizmatni tanlash anigligi 78
foizdan 94 foizga oshdi, bu fugaroning qon guruhi va
allergiya ma‘lumotlarini hisobga olgan holda tezkor tibbiy
yordam Xxizmatiga murojaatlarni anigroq yo‘naltirish
imkonini berdi.

JMeter yuk sinovlarining batafsil natijalari quyidagilarni
ko‘rsatdi: 10 ta bir vaqtliy foydalanuvchi ostida o‘rtacha
javob vaqti 0,34 soniya, 50 ta foydalanuvchi ostida 0,87
soniya, 100 ta foydalanuvchi ostida 1,24 soniya va 150 ta
foydalanuvchi ostida 1,89 soniya bo‘ldi. Tizim 150 ta gacha
bir vaqtliy foydalanuvchini bargaror qo‘llab-quvvatladi, bu
Oc‘zbekistonning katta shaharlari uchun vyetarli deb
hisoblanadi. Server resurslaridan foydalanish
normallashtirilgan holatda CPU yuklamasi 35 foiz, RAM
ishlatilishi 42 foizni tashkil etdi, bu optimal resurs sarflashni
ko‘rsatadi.

Loyiha byudjeti jami 34 600 000 so‘mni tashkil etdi,
jumladan: dasturchi ish hagi — 18 000 000 so‘m, server va
hosting xarajatlari — 4 200 000 so‘m, dizayn va U/UX — 5
800 000 so‘m, sinov va sifat kafolati — 3 600 000 so‘m,
boshga xarajatlar — 3 000 000 so‘m. Ishlab chigish bosgichi
XAMPP localhost mubhitida boshlanib, yakuniy versiya
Billz.uz ishlab chigarish serveriga joylashtirildi. Server
konfiguratsiyasi: 2 vCPU, 4 GB RAM, 50 GB SSD disk,
Ubuntu 22.04 operatsion tizimi [16].
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4. Xulosa

Ushbu ilmiy magolada favqulodda vaziyatlar xizmatlari
bilan tezkor aloga o‘rnatish uchun axborot tizimini ishlab
chigish bo‘yicha tadgiqot natijalari bayon etildi. Tadgigot
davomida quyidagi asosiy natijalarga erishildi.

Birinchidan, xalgaro tajribaning qiyosiy tahlili
o‘tkazildi. AQSh (NG911), Germaniya (eCall), Estoniya (X-
Road) va Yaponiya (J-Alert) kabi mamlakatlarning FV aloga
tizimlarining afzalliklari va imkoniyatlari o‘rganildi. Tahlil
natijasida O‘zbekistonning mavjud 112 tizimi GPS-
integratsiya, Kko‘p kanalli murojaat va ma‘lumotlar
integratsiyasi bo‘yicha sezilarli orgada ekanligi aniglandi.

Ikkinchidan, empirik tadgigot natijasida 23 ta intervyu
va 120 kishilik so‘rovnomalar asosida 94 ta talab aniqlandi
va MoSCoW metodi bilan saralandi. Bu O‘zbekiston
fugarolarining FV xizmatlariga nisbatan kutgan ehtiyojlari
va afzalliklarini  birinchi  marta tizimli ravishda
hujjatlashtirdi.

Uchinchidan, amaliy tizim yaratildi va keng ko‘lamli
sinovlardan o‘tkazildi. Tizim LAMP texnologik to‘plami,
MVC arxitekturasi va zamonaviy xavfsizlik choralariga
asoslandi. Sinov natijalari tizimning yuqgori samaradorligini
tasdigladi: javob berish vaqgti 65 foizga gisqardi, operator
samaradorligi 67 foizga oshdi va foydalanuvchi gonigishi
4,5/5 ballga yetdi.

To‘rtinchidan,  tadqiqot =~ O‘zbekistonda  axborot
texnologiyalari va favqulodda vaziyatlar boshgaruvi
chorrahasida birinchi tizimli ilmiy tadqiqot bo‘lib, ushbu
sohadagi ilmiy bo‘shligni qisman to‘ldirdi. Tadqiqot
natijalari O‘zbekiston FV vazirligi va aholi xavfsizligi
tizimlarini takomillashtirishda amaliy qo‘llanishga ega.

Kelgusida quyidagi yo‘nalishlarda tadqiqotlarni davom
ettirish taklif etiladi: birinchidan, mobil ilova (i0S va
Android) yaratish orgali tizim funksionalligini kengaytirish;
ikkinchidan, sun‘iy intellekt va mashinani o‘rganish
texnologiyalarini qo‘llash orgali murojaatlarni avtomatik
tasniflash va javob berishni optimallashtirish; uchinchidan,
10T (Internet of Things) sensorlari bilan integratsiya orqali
atrof-muhitni kuzatish va oldini olish tizimini yaratish;
to‘rtinchidan, tizimni boshga O‘rta Osiyo mamlakatlariga
moslashtirish va regional hamkorlikni rivojlantirish.
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Development of an information system for real-time communication with
emergency services: Mathematical modeling and practical results

M.B. Murtozaeval
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This scientific article is devoted to the development of an information system for establishing rapid
communication with emergency (ES) services. Within the study, the existing limitations of the unified
112 rescue service in the Republic of Uzbekistan were analyzed, and mathematical models of the
proposed system were developed based on international experience (USA NG911, Germany, Estonia).
A queue theory-based model was used to optimize request processing time, a reliability model
R(t)=e—MR(t) = eM{-Mt}R(t)=e—At was applied, database query performance was improved to O(log n),
and the return on investment (ROI) formula was utilized. The system was developed using HTMLY5,
CSS3, PHP 8.1, and MySQL 8.0 technologies based on the MVC architecture, fulfilling 94 requirements
over 7 sprints.

Testing results showed a 65% reduction in response time, a 67% increase in operator efficiency, and a
System Usability Scale (SUS) score of 82.4/100.

emergency situations, information system, mathematical modeling, queue theory, MVC architecture,
real-time communication, response time optimization, OWASP security

Keywords:

Favqulodda vaziyatlar xizmatlari bilan tezkor aloga uchun axborot tizimini
ishlab chigish: Matematik modellashtirish va amaliy natijalar

Murtozayeva M.B.*

1Toshkent davlat transport universiteti, Toshkent, O’zbekiston
Annotatsiya: Ushbu ilmiy maqola favqulodda vaziyatlar (FV) xizmatlari bilan tezkor aloga o’rnatish uchun axborot
tizimini ishlab chiqish masalalariga bag’ishlangan. Tadqiqot doirasida O’zbekiston Respublikasida 112
yagona qutgaruv xizmatining mavjud cheklovlari tahlil gilinib, xalgaro tajriba (AQSh NG911,
Germaniya, Estoniya) asosida taklif etilgan tizimning matematik modellari ishlab chigilgan. Queue
theory asosida murojaatlarni gayta ishlash vagtini optimallashtirish modeli, tizim ishonchliligi uchun R(t)
= e-At formula, ma’lumotlar bazasi so’rovlari tezligini O(log n) ga yetkazish modeli hamda investitsiyalar
samaradorligi (ROI) formulasidan foydalanilgan. Tizim HTML5, CSS3, PHP 8.1 va MySQL 8.0
texnologiyalari asosida MVC arxitekturasida ishlab chigilgan bo’lib, 7 Sprint davomida 94 ta talab
gondirilgan. Sinov natijalarida murojaat javob vaqti 65% ga gisgargan, operator ish samaradorligi 67%
oshgan, SUS bali 82.4/100 bo’lgan.

Kalit so‘zlar: favqulodda vaziyatlar, axborot tizimi, matematik modellashtirish, queue theory, MVC arxitekturasi,
tezkor aloqa, javob vaqtini optimallashtirish, OWASP xavfsizlik
1. Kirish 1968 yildan buyon ishlaydi va 2010-yillardan boshlab Next

Favqulodda vaziyatlar — yong’in, zilzila, sel, yo’l-
transport hodisasi, tibbiy hodisa yoki xavfli kimyoviy
avariya kabi holatlar kutilmagan tarzda yuzaga kelib, inson
hayoti va salomatligiga real xavf tug’diradigan hodisalar
hisoblanadi. BMT Yokohama deklaratsiyasiga (1994) ko’ra,
bunday vaziyatlar tashqgi aralashuvsiz bartaraf etib
bo’lmaydigan jarayonlar sifatida ta’riflanadi. Shu sababli,
favqulodda yordam xizmatlariga murojaat vaqtini
qisqartirish davlatning eng muhim vazifalaridan biri bo’lib,
axborot tizimlarining tez va ishonchli ishlashi bevosita
fugarolarning  hayot-sog’lig’iga  ta’sir  ko’rsatadi.
Tadgqiqotlar shuni ko’rsatadiki, murojaatni qayta ishlash
vaqtini 2 dagigadan 45 soniyaga gisgartirish omon qolish
ehtimolini 23 foizga oshiradi.

Dunyoning rivojlangan davlatlarida favqulodda yordam
xizmatlariga murojaatni  optimallashtirish magsadida
maxsus axborot tizimlari joriy etilgan. AQShda 911 xizmati
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Generation 911 (NG911) loyihasi doirasida to’liq
modernizatsiya gilingan. NG911 yiliga 240 milliondan ortiq
go’ng’iroqqa xizmat qiladi va Automatic Location
Identification (ALI) tizimi yordamida yiliga o’rtacha 10 000
dan ortig hayotni saglab qolishi tahmin gilinadi. Yevropa
davlatlarida 112 ragami orgali yagona qutgaruv markazi
ishlaydi. Germaniyada eCall texnologiyasi 2018 yildan
boshlab barcha yangi avtomobillarga majburiy o’rnatilgan
bo’lib, yo’l-transport hodisalarida 0’lim ko’rsatkichini 10%
ga kamaytirishga yordam bergan. Estoniyaning 112 tizimi
X-Road platformasi bilan to’liq integratsiyalashgan bo’lib,
operator bir necha soniya ichida fugaroning tibbiy tarixi va
boshga ma’lumotlarini ko’ra oladi.

O’zbekiston Respublikasida 2018 yilda yagona 112
qutgaruv xizmati ish boshladi. Biroq amaliyotda bir gator
muammolar mavjud: GPS joylashuv integratsiyasi yo’q,
internet va ko’p kanalli murojaat imkoniyati cheklangan,
tibbiy ma’lumotlar integratsiyasi amalga oshmagan, o’rtacha
javob vaqti 6.9 dagigani tashkil etadi (xalgaro standart 3-5

https://doi.org/10.56143/2181-2438-2026-2-42-46



Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:2|2026

dagiga). 20192023 yillar statistikasiga ko’ra, internet orqali
murojaatlar ulushi 2% dan 9% gacha o’sgan bo’lsa-da,
telefon qo’ng’irog’i hali ham asosiy murojaat kanali
hisoblanadi. Shu muammolarni hal gilish magsadida ushbu
tadqiqot amalga oshirildi.

Tadgigotning magsadi — O’zbekiston sharoitida
favqulodda vaziyatlar xizmatlariga murojaat jarayonini
soddalashtiruvchi, matematik modellashtirish  asosida
optimallashtirilgan veb-asosli axborot tizimini loyihalash,
dasturlash va sinab ko’rishdan iborat. Ushbu maqolada
queue theory, ishonchlilik nazariyasi va narx-foyda tahlili
kabi  matematik  vositalar ~ yordamida  tizimning
samaradorligini isbotlashga harakat gilinadi.

2. Tadgigot metodologiyasi

FAVQULODDA VAZIYATLARNI BOSHQARISH
NAZARIYASI

Favqulodda vaziyatlarni boshqarish nazariyasida to’rt
davrli PPRR sikli (Preparedness, Prevention, Response,
Recovery) keng qo’llaniladi. Bumodel dastlab 1970-yillarda
AQSh FEMA tomonidan ishlab chigilgan va hozirda xalgaro
standart hisoblanadi. Birinchi bosgich (tayyorgarlik) da
axborot tizimi xavfli hududlarni ragamli xaritalarda
belgilash, aholini ogohlantirish tartiblari va aloga kanallarini
sinovdan o’tkazish vazifasini bajaradi. Ikkinchi bosgich
(oldini olish) da tizim xavf monitoringi va avtomatik
ogohlantirishlar yaratish orgali garor gabul gilishga yordam
beradi. Uchinchi bosgich (munosabat) da tizimning eng
muhim funksiyalari faollashadi — fugarolar murojaat
yuboradi, operatorlar gabul giladi va tegishli xizmatlarga
yo’naltiradi. To’rtinchi bosqich (tiklanish) da saglangan
ma’lumotlar tahlil qilinadi va kelajakdagi harakatlar
rejalashtiriladi.

BMT UNDRR 2022 yilgi hisobotiga ko’ra, favqulodda
vaziyatlarda axborot tizimi mavjud bo’lgan joylarda yordam
ko’rsatish vaqti o’rtacha 34% ga qisqaradi, zarar esa 19% ga
kamayadi. O’zbekistonda 2019-2023 yillar davomida 112
xizmatiga jami murojaatlar soni 842 mingdan 1189
minggacha o’sgan, o’rtacha javob vaqti 8.4 daqgigadan 6.9
dagigagacha gisgargan, biroq xalgaro standartga (3-5 dag.)
hali erishilmagan.

1-jadval
Favqulodda vaziyatlarning tasnifi va zarar
ko’rsatkichlari
L Zayar
Turi Kichik Misol (miIn
tur
$)
L. . Toshkent, 120-
Geofizik Zilzila 2023 800
. . Sel, . 50—
Gidrologik toshain Orol havzasi 300
Meteorologik Bo’ron 2022 30-

qurg’oqchilik 150

Biologik Pandemiya COoVID-19 1000+

Kimyoviy Zavod 200-

Texnogen avariya avariyasi 1000
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- Zayar
Turi K,I[Er:k Misol (min
$)
Avtoyul
Transport YTH falokatlar 2-50
MUROJAATLARNI QAYTA ISHLASH
VAQTINING MATEMATIK MODELI (QUEUE

THEORY)

Favqulodda vaziyatlarda murojaatlarni gayta ishlash
jarayonini queue theory (navbatlar nazariyasi) yordamida
modellashtirish mumkin. Operator dispetcherxonasiga
kelgan murojaatlar tasodifiy Poisson jarayeni bo’yicha
targaladi, deb faraz qilamiz. Bu holda kelayotgan
murojaatlar ogimi intensivligi A (lambda) bilan ifodalanadi.
Har bir operatorning xizmat ko’rsatish tezligi p (mu) bilan
belgilanadi. Yagona serverli M/M/1 navbat modeli uchun
o’rtacha kutish vaqti quyidagi formula bilan hisoblanadi:

Wq =2/ [uw(p — )]

Bu yerda A — murojaatlar kelish intensivligi (soatiga
murojaatlar soni), @ — operator xizmat ko’rsatish tezligi.
Tizim bargaror ishlashi uchun A < p sharti talab etiladi, ya’'ni
kelish tezligi xizmat ko’rsatish tezligidan kichik bo’lishi
kerak. Agar k ta operator (server) ishlasa, M/M/k modeli,
ya’ni Erlang-C formulasi qo’llaniladi. Umumiy javob vaqti
quyidagicha ifodalanadi:

Ttotal = Tqueue + Tprocess + Tdispatch

Tizimni avtomatlashtirish natijasida T_queue (navbatda
kutish vaqti) keskin kamayadi, chunki avtomatik ro’yxatdan
o’tish, GPS joylashuv aniqlash va avtomatik tasniflash
operatorning qo’lda bajaradigan ishini kamaytiradi. Amaliy
tadgiqotlarda p ni 3 barobar oshirish mumkinligi aniglangan,
bu esa T _queue ni 67% ga kamaytiradi. T_process
komponenti avtomatik tasniflash (naive Bayes yoki rule-
based algoritm) orgali 75% gacha qisgaradi. T_dispatch
komponenti GPS integratsiyasi bilan 90% gacha
optimallashtiriladi.

O’zbekiston 112 xizmati uchun amaliy parametrlar: A =
160 soatiga murojaat (Toshkent shahri bo’yicha), p = 20
soatiga (1 operator uchun). Joriy tizimda k = 10 operator
ishlaydi. Avtomatlashtirilgan tizimda k’ = 4 operator bilan
bir xil natija erishish mumkin, bu operatsion xarajatlarni
60% ga kamaytiradi.

TIZIM ISHONCHLILIGI MATEMATIK MODELI

Favqulodda vaziyatlar axborot tizimi 99.9% vaqt
ishlashga tayyor bo’lishi kerak. Tizim ishonchliligi
eksponensial tagsimotga ega bo’lgan komponentlar uchun
quyidagi formula bilan ifodalanadi:

R(t) =e™

Bu yerda R(t) — t vaqt ichida ishlash ehtimoli
(ishonchlilik funksiyasi), A — nosozlik kelish intensivligi.
Tizim bir nechta ketma-ket ulangan komponentlardan
tuzilgan bo’lsa, umumiy ishonchlilik quyidagicha
hisoblanadi:

Reystem = IT Ri(t), 1=1,2,...,n

Mavjudlik (availability) ko’rsatkichi quyidagi formula
bilan aniglanadi:

A =MTBF/ (MTBF + MTTR)

Bu yerda MTBF — nosozliklar orasidagi o’rtacha ish
vaqti (Mean Time Between Failures), MTTR — o’rtacha
tiklash vagti (Mean Time To Repair). Tizim talablariga
ko’ra, A > 99.5% bo’lishi kerak. Loyihada MTBF = 8760
soat (1 yil), MTTR = 15 dagiga = 0.25 soat gabul gilingan.
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Bunga ko’ra: A=8760/ (8760 +0.25)=0.99997 = 99.997%.
Amaliy sinovlarda 30 kunlik kuzatish natijasida 99.87%
uptime gayd etilgan, bu talabdan (99.5%) yuqori natijadir.

MVC ARXITEKTURASI VA KOMPONENTLAR

Tizim Model-View-Controller (MVC) dizayn nagshi
asosida qurilgan. Bu arxitektura kodni uch mustagil
gatlamga ajratadi: Model (ma’lumotlar bazasi bilan ishlash),
View (foydalanuvchi interfeysi) va Controller (biznes
mantiqi). Model gatlamida har bir jadval uchun alohida sinf
yaratilgan (UserModel, MurojaatModel, OperatorModel).
Barcha SQL so’rovlari PDO Prepared Statements orqali
parametrlashtirilgan, bu SQL inyeksiya hujumlaridan
himoya qiladi. Controller gatlamida foydalanuvchi
autentifikatsiyasi, sessiya boshgaruvi va murojaatlarni
yo’naltirish logikasi joylashgan.

Texnologiyalar to’plami LAMP steki (Linux, Apache,
MySQL, PHP) asosida tanlandi. PHP 8.1 versiyasi JIT
kompilyator bilan 3x ishlash tezligini ta’minlaydi. MySQL
8.0 InnoDB mexanizmi ACID tamoyillarini to’liq qo’llab-
quvvatlaydi. Bootstrap 5.3 kutubxonasi mobil qurilmalarga
moslashuvchan dizaynni ta’minlaydi. Chart.js 4.3 orqali
statistik diagrammalar yaratiladi.

MA’LUMOTLAR BAZASI OPTIMIZATSIYASI
MODELI

Ma’lumotlar bazasida 6 ta asosiy jadval (USERS,
MUROJAATLAR, OPERATORLAR, XIZMATLAR,
BILDIRISHNOMALAR, HISOBOTLAR) va ular o’rtasida
1:N munosabatlar o’rnatilgan. So’rovlar tezligini oshirish
uchun strategik indekslash amalga oshirildi. Indekslarsiz
gidirish vaqti O(n) ga teng bo’lsa, B-tree indeksi bilan
gidirish vagti O(log n) ga kamayadi. Tezlashish nisbati
quyidagi formula bilan ifodalanadi:

S = Trun / Tindex = N / l0g2(n)

Nazariy jihatdan, n = 100 000 gator uchun S =100 000/
log2(100 000) = 100 000 / 16.6 = 6024x tezlashish kutiladi.
Amaliy sinovlarda MUROJAATLAR jadvalida holat
bo’yicha filtrlash so’rovi indekslash natijasida 8.3x tezlashdi
(42 ms dan 0.51 ms gacha). Kompozit indekslar
(idx_tur holat) turi va holat kombinatsiyasi bo’yicha
filtrlashni qo’shimcha 2.1x tezlashtirdi.

XAVFSIZLIK ARXITEKTURASI

Tizim xavfsizligi OWASP 2023 Top 10 ro’yxati asosida
“Security by Design” tamoyili bilan yondashildi. Role-
Based Access Control (RBAC) modeli joriy etilib, fugaro,
operator va administrator rollari uchun alohida huquq
matritsasi belgilandi. Barcha parollar bcrypt algoritm bilan
12 raund (cost factor) shifrlanadi. Parolning kriptografik
mustahkamligi quyidagi formula bilan ifodalanadi:

H = bcryptiz(password, salt), cost = 22 = 4096
iteratsiya

4096 ta iteratsiya brute-force hujumlariga garshi etarli
himoya ta’minlaydi. Sessiya xavfsizligi uchun har kirishda
session_regenerate_id() funksiyasi chagiriladi va 32 bayt
tasodifiy token yaratiladi. CSRF himoyasi uchun barcha
formalar token bilan himoyalangan. XSS himoyasi uchun
htmlspecialchars() va strip_tags() funksiyalari qo’llanilgan.

JAVOB  VAQTINI OPTIMALLASHTIRISH
MODELI

Joriy (qo’lda) tizimda javob vaqtini quyidagi
komponentlar tashkil giladi: T_old = T_call + T_identify +
T_classify + T_locate + T_dispatch. Bu yerda T_call —
go’ng’iroq ulanish vaqti (o’rtacha 45 sek), T identify —
fugaroni shaxsini tasdiglash (30 sek), T_classify — hodisa
turini aniglash (60 sek), T_locate — manzilni aniglash (90
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sek), T_dispatch — xizmatga yo’naltirish (45 sek). Jami:
T old =270 sek = 4.5 daq.

Taklif etilgan avtomatlashtirilgan tizimda javob vagti:

Thew = teps + tform + tauto_classify + trotiy <3 + 15 +5+2 =
25 sek

Javob vagtining mutlag pasayishi va nisbiy
samaradorligi:

AT = Told — Thew =270 — 25 =245 sek

N = AT/ Toid x 100% = 245/270 x 100% =~ 90.7%

Nazariy jihatdan javob vagti 90.7% ga qisqarishi
kutiladi. Amaliy sinovlarda boshlang’ich davrda 65%
gisgarish gayd etilgan, golgan 25.7% esa operatorlar
malakasi va tizimga moslashuvi bilan bosgichma-bosgich
erishilmogda. Bu natija xalgaro standart (3-5 dag.) ga mos
keladi.

1QTISODIY SAMARADORLIK TAHLILI (COST-
BENEFIT ANALYSIS)

Tizimni ishlab chigish va ekspluatatsiya qilish
xarajatlari tahlil qilindi. Jami sarmoya 34 600 000 so’mni
tashkil etadi (dasturchi 28 min, dizayner 4.8 min, bulut
xosting 450 ming, domen 150 ming, yillik xosting 1.2 min).
Investitsiyalar samaradorligi (ROI) quyidagi formula bilan
hisoblanadi:

ROI = [(Bannual - Cannual) / Ctotal] x 100%

Bu yerda B_annual — yillik foyda (tezlashtirilgan javob
vagtidan keladigan igtisodiy foyda), C_annual — vyillik
ekspluatatsiya xarajatlari. Yillik ekspluatatsiya xarajatlari:
xosting (1 200 000 so’m), texnik qo’llab-quvvatlash (2 400
000 so’m), jami C annual = 3 600 000 so’m. Agar tizim
yiliga 1 million murojaatni gayta ishlasa va har bir
murojaatni 245 sek tezlashtirsa, operator ish vaqtida tejalgan
pul = 180 000 000 so’mga baholanadi. ROI = (180 000 000
—3600 000) / 34 600 000 x 100% ~ 509%. To’lov muddati:

Tpayback = Ctotal / Bannual = 34.6 / 180 = 0.19 yil =23 oy

AQSh NG911 tajribasida 4:1 foyda-xarajat nisbati
kuzatilgan (3.7 mird dollar sarmoya, 15 mlrd dollar yillik
foyda). Bizning modelimizda bu nisbat 5.2:1 ni tashkil etadi,
bu O’zbekistonning mehnat resurslarining nisbatan arzonligi
bilan izohlanadi.

FOYDALANUVCHI QONIQISHI MODELI (SUS)

Foydalanuvchi gonigishi System Usability Scale (SUS)
metodi bilan o’Ichandi. 83 nafar ishtirokchi bilan o’tkazilgan
so’rovnomada har bir ishtirokchi 5 ballik shkalada 10 ta
savolga javob berdi. SUS bali quyidagi formula bilan
hisoblanadi:

SUS = (X itemi — 1.25) x 2.5, SUS € [0, 100]

Natijada o’rtacha SUS bali 82.4/100 ga teng bo’1di. John
Brooke shkalasiga ko’ra, SUS > 72 “qoniqarli”, SUS > 80
“yaxshi” darajasi hisoblanadi. Natija “yaxshi” toifasiga
kiradi. Har bir savol bo’yicha tarqalishda “Tizimni doimiy
foydalanishim kerak” savoliga o’rtacha 4.3/5, “Tizim
murakkab” savoliga 1.8/5 javobi (teskari shkala) qayd
etilgan. Operator paneli uchun alohida o’lchovda SUS =
85.2, fugaro interfeysi uchun SUS = 79.8 natijalari olingan.

3. Natija va muhomalar

Tizim Scrum metodologiyasi asosida 14 hafta davomida
7 Sprintda ishlab chigildi. Git versiya nazorat tizimida 340
ta commit qo’shildi. Har bir Sprint 2 hafta davom etdi va
oxirida stakeholderlarga namoyish etildi. Sprint velocitasi
barqaror o’sish ko’rsatdi: 1-Sprintda 18/20 story points, 7-
Sprintda 29/30 story points bajarildi. Jami 195 story points
bajarildi (rejalangan 200 tadan).
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2-jadval
Sprint rejalari va bajarilgan vazifalar
Sprint  Hafta Asosiy vazifalar Baj ?Sl’Fl)I)gan
Sprint MB sxema, muhit
1 1-2 sozlash, auth 18/20
. Fugaro moduli,
SPQnt 3-4 murojaat forma, 24/25
GPS
Sprint Operator paneli,
3 56 tayinlash, status 28/30
Sprint 7.8 Blldlrlshnor_nalar, 30/28
4 email, audit log
. Admin panel,
Sprint 910 statistika, 31/32
5 .
grafiklar
Sprint PDF/CSV
pe 11-12 eksport, 35/35
optimizatsiya
Sprint Sinov, xato
7 13-14 tuzatish, deploy 29/30

FUNKSIONAL VA YUKLANISH SINOVLARI

PHPUnit freymvorkida 89 ta birlik testi yozildi, shundan
86 tasi muvaffaqiyatli (96.6%), 3 tasi nomuvaffagiyatli
bo’ldi. Nomuvaffaqiyatli testlar chegaraviy holatlarda (edge
cases) kuzatilgan bo’lib, keyinchalik tuzatildi. 47 ta
integratsiya testi barcha muvaffaqiyatli o’tdi. JMeter orqali
yuklanish sinovi o’tkazildi: 100 ta bir vaqtda foydalanuvchi
ostida API javob vaqgti P95 < 500 ms natijasi qayd etildi.
Sahifa yuklanish vaqti (LCP) o’rtacha 1.8 sekund bo’ldi, bu
2.5 sekundlik talabdan past.

Xavfsizlik sinovlarida OWASP Top 10 bo’yicha barcha
kritik zaifliklar bartaraf etildi. SQL inyeksiya, XSS, CSRF
va broken access control sinovlari muvaffaqiyatli o’tdi.
Brute-force himoya testida 1000 ta noto’g’ri parol urinishi
bloklandi. Serverda 30 kunlik kuzatish davomida 99.87%
uptime qayd etildi (jami 62 daqiqa to’xtash, MTTR = 15.5
min).

3-jadval
Tizimning asosiy ko’rsatkichlari (oldin/keyin)
Ko’rsatkich Oldin Keyin O’zgarish
Javob vagti 8.4 29 65%
(daq.)
Operator
samaradorligi 40 67 +67%
(murojaat/shift)
Xato
0, 0, —770,
murojaatlar (%) 18% 4.1% 7%
SUS bali — 82.4 Yaxshi

45
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Ko’rsatkich Oldin Keyin O’zgarish

Uptime 97.2% 99.87% +2.67%
Internet orgali 20t 350 +33%
murojaat (%) 0 0 0
XALQARO TAQQOSLASH

Taklif etilgan tizim O’zbekiston sharoitida joriy
etilganda xalgaro standartlarga yaginlashadi. Quyidagi
jadvalda 4 davlatning FV tizim ko’rsatkichlari tagqoslanadi:

4-jadval
Xalqaro taqqoslash: taklif etilgan tizim O’zbekistonda
joriy etilsa kutiladigan natijalar

AQS
Mezon O’zbekis h German Estoni
ton 112 NG9 iya ya
11
Javob
vagti 6.9 4.1 3.8 3.2
(dag.)
GPS
avtoma Yo’q Ha Ha Ha
tik
Tli?:ly Yo’q Ha Qisman To’liq
Ko’p s
kanal Yo’q Ha Ha Ha
Biznin <3.0 41 3.8 3.2
g tizim
4. Xulosa

Ushbu ilmiy magolada favqulodda vaziyatlar xizmatlari
bilan tezkor aloga uchun axborot tizimini ishlab chigish
bo’yicha olib borilgan tadgigot natijalari bayon etildi. Queue
theory asosida murojaatlarni qgayta ishlash vagtini
optimallashtirish  matematik modeli ishlab chigildi.
Tizimning eksponensial ishonchlilik modeli R(t) = e*(-\t)
asosida 99.87% uptime natijasi erishildi, bu talab gilingan
99.5% dan yuqori. Ma’lumotlar bazasi B-tree indekslash
modeli yordamida so’rovlar 8.3x tezlashdi. Iqtisodiy tahlil
natijasida ROI = 509% va to’lov muddati 2.3 oy hisoblanda.

Amaliy natijalar: murojaat javob vaqti 65% ga gisqardi
(8.4 dagigadan 2.9 dagiqagacha), operator samaradorligi
67% oshdi, xato murojaatlar 77% kamaydi. SUS bali
82.4/100 “yaxshi” darajasiga to’g’ri keldi. PHP 8.1, MySQL
8.0, HTML5 va CSS3 texnologiyalari asosida MVC
arxitekturasida qurilgan tizim 94 ta talabning 97.5% ini
gondirdi. OWASP Top 10 bo’yicha barcha xavfsizlik
sinovlari muvaffaqiyatli o’tdi.

Kelajakda quyidagi yo’nalishlar rivojlantirish tavsiya
etiladi: sun’y intellekt (machine learning) asosida
murojaatlarni avtomatik tasniflash va ustuvorlik belgilash;
loT qurilmalar (aqlli uy signalizatsiyalari, aglli soatlar) bilan
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integratsiya orgali avtomatik murojaat yuborish; blockchain
texnologiyasi  yordamida audit trail ishonchliligini
ta’minlash; 5G tarmoqlari orqali real vaqtda video murojaat
imkoniyatini yaratish; hamda O’zbekistonning “MyGov”
platformasi bilan integratsiya orgali barcha davlat
xizmatlarini birlashtirish.
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Evaluation of the energy efficiency of passive cooling methods for attic spaces

Abstract:

Keywords:

in hot climate regions

A.A. Gulomoval®?
Tashkent state transport university, Tashkent, Uzbekistan

This article examines the problem of controlling the temperature regime of attic spaces in order to ensure
a comfortable indoor microclimate in the upper floors of buildings located in hot climate conditions.
Under the sharply continental climate of Uzbekistan, significant fluctuations in outdoor air temperature
during the summer period create unfavorable thermal conditions in upper-floor rooms. Therefore,
studying and effectively managing the heat transfer processes occurring in the attic space is an important
task. In the research, the heat transfer processes occurring in the attic space were theoretically analyzed,
and a calculation algorithm was developed based on heat balance equations. The effectiveness of
increasing the reflectivity of roof coverings and the use of passive cooling methods was evaluated through
comparative calculations.The results show that the combined application of these methods reduces the
air temperature in the attic space during the summer period and brings the microclimate parameters in
upper-floor rooms closer to comfortable levels. The research findings can serve as a scientific basis for
developing energy-efficient building solutions in hot climate regions.

attic space, heat transfer, passive cooling, microclimate, upper-floor rooms, reflective coating, hot
climate, energy efficiency

Issiq iglimli hududlarda chordogq makonini passiv sovitish usullarining

Annotatsiya:

Kalit so‘zlar:

energiya samaradorligini baholash

G‘ulomova A.A 102
Toshkent davlat transport universiteti, Toshkent, O’zbekiston

Mazkur magqolada issiq iglim sharoitida joylashgan binolarning yugori gavat xonalarida qulay
mikroiqlimni shakllantirishda chordoq makonining harorat rejimini boshqarish masalasi o‘rganilgan.
O‘zbekistonning keskin kontinental iqlimi sharoitida yoz davrida tashqi havo haroratining katta
tebranishlari yuqori gavat xonalarida noqulay issiglik sharoitlarini yuzaga keltiradi. Tadgigotda chordoq
makonida yuz beradigan issiglik almashinuvi jarayonlari nazariy jihatdan tahlil qilinib, issiglik balansi
tenglamalari asosida hisoblash algoritmi ishlab chigildi. Tom qoplamasining aks ettirish gobiliyatini
oshirish hamda passiv sovitish usullaridan foydalanishning samaradorligi solishtirma hisoblashlar orgali
baholandi. Natijalar ushbu usullarni kompleks qo‘llash yozgi davrda chordoq makonidagi havo haroratini
pasaytirib, yuqori qavat xonalarida mikroiglim ko‘rsatkichlarini qulay darajaga yaqinlashtirishini
ko‘rsatdi. Tadgiqot natijalari issiq iqlimli hududlarda energiya samarador qurilish yechimlarini ishlab
chiqishda ilmiy asos bo‘lib xizmat qilishi mumkin.

chordog makoni, issiglik almashinuvi, passiv sovitish, mikroiglim, yuqori gavat xonalari, aks ettiruvchi
goplama, issiq iglim, energiya samaradorligi

Mavzu bo‘yicha mavjud ilmiy manbalar tahlili hamda

1. Kirish

O‘zbekiston hududi keskin kontinental iqlim bilan
tavsiflanadi. Bunday sharoitda yoz mavsumida tashgi havo
harorati juda katta tebranishlarga ega bo‘lib, ayrim hollarda
kunlik harorat fargi 40-50 °C gacha yetishi mumkin. Tashqi
muhit haroratining bunday o‘zgaruvchanligi binolarning
ichki mikroiqlimiga ham sezilarli ta’sir ko‘rsatadi. Ayniqgsa,
chordoq gismi bilan tutashgan yugori gavat xonalarida havo
harorati ko‘pincha me’yoriy qulaylik chegaralaridan yuqori
bo‘lib ketadi. Bunga asosiy sabab sifatida “kvartira—
chordoq” tizimida yuz beradigan intensiv issiglik
almashinuvi jarayoni ko‘rsatiladi[1].

3% https://orcid.org/0009-0008-7695-0885

https://doi.org/10.56143/2181-2438-2026-2-47-49

o‘tkazilgan tadqiqotlar shuni ko‘rsatadiki, issiq iqlimli
hududlarda yugori gavat xonalarida qulay sharoit yaratish
uchun katta energiya sarfini talab gilmaydigan texnik
yechimlardan foydalanish mumkin. Bunday yechimlardan
biri chordoq makonidagi harorat rejimini boshgarish orqali
bino ichidagi mikroiglimni yaxshilashdir.

Chordoq makonini  passiv  sovitish  usullaridan
foydalanish orgali haroratni kamaytirish mumkin. Ushbu
usul suvning bug‘lanishi natijasida yuzaga keladigan
yashirin issiglikni olib chigish jarayoniga asoslanadi. Suv
maxsus idishlarda joylashtiriladi va bug‘lanish jarayonida
hosil bo‘lgan issiglik shamol oqimlari yordamida chiqarib
yuboriladi. Shamol ogimi binoning shamolga qarshi
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tomonida joylashgan teshiklar orgali hosil bo‘ladi va
aerodinamik gonuniyatlarga asoslanadi.

Shuningdek, tom goplamasining tashqi yuzasining aks
ettirish qobiliyatini oshirish ham yoz davrida chordog
makonidagi haroratni sezilarli darajada pasaytiradi. Qish
faslida esa tom konstruksiyasida muz hosil bo‘lishining
oldini olish uchun elastik havo kanallaridan foydalanish
samarali hisoblanadi[2].

issiqlik o‘tishi esa Fure qonuni asosida tavsiflanadi. Tashqi
yuzadan havo muhitiga issiglik uzatilishi konvektiv issiglik
almashinuvi orqali sodir bo‘ladi.

Chordog makonidagi haroratni aniglash uchun issiglik
balansi tenglamasi tuzildi. Hisoblashda tom yuzasi, devorlar,
chordoq qavati va tashqi muhit o‘rtasidagi issiglik
almashinuvi hisobga olindi. Shuningdek, chordogning
geometrik o‘lchamlari — tom giyaligi uzunligi, kengligi va
balandligi parametr sifatida gabul qilindi.

Issiglik balansi tenglamalarini yechish orgali chordoq
makonining ichki harorati tashgi havo harorati hamda yuqori
qavat xonalarida talab etiladigan harorat qiymatiga bog‘liq

Chordog makonida issiglik ogimlari

1-rasm. Chordoqda havo haroratining o‘zgarish
sxemasi

Chordoq makonidagi harorat va namlik rejimi ko‘p
jihatdan shamol harakati bilan belgilanadi. Tom giyaligining
burchagi chordoq ichidagi havo oqimining tezligiga ta’sir
ko‘rsatadi. Havo tezligi ortishi suv bug‘lanishining
intensivligini oshiradi va natijada “suv-havo” tizimida
muvozanat harorati tezrog shakllanadi. Birog tom giyaligini
o‘zgartirish muvozanat haroratining yakuniy qiymatiga
sezilarli ta’sir ko‘rsatmaydi[3].

Shu sababli chordog makonining harorat rejimini
boshqarish texnologiyalarining samaradorligini baholash
magsadida maxsus hisoblash algoritmi ishlab chigildi.
Ushbu algoritm yordamida chordoq makonidagi hamda
yugori gavat xonalaridagi havo harorati uchun solishtirma
hisoblashlar amalga oshirildi. Tadgiqot natijalari ushbu
magqolada bayon etilgan.

2. Tadgiqot metodologiyasi

Xona ichidagi havo harorati ichki va tashqi muhit
o‘rtasidagi issiglik almashinuvi jarayonlari natijasida
shakllanadi. Issiglik uzatish jarayoni quyidagi umumiy
bog‘lanish orqali ifodalanadi[4]:

Q =KkF (tin — tn)
bu yerda:
k — issiglik uzatish koeffitsiyenti;
F — to‘siq yuzasi;
tin — Xona ichidagi havo harorati;
t, — tashqgi muhit harorati.

Issiglik uzatish jarayoni statsionar sharoitda sodir
bo‘lganda issiqlik oqimi doimiy giymatga ega bo‘ladi. Issiq
davrda tashqi muhitdan devorga o‘tgan issiqlik miqdori
devor orqgali uzatilgan issiglik miqgdoriga hamda ichki
havoga berilgan issiglik migdoriga teng bo‘ladi. Sovuq
mavsumda esa issiqlik oqimi yo‘nalishi teskari bo‘ladi.

Issiglik almashinuvi jarayoni uch bosgichdan iborat:

1. ichki havodan devor yuzasiga issiglik berilishi;

2. devor materiali orqali issiqlik o‘tkazilishi;

3. tashqgi yuzadan tashqi havoga issiglik uzatilishi.

Ichki havodan devor yuzasiga issiglik uzatilishi Nyuton—
Rixman gonuni bilan ifodalanadi[5]. Devor materiali orgali
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holda aniglandi[6].

3. Natija va muhomalar

Hisoblashlarda ichki yuzalar uchun konvektiv issiglik
berish koeffitsiyenti mavjud nazariy va tajribaviy formulalar
asosida aniglandi. Ushbu koeffitsiyent havo harakati
rejimiga bog‘liq holda o°zgaradi.

Agar havo ogimi laminar rejimda harakat gilsa, vertikal
yuzalar uchun konvektiv issiglik berish koeffitsiyenti
turbulent rejimga qaraganda kichikroq qiymatga ega bo‘ladi.
Gorizontal yuzalarda esa ushbu koeffitsiyent havo
oqimining yo‘nalishi va yuzaning holatiga garab turlicha
qiymatga ega bo‘ladi.

Xona ichidagi havo harakati majburiy konveksiyani
yuzaga keltiradi. Shuning uchun passiv sovitish tizimlari
mavjud bo‘lgan hollarda issiqlik berish koeffitsiyenti ichki
havo tezligiga bog‘liq holda hisoblanadi[7].

Tashqi yuzalarda esa issiglik almashinuvi asosan shamol
ta’sirida yuz beradigan majburiy konveksiya natijasida sodir
bo‘ladi. Shamol tezligi ortishi bilan issiglik berish
koeffitsiyenti ham ortadi. Hisoblash natijalari ayrim
formulalar tashqi yuzalar uchun cheklangan qo‘llanishga ega
ekanligini ko‘rsatdi.

Bino to‘siq konstruksiyalarining tashqi yuzasidan
issiglik yo‘qotilishi ikki asosiy komponentdan iborat
bo‘ladi:

. konvektiv issiglik almashinuvi

. radiatsion issiglik almashinuvi

Radiatsion issiglik almashinuvi  Stefan—Boltsman
gonuni bilan tavsiflanadi. Ushbu jarayonda bino yuzasi bilan
osmon va yer yuzasi o‘rtasida energiya almashinuvi sodir
bo‘ladi[8].

Tadqiqotlar shuni ko‘rsatdiki, tom qoplamasining
emissivligi issiqlik almashinuvi jarayoniga sezilarli ta’sir
ko‘rsatadi. Agar qoplama materiali emissivligi kichik bo‘lsa,
u holda issiglik nurlanishi kamayadi va chordoq harorati
pasayadi. Shu sababli issiq iglimli hududlarda aks ettirish
gobiliyati yuqori bo‘lgan tom qoplamalaridan foydalanish
magsadga muvofiq hisoblanadi.

Biroq tashqi havo harorati juda yuqori bo‘lgan
sharoitlarda fagat tom qoplamasini o‘zgartirish orqali
chordoq haroratini sezilarli darajada kamaytirish qiyin.
Bunday holatda passiv sovitish tizimlarini qo‘llash zarur
bo‘ladi.

Passiv sovitish jarayoni suv bug‘lanishiga asoslanadi.
Suv bug‘langanda muhitdan issiqlik yutiladi va natijada
chordoq makonidagi havo harorati pasayadi. Issiglik balansi
tenglamalari asosida olib borilgan hisoblashlar bug‘lanish
jarayoni natijasida chordoq makonida ma’lum muvozanat
harorati shakllanishini ko‘rsatdi
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4. Xulosa

Octkazilgan tadgiqotlar chordog makonining harorat
rejimini  boshgarish yuqori gavat xonalarida qulay
mikroiqlimni  ta’minlashda muhim ahamiyatga ega
ekanligini ko‘rsatdi.

Hisoblash  natijalari ~ shuni  ko‘rsatdiki,  tom
goplamasining aks ettirish qobiliyatini oshirish chordog
haroratini pasaytirishga yordam beradi. Birog yuqori tashqi
harorat sharoitida fagat ushbu usul yetarli samara bermaydi.

Passiv sovitish tizimlaridan foydalanish chordoqg
makonidagi haroratni yanada samarali ravishda kamaytiradi.
Tom goplamasining optik xossalarini yaxshilash va passiv
sovitish usullarini birgalikda qo‘llash yuqori qavat
xonalarida havo haroratini qulay darajaga yaginlashtirish
imkonini beradi.

Mazkur tadgigot natijalari issiq iglimli hududlarda
energiya samarador qurilish texnologiyalarini ishlab chigish
va qo‘llash uchun ilmiy asos bo‘lib xizmat qilishi mumkin.

Foydalangan
References

[1] Borocnosckuit B.H. CrpouresnpHas Terodu3mka.
— M.: Beicmias mikona, 1982. — 415 c.

[2] IncroperaF.P., DeWitt D.P. Fundamentals of Heat
and Mass Transfer. — New York: John Wiley & Sons, 2002.
—1008 p.

adabiyotlar /

https://doi.org/10.56143/2181-2438-2026-2-47-49

[3] M. Wegmuller, J. P. von der Weid, P. Oberson and
N. Gisin, “High resolution fiber distributed measurements
with coherent OFDR,” in Proceedings of International
Conference on Soft Computing, pp. 109, 2000.

[4] Ilknosep A.M. Temionepeaaya B OrpaxkIarOIINX
KOHCTPYKIMAX 34aHui. — M.: Crpoiimszar, 1979. — 368 c.

[5] Cengel Y.A., Ghajar A.J. Heat and Mass Transfer:
Fundamentals and Applications. — New York: McGraw-Hill
Education, 2015. — 960 p.

[6] Holman JP. Heat Transfer. — New York:
McGraw-Hill, 2010. — 760 p.

[7] Muxeee M.A., Muxeesa WM. OcHOBBI
terwtonepenayn. — M.: Dueprus, 1977. — 344 c.

[8] Kreith F., Bohn M. Principles of Heat Transfer. —
Boston: Cengage Learning, 2011. — 784 p.

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
qgizi / Aziza doktaranti.

Gulomova E-mail:

aziza8088gulomova@gmail.com
Tel.: +99891 591 67 88
https://orcid.org/0009-0008-
7695-0885

June, 2026
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:2|2026

International transport corridors and Uzbekistan's integration into the global
logistics system method

Z.G. Adilova'®?, S.K. Setimbetova®P
Tashkent state transport university, Tashkent, Uzbekistan

Abstract:

This article examines Uzbekistan’s role in the system of international transport corridors and its

integration into global logistics networks. The study analyzes the main northern, western, eastern, and
southern transport routes, as well as the Trans-Afghan corridors. The results show that diversifying
transport corridors contributes to stabilizing the logistics system and improving transit efficiency.

Keywords:

transport corridors, logistics, Trans-Afghan, transit, CAREC

Xalqaro transport koridorlari va O‘zbekistonning global logistika tizimiga
integratsiyasi

Adilova Z.G.1®2 Setimbetova S.K. 1&b

1Toshkent davlat transport universiteti, Toshkent, O’zbekiston

Annotatsiya:

Ushbu magqola O‘zbekistonning xalqaro transport koridorlari tizimidagi o‘rni va uning global logistika

tarmoqlariga integratsiyalashuvini o‘rganadi. Tadqiqotda asosiy shimoliy, g‘arbiy, sharqiy va janubiy
transport yo‘nalishlari, shuningdek transafg‘on koridorlari tahlil qilindi. Natijalar transport yo‘laklarini
diversifikatsiya gilish logistika tizimini bargarorlashtirish va tranzit samaradorligini oshirishga xizmat

qilishini ko‘rsatadi.
Kalit so‘zlar:

1. Kirish

So‘nggi yillarda jahon iqtisodiyotida kuzatilayotgan
globallashuv jarayonlari va milliy transport tizimlarining
tobora o‘zaro bog‘lanib borishi xalqaro transport
koridorlarini rivojlantirish masalasini yanada dolzarb gilib
qo‘ydi. Aynan ushbu Kkoridorlar asosiy tranzit yuk
oqimlarining samarali harakatlanishini ta’minlaydi. Xalgaro
transport koridori deganda faqatgina ma’lum yo‘nalish
emas, balki unda faoliyat yurituvchi barcha transport
vositalari, infratuzilma obyektlari hamda tashkiliy,
texnologik va huqugiy mexanizmlar majmuasi tushuniladi.
Shu jihatdan garaganda, bunday koridorlar turli mamlakatlar
transport tizimlarini o‘zaro bog‘lab, yagona logistika
makonini shakllantirishda muhim rol o‘ynaydi.

Mamlakatlarning iqgtisodiy rivojlanish imkoniyatlari
ko‘p jihatdan ularning geografik joylashuviga bog‘lig.
Aynigsa, dengiz portlariga to‘g‘ridan-to‘g‘ri chiqish
imkoniyati yo‘qligi qator davlatlar uchun jiddiy muammo
hisoblanadi. Hozirgi vaqtda bunday mamlakatlar soni
girgdan oshadi. Ular xalgaro savdoni amalga oshirishda
tranzit davlatlarga tayanishga majbur bo‘ladi. Bu esa
qo‘shimcha chegaralarni kesib o°tish, uzoq masofalarni
bosib o‘tish va murakkab tartib-taomillarni bajarishni talab
giladi. Natijada transport va logistika xarajatlari ortadi, bu
esa raqobatbardoshlikka salbiy ta’sir ko‘rsatadi va iqtisodiy
o‘sishni sekinlashtiradi. Jahon banki ma’lumotlari ham
shuni ko‘rsatadiki, dengizga chiqish imkoniyati cheklangan
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davlatlarda yuk tashish xarajatlari odatda qirg‘ogbo‘yi
mamlakatlarga nisbatan ancha yuqori bo‘ladi.

O‘zbekiston  dengizga to‘g‘ridan-to‘g‘ri  chigish
imkoniyatiga ega bo‘lmagan davlatlardan biri hisoblanadi.
Shu sababli tashgi savdo jarayonlari asosan tranzit davlatlar
orgali amalga oshiriladi. Bu esa transport Xarajatlari va
logistika samaradorligiga bevosita ta’sir ko‘rsatadi.

2. Tadgiqot metodologiyasi

Temir yo‘l tarmoglarini kengaytirish va yagona tizimga
keltirish ustuvor yo‘nalishlardan biri hisoblanadi. Dastlabki
yirik loyihalardan biri sifatida Navoiy—Uchqudug—
Sultonuvaystog‘—Nukus  temir yo‘l liniyasi hamda
Amudaryo ustidan o‘tuvchi temir yo‘l-avtomobil ko‘prigi
qurildi.  Keyingi  bosqichda  Toshg‘uzar—Boysun—
Qumgo‘rg‘on temir yo‘lining foydalanishga topshirilishi
yangi transport imkoniyatlarini yaratdi. Ushbu yo‘nalish
orgali trans-afg‘on koridori orqali Janubiy Osiyo va boshga
mintagalarga chigish imkoniyati kengaydi. Bu esa eksport
salohiyatining oshishiga va tranzit yuk ogimlarining
ko‘payishiga xizmat qildi.

https://doi.org/10.56143/2181-2438-2026-2-50-53
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1-rasm. O‘zbekistonning yangi temir yo‘l liniyalari

“O‘zbekiston temir yo‘llari” AJning xalqaro hamkorligi
Markaziy Osiyoda temir yo‘l infratuzilmasi va transport
logistikasini rivojlantirishda muhim o‘rin egallaydi va
rivojlantirish uchun muntazam ravishda gator ishlar olib

borilmogda.
Xalgaro transport tizimlarining rivojlanishi tarixiy Ipak
yo‘li  konsepsiyasining zamonaviy talqini sifatida

shakllanmogda. Ushbu integratsiyalashgan yondashuv
quruglik va dengiz transportini birlashtirib, yetkazib berish
vaqtini gisqartiradi va logistika samaradorligini oshiradi.

2- rasm.O‘zbekistonning xalqaro transport
koridorlaridagi markaziy o‘rni va global bog‘lanishlari

Transafg‘on va CAREC yo‘nalishlari yangi tranzit
imkoniyatlarini yaratmoqda. Temir yo‘l infratuzilmasining
modernizatsiyasi esa logistika samaradorligini sezilarli
oshirdi. Transafg‘on yo‘lagining rivojlanishi mintaqaviy
transport tizimida yangi bosgichni boshlab berdi. Ushbu
loyiha Janubiy Osiyo bozorlariga chigish masofasini
gisqartirib, transport  ogimlarini optimallashtirdi.
Afg‘oniston hududidagi temir yo‘l infratuzilmasi esa butun
Markaziy Osiyo uchun strategik tranzit ahamiyatga ega
bo‘ldi.

O‘zbekiston Respublikasida eksport mahsulotlarini
xorijiy bozorlarga tashishni tashkil etishda foydalanish
uchun 9 ta asosiy xalgaro transport koridorlari mavjud.

1,23 — koridorlar O’zbekistonni Yevropa bilan
bog’lovchidir.

2l
https://doi.org/10.56143/2181-2438-2026-2-50-53

4300 & 4800

517 6B 18

5

v E e \»{;‘ ‘
4-rasm. 1,2,3-koridorlar- O‘zbekiston - Qozog‘iston —
Rf — Yevropa Ittifoqi

Transport koridorlarining kengayishi mamlakatning
tashqi savdodagi bargarorligini mustahkamlaydi. Shimoliy
va g‘arbiy yo‘nalishlar Yevropa bozorlariga chiqgish
imkonini bergan bir paytda, Sharqiy yo‘nalishlar Xitoy va
Osiyo-Tinch okeani mintagasi bilan alogalarni kuchaytiradi.
Janubiy yo‘nalishlar esa Eron va Pokiston orqgali dengiz
portlariga  chiqishni  ta’minlaydi.  Xitoy—Yevropa

yo‘nalishidagi yirik transkontinental transport loyihalari
global logistika tizimini gayta shakllantirmoqda.

4 - koridor.O‘zbekistonni Turkiya bilan bog‘lovchi
yo‘lak bo‘lib, temir yo‘l uzunligi 4900 kilometr ni tashkil
etadi, o‘rtacha yetkazish vaqti 25-30 sutka. Bu yo‘lak
alogalarini

O‘zbekiston va Turkiya tashqi savdo
yengillashtiradi va samaradorlikni oshiradi.

4900 g’ 4800

25-30 6 18-24

5-rasm. “O‘zbekiston - Turkmaniston — Ozarbayjon —
Gruziya — Turkiya”-koridori

o W=—
[ty [/ —
2830 oV 2900

“ s

L - \\'Wi
2 A\
6-rasm. “O‘zbekiston - Turkmaniston — Eron —
Ummon” koridori

2 \\

7-rasm. “O‘zbekiston - Qozog‘iston — Rossiya”-koridori
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9-rasm. “O°‘zbekiston — Qirg‘iziston — Xitoy”
(Lyanyungan Porti)-koridori

= e \\\_ 3

10-rasm. “O*zbekiston — Afg‘oniston — Pokiston (Karachi porti)” koridori
1-jadval
O‘zbekiston respublikasining asosiy transport yo‘laklari va tashqi savdo marshrutlari
l. Janub, Janubiy - G‘arbiy yo‘nalish
“Termez — Mazari Sharif” 85 1 kun 1200
« 6-7 kun
To_shkent — Buxoro — Turkma’rjobod - 3065 (48/48 2 400-2 600
Mari — Saraxs — Bandar- Abbos
soat)
12-14 kun
“Toshkent — Buxoro — Turkmanobod —
Mari — Saraxs — Mersin® 4208 (48/48 3000-3 300
soat)
14-15 kun
“Toshkent — Buxoro — Turkmanobod —
Mari — Saraxs — Istanbul — Sofiya” S (et B0 ST
soat)
11. Shimoliy, Shimoliy-G*arbiy yo‘nalish
“Toshkent — Qo‘ng‘irot — Beyneu — 4 781 (Riga) :(Lfé}fskun 2 000-2 300
Saratov — Moskva —Riga (Vilnyus)” 4 857 (Vilnyus) soat)
9-10 kun
4 421 (Minsk) 10-12 kun
“Toshkent — Qo‘ng‘irot — Beyneu — 4 800 (Varshava) 13-15 kun : .
Saratov — Moskva — Smolensk — Brest 5 400 (Berlin) 14-16 kun 2 200-2 400(Minsk)
. ; ; 2 300-2 500 (Varshava)
— (Polsha, Germaniya, Fransiya, Ispaniya va 6 493 (Amsterdam) 15-17 kun 3 100-3 400(Berlin)
boshgalar)” 6 842 (Parij) 17-19 kun
8 117 (Madrid) (48/48
soat)
9-10 kun
@ . 4 140 (Kiyev) 13-15 kun
Astraxaxs\r}';?”f)‘r%"_nﬁi“g\tli '(333'{,‘5‘;‘;‘ 5 400 (Praga) 13-15 kun 2 200-2 500 (Kiyev)
Chexiya Avstriyg S?Iovakiya)\l/a boshqalar)"’ 5400 (Vena) 13-15 kun HULEEL
' 5 400 (Bratislav) (48/48
soat)
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. 14-15 kun
“Toshkent — Qo‘ng‘irot — Beyneu — .
Astraxan — Thilisi — Batumi — Trabzon — 5568800&?(2);:5?0 %:é/lfgkun 4 000-4 300
Samsun — Istanbul — (Bolgariya, Ruminiya)” soat)
I11. G*arbiy yo‘nalish
“Toshkent — Qo‘ng‘irot — Beyneu —
Odtau — Boku — Thilisi — Poti — (Bolgariya, 4256%15%'((;3?‘6‘;‘:)3) 19-21 kun 4500-4 700
Ruminiya va boshgalar)” g
“Toshkent — Buxoro — Turkmanobod—
Mari —Turkmanboshi — Boku — Thilisi — 4 320 (Burgas) ! .
Poti — (Bolgariya, Ruminiya, Vengriya va 4 233 (Konstansa) e [ LS
boshqalar)”
1V. Sharqiy yo‘nalish
e = O =g = 1850 km 5-6 kun 2.800-3 000
3. Xu IOS a hamkorlik platformasi, o‘sish nuqtasi va mintaqgalararo

Tadqiqot natijalari O°‘zbekiston transport tizimining
tobora diversifikatsiyalanayotganini ko‘rsatadi. Mamlakat
bir nechta yo‘nalishlar orqali global bozorlarga chigish
imkoniyatiga ega bo‘lib, bu tranzit xavflarini kamaytiradi.
Shimoliy va shimoli-g‘arbiy yo‘nalishlar Boltiq dengizi
portlari orgali Yevropa shimoliy hududlari bilan
bog‘lanishni ta’'minlaydi. G*arbiy yo‘nalishlar esa Belarus
va Ukraina orgali Yevropa lIttifogi bozorlariga chigish
imkonini beradi. Janubiy yo‘nalishlar Turkmaniston va
Afg‘oniston orqali Eron va Pokiston portlariga chigishni
ta’minlab, Fors ko‘rfazi va Hind okeaniga integratsiyani
kengaytiradi. Ushbu yo‘nalishlar transport masofasini
sezilarli darajada gisgartiradi va eksport samaradorligini
oshiradi. Sharqiy yo‘nalishlar Xitoy va Osiyo-Tinch okeani
mintagasi  bilan integratsiyani  kuchaytiradi.  Bu
O‘zbekistonni  Yevroosiyo logistika tizimining muhim
bo‘g‘iniga aylantiradi Umuman olganda, xalqaro transport
koridorlarining  rivojlanishi ~ O‘zbekistonning  global
savdodagi ishtirokini kuchaytiradi va logistika bargarorligini
ta’minlaydi.
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Investigation of the mechanism and factors influencing the process of

dephosphorization during the smelting of 20GL steel

N.K. Tursunovi®? A.A. Saidirakhimov*®®, N.K. Kodiroval, Z.F. Rakhmatova®

Abstract:

Keywords:

Tashkent state transport university, Tashkent, Uzbekistan

This article investigates the mechanism of the phosphorus refining (dephosphorization) process during
the furnace melting of 20GL grade cast structural steel, as well as the main factors that influence it.
Specifically, the standard Gibbs energy was derived based on the chemical reaction of the
dephosphorization process, and the equilibrium constant was determined at various temperatures.
Furthermore, the distribution coefficient of phosphorus between the metal and slag phases was studied
in relation to the slag composition and quantity during the dephosphorization process. In this research,
the interaction parameters of chemical elements within the metal on phosphorus activity were calculated.
As a result of experiments and calculations, the activity and distribution coefficients of phosphorus were
determined. The results obtained are of significant importance for improving the dephosphorization
process in the production of 20GL grade cast steel.

20GL grade steel, refining, Gibbs energy, dephosphorization process, activity coefficient, distribution
coefficient, slag basicity

20GL markali po‘lat eritishda defosforatsiya jarayonining mexanizmi va

ta’sir omillarini tadqiq etish

Tursunov N.Q.*®2, Saidiraximov A.A.X®°, Qodirova N.Q.!, Raxmatova Z.F.

Annotatsiya:

Kalit so‘zlar:

1Toshkent davlat transport universiteti, Toshkent, O’zbekiston

Ushbu maqolada 20GL markali quyma konstruksion po‘latni pechda eritish jarayonida fosfordan
rafinirlash (defosforatsiya) jarayonini mexanizmi va unga ta’sir etadigan asosiy omillar tadqiq etilgan.
Xususan, defosforatsiya jarayonini kimyoviy reaksiyasi asosida, standart Gibbs energiyasi keltirib
chiqarildi hamda turli haroratlarda muvozanat konstantasi aniglandi. Bundan tashgari metall va shlak
fazalari o‘rtasidagi fosforning tagsimlanish koeffitsiyenti defosforatsiya jarayonidagi shlak tarkibi va
miqdori bo‘yicha o‘rganilgan. Tadgigotda metall tarkibidagi kimyoviy elementlarning fosfor aktivligiga
ta’sir parametrlari hisoblangan. Tajriba va hisob-kitoblar natijasida fosforning aktivlik va tagsimlanish
koeffitsiyenti aniglangan. Olingan natijalar 20GL markali quyma po‘latning ishlab chigarishda
defosforatsiya jarayonini takomillashtirish uchun muhim ahamiyatga egadir.

20GL markali po‘lat, rafinirlash, Gibbs energiyasi, defosforatsiya jarayoni, aktivlik koeffitsiyenti,
tagsimlanish koeffitsienti, shlak asosililigi

1. Kirish

Bugungi kunda metallurgiya sanoati jadal rivojlanib
borayotgan tarmoqlardan biri bo‘lib, yugqori sifatli quyma
konstruksion po‘latlarga bo‘lgan talab ortib bormogqda.
Transport mashinasozligi, xususan, temir yo‘l va
avtomobilsozlik sohalarida qo‘llaniladigan mas’uliyatli
detallar uchun yuqori darajadagi xavfsizlik, uzoq xizmat
muddati, mustahkamlik, zarbiy qovushqoglik hamda
ishonchlilik xususiyatlariga ega bo‘lgan materiallar talab
etiladi. Shu nuqgtai nazardan, mazkur tarmoglarda keng
go‘llaniladigan quyma po‘latlar muhim konstruksion
materiallardan biri hisoblanib, ularning sifati mexanik va
texnologik xossalari, shuningdek, kimyoviy tarkibidagi
legirlovchi elementlar ([Si], [Mn], [Cr], [Ni], [Ti], [Cu] va
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bosh.) hamda zararli va keraksiz qo‘shilmalar ([S], [P], [O],
[N], [H]) miqgdoriga bevosita bog‘liqdir.

Zararli elementlar orasida fosfor alohida ahamiyatga ega
bo‘lib, u po‘latning sovuq mo‘rtligini oshiradi, plastiklik
xossalarini va zarbiy govushgogligini pasaytirib yorilishga
moyillikni kuchaytiradi. Aynigsa, harorat nisbatan past
sharoitlarda ishlovchi detallar uchun fosfor migdorini yugori
bo‘lishi jiddiy muammo hisoblanadi. Shu sababli po‘lat
eritish jarayonida fosforni kamaytirish, ya’ni defosforatsiya
jarayonini samarali tashkil etish muhim vazifalardan biri
hisoblanadi.

Defosforatsiya metall va shlak o‘rtasida kechadigan
murakkab fizik-kimyoviy jarayon bo‘lib, unda metall
tarkibidagi fosfor oksidlanuvchi sharoitda yani temir oksidi
(FeO) ishtirokida reaksiyaga kirishib, shlak tarkibiga o‘tadi.
Jarayon samaradorligi haroratga, shlak tarkibi va asosliligi,

https://doi.org/10.56143/2181-2438-2026-2-54-57
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kislorod potensiali hamda aralashtirish darajasiga bog‘liq.
Yugori asosli (kalsiy oksidiga boy) shlaklardan foydalanish
defosforatsiya jarayonini yaxshilaydi, biroq haroratning
ortishi muvozanatga salbiy ta’sir ko‘rsatadi.

20IJ1 - bu transport mashinasozligida keng
foydalaniladigan, kam uglerodli va kam legirlangan, quyma
yo‘li bilan olingan konstruksiyon po‘latdir. Ushbu markali
po‘lat uchun defosforatsiya jarayoni o‘rganish alohida
ahamiyatga ega, chunki uning mexanik hamda
ekspluatatsion xossalari yuqori darajada bo‘lishi talab
etiladi. Fosfor migdorini kamaytirish metall sifatini oshirish
va uning xizmat muddatini uzaytirishda muhim rol o‘ynaydi.
Shu sababdan ishning magsadi - 20TJI markali po‘lat
eritishda  defosforatsiya jarayonini va mexanizmini
o‘rganish hamda unga ta’sir etuvchi asosiy omillarni
aniglashdan iborat.

2. Tadgigot metodologiyasi

Defosforatsiya jarayonini termodinamik tahlil qilish
uchun 20TJT markali po‘lat tanlab olingan. 1-jadvalda ushbu
po‘latni va shlakning kimyoviy tarkibi 720 ta erish
jarayonidagi tarkibning o‘rtachasi olinib, termodinamik
hisob-kitoblar tahlil gilingan.

1-jadval
Defosforatsiya jarayonidagi metall va shlakning
o‘rtacha kimyoviy tarkibi
20TJI markali po‘latning kimyoviy tarkibi, % (mass.)
C Si Mn P S Al Fe
0,16 | 0,08 | 0,22 | 0,045 | 0,04 0 golgani
Defosforatsiya jarayonida 20T'JT markali po‘latning eritishdagi
shlak tarkibi, % (mass.)

Ca0O | SiO2 | MnO | Al203 | MgO | FeO Umumiy
50 16 6 3 10 15 100
Shlakdagi kationlarning molyar ulushlari
56 | 60 | 71 | 102 | 40 | 72 |
Shlakdagi har bir komponentning molyar migdori
0,893 | 0,267 | 0,085 | 0,029 | 0,250 | 0,208 Eln,l761
Metall ionlarining umumiy ionlar yig‘indisidagi ulushi

0507 | 0151 | 0,048 | 0,033 | 0,142 [ 0,118 1

Defosforatsiya jarayoni (1) reaksiya orgali yozilib, bu
reaksiyani Gibbs energiyasi (2) ifodaga tengdir:

[P] +2,5(FeO)«>(POz25)+2,5Fe (1)

AGyy, = 20537 + 24,65T %)

Pechdagi suyugq metall haroratini 1800 Kdan 1925
Kgacha 25K gadam bilan o‘zgartirildi. Muvozanat
konstantasi Vant-Goff tenglamasidan foydalanib keltirib
chiqarildi. Vant-Goff tenglamasi yoki izoterma reaksiya

tenglamasi deb nomlanuvchi bu formula kimyoviy
reaksiyaning standart Gibbs energiyasi (AG,,) Vva
muvozanat konstantasi (K) o‘rtasidagi  bog‘liqlikni

ifodalaydi va (3) ifodadan topiladi:

AGym 20537+24,65T).
lgKp = — o = _ (ZORTL2°ED ©)

2,3RT 2,3:8,314'T

bu yerda:R = 8,314J/(mol-K) - universal gaz doimiysi;
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T = (1800 ...1923)K - harorat.
Ikkinchi tarafdan, 4-tenglamaga ko‘ra muvo-zanat
doimiysi (3) ifodaga teng va quyidagicha topiladi.
5

2,
AP0y 5" %Fe _ Xps+ . _Yps+

e, T el
Ape = Xpe =1 Apo,s=xXps+ " VPS+
(P,05) @ | =
=[P]- Xps+ =2 =222 = ———
@ [ ] fP Pt Hpy05 upEn;
@, Yps+ ; (4)

{P} 31-Xn;fo-aps,

bu yerda: Apo, 5 Areo: Ap, Ore, —fosfor va temir oksidi,
fosfor hamda temir aktivligi;

[P], — metal tarkibidagi fosfor va kislorodning miqdori,
%;

fp -  fosforning aktivlik  koeffitsiyentlari.
2-tenglamadan foydalanib turli harorat uchun muvozanat
konstantasi hisoblanadi. Fosforning aktivlik koeffitsiyentini
turli harortlarda hisoblash uchun 5- ifodadan foydalanildi.

19fp = 1577 (eFIC] + ef™[Mn] + +ef[Si] +

ep [P1+ep[S]+ ep'[ALD); ©®)
bu yerda: ef[R] — metal tarkibidagi [R] kompo-
nentining fosfor bilan ta‘sirlashish parametri.
Metall tarkibidagi komponentlarning fosfor
ta‘sirlashish parametrlari 2-jadvalda keltirilgan.

bilan

2-jadval
Birinchi tartibli ta’sirlashish parametrlari

es | [C] | [Si] | [Mn] | [P] | [S] | [AI]
e | 013 | 012 0 [0062|0028 | 0

Fosforning tagsimlanish koeffitsienti formulasi quyida
keltirilgan:
:31-I(-Zni-fp-af,'go (6)
Yp5+
Metall va shlak orasidagi fosforning tagsimlanish
koeffitsiyentini (Le) bilgan holda metalldagi [Plox va
shlakdagi (P)ox fosforning oxirgi konsentratsiyalarini topish
mumkin. Buning uchun (7) hamda (8) formulalardan
foydalanib tenglamalar sistemasi tuziladi:

_(®.
Le=tpy: Le

Lp = (P)ox %)
mp, [P]y + mg(P)y, = my [Plox + mg(P)ox;  (8)

bu yerda: mm va ms - metall va shlak massasi;

[P]o va (P)b - metall va shlakdagi fosforni boshlang‘ich
konsentratsiyalari;

[Plox va (P)ox - metall va shlakdagi fosforning oxirgi
konsentratsiyalari.

Ma’lumki, (8) ifoda materiallar balansi tenglamasi
bo‘lib, fosfor gaz fazasiga ajralmasdan, fagat metall va shlak
orasida qayta tagsimlanishi sharti bilan tuzilgan. Agar eritish
jarayonida mm va ms kattaliklar o‘zgarmasa, u holda (7) va
(8) tenglamalar sistemasini yechib, metalldagi fosforning
oxirgi miqdorini hisoblash ifodasini (9) tenglama bo‘yicha
topiladi:

100[P]posn+A(P) pos
[Pox = : ]1b00)-1|—7\Li e ©)
bu yerda A = mg, /m,,,; - shlak karraligi, %.
Defosforatsiya darajasini (10) formula yordamida
topiladi:
I]_P — [P]I)[;[P]ox . 100%'

b

yoki
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Agar shlakning tarkibi defosforatsiya shartlarini va
metall va shlak takibidagi elementlarning o‘rtasida
tagsimlanishining moddiy muvozanatini goniqgtirmasa,
masala iteratsion yaginlashish usuli bilan yechiladi. Agar
element tagsimotining materiallar balansi mos kelmasa -
jarayon sharoitida gabul gilingan kuyish koeffitsiyentini
o‘zgartirish kerak. Agar shlak tarkibi defosforatsiya
sharoitini gonigtirmasa temir oksidi (FeO) miqdorini
oshirish talab etiladi. Shlak tarkibi tuzatilgandan so‘ng,
jarayonni takrorlash zarur.

Ushbu usul bo‘yicha, masalan, fosforni, oltingugurtni va
boshga elementlarning ham pechda va pechdan tashgarida
rafinirlash  uchun shlak  miqdorini, qattiq shlak
aralashmasining sarfini, tizimning zarur oksidlanishini,
jarayon haroratini hamdaa defosforatsiya jarayonining
boshqa texnologik parametrlarini hisoblash mumkin.

3-jadval
Defosforatsiyadagi barcha jarayonlarning haroratga
bog’ligligi
Ko‘rsat- Absolyut harorat (T), K

kichlar | 1800 | 1825 | 1850 | 1875 | 1900

-
G, 23836 | 24452 | 25069 | 25685 | 26301
J/mol

lgKp -0,693 | -0,701 | -0,709 | -0,716 | -0,724

Kp 0,203 | 0,199 | 0,196 | 0,192 | 0,189

>ni 1,761 | 1,761 | 1,761 | 1,761 | 1,761

Inyre?* 0,762 | 0,752 | 0,742 | 0,732 | 0,722

Yre?* 2,143 | 2,121 | 2,100 | 2,079 | 2,059

Inyp®* -6,013 | -5,931 | -5,850 | -5,772 | -5,696

o 0,002 | 0,002 | 0,002 | 0,003 | 0,003
P 4 7 9 1 4

lgfp | 0,036 | 0,035 | 0,035 | 0,034 | 0,034

fp 1,086 | 1,084 | 1,083 | 1,082 | 1,081

areo 0,254 | 0,251 | 0,248 | 0,246 | 0,244

Le 159 140 124 109 97

Metalldagi fosforni oxirgi miqdori [P] (A), %

A»=1% | 0,017 | 0,019 | 0,020 | 0,021 | 0,023

A=2% | 09011 | 0,012 | 0,013 | 0,014 | 0,015

»=3% | 0,008 | 0,009 | 0,010 | 0,011 | 0,011

»=4% | 0,006 | 0,007 | 0,008 | 0,008 | 0,009

A=5% | 0005 | 0,006 | 0,006 | 0,007 | 0,008

Defosforatsiya darajasi, n (A), %

A=1% 61 58 55 52 49
A=2% 76 74 71 69 66
=3 % 83 81 79 77 74
=4 % 86 85 83 81 80
A=5% 89 87 86 85 83

Quyidagi jadvaldagi ko‘rsatkichlardan foydalanib,
defosforatsiyadagi ba‘zi asosiy jarayonlarning harorat
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ta‘sirida qanday o‘zgarishini 1-2-3-grafiklardan anigroq
tushunib olishimiz mumkin.
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1-rasm. Fosforning tagsimlanish koeffitsiyentining
haroratga bog‘liglik grafigi
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2-rasm. Turli haroratlarda metalldagi fosforning oxirgi
konsentratsiyasining shlak karraliligiga bog‘liglik
grafigi
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3-rasm. Turli haroratlarda shlak karraliligiga bog‘liq
holda defosforatsiya darajasi o‘zgarishi grafigi
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Hisobiy jadval va grafiklardan ko‘rinib turibdiki, harorat
1800K dan 1900K gacha ortishi bilan fosforning
tagsimlanish koeffitsiyenti kamayadi. Ushbu haroratlarda
shlak karraliligi foizi ortishi bilan metalldagi fosforning
oxirgi konsentratsiyasini miqdori kamayadi, bu esa
defosfaratsiya darajasini oshishiga olib keladi.

3. Xulosa

Termodinamik tahlillar yordamida, 20GL markali
quyma po‘latni tarkibidagi legirlovchi elementlarning (C, Si,
Mn, Cr, Ni, Cu, Al) fosfor aktivligiga ta’siri o‘rganildi.
Aniqglanishicha, po‘lat tarkibidagi uglerod (0,20%) va
kremniy  (0,35%) elementlari  fosforning  aktivlik
koeffitsiyentini oshirib, uning metall fazasidan shlak
fazasiga o‘tishi uchun qulay termodinamik sharoit yaratadi.
Tadgiqotlar natijasida fosforning muvozanat
konsentratsiyasi harorat ko‘tarilishi bilan chiziqli ravishda
kamayishi kuzatildi. Harorat 1525°C dan 1625°C gacha
o‘sishi bilan fosforning shlakka o‘tish samaradorligi
pasayadi. Bu esa defosforatsiya jarayonining ekzotermik
tabiatini tasdiglaydi va jarayonning yakuniy bosgichida
metall haroratini 1540...1550°C atrofida ratsionallashtirish
zarurligini ko‘rsatadi. Bundan tashqari, fosforning metall va
shlak fazalari ofrtasidagi tagsimlanish koeffitsiyenti
Lp shlakning asosiyligi va oksidlanish salohiyatiga bevosita
bog‘liqligi o‘rganildi. Shlakning asosiyligi (B) 2.,8...3,2
oralig‘ida bo‘lganda, Lp ko‘rsatkichining eng yuqori
giymatlariga erishilishi, bu esa metall tarkibida fosfor
miqgdorini minimal darajaga tushirish imkonini berishi
isbotlandi. Aniglangan qonuniyatlar 20GL markali
po‘latdan tayyorlanadigan transport detallarining sovuqqga
chidamlilik, zarbiy govushqoglik xususiyatlarini oshirishga
va ularning past haroratlarda ishonchliligi va umrbogiyligini
ta’minlashga xizmat qiladi.
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Methods of designing cotton and textile clusters in the agro-industrial
complex

G. Khalmatjanoval®?
!Fergana State University, Fergana, Uzbekistan

Abstract: In this scientific paper, the theoretical and practical aspects of the design of cotton-textile clusters in the
agro-industrial economy are studied in detail. In the process of research, the economic essence of the
cluster system, its importance in the agrarian sphere and the possibilities of creating value added through
vertical integration were analyzed. Also, analytical, economic-mathematical, systematic and innovative
methods used in the effective organization of clusters are highlighted. At the same time, the risks that
can occur in Cluster activities and ways to eliminate them have also been analyzed.

rack-textile cluster, agro-industrial economy, cluster system, design methods, vertical integration, value-
added, innovation, investment, economic efficiency, marketing research, export potential, digitization,
agro-technologies, risk management
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MeToabl NPOEKTHPOBAHUSA XJIONMKOBO-TeKCTHIbHBIX KJIACTEPOB B
arponpoMbIIIIEHHOM KOMILUIEKCe

Xanmartskanosa I'.102
l®epranckuii rocynapcTeeHHblii yauBepcuTeT, Oeprana, Y36eKkucTaH

AHHOTAIHS: B 1aHHOM cTaThe MOJAPOOHO pACCMATPHBAKOTCA TEOPETHYECKME W IPAKTHYCCKUE ACTICKTHI

MPOSKTUPOBAHHKS XJIOMIKOBO-TEKCTHILHBIX KJIACTEPOB B arpoINpOMBIILICHHONH SKOHOMHEKE. B mporiecce

HCCIIe/IOBaHs OblIa MPOaHATH3UPOBaHA SKOHOMHYECKAsl CYIIHOCTh KITACTEPHOM CHCTEMBI, €€ 3HAUCHHE

B arpapHoit cepe W BO3MOXKHOCTH CO3[aHHS J00ABICHHOW CTOMMOCTH 3@ CUYET BEpPTHKAIbHOW

uHTerpalu. Takke OCBELICHBl AHAJIMTUYECKHE, SKOHOMHKO-MAaTEMaTH4YeCKHE, CHUCTEMHBIC U

MHHOBALIMOHHBIE METO/Ibl, CHIOJIb3yeMble pH () (HEKTHBHOM OpraHn3aliy Kiactepo. B 1o xe Bpems

ObLIIM NPOaHATM3UPOBAHBI PUCKH, KOTOPBIE MOTYT BO3HUKHYTh B A€ATEIbHOCTH KJIACTEPA, U CIIOCOOBI UX

yCTpaHEHHU.

KitoueBsle ciioBa: TEeKCTWIBHBIH  KJacTep, arpolpoMbINUIEHHAas SKOHOMHKA, KJIAcTepHas  CHUCTEMa,  METOJpbI
NIPOSKTUPOBAHMS, BEPTHUKAJbHAS HMHTErpauus, A0OaBICHHAs CTOMMOCTb, MHHOBAlMM, MHBECTHULIHH,
9KOHOMHUYecKass 3P(EKTUBHOCTb, MAapKETHHIOBbIC HCCJIEIOBAHMSA, OKCIOPTHBIH  MOTEHLHAI,
1 pOBU3ALMSA, AarPOTEXHOJIOTHH, YIIPABICHUE PHCKAMHU

MHTErpalMIO BCEX CTaAWM MPOU3BOJCTBEHHOM LETOYKU —
OT BBIPAIIMBAHYSA CHIPBS 110 BbIITYCKa FOTOBOM MPOIyKLHH.

1. BBeanenue

B ycnoBusix rinobanuzand MHpPOBOW 3KOHOMHUKH H
YCUJICHHS] KOHKYPEHTHOH OOpBOBI 0COOYI0 3HAYMMOCTh

npuobperaer (dopmupoBanue 3 dexTBHBIX
[POU3BOICTBEHHO-TEPPHTOPUATHEHBIX CTPYKTYP,
CIOCOOHBIX obecrieunTh YCTOWYUBOE pasBurue

arponpoMBINUIEHHOr0 KoMiulekca. OfHHUM U3 TakHX
HHCTPYMEHTOB  BBICTYNAeT  KJIACTEPHBIH  INOAXOJ,
MOTYyYUBIIMH IMPOKOE PACIpPOCTPAHEHHE B PA3BUTBHIX U
Pa3BUBAIOIIUXCS CTPaHaX.

XONKOBO-TEKCTHIIbHASI oTpacib 3aHUMaeT
CTPATETUYECKOE MECTO B CTPYKTYpPE arpOIpPOMBIILIEHHOTO
KOMIUIEKCa, OCOOGHHO B  CTpaHaXx C  Pa3BUTHIM
MIPOU3BOJCTBOM XJomnka. OIHAKO TpaguLOHHAas MOJEIb,
OCHOBaHHasI Ha 3KCIIOPTE CBIPbS, XapaKTEPU3yeTcsl HU3KOM
no00aBIeHHON CTOMMOCTBIO u OrpaHUYEHHON
IKOHOMHUYECKOU 3P PEKTUBHOCTHIO.

B 3T0ii CBsI3M BO3HHKAeT HEOOXOIMUMOCTH pa3pabOTKH
HayyHO  OOOCHOBAHHBIX  METOJOB  NPOEKTUPOBAHUS
XJIONIKOBO-TEKCTHIIBHBIX ~ KJIACTEPOB,  00ECIHeuMBaIONINX

3% https://orcid.org/0000-0002-9984-0899
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B SKOHOMHKE arpoIpOMBIIUIEHHOTO — KOMIUIEKCa
XJIOIIKOBO-TEKCTHJIBHbIE ~ KJIACTEPbl 3aHUMAIOT ~BAXKHOE
MECTO B YCKOPEHHH SKOHOMHYECKOI'O Pa3BUTHS CTPAHBI.
Kiacrepnas cucrema npegycMarpuBaeT 00beANHEHNE BCEX
9TaIOB B €JIMHYIO CUCTEMY, OT BBIPAILIUBAHUS CBIPbS 10 €r0
nepepabOTKH, NPOW3BOJACTBA M OKCHOpPTAa T'OTOBOM
npoxykuun. Takum 0Opa3zoM, s dexTrBHAs OpraHu3aLus U
JM3afH  XJIOIIKOBO-TEKCTHJIBHBIX ~ KJIACTEPOB  SIBIISETCS
OJJHUM U3 OCHOBHBIX (DaKTOPOB CO3/IaHUs BBICOKOM
J00aBJIEHHON CTOUMOCTH B arpapHOM CEKTOPE.

IpoekTupoBaHKEe XJIONKOBO-TEKCTHIBHOIO Kiacrepa -
9TO CJIOXKHBIN MPOIECC, KOTOPBIi TIATeTbHO 0OOCHOBAH B
9KOHOMUYECKOM, OPraHW3aLMOHHOM M TEXHOJOTHYECKOM
aCIIeKTax ¥ BKIIIOYAET B ce0sl HECKOJIBKO ITAllOB M METOIOB.
B aToM mpomecce BaXHO INPaBWIBHO — HANAJWTh
B3aMMOJICHCTBHE  MEXAy  y4YaCTHHKaMH  Kjacrepa,
3¢ GEeKTUBHO HCMONB30BaTh PECYpPChl U MPOU3BOIHUTH
HPOJYKT, COOTBETCTBYIOLIUIT PHIHOYHOMY CIPOCY.

https://doi.org/10.56143/2181-2438-2026-2-58-62
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2. MeTtoauka uccjieI0BaHUA

Ilpexxne Bcero, MNpuU IPOSKTHPOBAHHM — KjacTepa
UCIIONB3YIOTCS aHATIMTHYECKHE MeTOIbl. C ITOMOIIBIO 3TOTO
MeTo/Ia TIIyOOKO H3Y4YaroTcsi arpoKJIMMAaTHYECKUE YCIOBHS
TEPPUTOPUH, 3eMEJIbHBIE W BOJHBIE PECYPCHI, TPYIOBOI
MOTeHUHAN,  MH(PACTPYKTYpHbIE  BO3MOXHOCTH U
KOHBIOHKTYpa pbIHKa. Hanpumep, ObL10 ObI SKOHOMHYECKU
[enecooOpa3sHo  co3JaTh  KiacTep B PerHOHAx,
ONarompusITHBIX IS  BBIpAlMBAaHHUS  XJIONKA. Takke
YUYUTHIBAIOTCSL  CYIIECTBYIOIIHE  MepepadaThIBaroLIne
MPEIIPUSITHS ¥ CUCTEMA JIOTUCTHKH.

BTOpbIM ~ BaXXHBIM  METOJIOM  SIBJIICTCS  METOJ
9KOHOMHKO—MAaTEMaTHYECKOrO MOJIENTUPOBAHUSL. C
TIOMOIIIBIO 3TOTO METOJa MPOTrHO3HpYeTcs () (HEeKTHBHOCTH
KJacTepa, ONTHMH3UPYETCS paclpelelieHHe pPecypcoB U
OLICHUBAECTCS OKymaeMocTh HHBecTHiMiA. Ha ocHoBe
PE3yJIBTaTOB MOJIEITUPOBAHHS ONIPEICISIOTCS ONTHMAIbHbIC
00BbeMBI TIPOM3BOJCTBA, BH/bI MPOAYKIMH W CErMEHTHI
PBIHKA.

B kadecTBe TpeTHEro MeToa 0co00e 3HaAYCHUE HMeeT
CHCTEMHBIH MOIXOMA. DTOT METOA PacCMaTpPHBAaeT KIIACTep
KaK eIUHYI0 CHCTeMy, oOecleurBas B3aUMOCBSI3b MEXKIY
BCEMH €ro 3JeMEHTaMH — (EePMEPCKUMH XO3SCTBAMH,
nepepabaThIBAIOIIMME TPEANPUATHSIMH, JIOTUCTHICCKUMU
LCHTpaMH, (HHAHCOBBIMH HHCTUTYTAMH M CEPBHCHBIMU
OpraHu3aIUsIMH. CucTeMHbI# MOIXOJT CITY)KHUT
00eCIeYeH IO CTaOMIBHOTO (HYHKIIMOHUPOBAHYS KiacTepa.

Kpome Toro, MeTo/i HHHOBAIIMOHHOTO IMOJAXO0/a TaKkKe
UrpaeT BaXHYI pOJIb MPH TMPOEKTUPOBAHHU KIacTepa.
31eck  mpeanonaraeTcst  BHEOPEHHE — COBPEMEHHBIX
TEXHOJIOTHH, TU(POBU3ALHS, ABTOMATH3AIMS U HHTETPALUS
C IPOM3BOJCTBOM HAyYHO-HCCIEIOBATEIBCKUX paboT.
Hampumep, uCHONb30BaHHE COBPEMEHHBIX TEXHOJIOTHHA
OpOILEHHUS, BBICOKOYPOXKaIHBIX COpPTOB u
sHeprocoeperaromero obopyoBaHus HOBBIIIACT
3¢ PEeKTUBHOCTH KJ1acTepa.

MeTox  MHBECTHLMOHHOIO  IUIAaHUPOBAHMS  TaKxkKe
SBIIICTCS Ba)XKHbIM dTanoM (opMHpoBaHMs Kiacrepa. B
paMKax 3TOro mporecca perarTcs BOMPOCh ONPEaeICHIs
HCTOYHHKOB (DMHAHCHPOBAHMS, OLEHKH WHBECTULIMOHHBIX
IIPOEKTOB M ympasieHus puckamu. Ilupoko ucnonb3yercs
IpaKTUKa ()UHAHCHPOBAHUS KIIACTEPOB 4epe3 MEXaHU3MbI
roCyIapCTBEHHO-4aCTHOro naprHepctBa. C  momolbo
METO/Ia MApPKETHHI OBBIX UCCIIEJOBAHUIT M3y4aeTcs CIIpOC Ha
BHYTPEHHEM ¥ BHELIHEM pbIHKax. OJTO IO3BOJISET
Pa3HOOOPa3UTh ACCOPTHMEHT BBIITYCKAeMOH HPOIYKIHH,
MOBBICUTh  KOHKYPEHTOCIIOCOOHOCTh M DPacIIMpHTh
9KCMOPTHBIH MOTEHIHAN].

3. Pe3yabTaThl U 00CykKAeHHE

XJIONKOBO-TEKCTUJIbHBIE KJIACTEPHI SBIAIOTCS Ba)KHON
9KOHOMMYCSCKOH MO/ICIIbIO, o0ecreunBaroei
BEPTUKAIbHYI0 HHTETPAlMI0 B  arpONpPOMBIILICHHOM
KOMILIEKCE.

JanHas  TaOnMIBl  [OKa3bIBAIOT, nporecc
OpraHu3aIyu XJIOTIKOBO-TEKCTUIIBHBIX KJIaCTEPOB
OCYIIECTBIAETCS MO3TAHO U CHCTEMHO. B wacTHOCTH, Ha
HauaJlbHOM JTalleé BaXeH AaHalu3 TePPUTOPHUATIBHBIX
pecypcoB M pPBIHOYHBIX  BO3MOXKHOCTEH, KOTOpBIU
obecrieynBaeT OCHOBY IJIsl MIPHHATHA PELICHU Ha Oosee
MO3JHUX 3Tanax. Ha sTame miaHMpOBaHUS ONpPENeNnsoTCs
00bEeMBI M HaNpaBJICHHUsS MPOU3BOACTBA, UTO SIBISETCS
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peuarommuMm d)aKTOpOM B 00CCIEYCHHH 3KOHOMUYECKOMH
3(1)(1)CKTI/IBHOCTI/I Kjacrepa. A Ha OpraHu3allMOHHOM JTarie
CbOpMI/lpyIOTCSI B3aMMOOTHONIICHUSI MECKIAY YYaCTHHUKAMU,
co3jarone €AUHYH0 IPOU3BOACTBCHHYIO LCIIOYKY. B 10

BpeMsl KaKk WHBECTHUIMOHHas (a3a  obecreunBaer
(mHAHCOBYIO CTaOWIBHOCTH KiacTepa, (ha3a 3amycka
mpejcraBiaier  co0oil mepexox K - HPaKTHYECKOH

nesrenpHocTH. Paza MOHMTOpPHMHIA, C JPYrodl CTOPOHBI,
MO3BOJISIET TIOCTOSIHHO OLIEHMBATh W COBEPIICHCTBOBATH
NeITeNIbHOCTH KilacTepa. B 1esom, 3TH 3Tars! Hepa3pbIBHO
CBsi3aHBI, HE3(P(PEKTUBHOCTH OIHOTO W3 HUX HETAaTHBHO
CKa3bIBaeTCs Ha Y(Q(QEKTUBHOCTH BCEI CHCTEMBI.

Tabanuma 1
JTansl NPOEKTHPOBAHMSI KJIacTepa
No Ha3zBanue 3Tana Conep:xkanue
1. | Dram ananmza O06nacTH, pecypcoB
pBIHKA
2. | [manupoBanue Omnpenensromiee 00beM
W HaTpaBJIeHHe
MIPON3BOJICTBA
3. OpraHu3aoOHHbIH Bosneuenune
JTan YYaCTHHKOB
4. 71T — ®dopmMHupoBaHue
(hMHAHCOBBIX PECYpCoB
5. | 3amyck 3amyck Mpou3BOACTBA
6. | MonuTopuHr Onenka
3¢ PEeKTUBHOCTH
Ta6anua 2
CpaBHeHHE MeTO/I0B MPOEKTHPOBAHMSI
Ne Meron [peumymecrsa | HemocraTk
"
1. | Anamutnueckn | OcHOBaH Ha Ot0
i TOYHBIX JJAHHBIX | 3aHUMAaeT
MHOT'0
BpEeMEHU
2. | Mogenuposanu | IIpenckazyemoc | CroxHbIi
e Th pacuer
3. | Cucremuslii OxsateiBaer Bce | TpyaHo
HOXO0[ 3JIEMEHTBI HO/1AeTCs
KOHTPOJIIO
4. | VnHoBauus Beicokas Tpebyer
3G PEKTUBHOCTh | OOJBIIMX
MHBECTHLH
i
5. | Mapkerunr I'mbkocts peiaka | Crpoc
BapbHUpPyeTC
s

JlaHHble, TpelCTaBIEHHbIE B TAONULE, IO3BOJISIOT
CPaBHMTb MpPEUMYIIECTBA M HEJOCTaTKU Pa3IUYHBIX
METOZIOB TPU  TPOEKTUPOBAHMU  KJIACTEPOB.  XOTS
AQHAJIUTHYIECKUH  METOA  HAAEKHO  PACCUUTBIBACTCS
Giarozapsi TOMy, YTO OH OCHOBaH Ha TOYHBIX JaHHBIX, €TO
BHEZIpeHHE TPeOyeT MHOTO BPEMEHH.

Meroa 5KOHOMHMKO-MAaTEMaTH4ECKOTO MOJEITHPOBAHUS
BaXK€H TEM, UYTO OH TPEJOoCTaBIsieT BO3MOXKHOCTh
MPOTHO3UPOBAHMS, HO €ro CJOXKHOCTh MOXET OBITh
orpaHMYeHHeM Ha mpakTuke. CHCTeMHBIH TMOIXOJ
OXBaTBHIBAET BCE OJIEMEHTHI KJAacTepa, HO YCIOXKHAET
TIpOLIeCC YIpaBICHHS.

MHHOBanMOHHBI MeTOA  00ecrednBaeT  BBICOKYIO
3¢ PeKTUBHOCTE, HO TPeOYET 3HAYNTEIILHBIX MHBECTHIIMIL. B
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TO BpEMsA  KakK MapKeTI/IHI‘OBI)II‘/‘I MCETO TIO3BOJIACT
alallITUPOBATLCA K PBIHOYHOMY CIPOCY, BOJATHIBHOCTH
crpoca B OHpeIIeJIeHHOﬁ CTCTICHU COIPsAXKECHA C pHUCKaMHU.
H03TOMy Ha MPAaKTUKE HanbOoiee S(b(beKTI/IBHLIM IIOaX0J0M
ABJIACTCA NPUMCHCHUEC 3TUX METOJIOB B KOMITJICKCE, a HE I10
OTACIBbHOCTH.

Tadamma 3

IToxa3aresin 9KOHOMUYECKOI 3P eKTUBHOCTH

Ne IToxa3zarenn IIpumeuanue

1. | PenraGenbpHOCTD Hopwma npubsim

2. | IInogopomue Ipomykmus Ha 1
paboTHHKA

3. | DkcropTHas monuIMHa BbIX0/1 HA BHEIIHHUI
PBIHOK

4. | He3aOpiBaemble Ilepexon oT chIpbst K

BIICUATIICHHS TOTOBOM MPOYKIIHU
5. | PenrabemsHOCTH D¢ dekTnBHOCTD
nuBectuimii (ROI) HMHBECTHLIUI

IMokaszatenu, mNpenCTaBICHHbIE B TaOJHIE, CIyXar
OCHOBHBIMH  KPHUTEPHSMH  OLEHKH  3(h(EKTHBHOCTH
NeATEebHOCTH  KJiacTepa. B YacTHOCTH,  ypOBEHb
pPEeHTAOCIBHOCTH — OTpakaeT (PUHAHCOBBIE —MOKa3aTeNH
KJlacTepa, B TO BpeMsl Kak IPOW3BOIHUTEIBLHOCTH TPyJa
MoKa3biBaeT 3(pQPEKT OT HCIONB30BaHHS pecypcoB. B To
Bpemst KaK JIOJISE JKCIOpTa ornpeensier
KOHKYPEHTOCIIOCOOHOCTh ~ KilacTepa Ha  3apyOexHBIX
pBIHKAX, TOKa3aTedb J00aBICHHOH CTOMMOCTH OTpakaeT
riyOuHY MPOM3BOACTBEHHO# 1enouku. C Ipyroil CTOPOHSI,
penrabensHOocTh MHBecTHimii (ROI) mo3Bonsier oneHUTH
creneHb 3(PGEKTHBHOCTH WCIONb30BAHUS HHBECTHIIHIL
bnarogapss BCeCTOPOHHEMY aHAJIM3y 3STHUX MOKazaresel
MO’KHO BBISIBUTH CHIIbHBIE U CIIa0ble CTOPOHBI ICATENbHOCTH
KJIacTepa ¥ MPUHATH PELICHUS 110 UX YJTyULICHHIO.

JI71st KOTMYeCTBEHHON OLICHKHU BIIMSAHUS KIIACTEpH3aLUK
Ha 30G(EKTUBHOCT  XJIONKOBO-TEKCTWIIBHOM — OTpaciu
IIPUMEHSETCS] SKOHOMETPUYECKOE MOJIETTUPOBAHHE.

B kxauecTBe 3aBUCHMOM IIEPEMEHHON UCIIONb3YETCS:

- (Y ) — 00bEM TEKCTUIBHOrO 3KCTopTa (MIIPA IOJIL.)

HezaBucumble iepeMeHHbIE:

- ( X_1) — ypoBens nepepabotku xiomnka (%)

- ( X_2) — unBecTuimu B oTpaciis (MIp.I A0 )

- ( X_3) — 3ansTocTh B KiacTepax (ThIC. Yell.)

- ( X4 ) — yposens Kiactepu3anuu (OISt
MpeANpUsITUiL B KilacTepax, %)

Y =\beta_0+\beta_1 X _1+\beta 2 X 2 +\beta 3 X 3
+ \beta_4 X_4 + \varepsilon

Taoauua 5
Pe3yabTaThl perpecCHOHHOTO aHAJIN3a BIIMSIHHSI
KJIACTEPU3AIMH HA IKCIOPT TeKCTHILHOM POy KIIMH
3aBucumasi nepeMeHHast: O0bEM TEKCTHIBHOTO
IKCNOpTa (MJIPA J0JLL.)

Cranaa t- p-
Tepemen | Kodpou prHas cratuc | val
Hble HUEHT

omuoka THKA ue

1 | Koncran 0.0

| 1a(Bo) 0.52 0.21 2.48 18

2 | YpoBeHb 0.0

nepepabo | 0.94 0.27 3.48 0'2
TKH (X1)

3 | NnBectu 0.0

1w (X2) 1.37 0.45 3.04 05
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4 | 3aunsaTocr 0.0
S 0.28 0.12 2.33 26
5 | Yposens
KIACTEPH | 1 85 0.39 4.74 0.0
3aI[1UA 00
(Xa)
Pesynbrarsl PErpECCHOHHOrO aHanM3a

CBHICTENILCTBYIOT O BBICOKOW CTaTHCTHYECKOI 3HAYUMOCTH
mozmemu B 1enoM (Prob(F) < 0.01), uto monaTBepskmaer
aJIeKBaTHOCTh BBIOPAHHO# CriCH(HKALIUH.

Koappumument nerepmunammm R? pasen 0.89, drto
o3HayaeT, 4to 89% Bapmammu 00BEMa TEKCTUIHLHOTO
9KCIOpTa  OOBSCHACTCS  BKIIOYEHHBIMH B MOJIEIb
(axTopamu.

Haubosee 3HauMMbIM (HaKTOPOM SIBISIETCS YPOBEHBb
xiacrepmarn (B = 1.85, p < 0.01), yro yka3pBaer Ha
KIIFOYEBYIO POJIb MHTETPALlMU MPEIIPUITHIA B MOBBILICHAN
9KCMOPTHOTO TOTEHIHANA OTPACIi. YPOBEHb nepepaboTKu
XJIOTIKA TAaK)K€ OKa3bIBACT CYIIECTBEHHOE MOJOKHUTEIHbHOES
pmusare (B = 0.94, p < 0.01), moaTBepskiast BaXKHOCTh
(hopMHpOBaHUSI IIETIOYKH T0OABJICHHON CTOMMOCTH.

VHBeCTHIIMH B OTpacib JIEMOHCTPUPYIOT 3HAYMMBIN
apdexr (B = 1.37, p < 0.01), yro oTpaxkaeT BIHSHHE
MO/ICpPHU3AIIIN TIPOU3BOJICTBA Ha KOHKYPEHTOCIIOCOOHOCTh
HPOTYKIIHH.

@akTOp 3aHATOCTH OKa3blBaeT yMEPEHHOE, HO
cTarucTHdecky 3HaunMoe Bimstaue (f = 0.28, p < 0.05), uro
CBHETENIBCTBYET O POJM HYEIOBEUSCKOTO KaluTana B
Pa3BUTHH OTPACIIH.

3nauenne cratuctuku  [lapouna—Yorcona (1.98)
yKa3bIBaeT Ha OTCYTCTBHE aBTOKOPPEJSIMH OCTATKOB, YTO
HOATBEPKAACT KOPPEKTHOCTH MOJIEIH.

Taxum o0pazom, pa3paboTaHHbIC METO/IbI
HNPOCKTUPOBAHMS  XJIONKOBO-TEKCTHJIBHBIX  KJIACTEPOB
MO3BOJISIIOT copmupoBath s dexTrBHYIO
HUHTETPUPOBAHHYIO cucreMy arpoIpOMBIIIICHHOTO
HPOM3BOJICTBA.

OmHUM W3 OCHOBHBIX (DAKTOPOB, OHPEAEISAIOLINX
9KOHOMHUYECKYIO 3(()EKTHBHOCTD XJIONKOBO-TCKCTHIIBHBIX
KJIaCTEPOB, SIBIACTCS yPOBEHb (POPMUPOBAHUSA U Pa3BUTHUS
LEMOYKH CO37aHus 100aBiIeHHONW crouMocTH. llemouka
co3gaHus J00aBJICHHOI CTOMMOCTH Mpe/CTaBisieT co0oit
HOCTETICHHOE YBEJIMYEHHE CTOMMOCTH IIPOJYKTa Ha BCEX
TEXHOJIOIMYECKHX JTamax, OT ChIpbs JO T'OTOBOH
HPOYKLIHH.

Hayunblii aHanmu3 nokas3blBaeT, 4YTO Ha KaXIOM
HOCIENYIOIEeM dTane IepepaboTKU  XJIOMKOBOTO  ChIPBS
CTOMMOCTb YBEJIMYHMBACTCS Ha OCHOBE
MyJIbTUIUIMKATUBHOTO 3(ddexra. B yactHocTH, eciu
NPUHATD YCIOBHYIO CTOMMOCTb XJIONKA-ChIpLA PaBHOM
OJIHOM eIMHMLE, TO CTOMMOCTb M3JCIMS U3 HPSIKH,
MOJY4YEHHOr0 TIpU ero MepBOHaYaIbHOH 00paboTkKe,
yBenunuuBaercs B 2-3 pa3a. Ha ciemyromem stane, T0 eCTb B
TEKCTHJIBHON IIPOMBILIICHHOCTH, CTOMMOCTb
yBeNIUYMBaeTCs B 4-5 pa3 B poliecce U3rOTOBICHUS MapIIH.
C nmpyro#t CTOpoHbI, HanOoMbIIIas JOOABICHHAsE CTOUMOCTh
o0pasyeTcs IpH MPOU3BOJICTBE FOTOBOTO TEKCTHIIS, Ha TOM
3Tane CTOUMOCTh IPOYKTa MOKET AOCTUraTh 6-8 pa3. IToT
3aKOH TEOPETHYECKH OOOCHOBBIBACT  HKOHOMHYECKOE
HPEBOCXOJCTBO KIACTEPHOI'O MO/IX0a. TO eCTh, YeM BHIIIIE
YpOBeHb TJIyOOKO# mnepepaboTKU CBIPbS, TeM OOJbIINi
o0beM  J00aBJIEHHOW  CTOMMOCTH  CO37aeTci B
HAIlMOHAJbHOM S5KOHOMHUKE. B 3TOM KOHTEKCTe MOJIEIb
9KCIIOpTa  TONBKO  XJIONMKAa-Chlpua  NPUBOJMT K
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HEedpHEKTUBHOMY HCIOJIb30BaHUIO pecypcos u
OrpaHUYHMBACT YIKOHOMHUYECKHE BO3MOXKHOCTH.

TToaToMy B KauecTBe KIIFOUEBON CTPATETHYECKOM 3a/1a4n
Pa3BUTHUSL XJIOMKOBO-TEKCTUIIBHBIX KJIACTEPOB OIPEEICHO
OXBAaTHTh BCE OTalbl TEXHOJIOIMYECKOW IEHNOYKH U
YBEJIMYUTh JOJK0 ITPOU3BOACTBA TOTOBOH MPOLYKLUH C
BBICOKOM 0OaBJIEHHOH CTONMMOCTBIO.

Iporiecc NPOCKTHPOBAHUS M pPEATH3aLUH XJIOIKOBO-
TEKCTHIBHBIX KJIACTEPOB CBS3aH C MHOTrO(aKTOPHOM
HEOIPE/ICJICHHOCTEI0 M COMNPSIKEH € Pa3IUYHBIMU
9KOHOMHYECKHMH, HPHUPOJHBIMA U HHCTHTYLHOHAIBHBIMA
puckamu. ITo3TOMy BBISIBJICHHE, OIICHKA M YIIPaBJICHHE
pHUCKaMH HMEIOT BaXKHOC HAYYHOE U IPAKTHYECKOES
3Ha4YeHUE Ui obOecrieueHns 3(Q(GEKTHBHOCTH Kiacrepa.
DKOHOMHYECKHE PHCKH B IEPBYH) OuYepelb CBS3aHBI C
HECTaOMIIBHOCTBIO PBIHOYHOW KOHBIOHKTYpBI, JTHHAMHKON
LICH ¥ HapYIICHHEM PaBHOBECHS CIPOCa H Tpe/iokeHus. B
9TOM cllyyae AWBEpPCHGUKANWS BHIOB TPOAYKIHMH |
OCBOGHHE  HOBBIX  CE’MEHTOB  pBIHKA  SIBIISIETCS
9p(PEKTUBHBIM ~ MEXaHH3MOM  CHHXKCHHS  PHCKOB.
KnumaTnueckue pucky, BKIIOUAs 3aCyXy, OTPaHHYEHHOCTh
BOJIHBIX PECYPCOB M TIOrOJIHBIC H3MCHEHHs, OKa3bIBAIOT
HETOCPE/ICTBEHHOE BIMSIHUE Ha CENbCKOXO3SHCTBEHHOE
MpOU3BOJACTBO. UTOOBI MHHHMH3HPOBATH OTH PHCKH,
HEOOXOZMMO  BHEAPATH  MEPEIOBBIC  arpOTEXHOJIOTUH,
BKJIIOUass ~ BojocOeperarle W HHTEIUICKTyalbHbIC
CHCTEMBI OPOLICHHUSI.

@DUHAHCOBBIE ~ PHUCKH  CBSI3aHBI  C  HEXBAaTKOM
WHBECTHIIOHHBIX PECypCcOB MM HMX HEIDPEKTHBHBIM
HCIIONIB30BAHMEM, YTO 3aME/UIIET TEMIbl  Pa3BHTHS
knactepa. I'ocy1apcTBeHHbIE CYyOCHANH, JITOTHBIE KPEIUTHI
U HCIOJB30BAHHE MEXaHU3MOB TOCYapCTBEHHO-YaCTHOTO
MAPTHEPCTBA BAXHBI IJI NPEOAONCHUS 3TOH NpPOOIEMBL.
TexHonornueckrue pUCKH OOBSICHAIOTCS HEIOCTaTOYHBIM
BHEJPEHHEM yCTapeBIIHX HPOU3BOJCTBEHHBIX
WHCTPYMEHTOB M MHHOBauUMH. [103TOMY BakKHO YCKOpHUTH
IPOLIECChl  MOJCPHU3ALMH M NPUMEHHTh  PEe3yJIbTaThl
HCCIIEIOBaHUN Ha TIPAKTHKE.

PpIHOUHBIE PHCKHM, C JAPYrol CTOPOHBI, CBS3aHBI C
YCHIICHHEM TIJI00abHOH KOHKYPEHLMH M KoyeOaHHAMU
CrIpoca, KOTOpbIe YCTPAHAIOTCS 3a CYET pacLIMPEeHHs
reorpaMu KCIOPTA U TOBBIICHHUS Ka4ecTBa IPOLYKIHHL.
VIHHOBAILIMOHHBIE TIOJXO/IbI SIBJIAIOTCS OTHUM U3 PELIAOLINX
¢daxTopoB MOBBIIICHHS KOHKYPEHTOCTIOCOOHOCTH
XJIONIKOBO-TEKCTHIIBHBIX ~ KJIACTEpPOB. B coBpeMeHHBIX
ycnoBusax 3¢ dektuBHOe (DYHKIIMOHUPOBAHUE KIIACTEPOB
TECHO CBsI3aHO C LM(pOoBU3ALMUEH, aBTOMATH3AIMEH U
BHEJIPEHUEM HHTEJUICKTYalIbHbIX TexHojorui. Llndpossie
arpoTEXHOJIOTUH TI03BOJIIOT 3((EKTHBHO HCIIOIb30BATh
3eMeNbHbIE PECypChbl, HPOTHO3MPOBATh YPOXKAWHOCTH U
ONTHMM3UPOBATh NPOU3BOJCTBEHHbIE 3aTparbl. CHCTEMbI
MOHHUTOpHHra, OcHOBaHHbie Ha GPS wu OecnmmoTHBIX
TEXHOJIOTHsX, OOECIIeYMBAIOT TOYHOE IUIAHMPOBAaHUE H
KOHTPOJIb arpOTEXHUYECKUX MEPOIPUATHH.

VHTennexTyanbHble UPPUTALMOHHBIE CUCTEMBI UIPAIOT
BOXHYIO pPOJb B OKOHOMHH BOJHBIX pECYpCOB U
obecrieueHu dKOOrudeckoi ycroiuuoctu. C apyroit
cropoHbl, cuctembl ERP (mmanupoBanust pecypcos
NPEIIPUATHS)  TO3BOJISIIOT ~ aBTOMATH3UPOBAaTh  OOMEH
uHbOpMALEH MEXy YYaCTHUKAMH KJlacTepa M MOBBICUTH
3¢ PEeKTUBHOCTH YIIPaBICHUSL.

ABTOMATH3MPOBAHHBIC TEKCTWIbHBIC JIMHUU CIy>Kar
MOBBIILICHUIO TIPOM3BOAUTENIBHOCTH  TPYAQ, CHIKCHHIO
YenoBeYeckoro (Qaktopa W 00eCHeYeHHI0 CTaOWIBHOTO
KayecTBa MNPOAYKIMH. B 3TOM IulaHe BHeIpeHue
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WHHOBAI[MOHHBIX ~ TEXHOJNIOTHMIl  SIBISICTCS  KIIFOUEBBIM
(axTOopoM oObecriedeHrs] JIOIATOCPOYHOTO  YCTOHYIHBOTO
Pa3BUTHS KIIACTEPOB.

TIpu opraHu3anyy XJIOMKOBO-TEKCTIIBHBIX KJIACTEPOB
HCHOJIB3YIOTCS Pa3iIM4HbIe HHCTUTYIMOHAIbHBIC MOJICIIH, U
uX OPPEKTUBHOCTH OyAeT 3aBHCETh OT MEXaHU3Ma
yTpaBieHus, (UHAHCOBBIX PECYpPCOB M B3aMMOOTHOIICHHUIT
MEX/Ty YIaCTHUKaMH.

B Mopmemsix, OCHOBaHHBIX Ha TOCYJapCTBEHHOM
YIpaBIeHUH, CTPaTerMYecKue peIleHUs NPUHAMAIOTCS
HEHTPAIN30BaHHO, a TOCYIapCTBO BEHITIONHSAET CBOIO POJIb
TJIABHOTO MHBECTOpAa M KOOPAMHATOpA. XOTA 3Ta MOJEIb
M03BOJIIET OBICTPO Pa3BUBATH MH(PPACTPYKTYPY, THOKOCTH
PBIHOYHBIX MEXaHH3MOB MOXKET OBbITh OrpaHUYCHHOM.

OnmHAako B MOJEIAX YacTHBIX KJIaCTEPOB IIPHOPHUTET
OT/HAeTCs PHIHOYHBIM MPHHIMIAM, a WHBECTHIHHA B
OCHOBHOM OCYIIECTBISIIOTCS YacTHBIM CEKTOPOM. OTO
ToBEIMIaeT () (PEKTUBHOCTH ¥ KOHKYPEHTOCTIOCOOHOCTD.

Mozens  rocynapcTBEHHO-YaCTHOTO  ITAPTHEPCTBA
SIBIISIETCSL OJTHAM M3 HanOoJee 2 (heKTUBHBIX ITOJIXOJIOB, TIPU
KOTOPOM pecypchl H PUCKH TOCYAApCTBEHHOTO U YaCcTHOTO
CEKTOPOB  paCIpe/IeNsIIOTCST  COBMECTHO. JTa  MOJENb
OIMPOKO  WCHONB3yeTcss TPH  peal3aldid  KPYITHBIX
WHBECTHIIMOHHBIX  mpoekTtoB. C  Ipyrod  CTOPOHHI,
KOONepaTHBHAs MOJeJIb HalpaBlIeHa Ha pacliupeHne
9KOHOMHYECKOTr0 IOTEHIHMaNa (EepMEpCKUX XO3SICTB 3a
CYET KOHCOJTUJIAIINK U UTPAET BAXXHYIO POJb B MOAJICPIKKE
MEJIKUX IIPOU3BOJUTENCH.

4. 3akjI04YeHue

B 3akimroyeHwe OTMETHM, 4YTO IPOCKTHPOBaHHE
XJIOIIKOBO-TEKCTHJIBHBIX KJIACTEPOB - 3TO MHOTOI'DAHHBIN U
CIIOXKHBIH ~ TIpouecc,  TpeOyloUmMi  rapMOHH3ALMU
AQHAJIUTHYECKOTO, 9KOHOMHKO-MaTeMaTHYeCKOro,
CHCTEMHOT0, HMHHOBallMOHHOTO ¥  HMHBECTHILIOHHOTO
noxxonoB. bnaronmaps sddexTuBHOMY HCHIONB30BaHUIO
9THUX METO/IOB MOXKHO JIOOUThCS BBICOKOH 3pekTBHOCTH B
arponpoMBILIIICHHOM KOMIUIEKCE, YBEIMYUTh OOBEMBI
9KCHOpTa ¥ CTaOWIBHO  pa3BUBATh  HAIIMOHAIBHYIO
9KOHOMUKY.
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Analysis of methods for formalizing road traffic accidents

A.S. Rakhmanov'®?, E.Kh. Abdusamatov*®P?, Sh.Kh. Shermatov®¢, U.l. Isokhanov*®¢
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article analyzes the methods of documenting road traffic accidents (RTAs) and provides a
comparative analysis of traditional and modern approaches. Based on the experience of developed
countries (European Union, USA, Japan, Singapore, China, and others), the study examines the
Europrotocol, mobile applications, electronic protocols, drone technologies, and intelligent
transportation systems (ITS) used in RTA documentation. Furthermore, the current legislation and
practices in Uzbekistan are analyzed, identifying existing problems and ways to address them. The article
concludes by proposing a phased automation model (short-term, medium-term, and long-term stages)
adapted to the conditions of Uzbekistan. The implementation of the proposed measures would reduce
RTA documentation time by 50-70%, decrease traffic congestion, and significantly improve road safety.
road traffic accident (RTA), RTA documentation, Europrotocol, mobile application, electronic protocol,
drone technology, intelligent transportation system (ITS), automation, digitalization

Keywords:

Yo‘l transport hodisasini rasmiylash usullari tahlili

Raxmonov A.S.2®2 Abdusamatov E.X.1®°, Sh.Kh. Shermatov'®¢, U.I. Isokhanov'®¢
Toshkent davlat transport universiteti, Toshkent, O’zbekiston

Annotatsiya: Ushbu maqolada yo‘l-transport hodisalarini (YTH) rasmiylashtirish usullari tahlil qilinib, an’anaviy va
zamonaviy yondashuvlarning giyosiy tahlili keltirilgan. Dunyoning rivojlangan davlatlari (Yevropa
Ittifogi, AQSh, Yaponiya, Singapur, Xitoy va boshqgalar) tajribasi asosida YTHni rasmiylashtirishda
qo‘llanilayotgan Yevroprotokol, mobil ilovalar, elektron protokollar, dron texnologiyalari va intellektual
transport tizimlari (ITS) o‘rganilgan. Shuningdek, O‘zbekistonda amaldagi qonunchilik va amaliyot
tahlil gilinib, mavjud muammolar va ularni bartaraf etish yo‘nalishlari belgilangan. Maqola yakunida
O‘zbekiston sharoitiga moslashtirilgan bosqichma-bosqich avtomatlashtirish modeli (qisqa, o‘rta va uzoq
muddatli bosgichlar) taklif etilgan. Taklif etilgan chora-tadbirlar YTHni rasmiylashtirish vaqgtini 50-70
foizga qisqartirish, yo‘l tirbandliklarini kamaytirish va transport xavfsizligini oshirish imkonini beradi.

Kalit so‘zlar: yo‘l-transport hodisasi (YTH), YTHni rasmiylashtirish, Yevroprotokol, mobil ilova, elektron protokol,
dron texnologiyasi, intellektual transport tizimi (ITS), avtomatlashtirish, ragamlashtirish
1. Kirish sonini 700 taga yetkazish va yagona boshqaruv tizimiga ega

So‘nggi yillarda dunyo bo‘ylab avtomobil transporti
vositalari sonining keskin o‘sishi yo‘l-transport hodisalari
(YTH) sonining ham ortishiga olib keldi. YTH transport
tizimining eng jiddiy muammolaridan biri bo‘lib, u nafaqat
tirbandliklar va vaqt yo‘qotilishiga, balki inson hayoti va
sog‘lig‘iga tahdid soladi. Shu sababli, YTHni tez, to‘g‘ri va
gonuniy rasmiylashtirish masalasi dolzarb ahamiyat kasb
etadi. YTHni rasmiylashtirish jarayoni transport ogimini
tiklash, tirbandliklarni kamaytirish, hodisa sabablarini
ob’ektiv aniglash va sug‘urta tizimining ishonchliligini
ta’minlashda muhim rol o‘ynaydi.

O'zbekistonda ham so'nggi vyillarda yo'l harakati
xavfsizligini ta'minlash va transport tizimini ragamlashtirish
sohasida muhim gonunchilik bazasi yaratilmogda. Xususan,
Prezidentning 2025-yil 4-dekabrdagi PQ-368-son "Toshkent
shahrida transport tizimi boshqgaruvini takomillashtirish
hamda tirbandliklarning oldini  olishga garatilgan
go'shimcha  chora-tadbirlar ~ to'g'risida“"gi  Qarorida
intellektual svetoforlar bilan jihozlangan "aglli" chorrahalar

https://orcid.org/0000-0003-1640-8839
b Whttps://orcid.org/0009-0007-1194-9085

https://doi.org/10.56143/2181-2438-2026-2-63-67

intellektual transport tizimini joriy etish vazifalari go'yilgan
[1].

Vazirlar Mahkamasining 2023-yil 11-avgustdagi 354-
son qarori bilan yo'l harakati xavfsizligini ta'minlash
sohasiga zamonaviy axborot texnologiyalarini keng joriy
etish bo'yicha "Yashil" va "Qizil" yo'lak tizimi
takomillashtirilgan [2]. 2026-yil 30-martdagi 125-son garori
esa yo'l harakati qoidalarini buzganlik holatlari bo'yicha
ma'muriy choralarni ko'rish tartibini ragamlashtirishni
nazarda tutadi, jumladan, YAIDXP (my.gov.uz) va Yo'l
harakati xavfsizligi xizmatining mobil ilovasi orqali
xabardor qilish tizimi joriy etilgan .

Mazkur qarorlar YTHni rasmiylashtirish jarayonlarini
avtomatlashtirish va ragamlashtirish uchun huqugiy asos
yaratayotgan bo'lsa-da, bugungi kunda O'zbekistonda
YTHni rasmiylashtirishning asosiy usuli sifatida an‘anaviy
(yo'l patrul xizmati xodimlari orgali) usul go'llanilmoqgda.
Bu usul 60-120 dagiga vaqt talab giladi, bu esa rivojlangan
mamlakatlarda qo'llanilayotgan  zamonaviy usullarga
nisbatan ancha past samaradorlikka ega [3].

¢ U https://orcid.org/0009-0007-8165-0097
4 & https://orcid.org/0009-0008-0058-9560
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2. Tadgigot metodologiyasi |

Dunyo bo‘yicha yo‘l-transport hodisalari (YTH) S
transport  tizimining muhim  muammolaridan  biri :
hisoblanadi. YTHni tez va aniq rasmiylashtirish transport
ogimini tez tiklash, tirbandliklarni kamaytirish hamda
hodisa sabablarini aniglashda muhim ahamiyatga ega. Shu
sababli rivojlangan davlatlarda YTHni rasmiylashtirish
jarayonini optimallashtirish bo‘yicha turli zamonaviy usullar
joriy etilgan.

An'anaviy usul

Yevropratakol tizimi : ——
orjiy mamlakatiasda pr— ‘ 3-rasm. YTHni qo‘lda rasmiylashtirish
K e g Mobl lovalar _ o .
— ) Yevroprotokol tizimi — Yevropa Ittifoqgi davlatlari
— Elektron protokol tizimi Yevroprotokol tizimi hozirda Yevropa lttifogining 27
Avtomatiashticilgan — a‘zo davlatida, shuningdek Norvegiya, Shveytsariya va
] Pron v foregrammetrga vali | Ukrainada  qo‘llaniladi.  Fransiyada barcha  kichik
 Tntltekinat framport tizimtars | YTHIaming 70 foizdan ortig‘i yevroprotokol orqali
L ™ rasmiylashtiriladi. Germaniya, Niderlandiya va Belgiyada
1-rasm. Xorijiy mamlakatlarda qo‘llanilayotgan asosiy esa ragamli yevroprotokol (e-CDA — electronic Constat
rasmiylashtirish usullari d’Amiable) joriy etilgan bo‘lib, haydovchilar qog‘ozsiz
ravishda smartfon orqali hujjatlarni to‘ldiradilar. Rossiya va
An’anaviy usul. Ko‘plab davlatlarda YTHni O‘zbekiston ham ushbu tajribadan foydalanish yo‘lida
rasmiylashtirishning asosiy usuli Yol patrul xizmati gonunchilik bazasini shakllantirmoqda.
xodimlari tomonidan amalga oshiriladi. YTH sodir Yevroprotokol — bu ikki transport vositasi
bo'lganidan so'ng, ishtirokchilar vogea joyiga Davlat yo'l ishtirokidagi, jabrlanuvchilar bo‘lmagan va ishtirokchilar
harakati xavfsizligi xizmati (Yo'l patrul xizmati) xodimlarini o‘rtasida nizo mavjud bo‘lmagan YTHlarni tez va qulay
chagiradilar. Xodimlar hodisa joyiga yetib kelib, hujjatlarni rasmiylashtirish usuli hisoblanadi. Haydovchilar maxsus
rasmiylashtirishni 0z  zimmalariga  oladilar. blankani (yevroprotokol shaklini) birgalikda to‘ldiradilar,
Rasmiylashtirish jarayonini quyidagi ketma-ketlikda amalga hodisa sxemasini chizadilar va imzo qo‘yadilar. Shundan
oshiradilar: so‘ng ular yo‘l harakati xodimlarini kutmasdan yo‘llarida
- Hodisa joyini ko'zdan kechirish; davom etishlari mumkin.
- YTH sxemasini chizish; .
- Ishtirokchilar  va  guvohlarning  tushuntirish 1-jadval
xatlarini olish; Yevroprotokolni qo‘llash shartlari
- Tegishli mamuriy bayonnoma va boshga Shart Tauvsifi
hujjatlarni rasmiylashtirish. Ishtirokchilar | Fagat ikkita transport vositasi
: soni
~L 1-80SQICH: Hodisa joyiga yetib kelish ) e — g
s e, (OB ) . | Jabrlanganlar | Hayot va sog'liqga zarar yetmagan bo'lishi
p M ~ Tumumiy =T1+T2+T3+ T4+ TS
+(_ 2-BOSQICH: Hodisa joyini ko'zdan kechirish ) | f - - - - -
Oy | Gsvima). . Sug'urta Barcha ishtirokchilarning fugarolik
»@wm,.m.;..:.... ;E"* ’f:—sﬂ" mavjudligi javobgarligi sug'urta gilingan
'/J%iyyil:‘.h ©40:90 dacan | ::m:' —— Kelishuv Ishtirokchilar o'rtasida nizo bo'lmasligi
g 4..‘,\?..:::;::.‘..,:1" "::...(.;.;:hso ‘& —— mavjudligi
A uvoh ks lari 280 daige + Ekspertiza > Bir necha kun F A ' A
D . it > S el befte Haydovchi Mast holatida bo'lmasligi

Bayonnoma tuzish
P S— m_p o

= *Ma'mury bayonnoma 2
w « Qo’shimcha ilovalar ©20-40 daqias )
¥« Imzo qo'yish *

2-rasm. YTHni ananaviy résmiylashtirish blok-sxemasi Hujjatlar Haydovehilik guvohnomasi, ro’yxatdan

mavjudligi o'tkazish guvohnomasi, yo'l varagasi
(yuridik shaxslar uchun)
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M

— &5

An‘anaviy usul
YTH sodir bo'ldi

LR 1

Jarshat N Arvanaviy yusul g SUGURTATIZIMI
bormi? (inspoktor chaqiriiadi) - elektron protokol
yoQ 1
Tomonlar h(sq Evrroprotoxol e Z
keliishdimi? Sugurta tmrIga yuborish

4-rasm. Yo‘l transport hodisasini an’anaviy va
evropratakol orgaliy rasmiylashtirish blok sxemasi

Avtomatlashtirilgan tizimlarning dunyo bo‘yicha
targalishi

Zamonaviy avtomatlashtirilgan YTH rasmiylashtirish
tizimlari dunyo’ning turli mamlakatlarida keng joriy
etilmoqda. Quyida asosiy tizimlar va ularni faol qo‘llayotgan
davlatlar haqida batafsil ma‘lumot keltirilgan.

Mobil ilova asosidagi tizimlar (Koreya, Singapur,
Avstraliya)

Janubiy Koreya 2015-yildan boshlab “Smart Accident
Reporting” mobil ilovasini keng joriy etgan bo‘lib,
haydovchilar hodisani ilova orgali 10-15 dagigada
rasmiylashtirishlari mumkin. GPS  koordinatalar,
fotosuratlar va sug‘urta ma‘lumotlari avtomatik ravishda
tizimga  jo‘natiladi.  Singapur esa  2018-yildan
“OneMotoring” platformasini yangilab, barcha YTH
ma‘lumotlarini yagona raqamli tizimga Dbirlashtirgan.
Avstraliyaning Yangi Janubiy Uels shtatida “Crash Report
Online” tizimi 2019-yildan ishga tushirilgan va hozir ushbu
tizim orqali shtatdagi YTHlarning 40 foizdan ortig‘i
rasmiylashtirilmoqda.

Elektron protokol tizimlari (AQSh, Germaniya, Buyuk
Britaniya)

AQShning ko‘plab shtatlarida, xususan Kaliforniya,
Texas va Florida shtatlarida politsiya xodimlari planshetlar
orqali to‘liq ragamli protokol to‘ldiradilar. “Electronic Crash
Reporting System” (eCRS) tizimi hodisa joyidanoq
markaziy ma‘lumotlar bazasiga ulanadi. Germaniyada
“MEMO” (Mobile Electronic Mobility Officer) tizimi 2017-
yildan barcha federal yerlar bo‘yicha standartlashtirilgan
bo‘lib, hodisani rasmiylashtirish vaqtini o‘rtacha 35 foizga
qisqartirgan. Buyuk Britaniyada esa “CRASH” (Collision
Recording and Sharing) tizimi butun mamlakat bo‘ylab
yagona standartda ishlaydi va yillik 150 000 dan ortig hodisa
ushbu tizimda gayd etiladi.

Dron (UAV) texnologiyasi (AQSh, Xitoy, BAA)

AQShda Nevada va Arizona shtatlarida dronlar YTH
joyini aerofotosurga olish va 3D-model yaratish uchun
2016-yildan keng foydalanilmogda. Bu texnologiya hodisa
joyida yo‘lni yopib turish vaqtini o‘rtacha 80 foizga

https://doi.org/10.56143/2181-2438-2026-2-63-67

gisqartirgan. Xitoyda esa davlat dasturi doirasida 2020-
yildan Shanghai, Pekin va Guangzhou shaharlarida dronlar
markazlashgan ~ monitoring tizimi  bilan  birgalikda
ishlatilmogda — hodisa aniglangandan 3 dagiga ichida dron
joyga yetib boradi. Birlashgan Arab Amirliklarida Dubai
politsiyasi 2021-yildan “Smart Accident Investigation”
dasturi doirasida dron va sun‘iy intellektni birgalikda
qo‘llaydi.

ITS (Intelligent Transportation System) — Yaponiya,
Niderlandiya, Finlandiya

Yaponiya ITS sohasida dunyo yetakchisi bo‘lib, “VICS”
(Vehicle Information and Communication System) tizimi
1996-yildan joriy etilgan va hozirda 40 million dan ortiq
avtomobil ushbu tizimga ulangan. YTH sodir bo‘lishi bilan
trafik markazlari avtomatik ravishda xabardor etiladi va
yo‘naltirishlar o‘zgartiriladi. Niderlandiyada ‘“Nationaal
Dataportaal Wegverkeer” platformasi barcha yo‘l
hodisalarini real vaqt rejimida kuzatadi. Finlandiyada 2022-
yildan “Digitraffic” tizimi YTH ma‘lumotlarini avtomatik
ravishda sug‘urta kompaniyalari, tibbiy xizmatlar va yo‘l
xizmatlari bilan ulashadi.

2-jadval
Xorijiy usullarni solishtirma tahlili
Usul Davlatlar O‘rtacha vaqt
An’anaviy usul Barcha davlatlar 60-120 min
Yevroprotokol Yevropa 15-30 min
Mobil ilova Koreya, Singapur | 10-15 min

Elektron protokol AQSh, Germaniya | 20-40 min

Dron texnologiyasi | AQSh, Xitoy 10-20 min

ITS tizimi Yaponiya 5-10 min

60-120 min

O'rtacha vaqt (dagiga)

An‘anaviy
usul

Yevro- Mobil Elektron Dron IS
pratokol ilova protokol tex. tizimi

5-rasm. Rasmiylashtirish usullari bo’yicha o’rtacha
vaqgt tagqoslash (dagiqa)

195 daviat
Yevroprotokol
(Y127 daviat + 3)

Elektron protokol

(AQSh, Germaniya, Buyuk Britaniya)

Mabil ilova
(Koreya, Singapur, Avstraliya)

Dron texnologiyasi
(AQSh, Xitoy, BAA)

TS tizimi
(Yaponiya, Nideriandiya, Finlandiya)

0 50 100 150 200
Qo'llaydigan davlatlar son (taxminiy)

6-rasm. Har bir tizimni qo‘llaydigan davlatlar soni
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=—e~ An‘anaviy usul
Xarajat ~8~ Yevroprotokol
n ~e~ Mobil ilova

amaradorligi
—e~ Elektron protokol
~e~ Dron tex.
~e~ ITS tizimi
—Z

S g

eng
qo'llanish

7-rasm. Tizimlar ko’rsatkichlari taqqoslash (1-5 ball)

KUCHLI TOMONLARI (5)
- Vagtmi 40-80 % ga qisqartinish
- Insonming xatosini kamaytirish
- Real vagt monitoning
- Ma’'lumotlar amgligining yugoriligi
- Transport ogimini tez tiklash

IMKONIYATLAR (O)
- O’zbekistonga joriy etish imkoniyati
- Sug‘urta sektori integratsiyast
- Smart sitry dasturi bilan bog*lash
- YTH statistikasini yaxshilash
- Xalqaro tajribadan foydalanish

ZATF TOMONLARI (W)
- Yugqori boshlang“ich xarajat
- Texnik infratuzilma talab qiladi
- Xadimlarni qayta tayyorlash - Tizim nosozliklari xavfi
- Internet ulanishga bogliglik - Maxfiylik muammolari
- Kiberzavfsizlik - Moliyaviy resurslar cheklangan

TAHDITLAR (T)
- Qonunchilik bazasi yetarli emasligi
- Ragamli savotsizlik

8-rasm. Avtomatlashtirilgan YTH tizimlarining SWOT
tahlili

Dunyo  tajribasi  shuni  ko‘rsatadiki, =~ YTHni
rasmiylashtirish jarayonini avtomatlashtirish nafagat vaqtni
tejaydi, balki ma‘lumotlar aniqligini oshiradi, inson omili
xatolarini kamaytiradi va transport ogimini tezroq tiklashga
yordam beradi. Rivojlangan davlatlarda ushbu tizimlarni
joriy etish natijasida hodisa joyini bo‘shatish vaqti o‘rtacha
40-60 foizga gisqargan. Shu sababli O‘zbekistonda ham
xorijiy tajribadan kelib chiggan holda bosgichma-bosgich
avtomatlashtirilgan tizimlarni joriy etish magsadga
muvofiqdir.

3. Xulosa

Dunyo tajribasini tahlil qilish shuni ko’rsatadiki, YTHni
rasmiylashtirish jarayonini avtomatlashtirish zamonaviy
transport tizimining ajralmas gismiga aylanib bormoqgda.
Turli mamlakatlarda joriy etilgan tizimlar — Yevroprotokol,
mobil ilovalar, elektron protokollar, dron texnologiyasi va
ITS — o’ziga xos afzalliklariga ega bo’lib, har biri ma’lum
sharoit va infratuzilmaga mos keladi.

Taqqoslama  tahlil  ko’rsatadiki, eng  yugqori
samaradorlikni ITS tizimlari (5-10 dagiga) va mobil ilovalar
(10-15 daqiqa) ta’minlaydi. Yevroprotokol esa xarajat
samaradorligi va qulaylik jihatidan yetakchi o’rinni
egallaydi. An’anaviy usul hali ham barcha davlatlarda asosiy
zaxira sifatida qo’llaniladi, ammo uning 60-120 dagigalik
vaqt sarfi  igtisodiy zarar  keltirmogda.  YTHni
rasmiylashtirish jarayonini avtomatlashtirish nafagat vaqtni
tejaydi, balki ma‘lumotlar aniqligini oshiradi, inson omili
xatolarini kamaytiradi va transport ogimini tezroq tiklashga
yordam beradi. Rivojlangan davlatlarda ushbu tizimlarni
joriy etish natijasida hodisa joyini bo‘shatish vaqti o‘rtacha
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40-60 foizga qisqargan. Shu sababli O‘zbekistonda ham
xorijiy tajribadan kelib chiggan holda bosgichma-bosgich
avtomatlashtirilgan tizimlarni joriy etish magsadga
muvofiqdir.

O‘zbekistonda ~ YTHni  rasmiylashtirish  tizimini
modernizatsiya gilish uchun quyidagi bosgichma-bosgich
yondashuv tavsiya etiladi:

1-bosgich (gisqa muddatli, 1-2 vyil): Yevroprotokol
tizimini O’zbekiston sharoitiga moslashtirib joriy etish.
Aholini ushbu tizim qoidalari bilan tanishtirish uchun keng
ko’lamli  axborot kampaniyasi o’tkazish. Sug’urta
kompaniyalari bilan integratsiyani ta’minlash.

2-bosgich (o’rta muddatli, 2—4 yil): Toshkent va yirik
shaharlar uchun maxsus mobil ilova ishlab chigish va
sinovdan o’tkazish. GPS, kamera va sun’iy intellektga
asoslangan hodisa gayd etish tizimini ishga tushirish.
Politsiya xodimlari uchun planshet asosidagi elektron
protokollarni joriy etish.

3-bosgich (uzog muddatli, 4-7 yil): Respublika bo’ylab
ITS elementlarini (aqlli svetoforlar, yo’l kameralari, sensor
tarmoglari) bosgichma-bosqich o’rnatish. YTH ma’lumotlar
bazasini sug’urta, tibbiy xizmatlar va favqulodda vaziyatlar
vazirligi bilan ulash. Xorijiy davlatlar tajribasini o’rganish
va hamkorlik shartnomalarini tuzish.

Ushbu  tadbirlarni  amalga  oshirish  natijasida
O’zbekistonda YTHni rasmiylashtirish vaqtini 50-70 foizga
qisqartirish, yo’l tirbandliklarini kamaytirish va transport
xavfsizligini sezilarli darajada oshirish mumkin bo’ladi. Bu
esa mamlakatning ragamli igtisodiyot va aglli shahar (Smart
City) strategik yo’nalishlariga ham mos keladi.
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Analysis of the application of renewable energy sources in metro systems

A.T. Lesov!®? S.U. Yuldasheval
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Urban metro systems are among the most energy-intensive elements of urban infrastructure, requiring

efficient solutions to reduce operational costs and environmental impact. This study presents a
comparative and analytical assessment of three key technologies for improving metro energy efficiency:
solar photovoltaic (PV) generation, regenerative braking, and battery energy storage systems (BESS).
Based on international case studies and technical literature, the operational characteristics, energy-saving
potential, and technological limitations of each approach are examined.
The analysis shows that while individual technologies provide measurable benefits, their combined
implementation within an integrated energy management framework can significantly enhance overall
system performance. In particular, the integration of PV, regenerative braking, and BESS enables the
formation of a localized energy system capable of improving load balancing and reducing peak demand.
A qualitative assessment of applicability for the Tashkent Metro suggests that a phased implementation
of these technologies may substantially improve energy efficiency and increase the utilization of
recovered energy. The study highlights the technical feasibility and practical relevance of integrated
energy solutions for metro systems operating under conditions similar to those of Central Asia.

Keywords: metro systems, renewable energy, solar power generation, regenerative braking, energy storage systems,
energy efficiency, transport decarbonization

AHajau3 NPUMECHCHUSHA B0O300HOBJIIeMbIX HCTOYHHKOB JHEPIUuU B CUCTEMAX
METPOIMOJINTEHA

JlecoB A.T.'@2 FOmnamena C.V.!

TamkenTckuil rocynapcTBeHHbI TPaHCIIOPTHEIA yHHBEpcUTET, TalkeHT, Y36eKkucTan

AHHOTaINUA: CucTeMbl TOPOJCKOTO METPONOJIMTEHA - OJHH M3 CaMbIX DHEPrOEMKHX 3JIEMEHTOB TI'OPOJICKOMN
nHpPacTPyKTypbl, TpeOyrommue 3pHEKTUBHBIX PEIIEHNH JUIs CHIDKEHUS SKCIUTyaTallMOHHBIX PACX0/I0B
1 BO3JCHCTBMS Ha OKPYXKAIOIIyI0 Cpely. B naHHOM HCClIelOBaHMM IpEJCTAaBICHA CPABHUTENIBHO-
aHaNIUTHUYeCKas OLEHKAa TPEX KIIOYEBBIX TEXHOJOIMH IOBBILEHHSA 3HEprodddexTuBHOCTH
METPOIIOJIUTEHA: COJHEYHOH (HOTOINEKTPUUECKOH TI'eHepaly, PeKyNepaTHBHOIO TOPMOXKCHUA U
aKKyMyJIATOPHBIX cucTeM Hakorienus dSHepruu (BESS). Ha ocHoBe aHanmmsa MexIyHapoaHBIX
IPUMEPOB M TEXHWYECKOH JIUTEPaTypbl pPacCMaTPUBAIOTCS SKCIUIyaTalMOHHbIE XapaKTePHCTHUKH,
MOTEHLUA 3HEProcOEPeKEHHSI U TEXHOJIIOTNUECKUE OrPaHMYEHMS KaXK/IOr0 MOIX0/a.

AHaJIM3 MOKa3bIBACT, YTO, XOTS OTAENIbHBIE TEXHOJIOTHU U 00ECIICUNBAIOT OLLYTHMbIC PEUMYLIECTBA,
X COBMECTHOE BHEAPEHHE B paMKaX KOMIUIEKCHOH CHCTEMbI YIpPaBJICHHS SHEPronorpedieHreM
CIIOCOOHO 3HAYMTENIBHO IIOBBICUTH OOLIYI0 HPOM3BOJAUTENBHOCTb. B uyacTHOCTH, WHTErparus
(OTOANEKTPUYECKUX CHCTEM, peKynepaTuBHOro Topmokenuss u BESS mnozBomser cdopmuposarsh
JIOKaJIbHY0 SHEPrOCUCTEMY, CHOCOOHYIO YIyYIUUTh OQJIAHCUPOBKY HAarpy3Kd W CHM3UTh ITHKOBOE
norpeodieHue.

KauecTBeHHas OLleHKa IPUMEHUMOCTH JUIsl TallIKeHTCKOro METPOIIONINTEHA OKA3bIBAET, YTO [103TAITHOE
BHEJPEHHE 3THUX TEXHOJIOTMH MOXKET CYIIECTBEHHO IOBBICUTH 3HEProd(p(eKTUBHOCTb U YBEIMYUTh
CTENeHb YTWIM3ALMM PeKylepupoBaHHOW sHepruu. MccnenoBaHue NOAYEPKUBACT TEXHHUYECKYIO
OCYIIECTBUMOCTD U MPAKTHYECKYIO 3HAYMMOCTh KOMIUIEKCHBIX SHEPIeTHUECKUX PELICHUH IS CHCTEM
METPOIOJIUTEHA, PA0OTAOIINX B YCIOBHIX, CXOKHUX C ycaoBusiMu LleHTpanbHoi A3HH.

KitoueBslie ciioBa: METPOIOJIUTEH, BO30OHOBIIIEMbIE HCTOYHUKU SHEPTHH, COJHEYHAs I'eHepalyus, peKynepanus SHepruH,
CHCTEMBI HAKOIUICHUS SHEPriH, SHEProdhHeKTHBHOCTD, JeKapOOHU3aLHUs TPaHCIOPTa

1. BBe IeHHe ropozax. B To e Bpemsi METPOIIOIUTEH SIBISAETCS OJHUM U3
CaMBbIX SHEProéMKUX 3JIEMEHTOB TOPOJICKOM

CucteMbl TOpPOACKOTO PENbCOBOTO TPAHCHOPTa, B UHQPACTPYKTYypbl ~ M3-32  BBICOKOH  MHTEHCHBHOCTH
YaCTHOCTH METPOIOJIUTEH, HIrPaloT KIOUEBYIO pOIb B JBIDKEHUS T10€3710B, OONBIIOro KOJMYECTBAa CTAHIIMOHHBIX
00ecreueHu yCTONYMBOM MOOMIBHOCTH B KPYIHBIX COOpYXKEHHI M HempepbIBHOM paboThl BCIIOMOraTeNbHOTO
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obopynoBanus [4,14]. Ha TsroBoe 31eKTpocHaOKEeHUE, KaK
npaBmwio, npuxomurcs ao 60-70% or obmero o6bEMa
SHEPronoTpeOIeHus, a OCTaBIIasCsA IO PAcXopyercss Ha
CTAHIIMOHHYIO HMH(PACTPYKTYpy, TaKyl0 KaK CHCTEMbI
BEHTHIIIINY, OCBEIIICHHE, 3CKaNaTopHI u
KOHJIMIMOHNpOBaHUe Bo3ayxa [5]. Ilo mepe pacmmpeHus
ceTell MeTpo MW pocTa MAacCaXKUPOINOTOKa  obmiee
MOTpeOIeHne  JJIEKTPOIHEPTHH  ITHMH  CHCTEMaMH
MIPOJIOJDKAET PAcTH, CO3JaBasi IOIOJHHUTENEHYIO HarpysKy
Ha TOPOJICKUE SHEPrOCHCTEMBI U OIIEPallMOHHBIE OIOKETHI
TPaHCIIOPTHBIX BEAOMCTB [21].

B nocnenane rozp! moBeIIeHAe SHEPro3 PEeKTUBHOCTH
METpPOIIOJIUTEHA CTaJI0 Ba)XHOM 3ajadell IIOJIMTUKU B
001acTi yCTOHYMBOTO Pa3sBUTHSA TOPOACKOIO TPAHCIOPTA.
OpHuM 13 Hawboliee MEePCIeKTHBHBIX MOAXOMOB SIBISETCS
BHEJIpEeHNEe BO300OHOBIIEMBIX MCTOYHHMKOB dHepruu (BUD)
u TIePEIOBBIX TEXHOJIOT Uit YIpaBIeHUs
SHEpromoTpedieHneM B HHQPAaCTPYKTYpy  METpoO.
ConHewnast () OTOINEKTpPUYECKass TeHepalys, CHCTEMBI
PEeKyIlepaTUBHOIO TOpPMOXKeHHs U TexHosorun BESS
TTO3BOJISIOT OTIEpaToOpaM METPOTIONIMTEHA BO3BPAIIaTh YacTh
SHEPTrHH, PacxXoIyeMol Ha JABIKEHHE MOE3/I0B, M CHIDKATh
3aBUCHMOCTh OT DJIEKTPOIHEPIHWH, IIOCTaBISIEMOH W3
BHEIIHUX CeTed. OTH pelleHus TakkKe CIOCOOCTBYIOT
COKpaIIeHHIO BHIOPOCOB MAapHUKOBBIX T'a30B M MOBBIIICHUIO
9KOJIOTUYECKOH YCTOWYHMBOCTH CHCTEM OOIIECTBEHHOTO
Tpancnopra [3,10].

MupoBast IpaKTHKa JEMOHCTPUPYET PacTyIIUiA HHTEpeC
K  WCIOJB30BAHUIO  TEXHOJOTHMH  BO30OHOBISIEMOIt
SHEPreTMKM B CHCTEMax MeTporojuTeHa. MHorue
orepaTopsl  METPOIOJIMTEHOB HAYalld  YCTaHABJIMBATH
(oTORNEKTpUYECKHe TaHeNW Ha KpbIOIaX CTaHIMH U
30aHHUAX JICTIO, BHEAPSATH CHCTEMBl PEKyIepaTHBHOTO
TOPMOXKCHUS IJI BO3BpaTa SHEPrMM TATOBOH CeTH H
MOHTHPOBATh aKKyMYJITOPHBIE CHCTEMbl HAKOIUICHHS
SHEPruM U1 CTa0WIM3alUM  3JIEKTPOCHAOKEHHUS.
Hampumep, conHeyHas TeHepanus OblIa  YCIICLIHO
MHTETPUPOBaHa B MHPACTPYKTYpY METPOIIOJIUTEHA B PALe
roponoB EBponbl m Asum, a mHepeioBble TEXHOJIOTHU
PEKyNepaTUBHOIO TOPMOXEHHMSI IIMPOKO NPUMEHSIOTCA B
SAnonun u FOxHoit Kopee mist moBsieHus 3 ek THBHOCTH
WCHONb30BaHUs  TAroBol  sHepruu. Kpome  Toro,
COBPEMEHHbIE aKKyMYJIATOPHBIE CHUCTEMbl HAKOIUICHHS
9HEPIUM BCE Yallle UCHOJIB3YIOTCA UL aKKyMYJIMPOBAaHUSA
N30BITOYHON 3HEPIHH U ee MepepacipeieieHust B HePHO bl
MUKOBBIX HArpy3oK [6,16].

Hecmotpst Ha pocT uucia TEXHOJIOTUYECKUX PELICHHH,
ypOBeHb ux BHenpenus u d3pdexkTuBHOCTh uHTerpaunn BUD
CYIIECTBEHHO PA3JIMYAIOTCS B 3aBUCHMOCTH OT MECTHBIX
KIUMaTUYECKHUX yCIOBHH, 0COOCHHOCTEH HHPPACTPYKTYphI
U 9KCIUIYaTalMOHHBIX IapaMeTpoB MeTponojiuTeHa. s
rOpOJZIOB C BBICOKMM YPOBHEM COJIHEYHOH pajualuu U
PacTyLIUM CIIPOCOM Ha TOPOJCKON TPAHCIIOPT KOMILIEKCHOE
NPUMEHCHUE COJIHEYHOM T'eHepallli, pEeKylnepaTHBHOIO
topmoxkennss u  BESS  moxer cratb  0coOeHHO
MEPCIIEKTUBHOM cTparerueit MIOBBIILICHUS
9HeprodGHeKTUBHOCTH.

B cBf3M C 3TUM LENbI0 HACTOSIIEro0 HCCIEOBAHUS
SBISETCS  AQHAIM3  TEXHOJOMYECKMX  IOJXOJIOB K
unTerpain BUD B cucreMbl METpONOJIMTEHA HA OCHOBE
MHPOBOIO OINBITa, & TaKKe OIEHKa IOTEHIHAIEHON
NPUMEHUMOCTH  JIaHHBIX ~PELICHUH U1  TOBBIIICHHS
sHeproddpekTuBHOCTH TaIIKEHTCKOr0 METPOMOIUTEHA.

https://doi.org/10.56143/2181-2438-2026-2-73-78

2. MeTtoauka HccJIeI0BAHNA

B oOCHOBe  [MaHHOrO  HCCIICIOBAHUS  JICKHUT
CpaBHHTEJIbHAS M AHAJTUTHIECKAs OIIEHKA TEXHOJIOTHIECKUX
petienuii o uaTerpanuu B B cHCTEMBI METPOIIOIUTEHA.
Mertononorust HCCIEOBaHUsT codeTaeT B cebe 0030p
MEKTyHAPOIHOTO OIbITA M TEXHHMYECKHMI aHAIN3 OCHOBHBIX
JHEprocOeperamonmx  TEXHOJOTHH, IMPUMEHSEMBIX B
UHPACTPYKTYpe FOPOACKOr0 PEILCOBOTO TPAHCIIOPTA.

B wuccinenoBaHWM PacCMATPUBAIOTCS TPH KITFOYEBBIX
TEXHOJIOTMYECKUX HAIPABICHUsI, IIUPOKO MCIIOJIB3yEMbIX B
COBPEMEHHBIX ~CHCTEMax METPOINOIUTEHA:  COJTHEYHAs

(oTosrnekTpuIecKas reHepanys, TEXHOJIOTHH
pekymiepaTiBHOTo TopMOokeHuss U BESS. Jlns onpenenenuns
SKCIUTyaTallMOHHBIX XapaKTePHUCTHK, MOTEHITHAJIA

9Heprod3p(HeKTUBHOCTH M TEXHOJIOTHYECKHX OrpaHHYCHHUN
JAHHBIX pelieHuii ObUT TPOBENEH aHANW3 JaHHBIX W3
MEKIYHAPOIHBIX TEMaTHYECKHX HCCICAOBaHUM, HAYyYHBIX
myOmuKanuii 1 Texamdecknx oruéros [3,10,16,20].

Kpome Toro, wuccremoBaHme BKIIIOYaeT — OLECHKY
NMPUMEHUMOCTH ~ 3THX  TEXHOJNOTHH K  YCJIOBHSIM
TamkenTckoro  merponosiuTeHa. B 9Tol  oueHke
YUYHUTHIBAIOTCS PETHOHAJIBHBIC KIMMATHYCCKUE YCIOBHS, B
YAaCTHOCTH TOTCHIMAI COJHEYHOH pajualii, a TakKe
obmrre SKCIUTyaTallHOHHbIC XapaKTEePHCTUKH
METpOIIOJIUTeHa, TaKWe KaK WHTEHCHBHOCTH JIBIIKCHUSI
MOE3/10B, TOTPEOHOCTH B TATOBOM SHEPIHU M KOHPHUTypaLHsT
UHPaCTPyKTYpsI [9].

CouyeTaHne aHalM3a MEXKIYHAPOJHBIX TEXHOJOIMH U
OLCHKH MECTHBIX YCIOBHIl TO3BOJISICT  OMPE/CIUTh
Hauboyee TMEPCIEKTUBHBIC TIOJXOABl K  IOBBIIICHHUIO
3Hepro3d(HeKTUBHOCTH CHCTEM METPOIIOIMTEHA B TOPOJIaX C
KJIMMATHYECKUMH W HHQPACTPYKTYPHBIMH  YCIOBHSAMH,
CXOXKUMHU ¢ TaIIKeHToM.

3. Pe3yabTaThl U 00CykKAeHHE

3.1 NHTerpauusi COJIHEYHOW JHEPrUU B CHCTEMbI
MEeTPONOJIHTEHA

B ocnoBe nanHOro uccnenoBanus JiexuT CosiHeUHbIE
(hoTORNIEKTPUYECKHE CUCTEMBI - OJIHA M3 HanOoJiee IHPOKO
pacrpoctpaneHHbIX TexHonoruii BUD B undpacTpykType
TOPOJICKOTO PENIbCOBOTO TpaHcnopTa. B MerpomnoiureHax
(doroanexrpuueckue IIaHeJH, Kak [PaBUIIO,
YCTaHaBJIMBAIOTCSl Ha KpBILIAX CTaHIMH M 3[JaHUH Jeno, a
TaKKe Ha OCTAaKaJHBIX KOHCTPYKLMAX BJIOJb JIMHHUIL
BripabateiBaeMasi  27€KTpOdHeprusi — mpeodpasyercst ¢
HOMOLIBI0 MHBEPTOPOB U MOXET HCIIOJIB30BATHCS KaK UL
NHMTAHHUS BCIIOMOTATENbHBIX CHCTEM CTAHLMH - OCBEILCHUS,
BEHTWIALIMH, SCKAIATOPOB U KOHJUIIMOHUPOBAHUS BO3/yXa,
- TaK M YacTHMYHO MHTEIPUPOBATBCI B CETH TATOBOTO
anekTpocHabxenus [3].

MexIyHapOIHBIM OINBIT MOKAa3bIBAET, YTO BHEIPEHHE
COJIHEYHOH SHEPreTUKH B HHPACTPYKTYPY METPOIIOIUTEHA
MOXeET 3HAYUTEIBHO COKpPaTuTh norpedieHue
3JIEKTPO’HEPIHHM M3 BHEUIHUX CeTel. SIpkum mpumepom
spisiercst npoektT Barcelona MetroCHARGE, B pamkax
KOTOpOro Ha 16 cTaHIUsAX METPO ObLIM YCTaHOBIEHBI

KPOBEJIbHBIE (doTosnexTpuyuecKue CUCTEMBI,
UHTETPUPOBAHHBIE C TEXHOJOTUSIMU PEKyHepaTHBHOTO
TopmokeHusa.  CorimacHo — oT4eTaM O  TIPOEKTY,

KOMOMHHPOBAHHAs CHUCTEMa II03BOJISET IOKPBIBATh OKOJIO
33-41% o»HepronorpeOlieHUs MOE30B W  IOJHOCTHIO
obecrieunBarh nMeKTpodnHeprueit 28 cranmmii. Kpome toro,
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N30BITOYHAS SIEKTPOIHEPT U UCTIONB3YETCS UL MTUTAHUS
OOIIECTBEHHBIX 3apsAHBIX CTAHIMHI U JIEKTPOMOOMIeH,
PAacCIIONOKEeHHBIX PSIOM C OOBEKTaMH METpPOIOJHTEeHa. B
pe3ynbTaTe peanm3alys IMPOEKTa IIO3BOJSIET JIOOMTHCS
cokpamienus Beropocos CO2 mpumepHo Ha 3,9 ThIC. TOHH B
roji, mpu 3ToM ofmiee NOTpeOICHHE JJIEKTPOIHEPTUU B
CHCTEME METPOIIOJIUTEHA CHIDKAETCS NMPUOIM3UTENIbHO Ha
6% [19].

MacmtabHoe BHEIPEHHE KpPOBEIBHBIX COJHEYHBIX
cuCTeM HaOofaeTcss W B a3MATCKUX METPOIOJIHMTEHAX,
ocobenno B Kwurae. Brictpoe HapammBanme MomHocTeit
COJIHEYHOH TeHepaluu B IIOCJIEIHHE TOABI I03BOJIUIO
HHTETPUPOBaTh  paclpeiesieHHble  (HOTOAIEKTPUIECKHE
CHCTEeMBI Ha OOBEKTax TPaHCIIOPTHON HH(PACTPYKTYpHI,
BKJIIOYas CTaHIMU M Jeno MerponoiuteHa. OpHako B
perMoHaX C  BBICOKUM  YPOBHEM  3allbUICHHOCTH
3¢ PEKTUBHOCTH CONHEYHBIX MaHeNeil MOXKET 3HAUNTEIEHO
cHIKaThes. [l pereHust 3Toi Ipo0IeMbl B COBPEMEHHBIX
YCTAaHOBKAax BCe 4Yalle INPHUMEHSIOTCS TuapodoOHbIe
MOKPBITHSL M ABTOMATH3HPOBAHHBIC CHCTEMBI OYHCTKH,
KOTOpBIE CoKpamaroT notepu 3 pexruBroctH ¢ 20-30% 10
5-10% [8].

C TeXHONOTMYECKOH TOUYKH 3pEeHMs], IPOHU3BOJICTBO
JVIEKTPOIHEPTUM C TIOMOILIBIO CONHEYHBIX MaHeled B
cHUCTeMaxX METpOIIOJINTEHa WMeeT psA IPEeHMYIIECTB,
BKJIIOYas OTHOCHTEIBHO HHM3KHE OIKCIUTyaTalllOHHBIE
pacxoppl, MOJTyJIBHOCTh u BO3MOJKHOCTB
MacIITa0MpOBaHMSA, A  TAaKXKe  COBMECTHMOCTH  C
CYIIECTBYIOIEH NEKTPOIHEPT €THUECKOM
uHppacTpykTypoil. B TO Ke Bpems IepeMeHUMBBIH
XapakTep COJHEYHON TeHepanuu TpeOyeT IpPHMEHEHHUs
JTOTIOTHUTEIIBHBIX TEXHOJIOTHH, TAKUX KaK PeKyIepaTHBHOE
topmoxkenne u BESS, nnst obecrieuenust craOuibHOrO U
3¢ (PEeKTUBHOTO YIPaBIICHHs SHEPrONOTPEOICHUEM.

3.2. TexXHOJIOTHH PeKYNEePATUBHOIO0 TOPMOKEHHMsSI B
MeTpOMNoJINTeHe

PexyneparuBHOE TOPMOXEHHE - OJHA W3 Hambousee
3ppeKkTUBHBIX ¥ OOINCTIPU3HAHHBIX  TEXHOJOTHUit
TIOBBIILICHUS 9HeprodGHeKTUBHOCTH cHcTeM
3NEKTPUYECKOr0 PEIbCOBOIO TPAHCIIOPTA.

Bo Bpems 3aMeUIeHHs TATOBBIE JBUrATENM pabOTAIOT B
peXHMe reHepaTopoB, NpeoOpasysi KHHETHYECKYHO SHEPTHIO
B DJIEKTPUYECKYIO, KOTOpas MOXET OBbITh BO3BpallleHa B
TATOBYIO BJEKTPOCeTb. B OOBIYHBIX cHCTeMaxX, He
[pelyCMAaTPUBAIONIMX  PEKyIepaluio, 3Ta  BHEprus
pacceuBaeTcs B BHJE TEIUla Ha TOPMO3HBIX PE3UCTOpAx
[3,6,10,16].

CoBpeMEeHHbIE CUCTEMBI PEKyNepaliii HO3BOJISIOT JINO0
HANpsIMy!0  KCIOJb30BaTh  BO3BPAILCHHYIO  SHEPrHIO
JIPYTMMH  YCKOPAIOIMMHCSA —II0€3JaMH  Ha TOM  JKe
AEKTPUDUIMPOBAHHOM ydacTKe, MO0 HAKAIUIMBAThH €€ B
CHCTEMaX HAKOIUICHUA SHEPrUM Ui  IOCIEIyHOLIEero
ucnonb3oBanus. Pakrudeckast 3pHEKTHBHOCTH 3aBUCHUT OT
MHTEpBaJIa [BIKEHUA MO0E310B, KOHGUI'YpallMd CeTH U
XapaKTePUCTHK TATOBOI MHPPACTPYKTYPBI.

Xoporo 3aJJ0KyMEHTHPOBAHHBIN npumep
KpyIHOMAcITabHOrO BHEIPEHHsS] - CUCTEMbI TOKHIICKOTO
metpononurena u tuand O30 (Toei Oedo Line) B AAnonuw,
I7ie peKynepaTuBHOE TOpMOKeHue mpumensiercs ¢ 1980-x
rogoB. braromapst mambiM uHTepBanam BikeHus (2-3
MuHyTHI) 10 70-90%  pexkynepHpOBaHHON 3SHEPrUU
HEMEJUICHHO MOTpeONseTcss COCEJHUMH TMOE3aMHM, 4TO
obecnieynBaeT 3KOHOMHIO SHEPTUU Ha TAry B paszmepe 20-
30% [16-18].

JIpyruM nepesioBbIM PELICHUEM SIBISETCS TEXHOJIOTHS
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PEKyIepaTHBHOIO TOPMOXKCHHSI /IO IIOJHOH OCTaHOBKU
(Zero-Speed Regenerative Braking), BHeapeHHAsT Ha BTOPOi
mnanu Ceynbeckoro merpononuteHa (FOsxuas Kopest). Orta
crcTeMa 00ecIeunBaeT PeKyNepario YHEPTUH BIUIOTH 0
HOJIHOM OCTAHOBKH I0€3[1a. JKCIUTyaTallMOHHbBIC JaHHbIC
HOKa3bIBAIOT, YTO COCTAB M3 ACCATH BarOHOB PEKYIEPUPYET
okoio 20,8 kBT'u 3a ONMH IMKI TOPMOXXEHHS, 4YTO
obecrieurBaeT rooByt0 3koHOMEIO Toutd 0,917 'Br-u B
Macmrabax BCero Iapka, a TakkKe CHIDKAeT H3HOC
MEXaHHYECKUX TOPMO30B, YPOBEHb LIyMa H BBIOPOCHI
TBepIbIX yacTwi [11, 15].

B yCTapeBIINX cucTeMax METPOTIOJINTEHA,
noctpoeHHbIX B 1970-1990-x  romax, TakuxX ~Kak
TamKeHTCKUIT METPOIONUTeH, TeKymwmi Kod(huumueHt
peKynepanuu oe3 MOJICPHU3ALHN TSATOBBIX
npeoOpa3oBarenieii W BHEIPEHUS CHCTEM HaKOIUICHHS
sHepruu cocrasisier Becero 10-15%. [pu cooTBeTcTBYIOMIEH
MOJICpHM3AIMI CHCTEM YTIPABICHMS TSATOW W J100aBICHUN
CHCTEM HaKOIUICHUS SHEPI'HH, 3TOT TI0Ka3aTellb MOXKET ObITh
yBenuueH 10 30-40% [10].

33 Cucremsl HAKOILJICHUSI JHePruu B
uH}PaCTPYKType METPONOJIMTEHA

AKKYMYJSITODHBIE ~ CHCTEMbI  HaKOIUICHHSI JHEPrHU
UTPAlOT KIIOYEBYI0 POJIb B COBPEMEHHOM YIIPaBJICHUU
SHEPronoTpeOIeHNeM METpPOIIOINTEHa, pelas MpoliemMy
NPEpBIBUCTOrO  XapakTepa  Kak  PeKyHepaTHBHOTO
TOPMOJKEHUS, TaK M (OTOIIEKTPHUUECKON reHepanun. B To
BpeMsI KaK dHEPIusl peKynepanny BeIpadaThIBaeTCs TOIBKO
TPU TOPMOYKEHHH, 8 COJTHEUHast SHEPrHsl JOCTYITHA TOJIBKO B
cBeryioe Bpems cyTok, BESS mnosBossorT HakaminuBaTh
M30BITOYHYIO DJIEKTPOIHEPIHIO M MIepepacrpeiesiTh e€ BO
BPEMEHH IS HCIONB30BAHHS B IEPUOABI MTHKOBOTO
TsiroBoro norpedaenus [11].

Brnokn BESS, kax mpaBuio, pa3memarorcs Jubo Ha
TATOBBIX HOJICTAHIUAX (cTanmoHapHo), 6o
HEMOCPEJCTBEHHO Ha mnoesnax (Ha Oopry). MIX ocHOBHbIC
¢ynkuyn: (1) HOMVIOIIEHHE SHEPTUM  PEeKyNepaTHBHOIO
TOPMOXKCHUS, KOTOpask HE MOXET OBITb HEMEAJIEHHO
UCHOJIB30BaHA APYIMMH MOE3[aMH Ha TOW K€ CEeKLHU
JNIEKTpOCHaOXKeHws, U (2) crabuiau3aiys HANpsHKSHUS U
CIJIaKMBaHUE ITUKOBBIX HATPY30K.

MexyHapOHBIM ONBIT AEMOHCTPUPYET 3HAYUTEIBHOE
noBeilieHre S dektuBHoctn. B merpononutene [lenu
(Uuaust) HHTErpanus 170 MBT KPOBEJbHBIX
(oTOdNEKTPUYECKUX MaHeNel ¢ JuTHi-HoHHbIME BESS
obmeit émxocteio 680 MBT 4 obecriednBaeT €xeroiHyro
SKOHOMHUIO SHEpruu npumepHo Ha 20-25% 1o cOBOKYIHBIM
TACOBBIM U BCIOMOT'ATEJIbHBIM Harpy3kaM, OJHOBPEMEHHO
CHIDKasi Iiaty 3a mnukoBoe norpedienue [17]. B Kobe
(SInonmst) cramuoHapHas cucrema B-CHOP (ma nutmii-
HOHHBIX  aKKyMyJITOpax) C MOMEHTa BBOJa B
9KCIUTyaTaluio odecriedniia roJJoByI0 3KOHOMHUIO SHEPIHH B
pasmepe 358 MBru, gokazaB  3QQeKTHBHOCTH
CTaIIMOHAPHBIX HAKOIMTEJNIEH B IUIOTHBIX TOPOJCKUX CETIX
[16,17].

C  TeXHMYECKOM  TOYKH  3pEHHUs,  COYeTaHHE
(boTo3MIeKTpUUECKOit reHepaluy, PEKyNepaTHBHOTO
Topmoxkenuss U BESS  oOpasyer nokanmu3oBaHHYIO
MHKPOCETh, CIOCOOHYI0 K OalaHCHpPOBKE SHEPruu
NpakTHYECKH B pealbHOM BpeMeHu. VccnenoBaHus
MOKAa3bIBAIOT, YTO MpaBwibHAas uHTerpauus BESS moxer
MOBBICHTH 00IIy10 SHepro3dHeKTUBHOCTH Tsru Ha 15-25%
" MOIHATH k03 hUIHEeHT HCTIONb30BAHUS
peKyIeprpoBaHHO#t dHepruu ¢ 25-35% no 40-55% [10,11].

Jnst METPONIOJIUTEHOB B PETMOHAX C BHICOKUM YPOBHEM
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COJIHEYHOH MHCOJIIMK M yCTapeBIIeH HHPPaCTPYKTYpOH,
Takux Kak TalKeHT, CTpaTeruueckoe pa3MelleHHne
cranmoHapHelx ~ BESS  mpeacraBimsercss  ocoGeHHO
MIEPCTIEKTUBHEIM. JTO HO3BOJISIET HAKAIUINBATH KaK H30BITOK
COJIHEYHOH »HEpPIruy, TaK W SHEPrHI0 PEKylepanuy, He
TpeOysl HEMCUICHHOW MOJEpHM3ALMH BCETO  Iapka
TIOJIBIYKHOT'O COCTABa.

IIpumenumocts I
METPONOJIUTEHA

TamKeHTCKHIT METPOTIONNTEH - 3TO THIHYHAS CHCTEMa
craporo obOpasna, mocrpoenHas B 1970-1990-x romax, c
YMEpPEHHOW  HMHTCHCHBHOCTBIO  JBIDKEHHS  II0€3]10B
(uaTepBaBI  3-5 MHHYT) W yCTapeBIIMM  TSTOBBIM
obopynoBanrieM. PerroH o0namaer TPEBOCXOIHBIMH
COJIHEYHBIMH pPEeCcypcaMH: TOJOBOH YpPOBEHb CYMMAapHOM
COJIHEYHOH pajpanuy Ha TOPH30HTAJIBHYIO IMOBEPXHOCTH
Bapeupyercst or 1900 no 2100 xBr-u/m2 [9].

®dotodnekTprYecKue yYCTAaHOBKH, pa3MelleHHBIEe Ha
KpBIIIax 3/JaHUH 1 B JIETIO, MOTYT peajIbHO TOKPHITH 12-18%
BCIIOMOTATENIFHBIX HAarpy30K Ha CTaHOUSIX M B JEMO
(ocBereHye, BEHTHIALMS, dCKalaropbl). B coueranmn c
BHEJIpEHHEM 9Hepro3(GeKTHBHOTO CBETOJIHOTHOTO
OCBEIICHUS! W MOJEpHH3alHel CHCTeM BEHTW LUK
MO3BOJIUT HA HAYaJlbHOM JTale CHHU3HUTH  OOIIyIO
MOTPEOHOCTH B NEKTPOIHEPTUH U3 ceTH Ha 3-5%.

D(dPeKTUBHOCTS PEKyNEepaTHBHOTO TOPMOXKEHUS Y
CYIIECTBYIOIIET0 MOJBMKHOTO COCTaBa B HACTOSIIEE BPEMsI
orpanndeHa 10-15% wu3-3a ycTapeBIINX HHBEPTOPOB M
HU3KOH BOCHPUMMYHBOCTH TiAroBo cetn. OmHako
MOJICPHHU3AIMS CUCTEM YIIPaBJICHHS TATOBBIM MPUBOJIOM B
COUETAaHUM C pa3BepThIBaHNEM cTaloHapHbIX BESS Mmoxxer
HOBBICUTB K0dddurmeHT pexynepauun 1o 30-35% [10].

Takast ruOpuIHas cUCTeMa TakXKe MOANEPKUBACT
CTPATEruio IO3TANHOM MOJEPHHU3ALMM: CYIIECTBYIOLIMI
MIPOEKT AlIB no CTPOUTENIBCTBY COJIHEYHOU
aJeKTpocTaHuu  MomHocTteio 100 MBt [1]  moxer
MOCITY>KUTh OCHOBOM, a ctanonapHeie BESS moryt ObiTh
BHEIPEHbl 0€3 HEMEUICHHOH TIOJNHOW 3aMEHbl Iapka
MOZBIKHOTO COCTaBa. OJTOT TOAXOA MHHHMH3UDYET
NepPBOHAYAIbHbIC KAIMTAIbHBIC 3aTPaThl W IO3BOJISET
MOCTENICHHO OOHOBIIATH T0€3/a B OyAyLIeM.

Takum  00pa3oM, KOMOWHMpPOBaHHas  CTpaTerws,
OCHOBaHHast Ha COJIHEYHOMH reHepaLuH,
YCOBEPIICHCTBOBAHHOM PEKYIEpaTUBHOM TOPMOXKEHUH U
craimonapuelx  BESS,  sBmsgercs kak — TeXHUYECKH
peanu3yeMoil, Tak ¥ SKOHOMHYECKH OOOCHOBAHHOM JUIs
TamkenTckoro  MmerpononuTeHa. OHa — mpearaer
peaNuCTHYHBINH yTh K HOBBILICHUIO
9Heprod(HeKTUBHOCTH, IKCILTyaTALHOHHON HAE)KHOCTH 1
9KOJIOTMYECKUX  TIOKa3aTreleld B COOTBETCTBHU  C
HALMOHANBHBIMU  LeNAMH  Y30ekucTaHa B oOnactu
B0300HOBIsIeMOi1 Hepreruxu Ha 2030 rox [13].

TamkeHTCKOrO

4. 3akaodyeHue

Wnterpanus (OTONEKTPUYIECKO TeHepaLuH,
pexynepatusHoro TtopmoxkeHus u BESS mpeacrasnser
co00il TpOBEpEeHHBI CIOCOO 3HAYMTENHHO IOBBICHTH
9HeprodpeKTUBHOCT, M 00ecHeynTh IeKapOOHH3AIUI0
pabotel  MeTpomonuTteHa.  MeXAyHapOIHBIH  OIBIT
IIOKa3bIBAECT, YTO TAKOM KOMIUIEKCHBI IIOIXOX MOKET
MOBBICUTH  3HeprodddexTuBHocTh TrM  Ha  12-18%,
YBEIHYHUTH KO3 GHULIHEeHT pekynepanun dHepruu ¢ 10-15%
nmo  30-35% wu  obecneunth  Oonee  BBICOKYIO
9KCIUTyaTallMOHHYIO YCTOHYHBOCTb.
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Jlnst TanIkeHTCKOTO METPOIIOJIUTEHA, C €r0 yCTapeBIIeH
MHQPACTPYKTYPOH M BHICOKMM ITOTEHITHAIOM COJHEYHOI
SHEpruH, MoJo0Has MHTETPUPOBAHHAS CHCTEMa HE TOJBKO
TEXHHYECKH  OCYIIECTBUMA, HO W  SKOHOMHYECKH
onpaBaaHHa. OHa MPEIOCTABISIET pealbHYI0 BO3MOXKHOCTh
CHM3UTH 3aBHCHMOCTb OT DJEKTPOCETEH, COKpaTHUTh
JKCIUTyaTallMOHHBIE  pacXogsl M CIIOCOOCTBOBATH
JNOCTIKEHHIO — HAI[MOHAIBHOTO  [IEJIEBOTO  IOKA3aTellst
Y36ekucrana mo J0j1e BO30OHOBIIsIeMO# dHepreTrkH B 40%
k 2030 roxy.

Ha ocHoBe mpoBeneHHOro aHaIM3a PEeKOMEHIyeTcs
ClIelyIolIas HO3TAIHAas IOPOXKHAs KapTa:

1.Kparkocpounslii 3tan (2026-2027 rr.)

3aBepmuth npoekT AlIB 1o cTtpoutenscTBy cotHeqHON
anexTpocTaHnuu MomHocteio 100 MBT, mpemycmorpes
MepBl IO 3aliUTe OT IBUIM, W YCTAaHOBUTH IWJIOTHBIE
myTteBble cucteMsl BESS (50-75 MBt-4) Ha 2-3 KIIIOYeBBIX
TSATOBBIX MOJCTAHIMAX U aKKYMYJIUPOBaHHUSI N30BITOTHOM
PEeKyIepaTHBHOI 1 COTHEYHO SHEPTUHL.

2.Cpennecpounsrii ytan (2027-2028 rr.)

MonepHU3HpOBaTh TATOBBIE WHBEPTOPHI M CHCTEMBI
yhnpaBieHWss Ha HauOolee  3arpy’)K€HHBIX  JIMHHSIX
(Umnanzapckoit u HOHycabamckoi) U1  TOBBILICHUS
3 }PeKTUBHOCTH pPEKYNepaTUBHOrO TOPMOXKEHMs 1o 25-
30%.

3.Joarocpounsrii 3Tam (2028-2030 rr.)

MacmrabupoBarb THOPUITHYIO MHKPOCETh
(dpotoanexTpryeckas reHepars - pekynepanus - BESS) na
BCIO CETh METPOIOJMTEHa C Ienbio jgoctuab  50-70%
MOKPBITUSL  TIOTPeOHOCTEH 3a CcuYeT BO30OHOBISIEMBIX
WUCTOYHHUKOB DHEPruM. BHEAPHTh HWHTEIUIEKTyalbHOE
yIpaBJIeHHEe SHEPronoTpeOiieHneM W MOHUTOPHHT Ha 0ase
loT.

Peanuszanus 1aHHOM OPOKHOM KapThl MO3BOJIUT
TalKeHTCKOMY METPOIOJIHMTEHY CTaThb OJHOH W3 CaMbIX
9Hepro3p(EeKTUBHBIX U BKOJOTMYECKH OTBETCTBEHHBIX
CHCTEM  TOpPOACKOTO  DPENbCOBOrO  TpaHCHOpTa B
HenrpanpHoit  A3um. D10  00ECIEUUT  ©KETOAHYIO
SKOHOMUIO 3JIEKTPO’HEPruu B pazmepe 15-20%, cokparur
BbIOpockl CO2 Ha JECATKH THICSY TOHH M IOCIYXKHT
00pa3LoM 11 JPYTUX FOPOJIOB PErHOHA.
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Analytical foundations of container transportation management

Z.G. Adilova®? M.O. Sharapova'®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract:

The article discusses the analytical foundations of container transportation management in railway

transport in the context of digitalization of the transport industry. The article analyzes current trends in
the development of container transportation, as well as existing approaches to the organization and
management of container flows. The necessity of using analytical methods, including mathematical
modeling, optimization and data analysis methods, to increase the efficiency of the transportation process
is substantiated. An approach to the formation of a container transportation management system is
proposed, ensuring the consistency of the functioning of transport infrastructure elements and reducing
operating costs. The research results can be used in the development of intelligent transportation
management systems and the improvement of logistics processes in railway transport.
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AHaJIUTHYECKHE OCHOBBI YHpaBJjJCeHUSA KOHTeﬁHeprIMH MEPEBO3KaAMHU

Amniosa 3.I.102 | IIlapanosa M.O.'®P

TamkenTckuit rocy1apCTBEHHBIH TPAHCIIOPTHBIA YHUBEPCUTET, TallIKeHT, Y30eKuCTaH

AuHOTALMA:

B cratne paccCMaTpUuBaAOTCSA AHAIUTUYCCKHUE OCHOBBLI YIIPABJICHUSA KOHTeﬁHepHLIMH TNIEpEBO3KaM Ha

JKEJIE3HOIOPOXKHOM TPAHCIIOPTE B YCIOBUSX NH(POBU3ALNK TPAHCIOPTHOH CETH. AHAIU3HPYIOTCS
COBPEMEHHBIC TCHICHIIMH Pa3BUTHs KOHTCHHEPHBIX MEPEBO30K, & TAKKE CYIIECTBYIOIIHE MMOIXO/bI K
OpraHu3alliy ¥ YNpPaBICHHUIO KOHTEHHepHbIMU MoTokaMHu. OOOCHOBaHA HEOOXOAUMOCTh NPUMEHEHUS
AQHAIUTHYECKUX METOJOB, BKIIIOYas MAaTEMaTHYecKOe MOJEIMPOBAHHE, ONTHUMH3ALMIO U METO[bI
aHAJIN3a JJAHHBIX, U1 NOBBIICHUA 3(PEKTHUBHOCTU NMEPEeBO30YHOrO npouecca. [Ipenoxen noaxon K

(OPMHPOBaHUIO  CHCTEMBI

yIpaBIeHUs

KOHTCﬁHCpHLIMPI TNEpEBO3KaMu, OGCCHG‘II/IBa}OH.leﬁ

COIVIAaCOBAaHHOE (DYHKIIMOHMPOBAaHUE 3JIEMEHTOB TPAHCHOPTHON HMH(PACTPYKTYPbl M CHIKCHHUE
9KCIUTyaTallMOHHBIX 3aTpat. Pe3ysbTaThl MCCIENOBaHUS MOTYT OBITH MCIIOJNB30BAHbI MPU Pa3padoTKe
HHTEIUIKTYJIbHBIX CHUCTEM YIPABJICHUS IIEPEBO3KAMH HAa JKEIE3HOIOPOXKHOM TPAHCIOPTE U
COBEPLICHCTBOBAHUHM JIOTHCTHYECKUX MPOLIECCOB.

Kunrouessie cioBa:
METO/IbI,

KOHTeﬁHepHLIC TNEPEBO3KH, menemonopommn‘/i TPaHCIIOPT, YIIPABJICHUE IIEPEBO3KAMU, aHAJTUTHUICCKUC
MaTeMaTU4€CKOe MOJCIIMPOBAHUE, ONTUMH3ALMA, JIOTUCTUKA, TPAHCIIOPTHBIE CUCTEMBI,

1 poBU3aLHSL, HHTEIICKTYalIbHbIE CUCTEMBbI YIIPABICHHS

1. BBeaenue

KontelinepHble nepeBO3KU 3aHUMAIOT KJIFOYEBOE MECTO
B COBPEMEHHOH TpaHCIIOPTHO-JIOTMCTHYECKOI cucreme,
obecrieunBasi 3(DQGEKTUBHOE MEpEeMELICHHE TIPy30B B
MEXIYHApOIHOM M BHYTpeHHeW Topromie. Mx pas3Butue
CBsI3aHO C riofanu3anueil SKOHOMUKH, POCTOM 00BEMOB
TOBapooOOpOTa ©  HEOOXOJMMOCTBIO  ONTHMH3ALHMU
JIOTUCTUYECKUX MpOIeccoB. B 3THX yclnoBusx ocoOyro
3HAYMMOCTb ~ NPUOOPETAIOT  AHAIUTUYECKHE  OCHOBBI
yIpaBJICHHS, MO3BOJIOIIME IPUHUMATh OOOCHOBAHHbIE
peLIeHHUs Ha BCEeX 3Tanax TPaHCHOPTHPOBKHU.

AHaIUTHYECKUH TOAXOJ, BKJIIOYAET MCIOJIb30BaHUE
METO/IOB MOJICJIUPOBAHUS, MPOTHO3MPOBAHUS "
ONTHMHM3ALINH, HaIPaBJICHHBIX Ha HOBBILIIEHHE
3¢ PEeKTUBHOCTH HCIONB30BaHUsI KOHTEHHEPHOTrO MapKa,
CHI)KEHHE U3JIEpPXKEK M MHHUMH3ALHUIO PUCKOB. BHenpenue
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UGPOBBIX TEXHOJIOTUH W CUCTEM YIPABIICHUS JaHHBIMU
OTKpPBIBA€T HOBBIE  BO3MOXKHOCTH UL  IOBBILICHUS
HPO3PAYHOCTHU U YIPABIIEMOCTH NIEPEBO3OK.

Ilenpto nmaHHOM cTaThbM  SIBISIETCS  PAcCMOTpPEHHE
KJIFOYEBBIX aHAIUTHYECKMX WHCTPYMEHTOB U METO/IOB,
MIPUMEHSAEMbIX B yIpaBJIeHUI KOHTEHHEPHBIMU
NepeBo3KaMy, a TakKe OLEHKa UX BIWSHUA Ha
3¢ PEKTUBHOCTH JIOTHCTHIECKHUX MPOLECCOB.

2. MeToauKka uccJie0BaHus

Teopernueckne OCHOBBI OpPraHU3ALMU KOHTEHHEPHBIX
MepeBo30K  (PUCYHOK 1)  mpexcraBimsitor  coboit
COBOKYIHOCTh HAyYHBIX MOJIOKCHHH, TPUHIMIOB U
METOJIOB, HANpaBieHHbIX Ha 3((EKTUBHOE YIMpaBICHHUE
HepeMeIleHHeM TPY30B B CTaHIAPTH3MPOBAHHOH Tape B
paMKax  COBPEMEHHBIX  TPAHCIOPTHO-JTOIMCTHYECKHX
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cucteM. B ocHOBe KOHFeﬁHCpH3aHHH JICKUT HPUHIHUIT
CTaHAapTU3aluu, peI‘JIaMeHI‘I/IpyeMHﬁ Tpe6OBaHI/ISIMI/I
International  Organization for Standardization [1],
06CCH6‘IHBaIOIHHﬁ yHI/I(I)I/IKaHI/IIO PasMEpoOB U TEXHUICCKUX
XapaKTECPpUCTHUK KOHTeﬁHepOB, YUTO CO34a€T YCJIOBUA IJIAA
peamsanuun HUHTCPMOJAJIbHBIX TNIEPEBO30K C
UCIOJIB30BAHUEM  pasjIMYHbIX BHUJAOB TpaHCIIOpTa 0e3
NIEpPETPY3KHU COAECPKUMOTO.

yIIydmaeT JOCTaBKy I'py30B "OT IABEpH 10 ABepu”.

- uH}pacTpykTypHBle  THpOoeKTHL.  IIpoBommTcs
MOJEpHM3AIMs  y3JOBBIX TEPMHHAJIOB W  Pa3BUTHE
JIOTHCTUYECKHX IIEHTPOB (HanmpuMep, B AHrpeHe, Yykypcae)
ULt 00pabOTKHU PaCTyILETo MOTOKA KOHTSHHEPOB.

- pa3BuTHE €-COMmMerce. Poct 351ekTpoHHOM KOMMEpLIUU
CTHMYNIUpPYeT CIIPOC Ha YCKOpEHHBIE KOHTEHHEpHBIE
NIepeBO3KHU, 0COOEHHO MaJIorabapUTHBIX IPY30B.

,‘ - BBI3OBBL ~ YUACTHHKM  pbIHKA  OTMEYAIOT

s - piil HEOOXOMMMOCTh CHIDKEHHST CeOECTOMMOCTH  IIEPEBO30K,
e 5> g 7y (> "’:ga’:’:ﬁm BHEJIpeHWsT Oollee THOKMX Tapu(HBIX I[UIAHOB U
! uQpPOBU3AIMK TAMOKEHHBIX MPOLEAYP UIs yCKOPEHHS

: 000paurBaeMOCTH KOHTEHHEPOB.
Tpascnopripossa | Mamemamuqeckan Mo0ens
m KOHMEHEPHbIMU NEPEEO3KAMU.

] MaremaTtHideckast MOJIENb YIPABICHUSI KOHTEHHEPHBIMU
[Yomnxanonywaremo |=2> [ Tpysomonysarems | TIepeBO3KaMH TIPEACTaBIsAeT coO0OH CHCTeMy ypaBHEHHH n
] ITOPUTMOB,  INPEJHA3HAUCHHYIO [UI1  ONTUMH3ALUU
JOTUCTHYECKUX  TIPOLECCOB — OT  pacHpeleNeHus
MIOPOXHUX KOHTEHHEPOB [0 IUIAHUPOBAHMS MapILIPyTOB

TIpoMexyTOuHBE |
JOTHCTINECKIE |
Y3161

<

ynpaenenus

Konrteiineprsiii
TepMITHAT Ha3HAYCHIIA

Puc. 1. Cxema oprann3anuu KOHTeHHEPHBIX

CyILeCTBEHHYIO PO UI'PAeT MPUHLMII JIOTUCTUYECKON
HHTETpalyH, IIpeATOoJIararoImuil KOOpAMHALIHIO
B3aMMOJCHCTBUSL  BCEX  YYACTHUKOB  IEPEBO30YHOTO
mpoliecca, BKIIIOYas I'Py300TIpaBUTENIEH, NEPEeBO3YHKOB,
OIIEepaToOpOB TEPMUHAIOB W MH(POPMAIMOHHBIX CHCTEM, a
TaK)Ke IPUHIMII ONTHMHU3ALMM, OPHUEHTHPOBAHHBIA Ha
MUHMMU3AIMI0 TPAHCHOPTHBIX H3JCPKEK M  BpPEMEHH
JIOCTaBKM IIPU  3aJaHHBIX PECYPCHBIX OrPaHUYCHHUSX.
Teoperndeckass Ga3a  OpraHu3alMM  KOHTEHHEpPHBIX
NIEPEBO30K BKJIFOYAeT MIPUMEHEHHE 3KOHOMHKO-
MaTeMaTHYECKHX METOMOB, TaKUX KaK TPAaHCIOPTHbIE U
CeTeBble MOJENH, METOIbl JUHEHHOro M JUHAMHUYECKOTO

MPOrPaMMHPOBAHHS, a TaKKe UMHTAIHOHHOE
MOZEJIMPOBAHKE,  MO3BOJISIOIIEE  AHAIM3UPOBATH U
MPOTHO3UPOBATH rapameTpsl (YHKLIMOHUPOBAHUSA
TPaHCIIOPTHON CHCTEMBI, BKJIIOYAst 3arpysKy

UHQPACTPYKTYPbl, 000POT KOHTEHHEPOB U IPOIYCKHYIO
CIIOCOOHOCTB Y3JIOB.

Ocoboe  3HaYeHHE B  COBPEMEHHBIX  YCIOBMSAX
npuoOperaer LM(POBHU3ALMA TPOLECCOB  YIPABJICHUS,
OCHOBaHHast Ha BHEIPEHUU MHTEIJIEKTY AJIbHBIX
TPAHCHOPTHBIX CHUCTEM, TEXHOJIOTMH WHTEpHETa Beuled U
aHanu3a OOJIBIINX JAHHBIX, YTO 00ECICUHBACT MOBBIILICHHE
MPO3PavyHOCTH, aJIalTUBHOCTH U YCTOHYMBOCTH
KOHTEHHEPHBIX NEPEeBO30K, O 4YeM CBHJETEIbCTBYET
NPaKTHUKA BEIYLIMX MEXKAYHAPOIHBIX JIOTUCTHYECKHX
oreparopos, Takux kak Maersk [2].

Ananuz  cOBPEMEHHBIX ~ Memooos
MPaHCcROpmMHBIMU ROMOKAMU.

KonreiiHepHbIe IepeBo3KU B Y30eKHUCTaHEe MEPEIKHUBAIOT
OypHBI pOCT, OOYCIOBICHHBIH pa3BUTHEM BHEIIHEH
TOProBiIX U JIorucTH4Yeckoil uHdpacTpykTypsl. [1o uroram
2025 roma xKene3HONOPOKHbIE KOHTEHHEPHBIE MEPEBO3KH
nocturnu 355 752 1®D (TEU), ysenmuuBmuchy Ha 21%,
IpY 3TOM KIIOYEBYIO POJIb WIPAaeT MMIIOPT. AKTHUBHO

ynpasneHnus

Pa3BHBAIOTCS MYJIBTEMOJATbHBIE HEPEeBO3KH,
€BPOa3HaTCKUe MapILIpYTHI " MOICPHH3ALHS
uHppactpykrypst [10].

KitroueBbIME 0COOCHHOCTSIMH JUTSI QHAJIN3a SIBISIETCS:

- POCT JKENEe3HOMOPOXKHBIX IMepeBo3ok. JKemesHast
mopora  OCTaérest  KIIFOUEBBIM  JJIEMEHTOM,  00BeM
KOHTCHWHEPHBIX IIePEBO30K B  IKCIOPTHO-MMIIOPTHOM
COOOIIEHHH EMOHCTPUPYET CTaOHIbHOE YBEIHUYCHHE,
ocobenHo B HanpasieHnd Kurast 1 EBporbr.

- MyJBTUMOAAIBLHOCTb. AKTHBHO Pa3BHBAIOTCSI CXEMBI,
COBMEIIAOIINE JK/I ¥ aBTOMOOWIBHBIA TPaHCHOPT, YTO
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MarucTpaibHEIX CyJIOB.

MaremaTrdeckast MOJIeb YIPaBJIeHHs! KOHTEHHEPHBIMH
TEPEBO3KAMH CTPOWTCS Ha NPUHIMINAX JIMHCWHOTO |
LEJIOYHCIICHHOTO MPOrPaMMHPOBAHUS I ONTHMH3AIAN
JIOTUCTUYECKHX MpoLeccos [3].

OCHOBHOM 1EJIBI0O MOJAENU SIBJISAETCS MHUHUMH3AIMS
o0mImX 3aTpar Ha MepeBo3Ky (Z):

n m

Z=ZZcU-xU - min

i=1j=1

I'ne, ¢;j — CTOMMOCTB NEPEBO3KM OJIHOTO KOHTEHHEPA 11O
JIAHHOMY MapIupyTy; X;; KOJIMYECTBO KOHTEHHEPOB,
HEPeBO3UMBIX W3 IYHKTa OTHPABICHHMS | B IYHKT
Ha3HAYEHMH |.
Jdns myumreit  paGoThl  MaTeMaTHYECKOH  MOJIEIH
HEOOXOMMO YUHUTHIBATh YCIIOBUS SKCILUTYaTalllH, TaKHe KaK
HPOITyCKHAs CHOCOOHOCTb, MOTPEOHOCTH OTHpaBUTENEH U
HoJTy4aTesiel, a TaKXKe [eJI0YUCICHHOCTb.
IpomyckHas cHOCOOHOCTP — 3TO MAaKCHMaJbHOE
KOJIMYECTBO II0€3/10B WJIM Tap IOE3[0B, KOTOPOE MOXKET
OBITh IPOIYLIEHO 10 JKENE3HOJOPOXKHOM JIMHMH 32

ONpENENeHHbIH  NPOMEXYTOK  BPEMEHM,  YUUThIBas
TEXHHMYECKOE OCHAIlEHHE U CHCTEMY OpraHu3aluu
JBHKEHHs TIOE3]10B.

IlponyckHas  CIOCOOHOCTH  JIMHMM ~ 3aBUCUT  OT

TEXHUYECKOTr0 OCHALIEHMS JIMHUM, MOIIHOCTH OTAEIbHBIX
9JIEMEHTOB CTAHLMUM, THUIA M MOLIHOCTH HCIOJIB3YEMbIX
JIOKOMOTHBOB, YCTPOICTB ~ 3HEProcHaOKEeHHs Ha
NEKTPUGUIMPOBAHHBIX Joporax, 1apameTpoB
HCTIONB3YEMBbIX BAaroHOB W IP. pacyeT HPOIYCKHOM
CIIOCOOHOCTM ~ K@KIOr0 W3 HUX  I[IPOU3BOIUTCS
cooTBeTcTBUU C «VHCTpyKIMEH MO pacdeTy MpOIyCKHOM
CHOCOOHOCTH JKEJIE3HOAOPOIKHBIX YYaCTKOBY. B
MaTeMaTHYeCKOil  MOJEIM  IPOIYCKHas  CIOCOOHOCTB
MO3BOJIET  yYMTBIBATh OTPAHUYCHHS TEPMHHAJIOB
TPAHCIOPTHBIX CETeH:

X j < Ki'

r1e, K;j — MakcumaInbHas MOIHOCTh MapIIpyTa.

B marematuueckoii  Mozmenm  mo  pecypcam
oTmpaBuTeneH,  paspaboTaHa  uIi  HOPMHPOBAHUS
BBITNIOJIHCHUSA ~ TE€XHOJOIMYECKOro Ipolecca  JIOCTABKH
Ipy30B, CO3laBasg  YCIOBHA Ul  PallMOHAIBHOIO
HCIOJIb30BaHUs pecypcos OTIIPaBUTEIICH Ha

JKEJIE3HOJIOPOKHOM TpaHcnopre. JlaHHas MOJIeb O3HavaeT,

https://doi.org/10.56143/2181-2438-2026-2-73-78
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9TO CyMMa BCEX OTIPABJICHHBIX KOHTEHHEPOB U3 IYHKTA i
He MOYKET MPEBBIIIATH 3aMachl B 3TOM MyHKTE (a;):
m

inj <a, i=1.,n

j=1
MaremaTtudeckas MOJIENb JKEIIE3HOJOPOIKHBIX

MEPEBO30K JIOJDKHA YYUTHIBATH OTPEOHOCTH TI0JydaTeseit
Ha OCHOBE 3asBOK U MECTOIIOJIO)KEHHSI BAarOHOB K Havairy
IUIAHOBOTr'0 Tiepuoa. JlaHHas MOJIENb O3HAYaET CyMMY BCEX
JTOCTABJIEHHBIX KOHTEHHEPOB B IyHKT | JIOJDKHA ITOJHOCTHIO
YIOBIETBOPSATH cripoc (b;):

m

Zx,_]=b] j=1,...,m
j=1
B maremarmdecko — MOJEIHM  IIEJIOYHCICHHOCTH

03HAYACT, YTO KaKIas 3a]aya WU orepanus J0JDKHA ObITh
pellieHa C UCIONB30BaHUEM IICJIOYUCIICHHBIX YHUCET. OJTO
MO3BOJSIET MMHUMM3HMPOBaTh CYMMAapHOE B3BELICHHOE
BpeMsI BEITIOJTHEHMS 3aKa30B M ONITHMHU3HPOBATH MapIIpyTHI
nBwkeHus. B Hame#l crathe, Tak Kak KOHTEHHEPHI — 3TO
HENIETMMbIE E€IMHUIIBI, TIEPEMEHHAS X;; JIOJDKHA OBITh
11EJI6IM HEOTPULIATENIEHBIM YHCIIOM:
xi]' > 0, xi]' (<4

MaremaTnyeckast MOJieb YIIPaBICHUS KOHTEHEPHBIMU
MepeBO3KaMy (PUCYHOK 2) TPENCTaBIsIET TPAHCIIOPTHYIO
CUCTEMY KaK COBOKYIHOCTb B3aUMOCBSI3aHHBIX 3JIEMEHTOB,
B paMKax KOTOPOH KOHTeHHephl pacCMaTpUBAIOTCS B BHJE
IIOTOKOB, NEPEMELIAIONINXCA 110 CETU JKEJIE3HOAOPOKHOM
nHppacTpykTypsl. B nmaHHO# HMHTepIperanuy y3ibl CeTH
COOTBETCTBYIOT IIyHKTaM OTIIPaBJI€HUs, HA3HAYCHMS, a
TaK)Ke MPOMEKYTOYHBIM CTaHIUSAM U TEPMHUHAIIAM, a CBS3U
MEXIy HAMH — TPAHCIIOPTHBIM YdYacTKam, IO KOTOPBIM
OCYILIECTBIISIETCSl IBH)KEHUE KOHTEHHEpoB [4].

MareMaTHyeckas MOAENb yNPaBACHHS
KOHTEHHEPHBIMM NEPEBO3KAMM

Onresuese wspupyr
il Q wm

Q w2
R 2 ke

' X =

%
y

Puc. 2. MaremaTnyeckasi MoJieJIb ypaBJieHHs!
KOHTei{HEPHBIMH NepeBO3KaMu

CoJepxaTenbHO MOJIENIb OKCHIBAET NPOLIECC IPUHATHSL
pelieHid N0 paclpeneNeHu0 KOHTEHHEPOIIOTOKOB TaKUM
o0Opa3zoMm, 4toObl oOOecreunts Haubonee 3PPexTHBHOES
UCIIONB30BAHUE  PECYpCcOB  TPAHCHOPTHOM  CHCTEMBL
IepeMeHHBIE MOZICIIH OTPAXKAIOT OOBEMBI IIEPEBO3OK MEKTY
KOHTCHHEPHBIMM IIYHKTAMH{, a HapaMeTpbl — 3aTparsbl,
BpPEMEHHbIC XapaKTePUCTUKU u OrpaHUYEeHUs
HH}PACTPYKTYPHL

OKOHOMUYECKMH CMBICT MOJENIU 3aKJII0YacTcsi B
MHHMMH3AllMM ~ COBOKYIHBIX 3aTpaT Ha  HEPeBO3KY
KOHTeliHepoB. [Ipu 3TOM yUUTBHIBAaIOTCSI HE TOJIBKO MpPSMbBIE
TPaHCIIOPTHBIE PACcXO/Ibl, HO ¥ KOCBEHHBIE (AaKTOPbI, TAKUE
KaK 3aTpaTbl BPEMEHHM, TPOCTOM IMOABMKHOTO COCTaBa U
neperpyska OTJEJIbHBIX YYacTKOB ceTH. TakuMm o0pa3zow,
MOJIeJIb OPHEHTHPOBaHa Ha JIOCTH)KEHHE OajaHca MEXKIy
CTOMMOCTBIO M Ka4€CTBOM TPAHCIIOPTHOT'O 00CITyKMBaHHSI.

OrpaHuyeHuss MOJEIH MIPAIOT KIIOYEBYIO POJb B ee
UHTEpIpeTanuy. YcioBue OanaHca MOTOKOB OTpa)kaeT

75
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(U3MYECKyI0 CYIIHOCTH IIpoliecca IEepPeBO30K: 00beM
KOHTEHHEPOB, OTMPABICHHBIX M3 OJHOTO ITyHKTA, JOJDKEH
COOTBETCTBOBAaTh O00BEMY, IMOCTYyINAIONIEMy B JpyrHe
MyHKTH! Ha3HaYeHHA. JTO 00ecTieunBaeT HeNPEPhIBHOCTh 1
COTTIaCOBAaHHOCTH JIOTHCTHYECKOi 1ermu. OrpaHndeHus
TIPOITyCKHOH ~ CHOCOOHOCTHM  YYHTBHIBAIOT  peajbHBIE
TEeXHHYIECKHE BO3MOYXKHOCTHU JKEJIE3HOL0POIKHOI
HHPACTPYKTYPHL, NIPeAOTBPALLAOILAst neperpysKy
OTIEIBHBIX YYacTKOB M oO0ecredynBas yCTOHYMBOCTH
(yHKIIMOHMPOBAHHUS CUCTEMBI. BpeMeHHbIe orpaHnYeHus, B
CBOIO 04Yepelb, OTPaKaroT TPEOOBAHMS sl K CPOKAM JIOCTABKH
¥ YPOBEHb CEpPBHCA, 0)KUIAEMBII KJIMEHTaMH.

JIOIOJTHUTENTBHO MOJIETh MOKET OBITh pacIIMpeHa 3a
CYeT ydeTa HEOIPEAEICHHOCTH BHELIHEH Cpenpbl, 4To
0COOCHHO B@KHO B COBPEMEHHBIX JIOTHCTHYECKUX
cucremMax. B 3ToM cinyyae OHa IO3BOJIIET YYMTHIBAaTh
KoleOaHmsl crpoca, 3aJep)KKW W JpyrHe CiydaifHble
¢axTopsl. MHTerpammst MeTofoB MamnHHOE OOydeHHe
MO3BOJISIET  TIOBBICUTH TOYHOCTH IIPOTHO3WPOBAHUS U
aIaIITHBHOCTH CUCTEMBI YIIPABIICHII.

Takum o00pa3oM, MHTEpIpeTanys MaTeMaTHdecKon
MOJIEIM TIOKa3blBaeT, YTO OHA ABJIETCS HE IPOCTO
(opManbHEIM  Ha0OpOM ypaBHEHHWH, a KOMIUICKCHBIM

HHCTPYMEHTOM,  OTPAXKAIOLIUM  peajlbHble  IPOLECCH
yIpaBleHHs KOHTEHHEPHBIMU NIepEeBO3KAMH,
o0ecreunBaroIuM MOBBIIIEHHE s pexTBHOCTH

(YHKIIMOHUPOBAHHMS HKEJIC3HOZOPOXKHOTO TPAHCIIOPTA.

IpakTHueckoe NpPHMEHEHHE MOJENIHN CIOCOOCTBYET
MOBBIIEHHIO 3()(EKTHBHOCTH KOHTEHHEPHBIX IEPEBO3OK,
COKpAIIIEHUIO BPEMEHH JOCTABKH U YJIYHYIICHUIO KauecTBa
TPAHCIIOPTHOTO 00CITYKUBAHHU.

Onmumusayuonnas Mo0enb Ynpasnenus
KOHMENUHEPHbIMU NEPEBO3KAMU.

OnTUMH3aIMOHHAS MO/IeTb yIpaBiIeHus
KOHTEITHepHBIMU NIepeBO3KAMHU Gasupyercst Ha
NPEICTABICHUM  TPAHCIHOPTHOH  ceTH B BUJIE

OPHMEHTHPOBAHHOTrO rpada, Te BEPIIMHBI COOTBETCTBYIOT
INyHKTaM OTIPAaBJICHUs, HAa3HA4YeHWs U mepepaboTKu
KOHTeIfHepoB, a pé0pa — y4acTKaM TPAHCIIOPTHOW CETH.
KoHTeliHepHbIE ~ TIOTOKM  HMHTEPIPETUPYIOTCA  Kak
yIpaBisieMble TIEPEMEHHBbIE, OUIEKAIINE ONTHMAIbHOMY
pacHpeneeHHIO.

Henbto MonenupoBanusi [S] sBisieTcss BBIOOP TaKOro
IUIaHA TIEPEBO30K, KOTOPBI 00ecreunBacT MUHUMH3ALIMIO
COBOKYIIHBIX 3aTpar MPH COOJIIOJEHUH TEXHOJIOIMYECKUX U
HHQPACTPYKTYPHBIX OrpaHUYECHUH.

3amaya yIpaBleHUS KOHTEHHEPHBIMU IIEPEBO3KaMHU
(bopmanusyercs B BUJIE 3a/1a4u JIMHEIHOTO
MIPOrpaMMHUPOBAHUS C CETEBON CTPYKTYPOIL:

— 00beM KOHTEHHEPONOTOKa MEXIy Y3JIaMHu
,J -

raec, xi]-
CETH;, C;; — YIEIbHBIE 3aTPAThl HA TEPEBO3KY;
MHOKECTBO y3JI0B CETH.

CucteMa OTrpaHHYEHHH B ONTUMH3ALMOHHON MOJIENTH
BKJIIOUAET B CeOs:

- Oamanc  IOTOKOB,  KoTopas  obecrieuuBaeT
COITIACOBAaHHOCTH IEPEBO30YHOI0 MPOLIECCa;
- OrpaHUYEHUS MIPOIY CKHOM CIIOCOOHOCTH,

YUHTHIBAIOLIAS TEXHUYECKUE TapaMeTpbl HHPPACTPYKTYPHI;
- BPEMEHHbIE OTPAaHUYEHS, OTPaXKAIOIIHUE TPEOOBAHNUS
K CPOKaM JIOCTaBKH;
- JIOTHCTHYECKHE  OrpaHHYCHHS,
nepepadOTKOM KOHTEHHEPOB HA TEpMHUHAAX.

CBA3aHbI C
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[IpemioxxeHHast ONTUMH3AIHOHHAS MOJIENb (PUCYHOK 3)
SIBIBIETCS TO, YTO JaHHAs MOJENIb OTPaXKaeT peajbHbIe
TIPOLIECCHI (hyHKITMOHUPOBAHUSA KOHTeHHEepHOI
TPAHCIIOPTHOM  CHCTEMBI W  MO3BOJSET  yYHTHIBATh
HEpaBHOMEPHOCTh pacnpeneneHus TPY30II0TOKOB,
MHHUMH3UPOBAaTh TIOPOXKHHE TPOOETH KOHTEHHEpPOB,
ONTUMHU3UPOBAThH 3arpysKy JKEJIe3HOOPOIKHOI
HHQPACTPYKTYpl, OOECHEUYNTh COTJIaCHE  HHTEPECOB
YYaCTHHKOB IIEPEBO30YHOTO MPOIIecca.

O MOAEAL YN

Mywxria oTpasnerons

o 40 kreiesepon
e 30 cowreimepos
Q50 |

Uenesan dywums: Z = 1290 (vim)

‘ F . . .
.I', o =y Tx,<R %) S T
Banae ogoc wim  Mponyooas cocofmocs  Orpienesse 10 s Bpesneae orpieneson

= ONTIMLRAH DRI NEPEBOXK

Puc. 3. OnTUMH3anMOHHAs MO/AEJIb YIPABJICHUS
KOHTEHHEPHBIMH NepeBO3KaMHU

Brarogapsi ONTHMHU3AIMOHHON MOJICNH M MPHUMEHCHHE
TaKOI MOJIENH MO3BOJISIET:

- CHH3MTH TPAHCHOPTHBIC H3/ePKKH Ha 10-25%;

- TIOBBICUTB 3arpy3Ky HHPPaCTPYKTYpHI;

- YMCHBIIUTh MPOCTON KOHTEHHEPOB;

- MIOBBICUTh TOYHOCTb IUIAHUPOBAHHUS NIEPEBO3OK;

-aBTOMaTU3UpOBaTh  mIpuHiATHe  peumieHuit  ACY
HKEJE3HOJOPOKHBIX EPEBO30K.

Hayuynas HOBM3Ha MCCIENOBaHMA 3aKIIOYaeTcs B
pa3paboTKe JMHAMUYECKOH ONTHMM3ALMOHHOH MOJeNH,
KOTOpas, B OTJIMYME OT TPAJULHUOHHBIX CTaTHYECKUX
MO/IXOJIOB, HHTEIPUPYET CTOXACTUYECKHE IapaMeTpbl
HEOIPE/ICTICHHOCTH ¥ MHOTOKPUTEPUAIbHBIH aHaIn3 B
€IMHBI KOHTYp yIpaBlieHHsi. ABTOPOM IpeIoXKeH
AJITOPUTM, TTO3BOJISIOLINI OTHOBPEMEHHO MUHUMHU3UPOBATh
JIOTUCTHYECKUE U3/IEPIKKH, COKPALATh YIIepOIHbII ciiell 1
ONTHMM3UPOBATh BPEMsI TPAaH3MTa 3a CUET OIlEpPATHBHON
NepeMaplIpyTH3aluM  [OTOKOB B PEXKHME pEalbHOro
Bpemenu. Ocoboe MecTo B paboTe 3aHMMaeT MeXaHH3M
NPEIMKTUBHOH CHHXPOHHM3AIMM WHTEPMOJAJIBHBIX Y3JIOB,
KOTOPBIH yYUTHIBAET IIOTCHINAIBHbIC 3aJ€PXKKH Ha CTBIKAX
Pa3iMYHBIX BUJIOB TPAHCIOpTa, o0ecrednBas TeM CaMbIM
BBICOKYIO YCTOWYMBOCTH LEMM IIOCTABOK K BHEIIHUM
JIOTUCTHYECKUM COOSIM.

B pesynbrate NpoBEJEHHOTO MCCIEI0BAHUS JI0KA3aHO,
YTO BHEAPEHHWE ONTUMHU3ALMOHHOW MOJENU I03BOJISET
pamuKagbHO HOBBICUTH  3()(GEKTUBHOCTH  yIPaBICHHUS
KOHTEHHEPHBIMHM NIepPeBO3KaMM, OOeclieynBas CHUKEHHE
onepauoHHbIX 3arpar Ha 10-15% mnpu oxHOBpeMEeHHOM
pOCTe HaIEKHOCTH MOCTAaBOK. [IpakTHdeckas peanu3auus
NPEJUIOKEHHBIX ~ AJITOPUTMOB  CIIOCOOCTBYET — CO3JAHHIO
npo3payHoil  IU(POBOH  Ccpenpl, TIIe MHUHAMHU3ALMA
«ITYCTBIX» MPOOETOB M pPAlMOHAIM3AIMS HCIOJIB30BAHUS
KOHTEHHEPHOTO MapKa HampsMYI BeIyT K YIy4IICHHIO
9KOJIOTMYECKUX TI0Ka3aTelel M KOHKYPEHTOCIIOCOOHOCTH
TpaHCOPTHO# KommaHuu. Takum 00pa3oM, pa3paboTaHHBII
WHCTPYMEHTApUH SBISIETCS TOTOBBIM  pELICHHEM UL
MHTETPALU B UHTEIICKTYaJIbHbIE TPAHCIIOPTHBIE CHCTEMBI,
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O6CCHC‘H/IBEIOH_[I/IM nepexoa OT PCaKTUBHOI'O YIIPABJICHUA K
HNPOAKTUBHOMY IUIAHUPOBAHUIO JIOTUCTUYCCKUX ITPOLICCCOB

[6].

Hccneoosanue npoonem dynkyuonuposanus
cucmembl KOHMEIHEPHBIMU NEPEBO3KAMU

HWccnenopanue mpodieM (GpyHKIIMOHUPOBAHUS CHCTEMBI
KOHTEHHEepHBIX IepeBO30K — J3TO HAy4YHbIH aHanm3
(haxTOpOB, KOTOpPBIE CHIKAIOT (p(heKTHBHOCTE pabOTHI BCeit
JIOTUCTHYECKOH IIEMOYKH JIOCTaBKH I'PYy30B B KOHTCHHEpaX.
IIpome roBops, 3TO HW3y4eHHE TOTo, IZe, MoYeMy U Kak
BO3HHUKAIOT COOH B IPOLIECCE TIEPEBO3KH — OT OTTIPABUTEIIS
IO TTOJIy4aTesi — M KaKHe Mepbl O3BOJIIIOT UX YCTPAaHUTb.

B ocHOBe Takoro uccieoBaHMS JIEKUT aHAIN3
peaybHON NPAaKTUKM KOHTEHHEepH3aliy, MOCTPOSHHOW Ha
cranpaptax International Organization for Standardization,
a Takke H3ydeHHe B3aWMOJCHCTBHS BCEX DJJIEMEHTOB
CHCTEMBI: TPAHCIIOPTA, TEPMUHAIOB, KOHTEHHEPHOTO ITapKa
" WHOPOPMAIMOHHBIX TexHoyoruil. OcHOBHas memp —
BBISIBUTH «Y3KHE MECTa» CHCTEMBI U MPEMIOKUTh CIIOCOOBI
TIOBEIEHHs €€ 3(PEKTUBHOCTH.

K  kmoueBelM  mpoOriemam,  KOTOpBIE  OOBIYHO
paccMaTpHBaIOTCS B MICCIIEIOBAHUSX, OTHOCSTCS:

- JlucbanmaHc KOHTEHHEpPOB — B OJHHUX pErHOHaX
HaOmomaercss WX W30BITOK, B JPYyrux — Jaeduuur, 49TO
NMPUBOJUT K  JIOMOJHHUTENBHBIM  3aTpataM Ha KX
niepepacripeieieHue.

- Huzkas npormyckHast ciocoOHOCTb HH(PPACTPYKTYpPbI —
MeperpyKeHHbIe CTaHIINH, TSPMHUHAIIBI M TIOPTHI BBI3BIBAIOT
3a1€PIKKH.

- IlpocTon KOHTEiHEPOB M MOJBHXKHOIO COCTaBa —
Hea(PeKTUBHOE IUTAHUPOBAaHHUE CHIDKAET 000paunBaeMOCTh
pecypcos.

- Cnabas KOOpAMHAILMSA YYaCTHHKOB — HEJIOCTaTOYHASL
COIVIACOBAaHHOCTh JICHCTBHI MEPEeBO3YUKOB, OINEPATOPOB U
KJIMEHTOB.

- Henocraroynas uudpoBu3alMs — pa3po3HEHHbIC
UHGOPMAIIMOHHBIE CHCTEMBl MEIIAIT MPO3PAYHOCTH U
YIPaBJICHHIO B PEaJIbHOM BPEMEHH.

MerozaMH  TAakOro  HCCIEIOBAHMS  SIBJISETCS:
9KOHOMHUKO-MaTEMaTH4eCKOe  MOJICJIMPOBAHNUE;  aHAM3
CTaTUCTMYECKMX JAHHBIX IEPEeBO30K; HMMMTAIL[MOHHOE
MOJIEJIUPOBAHHE JIOTHCTUYECKUX IIPOLIECCOB;
ONTUMHU3ALMOHHbIE ~ MeTOAbl  (MMHMMM3auUMsi — 3arpar,
BPEMEHH JI0CTaBKH); IudppoByto ananutuky (Big Data, 10T)
[7].

Takum obpasom, HCCIIeI0BaHue npobiem
(YHKLMOHMPOBAHUS CUCTEMbl KOHTEHHEPHBIX IEPEBO30K
HAIIPaBJIEHO HE TOJILKO Ha BBISBIICHUE HEIOCTATKOB, HO U Ha
pa3paboTKy  Hay4HO 000CHOBAHHBIX  pelleHMid,
MO3BOJIAIONIMX  IIOBBICUTH  CKOPOCTb, HAIEKHOCTh U
JKOHOMHYECKYIO 3¢ deKTHBHOCTD MePEBO304HOTO
nporecca.

Ananu3 npumeHneHus MexXHONOZUIL UCKYCCMEEHHO20
UHmMeN1eKma 6 MPAHCROPMHOU I0ZUCIUKE

AHanu3 TpUMEHEHUs] TEXHOJNOTMHA MCKYCCTBEHHOTO
HHTEIUIEKTa B TPAHCIOPTHOW JIOTMCTHKE, B YacTHOCTH B
CHCTEME JKEJIE3HOIOPOXKHBIX KOHTEHHEPHBIX IEPEBO3OK,
3aKJII0YaeTCsl B MCCIIEIOBAHIH BO3MOXKHOCTEH MHTErpalun
METOJOB MAIIMHHOTO OOy4YeHHS W ONTHMH3ALMOHHBIX
QJITOPUTMOB JUISl OBBIIICHUS 3)()EKTUBHOCTH YIPaBICHHL
TIOTOKaMH TPy30B [9], cokpallleHHs BpeMEHH IOCTAaBKU H
MHUHHMH3AILMM  SKCIUTyaTallMOHHBIX 3aTpar 3a  Ccuér
nepexoja OT  TPAJUIMOHHOIO  JETePMHHHMPOBAHHOIO
IUIAHUPOBAHMS K  QJAalTHUBHBIM, CaMOOOyYaloIIHMCs
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CHUCTEMaM, CIIOCOOHBIM B PEabHOM BPEMEHHU YUHTHIBATH
JIUHAMUKY crpoca, 3arpysKy HHPPACTPYKTYPEI,
OTPaHWYEHHS IOJIBM)KHOTO COCTaBa M HEONPEICIEHHOCTH
BHEWIHEN cpenpl; npu 3ToM WU BBINOJHSET KIIOUEBYIO
(YHKIMIO ~ TPOTHO3UPOBAHUSI  MAPaMETPOB  CHCTEMBI
(0OBEMBI  TIEPEBO30OK, 3aJCPKKH, 3arpy3ka Y3jJIoB) U
repeadyd 3THX OICHOK B ONTHMH3AIMOHHYIO MOJIENb,
(hOpMUPYIOIIYIO palliOHATbHBIC YIIPABICHYSCKHE PEIICHUS

110 pacupeaciiCHUIO KOHTCﬁHepHLIX IIOTOKOB,
MapupyTu3auu 1 UCIIO0JIb30BAHUIO PECYPCOB.
& o i ]
O‘R‘:« Min Z = 3 cix;+ 3 py (s - Dy m
&/\" b - - e TxysG
A i J Container Flows xy20
otds.,vé)\ﬁo | BB cootainer i
toe (I o
+ Seasonality
+ Station Load +| 20 Penaty Factors Seg: Route Allocation
+ External Factors — —
& l -"i'r Resource Urilization
Dy (¢) = ML(X,)
" Forecasted Demand @l Coforoymany
Node j

| input: Demand Forecasts (B () L—.\ Output: Optimized Container Flows Xy |+—

Puc. 4. MaremaTnyeckasi Mo/ieJIb ypaBJieHHs!
KOHTEHHEPHBIMH NepeB03KaMHU

MaremaTHdeckn Takas MHTETPUPOBaHHAs MOJENb
(pucyHOK 4) yIpaBiIeHUS] KEJIE3HOOPOXKHBIMU
KOHTEHHEPHBIMH NIEPEBO3KAMH MOXET OBITH IIpeJICTaBlICHA
KaK 3ajaya ontumuzanuu ¢ ML-KOMIOHEHTOM: CHauana
MOJIeJIb MAIIMHHOrO 00y4YeHHs (HarpuMep, perpeccus win
HEHpPOHHAsA CETh) NPOTHO3UPYET CIIPOC U MapaMeTpbl CETH:

ﬁij(t) = ML(X,)

e, ﬁi]-(t) MPOrHo3 00beMa KOHTEHHEPOIOTOKA
MEXIy y37IaMH | M ] B MOMEHT BpeMmeHH {, X; -BeKTOp
(axkTOpoB (MCTOPHYECKUE NaHHBIC, CE30HHOCTh, 3aKpy3Ka
CTaHLUH, BHELLIHUE YCIOBHA).

JHanee peaercs ONTHMH3AIMOHHAS 3a7a4a
pacripesiesieHrs TOTOKOB 110 CETH XKeJIe3HbIX JI0POr:

minZ = Z 'Ci]' ' Xl']' + Z pU . (xij - ﬁij)z
i,j Lj

TJIE, X;j — YNpaBsieMblil 00beM IEPEBO30K KOHTEHHEPOB
[0 HANpaBICHUIO [ — j, C;j — YHACIbHBIC TPAHCIIOPTHBIC
3aTpaThl, P;; — KO3 GUIMEHTHI Tpada 32 OTKIOHEHHE OT
MIPOTHO3UPYEMOTO CIPOCa.

Ilpu  orpaHuyYeHUSX  MPONYCKHOH  CIIOCOOHOCTH

UHPPACTPYKTYPbI PECYPCOB:

ZXU < Ci! xij >0
j

rae, C; — TPOIYCKHAs CIIOCOOHOCTb CTaHLMU MJIX
y4acTka.

Taxum o6pazom, ML-mozens [8] dpopmupyer mporaos
BXOJHBIX I1aPAMETPOB CHCTEMBI, a ONTHMMHM3ALMOHHBIN
MOAYJdb  MHMHHMHU3UPYET  COBOKYIHbIE  3aTpaThl U
OTKJIOHEHUS OT Crpoca, obecrieunBasi cOanaHCUPOBAaHHOE U
YCTOIYMBOE yINpaBieHHE KOHTCHHEPHBIMM IOTOKaMH Ha
JKEJIE3HOJOPOKHON CETH, UYTO OTPa)KaeT CUHEPreTUUECKUM
apdekr oObeAWHEHHs TNPEAUKTHBHON aHATUTUKH U
METO/IOB ONTHMH3AIIMOHHOTO MOJICITUPOBAHMSL.

B pesynbrate gocTHraeTcsi IOBBIIIEHHE TOYHOCTH
TUIAaHUPOBAHMS NIEPEBO30K, COKpaLIeHHEe BPEMEHH 000poTa
KOHTEHHEPOB W CHIKCHHE ONEPAMOHHBIX M3/IEpIKeK.
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JlononaurensHO obecrieunBaercss Oonee THOKas peaKIyst
cUcTeMBl Ha  KojebaHMA  crpoca, W3MEHEHHI B
HH}paCTPyKType U BHEIIHHE (PaKTOPHI, BKIOUAst CE30HHBIE
W pBIHOYHBIE BO3JEHCTBMS. MHTerpamms Taknx IOIXOI0B
CIIOCOOCTBYeET (hopMupoBaHUIO HHTEIUICKTYaJIbHOM
TPaHCHOPTHO-TTOTUCTUYECKOH CHCTEMBI, OPHEHTUPOBAHHOMN
Ha yCTOHYUBOE pa3BuTHE u TIOBBIIIICHHE
KOHKYPEHTOCIIOCOOHOCTH JKEJI€3HOJOPOIKHBIX EPEBO30K.

3. 3aka0ueHue

B pe3yJibrare MPOBEIEHHOTO HCCJIEIOBAHMS
YCTaHOBJICHO, 4TO YIIpaBJICHUE KOHTEHHEPHBIMH
MEPEeBO3KAaMH  HAa  KEJIE3HOJIOPO)KHOM  TPAHCIIOPTE B
COBPEMEHHBIX  YyCIOBUAX  IHppoBU3amMU  TpeOyeT
KOMIUTEKCHOTO TPUMCHCHUS aHATUTHYCCKUX METO/IOB,
OCHOBaHHBIX Ha HWHTETpaIin MaTeMaTHYECKOTO
MOJICTUPOBAHMS,  ONTHMHU3AIIMOHHBIX  TOAXOJOB U
TEXHOJIOTMH HMCKYCCTBEHHOro HHTeliekTa. IIpoBenéHHbIi
aHaJM3 ToKasar, 9TO  TPAJAWIMOHHBIC  METOBI
TJTAHUPOBAHUS TIEPEBO30K, OCHOBaHHbBIE Ha
JNETCPMUHUPOBAHHBIX MOJCNIAX, HE B TOJTHOH Mepe
YYUTBIBAIOT ~ JTUHAMHUYHOCTH TPAHCIIOPTHBIX  IOTOKOB,
HEONpeNeNEHHOCTh  BHELIHEH Ccpeipl M CIO0XKHOCTh
B3aUMOJIECTBHUS 2JIEMEHTOB JIOTHCTHYECKOM CHCTEMBI, YTO
CHIKAET 3¢} eKTUBHOCTH (YHKIIOHUPOBAHHUS
TPaHCHOPTHOMH CEeTH.

PazpaGoranHass B  crarbe  MareMaTHyeckas M
ONTHMU3AINOHHAS MOJIEb YIPABICHUS! KOHTEHHEPHBIMU
MepeBO3KaMH  TO3BOJISIET  (pOPMaJIM30BaTh  IMPOLIECC
NMPUHATHS ~ pelleHMd ¢ 00ecleynTh  palrdoHaIbHOE
pacmpeneneHue KOHTEHHEPOIIOTOKOB c yuérom
OorpaHHYeHHH HHQPACTPYKTYpBI, PECypcoB M CIpOCaA.
Hcnonb30BaHre METOIOB JIMHEHHOIO M LIEJIOYHCICHHOTO
MIPOTPaMMHUPOBAHUS obecrieunBaeT MHUHUMH3ALHI0
COBOKYIIHBIX TPAHCIIOPTHBIX 3aTPaT, MOBBILICHUE 3arpy3KH
UHQPACTPYKTYPHl U CHMXKCHHE IMPOCTOEB KOHTCHHEPOB
MOJBIDKHOIO cocTaBa. [Ipu 3TOM Ipeluio’keHHas: MOJeb
OTpakaeT pealbHble Mpouecchl  (YHKIMOHUPOBAHUS
TPAaHCIOPTHOM CHCTEMBI, BKIIOYas OallaHC MOTOKOB,
MPOITYCKHYIO CIOCOOHOCTh YYacTKOB M TpeOOBaHUS K
CPOKaM JJOCTaBKH.

Ocoboe 3HayeHHe B paboTe YIENEHO HHTErpalyn
TEXHOJIOTMH MCKYCCTBEHHOI'O MHTEIUIEKTAa, YTO MO3BOJIIET
MepeidTH K HOBOMY YPOBHIO YIIPaBJICHHS MEPEBO30UHBIM
npoueccoM. [IpuMeHeHHe METOI0B MALIMHHOTO O0y4eHHs
obecrieunBaeT 0ojiee TOYHOE MPOrHO3MPOBAHKE CIPOCA HA
MEPEeBO3KU, BBIIBIEHHE CKPBITBIX 3aKOHOMEPHOCTEH B
TPAHCIOPTHBIX MOTOKAX M YYET CTOXaCTHYECKUX (PaKTopoB,
TaKUX KakK 3aJep)KKH, Ce30HHbIC KOJIeOaHUs M H3MEHEHHE
3arpy3kd MHQPACTPYKTypbl. BKJIIOYEHHE MPOTHO3HBIX
JaHHBIX B ONTUMHU3ALMOHHYIO MOIeib  (opmupyer
aIalITUBHBIA KOHTYp YIPaBICHUS, CIOCOOHBIA B PEXUME
peaNbHOro BpeMEHH KOPPEKTUPOBATh IUIaHBI MEPEBO30K U
TOBBIIIATH YCTOMYMBOCTD JIOTHCTHYECKON CUCTEMBI.

IIpakTudeckas 3HAUUMOCTH MOJTYyYEHHBIX PE3yIbTaTOB
3aKJII0YaeTcs B BO3MOKHOCTH HCIIOJIb30BaHUS
pa3zpaboTaHHOTO noaxoza ISt CO3JIaHUs
MHTEJUIEKTYaIbHBIX CHCTEM YTIPABICHUS KOHTEHHEPHBIMH
MepeBO3KaMH  HAa  JKEJIE3HOJOPOXKHOM  TpaHCIOpPTE.
Buenpenue TPETIOKEHHON MOJEIIH IO3BOJISIET
CYIIECTBEHHO MOBBICHTH 3(PPEKTHBHOCTD JIOTHCTHIECKUX
MPOIECCOB,  CHHU3UTh  OKCIUTyaTallHOHHBIE  3aTparThl,
YIY4IIATh KA4eCTBO TPAHCIOPTHOrO OOCITYKHBaHHUSI U
obecrieunth ~ Oojiee  palMOHANbHOE  KCHOJIB30BaHHE
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MHPPACTPYKTYPHBIX U MOJBIDKHBIX pecypcoB. Kpome Toro,
MPUMEHEHUE HWHTEIUIEKTYAIbHBIX METOJOB YIpaBJICHUS
Croco0CTByeT CHUKEHUIO MIOPOKHUX npooeros
KOHTEWHEpPOB, YCKOPEHHIO WX 000pOoTa ¥ TIOBBIIICHHIO
MPO3PayHOCTH JIOTUCTUYECKUX OIepaluii.

Takum  oOpa3oM, mpoBeAEHHOE  HCCIEIOBAHUE
MOATBEP)KJIAET, YTO MHTETpals METOJ0B ONTHUMHU3ALUU U
HUCKYCCTBEHHOI'O  HHTEJUIEKTa  SBJIIETCS  KIIIOYEBBIM
HaIlpaBJICHUEM  Pa3BUTHA  TPAHCIOPTHOM  JIOTUCTHUKH,
o0ecrieyMBalONIMM ~ TEPEX0J] OT  PEaKTHBHOTO K
MPOAKTUBHOMY YIIPaBJICHUIO KOHTEHHEPHBIMU
nepeBo3kamu. [loiydeHHble pe3yJbTaThl MOTYT CIIY>KUTh
OCHOBOM Uil JaJIbHEHIIMX HAay4YHBIX HWCCJIEJOBaHUN U
MPaKTUIECKOM peanuzanuu HHTEJJIEKTYaIbHBIX
TPaHCHIOPTHBIX CHCTEM, HaIpaBJICHHbIX Ha IOBBILICHHUE
KOHKYPEHTOCTIOCOOHOCTH JKEJIe3HOJOPOKHOTO TPaHCIIOpTa
B YCIOBHSX TJOOalNM3allii M pocTa TpeOOBaHWH K
3¢ (HEKTUBHOCTH JIOTHCTHYECKUX MPOIIECCOB.
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Application of information systems in the management of transport logistics
processes

Kh.Kh. Nekboev®?, M.K. Suvonkuloval®®
!Karshi State Technical University, Karshi, Uzbekistan

Abstract: This article scientifically analyzes the role and importance of modern information systems in managing
transport logistics processes. The article examines the functional features of ERP, TMS, WMS systems
used in transport logistics, their impact on efficiency and integration mechanisms. The results of the study
show that by implementing information systems, it is possible to reduce logistics costs by 28-55 percent,
reduce delivery times by 30-45 percent, and increase overall operational efficiency by 86-98 percent. It
also suggests obstacles to the implementation of information systems in the conditions of Uzbekistan,
ways to overcome them, and strategic development directions.

transport logistics, information system, ERP, TMS, WMS, digital transformation, routing algorithms,
real-time monitoring, supply chain management, efficiency
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Transport logistika jarayonlarini boshgarishda axborot tizimlarini
qo‘llanilishi

Nekboyev X.X.1®2 Suvonkulova M.K.2®P

!Qarshi davlat texnika universiteti, Qarshi, O¢zbekiston

Annotatsiya: Mazkur magolada transport logistika jarayonlarini boshgarishda zamonaviy axborot tizimlarining tutgan
o‘rni va ahamiyati ilmiy jihatdan tahlil etiladi. Maqolada transport logistikasida qo‘llaniladigan ERP,
TMS, WMS tizimlarining funksional xususiyatlari, ularning samaradorlikka ta'siri va integratsiyalashuv
mexanizmlari ko‘rib chiqiladi. Tadqiqot natijalari shuni ko‘rsatadiki, axborot tizimlarini joriy etish orqali
logistika xarajatlarini 28-55 foizga kamaytirish, yetkazib berish muddatlarini 30-45 foizga gisqartirish
va umumiy operatsion samaradorlikni 86-98 foizga oshirish mumkin. Shuningdek, O‘zbekiston
sharoitida axborot tizimlarini joriy etishning to‘siqglari, ularni bartaraf etish yo‘llari va strategik

rivojlanish yo‘nalishlari taklif etiladi.

Kalit so‘zlar: transport logistikasi, axborot tizimi, ERP, TMS, WMS, raqamli transformatsiya, yo‘nalishlash
algoritmlari, real vaqt monitoring, zanjirli boshgaruv, samaradorlik
1. Kirish logistika sektori YalM ning taxminan 8-10 foizini tashkil

etadi. Birog sohadagi ragamlashtirish darajasi rivojlangan

XXl asr igtisodiyotida transport logistikasi tarmoglararo
munosabatlarning asosiy ko‘prigiga aylangan. Dunyo
bo‘yicha logistika bozorining hajmi 2023-yilda 10,6 trillion
dollarga yetgan bo‘lib, 2028-yilga gadar 14,2 trillion
dollarga o‘sishi kutilmoqda [1]. Bunday ulkan hajmdagi
ogimlarni samarali boshqarish esa an‘anaviy usullar bilan
imkonsiz — zamonaviy axborot tizimlarisiz bunday
ko‘lamda logistika jarayonlarini optimal tarzda boshqarish
mumkin emas.

Transport  logistikasida  axborot  tizimlarining
qo‘llanilishi bir necha asosiy sabablar bilan bog‘liq.
Birinchidan, zamonaviy zanjirli ta'minot (supply chain)
tizimida ishtirokchilar soni ko‘payib, ular orasidagi
munosabatlar murakkablashib bormoqda. Ikkinchidan,
mijozlarning yetkazib berish muddati, mahsulot sifati va
narxiga nisbatan talabi tobora oshmoqda. Uchinchidan,
ragobatning kuchayishi kompaniyalarni ish jarayonlarini
optimallashtirish, xarajatlarni gisqartirish va tezlikni
oshirishga majbur gilmogda. O‘zbekistonda transport va

https://orcid.org/0009-0004-9347-3188
b0 https://orcid.org/0009-0003-9795-4854

https://doi.org/10.56143/2181-2438-2026-2-79-82

mamlakatlar bilan solishtirganda ancha past bo‘lib
golmogda. Mamlakatimizda logistika  xarajatlarining
YalMdagi ulushi Yevropa davlatlaridagiga nisbatan 2-3
baravar yuqori, bu esa logistika samaradorligini oshirish
salohiyatining katta ekanligidan dalolat beradi [2]. Ushbu
fargni qoplashda axborot tizimlarining roli hal giluvchi
ahamiyatga ega.

Dunyo miqyosida ko‘rib chiqgilganda, logistikani
ragamlashtirgan kompaniyalar sezilarli ustunlikka ega
bo‘lmoqda. McKinsey & Company tadqgiqotiga ko‘ra,
ragamli logistika tizimlarini joriy etgan kompaniyalar
xarajatlarni  15-30 foizga kamaytirib, yetkazib berish
ishonchliligini 30-50 foizga oshirish imkoniga ega bo‘lgan.
O‘zbekiston uchun bu tajriba aynigsa muhim, chunki
mamlakatimiz Markaziy Osiyodagi logistika markazi
sifatida 0‘z o‘rnini mustahkamlashga intilmoqda.

Transport logistikasida axborot tizimlarining o‘rnini
o‘rganish bir nechta muhim savollarni o‘z ichiga oladi:
axborot tizimlari gaysi logistika muammolarini hal giladi?
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Ularning joriy etilishi ganday samaradorlikni ta'minlaydi? Yuk Real
O‘zbekiston sharoitida ushbu tizimlarni tatbiq etishda tashish Manual ca 92 28 89
qanday to‘siqlar mavjud? Ushbu maqola mazkur savollarni monitoring vaqt
ilmiy jihatdan tahlil etishga bag‘ishlanadi. Hujjat
- - _ aylanishi 24.0 2.5 90 41 95

2. Tadgiqot metodologiyasi Omborxon

Tadgigot kompleks metodologik yondashuv asosida olib boshgaruvi 6.0 08 87 37 82
borilgan bo‘lib, u miqdoriy va sifatiy tahlil usullarini o‘z Mijozlar
ichiga oladi. Tadgigot jarayonida quyidagi ilmiy usullar bilan 45 0.5 89 2 78
qo‘llanildi: ilmiy adabiyotlarni tizimli tahlil qilish, statistik mulogot
ma'lumotlarni gayta ishlash, giyosiy tahlil, ekspert bahosi va Hisobot
ishlab chigilgan tavsiyalarni aprobatsiya gilish. tayyorlash 12.0 0.3 98 55 99

Tahlil natijalari: Transport logistikasida
go‘llaniladigan axborot tizimlari funksional maqgsadiga

ko‘ra uch asosiy guruhga bo‘linadi. Birinchi guruhga ERP Jadvaldan ko‘rinib turganidek, axborot tizimlarini joriy

etish  natijasida  logistika  jarayonlarining  barcha

(Enterprise Resource Planning) — korxona resurslarini > . : o . - -

rejalashtirish tizimlari kiradi. ERP tizimlari korxonaning ko‘rsatkichlari sezilarli darajada yaxshilangan. Aynigsa,
barcha asosiy jarayonlarini — moliya, ombor, xaridlar, hisobot tayyorlash jarayonida vaqt sarfi 12 soatdan 0,3
ishlab chiarish va transportni — yagona ma'lumotlar soatgacha kamayishi (98 foiz tejash) va xato darajasining

deyarli nolga yaqin tushishi diggatga sazovordir. Yo‘nalish
rejalashtirish sohasida ham 8,5 soatdan 1,2 soatga gisgarish
(86 foiz samaradorlik oshishi) muhim natija hisoblanadi.
Quyidagi rasm transport logistikasi uchun mo‘ljallangan
zamonaviy axborot tizimining uch gatlamli arxitekturasini

bazasida birlashtiradi. Logistika kontekstida ERP tizimlari
yuk buyurtmalarini avtomatik qayta ishlash, hisob-
fakturalarni  generatsiya qilish, ta'minotchilar bilan
integratsiya va moliyaviy hisobot funksiyalarini bajaradi.
SAP, Oracle va 1C kabi yetakchi ERP platformalari

O‘zbekiston kompaniyalarida tobora keng qo‘llanilmoqda. aks ettiradi. . o .
Ikkinchi guruh — TMS (Transportation Management . Transport Menejment Tizimi (TMS) — yuk tashish
System) — transport boshgaruvi tizimlaridan iborat. TMS jarayonlarini to‘liq raqamlashtiruvchi va

avtomatlashtirishuvchi dasturiy tizim. U quyidagi asosiy
modullardan iborat: marshrut rejalashtirish, transport
buyurtmalarini boshqarish, real vaqt kuzatish, to‘lovlar
hisob-kitobi va hisobot yaratish.

transport operatsiyalarini rejalashtirish va optimallashtirish
uchun  mo‘ljallangan  ixtisoslashgan  tizimdir. U
marshrutlarni  optimallashtirish, ~ avtomobil  parkini
boshqarish, yuk tagsimlash, haydovchi jadvalini tuzish va
yoqilg‘i sarfini nazorat qilish funksiyalarini bajaradi.
Zamonaviy TMS tizimlari
monitoring va avtomatik hujjatlashtirish imkoniyatlarini 0‘z
ichiga oladi.

Uchinchi guruh — WMS (Warehouse Management
System) — omborxona boshgaruvi tizimlarini tashkil etadi.
WMS ombordagi barcha operatsiyalarni — qabul gilish,
saqlash, saralash, yig‘ish va jo‘natish — avtomatlashtiradi.
Barkod va RFID texnologiyalari bilan integratsiyalangan
WMS tizimlari ombor maydonidan optimal foydalanish,
tovar inventarizatsiyasini real vaqt rejimida kuzatish va

GPS-tracking, real vaqt Moricaring

Al/ML
Analitika

ERP
(Korxona
Resurslari)

™S
(Transport
Boshqaruvi)

buyurtmalarni to‘liq va to‘g‘ri bajarish imkonini beradi. (Ombor

Tadqiqot davomida to‘plangan ma'lumotlar shuni
ko‘rsatadiki, alohida axborot tizimlarini qo‘llash ham
samaradorlikni oshiradi, lekin eng yuqori natija ushbu
tizimlarning to‘liq integratsiyasida erishiladi. Quyidagi
jadvalda transport logistikasi jarayonlarining an‘anaviy va
axborot tizimiga asoslangan boshqaruv uslublari o‘rtasidagi
farq keltirilgan.

1-jadval
Transport logistika jarayonlarida an'anaviy va axborot

Boshqaruvi)

1-rasm Transport logistika axborot tizimlaridan
foydalanish ulushi

Transport logistika jarayonini boshqarishda axborot
tizimining ishlash tartibi quyidagi algoritm ko‘rinishida
ifodalanadi. Ushbu algoritm yuk gabul gilishdan boshlab,
optimal marshrut hisoblash, transport tayinlash va yetkazib
berishni tasdiglashgacha bo‘lgan to‘liq jarayonni qamrab
oladi:

tizimiga asoslangan boshgaruvning tagqosiy tahlili Rasm ko‘rsatilgan algoritm 8 ta asosiy bosqichdan iborat
An'anavi Sama Xato bo‘lib, har bir qaror qabul qilish nuqtasida tizim avtomatik
y Axboro | qor | X8 | g ravishda ma'lumotlarni tekshiradi va mos harakatni amalga
Transport |y p ooy | LHZAME |t | Jat oshiradi. Dijkstra algoritmiga asoslangan marshrutlash
19glst1ka§1 v bilan oshis t.e_]a.l pasa moduli 0.3 soniyadan kam vaqt ichida optimal yo*‘nalishni
JABYONL 1 (vagt,soat (vaqt, hi lﬁhl yishi hisoblay oladi.
I e IO R )
Yo‘nalish
rejalashtiri 8.5 1.2 86 34 71
sh
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Yuk se'revi gabul gilish

2-rasm Transport logistika jarayoni boshqgaruv
algoritmi

GPS va GIS texnologiyalarining transport logistikasiga
integratsiyasi to‘rtta asosiy yo‘nalishni o‘z ichiga oladi: real
vaqt harakatini kuzatish, optimal marshrut tanlash, yoqilg‘i
sarfini monitoring qilish va haydovchi xulg-atvorini
baholash. Tadgigot natijalari shuni ko‘rsatadiki, GPS
monitoring tizimini joriy etgan kompaniyalarda yetkazib
berish kechikishi 62% ga kamaygan.

= Tizimgacha (%)
100 m Tizimdan keyin (%}

8

Samaradorlik darajasi (%)

Yetkazit oqllg' Karajat
berish tejash Kamayirish mamauniyat tejash
aniligi

Ko'rsatkichlar
3-rasm Axborot tizimi joriy etilgandan avval va keyin
samaradorlik ko‘rsatkichlari

3-rasmda ko‘rsatilganidek, axborot tizimlarini joriy etish
barcha asosiy ko‘rsatkichlarda sezilarli yaxshilanishni
ta'minlagan. Aynigsa yetkazib berish anigligi 72% dan 95%
ga (delta: +23 pp), vaqtni tejash esa 60% dan 87% ga oshgan.

Transport logistika axborot tizimlarini gabul qilish
bo‘yicha 6 yillik trend tahlili quyidagi grafik ko‘rinishida
taqdim etilgan. Statistik model B = 10.6 bo‘lgan o‘sish
tendentsiyasini (TMS uchun) ko‘rsatib, 2030 yilga kelib
gabul gilish darajasi 95% dan oshishini prognoz gilmoqda:

100 | —8= TMS tizimi

~= AIML Tahlil

=i 16T Monitoring
TMS trend chizig i

Qabul qilish darajasi (%)

2019 2020 2021 2022 2023 2024
Yillar

4-rasm Transport logistika axborot tizimlarini gabul
gilish trendi (2019-2024) va prognoz

https://doi.org/10.56143/2181-2438-2026-2-79-82

4-rasmda ko‘rsatilgan chizigli trend (B = 10.6) statistik
jihatdan ishonchli bo‘lib (p < 0.001), 2020 yildagi COVID-
19 pandemiyasi davrida o‘sish sur'ati sezilarli darajada
tezlashgani kuzatiladi. Buning sababi — pandemiya
sharoitida masofaviy boshgaruv zaruratining oshishi va
ragamli yechimlar ahamiyatining keskin o‘sishi hisoblanadi.
Transport logistika kompaniyalarini an'anaviy va axborot
tizimli  usullar bo‘yicha kompleks baholash radar
diagrammasi ko‘rinishida quyida taqdim etilgan. Ushbu
tahlil 6 ta muhim mezon bo‘yicha amalga oshirilgan.

3. Natija va Muhokamalar

Ushbu tadgiqot transport logistikasida axborot
tizimlarining samaradorligi yuzasidan bir gancha muhim
xulosalar chigarish imkonini berdi. Birinchi muhim topilma
— axborot tizimlari logistika jarayonlarining barcha asosiy
ko‘rsatkichlarini sezilarli darajada yaxshilaydi. Tadgiqot
natijalariga ko‘ra, kompleks axborot tizimini to‘liq joriy
etgan kompaniyalarda operatsion xarajatlar o‘rtacha 34
foizga kamaygan, yetkazib berish muddati 38 foizga
gisgargan va mijoz qonigish darajasi 27 foizga oshgan.
Ikkinchi muhim topilma — integratsiyalashgan yondashuv
alohida tizimlardan ustun turadi. Fagat TMS yoki fagat
WMS joriy etgan kompaniyalar bilan tagqoslaganda,
ERP+TMS+WMS kombinatsiyasidan foydalanganlar 40-60
foiz qo‘shimcha samaradorlikka erishgan. Bu integratsion
effektning mavjudligini tasdiglaydi. Uchinchi topilma —
kichik va o‘rta korxonalar uchun SaaS (Software as a
Service) modeli eng magbul yondashuv hisoblanadi. Bulutli
tizimlarni qo‘llash dastlabki investitsiyani 60-80 foizga
kamaytirish imkonini beradi va tizimni rivojlantirish hamda
texnik xizmat ko‘rsatish mas'uliyatini yechimni ta'minlovchi
kompaniyaga  o‘tkazadi.  To‘rtinchi  topilma —
O‘zbekistonda axborot tizimlarini joriy etish jarayoni hali
ham an‘'anaviy usulga nishatan sezilarli darajada past sur'atda
rivojlanmoqda. Tadgiqotga jalb etilgan kompaniyalarning
38  foizi  biron-bir  avtomatlashtirilgan  tizimdan
foydalanmaydi, 31 foizi fagat hujjat boshgaruvi uchun oddiy
dasturiy ta'minotdan foydalanadi, va fagat 31 foizi
ixtisoslashgan logistika axborot tizimlaridan foydalanadi.

Tadqiqot natijalari asosida O‘zbekistonda transport
logistikasini axborotlashtirish bo‘yicha quyidagi strategik
tavsiyalar ishlab chiqildi. Davlat siyosati darajasida:
birinchidan, logistika kompaniyalariga axborot tizimlarini
joriy etish uchun subsidiya va solig imtiyozlari tizimini
shakllantirish zarur. Ikkinchidan, transport logistikasida
yagona ma'lumotlar almashuvi standarti va protokollarini
joriy etish lozim. Uchinchidan, «Transport logistikasini
raqamlashtirish» milliy dasturini ishlab chiqib, amalga
oshirish magsadga muvofig. Korxona darajasida: kichik va
o‘rta kompaniyalar uchun bosqichma-bosgich
ragamlashtirish modeli tavsiya etiladi — avval hujjat
aylanishi, so‘ngra ombor boshqaruvi, oxirida to‘liq TMS
joriy etish. Yirik kompaniyalar uchun esa to‘liq
integratsiyalashgan ERP+TMS+WMS yechimini loyihalash
va amalga oshirish strategiyasi tavsiya etiladi.

4. Xulosa

Ushbu tadgiqot transport logistika jarayonlarini
boshqarishda axborot tizimlarining tutgan o‘rnini har
tomonlama tahlil etish imkonini berdi. Olib borilgan empirik
tadgiqot va tahlillar asosida quyidagi asosiy xulosalar
chigarildi. Zamonaviy axborot tizimlari — ERP, TMS,
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WMS va ularning integratsiyalashuvi — transport logistikasi
samaradorligini tubdan o‘zgartirish qudratiga ega. Tadqiqot
natijalariga ko‘ra, ushbu tizimlarni joriy etish orqali logistika
xarajatlarini 28-55 foizga kamaytirish, yetkazib berish
muddatini 30-45 foizga qisqartirish va operatsion xatolar
darajasini 71-99 foizga tushirish mumkinligi isbotlangan.
O‘zbekistonda transport logistikasini  ragamlashtirish
jarayoni hali keng ko‘lamli transformatsiya bosqichiga yetib
kelmagan. Ammo, davlat siyosati va xususiy sektor
harakatlarining birgalikdagi sayi-harakatlari orgali bu
jarayonni tezlashtirish uchun barcha zarur shart-sharoitlar
mavjud. Mamlakatning qulay geografik joylashuvi,
davlatning ragamli igtisodiyotni rivojlantirishga e'tibori va
investitsiya mubhitining yaxshilanishi bu yo‘lda ijobiy
omillar bo‘lib xizmat gilmoqda. Axborot tizimlarini joriy
etishda muvaffagiyat gozonish uchun fagat texnologiyani
sotib olish yetarli emas — o°zgarish menejmenti, xodimlarni
qayta tayyorlash va tashkilot madaniyatini o‘zgartirish hal
qiluvchi ahamiyatga ega. Tadqiqot shuni ko‘rsatdiki,
axborot tizimlarini joriy etishda muvaffagiyatsizlikka
uchragan kompaniyalarning 67 foizida sabab texnik
muammolar emas, balki tashkiliy va inson resurslari bilan
bog‘liq muammolar bo‘lgan.

Foydalangan
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Formalized selection of sites for the ancient Khorezm branded tourist route in

Abstract:

Keywords:

Karakalpakstan

N.S. Sarviroval®?, D.Y. Tajibaev*@P, D.K. Khakimov!®®
1Tashkent state transport university, Tashkent, Uzbekistan

This article examines the problem of selecting suitable sites for planning a branded/thematic tourist route
on "Ancient Khorezm" in Karakalpakstan, located in the Amu Darya, Beruniy, Ellikala, and Turtkul
districts. In contrast to the intuitive and expert-descriptive approach, in which the inclusion of sites in the
route is determined subjectively, a two-loop selection model based on the official register of tangible
cultural heritage sites is proposed. The initial set of sites is formed by four districts of the ancient
Khorezm branded route: Amu Darya, Beruniy, Ellikala, and Turtkul. Each site is coded using a system
of parameters including regional affiliation, chronological layer, morphotype, narrative, and spatial role.
This is the basis for constructing a model that identifies the route core, an extended thematic contour, and
sites to be excluded. The objective function is to minimize the number of core objects while fully covering
the required parametric route space. The proposed approach creates a methodological basis for
subsequent transport and logistics routing based on the selected objects.

branded tourist route, cultural heritage, formalized object selection, morphological-combinatorial model,
Karakalpakstan, ancient Khorezm

DopMaIn30BaHHBINA 0TOOP 00BEKTOB JIf OPEHAMPOBAHHOI0 TYPHCTHYECKOT0

Mapupyra «/Ipesuunin Xopesm» B Kapakaanakcrane

Capsuposa H.C.' 03, Taxu6aes JI.LE.'©°, Xaknmon J[.X.20°

TamkenTckuit rocynapCTBEHHbI TPAHCIIOPTHBIA YHUBEPCUTET, TallKeHT, Y30eKuCTaH

AHHOTaIWMA

KnroueBsie cioBa:

B craree uccnenyercs mpobiaema oTGopa pesieBaHTHBIX OOBEKTOB 11 (OPMUPOBAHHSA OPEHIOBOTrO
(TemaTruueckoro) TypucTckoro wmapipyra «JlpeBHuit Xopesm» B PecnyOnuke Kapaxanmakcraw,
OXBaThIBaloOIEro AmynapbUHCKUM, bepyHuiickuii, Omnukanuackuii u TypTkyiabckuil paifonsl. B
OTJIMYME OT HHTYHTHBHOTO U 3KCIIEPTHO-JECKPUIITUBHOI'O MO/IX0/a, TP KOTOPOM BKJIIOUEHHE 00BEKTOB
B MapuLIpyT HOCUT CyOBbEKTUBHBIN XapaKTep, NpeyiaracTcs IByXKOHTYpHas MOZENb 0TO0pa, OCHOBAHHAS
Ha OpHIHMAIBHOM peecTpe 00bEKTOB MATCPHAIBHOTO KYJIBTYPHOTO HACIIEIUS.

VcxonHast COBOKYHHOCTh (hopMHpyeTcss B mpelenax 4eTblpéX palOHOB, BXOASAIIMX B OpEH/IOBBII
MapuipyT «JpeBuuii Xope3am». Kaxnmplit 00bekT Gopmannu3yercsi mocpeiCTBOM CUCTEMBI apaMeTpoB,
BKJTIOUAIOLICH PETrHOHAIBHYIO IMPUHAIICKHOCT, XPOHOJIOTHYECKHU CIIOH, MOPGOTHIL, HAPPATUB M
NPOCTPAHCTBEHHYIO (YHKIMIO. JTO TI03BOJAET CKOHCTPYMPOBaTh MOJENb, O0OECICYHBAIOLLYIO
BBIJICJICHUE s/ipa MaplIpyTa, PacIIMPEHHOr0 TEMAaTHYECKOro KOHTYpa M TIPYIIbl HCKIIOYAeMbIX
00OBEKTOB.

leneBas ¢(yHKUMS MOZIENM HANpaBleHa HA MUHUMHU3ALMIO YUCiIa OOBEKTOB, BXOALIMX B SAAPO
MapupyTa, IpU YCIOBUM IIOJHOTO TOKPBITHS 33JlaHHOIO I1apaMeTPUYECKOro IPOCTPAHCTBA.
[peioxeHHbId 0AX0A (HOPMUPYET METOJONIOIHYECKYI0 OCHOBY JUISl HOCJIEIYIOLIEro TPaHCIIOPTHO-
JIOTHCTHYECKOI'0 MPOSKTHPOBAHMS TYPHUCTCKOrO MapIipyTa Ha 6a3e 0TOOpaHHBIX 00bEKTOB.
OpCHIOBBIN TYPUCTCKHH MapLIPyT, KyJbTypHOE Hacieaue, (popmain30oBaHHBIH OTOOpP OOBEKTOB,
MophoJI0ro-KoMOUHATOpHAasE Moeib, Kapakannakcran, J{peBauii Xope3m

1. BBeaenue

CoBpeMeHHbIH  OpeHIOBBI TYpPUCTCKUI MapIipyT
clefyeT paccMaTpuBaTh He
MEPEMEILEHUsT MEXIy IOCTONPUMEUYaTeIbHOCTSIMHU, a Kak
TEMAaTUYEeCKH OPTraHU30BaHHbIA TYPUCTCKMHA TPOIYKT,
00J1a1aK01IIHI COOCTBEHHBIM CMBICTIOBBIM SIIPOM, CHCTEMO#t
OMOPHBIX OOBEKTOB, MPOCTPAHCTBEHHOW CTPYKTYpOH U
HAaOOpPOM  COMYTCTBYIOIIMX CEpPBHUCOB. Takod MOIXO[

@l https://orcid.org/0009-0008-9683-8321
b= https://orcid.org/0009-0007-9032-5114
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LIMPOKO OTpaXEH Kak B COBPEMEHHOM POCCHUHCKOI
JUTEpaType 0 OpeHIOBBIX MapILIpPyTaX, TaK U B €BPONEHCKOI

NPaKkTHKE KYJIBTYPHBIX ~MapLIpyTOB, TIJ€ MapupyT
KaKk MpPOCTyI0 JHMHHIO TIOHUMAETCsl KaK WHCTPYMEHT WHTEpIpETaluy HacleIus,
TePPUTOPUATBHOTO pa3BuTHA u KYJITypHOTO

cotpyaanuectsa [7-10].

Jsn KapakasnnakcraHa NaHHas [OCTAHOBKA OCOOEHHO
aKTyallbHa, TIOCKOJIBKY O(HUIMAIBHBIA HAIMOHAIbHBIH
[epeYeHb  HEABIKMMBIX  OOBEKTOB  MATEPUAIBLHOTO

G https://orcid.org/0009-0009-8894-8915
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KyJIBTYpHOTO HAcJeAWs OXBaThIBaeT OOJIBIIOE YHCIIO
apPXEOJIOTUUECKHX, apPXUTEKTYPHBIX M HHBIX NaMATHUKOB,
pacipeienéHHBIX 10 paioHaM | Pa3THYaronIuXcs Mo
BPEMEHN BO3HUKHOBEHWS, THILy M CTETIEHH TEeMaTH4eCKOi
peneBanTHOCTH. [Ipm 3TOM cama mo cebe BKIIFOUYEHHOCTH
o0beKkTa B peecTp emé He O3HAa4aeT, 4TO OH JOJDKEH
aBTOMAaTHYEeCKM BXOOWTh B  OpPEHAOBBIH  MapIIpyT.
Heo6xoauma opmaiin3oBaHHas IpOLEIypa, TO3BOJIAOIIAsT
OTZENUTh JIEHCTBUTEIIBHO 3Ha4YNMBbIe UL
JIPEBHEXOPE3MHUICKOr0 MapIupyTa, OOBEKThl OT IO3[HUX,
HEeNnpO(QWIBHBIX MM IPOCTPAHCTBEHHO-CIA00CBI3aHHBIX
naMsATHUKOB [1-6].

Ucxonnolt  smmmpuyeckoil  6a3oli  HACTOSIIETO
HCCIIEIOBAHMSA  CIIY)KUT  II0JIb30BATENbCKas — TabiaMia
00BEKTOB JPEBHEXOPE3MUICKOr0 OPEeHIOBOrO MapuLIpyTa,
chopmupoBaHHas Ha  OcHOBe peectpa  KaOunera
MUHHCTPOB W OXBaThIBalomasi  deThlpe  paifoHa:
AmynapeuHCKMHA, bepyHuiickuii, OIUIMKaqMHCKHHA W
TypTkynsckuit. B Tabnuue yxke 3agaHbl moid  JUlt
KOJMPOBKH M0 paloHy, 310Xe, MOP(OTHILY, HappaTHBHOI
poaM,  IPOCTPAaHCTBEHHOM poauM M MapuIpyTHOH
NPUTOAHOCTH, 4YTO JIeNaeT BO3MOXHBIM II€pexo]l OT
OIHCATENIBHOTO CIIMCKAa K MAaTeMaTH4ecKOH IIOCTaHOBKE
3a7a4n oTOOpa.

Llens craTby cocTOUT B pa3paboTke (HhopMaIn30BaHHON
Mozenu oTOopa OOBEKTOB Ul JAPEBHEXOPE3MHUHICKOTO
OpEH/I0BOr0 TYPHCTCKOrO MapuipyTa. s JOCTIKEeHHS
MOCTaBJICHHOM LEMM pEIIAITCS  CNeAYIOLIMe  3a/auH:
OIpEe/IeNIUTh TapaMeTpsl  MOP(HOIOTHYECKOr0  OIMCAHUS
00BEKTOB JJPEBHEXOPE3MUIICKOr0 MapIIpyTa; IPeIOKUTh
6e3BECOBYIO IBYXKOHTYPHYIO MOZICNIb X 0TOOpa; MoKa3aTh
JIEMOHCTPAllMOHHYIO0  BBIOOPKY  OOBEKTOB  siApa W
paCIIMPEHHOTO KOHTYpa; OO0OCHOBaTh IMPAKTHYECKYIO
3HAYUMOCTb (hopMannu3oBaHHOTO nozaxoza JUISE
JlasbHEHIIEero TPaHCIIOPTHO-JIOMCTHYECKOTO
MPOSKTUPOBAHKS MapIIpyTa.

O030p JIMTEPATYPHBIX HCTOYHUKOB

HopmaTtuBHOII OCHOBOM HCCIEROBaHMS BBICTYNAIOT
3aKOHOJATeNbHbIE W IOJ3aKOHHBbIE aKkThl PecryOnnkn
V30eKuCTaH, PEerylupyIolue OXpaHy M HCIIOJIb30BaHNE
00BEKTOB KYJIBTYPHOTO M apXEOJIOTMYECKOro Haceus.
3akon PecmyOnmku  Y3bekucran «OO6  oxpaHe U
UCIIONB30BAHUM ~ OOBEKTOB  KYJIBTYPHOIO  HACIEIHs»
yCTaHaBIMBAaeT OOIIME paMKHU peryiupoBaHus B cepe
OXpaHbl M HCHOJIb30BAaHMS KyJbTYPHOIO HAacIeAus Kak
OO0ILIEeHAIIMOHATIBHOTO JOCTOsIHKA. 3akoH «O0 oxpaHe U
UCIIOJIB30BAHUU OOBEKTOB apXEOJIOTMYECKOTO HACIEIUSDY
KOHKPETU3UPYeT 5TH IOJOXEHHS HPHUMEHHUTENbHO K
apxeonoruueckuM oObekTaMm. Ilocranosienne KaGunera
MunuctpoB Ne 846 or 4 okrsiops 2019 roga yTBepauio
HaumoHanbHblii mepedeHb OOBEKTOB  HEIBHKUMOCTH
MaTepHaAIbHOTO KYJIBTYPHOTO HACleaus, a NOCTaHOBIICHHE
No 265 or 30 mapra 2019 roma 3akpenuio OTAENbHBIE
HOPMAaTHBHO-TIPABOBbIE aKThI 10 OXPAHE U UCIIOIB30BAHHIO
00BEKTOB MarepHalibHOrO KyJIbTypHOro Haciemus [1-4].

JlomonHUTEIbHOE 3HaYEHUE ISt TYPHCTCKOTO
HUCIOAB30BaHus Hacienus uMmeror YII-6165 u III1-5150,
OpPHEHTHPOBAHHBIC Ha pasBuTHE TypHu3Ma u

COBEPIIEHCTBOBAHUE CHUCTEMBl YIIPaBICHUS KyJIHTYPHBIM
HaceieM [5-6]

B HayuHO#l nmTepaType BOMNPOCHI OpPEHIOBBIX H
KyJBTYpPHBIX MapIIpyTOB HUCCIEAYIOTCS KaK B POCCHHCKOM,
Tak W B eBpomelickoM KoHTekcte. B cratbe O. E.
AdanacbeBa u A. B. AdanacbeBoit OpeHIOBBIN TYPUCTCKHI
MapHIpyT ONpEAEIsIeTCs KaK CIOXHBIM KOHLENTYaabHbIN
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TYPUCTCKUIl MPOJYKT, KOTOPBIil HE TOJBKO HAIPABISET
JBIKCHHUE TYPHCTa, HO M BBICTYNAET OpraHW3alHOHHON
OCHOBOM 3HAaKOMCTBA C TEPPUTOPHEH; TIpU  ITOM
BOKHEHIIMMU ~ dJIeMEHTaMH  OpEHJOBOrO  MapuipyTa
SIBJIIIOTCS €r0 TeMa, Ha3BaHKE, NPOCTPAHCTBO COOCTBEHHO
Mapuipyta,  CHELMajbHas  MapKUpOBKAa,  OOBEKTHI
TYPUCTCKOM M COIMYTCTBYIOIIECH HHPPACTPYKTYPBI, & TAKKE
nH(pOpManMoHHOe comnpoBoxkaeHne [7]. 13 marepuanos
HOJIL30BATENS [0 OPEHIOBBIM MapIIpyTaM CIICIyeT Ta XKe
JIOTHKA: OpEHIOBBIH MapIIpyT — 3TO He Habop TOuYeK
MOKa3a, a LeJNOCTHas CUCTeMa ¢ COOCTBEHHOH TeMOi,
CHMBOJIUKOM, CEPBHCHBIM U YIPABJICHYCCKUM KOHTYPOM.

EBporieiickass MpakTHKa KYJBTYPHBIX MapIipyToB
Cosera EBpombl IOKa3bIBaeT, YTO CEPTHHHUIMPYEMBIi
MapuipyT  JOJDKEH  COOTBETCTBOBATh  KPUTEPHSM,
3adukcupoBaHHbIM B pesomoiin CM/Res (2023), umerh
KOHIIETITYaITbHO SICHYIO TEMY, CETh YYaCTHUKOB, IPOrPaMMy
JIEUCTBUH M cTaHAapThl KadecTBa. bonee ImMpokue
MEKIyHapOIHBIE TTOJIXO/IbI, TIPEACTABICHHBIE, B YACTHOCTH,
UN Tourism, paccMaTpHBarOT KyJIbTYPHbIE MapIIpyThl U
KYJIBTYPHBIE KOPHIOpPHI KaK WHCTPYMEHT YCTOHYHBOTO
TepPUTOPHANBHOrO pasuTus. Hayunele myOiauKanun
MOCJCIHUX  JIeT MpeJIararoT  MOJCIM  OLCHKH W
ONTHUMHU3ALNN KYJIBTYPHBIX MapIIPYTOB, YYHTBHIBAIOIIHE
HACJIC/ICTBEHHBIC [[EHHOCTH, HCTOPUYECKHE SIOXH, THIIbI
00BEKTOB U MpaBuIia TpaccupoBku [8—15].

HecMmorps Ha HajiMydMe 3HAYHTEIBHOTO MAacCHBa
nyOnuKamul, Uil JIPEBHEXOPE3MHUICKOr0  MapuipyTa
0CTaércsl HEJOCTATOYHO Pa3paboTaHHBIM HMEHHO BOIPOC
¢opmanm3oBanHOrOo OTOOpPa 00BEKTOB. BonbmmHCTBO
HUMEFOLINXCS TOJIXO/I0B JIMOO COCPEeOTOYCHBI Ha OOIeit
XapaKTEePUCTHKE MapIIPYTOB KaK TYPUCTCKUX IMPOIYKTOB,
1100 paccMaTpPHUBAIOT OLECHKY YKe CopMHUPOBaHHBIX
Tpacc. B 3TOH cBfA3M BO3HMKAaeT MOTPEOHOCTH B MOCIH,
KOTOpas CHayajla OTOMpaeT OOBEKThl MO TEeMAaTHYECKH U
CTPYKTYPHO 3aJaHHBIM IIPaBUJIAM, & 3aTEM CO31aET OCHOBY
JUIs IOCTIE Y OIEeH MapIIpy TH3ALUH.

2. MeToauka uccJIeI0BaAHNA

3anaua BpIOOpa CMEIIAHHOTO TpaHcHopTHOro VcxomaHoit
COBOKYIIHOCTBIO ~ MCCIIC/IOBAHMS  SIBISIETCS  MHOXKECTBO
00BEKTOB JIPEBHEXOPE3MHUHCKOr0 MaplLIpyTa, BbIJEICHHBIX
no peectpy Kabunera MUHHCTPOB misi 4eThIpEX pailoHOB
Kapakannakcrana: ~ Amynapeusckoro,  bepyHuiickoro,
Ommukanuackoro u  Typrtkynbsckoro. Ilosb3oBarenbckas
TaOJMlla, OCHOBAaHHas Ha PEECTpe, BKIIOYACT Kak
apXEOJIOTHYECKHE U PaHHECPEIHEBEKOBbIE OOBEKTHI, TaK U
HO3/HHE MEMOpHasbl, OIOCTBI ¥ MHbIE IAMATHHKH,
TEMaTHYECKH HE COOTBETCTBYIOIINE IPEBHEXOPE3MUHCKOMY
Mapumpyty. OTo jenaer e€ ynoOHoil Oasod  mms
JEMOHCTpaLK (popMann3oBaHHOr0 0TOOpA.

B kadectBe MeroauueckoW OCHOBBI HCIOJIB3yeTCs
Mopdoioro-koMOMHaTOpHbIH moaxon. Kaxzpiii o0bexT
KoaupyeTcss IO TIISTH TpylmaM IapaMeTpoB: paioH,
XPOHOJIOTUYECKHUI CJ10#, MOPGOTHII, HAPPATHBHASL POJIb U
NpocTpaHCTBeHHass  poiab. [lo  3TUM  mapamerpam
(dopmupyercst  Oe3BecoBast BYXKOHTYpHash MoOJIeib, B
KOTOpOH sIIp0 MapIIpyTa onpefesnsercs Kak MHHHMAJIbHO
JIOCTaTOYHBIN Habop 00BEKTOB, MOKPBIBAIOIIN I
00s13aTeNIbHOE MapaMeTPUUECKOe POCTPAHCTBO, a BTOPOM
KOHTYp — KakK paclIMpsIOIMN TeMaTUYecKUuil Tmosc,
COXpaHAIOMIMNA  JPEBHEXOPE3MUNCKYI0  HMJEHTHYHOCTh
Mapmpyta. Takas TIIOCTAaHOBKAa MpSIMO  MPOAOIDKAET
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00CYKIaBIIyIOCS] paHee T0JI30BaTeNIeM HJICI0 Pa3AeIeHUT
Ha SI7PO, PACIIMPEHHBIN MOSC U HCKIII0YaeMble 00BEKTEI, HO
MIEPEBOANT €€ B CTPOT0 ()OPMATTH30BAHHYIO IIOCKOCTb.

MopdoJornyeckast cxeMa onucaHust 00beKTOB

Jst xaxgoro obwsekta 1€ | BBoaWTCH cucTeMa
napaMeTpoB. TeppuropuanbHblii Hapamerp — 3anaércs
MHO>KECTBOM

P1={Ry, Rz, Rs, Ra},

rie R1 — Amynapeunckuii paiios, Rz — TypTkynbeknit
paiion, Rs — bepynwuiickuii pation, R4 — DmmkanuHckuit
paiioH.

XpoHonoru4eckuil napamerp 3a1aércsi MHOXKECTBOM

P>={E1, E2, Ez},

rie E1 o6o3HavaeT ApeBHUI WM aHTHYHBIH citoi, Ex —

paHHECPETHEBEKOBBIA  ciiolf, E3 — mo3gHmit  wmm
HETIPOQIITEHBIH CITOH.

Mopgorur oGbekTa 3a1aETCSI MHOKECTBOM

P3={M1, M2, Ms, Ma},

rnie M1 — xpemocts / qala, M2 — ropomume /
apxeoyioruieckoe mocenenne, Mz — OamHs / tepa /

CHTHAJIbHAs Touka, M4 — KOMITIEKC / aHCaMOJIb.
HapparusHast poiib 00beKTa 331a8TCsl MHOKECTBOM
P4={N1, N2, Nz},
riae N1 — sikopHbIit 00bekT, N2 — CBsI3yroIIHiA 00BEKT,

N3 — moepskuBaronuii 0ObEKT.

IIpocTpaHCTBEHHAS POJIb 331aETCSI MHOKECTBOM

Ps={S1, Sz, S3},

ryie S1 — KIIacTepHBIN 00BEKT, S2 — JIMHEHHO-CBSA3HBII
00beKT, S3 — u30IMpoBaHHEIM 00bekT. IlomoOHast

KOJIMPOBKA IO3BOJISIET OITHCHIBATH KaX[bli OOBEKT Kak

Habop OMHAPHBIX MPU3HAKOB &; =1, ecii 00BEKT 00IagaeT

apamMeTpoM ®, U &;,»=0 MPOTHBHOM CIiydJac.
JIByXKOHTYpHasi MOJeJIb 0TGOpa

1={1,23,....n}

— MHOXECTBO BCEX OOBEKTOB pPaccMaTpHBaEMOIo
MaplpyTa.

Inst xaxmoro oObekTa 1€l BBOmATCS OHHApHBIC
[epEeMEHHBIC

_ (1,ec/1 06'beKT i BK/IIOYEH B /Jp0O MaplupyTa
X = { 0, B NPOTHUBHOM CJly4ae
_ (1, ecin 06'bEKT i BKJIIOUEH BO BTOPOH KOHTYP
- { 0, B IPOTMBHOM CJly4ae
OmuH ¥ TOT X OOBEKT HE MOXET OJHOBPEMEHHO
BXOJUTH U B SIAPO, U BO BTOPOIl KOHTYP, IOITOMY
Xi+yi<i, Vel
eneBast QpyHKIWMS 151 HEPBOrO KOHTYPa HMEET BUJL
minZ = Z X; D
i€l
DOKOHOMUYECKHII M COIEepKaTeNbHbI CMBICH 3TOH
(YHKIMU COCTOUT B TOM, YTOOBI BHIOpaTh MHHHMAJIbHOE
YHCJI0 00bEKTOB, HEOOXOAMMOE /TS HOJIHOTO MOKPBITHSI
00513aTeNPHOTO0  TAPaMETPUUYECKOr0 IPOCTPAHCTBA  sApa
OpEHIOBOr0 MapIpyTa.

i

Jlnst  simpa BBOAMTCS — MHOMKECTBO — 00sI3aTENIBHBIX
rapameTpoB
Q={ Ry, Rz, Rs, R4, Ea1, E2, E3, M1, M2, M3, M4, N1, N2,

Na}.
Torma [y KaXI0ro @EQ JOMKHO BBITONHATHCS
YCJIOBHE TIOJIHOTO MOKPBITHSL:

z a;ux; =1,V €N
i€l
YroObl SO OCTABANOCh TEMATHUYECKH YHUCTBIM,
MO3/HUE U HeTIPO(DUIbHBIE 00BEKThI HCKITIOYAIOTCS U3 HETO:
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Z al-__E3xl- =0

iel
AHaJOTUYHO HUCKIIIOYAKOTCA
HU30JIMPOBAaHHBIC OOBEKTHI:

Z al-"53xl- =0

i€l
Jnist siapa NpUHUMAETCST OTPaHUIEHHE MOITHOCTH:
8 < X <12
i€l
Kpome Toro, B siipe TOMKHO OBITH HE MEHEe YeTBIPEX
SIKOPHBIX OOBEKTOB:

MIPOCTPAHCTBCHHO

ai”lei >4
i€l
Tlocne GopMHpOBaHHUS siipa MapIIPYT PACIIHPSETCS 38
cuér BTOpOro KoHtypa. s monHoro mapipyra (DiUD2)
MPUHUMAFOTCSL OTPaHUUYCHHUS:

iel
Z a; g, (x;+y) =3,

iel

k=1234,

Z a; g, (x; +y) =8,
i€l

a; g, (x;+y) =6,
i€l

a; g (X +y) <2
iel

a; u,(x; +y;) =8,
i€l

a;m,(x; +y) =4,
i€l

a;m,(x; +y) =3,
i€l

a;n, (x; +y) =5,
i€l

a; n,(x; +y) =6,
i€l

a;s,(x;+y) <2
i€l

Haxonen, 1 MHOXECTBA TEMAaTHYECKH UYKIBIX
o6bextoB I° 3anaéTes xécTKOE OrpaHNUCHNE:

xi+yi=0, v el°f,

Takum o00pazoMm, Mojenb OTACNSET MHHUMAIBHO
JOCTATOYHOE AP0  Mapumpyra OT  PacIIMPEHHOro
TEMaTHYECKOr0 KOHTYpa W aBTOMATHYECKHU MCKIOYaeT
Mo3MHAE W HempodwibHble OOBEKTH. JTa JIOrHKa
COOTBETCTBYET paHee CGhOpMYJIMPOBAHHON II0JIB30BaTEIEM
JIBYXKOHTYPHOH MOJETH, HO peanu3yercs B Oe3BecOBOM
dopme.

JleMoHcTpanMoOHHAs TA0/IM1IA BLIOPAHHBIX 00BEKTOB

B KauecTBe JIEMOHCTPAILIHOHHOM anpobaruu
(hopmann3oBaHHOrO 0TOOPA 110 TAONHUIIEe PACCMATPUBACMOTO
MaplipyTa MOXXHO BBIACJIUTH ClIEIyIOlUe OOBEKTHI,
cootBercTByoume sapy D1 u pacmupenHomy koHTypy D2.
Tabmuma cocTaBieHa IO TIOJIb30BATENBCKOM BBITPY3Ke
00BEKTOB U3 peecTpa Mo YETHIPEM paifoHaM.
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Taoauna 1 VIl
JleMOHCTpanMOHHBII pe3y/1bTaT (POPMAIN30BAHHOIO BB.
0T00pa 00bEKTOB IPeBHEX0PE3MHUIiicKOro 6peH/10BOro
MapumpyTa Kak BHIHO W3 TaONHIL, B SAPO BKITFOYEHBI IMPEKJIE
. Mo Happ BCEro OOBEKTHI, OOECIEYHBAIONINE TEPPUTOPUATHEHOE
ObBeKT Paiio | latu pdo atuBH | Kon MOKPBITUE  YETBIPEX PaliOHOB, JAPEBHEXOPE3MUIICKYIO
H poBka | o | 3% TYyp XPOHOJIOTHYECKYIO OCHOBY, pasHooOpa3ue MOP(OTHIIOB U
poJb HaJIM9IHMe SKOPHBIX To4YeK. OOBEKTHI BTOPOrO KOHTYpa HE
Amyn | -1V, faru AKOH paspymamT OOIIyl0 TEeMy, HO TIO3BOJSIOT PACHIHPHTH
Ywmuk | appun | IX-XI | Ba/ - D1 MapILpyT ¥ CIeNaTh ero 6onee HACKILEHHEIM. BMecTe ¢ TeM
CKHi BB. tepa no3aHue OFOCTBI, MEMOpHAIbI W WHBIC HENpo(UIbHBIC
Bewrry6 Amyx MaMSATHHUKH, MPUCYTCTBYIOLIME B HMCXOAHOH Tabiume, o
a apBZIH -V tepa 0333}’“ D, YCIIOBUSIM MOJIEIIN BBIBOAATCS U3 MapIIpyTa.
Temanur | oL BB. FOLII
u 3. Pesyabtarsl n O0cy:K1eHne
Axuaxa IV-II
H KaTba B?pyH BB. 110 SAKOH IIpemyokeHHass ~ Mozesnb  MO3BOJAET  MOJYYUTh
(Kasaxr MHCKH | H.D. — gala - D1 HECKOJIBKO COJICpIKATENbHO BaXXHBIX pE3yJbTaroB. Bo-
- IVs. MEPBLIX, OHA MEPEBOIUT BHIGOP OOLEKTOB M3 06JIACTH
H.5. CyOBEKTHBHOTO MHEHHS B 00J7acTh (hOpMann30BaHHOTO
Asskan | PEPYH IV-I11 AKOpH pelienus. DTO OCOGEHHO BAXKHO B YCIOBHAX, KOrIa B
pal ILH/ICKI/I BB. 0 | (ala — D1 peecTpe OJHOBPEMEHHO IIPUCYTCTBYIOT apXeOoJOIMYECKHE
i H.3. O0BEKTHI, MO3JHHE MEMOpHAIbl W  COBPEMCHHBIC
Kusik ngyH IV AKOPH MOHYMeHTbI: 0e3 ¢opmanpHOH mpouexypsl orbopa
arba wiickn | gala - D1 MapumipyT  HeH30eXKHO  oOKasajcsi OBl  NeperpyxeH
i TEMaTHYECKH YyX/bIMHU 3JIeMEHTaMH. BO-BTOPBIX, MOJIEIb
Cynron XIl- TO3BOJIIET pa3jinyaTh MUHUMAJIBHO AOCTATOYHOE AP0 U
VBaiic Bepyn | XIV, KOM | mojze pacHIMpsIIOIMKA  TeMaTHYecKUui KOHTyp. TeM caMbIM
60060 niicku | XVI- | mne | pxusa | D2 MapupyT HOJydaeT He TOJBbKO KOMIAKTHYIO CMBICIOBYIO
Maxmya | " XIX KC FOIUH OCHOBY, HO ¥ IIOTE€HIMAJ U1 JaJlbHEeHIIero pacmupeHus. B-
cH BB. TPeThUX, (popMarn30BaHHBIA OTOOpP CO3HAET KOPPEKTHYIO
Asiskar Omuk | VII- — TIPEATIOCBUIKY JUTS CIEAYOLIEro dTana — MaplIpyTH3alny,
) amuae | VI gala - D2 KOrza yxe He Bce OOBEKTBI peecTpa, a TOJIbKO OOBEKTHI
KHH BB. D1D_1D1 u D2D 2D2 craHOBATCS KaHIMIATaMH Ha
Bypryr Dk | VI- ey BKJIIOYCHHUE B PEAbHYIO JIMHHIO JIBH)KCHUS.
Kamba ammuac | VI gala o D1 C ToukHu v3pe1—m;{ TeOpUd OpEeHIOBBIX MapIIpPyTOB
Kuit BB. HpEUIOKEHHBIH TOIX0/ Takxke omnpaBnaH. CoBpeMeHHbIC
Tonpax DMK V. ropo - UCCIIe/IOBAHMS TTOJUEPKUBAIOT, YTO MApLIPYT KaK OpeH[ He
AITUHC ML ” D: MOXXET CYIIECTBOBAaTb 0€3 TEMbl, OIOPHBIX OOBEKTOB,
Kalba Kuit Ves. e bl HPOCTPAHCTBA Mapuipyra, MapKHUpPOBKH,
Temmk m | VI Houte BSaHMOZlefICTByiOLL[HX 00beKTOB  MHDPACTPYKTYpHl H
Karba vill qala s | Ds ynpasieHueckoil joruku [7—-10]. B Bamewm uccrnenoBanuu
(Eprxn innll/“/llﬂc o }Pi) & 5TH TPHM3HAKH HE TPOCTO NEKJIAPUPYIOTCS, a MONYYaloT
Kana) : Twn MaTeMaTHueckKd (DOpPMAalM30BAHHBIA  NpeaBapUTEbHbIH
N CIOH B BHIE HapaMeTpuyeckoro orbopa. IJTo Jenaer
Karba Typrx | VII- AKOPH MOCIEAYIONYI0  TPAHCIIOPTHO-JIOTHCTUYECKYKO  CTAJIHIO
(Basepr | Y7PK Vil gala b D1 Gostee 0G0CHOBAHHOM M 3aIUIIAEMON.
en) nu BB. IpakTHyecKast 3HAYUMOCTD
IV-11I | qala IpaxkTuyeckas 3HAYUMOCTD IPEIVIOKCHHOIO noaxoza
Typrx | BB. 20 | / COCTOMT B TOM, YTO OH MOXET MCIIOJIb30BaThCs Kak pabounit
JKambac VIbCK | H.5. ropo AKOPH. | 1y, WHCTPYMEHT [UIi OpPraHOB  YIPAaBICHUS  TYPHU3MOM,
Kana it v 1;. o | P MOAPA3eiCHH 10 OXpaHe KyJIbTYPHOTO HACJeaus,
- e TYpONepaTopoB M  HCCIEIOBATEIbCKUX TPYNN  HpH
IV-IIl | gala MIPOEKTUPOBAHMU TEMAaTHYECKHX MapLIpyTOB. Bo-TepBbIX,
Kyit Typtx | BB. 70 | / ozIe MOZENb IO3BOJISIET HOCTPOUTH SAPO  MAapLIPYTHOIO
Kupwra | yabek | Ho., ropo | piusa | D2 MPOAYKTA Ha 6a3e opHIHMAIBLHOIO PEeCTpa, a He Ha OCHOBE
HKamba | mif IV B. | rommit cy6LeKTmBH0r? BbIOOpA. uBO-BTOpBIX, oHa  jaér
Ho. A pacuIMpeHHbIil TeMAaTH4YeCKHii pe3epB, KOTOPBIA MOXeET
VAT HCTIONB30BAThCS U1 TOSTAIHOTO PA3BUTHS MapuipyTa,
BB. JI0 BKJIIOYCHHUS HOBBIX OOBEKTOB M aJalTallid I10J Pa3Hble
Dpec Typrk HO., CBA3Yy KaTeropuu TYpUCTOB. B-TpeTbux, MoryueHHOE MHOXECTBO
kampa 1 | YK |- gala TOI D2 00BEKTOB MOXET OBITh HEMOCPEICTBEHHO IepeliaHo Ha
uu V2 CIeNYIOUMIl 3Tall — TPAHCHOPTHO-JIOTHCTHYECKYIO
Vil— MapuIpy TH3a1HIO, rie yKe paccYMTHIBAIOTCS

MOCIEA0BATEIbHOCTh IOCCIICHHUS, UIMTEIBHOCTh JHEH,
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HOUEBKM, CTOMMOCTh U CYTOYHAs pPEalnU3yeMOCTh
MHOIOJHEBHOro Mapmpyrta. Hakonen, mnpeanoKeHHbII
MOAX0A 007amgaeT METOAWYECKOH YHHBEPCATBHOCTBIO M
MOXeT OBITh aganTHpOBaH M JPYTHX TEMaTHYECKHX
HanpasieHuid Kapakannakcrasa.

4. 3akao4YeHue

B crartee mpemmokeHa Oe3BecoBast JBYXKOHTYpHas
MOJIENIb  ()OPMAITM30BAHHOTO OTOOpa OOBEKTOB 1-TO
JIPEBHEXOPE3MHUICKOT0 OpeHI0BOr0 TYPHUCTCKOTO
mapmpyra Kapakannakcrana. B oTimmdne oT SKcHepTHO-
ONMCATENIFHOTO  TOJXOJa, MOJENb  ONHpaeTcs Ha
ounmanpHeIil peecTp 00BEKTOB KYyJIBTYPHOIO HACIEIHs U
HCTIONB3YyeT  MOPQOIOro-KOMOMHATOPHOE  KOAWPOBAaHHE
00BeKTOB MO  paifoHam,  3m0XaMm,  MOpPQOTHIAM,
HAppaTHBHBIM M MPOCTPAHCTBEHHBIM pouisiM. Llenesast
GbyHKIHS OpHEHTHPOBaHA Ha (hopmupoBaHue
MHHHMAJIBHOTO, HO TMOJHOTO siIpa MapuipyTa, Mocie 4ero
MapIpyT paciupsiercss 3a CYéT BTOPOTO TEMAaTHYECKOTO
koHTypa. [IpakTrdeckas anpobanust Ha Tabmune 00bEKTOB
paccMaTprBaeMblii  Mapuipyra IOKa3bIBaeT, 4YTO TaKOH
TIOJIXO TIO3BOJISIET TOJyYHUTh COAEPIKATEIHHO LENOCTHBII
Ha0Op MaMSITHUKOB, KOTOPBIN MOKET CIIYKHUTh OCHOBOH JIIst
JanpHeNmen TPaHCIIOPTHO-JIOTUCTUYECKOM
Mapmpytusaiid. TeM caMbiM (OpMaNH30BaHHBIH 0TOOP
O0BEKTOB  BBICTYNAeT  CAMOCTOSITENBHBIM  3TAroM
MPOEKTUPOBaHK OPEHIOBOr0 Mapiipyra u (opmupyer
HAyYHYIO OCHOBY €ro MOCIeIYIOIed OpraHu3alHoOHHOM
peanuzarmm.
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The role of digitalization in increasing the efficiency of truck utilization

Abstract:

Keywords:

Sh.K. Khakimov®2 D.V. Odilov®®, U.I. Isokhanov!®¢
Tashkent state transport university, Tashkent, Uzbekistan

This article scientifically investigates the economic efficiency achieved through the digitalization and
computer simulation of freight vehicle operations, including route optimization, simulation modelling,
and predictive maintenance. The study focuses on the MAN TGS 19.400 (4x2) long-haul tractor unit
operated by Avtogigant Dang'ara LLC. A comparative analysis of fuel consumption, spare-parts wear,
unplanned downtime, and total operational costs is conducted using real-world data, comparing
conventional management against an on-board information system (telematics). The results demonstrate
that digitalization reduces fuel consumption by 15-18%, extends the service life of spare parts by over
30%, and yields a net annual economic benefit of more than 106 million UZS per vehicle. The article
also discusses the practical application of digital-twin concepts, CAN-bus data, GPS telematics, and
cloud-based simulation modelling in the transport sector.

digitalization, computer simulation, logistics, MAN TGS 19.400, digital twin, telematics, predictive
maintenance, fuel efficiency, AnyLogic, economic efficiency

Yuk avtomobillaridan foydalanish samaradorligini oshirishda

Annotatsiya:

Kalit so‘zlar:

raqamlashtirishning o‘rni

Xakimov Sh.K.}®2 Odilov D.V.*®° U.I. Isoxanov*®¢
Toshkent davlat transport universiteti, Toshkent, O*zbekiston

Ushbu magolada yuk avtomobillaridan foydalanish jarayonini ragamlashtirish va kompyuter
modellashtirish — jumladan, marshrutni optimallashtirish, simulyatsiya va bashoratli texnik xizmat
ko'rsatish (predictive maintenance) — orqali erishiladigan igtisodiy samaradorlik ilmiy asosda tahlil
qilinadi. Tadqiqot obyekti sifatida "Avtogigant Dang'ara" MChJ balansidagi MAN TGS 19.400 (4x2)
rusumli magistral tyagach olingan bo'lib, uning an'anaviy va ragamlashtirilgan (Bort axborot tizimi
o'rnatilgan) boshqgaruvidagi yoqilg'i sarfi, ehtiyot gismlar yemirilishi, rejasiz to'xtab qolish holatlari va
umumiy operatsion xarajatlar real ragamlar, jadvallar va grafiklar yordamida giyosiy tahlil gilinadi.
Tadgiqot natijalari shuni ko'rsatadiki, ragamlashtirishning joriy etilishi yoqilg'i sarfini 15-18 foizga
gisqartiradi, ehtiyot gismlar xizmat muddatini 30 foizdan ko'progga uzaytiradi va bitta avtomobil uchun
yiliga 106 million so'mdan ziyod sof iqgtisodiy samara beradi. Magolada shuningdek ragamli egizak
(digital twin) kontseptsiyasi, CAN-shina ma'lumotlari, GPS-telematika va bulutli modellashtirish
texnologiyalarining transport sohasidagi amaliy imkoniyatlari muhokama gilinadi.

ragamlashtirish, kompyuter modellashtirish, logistika, MAN TGS 19.400, ragamli egizak, telematika,
bashoratli texnik xizmat, yoqilg'i tejamkorligi, AnyLogic, igtisodiy samaradorlik

(downtime) va noto'g'ri marshrutlar tanlanishiga olib keladi.

1. Kirish

Zamonaviy bozor igtisodiyoti sharoitida logistika va yuk
tashish korxonalarining raqobatbardoshligi to'g'ridan-to'g'ri
ularning  operatsion  xarajatlarini  qay  darajada
optimallashtira olishiga bog'lig. Jahon banki ma'lumotlariga
ko'ra, mahsulot tannarxining o'rtacha 15-20 foizini aynan
transport xarajatlari tashkil etadi [9]. O'zbekistonda esa bu
ko'rsatkich tog'li va uzoq masofali yo'nalishlar (masalan,
Toshkent-Andijon yo'nalishi Qamchiq dovoni orqali)
mavjudligi sababli yanada yugori bo'lishi mumkin.

Shu paytgacha yuk avtomobillaridan foydalanish asosan
"reaktiv" usulda — ya'ni haydovchining shaxsiy tajribasi va
muammo yuzaga kelgandagina chora ko'rish tamoyiliga
asoslangan edi. Bu esa katta miqgdordagi yoqilg'ining
ortiqcha sarflanishiga, avtomobilning bekor turib golishiga

a2 https://orcid.org/0009-0001-6098-5775
bl https://orcid.org/0009-0005-7662-325X
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Jahon amaliyotida esa buning aksi — ma'lumotlarga
asoslangan (data-driven) boshgaruv tizimlariga o'tish —
allagachon sezilarli igtisodiy samara bermoqda.

Bugungi kunda avtoparkni boshgarishda
GPS/GLONASS telematikasi, sun'iy intellektga asoslangan
marshrutlash, bort axborot tizimlari va "ragamli egizak"
(digital twin) texnologiyalari eng istigbolli yechimlar
sifatida e'tirof etilmoqda [5]. Ushbu tadgiqot ana shu
imkoniyatlarni real korxona ma'lumotlari asosida migdoriy
baholashga bag'ishlangan.

Adabiyotlar sharhi

Yuk avtomobillaridan foydalanishda kompyuter
modellashtirish va ragamlashtirish masalasi oxirgi o'n yil
ichida xalgaro ilmiy hamjamiyatda keng muhokama
qilinmoqda. Grieves va Vickers (2017) «raqamli egizak»

¢ Whttps://orcid.org/0009-0008-0058-9560
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kontseptsiyasining ~ murakkab  texnik  tizimlardagi
ahamiyatini asoslab bergan bo'lsa [5], Smith va Taylor
(2021) mashinasozlik  sohasida  machine learning
algoritmlarini qo'llagan holda yuk avtomobillari uchun
bashoratli texnik xizmat (predictive maintenance) modelini
ishlab chiggan [6].

Karpov (2005) [4] va Borshchev (2013) [2] 0'z asarlarida
AnyLogic muhitida transport tizimlari uchun imitatsion
modellashtirish metodologiyasini batafsil bayon etgan.
Moaveni (2015) esa Maple dasturiy muhitida yuk
avtomobillari dinamikasi va o'q yuklamasi tagsimotini
matematik modellashtirish usullarini taklif etgan [7].

O'zbekiston ilm-fani nuqgtayi nazaridan Karimov A.
(2020) milliy transport tizimida GPS va telemexanika
texnologiyalarini go'llashning iqtisodiy samaradorligini
o'rganib, sezilarli ijobiy natijalarni aniglagan [8].
Shuningdek, Boltaboyev va Qosimova (2018) logistika

sohasidagi darsligida transport xarajatlarini
optimallashtirish masalalariga alohida bo'lim bag'ishlagan
[11.

Shunday bo'lsa-da, mavjud tadgiqotlarning aksariyati
umumiy nazariy asoslar yoki yirik xorijiy kompaniyalar
ma'lumotlariga tayanadi. O'zbekiston sharoitida — xususan,
Qamchig dovoni kabi murakkab tog'li relyef, mahalliy
yoqilg'i narxlari va kadrlar salohiyatini hisobga olgan holda
— o'tkazilgan empirik tadgigotlar soni hali yetarli emas.
Ushbu magola ana shu bo'shligni to'ldirish magsadida real
korxona ("Avtogigant Dang'ara” MChJ) ma'lumotlariga
asoslanadi.

2. Tadgiqot metodologiyasi

Tadgiqotda quyidagi metodlardan kompleks tarzda
foydalanilgan:

—  Qiyosiy tahlil metodi: an'anaviy  va
ragamlashtirilgan ~ boshgaruv  sharoitidagi igtisodiy
ko'rsatkichlarni solishtirish;

- Imitatsion  modellashtirish: ~ AnyLogic 8.
Professional muhitida marshrutning topografik profili
(Toshkent—-Qamchig—Andijon, 340 km) asosida yoqilg'i
sarfi modeli qurilgan;

—  Matematik  modellashtirish:  0'q  yuklamasi
tagsimoti uchun statik muvozanat tenglamalari go'llanilgan;

—  Empirik ma'lumotlar: "Avtogigant Dang'ara"”
MChJ ning 2022-2024 vyillardagi tahrirli yoqilg'i hisobot
kartochkalari, texnik xizmat jurnallari va GPS-trek yozuvlari
asosida to'plangan.

Tadgiqgot ob'yekti — MAN TGS 19.400 (4x2) magistral
tyagachi. Bu avtomobil pnevmatik osma tizimiga ega bo'lib,
umumiy ruxsat etilgan og'irligi 40 tonnagacha, dvigatel
quvvati 400 ot kuchi (294 kW), MAN TipMatic avtomatik
uzatmalar qutisi bilan jihozlangan. Bort axborot tizimi
sifatida TND 550 markali qurilma o'rnatilgan.

Tahlil uchun asosiy parametrlar sifatida quyidagilar
tanlangan: oylik bosib o'tiladigan masofa — 10 000 km
(Toshkent—-Qamchig—Andijon yo'nalishida); yoqilg'i narxi
— 1 litr dizel yoqilg'isi 11 000 so'm (2024-yil o'rtacha bozor
narxi); tahlil davri — 12 oy.

Bort axborot tizimi (Bort tizimi) yuk avtomobillari
uchun haydovchiga qulaylik yaratish va logistika nazoratini
amalga oshirish magsadida mo'ljallangan. Ular quyidagi
asosiy vazifalarni bajaradi:

—  Yoqilg'i tejash: Tizim haydovchining avtomobilni
ganday boshgarayotganini real vaqt rejimida tahlil giladi —
ortigcha tormozlash, bo'sh yurish (xolostoy), noto'g'ri tezlik
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tanlash kabi holatlarni aniglab, haydovchiga signal beradi.
Bu aynigsa Qamchiq kabi murakkab relyefli yo'llarda juda
muhim.

—  Xavfsizlikni oshirish: Bluetooth tizimi tufayli
haydovchi qo'lini ruldan uzmagan holda qo'ng'iroglarga
javob beradi; kamera vizualizatsiyasi va ogohlantirish
tizimlari (lane departure, collision warning) avariya xavfini
keskin kamaytiradi.

—  Vagtni boshqarish va logistika: Dispetcher yuk
mashinasi aynan gayerdaligini, gachon yetib borishini va
haydovchiga gachon dam olish kerakligini 24/7 onlayn
kuzatib boradi.

—  Ta'mirlashni oldindan rejalashtirish (Proaktiv
xizmat): Tizim dvigatel, tormoz va transmissiya
tizimlarining texnik holatini muntazam kuzatib, CAN-shina
orgali uzatiladigan sensor ma'lumotlari asosida nosozliklarni
5-7 kun oldin bashorat giladi.

1-rasm. TND 550 markali Bort tizimi

CAN-shina  (Controller ~ Area  Network) —
avtomobilning turli elektron boshgaruv modullari (dvigatel,
tormoz, asma tizimlari) o'rtasidagi aloga magistrali bo'lib,
Bort tizimi ushbu ma'lumotlarni bulutli serverga yuboradi va
modellashtirish amalga oshiriladi.

An'anaviy boshgaruvda Qamchiqg dovoni kabi murakkab
relyefda haydovchi tormoz va gaz pedallarini noto'g'ri
qo'llashi, dvigatelni salt (xolostoy) ishlashi hisobiga yoqilg'i
sarfi 100 km uchun o'rtacha 36 litrni tashkil etadi. Imitatsion
modellashtirish (AnyLogic) ko'rsatishicha, bu holat birinchi
navbatda Kamchiq dovonining 7% qgiyaligida tepalik
oldidagi inersiya to'planmay turib gaz berishdan, va
pastlikda retarder o'rniga asosiy tormozdan foydalanishdan
kelib chigadi.

Bort axborot tizimi marshrutning GPS-topografik
xaritasi asosida avtomatlashtirilgan transmissiyaga aniq
buyruglar beradi: tepalikka chigishdan oldin inersiyani
yig'ish, pastlikka tushishda intarder/retarderdan to'g'ri
foydalanish, yuk og'irligiga mos kruiz-kontrol tezligini
tanlash. Natijada o'rtacha yoqilg'i sarfi 100 km da 30.5 litrga
tushadi — ya'ni 15.3 foizlik tejamkorlik.

1-jadval
MAN TGS 19.400 avtomobili uchun yoqilg'i
xarajatlarining qiyosiy tahlili (10 000 km/oy)

Ko'rsatkic | An‘ana | Ragamlashtiri Farq
hlar viy usul Igan usul (Tejamkor
lik)
June, 2026
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Yugoridagi tahlillar asosida bitta MAN TGS 19.400
avtomobili uchun ragamlashtirishdan ko'riladigan umumiy

O'rtacha 36 litr 30.5 litr 5.5 litr
sarf (100
km)
Oylik sarf 3600 3 050 litr 550 litr
(10 000 litr
km)
Oylik 39 600 33550 000 6 050 000
xarajat (1L 000 so'm so'm
=11 000 so'm
uzs)
Yillik 475200 | 402 600 000 72 600 000
xarajat (12 000 so'm so'm
oy) so'm

Modellashtirishning ikkinchi muhim igtisodiy samarasi
ehtiyot gismlar muddatini uzaytirishdadir. An‘anaviy usulda
tirkamadagi yuk o'glarga noto'g'ri tagsimlanishi ogibatida
shinalar va tormoz kolodkalari notekis va tez yeyiladi.
Kompyuter modeli yukni 3D formatda tagsimlab, o'qlardagi
bosimni (0'q yuklamasi) me'yorlashtiradi:

- Shinalar komplekti: Modellashtirishsiz shinalar
o'rtacha 120 000 km (taxminan 1 yil) xizmat qilsa,
modellashtirish orgali bosim muvozanatlanganda bu muddat
160 000 km ga (1.3 yilga) uzayadi — 33% dan ortiq igtisod.

—  Rejasiz ta'mirlash: An'anaviy usulda avtomobil
oyiga ta'mirlash tufayli o'rtacha 3 kun yo'lga chiga olmaydi.
Bort tizimi sensorlar ma'lumotini simulyatsiya qilib, gaysi
gism gachon ishdan chigishini 5—7 kun oldin bashorat giladi
va ta'mirlash reyslar orasidagi dam olish kunlariga
rejalashtiriladi.

2-jadval

yillik samara quyidagi jadvalda jamlangan:

3-jadval
Yillik igtisodiy samara va investitsiya gaytarimi (ROI)

Tejamkorlik manbai Yillik tejamkorlik
(so'm)
Yoqilg'i sarfidan tejamkorlik 72 600 000
Texnik xizmat va 49 000 000
amortizatsiyadan tejamkorlik
JAMI igtisodiy samara 121 600 000
Investitsiya xarajati (dastur, 15 000 000
GPS, operator maoshi)
SOF YILLIK FOYDA 106 600 000

2.6 min so'm] Amortizatsiya va ta'mirdan (49.0 min so

B Voqilgi xarajatidan

3-rasm. Yillik tejalgan mablag'lar tagsimoti

Investitsiya qaytarimi  muddati

quyidagi formula asosida hisoblanadi:
1

(Payback Period)

Texnik xizmat ko'rsatish va amortizatsiya xarajatlari
(yillik hisobda)

Xarajat | An'anaviy | Modellashtir. Yillik
turi tizim tizim (yillik) | tejamkorlik
(yillik)
Shinalar 45 000 33000 000 12 000 000
yangilash 000 so'm so'm so'm
va yeyilish
Tormoz va 18 000 11 000 000 7000 000
asma 000 so'm so'm so'm
(podveska)
ta'miri
Rejasiz 40 000 10 000 000 30 000 000
bekor 000 so'm so'm so'm
turish
zarari
JAMI 103 000 54 000 000 49 000 000
yillik 000 s0'm so'm so'm
xarajatlar
—« o e

Yaqilg'l sarfi (Litr)

Bosib o'tiigan masefa

2-rasm. Simulyativ yoqilg'i sarfi farqi
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T=— @
AP
T=15000000/(121600000/12) = 1.5 oy
Bu yerda: T — qgoplash muddati (oy); | — investitsiya

miqdori (so'm); AP — oylik tejamkorlik (so'm).

Natijada investitsiya 0'zini taxminan 1.5 oy ichida
oglaydi. 50 ta avtomobildan iborat avtoparkda yillik sof
igtisodiy samara 5 mlrd 330 mIn so'mdan ziyod bo'ladi.

Olingan natijalar xalgaro ilmiy adabiyot bilan
giyoslaganda mos keladi: Smith va Taylor (2021) yuk
avtomobillari uchun predictive maintenance orqali rejasiz
to'xtab qolishlarni 60-70% ga kamaytirish mumkinligini
ko'rsatgan bo'lsa [6], bizning tadgigotimizda bu ko'rsatkich
67% ni tashkil etdi (3 kundan 1 kunga). Yoqilg'i sarfidagi
15.3% tejamkorlik esa Borshchev (2013) ning o'rta darajali
lojistika kompaniyalariga nisbatan aniglagan 10-20%
ko'rsatkichi doirasiga to'g'ri keladi [2].

Tadgigot natijalariga asoslanib, quyidagi
tavsiyalar ishlab chiqildi:

—  Toshkent-Andijon yo'nalishida faoliyat yurituvchi
barcha yirik yuk tashuvchi korxonalar uchun bort axborot
tizimlarini bosgichma-bosgich joriy etish;

—  GPS-telematika va CAN-shina ma'lumotlarini real
vagtda gayta ishlash uchun bulutli monitoring platformasini
tashkil etish;

—  Haydovchilarni ragamli tizimlardan samarali
foydalanish bo'yicha muntazam o'gitish va motivatsiya
dasturlarini ishlab chigish;

Davlat migyosida yuk tashish sohasida ragamlashtirishni
rag'batlantiruvchi  solig imtiyozlari yoki subsidiya
mexanizmlarini ko'rib chigish.

amaliy
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3. Xulosa

Ushbu tadgiqot transport logistika jarayonlarini
boshqarishda axborot tizimlarining tutgan o‘rnini har
tomonlama tahlil etish imkonini berdi. Olib borilgan empirik
tadgigot va tahlillar asosida quyidagi asosiy xulosalar
chigarildi. Zamonaviy axborot tizimlari — ERP, TMS,
WMS va ularning integratsiyalashuvi — transport logistikasi
samaradorligini tubdan o‘zgartirish qudratiga ega. Tadqiqot
natijalariga ko‘ra, ushbu tizimlarni joriy etish orgali logistika
xarajatlarini 28-55 foizga kamaytirish, yetkazib berish
muddatini 30-45 foizga gisqartirish va operatsion xatolar
darajasini 71-99 foizga tushirish mumkinligi isbotlangan.
O‘zbekistonda transport logistikasini ~ ragamlashtirish
jarayoni hali keng ko‘lamli transformatsiya bosqichiga yetib
kelmagan. Ammo, davlat siyosati va xususiy sektor
harakatlarining birgalikdagi sayi-harakatlari orqgali bu
jarayonni tezlashtirish uchun barcha zarur shart-sharoitlar
mavjud. Mamlakatning qulay geografik joylashuvi,
davlatning ragamli igtisodiyotni rivojlantirishga e'tibori va
investitsiya muhitining yaxshilanishi bu yo‘lda ijobiy
omillar bo‘lib xizmat gilmoqda. Axborot tizimlarini joriy
etishda muvaffagiyat gozonish uchun fagat texnologiyani
sotib olish yetarli emas — o°zgarish menejmenti, xodimlarni
qayta tayyorlash va tashkilot madaniyatini o‘zgartirish hal
qiluvchi ahamiyatga ega. Tadqiqot shuni ko‘rsatdiki,
axborot tizimlarini joriy etishda muvaffagiyatsizlikka
uchragan kompaniyalarning 67 foizida sabab texnik
muammolar emas, balki tashkiliy va inson resurslari bilan
bog‘lig muammolar bo‘lgan.
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Implementation of internet of things (IoT) technologies for warehouse

Abstract:

Keywords:

logistics optimization: Domestic and foreign experience

N.Z. Arifjanoval
Tashkent state transport university, Tashkent, Uzbekistan

This article examines the application of Internet of Things (IoT) technologies for optimizing warehouse
logistics processes. It assesses the use of 10T devices, such as RFID tags, sensors, and automated robotic
systems, in monitoring and managing warehouse operations. Successful international case studies of l1oT
implementation in warehouses are analyzed, demonstrating increased efficiency, accuracy, and cost
reduction. The current state and prospects for 10T adoption in Uzbekistan's warehouse logistics are
considered within the context of state strategies for digitalization of the economy and modernization of
the logistics industry, reflected in several regulatory acts. A comparative analysis of methodologies and
approaches to 10T implementation used in different countries is conducted. Key benefits and barriers to
implementing loT in warehousing are identified.

Internet of Things (IoT), warehouse logistics, optimization, warehouse management, RFID, sensors,
automation, robots, AGV, AMR, digitalization, WMS, comparative analysis, regulatory framework

Ombor logistikasini optimallashtirish uchun buyumlar interneti (1oT)

Annotatsiya:

Kalit so‘zlar:

texnologiyalarini joriy etish: Milliy va xorijiy tajriba

N.Z. Arifjanova!
Toshkent davlat transport universiteti, Toshkent, O*zbekiston

Maqolada ombor logistikasi jarayonlarini optimallashtirish uchun Buyumlar interneti (loT)
texnologiyalarini qo‘llash masalalari ko‘rib chigilgan. Ombor operatsiyalarini nazorat qilish va
boshqarishda RFID-nishonlar, sensorlar va avtomatlashtirilgan robotlashtirilgan tizimlar kabi loT-
qurilmalaridan foydalanish baholangan. Omborlarda IoT’ni joriy etish bo‘yicha xorijiy muvaffaqiyatli
misollar tahlil gilinib, samaradorlikning oshishi, aniglikning yaxshilanishi va xarajatlarning kamayishi
ko’rib chigilgan. Bir gator normativ-huqugiy hujjatlarda aks ettirilgan igtisodiyotni ragamlashtirish va
logistika sohasini modernizatsiya qilish bo‘yicha davlat strategiyalari kontekstida O‘zbekiston ombor
logistikasida IoT’ni joriy etishning hozirgi holati va istigbollari ko‘rib chigiladi. Turli mamlakatlarda
qo‘llanilayotgan IoT’ni joriy etish metodikalari va yondashuvlarining qiyosiy tahlili o‘tkazilgan. Ombor
xo‘jaligida IoT’ni joriy etish yo‘lidagi asosiy afzalliklar va to‘siglar aniglangan.

Buyumlar internet (IoT), ombor logistikasi, optimallashtirish, omborni boshgarish, RFID, sensorlar,
avtomatlashtirish, robotlar, AGV, AMR, ragamlashtirish, WMS, giyosiy tahlil, normativ-huquqiy baza

1. Kirish

Zamonaviy ombor logistikasi operatsiyalarning tezligi,
aniqligi va samaradorligiga qo‘yiladigan doimiy o‘sib
boruvchi talablarga duch kelmoqgda. Globallashuv va
elektron tijoratning rivojlanishi sharoitida omborlar ta’minot
zanjirlarining  murakkab tugunlariga aylanib, tovar
oqimlarini boshqarish uchun ilg‘or texnologik yechimlarni
talab gilmogda. Buyumlar interneti (loT) texnologiyalari
ombor jarayonlarini transformatsiya gilish uchun ingilobiy
imkoniyatlarni taqdim etib, real vaqt rejimida ma’lumotlarni
yig‘ish, muntazam vazifalarni avtomatlashtirish va
resurslarni intellektual boshqarishni ta’minlaydi [1]. IoT
jismoniy ob’ektlarni (stellajlar, tovarlar, uskunalar,
xodimlar) datchiklar, ijro mexanizmlari va ma’lumotlarni
tahlil qilish platformalari tarmog‘i orqali ragamli tizimlar
bilan birlashtirib, "aqglli omborlar" deb ataladigan tizimlarni
yaratadi [2]. Ombor logistikasida [oT’ni joriy etishning
dolzarbligi uning operatsion samaradorlikni sezilarli
darajada oshirish salohiyati bilan bog‘liq: operatsiyalarni
bajarish vagtini gisgartirish, xatoliklarni minimallashtirish,
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ombor maydonlari va texnikasidan foydalanishni
optimallashtirish, mehnat sharoitlari va xavfsizlikni
yaxshilash [3]. O‘z transport-logistika infratuzilmasini faol
rivojlantirayotgan va mintagaviy xabga aylanishga
intilayotgan O‘zbekiston uchun ombor xo‘jaligida loT-
texnologiyalarini o‘zlashtirish va joriy etish strategik muhim
vazifadir. Bu “Ragamli O‘zbekiston — 2030 Strategiyasida
[4] belgilangan va “O‘zbekiston — 2030 Strategiyasida [5]
tasdiglangan iqtisodiyotni ragamli transformatsiya qilish
magsadlariga, shuningdek, transport-logistika tizimini
modernizatsiya gilish chora-tadbirlariga [6] mos keladi.
Ushbu tadgigqotning magsadi ombor operatsiyalarini nazorat
gilish va boshqarish tizimlarida loT-qurilmalaridan
foydalanishni  baholash, O‘zbekistonda va xorijda
muvaffagiyatli keyslarni tahlil qilish, shuningdek, turli
mamlakatlarda ombor logistikasida IoT’ni joriy etish
tajribasini giyosiy tahlil gilishdan iborat.

https://doi.org/10.56143/2181-2438-2026-2-92-94
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2. Tadgigot metodologiyasi

Tadqiqot ochiq manbalardan olingan ma’lumotlarni
tizimli tahlil gilish va umumlashtirishga asoslangan. Ombor
logistikasida IoT’ni qo‘llashga bag‘ishlangan rus va ingliz
tillaridagi  ilmiy nashrlarning  kontent-tahlil  metodi
qo‘llanildi. Tarmoq tahliliy agentliklarining hisobotlari,
xalgaro konferensiyalar materiallari va kompaniyalarning
keys-stadilari tahlil qilindi. O‘zbekiston Respublikasining
igtisodiyotni ragamlashtirish [4, 5], transport-logistika
tizimini rivojlantirish [6], temir yo‘l transportini isloh gilish
[7] va bojxona ma’muriyatchiligi [8]ga oid asosiy normativ-
huquqiy hujjatlar va strategik hujjatlar o‘rganildi.
Texnologik rivojlanish darajasi, investitsion imkoniyatlar va
logistik vazifalarning o‘ziga xosligidagi farglarni hisobga
olgan holda, omborlarda IoT’ni qo‘llash bo‘yicha xorijiy va
potentsial milliy tajribaning qiyosiy tahlili o‘tkazildi.

3. Natija va muhokamlar

loT  texnologiyalari ~ombor  siklining  barcha
bosqgichlarida  qo‘llanilmoqda. Asosiy  elementlar
quyidagilardir:

o RFID (Radio-Frequency Identification) -
Radiochastotali identifikatsiya —  jarayonlarni
tezlashtiruvchi va zaxiralar hisobining anigligini oshiruvchi
tovarlar, palletlar, konteynerlarni avtomatik identifikatsiya
qilish va kuzatish uchun nishonlar va o‘quvchi qurilmalar
[9].

o Sensorlar va datchiklar — saglash sharoitlari
(harorat, namlik va h.k) va uskunalaring holatini
monitoring gilish [2].

° Taqgiladigan qurilmalar  (Wearables) —
xodimlarga vazifalarni bajarishda yordam beruvchi "aglli"
ko‘zoynaklar, qo‘lqoplardagi skanerlar, bilaguzuklar [10].

. Avtomatlashtirilgan ~ va  robotlashtirilgan
tizimlar (AGV/IAMR) - loT-ekotizimiga
integratsiyalashgan avtonom mobil robotlar (AMR) va
avtomatlashtirilgan boshqariladigan aravachalar (AGV)
ombor bo‘ylab tovarlarni  tashish,  marshrutlarni
optimallashtirish va qo‘l mehnatiga bo‘lgan ehtiyojni
kamaytirish uchun tobora ko‘proq qo‘llanilmoqda [11] va
ombor jarayonlarini avtomatlashtirishning muhim yo‘nalishi
hisoblanadi.

o WMS (Warehouse Management System —
Omborlarni Boshgarish Tizimi) bilan integratsiya — 10T-
qurilmalar WMS’ga tahlil qilish, vizualizatsiya qilish va
boshqgaruv qgarorlarini qgabul qilish uchun uzatiladigan
ma’lumotlarni generatsiya qiladi [12, 13].

Ko‘plab jahon riteyl va logistika yetakchilari (Amazon,
DHL, Zara va boshgalar) buyurtmalarni gayta ishlash
tezligini, inventarizatsiya anigligini oshirish va operatsion
xarajatlarni kamaytirish uchun o‘z omborlarida AGV/AMR,
RFID va boshqa texnologiyalardan foydalangan holda loT
va robotlashtirishni faol joriy etmoqgdalar [10, 11].

O‘zbekiston ombor logistikasida ilg‘or ToT-yechimlarini
joriy etish boshlang‘ich bosqichda. Xorijiy tajriba bilan
tagqqoslaganda, 1-jadvalda ko‘rsatilgan ma’lum o‘ziga
xosliklar mavjud. Birog, mamlakat strategik hujjatlarda [4,
5] mustahkamlangan ragamlashtirishga yaqqol intilishni
namoyish etmoqda. Transport infratuzilmasini
modernizatsiya qilish [6, 7] va bojxona tartib-taomillarini
soddalashtirish [8] bo‘yicha gadamlar tashlanmoqda, bu esa
logistika rivojlanishi uchun qulay muhit yaratadi. 10T uchun
asos bo‘lgan omborlarni boshgqarish tizimlariga (WMS) [12]
gizigish ortib bormoqgda. Yirik kompaniyalar RFID va
avtomatlashtirish bo‘yicha pilot loyihalarni boshlamoqda
[14]. Shunga qaramay, loT’ning keng tarqalishiga hozircha
yuqori boshlang‘ich giymat, integratsiya zarurati, malakali
mutaxassislarning  yetishmasligi  va  kiberxavfsizlik
masalalari to‘sqinlik qilmoqda [15].

1-jadval

Ombor logistikasida IoT’ni joriy etishning giyosiy tahlili

Taqqoslash mezoni mamlakatlar)

Xorijiy tajriba (rivojlangan

Oc¢zbekiston tajribasi/Potentsiali

Boshlang‘ich bosqich, alohida pilot loyihalar, ortib

Joriy etish darajasi Yugori, yetuk bozor, keng targalgan borayotgan qizigish
Foydalaniladigan Kompleks: RFID, sensorlar, robotlar robc:i\llall\r/ldsan as0s chselfka;:r?aén RFIbe ;:Ir;zci);La}r (tagli?r)r;
texnologiyalar (AGV/AMR), wearables, Al, Big Data . . g . Y ’ Y
texnologiyalarga nisbatan me’yoriy cheklovlar
Joriy etishgal  Kompleks, tizimli, ERP/SCM bilan Bosgichma-bosgich, anig muammolarni hal etishga
yondashuv t0'liq integrats’iya ' e’tibor (hisobning aniqligi, sharoitlarni nazorat qilish),

pilot loyihalar

xarajatlarni kamaytirish

Yugori ragobat, E-commerce o‘sishi,
Asosiy drayverlar maksimal samaradorlikka ehtiyoj,

Davlat strategiyalari, logistikani modernizatsiya qilish,
ragobat, samaradorlikka ehtiyoj

Asosiy to'siglar standartlashtirish, kiberxavfsizlik

Qiymat, integratsiya murakkabligi,)]  Yugqori boshlang‘ich giymat, kadrlar yetishmasligi,

integratsiya, me’yoriy to‘siglar, kiberxavfsizlik

kiberxavfsizlikni ta’minlash

Standartlarni ishlab chiqish, ba’zan
Davlatning roli R&Dni qo‘llab-quvvatlash,

Ragamlashtirishni ~ strategik  qo‘llab-quvvatlash,
transport va bojxonada islohotlar, sharoitlar yaratish

Ushbu qiyosiy tahlil mahalliy o‘ziga xosliklarni,
jumladan iqtisodiy imkoniyatlar va me’yoriy mubhitni
hisobga olgan holdaloT’ni joriy etish yondashuvlarini
moslashtirish zarurligini ko‘rsatadi [16].

Tadgigot  natijalari 10T texnologiyalari  va
robotlashtirishning ombor logistikasini takomillashtirish
uchun katta salohiyatga ega ekanligini tasdiglaydi. Xalgaro

June, 2026

https://doi.org/10.56143/2181-2438-2026-2-92-94

tajriba erishish mumkin bo‘lgan foydalarni yagqol namoyish
etadi. loT-qurilmalar tomonidan yig‘iladigan ma’lumotlar
proaktiv boshqaruvga o‘tish imkonini beradi. Biroq, joriy
etish murakkabliklar bilan bog‘liq: yuqori giymat,
integratsiya muammolari, standartlashtirish va
kiberxavfsizlikni ~ ta’minlash  zarurati.  O‘zbekiston
kontekstida, boshlang‘ich bosgichda bo‘lishiga qaramay,
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istigbollar umid baxsh etadi. Ragamlashtirishni davlat
tomonidan qo‘llab-quvvatlanishi va turdosh sohalardagi
kompleks islohotlar rivojlanish uchun poydevor yaratadi.
Biznes  tomonidan  zamonaviy  texnologiyalarning
afzalliklarini tushunishning ortib borishi ham ijobiy omil
hisoblanadi. WMS, RFID, sensorlar va imkoniyat darajasida
robotlashtirilgan tizimlarni (AGV/AMR) bosgichma-
bosqich joriy etish samarali strategiya bo‘lishi mumkin.
Kadrlarni tayyorlash asosiy ahamiyatga ega.

4. Xulosa

Buyumlar interneti texnologiyalari, shu jumladan
robotlashtirilgan tizimlar, ombor logistikasini
optimallashtirish uchun kuchli vositalarni tagdim etadi.
Xalgaro tajriba ularning yugori samaradorligini tasdiglaydi.
O<zbekistonda ragamlashtirish va logistikani
modernizatsiya qilish sohasidagi magsadli davlat siyosati
tufayli ombor xo‘jaligida IoT’ni o‘zlashtirish uchun
sharoitlar shakllanmoqda. Boshlang‘ich bosqich va mavjud
to‘siqlarga (qiymat, kadrlar, me’yoriy jihatlar) garamay,
WMS, RFID, sensor tarmoglari va robotlashtirilgan
tizimlarni  (AGV/AMR) bosgichma-bosgich joriy etish
uchun sezilarli salohiyat mavjud. Muvaffagiyatning asosiy
omillari nafagat investitsiyalar, balki infratuzilmani
rivojlantirish, normativ bazani takomillashtirish,
kiberxavfsizlik masalalarini hal etish va malakali kadrlarni
tayyorlashdir. Strategik jihatdan puxta o‘ylangan IoT’ni
joriy etish Ofzbekiston ombor logistikasiga o0‘z
ragobatbardoshligini oshirish, xarajatlarni kamaytirish va
mamlakat iqtisodiy rivojlanishiga hissa qo‘shish imkonini
beradi.

Foydalangan adabiyotlar  /
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Restoration of the thermophysical properties of antifreezes via a regeneration

Abstract:

Keywords:

method based on regression analysis

D.A. Ayrapetov'®? R.M. Khakimovl®P
Tashkent state transport university, Tashkent, Uzbekistan

This paper presents an assessment of the efficiency of coolant regeneration based on the analysis of their
thermophysical properties. Experimental studies were carried out on three antifreeze samples: fresh, used,
and regenerated. Based on the obtained temperature data, heating and cooling curves were constructed,
and a comparative analysis of heat capacity and heat transfer time was performed. Regression modeling
methods were applied for quantitative evaluation, allowing the derivation of approximating relationships
between temperature and time. The results show that the regenerated antifreeze exhibits temperature
characteristics that are nearly comparable to those of the fresh sample, while the used antifreeze
demonstrates degraded heat transfer performance. The obtained findings confirm the effectiveness of the
proposed regeneration method and the feasibility of restoring the operational properties of cooling
liquids.

antifreeze, regeneration, coolants, thermophysical properties, heat capacity, heat transfer, regression
modeling, temperature behavior, ethylene glycol

Regressiya tahliliga asoslangan regeneratsiya usuli yordamida antifrizlarning

Annotatsiya:

Kalit so‘zlar:

issiglik-fizik xususiyatlarini tiklash

Ayrapetov D.A.10?2 Xakimov R.M.1®P
Toshkent davlat transport universiteti, Toshkent, O*zbekiston

Mazkur ishda sovituvchi suyugliklarning issiglik-fizik xususiyatlarini tahlil gilish asosida ularni
regeneratsiya qilish samaradorligi baholangan. Tadgiqot doirasida uch xil antifriz namunasi — yangi,
ishlatilgan va regeneratsiya gilingan namunalar ustida eksperimental izlanishlar olib borildi. Olingan
harorat ma’lumotlari asosida qgizish va sovish egri chiziglari qurildi hamda issiqlik sig‘imi va issiqlik
uzatish vaqti bo‘yicha taqqoslama tahlil amalga oshirildi. Miqdoriy baholash uchun regressiya
modellashtirish usullaridan foydalanilib, haroratning vaqtga bog‘ligligini ifodalovchi approksimatsion
tenglamalar olindi. Natijalar shuni ko‘rsatdiki, regeneratsiya qilingan antifriz o‘zining harorat
xususiyatlari bo‘yicha deyarli yangi namunadan kam emas, ishlatilgan antifriz esa issiqlik uzatish
ko‘rsatkichlarining yomonlashgani bilan tavsiflanadi. Olingan natijalar taklif etilgan regeneratsiya
usulining samaradorligini hamda sovituvchi suyugliklarning ekspluatatsion xususiyatlarini tiklash
imkoniyatini tasdiglaydi.

antifriz, regeneratsiya, sovituvchi suyugliklar, issiglik-fizik xususiyatlar, issiqlik sig‘imi, issiglik uzatish,
regressiya tahlili, harorat xususiyatlari, etilenglikol

barqarorligining buzilishida namoyon bo‘ladi, natijada

1. Kirish

Avtomobil transporti jadal rivojlanib borayotgan
sharoitda ichki yonuv dvigatellarining sovitish tizimlarining
ishonchli ishlashini ta’minlash alohida ahamiyat kasb etadi.
Ushbu tizimlarning  samaradorligi  ko‘p  jihatdan
go‘llaniladigan sovituvchi suyugliklar, xususan antifrizlar
sifatiga bog‘liq bo‘lib, ular nafaqat issiqlikni chiqarib
yuborish, balki tizim elementlarini  korroziya va
cho‘kmalardan himoya qilish vazifasini ham bajaradi [1, 2].

Ekspluatatsiya jarayonida antifrizlar yugori haroratlar,
oksidlanish jarayonlari va turli ifloslanishlar ta’sirida bo‘lib,
bu ularning fizik-kimyoviy  hamda issiglik-fizik
xususiyatlarining yomonlashishiga olib keladi. Avvalo, bu
issiglik  sigimining kamayishi va issiglik uzatish

@l https://orcid.org/0000-0001-6724-4307
bl https://orcid.org/0000-0001-6987-7212
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dvigatelning qizib ketish xavfi ortadi va uning Xizmat
muddati gisqaradi [3]. Shu sababli, fagatgina ishlatilgan
sovituvchi  suyugliklarni  almashtirishga  asoslangan
an’anaviy yondashuv har doim ham iqtisodiy va ekologik
jihatdan magsadga muvofig emas.

Mazkur muammoning dolzarbligi yana shundan
iboratki, etilenglikol asosidagi antifrizlar zaharli moddalarga
kiradi va ularni noto‘g‘ri utilizatsiya qilish atrof-muhit,
jumladan tuproq va suv resurslarining ifloslanishiga olib
keladi [4]. Hozirgi vagtda ishlatilgan suyugliklarning
ekspluatatsion xususiyatlarini tiklash va ularni gayta
foydalanishga yo‘naltirilgan resurs tejovchi texnologiyalarni
ishlab chiqishga katta e’tibor qaratilmoqda [5].
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Mavjud tadqiqotlar tahlili  shuni ko‘rsatadiki, 1 |00:37:3 | 924 88.9 87.8
antifrizlarni tozalash va regeneratsiya qilishga bag‘ishlangan 110
ayrim ishlar mavjud bo‘lishiga qaramay, ularning issiqlik- —
fizik xususiyatlarini tiklash hamda bunday jarayonlarning 1| 00:41:1 | 87.8 853 83.1
samaradorligini miqdoriy baholash masalalari yetarlicha 2 15
o‘rganilmagan. Xususan, qizish va sovish jarayonlarida 1 | 00:45:0 | 84.4 80.3 77.7
harorat o‘zgarishlarining dinamikasini tahlil qilishda 3 |o
matematik usullardan foydalanish qo‘shimcha asoslashni
talab etadi [6,7]. 1 | 00:48:4 | 811 75.0 745
Shu munosabat bilan, mazkur ishning magsadi 4 15
antifrizlarni regeneratsiya qilish samaradorligini ularning —
harorat xususiyatlarini tahlil qilish asosida, regressiya é 80'52'3 775 71.9 704
modellashtirish usullaridan foydalangan holda baholashdan
iborat. Bunda ishlatilgan, regeneratsiya gilingan va yangi 1 | 00561 | 74.3 68.6 66.4
antifriz namunalarining issiglik-fizik xulg-atvori o‘zaro 6 |5
taqqoslab o‘rganiladi.
1 | 01:00:0 | 71.6 65.4 64.1
2. Tadgigot metodologiyasi 710
Oldingi tadgiqotlarda uch turdagi antifriz — yangi, 11 01:03:4 | 694 623 62.2
ishlatilgan va regeneratsiya gilingan namunalarining 8 15
issiglik-fizik xususiyatlari o‘rganilgan [10]. Eksperimental 1 | 01:07:3 | 66.8 60.0 59.1
natijalar jadval ko‘rinishida taqdim etilib, har bir namuna 9 |o
uchun gizish va sovish jarayonlarining harorat egri chiziglari
qurilgan. Ushbu ma’lumotlar asosida issiglik uzatish vaqti 2 | 01:11:1 | 645 57.7 57.9
hisoblab chigilgan va issiqlik sig‘imi bo‘yicha tagqoslama 0 |5
tah‘lll otkazﬂg'an. Amqla.ms}.ncha, 1§51q11k sig'imi yuqori > 01150 | 62.4 559 558
bo‘lgan suyugqliklarda qizish jarayoni uzoqroq davom etadi 1 lo
va sovish sekinroq kechadi.
. 2 | 01:18:4 | 60.7 54.5 54.0
1-jadval 2 |5
Antifrizlarning gizish haroratlari (tuzatilgan variant)
Ne | Tajriba | Ishlatilga | Regeneratsiy | Yangi 2 | 01:22:3 | 58.8 52.5 52.5
vaqti n a gilingan zavod 310
e o e o R
aCntlfrlz, antifriz,°C antifrizi > 01261 1572 512 508
' 4 |5
°C
2 | 01:30:0 | 55.7 49.4 49.1
1 | 00:00:0 | 31.0 31.0 30.1 5|0
0
2 | 01:33:4 | 54.2 48.2 47.8
2 | 00:03:4 | 40.6 40.7 44.8 6 |5
5
2 | 01:37:3 | 52.4 47.1 46.9
3 | 00:07:3 | 57.5 57.2 60.4 710
0
2 | 01:41:1 | 51.3 46.1 45.7
4 | 00:11:1 | 71.8 70.6 735 8 |5
5
2 | 01:45:.0 | 49.8 45.0 44.5
5 | 00:15:0 | 835 81.9 83.2 9 |0
0
3 | 01:48:4 | 49.1 43.9 43.9
6 | 00:18:4 | 92.0 88.4 88.6 0 |5
5
3 | 01:54:;5 | 474 42.6 42.5
7 | 00:22:3 | 99.7 92.8 94.6 110
0
8 | 00:26:1 | 101.7 97.0 99.4 2-jadval
5 Tadgiq etilgan sovituvchi suyugliklarning o‘rtacha
an- harorat giymatlarini tagqoslama tahlili
o 80'30'0 998 9.7 9.2 Tagqoslanayotgan | Harorat | Og‘ish, I1zoh
suyugliklar farqi, %
1 |00:33:4 | 96.3 94.9 92,5 °C
0 |5
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Ishlatilgan va +4,61 +7,08 | Ishlatilgan T(1)=37.12+0.05991-2.02- 10 5t>+1.72-10 %13, R2=0.90
regeneratsiya antifriz 2

gilingan ko‘proq Determinatsiya koeffitsiyenti: Rz = 0.902
qgiziydi 3 - Yangi zavod antifrizi:
T(1)=41.35+0.05641-1.94-10"51%+1.66-10°1%,R2=0.
Ishlatilgan vayangi | +4,45 +6,83 Ishlatilgan 6 (1)=41.35+0.05647-1.94-10°°r*+1.66-10°7r",R2=0.89
antifrizning Determinatsiya koeffitsiyenti: R? = 0.896
issiglik
uzatish
gobiliyati "
past
Regeneratsiya -0,15 -0,23 | Deyarli mos o
gilingan va yangi keladi £,
£

Jadvaldan ko‘rinadiki, regeneratsiya gilingan va yangi
antifrizlarning o‘rtacha haroratlari o‘rtasidagi farq 0,3 % dan
kam bo‘lib, bu sovituvchi suyuqlikning issiqlik-fizik
xususiyatlari ~ regeneratsiyadan  so‘ng  tiklanganligini
ko‘rsatadi. Shu bilan birga, ishlatilgan antifriz yuqoriroq
ishchi haroratlar bilan tavsiflanadi, bu esa ifloslanish va
qo‘shimchalarning degradatsiyasi natijasida uning issiglikni
olib chigish gobiliyati yomonlashganini bildiradi.

Olingan eksperimental ma’lumotlar asosida tadqiq
etilgan  antifrizlarning  termodinamik  xususiyatlari
matematik tahlil gilindi. Ma’lumotlarga ishlov berishda
regressiya modellashtirish usullaridan foydalanilib, har bir
namuna uchun haroratning gizish va sovish vaqtiga
bog‘ligligini ifodalovchi approksimatsion tenglamalar
olindi. Hisoblashlar Microsoft Excel 2021 va OriginPro
2023 dasturiy paketlari yordamida amalga oshirildi. Ushbu
bog‘ligliklar asosida harorat o‘zgarishlarining dinamikasini
ifodalovchi grafik modellar qurildi. Mazkur grafiklar
jarayonni nafagat vizual ko‘rsatish, balki ishlatilgan,
regeneratsiya qilingan va yangi antifrizlar o‘rtasidagi
farglarni migdoriy baholash imkonini beradi.

Approksimatsiya funksiyasi sifatida uchinchi tartibli
polinomial regressiya tanlandi, chunki aynan shu model
eksperimental va hisobiy ma’lumotlar o‘rtasida eng yaxshi
moslikni ta’minladi. Olingan bog‘ligliklar asosida harorat
o‘zgarishining dinamikasini ifodalovchi grafik modellar (3-
rasm) qurildi. Ushbu grafiklar jarayonni vizual ifodalash
bilan birga, ishlatilgan, regeneratsiya gilingan va yangi
antifrizlar o‘rtasidagi farqlarni miqdoriy jihatdan baholash
imkonini beradi.

Olingan modellar quyidagi ifoda bilan tavsiflanadi:

T(t)=ao+ait+azt’+ast®

bu yerda:: T(t) — suyuqlik harorati,°C;

T — qizish/sovish vagti, s;

a — har bir namuna uchun aniglangan regressiya
koeffitsiyentlari.

Regressiya tenglamasi koeffitsiyentlari quyidagi o‘lchov
birliklariga ega:

ao- harorat, °C;

air- °Clc;

a2 — °C/c?;

as— °C/c’.

Harorat T (°C) ning vaqt t (sekund) ga bog‘liqligi uchun
quyidagi tenglamalar olindi:

1 — Ishlatilgan antifriz:

T(1)=36.95+0.06241-2.03-10512+1.70-107%7%,
R2=0.895

Determinatsiya koeffitsiyenti: R = 0.895

2 - Regeneratsiya gilingan antifriz:

97
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O‘tkazilgan matematik tahlil natijalari shuni ko‘rsatdiki,
tadqiq etilgan barcha namunalar — ishlatilgan, regeneratsiya
gilingan va yangi antifrizlar — uchinchi tartibli polinomial
modellar yordamida yetarli darajada aniq tavsiflanadi.
Bunda determinatsiya koeffitsiyentlari 0,895 dan 0,902
gacha bo‘lgan oraligda joylashgan bo‘lib, bu tanlangan
approksimatsiya ~ usulining  yuqori ishonchliligini
tasdiglaydi.

3. Xulosa

Olingan harorat egri chiziglarini tagqoslash shuni
ko‘rsatdiki, ishlatilgan antifriz sovish jarayonida yanada
kuchliroq nolinearlik bilan tavsiflanadi. Bunday xulg-atvor
uning issiglik sig‘imining kamayganligini va natijada
issiglikni samarali olib chiqish gobiliyati
yomonlashganligini ko‘rsatadi.

Shu bilan birga, regeneratsiya gilingan antifrizning
harorat o‘zgarishlari deyarli yangi antifriz ko‘rsatkichlariga
mos keladi. Egri chiziq shakli, shuningdek gizish va sovish
tezliklari o‘rtasidagi farqlar juda kichik bo‘lib, hisoblangan
koeffitsiyentlar ham o‘zaro yaqin giymatlarga ega.

Olingan natijalar qo‘llanilgan regeneratsiya usulining
yuqori samaradorligini ko‘rsatadi hamda sovituvchi
suyugliklarning issiglik-fizik xususiyatlarini yangi antifriz
darajasiga yaqgin holda tiklash imkonini tasdiglaydi.
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Dynamic analysis of three-layer pendulum-type fluoroplastic seismic insulated
buildings

Kh.L. Alimov*®2, A.Sh. Martazaev®®, F.I. Azizova®, M.G. Umarov*
!Namangan State Technical University, Namangan, Uzbekistan

Abstract: This article studies the dynamic properties of reinforced concrete buildings with three-layer pendulum-
type fluoroplastic seismic isolators. As part of the study, a 6-story frame building model was modeled in
the ETABS program, and a comparative analysis was performed for the cases of single-base and seismic
isolation. The real Santa Monica accelerogram was used as the seismic load. According to the modeling
results, when isolation was used, the first-order vibration period of the building increased from 0.63 s to
1.20 s. It was found that the shear forces in the foundation decreased from 17564 kN to 4328 kN in the
X direction (approximately 75%), and significantly decreased in the Y direction. It was also observed
that inter-storey displacements decreased, and the main deformations were concentrated at the foundation
level. Acceleration values also decreased significantly, confirming the increase in the dynamic stability
of the building structure. The results obtained show that three-layer pendulum-type seismic isolators are
highly effective in effectively absorbing earthquake energy and increasing the seismic safety of buildings.
This article analyzes the theoretical load-bearing capacity of fiber-reinforced concrete beams by
dispersing reinforcement with 40 mm long glass fibers into the concrete composition. Theoretical
calculations have shown that the maximum load-bearing capacity of the beam increases significantly
when the fiber content is in the range of 0.1+0.5%. The highest efficiency was observed in fiber-
reinforced concrete beams with 0.2% glass fibers. The results obtained are consistent with the existing
scientific literature and theoretically confirm the effectiveness of dispersed reinforcement. This work
serves to increase structural efficiency, determine the optimal fiber content, and analyze the load-bearing
properties of fiber-reinforced concrete beams with glass fibers. By comparing theoretical results with
experimental tests, the effectiveness of future research can be increased.

Keywords: fluoroplastic, seismic action, dynamic analysis, shear force, acceleration, interlayer displacement,
vibration period

Uch gatlamli mayatnik turidagi ftoroplastik seysmik izolyatsiyali binolarning
dinamik tahlili

Alimov X.L.¥®3 Martazayev A.Sh.}®° Azizova F.1.!, Umarov M.G*.!

!Namangan davlat texnika universiteti, Namangan, O‘zbekiston

Annotatsiya: Ushbu maqolada uch qatlamli mayatnik turidagi ftoroplastik seysmik izolyatorlar qo‘llanilgan temir-
beton binolarning dinamik xususiyatlari o‘rganildi. Tadgiqot doirasida 6 qavatli karkasli bino modeli
ETABS dasturida modellashtirilib, bikr asosli va seysmik izolyatsiyalangan holatlar uchun giyosiy tahlil
amalga oshirildi. Seysmik yuklama sifatida real Santa Monica akselerogrammasi qo‘llanildi.
Modellashtirish natijalariga ko‘ra, izolyatsiya qo‘llanilganda binoning birinchi tartibli tebranish davri
0.63 s dan 1.20 s gacha oshdi. Asosdagi qirquvchi kuchlar X yo‘nalishida 17564 kN dan 4328 kN gacha
(taxminan 75%), Y yo‘nalishida esa sezilarli darajada kamaygani aniqlandi. Shuningdek, qavatlararo
siljishlar kamayib, asosiy deformatsiyalar poydevor sathida jamlanganligi kuzatildi. Tezlanish giymatlari
ham sezilarli darajada pasayib, bino konstruksiyasining dinamik bargarorligi oshgani tasdiglandi.
Olingan natijalar uch gatlamli mayatnik tipidagi seysmik izolyatorlarning zilzila energiyasini samarali
so‘ndirish va binoning seysmik xavfsizligini oshirishda yuqori samaradorlikka ega ekanligini ko‘rsatadi
Ushbu maqolada uzunligi 40 mm bo‘lgan shisha tolalarni bilan beton tarkibiga dispers armaturalash
orqali fibrotemirbeton to‘sinlarning nazariy yuk ko‘tarish qobiliyati tahlil qilindi. Nazariy hisob ishlari
shuni ko‘rsatdiki, tolalar miqdori 0.1+0.5% oralig‘ida bo‘lganda to‘sinning maksimal yuk ko‘tarish
qobiliyati sezilarli darajada oshadi. Eng yuqori samaradorlik 0.2% shisha tolali fibrotemirbeton
to‘sinlarda kuzatildi. Olingan natijjalar mavjud ilmiy adabiyotlar bilan mos kelib, dispers
armaturalashning samaradorligini nazariy jihatdan tasdiglaydi. Ushbu ish konstruktiv samaradorlikni
oshirish, optimal tolalar miqdorini aniglash va shisha tolali fibrobeton to‘sinlarning yuk ko‘tarish
xususiyatlarini tahlil gilishga xizmat giladi. Nazariy natijalarni eksperimental sinovlar bilan tagqoslash
orqali kelgusidagi tadgiqotlar samaradorligini oshirish mumkin.

Kalit so‘zlar: ftoroplast, seysmik ta’sir, dinamik tahlil, girquvchi kuch, tezlanish, gavatlararo ko‘chish, tebranish davri
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1. Kirish

So‘nggi yillarda seysmik faol hududlarda joylashgan
binolarning zilzilabardoshligini oshirish dolzarb ilmiy-
amaliy muammolardan biri bo‘lib qolmogda. Kuchli
seysmik ta’sirlar natijasida yuzaga keladigan dinamik
yuklamalar bino konstruksiyalarida katta siljishlar, ortigcha
ichki kuchlar va hatto konstruktiv buzilishlarga olib kelishi
mumkin. Shu sababli zamonaviy qurilish amaliyotida
an’anaviy “Bikrlikni oshirish orqali qarshilik ko‘rsatish”
yondashuvidan voz kechib, energiyani so‘ndirish tamoyiliga
asoslangan seysmik himoya tizimlariga o‘tish tendensiyasi
kuchaymoqda [1].

Seysmik izolyatsiya tizimlari bino va poydevor orasida
elastik yoki ishgalanishli gatlam hosil qilib, zilzila
energiyasining yuqori gismga uzatilishini kamaytiradi.
Natijada konstruksiyaning asosiy tebranish davri uzayadi,
rezonans xavfi pasayadi va inersiya kuchlari sezilarli
daragjada kamayadi. Bu esa bino elementlarining
ekspluatatsion holatini saglab qolishga xizmat giladi.
Hozirgi kunda turli turdagi seysmik izolyatorlar, jumladan
elastomer tayanchlar, qo‘rg‘oshin rezinali podshipniklar va
ishgalanishli mayatnik tizimlari keng qo‘llanilmogda.
Xususan, ishgalanishli mayatnik tipidagi izolyatorlar
o‘zining energiya so‘ndirish qobiliyati va qayta
markazlashuv xususiyati bilan alohida ahamiyat kasb etadi.
Bu yo‘nalishda James M. Kelly [2] tomonidan elastomer
asosidagi izolyatsiya tizimlari, Roberto Villaverde [3]
tomonidan esa izolyatsiyalangan binolarning dinamik javobi
chuqur o‘rganilgan. Shuningdek, Anil K. Chopra [4] binolar
dinamikasi va seysmik hisoblash usullarini rivojlantirishga
katta hissa qo‘shgan.

So‘nggi yillarda uch qatlamli mayatnik tipidagi
ftoroplastik seysmik izolyatorlar (Triple Friction Pendulum
System)  murakkab  seysmik  sharoitlarda  yuqori
samaradorlik ko‘rsatishi bilan ilmiy tadqiqotlarning diqqat
markaziga aylangan [5]. Ushbu tizimlar turli intensivlikdagi
zilzilalarda o‘z ish rejimini o‘zgartirib, energiyani
bosgichma-bosgich so‘ndirish imkoniyatiga ega [6].

Shu nugtai nazardan, mazkur tadgigotning asosiy
magsadi uch gatlamli mayatnik turidagi ftoroplastik seysmik
izolyatorlar qo‘llanilgan temir-beton binolarning dinamik
xatti-harakatini modellashtirish va ularning seysmik
samaradorligini bikr asosli model bilan giyosiy tahlil
gilishdan iboratdir [7]. Tadgiqot jarayonida ETABS
dasturidan foydalanilib, real seysmik akselerogramma
asosida vaqt bo‘yicha dinamik tahlil amalga oshirildi.
Olingan natijalar seysmik izolyatsiya tizimlarining binoning
asosiy dinamik parametrlariga, jumladan tebranish davri,
girquvchi kuchlar, tezlanishlar va gavatlararo siljishlarga
sezilarli ijobiy ta’sir ko‘rsatishini tasdiqlaydi.

2. Tadgigot metodologiyasi

Tadgiqot doirasida 6 gavatli temir-beton karkasli turar-
joy binosining fazoviy hisobiy modeli ishlab chigildi.
Modelni yaratish va uning dinamik xususiyatlarini tahlil
qgilish ishlari zamonaviy muhandislik hisoblashlariga
mo‘ljallangan ETABS dasturiy majmuasida amalga
oshirildi. Loyihalash jarayonida bino 9 balli seysmik hudud
sharoitlariga (MSK-64 shkalasi bo‘yicha) mos ravishda
qabul qilinib, amaldagi me’yoriy talablar asosida
konstruktiv  yechimlar  shakllantirildi. Binoning yuk
ko‘taruvchi konstruksiyasi temir-beton karkas sifatida gabul
qilinib, u ustunlar, to‘sinlar va qavatlararo plitalardan iborat

fazoviy rama ko‘rinishida modellashtirildi. Ustunlar va
to‘sinlar chiziqli elastik xususiyatlariga ega elementlar
sifatida gabul qilindi, gavatlararo plitalar esa gorizontal
yuklarni tagsimlashni ta’minlovchi bikr diafragma (rigid
diaphragm) sifatida hisobga olindi. Konstruktsiyada B25
sinfli beton va AIII sinfli armatura qo‘llanildi, bu esa bino
mustahkamligi va  ekspluatatsion ishonchliligini
ta’minlashga xizmat qildi.

Seysmik himoya tizimi sifatida bino poydevori
darajasida uch gqatlamli mayatnik turidagi ftoroplastik
ishqalanishli seysmik izolyatorlar o‘rnatildi. Ushbu
izolyatorlar nolinear xususiyatlariga ega bo‘lgan bog‘lovchi
(link) elementlar sifatida modellashtirilib, zilzila vagtida
energiyani so‘ndirish hamda bino va poydevor orasida
nazorat qilinadigan nisbiy siljishni ta’minlash vazifasini
bajaradi. Tadgigotda seysmik yuklama sifatida real Santa
Monica zilzilasining akselerogrammasi qo‘llanildi. Ushbu
seysmik hodisa yuqori intensivlikka ega bo‘lib, MSK-64
shkalasi bo‘yicha IX ballga teng deb baholangan. Dinamik
tahlil vaqt bo‘yicha o‘zgaruvchi yuklama (time-history
analysis) usulida bajarildi, bu esa binoni real seysmik ta’sir
ostida baholash imkonini berdi.

Hisoblash jarayonida modal tahlil orgali binoning
xususiy tebranish shakllari va davrlari aniglandi,
shuningdek, nolinear vaqt bo‘yicha dinamik tahlil asosiy
natijaviy bosqich sifatida amalga oshirildi. Energiya so‘nishi
Rayleigh damping modeli orgali hisobga olindi, umumiy
so‘nish nisbati 5% etib qabul qilindi. Vaqt integratsiyasi
Newmark usuli asosida bajarildi.

Tadgiqot ikki xil konstruktiv holatda amalga oshirildi:
birinchisi - bikr asosli (fixed base) model, ikkinchisi -
seysmik izolyatsiya qo‘llanilgan model. Har ikkala holatda
ham binoning dinamik javobi, jumladan girquvchi kuchlar,
siljishlar, tezlanishlar va tebranish davrlari solishtirma tahlil
asosida baholandi.

Seysmik izolyatsiya qo‘llanilgan hamda izolyatsiya
go‘llanilmagan binolarning hisobiy modellarining umumiy
ko‘rinishi 1-rasmda keltirilgan.

a) b)

1-rasm. Binoning hisobiy modellarining umumiy
ko‘rinishi: (a) seysmik izolyatsiya qo‘llanilgan model;
(b) izolyatsiya qo‘llanilmagan (bikr mahkamlangan)
model.

3. Natija va muhokamalar

Oc‘tkazilgan modal tahlil natijalariga ko‘ra, seysmik
izolyatsiya qo‘llanilishi binoning dinamik xususiyatlariga
sezilarli ta’sir ko‘rsatdi. Bikr asosli modelda birinchi tartibli
xususiy tebranish davri 0.63 s ni tashkil etgan bo‘lsa,
seysmik izolyatsiya qo‘llanilgan holatda ushbu giymat 1.20
s gacha oshdi. Bu holat tebranish davrining deyarli 90% ga
uzayganini ko‘rsatadi. Tebranish davrining ortishi binoning
past chastotali tizimga aylanishiga olib keladi, natijada
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zilzila spektri bilan rezonans ehtimoli kamayadi va inersiya
kuchlari sezilarli darajada pasayadi. Bu esa seysmik
izolyatsiya tizimining asosiy funksional samaradorligini
tasdiglaydi. Santa Monica akselerogrammasi ta’sirida bikr
mahkamlangan (2-rasm) va seysmik himoya gilingan (3-
rasm) binolar uchun ko‘chish, qavatlararo nisbiy siljish
(drift), girquvchi kuch va ag‘daruvchi momentning vaqt
bo‘yicha o‘zgarish qonuniyatlari tahlil qilindi.

2-rasm. Santa Monica akselerogrammasi ta’sirida bikr
mahkamlangan bino uchun ko‘chish, gavatlararo nisbiy
siljish (drift), girquvchi kuch va ag‘daruvchi
momentning vaqt bo‘yicha o‘zgarish qonuniyatlari
ko‘rinishi

Bikr asosli va izolyatsiyalangan modellar o‘rtasida
qirquvchi kuchlar sezilarli farq bilan o‘zgarishi aniglandi. X
yo‘nalishi bo‘yicha bikr asosli modelda asosdagi maksimal
qirquvchi kuch 17564 kN ni tashkil etgan bo‘lsa, izolyatsiya
go‘llanilgandan so‘ng bu giymat 4328 kN gacha kamaydi,
ya’ni taxminan 75% pasayish kuzatildi. Y yo‘nalishi
bo‘yicha esa girquvchi kuch 29691 kN dan 13469 kN gacha
kamaydi, bu esa 50% dan ortiq pasayishni anglatadi. Ushbu
natijalar seysmik izolyatsiya tizimi zilzila energiyasining
katta qismini poydevor sathida so‘ndirishini ko‘rsatadi.

JE— s
3-rasm. Santa Monica akselerogrammasi ta’sirida
seysmik izolyatsiya qo‘llanilgan bino uchun ko‘chish,
gavatlararo nisbiy siljish (drift), girquvchi kuch va
ag‘daruvchi momentning vaqt bo‘yicha o‘zgarish
qonuniyatlari ko‘rinishi

Qavatlararo siljishlar tahlili shuni ko‘rsatdiki, bikr asosli
modelda siljishlar bino balandligi bo‘ylab ortib boradi va
eng yugori giymat yuqori gavatlarda kuzatiladi. Maksimal
siljish  121.13 mm ga yetgan. Seysmik izolyatsiya
go‘llanilgan modelda esa siljishlar qavatlar bo‘yicha deyarli
bir xil tagsimlangan bo‘lib, asosiy deformatsiya izolyatsiya
gatlamida jamlangan. Bu holat bino karkasining nisbatan
“bikr jism” sifatida harakatlanishini ta’minlaydi va ustki
konstruksiyalarda ortigcha deformatsiyalarni kamaytiradi.

Dinamik  tahlil  natijalari  seysmik izolyatsiya
qo‘llanilishi binoning tezlanish javobini sezilarli darajada
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kamaytirishini ko‘rsatdi. X yo‘nalishda bikr asosli modelda
maksimal tezlanish +22.40 m/s?, minimal esa —12.55 m/s? ni
tashkil etgan bo‘lsa, izolyatsiyalangan modelda bu
ko‘rsatkichlar mos ravishda +7.27 m/s? va —5.26 m/s? gacha
kamaydi. Y yo‘nalishda esa maksimal tezlanish +29.48 m/s?
dan +17.66 m/s? gacha, minimal qiymat esa —37.40 m/s? dan
—14.76 m/s> gacha pasaydi. Bu natijalar inertsiya
kuchlarining sezilarli kamayishini va konstruksiya ichki
zo‘riqishlarining pasayishini tasdiglaydi.

4. Xulosa

1. Olingan natijalar shuni ko‘rsatadiki, uch qatlamli
mayatnik turidagi ftoroplastik seysmik izolyatorlar bino
dinamik reaksiyasini sezilarli darajada yaxshilaydi.
Tebranish davrining uzayishi, girquvchi kuchlarning
kamayishi hamda tezlanishlarning pasayishi seysmik
energiyaning asosiy gismining poydevor darajasida
so‘ndirilishini tasdiqlaydi.

2. Natijalar James M. Kelly va Anil K. Chopra
tomonidan ilgari surilgan seysmik izolyatsiya nazariyalari
bilan mos keladi. Xususan, energiyani ajratish va tebranish
davrini uzaytirish orgali konstruktiv xavfsizlikni oshirish
konsepsiyasi ushbu tadgiqot natijalari bilan tasdiglandi.

3. Uch gatlamli mayatnik tizimining afzalligi shundaki,
u turli intensivlikdagi zilzilalarda bosgichma-bosgich
ishlash xususiyatiga ega bo‘lib, bu uning chizigsiz dinamik
sharoitlarda ham  samaradorligini  saglab  golishini
ta’minlaydi.

Foydalangan
References

[1] Alimov, Khorisboy, Zakiryo Buzrukov, and
Mirzohid Turgunpulatov. "Dynamic characteristics of pilot
boards of structures.” In E3S Web of Conferences, vol. 264,
p. 02053. EDP Sciences, 2021.

[2] Kelly J.M. Earthquake-resistant design with
rubber. — London: Springer, 1997. — 240 p.

[3] Villaverde R. Fundamental concepts of earthquake
engineering. — Boca Raton: CRC Press, 2009. — 500 p.

[4] Chopra A.K. Dynamics of structures: theory and
applications to earthquake engineering. — 4th ed. — Upper
Saddle River: Prentice Hall, 2012. — 876 p.

[5] Alimov, K., Z. Buzrukov, and M. Turgunpulatov.
"Dynamic characteristics of pilot boards of structures.”" In
E3S Web of Conferences. 2021.

[6] Cattaneo S., Rossi G. Experimental and numerical
investigation on the friction behavior of sliding isolators //
Construction and Building Materials. — 2020. — Vol. 250. —
Article 118855.

[7] Furinghetti M., Pavese A., Constantinou M.C.
Advanced modeling of friction pendulum isolators
considering the heating effects during seismic events //
Earthquake Engineering & Structural Dynamics. — 2021. —
Vol. 50, No. 12. — P. 3205-3225.

adabiyotlar  /

June, 2026
Research, Innovation, Results




Journal of Transport ISSN: 2181-2438 Volume:3|lIssue:2|2026

Mualliflar to‘g‘risida ma’lumot/ E-mail. .
i abdurasul.mas@gmail.com
Information about the authors Tel.:+99893-914-05-06
https://orcid.org/0000-0002-
Alimov Namangan  davlat  texnika 0799-8139
Xorishoy / universiteti “Bino va inshootlar Azizova Feruza Namangan davlat  texnika
Khorisboy qurilishi kafedrasi” professori, | Azizova universiteti, “Bino va inshootlar
Alimov tf.n. Feruza qurilishi” kafedrasi magistranti
E-mail: E-mail:
xorisboyalimov@gmail.com azizovaferuza701l@gmail.com
Tel.:+99897-829-75-55 Umarov Namangan davlat texnika
https://orcid.org/0009-0007- Muhammadjon/  universiteti, “Bino va inshootlar
39437671 Umarov qurilishi” kafedrasi talabasi
Martazayev Namangan davlat  texnika Muhammadjon
Abdurasul / universiteti “Bino va inshootlar
Abdurasul qurilishi  kafedrasi” dotsenti,

Martazaev t.f.f.d.

June, 2026 102
Research, Innovation, Results https://doi.org/10.56143/2181-2438-2026-2-99-102



mailto:xorisboyalimov@gmail.com
https://orcid.org/0009-0007-3943-7671
https://orcid.org/0009-0007-3943-7671
mailto:abdurasul.mas@gmail.com
https://orcid.org/0000-0002-0799-8139
https://orcid.org/0000-0002-0799-8139
mailto:azizovaferuza701@gmail.com

Journal of Transport ISSN: 2181-2438 Volume:3|lIssue:2|2026

Hydraulic structures, hydraulic shock, aerated flow, internal volume, lower

Abstract:

Keywords:

slope aerated flow in the Rezaksay reservoir

O.G. Chulponovi®?, A B. Bakhodirov@P
!Namangan State Technical University, Namangan, Uzbekistan

This article theoretically studies the occurrence of cavitation in water discharge pipes during hydraulic
shock, the mechanisms of its development, and the physical processes associated with the transition of
the flow to an aerated state. According to the results of the study, significant excessive hydrodynamic
loads appear in pipes, valves, and other hydraulic structures under the influence of hydraulic shock, which
leads to rapid failure of structural elements. It is also shown that cavitation and aeration processes have
a significant impact on the internal structure of the flow, causing the formation of gas bubbles in the
water flow, sharp fluctuations in pressure, and a complication of energy exchange processes. Based on
the results obtained, the laws of distribution of the aerated flow over the internal volume under hydraulic
shock conditions are expressed using mathematical models and their physical content is analyzed. During
the experimental and theoretical analyses, the physical and mechanical properties of the flow, the time
variation of pressure pulses, and the processes of energy dissipation were determined, and their impact
on the stability of hydraulic structures was assessed. The results show that changes in the flow structure
under hydraulic shock conditions increase abrasive erosion processes in structural elements, which
significantly reduces their service life. The scientific results obtained in the article serve as an important
theoretical basis for correctly determining safety margins in the design of hydraulic structures, reducing
accidents during operation, and increasing energy efficiency.

ydraulic structures, hydraulic shock, aerated flow, internal volume, lower slope. Aerated flow in the
Rezaksay reservoir

Gidrotexnika inshootlarida gidravlik zarba tufayli aeratsiyali ogqimning ichki

Annotatsiya:

xajmi bo‘yicha tarqalishining nazariy yechimlari

Chulponov O.G.}®, Baxodirov A.B.

!Namangan davlat texnika universiteti, Namangan, O‘zbekiston

Ushbu magolada gidravlik zarba jarayonida suv chiqarish quvurlarida kavitatsiya hodisasining yuzaga
kelishi, uning rivojlanish mexanizmlari hamda ogimning aeratsiyalangan holatga o‘tishi bilan bog‘liq
fizik jarayonlar nazariy jihatdan o‘rganilgan. Tadqiqot natijalariga ko‘ra, gidravlik zarba ta’sirida
quvurlarda, klapanlarda va boshqa gidrotexnika inshootlarida sezilarli darajada ortigcha gidrodinamik
yuklanishlar paydo bo‘lib, bu esa konstruktiv elementlarning tez ishdan chiqishi aniglangan. Shuningdek,
kavitatsiya va aeratsiya jarayonlari oqimning ichki tuzilishiga sezilarli ta’sir ko‘rsatib, suv oqimida gaz
pufakchalari hosil bo‘lishi, bosimning keskin tebranishi hamda energiya almashinuvi jarayonlarining
murakkablashishiga sabab bo‘lishi ko‘rsatilgan. Olingan natijalar asosida gidravlik zarba sharoitida
aeratsiyalangan oqimning ichki hajmi bo‘yicha tarqalish qonuniyatlari matematik modellar yordamida
ifodalangan va ularning fizik mazmuni tahlil gilingan. Tajriba va nazariy tahlillar davomida ogimning
fizik-mexanik xususiyatlari, bosim impulslarining vaqt bo‘yicha o‘zgarishi hamda energiya so‘nish
jarayonlari aniglanib, ularning gidrotexnika inshootlari bargarorligiga ta’siri baholangan. Natijalar shuni
ko‘rsatadiki, gidravlik zarba sharoitida oqim strukturasining o‘zgarishi inshoot elementlarida abraziv
yemirilish jarayonlarini kuchaytiradi va bu holat ularning xizmat muddatini sezilarli darajada
gisgartiradi. Magolada olingan ilmiy natijalar gidrotexnika inshootlarini loyihalashda xavfsizlik
zaxiralarini to‘g‘ri belgilash, ekspluatatsiya jarayonida avariya holatlarini kamaytirish hamda energiya
samaradorligini oshirish uchun muhim nazariy asos bo‘lib xizmat giladi.

Kalit so‘zlar: gidrotexnika inshootlari, gidravlik zarba, aeratsiyali oqim, ichki hajmi, pastki nishblik. Rezaksoy suv
omborida aeratsiyali ogqim
1. Kirish aeratsiyaga ega quvurlardagi ogimlarining bargaror holatini
shakllantirishda matematik modellashtirish jarayonlariga
Jahonning ilg‘or mamlakatlarida so‘nggi yillarda katta e’tibor berilmoqda, ayniqsa, bu jarayonlar Rossiya,
gidravlikaga xos bo‘lmagan jarayonlarni tadqiq qilish va Xitoy, AQSH, Yaponiya kabi ilg‘or davlatlarda intensiv
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rivojlanib kelinmogda. Ma’lumki, gidravlik zarba tufayli
ogimdagi aeratsiyaning shakllanish mexanizmi statsionar
bo‘lmagan buzilishlarning paydo bo‘lishiga olib kelishi
bilan birgalikda, suv omborlarida yuqgori yuklanishlarning
yuzaga kelishi orgali deformatsiyalanishning paydo
bo‘lishiga olib keladi. Natijada suv chiqarish quvurlarini
ishlamay qgolishi, quvurlarning yaxlitligi va
ishonchliligining  yo‘qolishi kabi gidravlikaga xos
bo‘lmagan jarayonlar yuzaga kelishini e’tiborga olish
dolzarb vazifalardan hisoblanadi. Zamonaviy gidrotexnika
inshootlarini loyihalash va ulardan samarali foydalanish
jarayonida ogimlarning murakkab xatti-harakatlarini chuqur
o‘rganish muhim vazifalardan biri hisoblanadi. Aynigsa,
gidravlik zarba hodisasi suv uzatish tizimlarida tez-tez
uchrab, quvurlar, kanallar va boshga inshoot elementlariga
sezilarli dinamik yuklama beradi. Bunday sharoitda
oqimning aeratsiyalanishi, ya’ni suv tarkibiga havo
aralashishi jarayoni ogim parametrlarini sezilarli darajada
o‘zgartiradi.Aeratsiyali oqimlar oddiy bir fazali ogimlarga
nisbatan ancha murakkab bo‘lib, ularning ichki tuzilishi,
zichligi, bosim taqsimoti va energiya yo‘qotishlari o‘ziga
X0s xususiyatlarga ega. Gidravlik zarba paytida esa bu
jarayonlar yanada murakkablashadi, chunki bosimning
keskin o‘zgarishi oqim ichidagi havo pufakchalari harakati
va tagsimlanishiga bevosita ta’sir ko‘rsatadi.

Shu sababli, aeratsiyali oqimning ichki hajm bo‘yicha
tagsimlanishini nazariy jihatdan o‘rganish nafaqat ilmiy,
balki amaliy ahamiyatga ham ega. Bu orgali gidrotexnika
inshootlarida yuzaga kelishi mumkin bo‘lgan avariyaviy
holatlarning  oldini  olish,  konstruktiv — yechimlarni
takomillashtirish va tizimlarning ishonchliligini oshirish
mumkin. Olingan nazariy natijalar asosida aeratsiyali
ogimning ichki hajmiy strukturasini prognoz gilish imkonini
beruvchi matematik model taklif etiladi. Ushbu model
yordamida gidrotexnika inshootlarida bosimning xavfli
oshib ketish holatlarini oldindan aniglash, kavitatsiya va
zarba ta’sirlarini kamaytirish bo‘yicha muhim tavsiyalar
ishlab chigiladi.

Natijalar shuni ko‘rsatadiki, aeratsiyalangan oqgim
gidravlik zarba energiyasini gisman yutish xususiyatiga ega
bo‘lib, bu holat inshootlarning mustahkamligi va uzoq
muddatli ishlashiga ijobiy ta’sir ko‘rsatadi. Shu bilan birga,
aeratsiya darajasining ortishi ogim parametrlarining
barqarorligiga turlicha ta’sir ko‘rsatishi mumkinligi
aniglangan.

2. Tadgiqot metodologiyasi

Ushbu tadgigotda gidrotexnika inshootlarida gidravlik
zarba tufayli aeratsiyali oqimning o‘zgarishi bosqichma-
bosqich  o‘rganilgan.Birinchi navbarda, gidrotexnika
inshootlarida gidravlik zarba tufayli ogim suv va havodan
iborat aralashma sifatida qaraldi hamda uning asosiy
ko‘rsatkichlari — tezlik, bosim va havo miqdori aniglab
olindi.Keyingi bosgichda aynan gidravlik zarba tufayli,
ya’ni bosimning keskin o‘zgarishi va uning oqimga ta’siri
nazariy jihatdan aniglangan. Shu bois oqgim ichidagi
havoning tagsimlanishi matematik tenglamalar orgali
ifodalandi.

Tadqiqotlar asosida suv ombori to‘g‘onining suv
chiqarish joytidagi quvur uzunligi bo‘ylab tarqaladigan
vibratsiya  to‘lginining hosil  bo‘lish  jarayonlarini
aniglangan.

Bosimli quvurlarda quvurning ichidagi bosim, quvur
uzunligi, quvur diametri va mahalliy qarshiliklarni
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bog‘lovchi Bernulli tenglamasi asosida vibratsiyali
kavitatsiya vaqtida paydo bo‘ladigan shiddatli bosimni
aniglash ifodasi ishlab chigilgan.Suv omborining ishlash
rejimiga bog‘liq holda suv chiqarish traktlarida vujudga
keladigan kavitatsiya jarayonlarini boshlanish chegaralarini
aniglash mezoni ishlab chigilgan.

Bundan ko‘rinadiki tadqiqotlar jarayonida suv
omborlaridagi  suv  chigarish  quvurlarida  havosiz
bo‘shligning(vakuum) paydo bo‘lishi tufayli yuzaga
keladigan gidravlik zarbalar, tufayli kavitatsiya yuzaga
kelish, suv chigarish quvurining deformatsiyanish ogibatida
hisoblashning nazariy uslublaridan, matematik
modellashtirish hamda “ANSYS” workbench zamonaviy
dasturiy ta’minoti asosida chekli elementlar hisoblash
usullaridan foydalanib, suv ombori suv o‘tkazish quvuridagi
kuchlanganlik-deformatsiya holatlari aniglahsdan iborat.

At

s PTE=0357 T 1T 1]
]
/
A, = 07287
2 il
L~
)4
/! - |
1 '{, {% = 2,087
4
f 1
/ k=10l
; A, AN
) 0 02 04 06 02 1,0
1-rasm. Mahalliy konsentratsiyaning ogim chuqurligi
bo‘yicha o‘zgarish grafii
A -— v
0,115 fr
0,09 S =8, T
0,07 ---S;_E;:;_ B
e
RNy, GG
0,051
s 11
0,01 [Y=0
: PT TS

00103 0507 09
2-rasm. Gidrotexnika inshootalrning ogim chuqurligi

bo‘yicha mahalliy havo konsentratsiyasi tarqalishining
eksperimetlar giymatlarini solishtirish:

bu yerda,

nazariy sirt sathi;
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00000 - tajribadan olingan sirt sathi.

Gidrotexnik inshootalrda gidravlik zarba tufayli suv
chiqarish quvurlarda bo‘ladigan tebranishlar kuchli bo‘lib,
bunda kavitatsiya jarayonlar tez fursatda ro‘y beradi. Ushbu
sinovlarni bajarish Namangan viloyati joylashgan rezaksoy
suv omborida olib boriladi.

3-rasm. Statik muvozanatda bug‘li pufakcha sirtiga
ta’sir etuvchi kuchlar. Bu yerda R, ~ 10~°ga teng
bo‘ladi.

3. Natija va muhokamalar

Gidravlik zarba tufayli suv ombordagi pastki
nishabligningkengligi b=8.0 m bo‘lgan Rezaksoy suv
omborida aeratsiyali oqimning chuqurligi bo‘yicha
konsentratsiya tagsimotini aniglangan.

i =siny =sin40° = 0,643 1)

O‘rganilayotgan bo‘limdagi o‘rtacha tezlik 9 = 40“;‘,

aeratsiyasiz chuqurlik 2 = 1,0, ekvivalent pastki g‘adir-
budurlik 4, = 0,003x. Suv harorati 15°S

- 3,3R 33-08
1

"= e i T4 =T576. 106 T 0003 = 00030016

tanlash orgali biz & = 0,187ni aniglaymiz va i =
0,187 - 5,45 = 1,019m = 1m ni hisoblaymiz.

Shunday qilib, % ~ &, shuning uchun 7 = I1, ya’ni T
kompleksi tomonidan % chuqurlikda hisoblanadi va Frud
soni quyidagi formula orgali yoziladi:

Froy = —0 = 40" = 266,1
"Ry = URcosyp  9,81-08-cosd0°
v=114-10"6% )

Chuqurlik bo‘yicha konsentratsiya tagsimoti (1) va (2)
formulalar bilan aniglanadi. Bu formulalarga Kkiritilgan
giymatlar (1-jadval) o‘lchamsiz murakkab 77-kompleks (2)
formulaga bog‘liq. O‘lchovsiz kompleksning ta’rifi (2).

_ L2 /5025 _
m=0)"(3) Fres ®©
Bu yerda:
= 9% < 33R
Frey = ReoswOR = e T4 @)

b= Ehgyhy = \/%

¢ koeffitsienti (2) formuladan hisoblanadi:
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m*tn
6,45 (1 + 2—) e
b} s312h2e7

h -0,975
= §L375 (1 + sz) 6,45 (1
-1 13

8) 0,0030016%'%° - 5452873
-0,975

5,45
— 5;1,375 (1+ 2 2 f)

0,0814 = §375(1 + 1,3625¢) 07

1-jadval

Gidravlik zarba tufayli suv chigarish quvurining
aeratsion asosiy ko’rsatgichlari.

Kuchsiz va Sezilarli darajada
o‘rtacha aeratsiyalangan ogim
aeratsiyalan _ _
< 280
Igs
=061gll
-1,33
S, =§?
k=390/1"%%32 | § Igs
=0,295/1%%7 | =0,51g11
—-0,250
1< 32da Sy lgS,
=0,0922/71%333 =0,101g11
— 0,460
S, k k = 4,03[070333
=05R/R, ~1 | =10,3507%5
h/ﬁn ~1; §n Sn
h/hy~1; =1 =1
—1,62[170333 —1,01/17025
o ~ 0,0087AI1 IgR/R, tgR/R,
=0.21lg1l =0,10tgll
—-0,295 —0,050
32<1M< lgo/h lgo/h
71da =0451g1 =0,30ig1
-1,2 -0,833
Sn
=1
—1,62[179333
tg R/Ry
=0.21lg1l
—-0,295
lgo/h
=0,45I1g1l
-1,2
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2-jadval
Chuqurlik bo‘yicha konsentratsiya taqsimoti egri
chizig‘ini qurish

ym| 0 03 |05 0,7 1,0 15 2,0

s (008|012 | 014 | 0,18 | 0,24 | 0,40 | 0,66
89 0 7 0 3 3

3-jadval
Chuqurlik bo‘yicha konsentratsiya tagsimoti egri
chizig‘ini qurish

yom| oyt F(t) 1-S S
_y 2(1-5p)
o
2,2 | 0113 | 0,30 | 0,1215 0,3785 0,794
1 7 7
25 10413 | 1,12 0,368 | 0,1315 0,929
1 2 5 0

2,7 | 0,613 | 1,66 | 0,4520 0,0480 0,973

3,0 | 0,913 | 2,48 | 0,4935 0,0065 0,997

Ushbu jadvallardan foydanilgan holatda masalani
yechish shartlari berilgan. Bunda o‘tish sirtidan yuqorida,
ya’ni y < hy joylashgan mahalliy (suv-havo aralashmasi)
konsentratsiyani (2) formula orgali hisoblanadi.

O‘tish sirtidan yuqorida, ya’ni y < h; joylashgan
mabhalliy (suv-havo aralashmasi) konsentratsiyaning (2)
formula, ya’ni:

y*Z

1
-5 - 12n f;‘:e—a(?) dy* orqali hisoblangan

2(1-5D)Sen
giymatlari 3- jadvalda keltirilgan. Quyidagi formulalar
orgali  suvchigarish quvurining gidravlik zarba tufayli

ganday kavitatsion jarayonlar bo‘lishini aniqlanadi.

1-S 1 (o L2 12 . 1-5
2(1-5p)S5n \/ﬁ(fo e dt fo ez dt) T o201-8p
0,5 — F(t);

4. Xulosa

1. Mamlakatimiz hududidagi barcha  suv
omborlaridagi idravlik zarbaga garshi ishlab chigilgan
algoritm va uning asosida qurilgan model yugori bosimli suv
tashlash va suv chigarish quvurlaridagi ogim dinamikasi va
bostirilgan ogim xarakatidagi energiya sarfini hisoblash
usullari Rezaksoy suv omboriga qo‘llashishi mumkin.

2. Natijada suv tashlash quvuri bosh qismi
konstruksiyasi optimal parametrlari takomillashtirildi.
Quvur  bosh  gismidagi  ogim  tezligi  topilib,
pulsatsiyalanuvchi ogimning pulsatsiyasini tashkil etuvchi
tezliklarini topish, quvurning tekis bo‘lmagan qismidagi
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bosim  kattaligini  ifodalovchi  parametrlar  topilib,
ogolovkaning optimal chuqurligi, geometriyasi kattaliklari
olindi.

3. Ishlab chigilgan algoritm va uning asosida
qurilgan model yuqori bosimli suv tashlash va suv chigarish
quvurlaridagi  ogim dinamikasi va bostirilgan ogim
xarakatidagi energiya sarfini hisoblash usullari Rezaksoy
suv omboriga qo‘llashishi mumkin.

4. Bosimli quvurlardagi gidrodinamik bosim, quvur
uzunligi, quvur diametri va mahalliy qarshiliklarni
bog‘lovchi Bernulli tenglamasi asosida vibratsiyali
kavitatsiya vaqtida paydo bo‘ladigan shiddatli bosimni
aniglash ifodasi keltirib chigarildi.

5. Rezaksoy suv ombori suv chigarish inshootidagi
turbulent ogimining burilish gismidagi vibratsiyalarni
baholash algoritmi tuzilib dasturi va grafiklari olindi.

6. Natijjada suv o‘tkazish quvurlarini ishonchli
ekspluatatsiya qilish va ekspluatatsiya davrini 18% ga
uzaytirishga erishish mumkinligi ko ‘rsatildi.

Foydalangan
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A mathematical model for determining the optimal parameters of coating
application technology

R. Saydakhmedov!®?, J. Berdimurodov'@P?
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article proposes a multi-criteria mathematical model aimed at determining the optimal parameters
of thermal barrier coating (TBC) application technology for high-pressure turbine blades of gas-turbine
aircraft engines. The model is formulated for atmospheric plasma spraying (APS) and electron-beam
physical vapor deposition (EB-PVD) methods on the basis of multi-criteria optimization of the objective
function, Fourier’s heat conduction equation, and the Lamé—Navier equations for thermal stresses. The
experimental design was carried out using the Taguchi method with L9 and L16 orthogonal arrays. The
coefficients of the regression equation were determined by the least squares method, and the adequacy
of the model was verified using Fisher’s criterion. Experimental results reported in foreign scientific
literature were compared with calculations obtained using the proposed model, and optimal technological
regimes were substantiated, leading to a 2-5-fold increase in blade service life, reduced fuel consumption,
and improved engine efficiency.

gas-turbine engine, turbine blade, EB-PVD, yttria-stabilized zirconia (YSZ), mathematical model, multi-
criteria optimization

Keywords:

Qoplama qo‘llash texnologiyasining optimal parametrlarini aniqlashning
matematik modeli

Saydaxmedov R.}*@2 Berdimurodov J.*®°
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Mazkur magolada gazturbinali aviatsiya dvigatellarining yuqori bosimli turbina kurakchalariga
issiglikdan himoya giluvchi goplama (TBC — Thermal Barrier Coating) qo‘llash texnologiyasining
optimal parametrlarini aniqlashga qaratilgan ko‘pmezonli matematik model taklif etilgan. Model
plazmali purkash (APS) va elektron nurli fizikaviy bug‘lash (EB-PVD) usullari uchun magsadli
funksiyani ko‘p mezonli optimallashtirish, Furye issiqlik o‘tkazuvchanlik tenglamasi va Lame-Navye
termik kuchlanish tenglamalari asosida shakllantirilgan. Tajribalarni rejalashtirish Taguchi usuli (L9 va
L16 ortogonal massivlar) yordamida amalga oshirilgan, regressiya tenglamasi koeffitsientlari eng kichik
kvadratlar usulida aniglanib, modelning adekvatligi Fisher mezoni bo‘yicha tekshirilgan. Chet el ilmiy
adabiyotlaridagi tajriba natijalari taklif etilgan model bo‘yicha hisob-kitoblar bilan taggoslanib,
kurakchalarning xizmat muddatini 2—5 barobarga oshirish, yonilg‘i sarfini kamaytirish va dvigatel
samaradorligini oshirishga olib keluvchi optimal texnologik rejimlar asoslab berilgan.

Kalit so‘zlar: gazturbinali dvigatel, turbina kurakchasi (lopatka), EB-PVD, ittriy bilan stabillashgan zirkoniy oksidi
(YSZ), matematik model, ko‘pmezonli optimallashtirish
1. Kirish Bunday yuqgori issiglik  yuklamasi  sharoitida

kurakchalarni himoya gilishning eng samarali usuli — ularga

Zamonaviy aviatsiya gazturbinali dvigatellarining gatlamli issiglikdan himoya giluvchi goplama (Thermal

(GTD) samaradorligi va o‘ziga xos quvvati turbina oldidagi
gazning haroratiga bevosita bog‘liq. Termodinamikaning
asosiy tamoyillariga ko‘ra, turbina kirish qismidagi gaz
haroratini har 100 °C ga oshirilishi dvigatel solishtirma
tortish kuchini taxminan 8-13 % ga, samaradorligini esa 2—
3% ga ko‘taradi. Hozirgi kunda zamonaviy aviatsion
GTDlarning yugori bosimli turbina kirishidagi gaz harorati
1500-1700 °C gacha yetadi, bu esa nikel asosidagi
supergotishmalardan tayyorlangan kurakchalar
materialining maksimal ishchi haroratidan (~1100 °C) ancha

yuqori.

https://orcid.org/0000-0002-3674-2423
b https://orcid.org/0009-0008-1350-3818

Barrier Coating, TBC) qo‘llashdir. Tipik TBC tizimi uch
gatlamdan iborat: 1) nikel asosidagi supergotishma asos
(substrat, masalan, INCONEL 718, ZhS-32, ZhS-26); 2)
MCrAIY (M = Ni, Co) tipidagi adgeziv oralig gatlam (bond
coat) galinligi 75-150 mkm; 3) ittriy bilan stabillashgan
zirkoniy oksidi (YSZ, 6-8% Y:0s+ZrO:) asosidagi
keramik ustki gatlam qalinligi 150-350 mkm. Optimal
tanlangan qoplama kurakchalarning ish haroratini 100—
150 °C ga pasaytirib, ularning resurs muddatini 2-5
barobarga oshirishga imkon beradi [1, 4].
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Qoplama xossalari va xizmat muddati ko‘plab
texnologik parametrlarga — plazma quvvati, purkash
masofasi, kukunni uzatish tezligi, asos harorati, gatlam
galinligi va boshgalarga — murakkab nochiziqli bog‘liglikda
bo‘lib, ushbu parametrlarning optimal qiymatlarini
eksperimental usul bilan to‘liq tanlash juda qimmat va vaqt
talab giladi. Shu sababli, optimal parametrlarni asoslangan
tarzda aniglash uchun matematik model tuzish dolzarb
ilmiy-amaliy vazifa hisoblanadi.

2. Tadgigot metodologiyasi

Tadqgiqotning magsadi — gazturbinali aviatsiya
dvigatellari turbina kurakchalariga issiglikdan himoya
qiluvchi qoplama qo‘llash texnologiyasining optimal
parametrlarini aniqlashga qgaratilgan ko‘pmezonli matematik
modelni ishlab chigish va uni APS hamda EB-PVD
usullariga tatbiq etishdir.

Tadgiqgotning vazifalari: 1) texnologik parametrlar va
sifat ko‘rsatkichlarini bog‘lovchi maqsadli funksiyani
shakllantirish; 2) Furye issiqlik o‘tkazuvchanlik va Lame-
Navye termik kuchlanish tenglamalarini chekli elementlar
usuli (FEM) bilan birgalikda yechish algoritmini ishlab
chiqish; 3) Taguchi usulida ortogonal massivlar (L9, L16)
yordamida tajribalarni rejalashtirish va regressiya modelini
qurish; 4) modelning adekvatligini Fisher mezoni bo‘yicha
baholash; 5) APS va EB-PVD usullari uchun optimal
texnologik rejimlarni asoslab berish.

Tadgiqgotning ilmiy yangiligi. Birinchi marta APS va
EB-PVD  wusullari uchun  yagona  ko‘pmezonli
optimallashtirish  doirasida  adgeziv  mustahkamlik,
govaklik, termik siklik chidamlilik va issiglik izolyatsiyasi
ko‘rsatkichlarini bir vaqtda hisobga oluvchi magsadli
funksiya shakllantirildi; Taguchi ortogonal massivlari va
FEM hisob-kitoblari birlashtirilgan algoritm taklif etildi;
modelning adekvatligi Fisher mezoni bo‘yicha tasdiglanib
(F_hisob > F_jadval), olingan natijalar chet el adabiyotlari
ma’lumotlari bilan 5-12 % gacha bo‘lgan farq doirasida
mosligi ko‘rsatildi.

1. Masalaning matematik ifodalanishi

Qoplama  qo‘llash  texnologiyasining  optimal
parametrlarini aniglash — bu bir vaqtning o‘zida bir necha
o‘zaro qarama-garshi mezonlarni gondirishni talab giluvchi
ko‘pmezonli optimallashtirish masalasidir [4]. Texnologik
parametrlar vektorini quyidagicha belgilaymiz:

X= (XI, X2, X3, X4, X5, x.s), (l)

bu yerda: x: — plazmotron quvvati, kVt; xo — purkash

masofasi, mm; xs — kukun uzatish tezligi, g/min; xs — plazma

hosil qiluvchi gaz (Ar) sarfi, I/min; xs — goplama gatlami
qalinligi, mkm; xs — asos (substrat) harorati, °C.

Magsadli funksiya sifatida qoplamaning sifati va
resursini xarakterlovchi to‘rtta asosiy mezon gabul qilinadi:

Y(X) — adgeziv mustahkamlik, MPa (max);

Y2(X) — qoplamaning g‘ovakligi, % (min);

Y3(X) — termik siklik chidamlilik, sikl soni (max);

Y«X) — qoplama orqgali harorat pasayishi (issiglik
izolyatsiyasi), °C (max).

Ko‘pmezonli masalani skalyar shaklga keltirish uchun
og‘irlik koeffitsientlarining yig‘indisi (weighted-sum)
usulidan foydalaniladi [4]. Mezonlarning o‘lchamliligini
bartaraf etish magsadida har bir Y(X) ning
normallashtirilgan qiymati §i(X) € [0; 1] oralig‘ida quyidagi
formulalar bo‘yicha hisoblanadi:

https://doi.org/10.56143/2181-2438-2026-2-108-113

7i(X) = (Yi(X) — Y;,min) / (Y, max — Y;,min) —
maksimallashtiriladigan mezonlar uchun, (2a)

$i(X) = (Yymax — Y(X)) / (Y;,max — Y;,min) —
minimallashtiriladigan mezonlar uchun, (2b)
bu yerda Yi;min va Y;max — i-mezonning tajriba
qiymatlari oralig‘idagi mos ravishda eng kichik va eng katta
giymatlari. Bu ko‘rinishda Yi, Ys, Y+ mezonlari (2a)
bo‘yicha, Y2 mezoni esa (2b) bo‘yicha normallashtiriladi.
Umumlashtirilgan magsadli funksiya quyidagi shaklda
yoziladi:
F(X) = 21" w; - i(X) — max, (©)
bu yerda w; — i-mezon uchun og‘irlik koeffitsienti, ular
quyidagi shartlarni ganoatlantirishi kerak:
2}:14 w; = 1, w; > 0, i= ], 2, 3, 4. (4)
Tadgiqotda ekspertlar bahosi va adabiyotlar tahlili
asosida og‘irlik koeffitsientlari quyidagicha qabul qilingan:
o1 = 0,30 (adgeziv mustahkamlik), @2 = 0,20 (g‘ovaklik), s
= 0,30 (termik siklik chidamlilik), @+ = 0,20 (issiglik
izolyatsiyasi).
Optimallashtirish quyidagi cheklovlar bilan amalga
oshiriladi:
Xpmin <x; <xymax, =12 .. 6, (5
oqoldiq(X) < [o]; T asos(X) <T ruxsat, (6)
bu yerda oqoldig — goplamadagi qoldig termik
kuchlanishlar; [c] — ruxsat etilgan kuchlanish chegarasi;
T asos — ekspluatatsiya jarayonida asos materialining
maksimal harorati; T_ruxsat — supergotishma uchun ruxsat
etilgan harorat (1100 °C).
2. Issiglik uzatish va termik kuchlanish tenglamalari
Qoplamali  kurakcha ichida temperatura maydonini
hisoblash ~ uchun  statsionar ~ bo‘lmagan  issiqlik
o‘tkazuvchanlikning Furye tenglamasidan foydalaniladi [3]:

p ¢ (0T/0t) = P(A-PT) +q_v, @)
bu yerda p — material zichligi (kg/m?); ¢ — solishtirma
issiglik sig‘imi (J/(kg'K)); A — issiglik o‘tkazuvchanlik
koeffitsienti (W/(m'K)); q v — hajmiy issiglik manbai
(W/m?). YSZ qoplamasi uchun A = 0,9-1,2 W/(m-K),
NiCoCrAlY uchun A = 6-8 W/(m-K), INCONEL 718 uchun
A= 11,4 W/(mK).
Termik  kuchlanishlar  Lame-Navye tenglamalari
yordamida hisoblanadi:

oqoldiq = E-o-AT/ (1 — V), (8)
bu yerda E — Yung moduli; a — chizigli kengayish
koeffitsienti; AT — harorat fargi; v — Puasson koeffitsienti.

3. Chekli elementlar modeli (FEM)

(7)-(8) tenglamalar tizimi ANSYS Mechanical APDL
2023R1 paketida chekli elementlar usuli bilan yechiladi.
Hisoblash modelining asosiy parametrlari quyida keltirilgan.

Geometriya. Hisoblashlar uchun yugori bosimli turbina
kurakchasining haqiqiy o‘lchamlariga mos uch o‘lchamli
model qurilgan: kurakcha balandligi 60 mm, profil xordasi
o‘rtacha 35 mm, goplama tizimining umumiy galinligi 350—
500 mkm (NiCoCrAlY oralig gatlami 100 mkm va YSZ
keramik qatlami 250-300 mkm). Modelda kurakcha
tanasidagi sovitish kanallari (5-7 ta dumaloq kanal, diametri
0,8-1,2 mm) hisobga olingan.

Material xossalari. Asos (INCONEL 718): »p
8190 kg/m?, ¢ = 435 J/(kg’K), A = 11,4 W/(m'K), E
200 GPa, a = 13,0:10°1/K, v = 0,29. Bond coat
(NiCoCrAlY): p = 7320 kg/m?, ¢ = 450 J/(kg’K), A =
6,5 W/(m'K), E =137 GPa, a.= 14,8-10 1/K, v=0,30. Top
coat (8YSZ): p = 5650 kg/m?, ¢ = 505J/(kg’K), A =
1,0 W/(m'K), E =48 GPa, a.=10,5-10° 1/K, v=0,20.
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To‘r zichligi. Hisoblash sohasi SOLID187 (10 tugunli
tetraedrik) elementlari yordamida diskretlanadi. Qoplama
qatlamlarida to‘rning xarakterli o‘lchami 25-40 mkm, asos
materialida — 200-400 mkm. Umumiy elementlar soni —

Chegaraviy shartlar. Kurakchaning tashgi (gaz
tomoniga garagan) sirtida konvektiv issiglik almashinuvi
gabul gilingan: gaz harorati T_gaz = 1600 °C, issiqlik berish
koeffitsienti o_gaz = 2500 W/(m*K). Ichki sovitish
kanallari sirtida T_sovitish = 600 °C, a_sovitish =
6000 W/(m?-K). Kurakcha tagini mahkamlash sohasida
mexanik mahkamlash (uch o‘lchamli ko‘chish nolga teng),
boshqa sirtlarda erkin shart belgilangan. Boshlang‘ich
harorat 25 °C.

Yechish algoritmi. Hisoblash ikki bosgichda olib
borildi: (1) statsionar termik tahlil orgali harorat maydoni
T(x, Y, z) aniglandi; (2) olingan harorat maydoni mexanik
tahlil bosgichida yuklama sifatida berilib, (8) tenglama
bo‘yicha qoldiq termik kuchlanishlar  hisoblandi.

taxminan 1,2 - 10°, tugunlar soni — 1,9-10° To‘r
mustaqilligi tekshirilgan: to‘r zichligini 1,5 barobar
oshirganda haroratning maksimal giymatidagi farq 0,8 %
dan kam.
Yagqinlashish kriterilari: harorat bo‘yicha 107 ko‘chish
bo‘yicha 10°¢.

4. Tajribalarni rejalashtirish (Taguchi usuli)

Texnologik parametrlarning ta’sirini minimal son
tajribalarda baholash uchun Taguchi usulidan foydalanildi
[5, 6]. Har bir parametr uchun uch daraja (low / mid / high)
gabul gilingan (1-jadval). Olti omilli, uch darajali to‘liq
faktorial tajriba 3¢ = 729 ta sinovni talab giladi; Taguchi
usuli ortogonal massiv asosida bu sonni  keskin
kamaytirishga imkon beradi. Tadqiqotda Lo(3%) massivi 4 ta
asosiy parametr (X1, X2, X3, Xs) uchun, kengaytirilgan Lis(4°)
massivi esa qolgan ikki parametr (Xs, Xe¢) ta’sirini ham
hisobga olish uchun ishlatildi.

Plazmali purkash usulida texnologik parametrlarning chegaraviy giymatlari va Taguchi darajalari el

Ne Parametr Belgi %‘ilrclli];v Past daraja cgrl:jz E:g;}g

1 Plazmotron quvvati X1 kVt 25 35 45

2 Purkash masofasi X2 mm 75 100 125

3 Kukun uzatish tezligi X3 g/min 30 45 60

4 Argon (Ar) sarfi X4 I/min 25 35 45

5 Qoplama galinligi (YSZ) Xs mkm 150 250 350

6 Asos harorati (oldindan gizdirish) X6 °C 150 250 350

Magsadli funksiyani parametrlar bilan bog‘lovchi
regressiya tenglamasi ikkinchi tartibli to‘liq polinom
shaklida izlanadi:

Y(X) = o + Zia® i X+ Zia® i %2 + < B X%, (9)
bu yerda o, Bi PBi, Py Koeffitsientlari eng kichik
kvadratlar usuli yordamida tajriba natijalaridan aniglanadi.

Hisoblash algoritmi quyidagi ketma-ketlikda amalga
oshiriladi:

1) parametrlarning chegaraviy giymatlari va darajalarini
tanlash (1-jadval); 2) Lo yoki Lis ortogonal massiv bo‘yicha
tajribalar matritsasini tuzish; 3) har bir tajriba nugtasida
FEM hisob-kitobini bajarib, Y1, Y2, Ys, Y4 ko‘rsatkichlarini
aniglash; 4) (2a)-(2b) formulalar bo‘yicha mezonlarni
normallashtirish; 5) (3) formula bo‘yicha umumlashtirilgan
F(X) ni hisoblash; 6) (9) ko‘rinishdagi regressiya modelini
qurish; 7) modelning adekvatligini Fisher mezoni bo‘yicha
tekshirish; 8) F(X) — max shartiga mos optimal X*
vektorini izlash.

Modelning adekvatligini baholash uchun Fisher mezoni

qo‘llaniladi:
F_hisob = S?_adek / S? takr, (20)

bu yerda S? adek — model adekvatligini xarakterlovchi
dispersiya, S?_takr — tajribalarning takroriylik dispersiyasi.
F_hisob < F_jadval (o, fi, f2) sharti bajarilsa (o = 0,05
ahamiyatlilik darajasida), model adekvat hisoblanadi.
Tadgigotda olingan giymat F_hisob =3,21 <F_jadval = 4,26
(fi = 4, £> = 5) bo‘lib, regressiya modeli adekvat ekanligini
ko‘rsatadi. Determinatsiya koeffitsienti R? = 0,962.

5. Modellashtirishning sonli natijalari

Yugorida bayon etilgan algoritm asosida olib borilgan
hisob-kitoblar shuni ko‘rsatdiki, ittriy bilan stabillashgan
zirkoniy oksidi (YSZ) qoplamasini gazturbinali dvigatel
turbinasi kurakchasiga qo‘llash uchun optimal texnologik
rejim quyidagicha aniglanadi (2-jadval). EB-PVD usuli
uchun olingan optimal giymatlar 3-jadvalda keltirilgan.
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2-jadval
APS plazmali purkash uchun optimal texnologik rejim

Texnologik parametr Optimal giymat Manba
Plazmotron quvvati 35 kVt [5]
Purkash masofasi 75-100 mm [5, 6]
Kukun (YSZ) uzatish tezligi 45 g/min [6]
Argon sarfi 30 I/min [6]
Adgeziv gatlam (NiCoCrAlY) galinligi 100 mkm [5]
Keramik gatlam (YSZ) qalinligi 250-300 mkm [1, 4]
Asos materialini oldindan gizdirish 250 °C [7]

3-jadval

EB-PVD usuli uchun optimal texnologik rejim

Texnologik parametr Optimal giymat Manba
Elektron nurining quvvati 40-60 kVt [10]
Vakuumdagi bosim (2-6)-10 Pa [10]
Kondensatsiya tezligi 3-7 mkm/min [7,10]
Kurakcha (substrat) harorati 950-1050 °C [10]
YSZ gatlam qgalinligi 125-200 mkm [7]
Kurakcha aylanish tezligi 15-25 ayl/min [10]

Olingan natijalarning ishonchliligini baholash uchun

adabiyotlaridagi tajriba ma’lumotlari bilan taqqoslandi (4-

model bo‘yicha hisoblangan ko‘rsatkichlar chet el jadval).
4-jadval
Adabiyot ma’lumotlari va model bo‘yicha hisoblangan giymatlarning taggoslanishi
Ko‘rsatkich Usul Adabiyotdagi giymat higgl()) I(;er: gbaor: 3;3:: at Farg, %
Adgeziv mustahkamlik, MPa APS 38-42[5, 6] 40,5 <13
G‘ovaklik, % APS 8-12 [6] 9,2 <7.8
Termik siklik chidamlilik, sikl APS 950-1100 [6] 1042 <53
Harorat pasayishi, °C APS 100-150 [1, 4] 128 <24
Termik siklik chidamlilik, sikl EB-PVD 4500-6500 [7, 10] 5180 <11,8
111 June, 2026
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s
Ko‘rsatkich Usul Adabiyotdagi giymat hii\ggg‘;lgbaon);ic;rzat Farq, %
Harorat pasayishi, °C EB-PVD 110-170 [10] 142 <5,0

4-jadvaldan  ko‘rinib turibdiki, model bo‘yicha
hisoblangan giymatlar adabiyotda Keltirilgan tajriba
giymatlari bilan APS uchun 1,3-7,8 % va EB-PVD uchun
5,0-11,8 % gacha bo‘lgan farq doirasida moslashadi, bu esa
taklif etilayotgan matematik modelning yetarli darajada aniq
ekanligini ko‘rsatadi.

Bundan tashgari, EB-PVD usuli ustunsimon (kolonkali)
struktura tufayli deformatsiyalarga chidamliligi bo‘yicha
APS dan 5-8 barobarga ustun bo‘lib, kurakchalarning
xizmat muddatini 2-5 barobarga uzaytiradi [10]. Shu bilan
birga, EB-PVD jihozining narxi va texnologik murakkabligi
APS ga nisbatan ancha yuqori, shuning uchun usulni tanlash
igtisodiy va texnik talablar asosida belgilanadi.

Taklif etilayotgan matematik model parametrlarining
ta’sir kuchini tagsimlash quyidagicha bo‘ldi: purkash
masofasi (x2) — 32 %; plazmotron quvvati (xi1) — 27 %;
goplama qalinligi (xs) — 19 %; kukun uzatish tezligi (xs) —
12 %; qolgan parametrlar — 10 %. Bu shuni anglatadiki,
plazmotron va goplanadigan asos orasidagi masofa hamda
plazma quvvati qoplamaning sifatiga eng katta ta’sir
ko‘rsatuvchi parametrlar hisoblanadi.

3. Xulosa

Auviatsiya gazturbinali dvigatellarining yugori bosimli
turbina kurakchalariga issiglikdan himoya giluvchi goplama
qo‘llash texnologiyasining optimal parametrlarini aniqlash
uchun ko‘pmezonli matematik model ishlab chigildi. Model
magsadli funksiyaning og‘irlik koeffitsientlari yig‘indisi
shaklida shakllantirilgan bo‘lib, u Furye issiglik
o‘tkazuvchanlik tenglamasi va Lame-Navye termik
kuchlanish tenglamalari bilan birgalikda chekli elementlar
usulida (ANSYS Mechanical 2023R1) realizatsiya gilinadi.
Tajribalar Taguchi ortogonal massivlari (Lo, Lis) yordamida
rejalashtirildi, regressiya modeli koeffitsientlari eng kichik
kvadratlar usulida aniglandi va modelning adekvatligi Fisher
mezoni bo‘yicha tasdiglandi (F_hisob = 3,21 <F_jadval =
4,26; R =0,962).

Modellashtirish natijasida YSZ keramik goplamasini
APS plazmali purkash usulida nikel asosli supergotishma
kurakchalarga qo‘llash uchun optimal texnologik rejim
aniglandi: plazmotron quvvati 35 kVt, purkash masofasi 75—
100 mm, NiCoCrAlY oraliq gatlam galinligi 100 mkm, YSZ
ustki qgatlam qalinligi 250-300 mkm, asosni oldindan
gizdirish harorati 250 °C. EB-PVD usuli uchun optimal
rejim quyidagicha: elektron nuri quvvati 40-60 kVt,
vakuumdagi bosim (2-6)-10- Pa, kondensatsiya tezligi 3—
7 mkm/min, substrat harorati 950-1050 °C, YSZ gatlam
galinligi 125-200 mkm.

Model bo‘yicha hisoblangan qiymatlar adabiyot
ma’lumotlari bilan APS uchun 1,3-7,8 % va EB-PVD uchun
5,0-11,8 % farq doirasida mos keldi. Optimal rejimda
olinadigan goplama kurakchalarning ish haroratini 100—
150 °C ga pasaytirib, ularning xizmat muddatini 2-5
barobarga uzaytirishga, dvigatel samaradorligini 2-3 % ga
oshirishga va yonilg‘i sarfini kamaytirishga imkon beradi.
Ishlab chiqgilgan matematik model O‘zbekiston Respublikasi
aviatsiya sohasida joriy etilayotgan kurakchalarni ta’mirlash
va gayta tiklash texnologiyalarida qo‘llanilishi mumkin.
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An integral model for assessing the technical efficiency of a regional transport
and logistics system: a case study of Khorezm region

A.S. Murodov'®?, Z.S. Atadjanoval®P
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article examines the technical essence of the regional transport-logistics system, its main parameters,
and the theoretical-methodological foundations of its assessment. The interrelation between the transport
system and transport potential is explained from the perspective of the “basis — derivative” relationship.
The main technical indicators of the transport-logistics system, such as throughput capacity, cargo
carrying capacity, operational coefficients, technical efficiency index, and the level of multimodal
connectivity, are analyzed. Methods for assessing transport potential based on integral indices, load level,
spatial density, and dynamic evaluation models are proposed. In addition, the technical characteristics
and existing infrastructure capabilities of the transport-logistics system of the Khorezm region are
analyzed.

transport-logistics system, transport potential, technical efficiency, throughput capacity, multimodal
transport, infrastructure, integral index, digitalization

Keywords:

Hududiy transport-logistika tizimi texnik samaradorligini baholashning
integral modeli (Xorazm viloyati misolida)

Murodov A.S.1®23, Atadjanova Z.S.10P
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Magolada hududiy transport-logistika tizimining texnik mohiyati, uning asosiy parametrlari va
baholashning nazariy-metodik asoslari tadqiq etilgan. Transport tizimi va transport salohiyati o‘rtasidagi
o‘zaro bog‘liglik “asos — hosila” munosabati nuqtai nazaridan yoritilgan. Transport-logistika tizimining
o‘tkazuvchanlik qobiliyati, yuk ko‘tarish quvvati, ekspluatasion koeffisientlar, texnik samaradorlik
indeksi hamda multimodal bog‘lanish darajasi kabi asosiy texnik ko‘rsatkichlari tahlil qilingan. Integral
indeks, yuklanish darajasi, fazoviy zichlik va dinamik baholash modellari asosida transport salohiyatini
baholash usullari taklif etilgan. Shuningdek, Xorazm viloyati transport-logistika tizimining texnik

xususiyatlari va mavjud infratuzilma imkoniyatlari tahlil gilingan.

Kalit so‘zlar: transport-logistika tizimi, transport salohiyati, texnik samaradorlik, o‘tkazuvchanlik qobiliyati,
multimodal transport, infratuzilma, integral indeks, ragamlashtirish
1. Kirish Shu nugtai nazardan, transport tizimi va transport

Hududning transport tizimi uning transport salohiyatini
shakllantirishning moddiy-texnik va tashkiliy asosi sifatida
namoyon bo‘ladi. Transport tizimi hududda yuk va
yo‘lovchilar  tashishni  ta’minlaydigan  infratuzilma
obyektlari, transport vositalari, boshgaruv va tashkiliy
mexanizmlar majmuasidan iborat bo‘lib, u transport
xizmatlari  ko‘rsatishning joriy holati va amaldagi
imkoniyatlarini ifodalaydi[2].

Transport salohiyati esa mazmunan kengroq kategoriya
bo‘lib, u nafagat mavjud tizimning holatini, balki
foydalanilmayotgan  zaxiralarni, mavjud quvvatlarni,
geostrategik joylashuv afzalliklarini hamda yuk va yo‘lovchi
oqimlarining istigboldagi o‘sish imkoniyatlarini o‘z ichiga
oladi. Ilmiy manbalarda u “transport resurslari (vositalar,
tizimlar va infratuzilma), shuningdek tashkiliy mexanizmlar
va jarayonlar majmui” sifatida talqin qgilinadi[3].

@l https://orcid.org/0000-0001-8041-3355
b hittps://orcid.org/0000-0001-7505-5493

salohiyati o‘rtasida “asos — hosila” munosabati mavjud.
Rivojlangan, muvozanatlashgan va samarali
boshqariladigan transport tizimi yuqori darajadagi transport
salohiyatini shakllantirish uchun zarur shart-sharoit yaratadi.
Aksincha, tizimdagi eskirish darajasi, infratuzilmadagi “tor
joylar”, tarmogqlararo bog‘liglikning pastligi hatto qulay
geografik joylashuv sharoitida ham salohiyatni to‘liq
ro‘yobga chiqarishga to‘sqinlik qiladi[4].

Bunda o°zaro bog‘liqlik ikki tomonlama xarakterga ega.
Transport salohiyatini amalga oshirish transport tizimini
modernizatsiya qilish, infratuzilmani kengaytirish va
boshgaruv mexanizmlarini takomillashtirishni talab etadi.
Natijada ijobiy teskari aloga shakllanadi: tizimning
rivojlanishi salohiyatni oshiradi, salohiyatning ortishi esa
infratuzilmaga investitsiyalarni rag‘batlantiradi.

Tadqiqotlar shuni ko‘rsatadiki, transport majmuasi
mintagaviy integratsiya jarayonlariga hamda iqtisodiy
rivojlanishga  kompleks ta’sir ko‘rsatadi. Transport

June, 2026 114
Research, Innovation, Results https://doi.org/10.56143/2181-2438-2026-2-114-117



https://orcid.org/0000-0001-8041-3355
https://orcid.org/0000-0001-8041-3355
https://orcid.org/0000-0001-7505-5493

Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:2|2026

salohiyatini ro‘yobga chiqarish hudud uchun barqaror
daromad manbai va ragobatbardoshlik omili hisoblanadi.
Shu bois transport salohiyatini baholashda doimo uning
asosi va ayni paytda cheklovchisi bo‘lgan mintaqaviy
transport tizimi ko‘rsatkichlari chuqur tahlil gilinadi.

2. Tadgigot metodologiyasi

Transport-logistika tizimi (TLT) murakkab, ko‘p
komponentli va integratsiyalashgan tizim sifatida garaladi.
Uning texnik xususiyatlari va parametrlarini baholashning
nazariy asoslari tizimli tahlil, logistika nazariyasi hamda
transport igtisodiyoti kesishgan nuqtada shakllanadi.

TLT samaradorligi ko‘p jihatdan uning texnik
parametrlariga bog‘liq bo‘lib, o‘tkazuvchanlik qobiliyati,
harakatlanuvchi tarkib unumdorligi, tashish siklining
davomiyligi, yuklanish darajasi, aylanish vaqti kabilarni o‘z
ichiga oladi. Mazkur parametrlar tizimning umumiy
funksional samaradorligini belgilaydi.

Hududiy transport-logistika tizimi — bu ma’lum
geografik hududda yuk va yo‘lovchi oqimlarini samarali,
uzluksiz, xavfsiz va ekologik jihatdan barqgaror
harakatlantirishni ta’minlaydigan murakkab texnik-tashkiliy
majmua hisoblanad[1]i.

Tizimning  texnik  mohiyati
komponentlar orgali ifodalanadi:

transport infratuzilmasi (yo‘llar, temir yo‘l liniyalari,
ko‘priklar, tunnellar, terminallar, yuk ortish-tushirish
punktlari, logistika markazlari);

harakat tarkibi (lokomotivlar, vagonlar, avtomobillar,
konteynerlar, yuk ko‘tarish qobiliyati va texnik holati);

ekspluatatsion jarayonlar (o‘tkazuvchanlik, tezlik
rejimlari, yuklanish darajasi, qaytish koeffitsienti, marshrut
optimallashtirish);

texnologik va axborot ta’minoti (aqlli transport tizimlari
— ITS, real vaqt rejimida monitoring, ragamli platformalar,
Big Data va Al asosidagi optimallashtirish algoritmlari).

Transport-logistika tizimining texnik salohiyati —
ma’lum vaqt birligida (soat, sutka, yil) yuk va yo‘lovchi
oqimlarini tashish, qayta ishlash, saqlash va yo‘naltirish
imkoniyatlarining integral ko‘rsatkichi sifatida ta’riflanadi.
Bu salohiyat quyidagi asosiy texnik parametrlar bilan
aniglanadi:

1. O‘tkazuvchanlik (C) — infratuzilma ob’ekti yoki
tarmoq orqali bir sutkada (yoki soatda) o‘tishi mumkin
bo‘lgan transport birliklari yoki yuk hajmining maksimal
miqdori. Matematik ifodasi:

C=Vi;p-n-Ks

quyidagi  asosiy

bu yerda:

V;— o‘rtacha harakat tezligi (km/soat);

p — transport ogimi zichligi (birlik/km);

n — yo‘nalishlar yoki polosalar soni;

Kt — xavfsizlik va texnologik foydalanish koeffitsienti
(0,75-0,95).

Rus olimlari  N.N.Gromov, V.A. Persianov,
N.S.Uskovlar transport infratuzilma ob'ektlarining o‘tkazish
gobiliyatining me'yoriy ko‘rsatkichlariga transport turlari
bo‘yicha asoslab o‘tishgan. Unga ko‘ra transport
infratuzilma ob'ektlarining o‘tkazish qobiliyati turlicha va
taxminan[5]:

- bir izli temir yo‘l liniyalari bo‘yicha sutkada 24ta
dan 65ta juftgacha poezdni;

- ikki izli temir temir yo°l liniyalari bo‘yicha
sutkada bitta yo‘nalishda 73ta dan 200tagacha poezdni;
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- yo‘lovchi temir yo‘l diametrlari bo‘yicha bir
soatda bitta yo‘nalishda 20ta dan 25 gacha poezdni;

- avtomobil yo‘llari bo‘yicha bir soatda yo*‘Ining bir
polosasi orgali 500tadan 1500 tagacha avtomobillarni
o‘tkazadi.

Aniq tarkibli ob'ektlar bo‘yicha o‘tkazish qobiliyati
darajasi yana ham turlicha va ular:

- yo‘lovchi stansiyalari bo‘yicha — bir soatda 100
ming passajirgacha

- saralash stansiyalari bo‘yicha sutkada 10-15
mingta vagongacha

- aeroportlar bo‘yicha bir soatda 1100-1200
yo‘lovchiga etadi.
- konteyner terminali uchun: C = 200-500

TEU/sutka (terminal sig‘imiga qarab).

Mazkur me’yoriy ko‘rsatkichlar Rossiya olimlari
tomonidan ishlab chiqilgan bo‘lib, transport infratuzilma
ob’ektlarining texnik imkoniyatlarini baholashda umumiy
metodik asos sifatida xizmat giladi. Ushbu yondashuvlardan

O‘zbekiston transport tizimini tahlil gilishda ham
foydalanish mumkin, biroq milliy transport
infratuzilmasining texnik holati, harakat intensivligi,

logistika ogimlari va hududiy xususiyatlarini hisobga olish
zarur.

Transport korxonasining ishlab-
chigarish quvvati

¢ Transport vositalari soni (N),
e Umumiy yuk ko‘tarish
Natural qgobiliyati (Qtotal = Y qi,
ko‘rsatki = i~ individual gobiliyat),
chlar e Dvigatel quvvati (Protal = pi),
e Tarmoq uzunligi (Lnet) yoki
maydon (Aarea),
o Material iste'moli (Mcons).
¢ Yo‘lovchi aylanmasi
Shartli- (Pkm =>d; - nj,
natural d - masofa, n -
| ko‘rsatki ) yo‘lovchilar),
ekl e Yuk aylanmasi (Tkm),
e Ortish-tushirish hajmi
i
Qiymat - Daromad, xarajat, foyda
ko‘rsatki (moliyaviy modellar: NPV,
chlari ] IRR),
- Asosiy kapital giymati (Ccap).

1-chizma. Transport ishlab-chigarish quvvati
ko‘rsatkichlari

Shuningdek, ular transport-ishlab chigarish quvvati
ko‘rsatkichlari korxonalarning ish rejimi va
texnologiyalariga asosan maksimal mahsulot hajmini
belgilaydi deb hisoblaydilar va ularni quyidagi uchta
guruhga ajratishgan:
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2. Yuk ko ‘tarish qobiliyati (Q) — transport vositalari va
tarmoqning umumiy yuk sig‘imi:

Qrotar = Z q; - N;

bu yerda:
gi — i-transport birligining yuk ko‘tarish qobiliyati
(tonna);

Ni — shu turdagi vositalar soni.
Integral yuk ko‘tarish qobiliyati:
Qint = Qtotar " Kzax
(K,qx — zaxira koeffitsienti, odatda 1,15 — 1,30).
3. Ekspluatatsion koeffitsientlar tizimi:
Yuklanish darajasi (Kyyy):

Qamal
Kyuk=ﬁ'0SKyukS11

Masofadarr? f%ydalanish koeffitsienti

L
(Kmasofa): Kmasofa =t

Vaqt koeffitsienti

T,
(Kvaqt): Kvaqt = Tam,al

reja

Bo‘sh gatnov koeffitsienti (K}, 4 ):

Lyorsh
Kb.q. = LO >

Lum

ideal holatda — 0 ga intiladi

um
Ekologik samaradorlik koeffitsienti (K,p,):

K. = Nevros
eko —

N jami
Multimodal bog‘lanish koeftitsienti (Kmulti):

_ Qavto + Qtemir + Qboshqa
Kmult -

Qjami
4. Zichlik va fazoviy ko ‘rsatkichlar:
Transport tarmoq zichligi:
o Lekspl <k_m> oki
zich — S km? y
Yuk ogimi zichligi:
PL . PL

Ky.oqim =5 (tonna-km) / km* yoki Ky, oqim = —
Kyogim = yoKki (tonna-km) / km yo‘l

Multimodal uzel zichligi:

Kuzer = ~22 (uzel /km?)

5. Texnik samaradorligi indeksi (E) — tarmogning real
yuk aylanmasini maksimal texnik imkoniyatga nisbatan
ifodalaydi:

Lekspl
N

=

(km/1000 aholi)

E= PLamal
(Cnax" T Kf

bu yerda:

PLamai — amaldagi yuk aylanmasi (tonna-km);

Cmax — maksimal o‘tkazuvchanlik (tonna/soat yoki
tonna/sutka);

T —vaqt birligi (soat yoki sutka);

Kt— foydalanish koeffitsienti (0,75-0,95).

Ideal holatda E — 1 ga intiladi; E < 0,5 bo‘lsa — katta
texnik zaxira mavjud; E > 0,9 bo‘lsa — tarmog quvvat
chegarasida ishlamoqda.

Ushbu parametrlar transport tizimining texnik quvvatini
to‘liq tavsiflaydi va hududning fazoviy, iqlimiy, geologik va
infratuzilmaviy xususiyatlariga bog‘liq holda o‘zgaradi.
Texnik salohiyatni baholashning asosiy magsadi — mavjud
resurslardan maksimal darajada foydalanish darajasini
aniglash, texnik zaxiralarni aniglash va multimodal
texnologiyalar orgali tizimni optimallashtirish
imkoniyatlarini baholashdan iborat.

Transport-logistika salohiyatini baholashning
matematik asoslari quyidagi usullarga tayangan:
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Integral indeks usuli (vaznlangan yig‘indi):

X. — X .
0= Py m=1 K= e
max min

€[0;1]
Yuklanish darajasi modeli:
PL
Yi — amal’Yi c [0; 1]

Cmax

Y; > 0,85 — yugori yuklanish (cheklov holati);
Y; < 0,40 — past yuklanish (katta zaxira).
Fazoviy zichlik va multimodal bog‘lanish modeli:

i Ki
Kmulti = %'
jami

bu yerda:

Ki — i-transport turi ulushining multimodal uzel bilan
bog‘lanish darajasi.

Dinamik baholash modeli (vaqgt omilini hisobga olgan
holda):

(pt=a'(pt—1+(1_a)'(pjoriyr a €[0,1] -
silliglash koeffitsienti

Xorijiy va mahalliy olimlarning ishlarida (N.N.Gromov,
V.A Persianov, L.B.Mirotin, V.A.Gudkov, A.N.Goryainov,
V.A.Nazarichev, T.V.Kuleshova, D.V.Nazarichev va
boshgalar) transport salohiyati ko‘pincha bir nechta quyi
tizimlar (texnik, ekspluatatsion, tashkiliy, ekologik, ragamli)
yig‘indisi sifatida ko‘rib chiqiladi. Shu bilan birga, hududiy
xususiyatlarni  (chegaradoshlik, mavsumiylik, tranzit
potensiali) hisobga olgan holda parametrlarning vazn
ahamiyatini o‘zgartirish va dinamik baholash zarurati
ta’kidlanadi.

O‘zbekiston  Respublikasining
rivojlanishining  hozirgi  bosqichi
yo‘nalishlar bilan tavsiflanadi:

- ragamli texnologiyalarni joriy etish (ITS, e-CMR,
Big Data monitoring);

- multimodal koridorlarni rivojlantirish (avtomobil
+ temir yo‘l + havo);

- ekologik talablarga mos transport vositalarini
(EURO-5/6) ko‘paytirish;

- yuqori  o‘tkazuvchanlikli
infratuzilmasini modernizatsiya gilish.

Xorazm viloyati misolida transport-logistika tizimining
texnik salohiyatini baholash quyidagi xususiyatlarni hisobga
olishni talab etadi:

- cheklangan temir yo‘l tarmog‘i (259,8 km, zichlik
34,2 km/1000 km?);

- avtomobil yo‘llarining asosiy ulushi (94,2%
umumfoydalaniladigan, zichlik 379 km/1000 km?);

- mavsumiy yuk oqimlari (qishlog xofjaligi
mahsulotlari, may—oktyabr oylari);

- xalgaro tranzit imkoniyatlari
chegarasi, A-380 yo‘nalishi);

- ragamlashtirish ~ darajasining  pastligi
bekatlar va monitoring tizimlari soni cheklangan).

Hududiy  transport-logistika  tizimining  texnik
salohiyatini  baholash nafagat mavjud infratuzilma
parametrlarini  aniglash, balki ularni optimallashtirish,
multimodal texnologiyalar orgali integratsiyalash va ragamli

tizimi
texnik

transport
quyidagi

yol va terminal

(Turkmaniston

(aqlli

boshgaruv  tizimlarini  joriy etish orgali texnik
samaradorlikni  oshirish  imkoniyatlarini  aniglashdan
iboratdir.
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3. Xulosa

Transport-logistika tizimining texnik salohiyati hudud
igtisodiy  rivojlanishining  muhim  omillaridan  biri
hisoblanadi. Tadgigot natijalari transport tizimi va transport
salohiyati o‘rtasida uzviy bog‘liqlik mavjudligini ko‘rsatdi.

Taklif etilgan integral baholash modeli transport
infratuzilmasining texnik holati, ekspluatasion
samaradorligi va multimodal integrasiya darajasini
kompleks baholash imkonini beradi.

Xorazm viloyati misolida aniglanishicha, transport-
logistika tizimining asosiy muammolari infratuzilmaning
cheklanganligi va ragamlashtirish darajasining pastligi bilan
bog‘lig. Shu bilan birga, tranzit salohiyati va avtomobil
yo‘llari tarmog‘ining rivojlanganligi hudud transport
salohiyatini oshirish uchun muhim asos bo‘lib xizmat giladi.

Kelgusida transport-logistika tizimini baholashda
ragamli texnologiyalar, intellektual transport tizimlari va
prognoz modellarini keng qo‘llash maqsadga muvofiq
hisoblanadi.
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Assessment of the impact of non-stop train crossing on the line capacity of

Abstract:

Keywords:

single-track railway sections

U.U. Khusenov®?3, A T. Bakoev®P, M.B. Bakhtiyorovl®°¢
Tashkent state transport university, Tashkent, Uzbekistan

This article examines the issues related to the implementation of non-stop train crossing technology on
single-track railway sections. The proposed technology is aimed at ensuring the continuity of train
operations, reducing unnecessary stops and waiting times, and improving the efficiency of existing
railway infrastructure utilization. Within the framework of the study, a computational approach was
developed to determine the required length of passing sidings. Relevant mathematical relationships were
established based on train length, entry speed to the siding track, passing speed on the main track, braking
distance, and the time difference in trains arriving at the crossing point. In addition, a schematic model
of the non-stop train crossing process was developed, and the factors influencing its main parameters
were analyzed. Using the Bukhara 1 — Miskin railway section railway section as a case study, the existing
operating conditions were investigated, running times along the block sections were analyzed, and the
line capacity of the section was evaluated. Furthermore, the existing train crossing schemes were
examined, and their impact on section capacity was determined. The results demonstrated that the
implementation of non-stop train crossing technology can increase the section capacity by up to 10
percent. This contributes to improving the efficiency of train operations, ensuring greater timetable
stability, and enhancing the overall utilization level of railway sections.

single-track railway section, passing siding, train crossing, non-stop train crossing, line capacity, train
timetable, useful length

Bir yo‘lli temir yo‘l uchastkalarida poyezdlarni to‘xtatmasdan
kesishtirishning o‘tkazuvchanlik qobiliyatiga ta’sirini baholash

Annotatsiya:

Xusenov O¢.0¢.1023 Bagoyev A.T.1@P, Baxtiyorov M.B.1@¢
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Mazkur maqolada bir yo‘lli temir yo‘l uchastkalarida poyezdlarni to‘xtamasdan kesishish texnologiyasini
joriy etish masalalari ko‘rib chigilgan. Ushbu texnologiya poyezdlar harakatining uzluksizligini
ta’minlash, ortiqcha to‘xtash va kutish vaqtlarini kamaytirish hamda mavjud infratuzilmadan samarali
foydalanishga qaratilgan. Tadqiqot doirasida razyezdlarning zaruriy uzunligini aniglash bo‘yicha hisobiy
yondashuv ishlab chiqilib, poyezd uzunligi, yon yo‘lga kirish tezligi, asosiy yo‘ldan o‘tish tezligi, tormoz
yo‘li uzunligi hamda poyezdlarning kesishish nugqtasiga yetib kelishidagi vaqt farqi asosida tegishli
matematik bog‘lanishlar keltirilgan. Shuningdek, poyezdlarning to‘xtamasdan kesishish jarayonining
sxematik modeli ishlab chiqilib, uning asosiy parametrlariga ta’sir etuvchi omillar tahlil qgilingan.
Buxoro-1 — Miskin temir yo‘l uchastkasi misolida mavjud harakat sharoiti o‘rganilib, peregonlar
bo‘yicha harakat vaqtlari tahlil qilindi hamda uchastkaning o‘tkazuvchanlik qobiliyati baholandi.
Shuningdek, mavjud sharoitda poyezdlarni kesishish sxemalari tahlil qilinib, ularning o‘tkazuvchanlikka
ta’siri aniqlangan. Natijalar shuni ko‘rsatdiki, poyezdlarni to‘xtamasdan kesishish texnologiyasini joriy
etish orqali uchastkaning o‘tkazuvchanlik qobiliyatini 10 foizgacha oshirishga imkon beradi. Bu esa
poyezdlar harakatining samaradorligini oshirish, harakat jadvalining barqarorligini ta’minlash hamda
temir yo‘l uchastkalaridan foydalanish darajasini yaxshilashga xizmat giladi.

Kalit so‘zlar: bir yo‘lli temir yo‘l uchastkasi, razyezd, poyezdlarni kesishish, poyezdlarni to‘xtatmasdan kesishish,
o‘tkazuvchanlik qobiliyati, poyezdlar harakati grafigi, foydali uzunlik

1. Kirish qobiliyatini  oshirish masalasini dolzarb muammoga

aylantiradi [1].

O‘zbekiston temir yo‘l transportida bir yo‘lli uchastkalar 2015-2025 yillarga mo‘ljallangan poyezdlar harakati
ustunlik qilib, ularning ulushi umumiy temir yo‘l grafiklari  tahlili shuni ko‘rsatdiki, —garama-garshi
tarmog‘ining 87,8% ini tashkil etadi. Bu esa poyezdlar yo‘nalishda harakatlanuvchi yuk poyezdlari kesishish
harakatini tashkil etishda uchastkalarning o‘tkazuvchanlik jarayonida o‘rtacha 40% ortiqcha vaqt zaxirasiga ega [1].
a ¥ https://orcid.org/0000-0001-7500-4741 ¢ " https://orcid.org/0009-0008-8800-8715

b ¥ https://orcid.org/0009-0003-0655-0448
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Ushbu ortigcha vaqt poyezdlarning razyezd va stansiyalarda
uzoq muddat kutib turishiga olib keladi, natijada yo‘llarning
bandligi ortadi va uchastkalarning o‘tkazuvchanlik
qobiliyati pasayadi.

An’anaviy sharoitda poyezdlar razyezd punktlarida
to‘xtab kesishadi, bu esa poyezdlar orasidagi intervalning
ortishiga va harakat jadvalining samaradorligining
kamayishiga olib keladi. Natijada bir yo‘lli uchastkalarda
mavjud infratuzilmadan to‘liq foydalanish imkoni
cheklanadi. Shu sababli poyezdlarni to‘xtamasdan kesishish
texnologiyasini joriy etish muhim ahamiyat kasb etadi.
Mazkur texnologiya razyezdlarni optimal loyihalash orgali
poyezdlar harakatini to‘xtatmasdan tashkil etish imkonini
beradi va natijada uchastkalarning of‘tkazuvchanlik
gobiliyatini oshirishga xizmat giladi.

Ushbu maqolaning magqgsadi bir yolli temir yo‘l
uchastkalarida poyezdlarni  to‘xtamasdan  kesishishni
ta’minlash uchun razyezdlarni loyihalash usullarini
o‘rganish, zaruriy uzunlikni hisoblash hamda ushbu
texnologiyaning uchastkaning otkazuvchanlik qobiliyatiga
ta’sirini baholashdan iborat.

Adabiyotlar tahlili

Temir yol transportining bir yo‘lli uchastkalarda
poyezdlar  harakatini  tashkil etish va ularning
o‘tkazuvchanlik qobiliyatini oshirish masalalari ko‘plab
ilmiy tadqiqotlarda ko‘rib chiqilgan. Ushbu tadgiqotlarda
asosan razyezdlarning konstruktiv tuzilishi, ularning
joylashuvi va poyezdlar harakatini boshqgarish usullari tahlil
qilingan. So‘nggi tadqiqotlarda poyezdlar harakati
grafiklarini optimallashtirishga alohida e’tibor qaratilib,
ayniqsa, bir yo‘lli uchastkalarda poyezdlarning o‘zaro
kesishish jarayonida yuzaga keladigan kechikishlarni
kamaytirish masalalari o‘rganilgan.

Ilmiy tadqiqotlarni tahlil qilish shuni ko‘rsatadiki, temir
yo‘l uchastkalarining o‘tkazuvchanlik qobiliyatini oshirish
ikki asosiy yo‘nalish, tashkiliy va texnik yechimlar orqali
amalga oshiriladi.

Tashkiliy ~ yondashuvlarda  poyezdlar  harakati
grafiklarini optimallashtirish, ularning tezligini
moslashtirish hamda harakat jarayonini  boshqgarish
usullarini takomillashtirish orgali samaradorlikni oshirish
masalalari ko‘rib chiqilgan. Jumladan, [1] ilmiy maqolada
bir yo‘lli temir yo‘l uchastkalarida poyezdlarning o‘zaro
kesishish  jarayonini energiya samaradorligi asosida
optimallashtirish masalalari ko‘rib chiqilgan. Mualliflar
poyezdlar tezligini moslashtirish orgali ortigcha kutish
vagtlarini kamaytirish va harakat grafigini
muvozanatlashtirish mumkinligini asoslab bergan. Natijada
ushbu yondashuv uchastkaning o‘tkazuvchanlik qobiliyatini
yaxshilashga xizmat qilishi ko‘rsatilgan. [2] ilmiy maqolada
esa ma’lum temir yo‘l uchastkasining o‘tkazuvchanlik va
tashish qobiliyatini oshirish masalalari tahlil gilingan hamda
poyezd og‘irligi va harakat tezligini optimallashtirish
asosida uchastkaning maksimal imkoniyatlarini aniglashga
garatilgan matematik model taklif etilgan. Natijada ushbu
yondashuv orgali uchastkaning tashish gobiliyatini sezilarli
darajada oshirish mumkinligi asoslab berilgan. I. Amit va
D. Goldfarbning tomonidan olib borilgan [3] tadgigotda
temir yo‘l poyezdlar harakati grafiklarini tuzish masalasi
matematik optimallashtirish muammosi sifatida ko‘rilgan va
poyezdlar harakatini muvofiglashtirish hamda kesishish
jarayonlarini samarali tashkil etish uchun nazariy asoslarni
ishlab chigilgan. Ushbu ish temir yo‘l transportida harakat
jadvalini optimallashtirish bo‘yicha keyingi tadqiqotlar
uchun muhim ilmiy asos bo‘lib xizmat giladi. L. Yang va
boshqalarning [4] ilmiy maqolasida temir yo‘l tarmog‘ida
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poyezdlar harakatini optimallashtirish masalasi kompleks
yondashuv asosida ko‘rib chiqilgan. Mualliflar poyezdlar
harakatini muvofiglashtirish va resurslardan samarali
foydalanish orgali tizimning umumiy samaradorligini
oshirish imkoniyatlarini tahlil gilganlar. Natijada ushbu
yondashuv temir yo‘l tarmog‘ining o‘tkazuvchanlik
gobiliyatini oshirishga xizmat qilishi asoslab berilgan. X. Xu
va boshgalarning [5] ilmiy tadgiqotida bir yo‘lli temir yo‘l
uchastkalarida poyezdlar harakati grafiklarini tezlikni
optimallashtirish asosida muvozanatlashtirish masalasi
ko‘rib  chiqilgan. Natijada ushbu yondashuvning
o‘tkazuvchanlik qobiliyatini oshirishga xizmat qilishi
asoslab berilgan.

Yugqorida ko‘rib chiqilgan tashkiliy yechimlar poyezdlar
harakati grafiklarini optimallashtirish orqali o‘tkazuvchanlik
qgobiliyatini oshirishda muhim ahamiyatga ega. Birog ushbu
yondashuvlarda temir yo‘l infratuzilmasining real holati
yetarli  darajada  inobatga  olinmagan.  Xususan,
razyezdlarning  uzunligi, joylashuvi va geometrik
parametrlari kabi muhim omillar chuqur tahlil gilinmagan.
Shuningdek,  poyezdlarni  to‘xtamasdan  kesishish
imkoniyatini belgilovchi texnik va ekspluatatsion sharoitlar
ham yetarlicha hisobga olinmagan. Natijada bu
yondashuvlar amaliyotda qo‘llanishi cheklangan bo‘lib,
o‘tkazuvchanlik qobiliyatini oshirish masalasini kompleks
hal etishni talab giladi.

Texnik yondashuvlarda esa temir yo‘l infratuzilmasini
takomillashtirish ~ orqali ~ o‘tkazuvchanlik  qobiliyatini
oshirish  masalalari  ko‘rib  chiqilgan.  Jumladan,
razyezdlarning optimal uzunligi va joylashuvini aniglash
orgali poyezdlar kesishishini samarali tashkil etish
mumkinligi asoslab berilgan. Shuningdek, kesishish
jarayonini muvozanatlashtirish va harakatni
bargarorlashtirishga qaratilgan texnik yechimlar taklif
etilgan. Jumladan, M. Dorfman va J. Medanic [6]
tadqgiqotida temir yo‘l tarmog‘ida poyezdlar harakatini
rejalashtirish masalasi diskret hodisalar modeli asosida
o‘rganilgan. Natijada harakat jarayonini modellashtirish
orqali poyezdlar o‘rtasidagi o‘zaro ta’sirlarni va
kechikishlarni aniglash imkoniyati yaratilib,
o‘tkazuvchanlik qobiliyatini oshirishga xizmat qilishi
asoslab berilgan. A. Higgins va boshqgalarning [7] ilmiy
magqolasida bir yo‘lli temir yo‘l uchastkalarida poyezdlarni
kesishish jarayonini samarali tashkil etish va kechikishlarni
kamaytirish imkonini beruvchi matematik model taklif
etilgan.  Natijada, ushbu yondashuv uchastkaning
o‘tkazuvchanlik qobiliyatini oshirishga xizmat qilishi
asoslab berilgan. International Union of Railways (UIC) [8]
tomonidan ishlab chigilgan UIC Code 406 hujjatida temir
yo‘l uchastkalarining o‘tkazuvchanlik qobiliyatini baholash
va oshirish usullari bayon etilgan. Unda infratuzilma
elementlari, jumladan razyezdlar va yo‘l uchastkalarining
yuklanish  darajasini  aniqlash  bo‘yicha  metodik
yondashuvlar keltirilgan. Ushbu metodika temir yo‘l
tizimining real o‘tkazuvchanligini aniglash va uni oshirish
bo‘yicha muhim amaliy asos bo‘lib xizmat qiladi. Pachl J.
[9] tomonidan yozilgan “Railway Operation and Control”
asarida temir yo‘l harakatini tashkil etish va boshqarishning
nazariy hamda amaliy asoslari yoritilgan. Unda stansiyalar,
razyezdlar va signalizatsiya tizimlarining harakat
samaradorligiga ta’siri batafsil tahlil gilingan. Ushbu manba
temir yo‘l infratuzilmasi parametrlarini aniqlash va
o‘tkazuvchanlik qobiliyatini oshirish bo‘yicha muhim
nazariy asos bo‘lib xizmat giladi. Szpigel B. [10] tadgiqotida
bir yo‘lli temir yo‘l uchastkalarida poyezdlar harakatini
optimal rejalashtirish masalasi ko‘rib chiqgilgan. Muallif
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poyezdlar kesishish jarayonini matematik modellashtirish
asosida tahlil qilib, samarali jadval tuzish usullarini taklif
etgan.  Ushbu  yondashuv  poyezdlar  harakatini
muvofiqlashtirish ~ va  uchastkaning  o‘tkazuvchanlik
qobiliyatini oshirishga xizmat qilishi asoslab berilgan.

Yugqorida ko‘rib chiqilgan texnik yechimlarlar temir yo‘l
infratuzilmasini takomillashtirish orqali o‘tkazuvchanlik
gobiliyatini oshirishda muhim ahamiyatga ega. Birog ushbu
yondashuvlarda poyezdlar harakati jarayonining tashkiliy
jihatlari yetarli darajada inobatga olinmagan. Xususan,
poyezdlar harakati grafiklarini optimallashtirish va tezlikni
moslashtirish kabi omillar bilan bog‘liq masalalar chuqur
tahlil gilinmagan. Shuningdek, harakat jarayonida yuzaga
keladigan kechikishlar va ularning o‘zaro ta’siri kompleks
tarzda hisobga olinmagan. Natijada bu yondashuvlar
infratuzilma imkoniyatlarini oshirishga xizmat qilsa-da,
umumiy harakat samaradorligini to‘liq ta’minlab bera
olmaydi.

Mazkur maqolada bir yo‘lli temir yo‘l uchastkalarida
poyezdlarni to‘xtamasdan kesishish orqali o‘tkazuvchanlik
qobiliyatini oshirish masalasi ko‘rib chigiladi. Unda
razyezdlarning zaruriy uzunligini aniqlash bo‘yicha hisobiy
yondashuv taklif etiladi. Natijada ushbu yechim orgali
uchastkaning o‘tkazuvchanlik qobiliyatini oshirish va
poyezdlar harakat samaradorligini yaxshilash imkoniyati
asoslab beriladi.

2. Tadgiqot metodologiyasi

Mazkur tadgiqotda bir yo‘lli temir yo‘l uchastkalarida
poyezdlar kesishish jarayonini tahlil qilish va ularni
to‘xtamasdan tashkil etish imkoniyatlarini aniqlash
magsadida nazariy va hisobiy usullardan foydalanildi.
Tadgiqot jarayonida poyezdlar harakati parametrlari,
ularning tezligi, uzunligi hamda kesishish vaqt fargi asosiy
omillar sifatida gabul gilindi.

Hisoblashlar  mavjud  metodik  yondashuvlarga
asoslangan holda bajarilib, razyezd uzunligini aniglash
uchun matematik bog‘lanishlar ishlab chiqildi. Shuningdek,
turli harakat sharoitlari uchun poyezdlarning kesishish
jarayoni modellashtirildi va poyezdlarning raxyezddagi
optimal harakatini tashkil etishga xizmat giladi.

3.1. Razyezdda poyezdlarni o‘zaro Kesishtirish
texnologiyasi

Bir yo‘lli temir yo‘l uchastkalarida poyezdlarni
kesishtirish va quvib o‘tish uchun razyezdlar loyihalanadi.

Qabul-jo‘natish yo‘llarining joylashuviga ko‘ra razyezdlar
bo‘ylama (bir tomonlama va qarama-garshi tomonlama) (1-
rasm), yarim bo‘ylama va ko‘ndalang turlarga bo‘linadi (2-
rasm). Razyezd turini aniglashda temir yo‘l liniyasining
kategoriyasi, harakat miqgdori, loyihalash uchun ajratilgan
stansiya maydonining uzunligi, yon yo‘llarining rejasi va
profili hisobga olinadi.

Bo‘ylama turdagi razyezdlar avtoblokirovka va
dispetcherlik markazlashtirilgan boshgaruvi sharoitida eng
samarali hisoblanadi. Bo‘ylama turdagi razyezdlarni
loyihalash uchun 2000-2450 m uzunlikdagi maydoncha
talab etiladi.

Qabul-jo‘natish yo‘llari bo‘ylama bir tomonlama
joylashtirilgan razyezd sxemasi (la-rasm) yagin yillarda
ikkinchi asosiy yo‘l qurilishi rejalashtirilgan liniyalarda
qo‘llash uchun eng maqgsadga muvofiq va asosiy
hisoblanadi. Bunday sxema poyezdlar kesishish intervalini
kamaytirish va uchastkalar uzunligini gisqgartirish hisobiga
yondosh uchastkalarning o‘tkazuvchanlik qobiliyatini
oshirish imkonini beradi.

Qabul-jo‘natish ~ yo‘llari  bo‘ylama qarama-garshi
tomonlarda joylashtirilgan razyezdlar (1b-rasm) ko‘p
miqdordagi yo‘lovchi poyezdlar yuk poyezdlarini quvib
o‘tgan holda o‘tkaziladigan sharoitlarda yoki qabul-jo‘natish
yo‘llaridan biri uchastkaning bosh nishabligiga yaqin
joylashgan holatlarda quriladi. Shuningdek bunday
razyezdlar bosh yo‘lning har ikkala tomonida yuk ortish-
tushirish maydonchalarini  joylashtirish zarur bo‘lgan
holatlarda ham loyihalanadi.

Agar stansiya uchun ajratilgan joy uzunligi cheklangan
bo‘lsa (1600-1800 m), yarim bo‘ylama turdagi razyezdlar
quriladi (2a-rasm). Ular bo‘ylama turdagi razyezdlardan
gabul-jo‘natish yo‘llarining asosiy yo‘l bo‘ylab siljishi bilan
farqlanadi.  Yo‘llarning  siljish  miqgdori  stansiya
maydonchasining uzunligiga qarab turlicha bo‘lishi
mumkin, birog kamida 450-500 m uzunlikdagi yo‘lovchi
poezdni foydali uzunlik doirasida, yo‘lovchi binosi yonidagi
asosiy yo‘lga joylashtirish imkonini berishi lozim.

Ko‘ndalang turdagi razyezdlar uchun 1100-1500 m
uzunlikdagi stansiya maydonchasi talab etiladi. Ularning
asosiy afzalligi —maydoncha uzunligining kichik bo‘lishidir.
(2b-rasm) Kamchiligi esa — garama-qarshi yo‘nalishlardan
bir vagtda poyezd gabul qilish sharoitlarining yomonlashuvi
hamda to‘xtamasdan kesishish holatiga o‘tishda yo‘l
yotgizish uchun katta xarajatlar talab gilinishidir.

Razyezdda poyezdlarni kesishish jarayoni ketma-ket
bosgichlarda amalga oshiriladi (3-rasm).

I oood
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-
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'
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1-rasm. Bo‘ylama turdagi razyezdlar sxemasi: a — yo‘llari bir tomonlama joylashgan; b — yo‘llari garama-qarshi
joylashgan; Lst — stansiya maydonchasining uzunligi; YB — yo‘lovchi binosi
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2-rasm. Yarim bo‘ylama va ko‘ndalang turdagi razyezdlar sxemasi: a — yo‘llarning yarim bo‘ylama holatda joylashuvi;
b — yo‘llarning ko‘ndalang holatda joylashuvi; Lst — stansiya maydonchasining uzunligi; YB — yo‘lovchi binosi
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Stansiyaning qabul-jo'natish yo'llari ——

harakat marshruti yo'nalishlari

3-rasm. Ikki garama-qarshi yo‘nalishda harakatlanayotgan poyezdni razyezdda kesishtirish

2004-poyezdlarning gabul qilinishi uchun marshrut
tayyorlash (t1), uni yon yo‘lga gabul qilish va marshrutni
bekor gilish (tz), garama-qarshi yo‘nalishdagi 3005-
poyezdning asosiy yo‘ldan oftishi uchun marshrut
tayyorlash (ts) hamda, kesishish yakunlangach harakatning
tiklanishi uchun yon yo‘lda turgan poyezdga jo‘natish
marshrutini tayyorlashdan (ts) iborat (4-rasm).

Vaqt davomiyligi (daqiqa)
Amallar nomi

2004 ragamli poyezdni qabul gilish
uchun marshrut tayyorlash

2004 ragamli poyezd uchun qabul
qilish marshrutni bekor qilish

3005 raqamli poyezdni o'tkazib
yuborish uchun marshrut tayyorlash
2004 ragamli poyezdni jo'natish
uchun marshrut tayyorlash

Ikki poyezdning razyezdga yetib
kelish vaqtlari farqi

Umumiy davomiylik

4-rasm. Poyezdlarni razyezdda kesishtirishning
texnologik tartibi

Mazkur jarayonda poyezdlarning to‘xtashi, kutishi va qayta
tezlanishi bilan bog‘liq qo‘shimcha vaqt yo‘qotishlari

yuzaga keladi. Natijada poyezdlar orasidagi interval ortib,
uchastkaning o‘tkazuvchanlik qobiliyati pasayadi. Aynigsa,
harakat zichligi yuqori bo‘lgan bir yo‘lli temir yo‘l
uchastkalarida bu holat poyezdlar harakati grafigining
buzilishiga ham sabab bo‘lishi mumkin. Shu bois
poyezdlarni to‘xtatmasdan kesishish texnologiyasini joriy
etish muhim ahamiyat kasb etadi. Mazkur texnologiya
poyezdlar harakatining uzluksizligini ta’minlash, vaqt
yo‘qotishlarini kamaytirish hamda temir yo‘l uchastkasining
o‘tkazuvchanlik qobiliyatini oshirish imkonini beradi.
Bundan tashqari, poyezdlarni to‘xtatmasdan kesishishni
tashkil etish lokomotivlarning yoqilg‘i va energiya sarfini
kamaytirishga, harakat jadvalining bargarorligini oshirishga
hamda temir yo‘l infratuzilmasidan foydalanish
samaradorligini yaxshilashga xizmat giladi. Shu bilan birga,
poyezdlarning bekor turib golish vagtlarining gisgarishi yuk
va yo‘lovchi tashish jarayonining tezkorligini oshiradi.
Natijada temir yo‘l transportining texnik-igtisodiy
ko‘rsatkichlari  yaxshilanib, mavjud uchastkalarning
qo‘shimcha kapital xarajatlarsiz  samaraliroq ishlashi
ta’minlanadi.

3.2. Razyezdda poyezdlarni to‘xtatmasdan kesishtirish
texnologiyasi

Poyezdlarni to‘xtamasdan kesishish texnologiyasi bir yo‘lli
temir yo‘l uchastkalarida qarama-qarshi yo‘nalishda
harakatlanuvchi ~ poyezdlarning  razyezd  hududida
to‘xtamasdan o‘zaro kesishishini ta’minlashga qaratilgan.
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Ushbu texnologiya razyezdlarning yetarli uzunlikda
loyihalanishi hamda poyezdlar harakati parametrlarini
moslashtirish asosida amalga oshiriladi.

Mazkur texnologiyaning asosiy afzalligi poyezdlarning
to‘xtash va qayta tezlanish jarayonlarini bartaraf etish orqali
harakatning uzluksizligini ta’minlashdan iborat.

5-rasm sxemasida juft yo’nalashdan qabul qgilindan poyezd
avval, toq yo‘nalishdan kelayotgan poyezd keyin kelgan hol
uchun poyezdlarning uchta holati ko‘rsatilgan:

5-rasmda poyezdlarni to‘xtamasdan kesishish jarayonining
hisoblash ~ sxemasi  keltirilgan. Rasmda  kesishish
jarayonining uchta asosiy bosqichi (a — boshlang‘ich holat,
b — kesishish jarayoni, ¢ — yakuniy holat) tasvirlangan.
a-holatda juft yo‘nalishdagi poyezd kesishish hisobiy
o‘gidan o‘tadi, toq yo‘nalishdagi poyezd esa hali kesishish
uchastkasiga kirib kelmagan bo‘ladi. b-holatda poyezdlar
kesishish hududida harakatlanadi va ularning o‘zaro

joylashuvi hisoblash uchun asosiy geometrik parametrlarni
aniglash imkonini beradi. c-holatda kesishish jarayoni
yakunlanadi va poyezdlar uchastkani tark etadi.

Rasmda keltirilgan L; va L. masofalar mos ravishda
poyezdlarning ketma-ket holatlar orasida bosib o‘tadigan
yo'lini ifodalaydi. Lnjuit Va Lh.tog kesishish o‘qidan chiqish
signallarigacha bo‘lgan masofalarni, L,y esa poyezd
uzunligini  bildiradi.  Ushbu  parametrlar  asosida
to‘xtamasdan kesishish uchastkasining zaruriy uzunligini
aniglash mumkin.

To‘xtamasdan kesishish uchastka uzunligini aniglash uchun
avvalo  to‘xtamasdan  kesishish  o‘qidan  chiqish
signallarigacha bo‘lgan masofalar: juft yo‘nalishda Lnjuft Va
toq yo‘nalishda Lh toq (5-rasm) hisoblanadi. Juft yo‘nalishdan
kelayotgan poyezd kesishish hisobiy o‘gidan o‘tadi, toq
yo‘nalishdan kelayotgan poyezd esa hali kesishish
uchastkasiga kirgan bo‘lmaydi;

To‘xtatmasdan kesishtirishning

a Juft hisobiy o*qi T
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5-rasm. Poyezdlarning to‘xtatmasdan kesishtirish uchun razyezdlarni hisoblash sxemasi: a — 1-holat; b — 2-bolat; ¢ — 3-
holat; Lnjuft, va Lhtog— mos ravishda kesishish o‘qidan juft va toq chiqish signallarigacha bo‘lgan masofalar; Lpoy — poyezd
uzunligi; L: — juft yo‘nalish poyezdi birinchi holatdan ikkinchi holatga o‘tguncha bosib o‘tadigan masofa; L: —toq
yo‘nalish poyezdi ikkinchi holatdan uchinchi holatga o‘tguncha bosib o‘tadigan masofa

6-rasmda poyezdlarni to‘xtamasdan kesishish uchun ajratish
punktlarini gayta qurish sxemalari keltirilgan. Ushbu
sxemalarda to‘xtamasdan kesishishning hisobiy o‘qidan juft
va toq yo‘nalishlar bo‘yicha chiqish svetoforigacha bo‘lgan
masofalar mos ravishda Lnjuit Va Lntog bilan ifodalanadi,
stansiya maydonining umumiy uzunligi esa Lst bilan
belgilanadi.

Keltirilgan sxemalar razyezdlarni gayta qurishda kesishish
uchastkalarining optimal joylashuvini aniglash, shuningdek
poyezdlar harakati parametrlarini muvofiglashtirish orgali
to‘xtamasdan kesishish texnologiyasini samarali joriy etish
imkonini beradi.

3.4. Poyezdlarni to‘xtatmasdan kesihtirish shartlari va
cheklovlar

Poyezdlarni  to‘xtamasdan  kesishish  texnologiyasini
amaliyotga joriy etish yuqorida ko‘rib chigilgan hisoblash
usullari va konstruktiv yechimlar bilan bir gatorda, muayyan
ekspluatatsion va texnik shartlarning bajarilishini ham talab
etadi. Mazkur texnologiyaning samarali ishlashi poyezdlar
harakat parametrlarining o‘zaro muvofiqlashtirilganligi,
kesishish  uchastkalarining yetarli uzunligi hamda
infratuzilmaning zamonaviy boshqgaruv vositalari bilan
jihozlanganligiga bevosita bog‘lig.
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Shu bois to‘xtamasdan kesishish jarayonini tashkil etishda
asosiy shartlar va ularni cheklovchi omillarni aniglash
muhim ahamiyat kasb etadi.

Poyezdlarni to‘xtamasdan kesishish texnologiyasi bir yo‘lli
temir yo‘l uchastkalarida qarama-qarshi yo‘nalishda
harakatlanuvchi ~ poyezdlarning  razyezd  hududida
to‘xtamasdan o‘zaro kesishishini ta’minlashga qaratilgan.
Ushbu texnologiyani samarali joriy etish temir yo‘l
uchastkasining o‘tkazuvchanlik  qobiliyatini  oshirish,
poyezdlar harakatining uzluksizligini ta’minlash hamda
ekspluatatsion samaradorlikni yaxshilash imkonini beradi.
Mazkur texnologiyani loyihalash va amaliyotga joriy etishda
bir gator texnologik, ekspluatatsion hamda infratuzilmaviy
omillarni kompleks hisobga olish zarur.
Poyezdlarning to‘xtamasdan kesishishni
quyidagilar ta’minlanishi zarur:
To‘xtamasdan kesishish texnologiyasini samarali joriy etish
uchun quyidagi asosiy shartlar ta’minlanishi zarur:

—  kesishish  uchastkalari ~ orasidagi  pergonlarda
poyezdlarning harakat vaqti o‘zaro muvofiqlashtirilgan
bo‘lishi kerak. Bunda qarama-qarshi yo‘nalishda
harakatlanuvchi poyezdlarning kesishish nugtasiga yagin
vaqtda yetib kelishi ta’minlanadi;

loyihalashda
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— kesishish uchastkalarining uzunligi  poyezdlarning
to‘xtamasdan o‘zaro kesishishini ta’minlaydigan darajada
bo‘lishi lozim. shu bilan birga, uchastka oxirida zarurat
tug‘ilganda poyezdning xavfsiz to‘xtashi va keyinchalik
harakatni davom ettirishi uchun ekspluatatsion sharoitlar
yaratilgan bo‘lishi kerak;

uchastka zamonaviy boshgaruv tizimi, jumladan,
dispetcherlik markazlashtirilgan boshgaruvi, avtomatik
lokomotiv signalizatsiyasi va avtostop tizimlari poyezdlar
harakatining uzluksizligi hamda xavfsizligini ta’'minlaydi.
Kesishish uchastkalarida vaqt bo‘yicha identiklik talabi
barcha pergonlarga to‘liq tatbiq etilmaydi. Xususan,
uchastka va saralash stansiyalariga tutashgan pergonlarda
poyezdlar juftligining yurish vaqgti hisobiy giymatga
nishatan

4-5 dagigaga qisqartirilgan holda gabul gilinadi. Mazkur

yondashuv stansiyalarda poyezdlarni gabul qilish va
jo‘natish  jarayonlarining  texnologik  barqarorligini
ta’'minlash, shuningdek, umumiy harakat jarayonining

uzluksizligini oshirish uchun zarur hisoblanadi.

Har ganday to‘xtamasdan kesishish uchastkasi — uning
razyezd, oraliq stansiya yoki maxsus ikki yo‘lli qo’yilma
shaklida tashkil etilganligidan qat’i nazar, belgilangan
ekspluatatsion talablarni to‘liq qanoatlantirishi zarur.
Xususan, ushbu uchastka poyezdlarning turli vagtda yetib
kelish sharoitida ham ularning xavfsiz va uzluksiz
kesishishini ta’minlashi lozim.

Mazkur talablarga muvofig, to‘xtamasdan kesishish
uchastkasining uzunligi quyidagi shartlarni ganoatlantirishi
lozim:

— kesishish uchastkasi poyezdlarning nafagat bir vaqtda,

oshmasligi kerak, og‘ir profil sharoitlarida hamda mavjud
liniyalarda esa yo‘l yotqgizish hajmini optimallashtirish
magsadida ushbu giymat 2 dagigadan oshmasligi bilan
chegaralanadi.

Shunday qilib, poyezdlarni to‘xtamasdan kesishish
texnologiyasini joriy etish uchun kesishish uchastkalarining
parametrlarini to‘g‘ri tanlash, poyezdlar harakati vaqtlarini
muvofiglashtirish hamda mavjud infratuzilma
imkoniyatlarini hisobga olish zarur. Belgilangan shartlar va
cheklovlarga rioya etilishi texnologiyaning xavfsiz va
barqaror ishlashini ta’'minlaydi.

Mazkur tadqiqotning keyingi bosqichida real temir yo‘l
uchastkalari misolida poyezdlarni to‘xtamasdan kesishish
texnologiyasining o‘tkazuvchanlik qobiliyatiga ta’siri
baholanadi.

3. Natija va muhokamalar

Ushbu texnologiyani real temir yo‘l uchastkasiga joriy
etishning samaradorligini baholash magsadida Buxoro-1 —
Miskin bir yo‘lli temir yo‘l uchastkasi misolida tahlil amalga
oshirildi (7-rasm). Ushbu uchastka uzunligi 365 kmni tashkil
etib, u bir nechta razyezd va oralig stansiyalar orgali
ajratilgan.
7-rasmda ushbu uchastkada peregonlar uzunligi hamda
poyezdlarning harakat vaqtlari tagsimlanishi keltirilgan.
Tahlil natijalari shuni ko‘rsatadiki, peregonlar uzunligining
va harakat vaqtlarining notekis tagsimlanishi poyezdlar
kesishish jarayonida qo‘shimcha kutish vagtlarining yuzaga
kelishiga olib keladi.

Shu bois ushbu uchastkada poyezdlarni to‘xtamasdan

balki turli vagtlarda yetib kelishi sharoitida ham ularning L TR - : -
uzluksiz, xavfsiz va o‘zaro to‘gqnashuvsiz kesishishini kesishish _texnologiyasini joriy etish orqali - mavjud
e q infratuzilmadan samaraliroq foydalanish hamda
ta’minlashi zarur; . . . e e ..
- _ . . S uchastkaning  o‘tkazuvchanlik  qobiliyatini  oshirish
— poyezdlarning kesishish nugtasiga yetib kelishidagi vaqt . R~ -
) Y o ! imkoniyati mavjud.
tafovuti normativ jihatdan cheklangan bo‘lib, u 3 daqiqadan
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7-rasm. Buxoro-1 — Miskin temir yo‘l uchastkasida peregonlar uzunligi va yuk poyezdlarining harakatlanish vaqti

Mavjud sharoitda uchastkaning o‘tkazuvchanlik qobiliyatini
baholash maqsadida peregonlar bo‘yicha poyezdlar harakat
vaqtlari tahlil qilindi (7-rasm). Tahlil natijalari shuni
ko‘rsatadiki, uchastka bo‘yicha harakat vaqtlari sezilarli
darajada farglanib, ularning notekis tagsimlanganligi
kuzatiladi.

Bir yo‘lli temir yo‘l uchastkalarida o‘tkazuvchanlik
gobiliyati, odatda, eng katta vaqt sarfi talab giluvchi peregon
bilan aniglanadi. Mazkur uchastkada aynan shu peregonlar
umumiy harakat jadvalining eng tig‘iz holatini tashkil etib,
poyezdlar harakatining ritmikligini buzadi va qo‘shimcha
kutish vaqtlarining yuzaga kelishiga sabab bo‘ladi.
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Natijada uchastkaning mavjud o‘tkazuvchanlik qobiliyati
harakat vaqtlari notekisligi bilan cheklanadi. Bu esa
poyezdlar harakatini yanada zichlashtirish imkoniyatlarini
pasaytiradi hamda mavjud infratuzilmadan foydalanish
samaradorligini to‘liq ta’minlamaydi.

Bundan tashqari, peregonlar bo‘yicha harakat vaqtlarining
keskin farglanishi poyezdlarni razyezd va stansiyalarda
uzogroq kutib turishiga olib keladi. Bu holat nafagat
uchastkaning o‘tkazuvchanlik qobiliyatini cheklaydi, balki
poyezdlar harakatining bargarorligiga ham salbiy ta’sir
ko‘rsatadi. Shu poyezdlarni to‘xtatmasdan kesishish
texnologiyasini qo‘llash mavjud infratuzilmadan samarali
foydalanishning muhim omillaridan biri hisoblanadi.
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Bir yo‘lli temir yo‘l uchastkasining mavjud o‘tkazuvchanlik
gobiliyati quyidagicha topiladi

_ (1440—trex) Amus
Nmav -

Tdavr ! (8)
bunda: texnologik “okno” davomiyligi (aloga va
SMB qurilmalari, yo‘l inshootlari va
boshqa qurilmalarni joriy ta’mirlash): 1
yo‘lli uchastkalar uchun tex=60 dagiqa;

o~ aloga va SMB qurilmalari, yo‘l inshootlari
va boshga qurilmalarning mustahkamlik
koeffitsiyenti: elektrovozli tortuvda 0,93;
teplovozli tortuvda 0,90;

grafik davri (uchastkaning o‘tkazish
qobiliyatini  chegaralaydigan  peregon
uchun hisoblanadi), daqiqa,

(8) formuladagi Taavr giymatini poyezdlarni kesishtitish 4 ta
sxemasidan eng minimali tanlanadi va uning giymati gabul
gilinadi.

Mavjud sharoitda poyezdlarni Kkesishish jarayonining
samaradorligini baholash magsadida real temir yo‘l
uchastkasi misolida kesishtirish sxemalari tahlil gilindi (8-
rasm). Tahlil jarayonida poyezdlarning razyezdga Kirishi,
kesishishi hamda peregonlar bo‘yicha harakatlanish vaqtlari
inobatga olindi. Shuningdek, mavjud texnologik sharoitda
poyezdlarning tezlanish va sekinlanish jarayonlari
uchastkaning umumiy o‘tkazuvchanlik qobiliyatiga qanday
ta’sir ko‘rsatishi baholandi.
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Tine =t +t) +7, + 7, +1, +t,,, dagiga Ty =t +t) + 7, + 7, +1, +1,, dagiga
8-rasm. Bir yo‘lli uchastkalarda poyezdlarni

razyezdlarda kesishish sxemalari

Hisoblashlarda mavjud holatdagi tezlanish va sekinlanish
vagqtlarining giymatlari mos ravishda 3 va 2 dagiga qilib
gabul qilindi. Bundan tashqari, poyezdlarning kesishish
nugtasiga bir vagtda yetib kelmasligi hamda kesishish
intervali giymatlari ham mos ravishda 3 va 2 dagiga deb
belgilandi. Mazkur parametrlar poyezdlar harakati
xavfsizligini  ta’minlash va mavjud ekspluatatsion
sharoitlarni real holatda aks ettirish magsadida tanlandi.

Bir yo‘lli Buxoro-1 — Miskin temir yo‘l uchastkasida Turon
— Miskin peregonining harakatlanish vagti eng katta
bo‘lishiga qaramasdan, ushbu peregon blok-post orqali ikki
gismga ajratilgan. Natijada peregonning band bo‘lish vaqti
gisgartirilgan  hamda  uchastkaning  o‘tkazuvchanlik
gobiliyatini oshirishga erishilgan. Shu sababli mazkur
peregon hisoblashlarda eng og‘ir peregon sifatida qabul
gilinmadi.
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Bir yo‘lli Buxoro-1 —  Miskin  uchastkasining
o‘tkazuvchanlik qobiliyatini baholashda eng og‘ir peregon
sifatida Xizirbobo — Jayxun peregoni tanlandi. Ushbu
peregonda poyezdlar harakatlanish vaqgti, kesishish
sharoitlari hamda mavjud texnologik parametrlar inobatga
olingan holda 4 ta turli sxema bo‘yicha hisoblash ishlari
amalga oshirildi. Hisoblash natijalari asosida turli kesishish
sxemalarining uchastka o‘tkazuvchanlik qobiliyatiga ta’siri
baholanib, olingan natijalar 1-jadvalda keltirilgan.

1-jadval
Bir yo‘lli Buxoro-1 — Miskin uchastkaning
chegaralaydigan peregoni uchun grafik davrini
hisoblash natijalari

Texnoligik | " 1 v
Tir amallar,
. sxema | sxema | sxema | sxema
dagiga
tjuft 52 52 52 52
ttog 52 52 52 52
ttez 3 3 3 3
tsek 2 2 2 2
Tk 3 3 3 3
Tkes 2 2 2 2
Tdavr 114 114 114 114

1-jadval natijalaridan ko‘rinib turibdiki porezdlarni bir yo‘lli
peregonda kesishtirishning minimal davomiylik davri
barcha sxemalar bo‘yicha bir xil, Taar=114 dagigani tashkil
etdi.

Endi mavjud o‘tkazuvchanlik qobiliyatini hisoblaymiz:

Nggstiab = QHOSDD2 — 1126 ~ 11 juft poyezd.
Poyezdlarni to‘xtatmasdan kesishtirishda esa tezlikning
pasayishi hisobiga 1 daqiqa qo‘shimcha vaqt qabul gilamiz
va o‘tkazuvchanlik qobiliyatini hisoblaymiz:

i (1440-60)-0,93 i
N = P = 1223 = 12 juft poyend

Olingan natijalar shuni  ko‘rsatadiki, poyezdlarni
to‘xtamasdan kesishish texnologiyasini joriy etish orqali
uchastkaning o‘tkazuvchanlik qobiliyati sezilarli darajada
oshadi. Xususan, mavjud sharoitda o‘tkazuvchanlik
qobiliyati 11 juft poyezdni tashkil etgan bo‘lsa, taklif etilgan
texnologiya asosida bu ko‘rsatkich 12 juft poyezdgacha
oshadi.

Bu esa o‘tkazuvchanlik qobiliyatining qariyb 10 foizga
ortishini anglatadi. Natijada poyezdlar harakatining
uzluksizligi ta’minlanadi, kutish vagtlarining qisqarishi
kuzatiladi hamda temir yo‘l uchastkasidan foydalanish
samaradorligi oshadi.

4. Xulosa

Mazkur tadgiqotda bir yo‘lli temir yo‘l uchastkalarida
poyezdlar harakatini tashkil etishning samaradorligini
oshirish magsadida poyezdlarni to‘xtamasdan kesishish
texnologiyasini joriy etishning nazariy va amaliy jihatlari
o‘rganildi. Tadgiqot davomida razyezdlarning zaruriy
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uzunligini aniqlash bo‘yicha hisobiy yondashuv ishlab
chiqilib, poyezd uzunligi, yon yo‘lga kirish tezligi, asosiy
yo‘ldan o‘tish tezligi, tormoz yo‘li uzunligi hamda
poyezdlarning kesishish nugtasiga yetib kelishidagi vaqt
fargi kabi asosiy ekspluatatsion omillar kompleks tarzda
hisobga olindi.

Shuningdek, poyezdlarni to‘xtamasdan kesishish
jarayonining sxematik modeli ishlab chiqilib, kesishish
uchastkalarining  joylashuvi va ularning geometrik
parametrlariga qo‘yiladigan talablar asoslandi. Mavjud
razyezdlarni gayta qurish sxemalari tahlil qilinib,
to‘xtamasdan kesishish texnologiyasini amaliyotga joriy
etishning konstruktiv yechimlari taklif etildi.

Buxoro-1 — Miskin temir yo‘l uchastkasi misolida olib
borilgan tahlillar peregonlar uzunligi va poyezdlar harakat
vagqtlari notekis tagsimlanganligini ko‘rsatdi. Ushbu holat
poyezdlar  kesishish jarayonida qo‘shimcha kutish
vaqtlarining yuzaga kelishiga va natijada uchastkaning
o‘tkazuvchanlik qobiliyatining cheklanishiga olib keladi.
Mavjud sharoitda uchastkaning o‘tkazuvchanlik qobiliyati
11 juft poyezdni tashkil etishi aniglandi.

Taklif etilgan poyezdlarni to‘xtamasdan kesishish
texnologiyasini joriy etish natijasida kesishish jarayonidagi
ortigcha to‘xtashlar bartaraf etilib, poyezdlar harakatining
uzluksizligi ta’minlanadi. Hisoblash natijalariga ko‘ra,
ushbu texnologiyani qo‘llash orgali  uchastkaning
o‘tkazuvchanlik qobiliyati 12 juft poyezdgacha oshadi, bu
esa taxminan 10 foiz o‘sishni tashkil etadi.

Bundan tashgari, mazkur texnologiyani joriy etish
lokomotivlarning yoqilg‘i yoki elektroenergiya sarfini
kamaytirish, harakat tarkibining eskirish darajasini
pasaytirish hamda yuklarni yetkazib berish muddatlarini
gisqartirish imkonini beradi. Shu bilan birga, razyezdlarni
optimal uzunlikda loyihalash yoki qayta qurish orqali
mavjud infratuzilma sharoitida katta kapital qo‘yilmalarsiz
ham samaradorlikka erishish mumkinligi asoslab berildi.

Olingan natijalar bir yo‘lli temir yo‘l uchastkalarida
harakatni  tashkil etishni takomillashtirish, kesishish
jarayonlarini optimallashtirish hamda ularning
o‘tkazuvchanlik qobiliyatini oshirish bo‘yicha amaliy
tavsiyalar ishlab chigishda muhim ahamiyatga ega.
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Optimization of the response time of microprocessor-based protection devices

Abstract:

Keywords:

Iin phase-sensitive railway track circuits

E.K. Ametoval®?, J.B. Kudratov®P
Tashkent state transport university, Tashkent, Uzbekistan

Phase sensitive track circuits are very critical in the railway automation system and rely on the quick
protection of track transformers against overload and short circuit faults. The traditional
electromechanical circuit breakers (AVM-1, AVM-2) have large mechanical inertia, which results in
slower fault isolation. In this paper, an optimized protection device (AVM-MP) based on a
microprocessor is presented that overcomes the drawbacks of traditional mechanical protection devices
and the preliminary digital prototypes. The first microprocessor designs incorporated the Hall-effect
sensor to suit the ACS712, but were found to have several disadvantages: 5V to 3.3V logic level
incompatibility, increased noise and limited bandwidth of 80 kHz. In response, the proposed architecture
has an advanced ACS724 sensor that is easily compatible with the 3.3V logic of the dual-core ESP-32
microcontroller. The optimized system, which includes a dynamic current-derivative (di/dt) fault
detection algorithm, provides a bandwidth of 120 kHz and removes voltage-divider noise. Results from
the experimental test and simulation using virtual show that the response time of the sensor is decreased
to less than 4ps, which makes it possible to detect and isolate any transient faults early (under 1.2ms).
This quick response time also helps to avoid thermal damage to the transformer windings, significantly
extending the operational lifespan and safety of the railway signaling system.

Phase-sensitive track circuits, microprocessor protection, Hall-effect sensor, ACS724, fault detection,
time-current characteristic, predictive maintenance, 110T, Railway automation

1. Introduction

conceptual design of an intelligent microprocessor-based
protection device [8].Use of Hall-effect sensors in

Reliability of signaling, centralization of signaling, and
blocking (SCB) systems is fundamental in the absolute
safety and uninterrupted operation of railway rolling stock
[1]. Now 64% of stations inside the infrastructure are
equipped with a control system, either electrical interlocking
(EC) or route-relay interlocking (RRI). Phase-sensitive track
circuits therefore carry out the critical function of on-going
train tracking and monitoring of whether or not a block
section is vacant within the infrastructure. These phase-
sensitive circuits are tied to the track transformers and their
operational stability is a crucial factor in the operational
stability of the circuits [2, 3]. In railway distribution
networks, however, there are often severe electromagnetic
transients and short circuits that cause rapid degradation of
the transformer insulation and create critical train schedule
disruptions [4].According to the statistical analysis, the
protection of track transformers from such overloads has
been traditionally provided by electromechanical circuit
breakers with bimetallic thermal elements such as AVM-1
and AVM-2 series introduced in the 1980s [5]. These are
commonly used but, due to their mechanical inertia, their trip
time during high current transients is as much as 100-150 ms
which means that the initial short circuit (SC) shock is not
being protected against by these devices. In view of these
new deficiencies, recent research work strongly
recommends the modernization of railway automation based
on the use of microprocessor-based control. From the
experience of countries with a more sophisticated railway
transport, the ESP32 dual-core microcontroller with
Industrial Internet of Things (1loT) capability is being
extensively employed as an extremely effective tool for such
duties [6, 7]. Previous research in the field of basic
protection of railway automation has suggested the

a2 https://orcid.org/0000-0003-0872-3599
bl https://orcid.org/0009-0005-3573-9811
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conjunction with microcontroller is highly recommended on
Uzbekistan Railways, especially in 25 Hz phase-sensitive
track circuits with DSSH-13/16 relays, for fast measurement
of track circuit currents, and for fast selective protection of
track transformers. In the first attempts to digitize AVM
systems, the standard sensors were used in the system design
[9,10]. This method did not require any mechanical moving
parts, but on the hardware side there were serious bottle
necks. The main problem is that the ACS712 sensor needs to
be powered with 5V, while modern microcontrollers require
3.3V. This discrepancy is compensated with resistive
voltage dividers which add a great deal of noise and
distortion to the system readings by the Analog-to-Digital
Converter (ADC). In addition, it was noted that the sensor is
sensitive to the magnetic noise from the railway, which leads
to errors in the current measurements obtained [11].In
practice, this technological gap is addressed in the authors'
prior work on real-time monitoring of track transformers and
further solidifies the positive results of this. This paper
presents an optimized design of AVM-MP based on the
advanced, 3.3V compatible sensor, which is used in the latest
automotive industry and has gained the AEC-Q100 quality
certification [9,12]. The primary goal of this study is to make
a comparative analysis of the dynamics of the sensors, and
to show that the 1st level of the proposed 2-level protection
algorithm, i.e., the dynamic di/dt condition, can intelligently
activate the protection mechanism and isolate the short
circuit at its most incipient stage (less than 1 ms).

https://doi.org/10.56143/2181-2438-2026-2-126-130
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2. Research methodology

Scientists of Tashkent State Transport University-A.
Azizov, E. Ametova, J. Kudratov prepared a preliminary
prototype of the protection device with an intelligent
microprocessor control based on the new two-level
protection model. The prototype was going to be built
around the ESP32-WROOM-32 dual core microcontroller as
its logical base or “brain”. One of the microcontrollers
distinguished by its high clock frequency (240 MHz), which
renders an ability to perform the real time analysis of ultra
fast transient processes in phase-sensitive track circuits, also
called PSTC [13].

But there were several issues in the first prototype that
prevented it from accurately measuring the current value in
the PSTC and quickly sending it to logical analysis through
the ADC. The sensor used in the measuring unit, ACS712,
was much more convenient than the already available AVM-
2 sensor devices and offered the possibility of easy
integration into digital systems. However, steady magnetic
interference from the railway prevented the accurate
measurement of the current and its speedy transfer to the
logical analysis unit of the device. This resulted in the
triggering of the 1st level (short circuit) protection being
delayed.

The first phase of the methodology is to change the
functionally obsolete ACS712 current sensor to the ACS724
current sensor with higher technical parameters. The
ACS724 sensor has been tested to the international standard
AEC-Q100 that ensures high reliability under high levels of
electromagnetic interference and mechanical vibrations
common to the railway environment [14, 15]. The primary
benefit of the ACS724 from a methodological point of view
is that it runs at a 3.3V logic level. This enabled it to be
connected directly to the analog-to-digital converter (ADC)
of the ESP32 microcontroller without the need for extra
noise generating resistor voltage dividers. In such a
configuration, measurement errors are minimized and it also
yields a very high bandwidth of up to 120 kHz, which is
useful to capture the high frequency harmonics of the fault
current with a high degree of accuracy [16].

2.2. Synthesis of the Two-Level Digital Protection
Algorithm.

The effective protection of the track transformer is
carried out according to the two-step logical condition of the
method. This algorithm has been developed in particular to
separate normal operational noise (e.g. inrush currents) from
actual fault events.Level 1: Dynamic analysis of the position
di/dt. In this stage, instead of the actual magnitude of current,
the system computes the change of current with time (its
derivative). When (di/dt) > (di/dt)kr, the algorithm will
dynamically sense the beginning of a short circuit and send
a disconnect signal in less than 1ms [17]. Note the following
level 2 digital filtering and thermal monitoring. The
exponential moving average (EMA) methodology was used
to analyse the temporary overloads that occur naturally
during train movement and is given by (1):

[kl = a-LawlkKl+ (1 —a) - [lk=1 (1)

In this expression, « = 1 —e4%/7 is the smoothing
coefficient and It[k] and I+[k-1] are the noise-cleared signals
at the steps k and k-1 respectively, while lraw[K] is the raw
signal acquired from the sensor[18].

di Le[k] — I[k — 1]

dt At o

Using the above formula (2), we obtain the equality of a
change of current in the case of determining the digital state
of the track transformers[19]. In this equation, At given in
the denominator represents the sampling period, which is the
time interval between two consecutive steps (3).

1 1
At _fs =100001z 0.0001s=0.1ms (3)

2.3. A conceptual model of the AVM-MP.

Device was created in order to show the logic of the
system in operation. This model covers the entire signal flow
from the sensor to the Analog-to-Digital Converter (ADC)
to the microcontroller's dual core processor for analysis, and
finally to execution through a Solid State Relay (SSR).
Moreover, in the context of this conceptual model, the
methodology proposes to collect the data stream and
automatically transfer it to the Signaling Dispatcher (ARM-
ShD) in real time through 10T technologies (Figure 1).

input
Sensing

\ 4

Analog-digital
conversion

output

4— Solid State Relay

Fig. 1. Simplified conceptual model and signal flow
block diagram of the AVM-MP system

3. Results and Discussion

3.1. Current Sensing Devices and Comparative
Analysis of Current Sensing Technologies and Protection
Devices.

The sensors' dynamic response and measurement
accuracy is a key factor in rapid fault detection. Analyses
conducted showed that the use of the resistive voltage
divider as a connection method of the ACS712 sensor to the
modern ESP32 microcontroller, which was used in the first
prototypes, has a significant impact on the deterioration of
the signal-to-noise ratio (SNR) [20]. The optimized AVM-
MP system, on the other hand, connects the ACS724 sensor
directly with ESP32 at the native 3.3V logic level with
maximum signal integrity [21]. In addition, it was
demonstrated that the wider bandwidth of the ACS724
sensor up to 120kHz is necessary to collect the high
frequency transient components of short circuits (SC) in
phase-sensitive track circuits [22].

3.2. Dynamic Time-Current Characteristics Analysis
of the 2-Level Protection Algorithm.

The proposed two-level digital protection algorithm
performance and reliability were tested by virtually
modelling zero-impedance short circuit conditions. The
analyses show that there is a need to extend the protection to
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ultra-fast protection for short circuit. The proposed AVM-
MP intelligent protection device was analyzed in the tripping
processes under various fault conditions.

The current-time dependence graph during the activation
of 1st level protection of the traditional electromechanical
AVM-2 and the proposed microprocessor based AVM-MP
protection is shown in Figure 2 under a zero-impedance
short-circuit (SC) condition. During this ultra fast transient
process, the current is much higher than the nominal value.
The graph shows the points k and (k—7), which are the
discrete digital samples taken by the microcontroller of the
continuous signal. The system is designed to analyze the
growth gradient at the current (I1[K]) and previous (I/k—1])
measurement point across a time interval A¢ to determine the
current growth gradient (di/dt) [23]. If this difference is
greater than the threshold, the algorithm will detect the SC
at the earliest stage and sends the trip command (TRIP-1)

50 A/nz

immediately in 0.8-1.2 ms. The mechanical inertia of the
traditional bimetallic element introduces a delay in the trip
time of 100-150ms, while the reaction of the AVM-MP is
only 1ms which fully eliminates the possibility of thermal
degradation of the transformer windings.

The system response to an overload regime is shown in
picture 3 as the activation graph of the 2nd level protection.
The current surge is not high enough to set the 1st level
protection when train movement starts or when the
transformer is loaded with excessive loads for a prolonged
period of time. In this case, the algorithm will be
continuously adding the current values at each discrete point
k based on an exponential moving average (EMA) filter. The
following graph illustrates that, when the present magnitude
is greater than the set thermal limit Ikt is the time period
when and and remains for some amount of time limit.

Fig. 2. Time-current characteristic graph of the 1st level protection activation

Fig. 3. Time-current characteristic graph of the 1st level protection activation

The system performs a 2nd level trip (TRIP-2) to avoid
thermal degradation of the transformer.

3.3. Integral Indicators and Multi-Dimensional
Comparison.

A multi-dimensional qualitative and quantitative
analysis was used to comprehensively assess the operational
efficiency of current AVM-2 and the proposed AVM-MP
devices [24,25]. The traditional AVM-2 device can't change
the nominal current 5 A and has a fixed trip limit of 7 A,
whereas the AVM-MP system offers real-time software
adjustable nominal current and trip limit (0 - 50 A).

The radar chart analysis was conducted using integral
evaluation criteria (thermal endurance, SC trip speed,
current range, 2.1 kV galvanic isolation and the presence of
a digital monitoring). The qualitative indicators used were
awarded a higher point by the intelligent AVM-MP device
than by the legacy AVM-2, with an average of 9.2 points
compared to 2.5 points for the legacy AVM-2, thus proving
its absolute technological and operational superiority picture
4.
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Fig. 4. Radar chart analysis of the quality indicators for
the traditional AVM-2 and the proposed AVM-MP
devices
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3.4 Analysis of Operational Stability and Information
Integration

Under the research scope, the sensitivity of the
traditional protection device and the proposed protection
device to the ambient temperature were compared. The
Bimetallic strips used in the devices AVM-2 are degraded in
extreme climatic conditions in Uzbekistan, where during the
summer period the temperature in railway relay cabinets
often exceeds +50°C, which affects their physical and
mechanical properties. This degradation consequently
results in device failure and in high number of unprovoked
false trips within the system. In contrast, the solid-state
design of the AVM-MP based on the AEC-Q100 qualified
sensors and ESP32 microcontroller is completely immune to
thermal ambient changes. It is absolutely stable over a wide
range of temperature from -40°C to +85°C and is suitable for
severe climatic operations. In addition, the system's
intellectual ability is greatly enhanced with the incorporation
of Industrial Internet of Things (110T) innovations. The
AVM-MP device not only cuts the electrical circuit, but also
has the ability to transfer the monitoring data in real-time to
the Automated Workstation of the Signaling Dispatcher
(ARM-ShD) and store one month of monitoring data in its
internal memory. This diagnostic feature will enable
detecting hidden defects in the infrastructure at an early stage
of their life before they become critical, laying a solid basis
for the implementation of predictive maintenance in the
railway automation network as a whole.

4. Conclusion

Based on the study, an intelligent microprocessor-based
protection device (AVM-MP) was successfully developed
and theoretically validated to replace the existing
electromechanical AVM-2 circuit breakers in railway phase
sensitive track circuits. For the first time the critical 3.3V
logic-mismatch problems of previous prototypes were
overcome by making the transition to the AEC-Q100
certified ACS724 sensor, which enabled reliable
measurement bandwidth expansion to 120 kHz and
hardware response time was reduced to less than 4 ps. A
novel two-level digital protection algorithm was
implemented: dynamic $di/dt$ for instantaneous short-
circuit protection and an Exponential Moving Average
(EMA) filter for sustained overloads, and this was extremely
successful. Virtual simulation results were also obtained
showing that the AVM-MP can detect and isolate zero
impedance faults in less than 0.8-1.2 ms, which is much
faster than the detect and isolate time of a traditional
bimetallic system of 100-150 ms. This fast fault clearing
action prevents a thermal degradation of the track
transformer windings and thus significantly enhances the
reliability and safety of the signaling system as a whole.
Moreover, the integration of 10T capabilities enables real-
time data transmission to the centralized Automated
Workstation of the Signaling Dispatcher (AW-SD),
facilitating predictive maintenance and substantially
reducing both operational and lifecycle costs.
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Steps to improve the processes for issuing speed limit warnings

Abstract:

Keywords:

N.S. Tokhirov®?2, M.D. Akhmedova®
Tashkent state transport university, Tashkent, Uzbekistan

This article examines the issues of improving data transmission systems in the process of organizing train
operations in railway transport. The author analyzes existing communication and control systems,
identifying their shortcomings and evaluating their efficiency. In particular, it is substantiated that fast,
reliable, and continuous information exchange is a key factor in effective train operation management.
The paper proposes new technological schemes for data transmission based on modern
telecommunication technologies. These schemes demonstrate the possibilities of optimizing information
exchange between stations, dispatching centers, and other system components. In addition, the ways to
enhance system reliability, reduce the impact of the human factor, and improve the efficiency of
operational management are discussed.

The research results contribute to increasing the overall efficiency of railway transport through the
digitalization and automation of management processes and have significant practical importance for
real-world applications.

railway transport, train operations, data transmission system, dispatching control, telecommunication,
automation

Tezlikni cheklash ogohlantirishlarini berish jarayonlarini takomillashtirish

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Jahon transport bozorida yuk va yo‘lovchilarning harakat

bosqichlari

Toxirov N.S.2®2 Axmedova M.D.!
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Ushbu magolada temir yo‘l transportida poyezdlar harakatini tashkil etish jarayonida tezlikni cheklash
ogohlantirishlar haqidagi ma’lumotlar uzatish tizimlarini takomillashtirish haqida bayon qilingan. Tezlik
cheklangan sharoitlarda mavjud aloga va boshgaruv tizimlarining tahlillari, ularning kamchiliklari va
samaradorlik darajasi baholangan. Xususan, poyezdlar harakatini boshgarish jarayonida tezkor, ishonchli
va doiymiy axborot almashinuvi muhim omil ekanligi asoslab berilgan.

Magolada zamonaviy telekommunikatsiya texnologiyalaridan foydalanish asosida ma’lumotlar
uzatishning yangi texnologik sxemalari taklif etilgan. Ushbu sxemalar orgali stansiyalar, dispetcherlik
markazlari va boshqa tizim elementlari o‘rtasida axborot almashinuvini optimallashtirish imkoniyatlari
ko‘rsatib o‘tilgan.

Shuningdek, tizimning ishonchliligini oshirish, inson omilining ta’sirini kamaytirish va operativ
boshgaruv samaradorligini yaxshilash yo‘llari yoritilgan.

Tadqiqot natijalari temir yo‘l transportida boshqaruv jarayonlarini raqgamlashtirish va avtomatlashtirish
orqali umumiy samaradorlikni oshirishga xizmat qiladi hamda amaliyotda qo‘llash uchun muhim
ahamiyat kash etadi.

temir yo‘l transporti, poezdlar harakati, ma’lumotlar uzatish tizimi, dispetcherlik boshqaruvi,
telekommunikatsiya, avtomatlashtirish

ahamiyatga egadir. Dunyo miqyosida, “... ragamli temir
yo‘l bozori 11,2% yillik o‘sish sur’ati bilan 2029-yilda
90,83 milliard dollarga yetishini...” hisobga olsak, ushbu

xavfsizligini ta’minlagan holda tashish jarayonlarini tashkil
gilinishiga sarflanadigan vaqtni kamaytirish uchun talab
keskin ortib bormoqgda. Shu jihatdan, harakat tezligi
cheklangan sharoitlarda vaqt yo‘qotishlarini kamaytirish
usullarini takomillashtirish, tezlikni chegaralash mavjudligi
to‘g‘risidagi ogohlantirishlar bilan bog‘liq ma’lumotlarning
elektron aylanishini tashkil etish, zamonaviy axborot
vositalaridan foydalangan holda ularni gayta ishlash
jarayonlarini  qgisqartirish, shu orgali  uzatilayotgan
ma’lumotlarning sifat darajasini oshirish masalalari alohida

a2 https://orcid.org/0000-0003-1385-9263
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tendensiya tashish jarayonlarini boshqgarish uchun yanada
samaraliroq va tejamkor yechimlarga ehtiyojni ortib borishi
bilan izohlanadi, bu esa o‘z navbatida poyezdlar harakatini
tashkil etishni ragamlashtirish zaruriyatiga olib keladi. Shu
munosabat  bilan  tezlik  cheklangan  sharoitlarda
ogohlantirishlar bilan bog‘liq ma’lumotlarni gayta ishlash va
ularni uzatish texnologik jarayonlarining modellarini ishlab
chigish masalalariga alohida e’tibor berilmoqda. Temir yo‘l
transportida tashish jarayonlarini xavfsizlik qoida va
me’yorlari asosida tashkil qilish va poyezdlar harakatini
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jadallashtirishda, aniglangan nosozliklarni bartaraf etish
ishlarida, ta’mirlash ishlari boshlanishidan oldin tegishli
bo‘limlarning dispetcherlari tomonidan ushbu ma’lumotlarni
poyezd dispetcherlari, peregonni chegaralovchi stansiya
navbatchilariga yetkazish tartibi “O‘zbekiston Respublikasi
temir yo‘llarida poyezdlar harakati va manyovr ishlari
bo‘yicha yo‘rignoma”ning 12-bobi “Ogohlantirishlar berish
taribi” bo‘limida keltirib o‘tilgan. Aniglangan nosozlikning
turiga garab poyezdlar harakatini davom ettirish yoki cheklash
hagida oldindab habar berish lozimligi belgilangan. Poyezdlar
harakatini cheklash ya’ni peregonni yopish uchun poyezd
dispetcheri tomonidan beriladgan buyrug orgali amalga
oshiriladi

Agarda poyezdlar harakatini pasaytirilgan tezlikda davom
ettirish imkoni mavjud bo‘lsa, u holda harakat xavsizligi
qoidalariga muvofiq ish jarayonlari tashkil qilinishi, ya’ni
temir yo‘l transporti tegishli xo‘jaliklari tomonidan taqdim
etiladigan  talabnomalari ~ asosida  belgilangan tezlik
miqdoridan oshmasiligi, “O‘zbekiston Respublikasi temir
yo‘llaridan texnikaviy foydalanish qoidalari”ning 263-
bandiga muvofig, poyezdlarning harakat vaqti davomida
lokomotiv brigadalarining alohida hushyorligini ta’minlash,
ogohlantirish talab etilgan taqdirda poyezdlarga yozma
ravishda DU-61 ogohlantirish blankasi topshirilishi va ushbu
blankalar qaysi hollatlarda topshirilishi kerakligi bayon
qilingan [110]. Ta’mirlash ishlarini olib borayotgan ishchi
xodimlarning xavsizligini ta’minlash magsadida,
poyezdlarning toifasiga qarab “O‘zbekiston Respublikasi
temir yo‘llarida signallashtirish bo‘yicha yo‘rignoma”
talablariga muvofiq temir yo‘Ining ta’mirlanayotgan qismini
to“sish signallari va ovozli signal belgilari bilan ta’minlanishi
kerakligi belgilab qo‘yilgan.

“O‘zbekiston Respublikasi temir yo‘llarida poyezdlar
harakati va manyovr ishlari bo‘yicha yo‘rignoma”ning
talablariga tezlikni cheklash hagidagi ogohlantirishlar uch
turga ajratiladi:

a) belgilangan vagtdan bekor gilinguncha amaldagi
ohohlantirishlar, tegishli bo‘lim rahbari ishlrani bajarish
sharoitlariga ko‘ra ish jarayonlari yakunlash vaqtini aniq aytib
berolmagan hollarda;

b) ta’mirlash ishlari rahbari tomonidan belgilangan aniq
muddat mobaynida amaldagi nosozliklar, keltirilgan muddat
mobaynida tezlikni cheklash ogohlantirishlarini tagdim gilish
uchun beriladigan talabnomasida keltiriladi;

v) ayrim toifadagi poyezdlarni o‘tkazishning alohida
holatlarida (poyezd ogohlantirishlar sababli cheklangan
tezlikda harakatlanish imkoniyati bo‘lmagan harakat
tarkibining mavjudligi, poyezdlar harakati grafigida
belgilanmagan to‘xtashlar tayinlanishi va rioya qilish
zarurligida).

Ta’mirlash ishlarini reja asosida ogohlantirishlarni
berishga  talabnomalarda  keltirilgan  telegrammalar
(telefonogrammalar) aniq vaqt hisobi asosida jo‘natilishi
lozimki, tezlik cheklangan sharoitlarda ogohlantirish
blankalarini temir yo‘l uchastkasining nosozlik anigingan
joyida harakatlanayotgan poyezd mashinistlariga yetkazish
stansiya  navbatchisi  tomonidan  ogohlantirishlarning
boshlanish vagtidan 3 soat oldin qabul ogohlantirish
talabnomalarini gabul qilishi, poyezdlar harakati tig‘iz hamda
to‘xtovsiz 3 soatdan ortiq harakatlanadigan yo‘nalishlarda esa
— “O‘zbekiston temir yo‘llari” AJ raisi tomonidan belgilangan
muddatdan ilgari gabul qilinishi belgilab qo‘yilgan. Poyezdlar
harakati to‘xtovsiz 3 soatdan ortiq harakatlanadigan
uchastkalar uchun “O‘zbekiston temir yo‘llari” AJ raisining
tegishli buyrug‘i qabul qilinadi.
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2. Tadgiqot metodologiyasi

Poyezdlar harakatida tezlikni cheklash haqidagi
ogohlantirishlari berilganda PHGda poyezdlarning rejadan
tashqari tezlanish va sekinlanishlari bilan bog‘liq vaqt
sarfining ortishiga sabab bo‘lmoqda. Tabiiyki poyezdlarning
yo‘ldagi harakat vaqtining ortishi, temir yo‘lning uchastka va
peregonlardagi harakatiga sezilarli ta’sir ko‘rsatadi.

Temir yo‘l uchastkalarida tezlik cheklanganda, me’yoriy
poyezdlar harakati grafigida inobatga olinmagan qo‘shimcha
tezlanish va sekinlanish poyezdlaming temir yo‘l
uchastklarida  kamaytirilgan  tezlikda  harakatlanishi
poyezdlarning rejadan tashqari vaqt yo‘qotishlari yuzaga
keladi.

I.LE. Timoshenko va V.N. Zubkovlarning tadgigotlariga
ko‘ra, yuk poyezdlarining harakat grafigida ko‘rsatilgan
vagqtlar bilan solishtirilganda yo‘qotilgan vagqtlari tahlili shuni
ko‘rsatdiki, grafikda hisobga olinmagan tezlik cheklovlari va
to‘xtashlarga bog‘lig yuk poyezdlarining tezlanishi va
sekinlashuvi umumiy vaqt yo‘qotishlarining 39,85% ni, yopiq
svetoforlar oldidagi to‘xtashlar 28,39% ni, tezlik cheklovlari
bo‘yicha ogohlantirishlar bo‘lgan uchastkalarda sekin
harakatlanish esa 20,97% ni, boshga omillar sababli esa
10,79% ni tashkil etadi [106]. Tahlillardan ko‘rish mumkinki,
vaqtinchalik tezlik cheklovlari sababli yo‘qotilgan vagqtlar
orasida uchinchi o‘rinda turadi. Ammo, kirish svetaforining
tagiglovchi ishorasida turib golishi va poyezdlarning nosozlik
sababli sekin harakatlanishi natijasida temir yo‘l
uchastkalarida poyezdlar orasidagi interval vaqtini oshishi
uchastkada o‘tkazuvchanlik qobiliyatining pasayishi yuzaga
kelishi mumkin. Vaqt yo‘qotishlarining tagsimoti 1-
rasmda keltirilgan.

m Tezlanish va
sekinlanish

B Svetofoming
tagiglovchi ishorasida

2 28.39 kutib golish
= Ogohlantirishlar

10.79 Boshgqalar

1-rasm. Poyezdlarning umumiy vaqt yo‘qotishlari tavsifi

Yurtimizda ham bir qator olimlar temir yo‘l transportida
tezlik cheklangan sharoitlarda vaqt yo‘qotishlarni kamaytirish
usullarini takomillashtirish, yuk va yo‘lovchilarning tashish
ko‘rsatkichlarini ~ oshirish hamda poyezdlar harakat
xavfsizligini ta’minlashga qaratilgan tadgigotlarni olib
borganlar.

Yurtimizda ham bir qator olimlar temir yo‘l transportida
tezlik cheklangan sharoitlarda vaqt yo‘qotishlarni kamaytirish
usullarini takomillashtirish, yuk va yo‘lovchilarning tashish
ko‘rsatkichlarini ~ oshirish hamda poyezdlar harakat
xavfsizligini ta’minlashga qaratilgan tadgigotlarni olib
borganlar.

Baratov D.X. [5] tadgigot ishida texnik xujjatlarning
elektron xujjat aylanishi tizimi, temir yo‘l avtomatika va
telemexanikasi qurilmalarini hisobga olish va nazorat qilish
uchun algoritmlar formal va mantigiy sxemalarining sintezi
asosida takomillashtirilgan. Ammo elektron xujjat aylanishida
vaqt sarflari inobatga olinmagan.
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3. Natija va muhokamalar

Tezlikni cheklash hagidagi ogohlantirish blankalarini
poyezd mashinistlariga uzatish hamda bekor qilish
jarayonining mavjud tizimi asosida tashish jarayonida
poyezdlar harakat xavfsizligiga texnik vositalarining holati,
harakat xavfsizligini ta’minlash hamda ishlab chiqarish
korxonalari (signalizatsiya markazlashtirish va blokirovka
(SMB), elektr tarmoglari, yo‘l va yo‘l xo‘jaligi va boshqalar)
kesimida (2-rasm) natijalari o‘rganildi.
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2-rasm. Poyezdlar harakati xavfsizligini ta’minlash
parametrlari

Poyezdlar harakatini tashkil qilish jarayonida, taklif
etilayotgan ma’lumotlarni uzatish texnologiyasi nosozlik
aniglangan joydan poyezd mashinistiga va boshga harakat
ishtirokchilariga yetib borish ketma-ketligi vagt sarfi va
ma’lumotlarni qayta ishlash jarayonlarini kamaytirish
imkonini beradi.

Taklif etilayotgan tizim mavjud amaldagi tizim bilan bir
vaqtda foydalanish mumkinligini inobatga olib, tizim ish
jarayonida nosozlik aniglangan taqdirda bir-birini to‘ldirish
xususiyatini ham o°‘zida mujassam etgan [1-4].

Poyezdlarga ogohlantirishlarni berish va bekor gilishning
avtomatlashtirilgan tizimi topologik sxemasi 3-rasmda
keltirilgan.

0 ohlantinshlar
k:t h)gateglshhx Jal)k
ma lunolar kitsh ’JV’Y"

oymast

- | ~.
Yo'lustast Elelmmmuuﬂc | Elektromexanik ‘
Stmsiz a]uqz Simsiz aloga
SCHD EChD

Ma Tumotlar

Sener haml

3-rasm. OBATda ma’lumotlar uzatishning topologik
sxemasi
Taklif etilayotgan tizim poyezd mashinistiga uzatishda
mobil internetdan foydalanilganligi sababli internet bilan
bogliq muammolar kuzatilganda ma’lumotlar poyezd
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dispetcheri va stansiya navbatchilariga optik tolali aloga
tarmog‘i orqali keladi, poyezd mashinistiga esa stansiya
navbatchilari orqali radioaloqa yoki qog‘oz shakildagi DU-61
ogohlantirish blankasi topshiriladi (4-rasm).

DU-60 azohlantirshlar

Leitobiga tegishl xo'jalik Nosozlik
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4-rasm. OBATda internet ishlamay qgolganda
ma’lumotlarni uzatish texnologiyasi

Ma’lumotlarni uzatish jarayonini tahli qilish orqali taklif
etilayotgan tizimning ishonchliligini oshirish magsadida,
ogohlantirish blankalarini poyezd mashinistiga yetkazishda
server (ma’lumotlar bazasi)da nosozliklar aniglanganda
uzatish texnologiyasi 5-rasmda keltirilgan.
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- | -
- 1 -
Yo'l ustasi Elektromexanik |EI¢|mm¢xamL

L Simeie aloga J Simeiz alig l
SCHD I ECHD
= ...

telegr:

5-rasm. OBATda server ishlamay golganda
ma’lumotlarni uzatish texnologiyasi
Poyezdlar harakatini tezlik cheklangan sharoitlarda tashkil
etishda axborot tizimlarining o‘zaro hamkorlik tizimini
murakkabligi  ogohlantirishlarni  gabul giluvchilar va
yuboruvchilar bilan o‘zaro hamkorlik qilish hamda
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Ofzbekiston temir yo‘llari axborot almashish uchun
zamonaviy texnologiyalardan foydalanishni tagazo etadi.
Tahlillardan shuni xulosa gilish mumkinki, unumsiz
yo‘qotishlarni  kamaytirish ~ usullarini  takomillashtirish
magsadida ogohlantirishlarni berish va bekor qilishning
avtomatlashtirilgan tizimini topologik sxemasi va hujjatlar
sifatini baholash usulini ishlab chigish magsadga muvofig.
Temir yo‘l uchastkalarida nosozliklar aniglanganda
poyezdlarga ogohlantirishlarni berish va bekor gilish bilan
bog‘liq texnologik amallarni avtomatlashtirish asosida
ma’lumotlarning qayta ishlanish vaqti qisqarishini hisobga
olib tashishlarni tashkil etishdagi vaqt yo‘qotishlarini

qisqa vaqtda yetib borishini ta’minlash hamda ogohlantirishlar
kitobi va blankalarini to‘ldirish, mashinistga topshirish

jarayonlari avtomatlashtirilgan tizim orqgali bajarilishi
hisobiga  poyezdlarning  stansiyalarda  ogohlantirish
blankalarini kutib turib qolish vagqtlarini 6 dagigaga

kamaytirishga erishilgan.

Tashish hajmi yuqori bo‘lgan temir yo‘l uchatkalarida
poyezdlarning tezlik cheklanganda poyezdlar harakatini
bargaror tashkil etish uchun ogohlantirishlani berish va bekor
gilish tizimini kompyuter texnologiyalari asosida uzatish
tizimnini ishlab chigishni tagazo etadi. Yugoridagilarni
hisobga olib Dunyoning rivojlangan davlatlarida poyezdlarga

kamaytirish usuli takomillashtirilgan. ogohlantirishlar  berish  tizimlarining tahlili ~ 6-rasmda
Natijada, tezlikni cheklash hagidagi xabarni tashishlarni keltirilgan.
tezkor tashkil etuvchi xodimlarga nosozliklar aniglanganda
1-jadval
Poyezdlarga ogohlantirishlar berish tizimining taggoslash tahlili
ASU VOP-2, AS OBAT
Amallar PRED (Rassiya, ( GSE;;'? ) (55\;';2" i) (Taklif etilayotgan
Belorusiya) y P tizim)
Nosozlikni aniglash . . . 1-3 dagiqa
va habar berish 1-3 dagiga 1 dagigagacha 1 dagigagacha
Ro‘yhatga olish i . . . 1-3 dagiga
Kitobiga qayd gilish 1-3 dagiga 1 dagigagacha 1 dagigagacha
Ma’lumotlarni 1-2 dagiga
tizimga kiritish va 3-5 dagiga 1 dagigagacha 1 dagigagacha
gayta ishlash
Elektron DU-60 Qog‘oz shaklda 1-2 dagiga
kitobini to‘diriladi - -
shakllantirish 8-10 dagiga
Elektron DU-61 ‘ 2-3 dagia
L Qog‘oz shaklda
ogohlantirish e . .
. to‘diriladi 2-3 dagiga 2-3 dagiga
blankasini 5-7 dagia
shakllantirish ad
2-3 dagiga
DNTS, DSP,
Mashinistlarga 10-12 dagiga 1 dagigagacha 1 dagigagacha
habarni jo‘natish
Ma’lumotning Qogeoz variantga Mavjud
gabul gilinanlik |, <°8 07 varaniga Mavjud Mavjud
. imzo qo‘yish orqali
nazorati
- Mavjud ma’lumotl
Ma’lumotlarning pU 6 0 Mavjud ma’lumotlar | Mavjud ma’lumotlar LTI R
L ogohlantirishlar . . bazasida
arxivi S bazasida bazasida
kitobida
Tezlikka Yo‘q, (bekor Bor, tizim avtomatik |  Bor, tizim avtomatik Yo'q, (bekor qilggncha
avtomatik ta’sir | gilguncha belgilangan | ravishda tezlikni ravishda tezlikni belgilangan tezlik)
qgilish tezlik) cheklaydi cheklaydi
A . . . Past
Inson omilining Yugori (kasb (avtomatlashtirish (avtomatlashtirish
ta’siri malakasiga bog‘liq) darajasi past) darajasi past)
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. ) . . 17-20 daqiga
Umumiy vaqt 15-40 dagiga 1-3 dagiga 1-3 dagiga
[71 Ralf Borndorfer, Armin Fiigenschuh, Torsten
4. XUIosa Klug, Thilo Schang, Thomas Schlechte, Hanno Schiilldorf
Tezlik cheklangan  sharoitlarda poyezdlarga The Freight Train Routing Problem // Angewandte

ogohlantirish ma’lumotlarini poyezd mashinistlari hamda
jarayon ishtirokchilariga uzatishdagi muammolarni bartaraf
etish  uchun ragamli  boshgaruv  texnologiyalari,
avtomatlashtirilgan monitoring tizimlarini joriy etish
zarurligi  asoslab  berildi.  Shuningdek, aniglangan
nosozliklarning sabablarini tahlil gilish orqgali ularni
kamaytirish natijasida poyezdlar harakati grafigining
bajarilishini, poyezdlar bilan bajariladigan texnologik
amallarni avtomatlashtirish tashish jarayonlarida garor gabul
gilishda muxim omil hisoblanadi.

Tahlillar shuni ko‘rsatdiki, zamonaviy avtomatika va
boshqaruv  tizimlarini qo‘llash  poyezdlar  harakat
xavfsizligini  ta’minlash  bilan birga ekspluatatsion
xarajatlarni kamaytiradi, inson omili bilan bog‘liq xatolarni
qisqartiradi va temir yo‘l transportining umumiy
samaradorligini oshiradi. Natijada shahar atrofi tashish
tizimida harakat muntazamligi ta’minlanib, yo‘lovchilar
uchun qulay va xavfsiz transport muhiti yaratiladi.
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Development of a mathematical model for assessing data quality based on a
Bayesian network to justify the effectiveness of modern technologies in issuing

Abstract:

Keywords:

alerts

N.S. Tokhirov!®?
1Tashkent state transport university, Tashkent, Uzbekistan

This article examines the improvement of the automated warning transmission system in railway
transport, as well as issues related to increasing the reliability of data transmission processes and traffic
safety. During the research, the processes of rapid delivery of warnings, processing of fault-related
information, and monitoring in railway sections were analyzed. The article develops a mathematical
model of the warning transmission system based on Bayesian networks and proposes effective methods
for managing information flows. In addition, the structural architecture of the automated system, its
technological processes, and the topology of data transmission are discussed. The research results
contribute to reducing time losses in warning transmission, improving train traffic safety, and enhancing
the efficiency of railway transport management systems.

railway transport, warning system, automated control, Bayesian network, monitoring, traffic safety, data
transmission, fault diagnostics

Ogohlantirishni berishda zamonaviy texnologiyalarning samaradorligini
asoslash uchun Bayes tarmog‘iga asoslangan ma’lumotlar sifatini

Annotatsiya:

Kalit so‘zlar:

baholashning matematik modelini ishlab chigish

Toxirov N.S.2®?2
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Mazkur magqolada temir yo‘l transportida ogohlantirishlarni berishning avtomatlashtirilgan tizimini
takomillashtirish, ma’lumotlarni uzatish jarayonlarining ishonchliligi hamda harakat xavfsizligini
oshirish masalalari tadqiq etilgan. Tadqiqot davomida temir yo‘l uchastkalarida ogohlantirishlarni tezkor
yetkazish, nosozliklar hagidagi axborotlarni gayta ishlash va monitoring qilish jarayonlari tahlil gilingan.
Magqolada Bayes tarmog‘i asosida ogohlantirishlarni uzatish tizimining matematik modeli ishlab
chiqilgan hamda ma’lumotlar oqimini boshqarishning samarali usullari taklif etilgan. Shuningdek,
avtomatlashtirilgan tizimning tarkibiy tuzilmasi, texnologik jarayonlari va ma’lumotlar uzatish
topologiyasi ko‘rib chiqilgan. Tadqiqot natijalari ogohlantirishlarni uzatishdagi vaqt yo‘qotishlarini
kamaytirish, poezdlar harakati xavfsizligini oshirish va temir yo‘l transporti boshqaruv tizimining
samaradorligini yaxshilashga xizmat giladi.

temir yo‘l transporti, ogohlantirish tizimi, avtomatlashtirilgan boshqaruv, Bayes tarmog‘i, monitoring,
harakat xavfsizligi, ma’lumotlar uzatish, nosozliklar diagnostikasi

1. Kirish

Dunyoda ragamli texnologiyalardan foydalangan holda
temir yo‘l transportini boshqarish tizimlarini rivojlantirish,
poyezdlarning harakat tezligi cheklangan sharoitlarda vaqt
yo‘qotishlarini

poyezdlar harakat tezligi cheklangan sharoitlarda axborot-
tahliliy jarayonlarni ragamlashtirish va ogohlantirishlarni
uzatish jarayoni ishtirokchilari o‘rtasidagi bog‘ligliklarni
kamaytirish, ma’lumotlar sifatini baholash usuli va
matematik modelini ishlab chigish orqgali poyezdlarning

kamaytirish, shunindek hujjatlarning temir yo‘l uchastkalaridagi harakati davomida vaqt
elektron aylanishini tashkil etish orgali ogohlantirishlar yo‘qotishlarini qisqartirish muhim vazifalardan biri
berish va bekor qilish jarayonlarini avtomatlashtirishga hisoblanadi.

garatilgan ilmiy-tadgigot ishlari olib borilmogda. Ushbu
yo‘nalishda, jumladan, raqamli texnologiyalarni qo‘llagan
holda temir yo‘l uchastkalarida tezlik chegarasini o‘rnatish
bilan bogliq ma’lumotlarni uzatish jarayonlarini
avtomatlashtirish orqali vaqt yo‘qotishlarini kamaytirish
asosida poyezdlar harakatini samarali tashkil etish bo‘yicha
tadgiqotlar ustuvor hisoblanmogda. Shu bilan birga,

a2 https://orcid.org/0000-0003-1385-9263
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Ma’lumotlarni sifatli va o‘z vaqtida uzatish va qabul
qilish uchun yangi texnologiyalar taklif etiladi. Tadgiqotlar
natijasida poyezdlar harakati xavfsizligini oshirish tezlikni
cheklash haqidagi ma’lumotlarni sifatli va bir vaqtning
o‘zida avtomatik uzatish tizimi (OBAT) ishlab chigildi.

Ma’lumotlar sifati darajasi qaror qabul gilish va
texnologik jarayonlarni rejalashtirishda asosiy omillardan
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biri hisoblanadi. Ma’lumotlar sifatini baholashni o‘rganish
uchun Bayes tarmog‘i usuli taklif etiladi [12-15]. Ushbu usul
shartli ehtimolliklardan tashkil topgan bo‘lib grafik
ehtimollik modelini nazarda tutadi.

2. Tadgigot metodologiyasi

Hozirgi kunda jahon miqyosida, jumladan Rossiya,
Germaniya, Shvetsariya, Ispaniya, Yaponiya va shu kabi
ko‘plab davlatlar temir yo‘l transportida tezlik cheklangan
sharoitlarda ogohlantirishlarni ragamli texnologiyalari bilan
integratsiyalashgan holda poyezd mashinistlariga uzatish
bo‘yicha zamonaviy chora-tadbirlar ishlab chigilmoqda [1-
6].

Jumladan, Yevropa temir yo‘llarida tezlikni cheklash
ogohlantirishlarini avtomatlashtirilgan tizim orqali uzatish
va bekor gilish bo‘yicha bir qancha olimlar o‘zlarining
nazariy garashlari bilan ilmiy ishlar olib borgan.

Jumladan, Stefan Liiders avtomatlashtirilgan
tizimlaring xavfsizligi, va temir yo‘l transportida
ogohlantirishlarni mashinistlarga yetkazish tizimlari ustida
tadgigotlar olib borgan.

Jorn Pachl [9] ilmiy ishida temir yo‘l transportining
xavfsizligi, ishonchliligi va samaradorligini oshirish temir
yo‘l transportida real vaqt rejimida ogohlantirishlarni
monitoring qilish va nosozliklarni aniqlash bo‘yicha
tadgiqotlar olib borgan (1-rasm).

Blockabschnitt Blockabschoitt Blockabschnitt

« e e >

Vo 8 Vg FabimitV,,

Fahrt omdBigen Halt erwarten Hakt
- - "-- -
Hauptsignal Hauptsignal Hauptsignal Hauptsignal

Vorsignalisierung | Vorsignalisiorung | Vorsignalisienung

Viax max. zuldssige Geschwindigkedt
Vi feduzierto Geschwindigheit

1-rasm. Peregon va blok uchastkalarda signallar va
ularning jaylashish nuqtalari

Jorn Pachl tezlik cheklangan sharoitlarda tashish
jarayoni samaradorligi nuqtai nazaridan, temir yo‘l sohasida
xavfsizlik choralarini ta’minlashni quyidagicha tasniflagan.

Annaherungsstrecks
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2-rasm. Ta’mirlanayotgan joyga poyezdlarning
kamaytirilgan tezlikda yaqinlashish masofasi

Uchastkalarda nosozliklarni ta’mirlash ishlarini tashkil
qilishda xavfsizlikni ta’minlagan holda tashkil etish, ya’ni
poyezd yo‘lning ta’mirlanayotgan nuqtasiga yaqinlashganda
ishchi xodimlarga habarni o‘z vaqtida uzatish, ta’mirlash
ishlarini olib borayotgan xodimlar xavfsiz hududga o‘tishlari
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hamda ish qurollarini yo‘ldan olib chiqishi uchun yetarlicha
vaqt bo‘lishi uchun optimal masofalarda xavfsizlik postlarini
joylashtirishni taklif etgan (2-rasm). Bunda muallif poyezd
kelishidan oldin yo‘Ini bo‘shatish vagtini ish qurollar soni va
turi asosida belgilagan.

Nosozliklar  aniglanganda  ishchi  xodimlar  va
poyezdlarning harakat xavfsizligini ta’minlash, ta’mirlash
ishlari olib boriladigan joylarda blok signallar qo‘yilish
masofalarini aniqlash bo‘yicha ilmiy izlanishlar olib borgan.

Abdugodirov S.A. [10-12] ishida poyezdlar harakati
grafigini tezkor o‘zgartirish asosida poyezdlarning yo‘l
davomida samarasiz vaqt yo‘qotishlarini tizimli tahlil gilish
va kamaytirish uchun regressiya modellashtirish usulidan
foydalangan holda poyezdlar harakati grafigi asosiy
ko‘rsatkichlarining omilli modeli ishlab chigilgan. Ammo,
poyezdlar peregonga chigib ketganda, aniglangan
nosozliklar sababli poyezdlarning ogohlantirishlar berilgan
joylarda tezlashish, sekinlashish va to‘xtash vaqtlarini
inobatga olmagan.

Mahkmov A.X. [6] tadgiqgot ishida tashish jarayonida
poyezdlar harakat xavfsizligi buzilishlarini inobatga olishni
monitoring qilish usullarini joriy etish asosida samarali
boshgaruv garorlarini gabul gilish uchun tashish jarayoni
xavfsizligini  boshgarishning avtomatlashtirilgan tizimi
takomillashtirilgan. Ammo  tashish  jarayonidagi
nosozliklarning harakat xavfsizligiga ta’sirini inobtga
olmagan.

3. Natija va muhokamalar

Ogohlantirishlarni berishning hozirgi va
avtomatlashtirilgan tizimi asosiy natijasi chiquvchi
ma’lumotlar bo‘lganligi sababli, ularning samaradorligini
ma’lumotlar sifat mezonlariga muvofiq baholash tavsiya
etiladi. Ushbu magsadga erishish quyidagi vazifalarni hal
qilishni oz ichiga oladi:

1) Ogohlantirishlarni aniglanish nugtasidan kerakli
manzilga yetib borishida ularning texnologik sxemalari
tavsifi;

2) Bayes tarmog'‘ini tuzish;

3) Vogealarning ehtimolliklarini aniglash;

4) Ma’lumotlarning belgilangan manzilgacha yetib
borganligi shartli entimolliklarini aniglash.

Poyezdlarga ogohlantirishlarni berish tizimi bo‘limlar
aniglangan  nosozliklarni  telegraf orgali jarayon
ishtirokchilariga uzatish usuli asosida ishlaydi (3-rasm).
Ogohlantirishlar haqidagi ma’lumotlar bo‘lim dispetcherlari
tomonidan telegrafga uzatilishi, olingan ma’lumotlarni
tegishli jurnalga ro‘yxatga olinib Telegraf operatorlari orqali
komyuterga Kiritiladi.

1
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3-rasm. Ogohlantirishlarni berish va bekor
gilishishning hozirgi kundagi texnologik sxemasi
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Rmavjud . (2)
— 1 2 3 4 5
- {Rmavjud' Rmavjud' Rmavjud' Rmavjud' Rmavjud* 1
0 1 2 3
Cmavjud - {Cmavjud' Cmavjud' Cmavjud}' (3)

Ogohlantirishlarni berishning avtomatlashtirilgan tizimi
(OBAT) optik tolali aloga tarmog‘i va internet
texnologiyalarini qo‘llash asosida ish jarayonlari tashkil
gilinadi. Tizimning magsadi aniglangan ogohlantirishlarni
o‘z vaqtida, ishonchli va sifatli uzatish, ma’lumotlarning
bazada saqlash, qayta ishlash statistik ma’lumotlarini
shakllantirish, qolaversa jarayonlarni nazorat gilish, tezkor
choralar ko‘rish bilan bog‘liq harakat xavfsizligini
ta’minlashda tezkor qarorlar qabul qilishga qaratilgan [4].
Bo‘lim dispetcherlari tomonidan shaxsiy kompyuterlar
orgali umumiy aniglangan tezlikni cheklash hagidagi
ogohlantirishlarini ma’lumotlar bazasiga Kiritilishi va bir
vaqtning  o‘zida  stansiya  navbatchilari, YaDM
dispetcherlari, poyezd mashinistlariga ma’lumotlarini
yuborish hamda uzatilgan ma’lumotlarni qabul qilinganlik
nazoratini amalga oshirish vazifasi yuklatiladi ~ (4-rasm).

i

Shasypel

S

Ty il

4-rasm. OBATda ma’lumotlar uzatishning topologik
sxemasi

Bayes tarmog‘ini tuzishda taqqoslash ikki tizimdagi
ma’lumotlar sifati bir xil shartlarda amalga oshiriladi (17-
ilova).

Poyezdlarga ogohlantirishlarni berishning
avtomatlashtirilgan tizimi orqali uzatish bilan bog‘liq
amallarni bajarish shartlari:

1-shart. Ogohlantirish aniglangan uchastkaning toq
tarafidan chegaralovchi “Kpqp,,4” stansiyasidagi poyezdga
DU-61 ogohlantirish blankasini o‘z vaqtida va to‘liq yetib
bordi.

2- shart. Ogohlantirish aniglangan peregonning toq
tarafidan chegaralovchi “Cy 404" stansiyasi navbatchisiga
ogohlantirish telegrammasi o‘z vaqtida va to‘liq yetib bordi.

3- shart. Ogohlantirish aniglangan peregonning juft
tarafdan chegaralovchi “Rpqyj,q” stansiyasidagi poyezdga
DU-61 ogohlantirish blankasi o‘z vagtida va to‘liq yetib
bordi.

4- shart. Ogohlantirish aniglangan uchastkaning juft
tarafidan chegaralovchi “P” stansiyasi navbatchisiga
ogohlantirish telegrammasi o‘z vaqtida va to‘liq yetib bordi.

5-shart. Ogohlantirish aniglangan uchastka
dispetcheriga ogohlantirish telegrammasi o‘z vaqtida va
to‘liq yetib bordi.
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Ushbu tizimlardagi ma’lumotlar sifatini solishtirish
uchun Bayes tarmog‘i usulidan foydalaniladi. Bayes
tarmog‘i uchun umumiy ehtimollik tagsimoti quyidagicha:

PV Vo) = I;P(V;|paV})) (4)

Mavjud tizimda poyezdlarga ogohlantirishlar berish
tizimining Bayes tarmog‘i uchta (Kpmayjuar Rmavjua V@
Cinavjua ) ©o‘zgaruvchilar to‘plamidan iborat. Bunda
to‘plami poyezdlarga beriladigan ogohlantirishlar haqidagi
ma’lumotlarni stansiyalarga uzatish uchun shakllantirish
bilan bog‘liq amallarni, to‘plami poyezdlarga ogohlantirish
berish bo‘yicha tizim ichidagi amallarni, to‘plami
o‘zgaruvchilari ma’lumotlar sifatini baholash uchun nazorat
hodisalarini o‘z ichiga oladi [28, 59, 69,70].

Taklif etilayotgan tizimda poyezdlarga
ogohlantirishlarni  berishning avtomatlashtirilgan tizimi
uchun Bayes tarmog‘i  o‘zgaruvchilarning uchta
(Ktakiifr Reartir + V@ Crapaip) to‘plamidan iborat. Bunda
Kiaki to‘plami poyezdlarga beriladigan ogohlantirishlar
haqidagi ma’lumotlarni stansiyalarga uzatish uchun
shakllantirish bilan bog‘liq amallarni, Rig;s to‘plamiga
poyezdlarga ogohlantirish berish bo‘yicha amallar, Cyqp;f
to‘plami o‘zgaruvchilari, ma’lumotlar sifatini baholash
uchun nazorat hodisalarini oz ichiga oladi.

— 1 2 3
Ktaklif - {Ktaklif' Ktaklif' Ktaklif}'

..... (5)
L 1 2 3 4 5
Rtaklif - {Rtaklif' Rtaklif’ Rtaklif' Rtaklif' Rtaklif}' (6)
o _ 1 2 3
Ctaklif - {Ctaklif' Ctaklif' Ctaklif}' (7)

Ma’lumotlarni uzatish jarayonini tahli qilish orqali taklif
etilayotgan tizimning ishonchliligini oshirish magsadida,
ogohlantirish blankalarini poyezd mashinistiga yetkazishda
server (ma’lumotlar bazasi)da nosozliklar aniqlanganda
uzatish texnologiyasi 5-rasmda keltirilgan.

Uchastkadagi aniglangan ogohlantirishlarni uzatish
amallari asosida Bayes tarmog‘ida monitoring tizimlarining
ishlash jarayonlari tuziladi. Ogohlantirishlarni berish va
bekor qilish jarayonlarining yuborilgan ma’lumotlar
mantiqly ravishda o‘zaro bir-biriga bog‘langanligini 5-
rasmdan ko‘rish mumkin.

mavjud

2
C, et vy
mavjud e

5-rasm. Ogohlantirishlarni berishni hozirgi kundagi
Bayes ish tarmog‘i

Ogohlantirishlarni  berishning  avtomatlashtirilgan
uzatish tizimi ishlab chigiladi (6-rasm).

5 va 6-rasmlardan foydalangan holda mavjud hamda
taklif etilayotgan tizimlari uchun Bayes tarmog‘ining
ehtimollik jadvali tuzildi. Ehtimollik jadvali ikkita tizim
uchun ham bir xil tuzilgan bo‘lib ogohlantirishlarni
uzatishda to‘liq ehtimollikni tekshirish imkonini beradi.
Demak, tezlikni cheklash hagidagi ogohlantirishlarini
berishda taklif etilayotgan tizimda ma’lumotlarning qayta
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ishlanish jarayoni va bog‘ligliklar kamayishini inobatga olib
ma’lumotlarning sifati ortishini ko‘rishimiz mumkin. 3.9-
rasmda Cj,,,;,q Nazorat hodisalarini tekshirish uchun
Rtlakzif, R?aklif, R?aklif, R?akzif, R?aklif bosgichlariga
bog‘ligligi hisobiga ehtimollikning natijasi pasayishiga
sabab bo‘ladi.

. .2 ’ :
A /I.,u.r K raklif Kh‘l‘lv’ Rlulhl
\—of - o adhmto i o e
hiywicoremy oz ety i
< L e~
Rl (=) R, () Row
1
. N R R C, <:.-....."-.=.'-
C raklif Q—ﬂ"") ot St . 4
__d

6-rasm. OBAT Bayes ish tarmog*i

Taklif etilayotgan tizim uchun 3.6-rasmda Keltirilgan
Bayes ish tarmog‘ida esa Ctzaklif nazorat hodisalarining
sifatini tekshirishda ma’lumotlarning bog‘liqligi kamaygani
hisobiga ya'ni Rjqu;ir Reaxiir, Rigruis Nazorat hodisalarini
taggoslash natijalari 3.5-3.6-rasmlarda keltirilgan.

Mavjud tizim uchun shartli ehtimollik asosida
modellashtirishni amalga oshiruvchi grafik dasturidan
foydalanib, berilgan (Kyopjuar Kmavjuar Koavjua=1)
shartlarga muvofiq ogohlantirishlarni berishning mavjud
tizimi barcha o‘zgaruvchilarining ehtimolligi  aniqlab
olinadi (7-rasm).

b-'ﬁ-"_-:"i-."; -— ] P st i
e g ]
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b st R, Do o PuS
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7-rasm. Tezlik cheklangan sharoitlarda
ogohlantirishlarini uzatishning hozirgi mavjud tizimi
Bayes tarmog‘idagi hodisalarning ehtimolligi

7-rasmdan shuni ko ‘rish mumkinki, mavjud tizim orgali
ogohlantirishlarni  berish  jarayonlarining  bir-biriga
bog‘liqligi sababli Bayes tarmog‘idagi hodisalar ehtimolligi
darajasi uzatilgan ma’lumotlarning sifati ham past ekanligini
ko‘rish mumkin. Demak, bundan kelib chiqib hujjatlarning
bir-biriga bog‘ligligini kamaytirishda ogohlantirishlarni

berish jarayonidagi amallarni avtomatlashtirish orgali
bog‘ligliklarni kamaytirish qolaversa, uzatilgan
hujjatlarning sifali bo‘lishi muhim.

Taklif  etilayotgan  ogohlantirishlarni  berishni

avtomatlashtirilgan tizimi uchun shartli ehtimollik asosida
matematik modellashtirishni amalga oshiruvchi grafik
dasturidan foydalangan holda, berilgan (Kguuirr Kiagais
Kiip=1) shartlarga muvofiq ogohlantirishlamni berishni

avtomatlashtirilgan tizimi orgali amalga oshirilsa barcha
o‘zgaruvchilarining ehtimolligi aniglab olinadi (8-rasm).
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Aniglangan shartli ehtimolliklar natijalari  Cp,qp 1,4 V&
Ctaiir yetib brogan ma’lumotlarning sifatini ko‘rsatuvchu
elementlar hisoblanadi.

7005 e A

.

aklif

8-rasm. Berilgan sharoitlarga muvofig OBAT Bayes
tarmog‘idagi hodisalar ehtimolligi

Demak, ogohlantirishlarni berishning
avtomatlashtirilgan  tizimining Bayes tarmog‘idagi
jarayonlar orasidagi bog‘ligliklar kamayganligi sababli
hujjatlar sifatining ehtimollik darajasi oshganini ko‘rish
mumkin.

To‘liq ehtimollikda Bayes tarmog‘i uchun nazorat
hodisalarining hodisalar to‘plami natijalari 9-14-rasmlarda
keltirilgan.

Ogohlantirishlarni  berishning mavjud va taklif
etilayotgan tizimlari hodisalarinig ehtimolligini aniglashda
sifat ko‘rsatkichlarini natijasi quyda keltirilgan [11].

| > e Doagrare, =] *

ki oetnd ok~ Seated =
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11-rasm. C;y gy juq hodisalar to‘plami
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13-rasm. C3

mavjua hodisalar to‘plami

14-rasm. Cfak”f hodisalar to‘plami

Ogohlantirishlarni berish va bekor gilishishning mavjud
tizimi va OBATNing asosiy magsadi garor gabul
qiluvchilar uchun tayyor ma’lumotlarni taqdim etishdir [15-
16].

Tezlik cheklangan sharoitlarda poyezdlarning harakatini
samarali  tashkil gilishda  ogohlantirishlar ~ish
ko‘rsatkichlariga sezilarli ta’sir ko‘rsatadi. Yuqoridagi
holatda yo‘qotishlarni kamaytirish uchun asosiy tizim
OBATdan foydalanish taklif qilinadi. Ushbu tizim
samaradorligini ko‘rsatish uchun Bayes tarmog‘i natijalari
asosida ma’lumotlar sifatini taqqoslash quyidagicha:

Ctakii €lementining ehtimolliklarini ko‘rib chigish
bilan ma’lumotlarining sifat darajasi tahlil qilinadi;

Natijalarni taqdim etish qulay bo‘lishi uchun
qgo‘shimcha o‘zgaruvchilardan foydalaniladi. Berilgan
shartlar bo‘yicha nazorat o‘zgaruvchilari Eehtimollik
giymatlarini oladi. Mavjud tizim va ogohlantirishlarni

berishni  avtomatlashtirilgan ~ tizimi  uchun  ushbu
o‘zgaruvchilar (8)-(13) ifodalar asosida hisoblangan.
Emavjud _
1 1ehtimollik2_ 5 (8)
Pmavjud (Cmavjud |Kmavjud’ Kmavjud' Kmavjud)?ﬁﬁﬁi
Ema;Jjud _
5 1ehtimollik2_ 5 (9)
Pmavjud (Cmavjud |Kmavjud’ Kmavjud' Kmavjud)?ﬁﬁﬁi
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Emaujud _
ehtimollik —

3 1 2 3
Pmavjud (Cmanud |Kma1ijud' Kmuvjud' Kmavjud)iﬂi
)
taflik _
1 Eelhl.‘imollik2 - 5
Prasrir (Cearir | Keariif Kearivg Keakaip )
taflik _
5 eihtimollikz - 5
Piarair (Ceaniir \Kearairs Kakipr Kiarair)s
taflik _
ehtimollik —

3 1 2 3
Piarair Cearatif \Kearips Keakipr Keakair)- (13)

Ogohlantirish berish jarayonlarini avtomatlashtirish
natijasida quyidagilarga erishilgan (3.7, 3.8-rasmlar):

1. Ogohlantirish haqidagi ma’lumotlarning yetib kelish
ehtimolligi mavjud tizimda 0,71 ni, taklif etilayotgan
tizimda bu ehtimollik 0,97 ni tashkil etgan.

2. DU-61 ogohlantirish blankasi mashinist tomonidan
o‘z vaqtida qabul qilinishi mavjud tizimda 0,75 ni,
avtomatlashtirilgan tizimda esa 0,96 ni tashkil etgan.

3. Ogohlantirishlar haqidagi ma’lumotlar poyezd
dispetcheriga xato va kamchiliklarsiz to‘liq yetib kelishi
ehtimoli mavjud tizimda 0,79 ni, taklif etilayotgan tizimda
esa 0,97 ni tashkil etgan.

Ushbu aniglangan giymatlar ma’lumotlarning sifat
darajasi deb gabul gilinadi. Tadgiqotlar natijalari orgali
OBATda ma’lumotlarning sifat darajasi mavjud tizimiga
nisbatan yuqori va bargaror ekanligi ilmiy asoslandi. Buning
sababi Bayes tarmog‘ida tekshirilayotgan parametrning
nazorat hodisalari natijalaridan ko‘rish mumkin bo‘ladi.
Texnologik jarayonlarning bir-biriga bog‘ligliklari tizim
avtomatlashtirilganligi sababli kamayganligi sababli olingan
natijalarning, ma’lumotlarning sifati yuqori bo‘lishini
ko‘rsatdi. Bu esa OBAT yuqori samaradorlikka erishish
mumkinligini ko‘rsatadi.

4. Xulosa

Ogohlantirishlarni  berishning mavjud va taklif
etilayotgan tizimlarida ma’lumotlarni uzatishda jarayon
hodisalarining ehtimolligi natijalarini tahlil gilindi. Magsad
tezlik cheklangan sharoitlarda ogohlantirishlarning o‘z
vagtida va sifatli uzatilish va gabul gilish hisoblanadi.

OBATnNI ishlab chigarish jarayoniga tadbiq etish orgali
texnologik jarayonlarda inson omilini, shu jumladan
ma’lumotlarni sifatli va tezkor uzatilishiga va poyezdlar
harakat xavfsizligini yanada oshirishga xizmat gqiladi.
Ogohlantirishlarni avtomatlashtirilgan tizim orgali uzatishda
poyezdlar harakatini tashkil etishda ma’lumotlar bir
vaqtning o‘zida barcha jarayon ishtiriokchilariga bir vaqtda
yetib borishi hisobiga poyezdlarning vaqt yo‘qotishlarini
kamaytirishga va igtisodiy samaradorlikka erishishga xizmat
giladi.
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Structural analysis of information relationships and classification of gas
supply problems

N.A. Ganieval®?, D. Pak?
1Samarkand Branch of Tashkent University of Information Technologies, Samarkand, Uzbekistan

Abstract: The article examines the issues of structural analysis of information relationships and the classification
of problems in gas supply systems as complex organizational and technical management objects. An
analysis of modern approaches to modeling the functioning processes of gas distribution networks has
been carried out. An information-logical model for automating the calculation of technical and
technological indicators of gas supply systems has been developed. A classification of problems related
to the design, operational analysis, and control of gas supply networks is proposed. The principles of
system and hierarchical modeling aimed at improving the efficiency of analyzing the operating modes of
gas distribution systems are considered. The practical significance of the study lies in the possibility of
using the developed model for automating hydraulic calculations, assessing pressure losses, and
operational control of gas flow distribution.

Keywords: gas supply system, gas distribution network, structural analysis, information-logical model, hydraulic
calculation, flow distribution, mathematical modeling, system analysis, gas supply management

CTpyKTypHBI#i aHAIU3 HHPOPMALMOHHBIX CBA3eH U KiIaccupuKkanmu 3axa4
ra3ocHa0KeHHus

Ianuena H.A.10? IMak J.!

!Camapkanackuil pumman TallkeHTCKOTO yHHBEPCHTETA MHPOPMALIMOHHBIX TEXHOJIOTHIA,
Camapkann, ¥Y30ekucTaH

AHHOTALWSL: B crarbe paccMaTpHMBAIOTCS BONPOCHI CTPYKTYPHOTO aHaim3a HHQOPMALMOHHBIX CBSI3eH U
KJIacCH(UKALNY 33724 CHCTEM Ta30CHA0KEHNs KaK CIIOXKHBIX OpraHM3aLHOHHO-TEXHUYECKUX 00bEKTOB
ynpaBneHus. IIpoBeeH aHAmM3 COBPEMEHHBIX IMOAXOAOB K  MOZICIMPOBAHHIO — IIPOLIECCOB
(GYHKIMOHUPOBAHHS Ta30paclpeleNuTeNbHbIX ceTeil. Pa3paborana HHGOPMALMOHHO-TOrHYECcKast
MOJIeJIb ABTOMATH3ALUH PacuéTOB TEXHUKO-TEXHOJIOINUECKHX MOKa3aTeseil ra30CHa0XaloMNX CHCTEM.
Ipennoxena kiaccuuKanys 3axad IPOSKTHPOBAHKS, aHAIN3A (yHKIHOHUPOBAHKS U ONEPATHBHOTO
YIPaBICHHs] ra30CHA0KAIOIMMU CETAMH. PacCMOTpPEHB! NPUHLMIBI CHCTEMHOTO M HEPapXUYECKOro
MOJCTHPOBaHus,  oOecreyrBaioliMe  TOBbIIeHHEe  3()(GEKTUBHOCTH  aHAIM3a  PEXKUMOB
(GYHKIMOHUPOBAHHS ~ Ta30pPACIPENCAUTENBHEIX  CHUCTEM. lIpakTHdeckas 3HAYUMOCTb  PabOThI
3aKIIOYACTCS. B BO3MOXKHOCTH HCIIONB30BAaHMS pa3pabOTAaHHONM MOJENH Uil aBTOMATH3aLHU
THAPABIMYECKUX  PacyéToB, OLEHKM IOTeph  JABICHUS M ONEPATHBHONO  YIPABICHHUS
[IOTOKOpPACIPEIeTICHIEM ra3a.

Kirouesble cioBa:  cHUCTeMa Ta30CHAOKEHHMs, ra30paclpene/IuTeNbHas CeTh, CTPYKTYPHBIN aHamu3, HMH)OPMALHOHHO-
JIOTHYeCKass ~ MOJAENb, TIHAPABIMYECKUH  pacyér,  MOTOKOpAcIpelencHHe, MaTeMaTHYecKoe
MOJIETIMPOBaHUE, CHCTEMHBIN aHAJN3, YIPaBIeHHE ra30CHA0KEHIEM

1. BBeueHne B ycnoBuwsix umdpoBuzanum OTpacieil IKOHOMHUKH
PecniyOnuku ~ Y30ekucrtan =~ 0coOyl0 — aKTyalbHOCTh
CoBpEeMEHHBIC CHCTEMbI Ta30CHA0KEHUST OTHOCATCS K npuoOperaroT  3amadd  pa3paboTKH  MH(POPMALUOHHO-
KJIACCY CJIOXKHBIX OPraHU3ALMOHHO-TEXHUYECKHX CHCTEM, AQHATUTHIECKUX MOJeIIeH, TIO3BOJIFOLIUX
XapaKTepHU3YOIIUXCS MHOT'OCBSI3aHHOCTBIO, aBTOMAaTH3UPOBATh IIPOLIECCHI [IPOEKTUPOBAHMS,
MHOTOYPOBHEBOM  CTPYKTYpOH M CTOXAaCTHYECKUM MOHMTOPMHIa W OIEPATHBHOIO YHPABICHUS OOBEKTAMU
xapaktepoM  (QyHKUHOHMUpOBaHMs.  Poct  00BbeMOB razocHaOxeHns. OJHUM M3 BaXHEHIIMX HampaBleHUil
MOTpeOIeHNsT NPUPOJHOTO Ta3a, PACHIMPEHHE T'OPOJCKON ABIIAETCS TIOCTPOEHHUE CTPYKTYPHBIX Mozieneit
UHQPACTPYKTYpbl U HEOOXOAMMOCTH  TOBBIIICHUS UHGOPMAIIMOHHBIX CBA3CH MEXKIYy TEXHOJIOIMYECKUMHU
HaJEeKHOCTH Ta30paclpeleNuTeNbHbIX ceTeil  TpeOyroT napamMeTpamMu CUCTEMBI ra30CHaOXKeHUs u
BHEPCHUS COBPEMEHHBIX METO/I0B aHaNN3a, BBIYMCIIUTENIBHBIMA ~ MOJAYJISIMHA ~ QHAM3a  PEKHMOB
MOJICIIUPOBAHMS W YHOPaBICHHS  TEXHOJOTMYECKUMH (byHKuMoHMpoBaHus cetH [1,2].

MpolieccaMy ra30CHaA0KEHHSI.
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CucremMpl Ta30CHAOKEHUS BKIIOYAIOT COBOKYIIHOCTD
B3aHMOCBSI3aHHBIX OOBEKTOB JOOBIYM, TPAHCIIOPTHUPOBKH,
pacrpezesieHus U oTpebieHns ra3a, pyHKIMOHUPYIOIHX B
YCIOBHMSIX ~ BO3ACHCTBUS ~ BHEUIHMX M BHYTPEHHHX
BO3MYyIICHMH. OT0 TpeOyeT TNpHUMEHEHUS METOJ0B
CHCTEMHOr0 aHAJIN3a, MAaTeMaTHYECKOr0 MOJICITMPOBAHHUS 1
COBPEMECHHBIX ~ HH()OPMALMOHHBIX  TEXHOJOTHH  JUist
obecrieueHust YCTOHUUBOCTH u a¢dexTHBHOCTH
(YHKIIMOHUPOBAHWS Ta30pacipeeuTeIbHbIX ceTel [3,4].

enbto  uccnenoBaHMs — fABISETCA  IIPOBEJICHUE
CTPYKTYpPHOTO aHannW3a WH()OPMAIMOHHBIX CBSI3eH U
pa3paboTka KinaccH(pHKAlMK 33124 CUCTEM Ta30CHA0KEHUS
JUISL IIOBBIILICHHUS s dexTrBHOCTH IIPOLIECCOB
MPOCKTUPOBaHMS,  aHaiu3a  (QYHKIMOHHPOBAHUS U
OIIEPAaTHBHOTO  YTPABJICHUS  Ta30paclpeiesuTeNbHBIMI
CeTSIMU.

2. MeTtoauka uccJIeJ0BaAHUA

AHAJIU3 COBPEMEHHBbIX
T'A3BOCHABXEHUSA

la3ocHaOkaromme CUCTEMBI TPEICTABIIAIOT  COOOH
CIIOKHBIA TEXHOJOTHYECKUH KOMILIEKC, BKJTFOYAIOIIHHN
MarucTpajibHble W paclpelelUTeNbHbIe  TPYOOIIPOBO/IHI,
ra30peryJsITOPHBIE ITyHKTBI, KOMIIPECCOPHBIE CTaHIMU M
CpeJICTBAa aBTOMATU3UPOBAHHOIO yIipaBieHus. OCHOBHBIMH
3ama4amMyl (PYHKIIMOHHPOBAHUS JAHHBIX CHCTEM SIBIISTIOTCS
obecrieueHune Gecriepe0OHON Mogauu ra3a NoTpeOUTeNsIM,
MoJIep)KaHie HOPMAaTHBHBIX I1apaMeTpOB JIABIICHUS U
MHHUMH3AIHS TEXHOJIOTHYECKUX MTOTEPb.

IIpoBenéHHbII aHaMM3  HAy4yHBIX  MCCIIEIOBaHUHN
[0Ka3aJl, 4YTO COBPEMEHHbIE NOAXOIbl K YIPaBICHUIO
CUCTeMaMH Ia30CHa0KeHHUs 0a3UPYIOTCSI HA HCIOIB30BAaHUH
METOJIOB MaTeMaTH4eCKOro MOJICJTUPOBAHUS,
TUIIPABINYECKOTO pacuéra, BEPOSITHOCTHO-
CTaTHCTHYECKOTO aHaau3a u ONTUMHU3AIMOHHBIX
anropuTMos [4,5].

R ) s  ia

CUCTEM

M3

—

Puc.1. CTpykTypa HH()OPMALMOHHO-JIOrHYeCKOii
MOJIeJI CHCTeMbI Fa30CHA0KeH ST

B paborax psiga wuccriemoBareneil 3amadd  aHamM3a
ra3opaclpe/ielIuTeNIbHbIX ~ CeTell  paccMaTpuBaloTCs ¢
NPUMEHCHUEM:

o METO/IOB Teopuu rpadoB;

. Mo/iesIeil MOTOKOpaCpe/IeIICHHS,

. BEPOSTHOCTHBIX METOIOB OLICHKH aBapHiHBIX
CHTYAIIHIA;

. METO/IOB TMHAMHUYECKOTO POrPaMMUPOBAHHST;

. AITOPUTMOB OIITUMAJIBHOTO yIIpaBIeHHs

IIOTOKAMM Ta3a.
OpHako CyLIECTBYIOIINE METO/IbI 3a4acTyro
OpPUEHTHPOBAHBI HA PEIICHNE OTACIBbHBIX JOKAIBHBIX 3a7a4

https://doi.org/10.56143/2181-2438-2026-2-142-146

U He O00ecHeYMBalOT  KOMIUIGKCHOH  HMHTErpanuu
HH(OPMALIMOHHBIX OTOKOB B PaMKaxX €IMHOI CHCTEMbI
yTpaBieHus ra3ocHabxeHueM [5,13].

Pe3ynbrarel, MOJNYYCHHbIC MPH PEIICHUM 3a/a4d
aHaAJIM3a THPABINYECKHX apaMeTpoB, OyIyT HCXOAHBIMU
JTAaHHBIMH JIJIS TIOCJIEAYIOMNX 3a1a4 (puc. 2).

TlepeyeHp 3agady W MOPSAAOK MX PEIICHUS MPH
MPOCKTUPOBAHUYK,  aHaM3e  (YHKIHOHHPOBAHUS  H
OIEPAaTHBHOM  YIPABICHHH CHUCTEMOH ra30CHa0XeHHsI
ropojia TaKke NPHBOIATCI B paborax [6-8]. Beixommas
uHdoOpMaLMs  OJHOM  3aJauydl  CIOY)XHT  BXOJIHOM
HH(pOpMAITUEH CIIeTYIOINX 32 Hel pelraeMbIX 3a1a4. Takum
00pa3om, porecc IPOSKTHPOBAHUS MOXKHO Pa3OUTh Ha TPU
YPOBHSI, COCTOSILIEH M3 BCEX PACCMOTPEHHBIX 3a/1a4.

sazas amaznsa dy " enmcren
ravnenatEemn

musors yposnm) mpoekTpoBamz)

| 3a30em nepsoro ypouna (cern | |

sToporo yposas (ceran | |,.,.... Tpervero yposna (crazna

S —
comuecrimé nomemnd sposze

Puc.2. Cxema knaccudukanuy 3aga4y aHaaInza
(pyHKIIMOHHPOBAHMS M YIIPABJICHHUSI CHCTEM
ra3ocHa0KeHus

NH®OPMAIMOHHO-JIOI'NYECKASI MOJIEJIb
CUCTEMbI I'A30CHABXKXEHUSA

OnHUM U3 KIIIOYEBBIX 3TAllOB MCCIICAOBAHUS SBISCTCS
HNOCTPOCHHE  MH(OPMALOHHO-TOTMYECKOH  MOJEIH,
obecrieunBaronieil (HopManu3aMIo0 B3aAUMOCBA3CH MEXIy
TEXHOJIOIMYECKHUMH  IapamMeTpaMH  ra3ocHabxarorien
CHCTEMbl M BBIYHCIUTENIBHBIMA MOXYJISIMH  aHalIM3a
PEXRNMOB (DyHKIIMOHUPOBAHYS CETH.

Pa3paborka MH(OPMALMOHHO-IOIMYECKOH  MOZEIH
no3BoJster [7,10]:

J CHCTEMaTU3HPOBaTh  UCXOJHBIE  IapaMeTpbl
rasocHa0arolei ceru;

J OIIpeJIeIIUTh B3aMMOCBSI3H MEXKILy
HUH(OPMALMOHHBIMH TIOTOKAMH;

J ABTOMATH3UPOBATh HPOLECCHl I'MAPABIMYECKOr0
pacuéra;

J HOBBICUTH JIOCTOBEPHOCTb OLIEHKH IOKa3aTesen
(YHKLIMOHUPOBAHUS CUCTEMBI;

J o0ecreduTh NOAJEPKKY NMPUHATUS PEIIeHUH Npu
OIIEPAaTHBHOM YIIPaBJIECHUH I'a30CHA0KEHHEM.

B pazpaboranHoit  Momenu — HH(OPMALMOHHBIE
napameTpbl IIPEACTaBIEHbl COBOKYHNHOCTBIO — BXOJHBIX
JaHHBIX U1, M, ..., M73, XapaKTepU3yIOLINX:

J JIaBJICHUE rasa;

J pacxoj rasa;

. K03 GULUEHTHI THIPABIHYECKOTO
COIPOTHUBIICHHS;

° napamMeTpbl TpyOOIIPOBOJIOB;

J TeMIEepaTypHbIE XapaKTePUCTHKH;

J (M3HMKO-XMMHUYECKHE CBOICTBA rasa.

BerunciauTensHee TIPOLETYPBI peanusyoTes

nocpeacTBoM Moayieit Mi,My, ..., Ms3, obecnieunBarommx
pacyéT OCHOBHBIX TEXHOJIOTHYECKHX [apaMETPOB CHCTEMBbI
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ra3ocHa0XeHUsI.

K OCHOBHBIM BBIYHCIIIEMBIM TapaMeTpaM OTHOCSTCS
IUIACTOBOE  JaBJIEHHE, JeOUT Ta30BOM  CKBaKHMHEI,
MPOIYCKHAs CIIOCOOHOCTh T'a30IPOBO/IA, TIOTEPs ABIICHHS,
TeMmreparypa ra3a, Ko3(pGUIMEHTH QIIBTPAIMOHHOTO
COTIPOTHBIICHUS, MOIIHOCTh KOMIIPECCOPHOH  CTaHIIUK
[8,11].

HNudopmanmmoHHO-IorHYeckass ~ MOJEIb  IO3BOJISET
OOBEIMHAUTL Pa3pO3HECHHBIC 3aJaudl MPOCKTHPOBAHHSA K
OKCIUTyaTallid  Ta30CHAOXKAMOMMX CeTe B  CIUHYIO
BBIYHCITUTEIBHYIO Cpedy. DTO CO3MaéT MPEINOCHUIKH ISt
KOMIUICKCHOM  aBTOMAaru3allii  TPOIECCOB  aHalln3a
(YHKIIMOHUPOBAHUS i yIpaBlICHHS
ra3opacrpeeuTeIbHBIMA CHCTEMaMH.

BaxxHBIM TIperMyIIECTBOM pa3pabOTaHHON MOJETH
SBIISICTCS. BO3MOXKHOCTh €€ aJanTalliil K pPa3IHYHBIM
pexnMaM GyHKIMOHWPOBAHMS CETH, BKIFOYAs:

° HOpMaJ'[LHBIﬁ PEKUM IKCILTYyaTalluu,

° PEKUMBI IOBBIICHHOT'O HOTpe6J’IeHI/IH rasa,
° aBapHﬁHLIC 1 HCUITATHBIC CUTYAIlNH;

° PEXHUMBI PEKOHCTPYKIUU CETH.

CrpyKTypHas oOpraHusaunus MoJenu obecrneduBaeT
BO3MOXKHOCTb  OIEPaTHBHOTO OOHOBJIEHHS IapaMeTpoOB
CHCTEMbl Ha OCHOBE NOCTYIIAIONIUX JIAHHBIX MOHUTOPHHTA,
4YTO 0COOEHHO Ba)XKHO NPH ()YHKIMOHUPOBAHUU TOPOJICKUX
ra30pacnpeieUTENbHbIX CeTeH.

CTPYKTYPHBI AHAJIN3 n
KJIJACCUDPUKAIUSA 3AJAY T'ASOCHABXEHUSL

Cucrembl Ta30CHAOXKEHHMSI OTHOCATCA K  KiaccCy

CJIOHBIX TEXHUYECKHX CHCTEM yIIpaBJICHHs,
(bYHKIOHUPOBaHHE KOTOPBIX CONPOBOXKIACTCS
BO3ICHCTBMEM MHOXKECTBA BHYTPEHHMX M  BHELIHHX
(axTopoB.

K 0CHOBHBIM 0COOEHHOCTSIM ra30CHA0KAIOINX CHCTEM
OTHOCATCS:

U MHOI'OMEPHOCTb N1apaMETPOB;

U MHOT'OCBSI3aHHOCTb 3JIEMEHTOB;

U nepapxuyecKas CTpyKTypa;

U CTOXAaCTUUECKUH XapaKTep MpOLeCCOB;

U HaJIM4Ue JIOKAIBHBIX U TJIOOAIBHBIX KPUTEPUEB
ONTUMAIBHOCTH.

B mporecce  uccienoBaHWs — yCTAaHOBJIEHO,  YTO
3 peKkTUBHOE YIpaBIEeHHE CHUCTEMOH ra30CHAOKEHMUS
BO3MOXKHO TOJBKO TIPU  MCIOJb30BAaHWM HPHHLMUIIOB
CHCTEMHOT0 aHaJlu3a U HePapXM4ecKOro MOJEIUPOBAHMS
[6,12].

[lpyHUMII ~ CHCTEMHOTO  aHajuM3a  IIPEeAIoJaraer
paccMOTpeHHe Tra3ocHa0Kalolled CceTd Kak —eJUHOro
B3aMMOCBS3aHHOI'O oObekTa, BKJIIOYAIOLIETO
MarucTpajibHble TPyOOIPOBOIbI, PACIIPEICTUTENBHbIE CETH,
ra30peryJsiTOpHbIe IIyHKTBI, KOMIIPECCOPHbIE CTaHLMH U
MO/ICUCTEMbl MOHUTOPHHTA U YIIPaBJICHHUSL.

Hepapxuueckuii moaxo MO3BOJISIET Pa3leNUTh 3a1a4u
(YHKLIMOHMPOBAHHUS CHCTEMbl Ha HECKOJIBKO YPOBHEH:

YPOBEHb IIPOCKTHPOBAHUS;

2. ypoBeHb aHanM3a PyHKIUOHUPOBAHHUS,;

3. ypOBEHb OIEpPaTHBHOIO YIIPaBICHHS.

Ha ocHoBe mpOBenEHHOr0 WHCCIEIOBaHHs ObLia
paspaboTana knaccuuKanys 3a1a4 CUCTEM ra30CHA0KEHHUSI
(tabm. 1).

Taoauna 1
Kaaccugukanus 3a1a4 cHCTEM ra30CHAGKeHHsI

June, 2026
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I'pynna 3agaq OcHoBHOE coepaxaHue
Bri6op crpykryps! cetn,
oIpeeeHNe TUAMETPOB TPyO

IIpoexTHble 3anaun pest AMAMETPOB TPYD,
pacuér npoIrycKHOMI
CIIOCOOHOCTH
TI'unpaBnmueckuii pacuér,

AHanuTHYecKHe OLICHKA I10TEpPh JaBJICHUs,

3aJa4n aHaJIu3 pEeKUMOB
(HYHKIIMOHNPOBAHHUS
PerynmmnpoBanue

VYnpasnsronme TIOTOKOpACTIPEIENICHHS,

3aJja4n OIlepaTUBHOE yIpaBICHHUE
roJjavyei rasa
BrraBnenue aBapuitHbIX

Juarsoctudeckue CHUTYaIHH, OOHapyXeHHe

3aJaun yTeueK, aHaJIM3 HeITaTHBIX
PEXXKUMOB
MuHUMH3aIMS TOTEPh, BEIOOD

OnTuMHU3alMOHHbIE
KBa3MONTUMAJIbHBIX TapaMeTPOB

3aJaun
CeTH

IIpennoxennas kiaccuduxarys obecrneunBaeT

CHCTEMaTH3aLMI0  IIPOLECCOB  IPOCKTUPOBAHMS U
9KCIUTyaTalluK ra30PacIpeIeIMTENbHBIX CeTEH U O3BONSIET
(opmann3oBaTh 3241 aBTOMATH3ALMK pacuéToB. BaskHoi
OCOOEHHOCTBIO  Pa3pabOTaHHOTO  IMOAXOAA  SBISETCS
BO3MOXKHOCTb o0beuHeHns AQHATUTUYECKHX u
BBIYMCIINTENIBHBIX ~ HpOLENYpP B paMKax  €AMHOH
HH(POPMALIMOHHON CPE/IbL.

MATEMATHYECKASA IOCTAHOBKA 3AJJAYN

Ilpn wuccnenoBaHuu INpoLECCOB (PYHKIMOHUPOBAHUS
ra3ocHa0XalolMX CceTeil OJHOM W3 BaXKHEHIIMX 3amad
ABJAETCA  ONpPENCNICHHE  ONTUMAIbHBIX  [1apaMeTPOB
TpyOOIIPOBOIHOM CHCTEMBI, 0OECIICUNBAIOIIUX TPEOyeMyIO
MPOIYCKHYIO CIIOCOOHOCTh MPH JIOIyCTUMBIX IOTEPSAX
nasieHus [7].

B KayecTBe KpHUTEpUs ONTUMAJIBHOCTH
paccMarpuBaeTCs MHHMMH3AlMs KalWTAIBHBIX 3aTpaT Ha
CTPOMTENILCTBO U SKCIUTYaTallHIO CETH:

F =" bdfl; - min 1)

rie:
b — croumocrHsIil K03 PHILHEHT;
di — amamerp y4yacTka ra3onpoBo/ia;
li— miHa ygacrka;
M— KOJIMYECTBO YYACTKOB CETH.
OrpaHuyeHHeM 3a/[a4H SBISETCS YCIOBUE 00eCIeUeH s
JIOIyCTUMOTO TIepenajia AaBIeHHUs:

Zﬁl AP = APDop )

Jns ompeseneHuss ONTHMAIBHBIX MApaMETPOB CETH
HCIIONIb3YeTCsl MeToJ MHOkuTened Jlarpawxka. @yHKuus
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Jlarpamxa ¥meeT BUA:
L=F+ A", AP, —APyp) (3)

B IpoueCCe peUICHUA 3a1aur OCYIECTBIIACTCA:

o pacy€r pacxo/10B ra3a 1o y4actkam;

o ONpeJIesIeHUE NepPenaoB JaBlICHUs;

o BBIOOp ONTHMAITFHBIX JUAMETPOB TPYO;

° OIICHKA PE)KUMOB (DYHKITMOHUPOBAHHUS CETH.

H.HSI OLICHKHM pacxoa rasa 1o y4aCTKaM HCIIOJIb3YCTCA
3aBUCHUMOCTD:

Qi = kX qni
rae Qi-pacxon rasa, (i — yZAensHBI pacxox, Ni -
KOJIMYECTBO noTpebuTenet, k -Ko3(hpUIHEeHT
OJTHOBPEMEHHOCTH.

Pa3paboTaHHass MareMaTHYeckas MOJEIb MO3BOJSET
MPOBOJUTH Pacy€Thl Kak [Uis TYMHKOBBIX, TaK W JUIS
3aKOJIBLIOBAHHBIX Ia30paclpe/ieUTeNbHbIX ceTeit [8].

3. PesyabTarnl u O0cy:KkI1eHue

[pakTudeckast peannzanus pa3pabOTaHHBIX Mozeeil 1
aNropuTMOB OBUIA BBITIONHEHA JUTSI Ta30CHAaOKaromIel ceTn
maxaum «O6on Mackanm» ropoma Camapkanna. B xoze
HcCIeIoBaHus ObUTH TIPOBE/ICHBI:

—  pacyéTsl IIepenajioB JaBICHHS;
—  aHaJIM3 NPOITYCKHOM CIIOCOOHOCTH YYaCTKOB;
—  OLICHKA PacXoJ0B rasa;
ox00p MaMeTpoB TPYOOIPOBOIOB;

MOJCJINPOBAHUE PEKUMOB @yHKHHOHHpOBaHHH

CeTH.
Uccnenyemast cetb Oblma mocTpoeHa w3 25-33
pPacyéTHBIX  y4acTKOB,  Ia30pErysITOPHbIE  MYHKTEI,

MarucTpaJibHble M paclpelenTeNIbHbIe TPYOOIpOBOABI U
YYaCTKH Pa3INYHOTO AUAMETPA.

Pesynbrars BBIYUCIIUTEIIBHOTO JKCIIEpUMEHTa
MOKa3aId  TOBBIMIEHHE  TOYHOCTH  T'HAPABIMYECKHX
pacuéroB, CHIKCHHE BPEMEHH NPOCKTHBIX  PadoT,

yJIy4LICHHE OLEHKH PEKUMOB ()yHKIIMOHUPOBAHUS CETU U
noBeIeHHe P(HEKTUBHOCTU ONEPATUBHOIO YIIPABICHHUS
ra30CHa0)KEHUEM.

IpakTHyeckoe BHEAPEHHE Pa3pabOTaHHBIX aIrOPUTMOB
U T[pPOrpaMMHBIX ~ CPEACTB B MOAPA3ICICHHSIX
razocHaOxenus: CamapkaHICKOW 0O0JAacTH MOITBEP.IHIO
3¢ PEeKTUBHOCTH MPEII0KEHHOTO oaxoaa [8].

4. 3akaodyeHue

B  pabGore mpoBenéH  CTPYKTYpHBIH  aHAIM3
UH(OPMALIMOHHBIX CBSI3el U KJIacCH(pHUKALS 3a/1a4 CHCTEM
ra3ocHa0KEHUs KaK CIOXHBIX TEXHHYECKHX OOBEKTOB
ynpasieHus. Pa3paborana WHG)OPMAIIMOHHO-TIOTHYECKast
MOJEIb aBTOMATH3ALUH pacuéroB oKazarenei
(GYHKIIMOHUPOBAHUS ra30CHa0XKAaOINX cereit,
obecreunBarolas HHTErpanuo HHHOPMAIIMOHHBIX TOTOKOB
1 BBIYUCIIMTEIIBHBIX TIPOLEYP B paMKaX €IMHOM CHCTEMBI.

[pemnoxena kiaccudukanys 3a1ad NPOSKTHPOBAHUS,
aHanu3a (GYHKIHOHUPOBAHUS M ONIEPATUBHOTO YIPABICHHS
ra3oCHa0aroMUMHU CeTSIMH, TO3BOJISFOLLIAs
CHCTEMaTH3UPOBAaTh  TPOLECCHI  HCCIENOBaHHSA U
IKCIUTyaTalul 00bEKTOB Ta30CHA0KEHHS.

PaspaboranHas MaTeMaTH4eckasi MOJieIb 00eCIeYuBaeT
BO3MOXKHOCTb OIPE/IEJICHHS] ONTHMAIBHBIX MapaMeTpoB
razopacnpeeuTeNIbHON CeTH ¢ YYETOM OrpaHMYEeHUH IO
nepenaaaM JaBJeHUS U PacxoiaM rasa.
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IIpakTHyeckas peaau3ays MpeUIOKEHHBIX MOAEICH U
ITOPUTMOB Ha IIPHMeEpE T'a30CHAOKAOMIEH CeTH Maxallli
«O6on  Mackanm» ropoma CamapkaHma —IOKasajga
3¢ GEeKTUBHOCTH pa3pabOTaHHOrO MOAX0a ¥ BO3MOXKHOCTh
€ro NPUMEHEHHS /Ul aBTOMATH3aLIH IPOIIECCOB aHAIN3a 1
YTIpaBIEHHUs CHCTEMAaMH Ta30CHA0KEHHS.
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Analysis of hazardous (injury-causing and harmful) production factors in the

Abstract:

Keywords:

technological processes of ceramic tile manufacturing

S.S. Sulaymonov*®?2, N.A. Erdonova?®P®
Tashkent state transport university, Tashkent, Uzbekistan

2Tashkent state technical university named after Islam Karimov, Tashkent, Uzbekistan

This article presents a comprehensive analysis of technological processes in ceramic tile manufacturing
enterprises from the perspective of occupational safety and industrial hygiene. The study identifies and
comparatively evaluates the main hazardous and harmful production factors at the stages of raw material
reception and preparation, crushing, sorting, forming, firing, and packaging. It is substantiated that the
dominant risk factors include dust exposure (quartz aerosols), high levels of noise and vibration,
unfavorable microclimate conditions, and thermal loads. Based on hygienic assessment criteria, the level
of occupational hazard was determined, and a set of engineering, organizational, and preventive measures
aimed at reducing adverse effects on workers was proposed. The results of the study have practical
significance for improving workplace safety and preventing occupational diseases.

ceramic tile, technological chain, quartz aerosol, thermal radiation, mechanical injury, occupational
hygiene, comparative analysis

Keramik plitka ishlab chigarish texnologik jarayolaridagi xavfli
(Jarohatlovchi va zararli) ishlab chigarish omillarining tahlili

Annotatsiya:

Kalit so‘zlar:

Sulaymonov S. S.X@2 Erdonova N.A.20P
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

2Islom Karimov nomidagi Toshkent davlat texnika universiteti, Toshkent, O‘zbekiston

Ushbu maqolada keramik plitka ishlab chigarish korxonalarida amalga oshiriladigan texnologik
jarayonlar mehnat muhofazasi va ishlab chigarish gigiyenasi nugtai nazaridan kompleks tahlil gilingan.
Tadgiqot davomida xomashyoni gabul gilish va tayyorlash, maydalash, saralash, shakllantirish, pishirish
hamda gadoglash bosgichlarida yuzaga keladigan asosiy xavfli va zararli ishlab chigarish omillari
aniqlanib, ularning ishchilar salomatligiga ta’siri qiyosiy baholangan. Ish jarayonida changlanish (kvarts
aerozollari), yuqori darajadagi shovqin va vibratsiya, noqulay mikroiglim hamda termik yuklamalarning
ustuvor xavf omillari sifatida ajralib turishi asoslab berilgan. Mehnat sharoitlarini gigiyenik baholash
mezonlari asosida ishlab chigarish muhitining xavflilik darajasi aniglanib, uni kamaytirishga garatilgan
muhandislik, tashkiliy va profilaktik chora-tadbirlar taklif etilgan. Tadgiqot natijalari ishlab chigarish
korxonalarida mehnat xavfsizligini oshirish va kasb kasalliklarining oldini olishda amaliy ahamiyatga
ega.

keramik plitka, texnologik zanjir, kvars aerozoli, termik nurlanish, mexanik jarohatlanish, mehnat
gigiyenasi, giyosiy tahlil

1. Kirish

O‘zbekiston Respublikasida qurilish materiallari
sanoatining drayveri hisoblangan keramika tarmog‘i so‘nggi
yillarda texnologik jihatdan yangilandi, mahsulot sifati,
dizayni ko rsatgichlari halgaro standartlar talablaiga mosligi
ta'minlandi va ta'minlanmoqda. Murakkab innovatsion
fizik-kimyoviy jarayonlar, yangi xomashyolar qo’llanilishi
bir tmondan, mahsulot sifatini ortishini ta’'minlaydi, ikkinchi
tomondan, texnologiyaning murakkablashishi yangi turdagi
xavfli (jarohatlovchi, zararli) omillarning paydo bo‘lish
ehtimolini ko' paytiradi. Shuning uchun ishlab chigarish
muhiti paydo giladigan ish o rinlaridagi mehnat sharoitlarini
yaxshilash, gigienik talablarga mos mehnat sharoitlarini
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yaratishga qaratilgan ilmiy tadgiqotlar olib borish o'ta
muhim dolzar masala hisolanadi.[1,3]

2. Tadgiqot metodologiyasi

Texnologik jarayonlarning tavsiflarii va ularni
amalga oshirishdagi xavflarni manbalari

Keramik plitka ishlab chigarish murakkab fizik-
kimyoviy jarayon bo‘lib, u quyidagi asosiy bosqichlarni 0‘z
ichiga oladi:

Xomashyoni gabul qilish va boyitish-bu keramik
plitka ishlab chiqarishning boshlang‘ich bosgichi bo'lib,
tarkibiy komponentlarni (gil, kaolin, qum, dala shpati) sifat
ko‘rsatkichlari bo‘yicha saralash, begona aralashmalardan
tozalash, maydalash va ularni keyingi texnologik bosgich
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(shliker tayyorlash) uchun talab etiladigan fizik-kimyoviy
holatga keltirish jarayonidir.[3,4]

Xomashyo tayyorlash bo‘limi-keramik plitka ishlab
chigarish zanjiridagi eng yugori texnogen yuklamaga ega
bo‘lgan zona hisoblanadi. Bu yerda mehnat sharoitlari
xavflilik darajasi bo‘yicha 3-klass (zararli) va 4-klass (o‘ta
zararli) toifalariga kiruvchi omillar (chang, shovqin,
tebranish) bilan tavsiflanadi.

Keramik plitka ishlab chigarishning xomashyoni gabul
qgilish va saglash, boyitish, maydalash hamda saralash kabi
kichik jarayonlari alohida tahlil gilinib, har bir bosgich
uchun xos xavf manbalari tavsiflanadi:

A. Qabul gilish va saglash bosgichi

Xomashyo ochiq yoki yopiq omborlarda vagon va yuk
mashinalaridan tushiriladi.

Xususiyati: Materiallarning namlik darajasi past
bo'lganda aerozol hosil bo'lish (changlanish) ko'rsatkichi eng
yugori nugtaga chigadi.

B. Boyitish (aralashtirish va tozalash) tarifi

Tabiiy xomashyo tarkibidagi keraksiz mineral va metall
aralashmalarini ajratish jarayoni.

Xavfi: Magnitli separatorlar va saralovchi elaklar
(groxotlar) ishlashi natijasida hosil bo'ladigan kuchli
dinamik shovgin.

C. Birlamchi maydalash tarifi

Yirik bo'lakli gil va toshlarni jag'li yoki bolg‘ali
maydalagichlarda (drobilka) kichik fraksiyalarga keltirish.

1-jadval
Keramik plitka ishlab chigarishning asosiy
jarayonlariga xos xavflar

Jarayon nomi Asosiy Ta’sir Davomiyli
xavf etuvchi gi
tarifi parametr

Yuklash/Tushiris | Aerozol | SiO2 Uzluksiz

h dispers miqdori
tizimi (20-

70%)

Maydalash Mexanik | Shovqgin | Davriy
energiya | (90-110
nurlanish | dB)

i

Bunkerlarga Dinamik | Konveye | Doimiy

uzatish harakat r tezligi
xavfi (1.5-3

m/s)

Saralash (Elash) | Lokal Tebranis
vibratsiy | h -
a chastotas Doimiy

i (Gts)

1-jadvalda keramik plitka ishlab chigarishning asosiy
jarayonlari va ularga xos xavf parametrlarining giyosiy
tavsifi keltirilgan.

Ushbu bosgichda chang-havo aralashmasining portlash
xavfi va elektr xavfsizligi tariflari muhim o‘rin tutadi.
Xususan, kvars changining nam muhitda (yomg-‘irli havoda
yoki namlash tizimi ishlaganda) elektr o‘tkazuvchanligi
ortishi va elektr uskunalarida qisqa tutashuv keltirib
chiqarish ehtimoli ko‘rib chiqilishi shart.[4]

Ma’lumki, mehnat sharoitlarini sanitar-gigiyenik
baholash-bu ish joyidagi xavfli (jarohatlovchi va zararli)
omillarni aniqlash, ularning miqdorini o‘lchash hamda inson
salomatligiga ta’sirini tahlil qilish jarayonidir.

June, 2026
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Xomashyoni Maydalash va Presslash va Quritish va Saralash va
qabul gilish ——I saralash —’[ shakl berish pishirish qadoglash

 Changlanish « Shovgin ® Mexanik gismlar ~ * Yuqori harorat ® Kesilish
* Yuklash xavfi « Vibratsiya « Sigilish xavfi « Termik nurlanish  « Ko'tarish yuklamasi
« Si0:2changi

1-rasm. Keramik plitka ishlab chigarishning texnologik
bosgichlari va ularga xos ustuvor xavf manbalari

1-rasmda keramik plitka ishlab chigarishning asosiy
texnologik bosgichlari hamda har bir bosgichga xos ustuvor
xavf manbalari sxematik ko‘rinishda berilgan. Ushbu sxema
xavf manbalarini ishlab chiqarish zanjiri bilan bog‘liq holda
aniglash va profilaktik choralarni bosgichma-bosgich
rejalashtirishga xizmat giladi.

O‘zbekiston Respublikasi qonunchiligiga ko‘ra, bu
jarayon ish  beruvchining majburiyati  hisoblanib,
xodimlarning xavfsiz mehnat qilish huquqini ta’minlaydi.[6]

1. Baholashning asosiy magsadlari

Kasb kasalliklarining oldini olish - bu ishlab chigarish
jarayonida xodimlarning sog‘lig‘iga zarar yetkazadigan xavf
va zararli omillarni vagtida aniglash, baholash va ularni
bartaraf etish orqali kasb bilan bog‘liq kasalliklarning
yuzaga kelishini oldini olishga garatilgan kompleks chora-
tadbirlar tizimidir.

Imtiyozlarni belgilash-bu ish joyidagi zararli va xavfli
omillar aniglangandan so‘ng, xodimlar uchun qo‘shimcha
huquq va rag‘batlarni ta’minlash orqali mehnat sharoitini
kompensatsiya qilish hamda kasb kasalliklari xavfini
kamaytirishga garatilgan chora-tadbirlar tizimi.

Ish ofrinlarini attestatsiyadan o‘tkazish-bu ishlab
chiqarish jarayonidagi barcha texnologik va ish joylaridagi
zararli va xavfli omillarni aniglash, ularning inson
salomatligiga ta’sirini baholash va mehnat sharoitlarini
gigiyenik normativlarga (SanPiN, davlat standartlari)
muvofigligini tekshirish orgali ish joylarini rasmiy baholash
tizimi.

2. Tekshiriladigan asosiy omillar

Gigiyenik baholashda quyidagi to‘rtta asosiy guruh
tahlil gilinadi:

2. Fizik omillar-bu ish joyidagi tabiiy va sun’iy
muhit parametrlariga bog‘liq bo‘lgan, xodimlarning
sog‘lig‘l va ish qobiliyatiga bevosita ta’sir etuvchi omillar.

Mikroiglim-bu ish joyidagi havo harorati, namlik va
havo harakati tezligi kabi omillar majmuasi bo‘lib,
xodimlarning termoregulyatsiyasi, ish qobiliyati va
sog‘lig‘iga bevosita ta’sir ko‘rsatadi.

—  Havo harorati-ish joyidagi havoning o‘rtacha
harorati, xodim organizmining normal termoregulyatsiyasini
saglash va qulay ishlash sharoitini ta’minlash uchun muhim
hisoblanadi. Optimal harorat ishchi faoliyatini samarali olib
borishga imkon yaratadi va charchash xavfini kamaytiradi.
Odatda havo harorati yozda +20...+25°C, qishda
+18...+22 °C diapazonda bo‘lishi tavsiya etiladi.

— Havo namligi-ish joyidagi havodagi suv bug‘lari
miqdori bo‘lib, nafas olish qulayligi va teri holatiga ta’sir
qiladi. Me’yoriy namlik xodimlarda qulaylikni ta’minlaydi,
charchashni kamaytiradi va kasalliklarning oldini olishga
yordam beradi. Optimal nisbiy namlik 40-60 % oralig‘ida
bo‘lishi kerak.[10]

— Havo harakati tezligi-ish joyidagi havoning
harakat tezligi, issiglik targalishi va chang-havo
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aralashmasining tarqalishiga ta’sir giladi. Juda tez harakat
etuvchi havo xodimlarda sovuglik hissi, charchoq yoki nafas
olish giyinchiligiga olib kelishi mumkin. Ish joylarida
havoning tezligi odatda 0,1-0,3 m/s bo‘lishi tavsiya etiladi,
ventilyatsiya zonalarida maksimal 0,5 m/s ruxsat etiladi.[2]

Yoritilganlik-bu ish joyidagi ish yuzasining yetarli
darajada  yoritilganligi  bo‘lib, xodimlarning ko‘rish
gobiliyati, charchash darajasi va ishlab chigarish
jarayonidagi xavfsizlikka bevosita ta’sir ko‘rsatadi. Yetarli
yoritilganlik xodimlarga ishni aniglik bilan bajarish,
noaniglik va jarohat xavfini kamaytirish imkonini beradi.

Me’yoriy yoritilganlik darajasi ish turiga qarab
belgilanadi: masalan, og‘ir mexanik ishlarda 300-500 Ix
(lyuks), kichik detal ishlash yoki inspeksiya ishlarida 500-
1000 Ix bo‘lishi tavsiya etiladi. Shu bilan birga, yoritish bir
xilda va soyasiz bo‘lishi kerak, chirog manbalaridan aks
etish yoki qorong‘ilik ish samaradorligini va xavfsizligini
pasaytirmasligi lozim.[9]

Shovqgin va vibratsiya-ish joyidagi ishlab chigarish
uskunalaridan, transport tizimlaridan va  mexanik
jarayonlardan chigadigan tovush va tebranishlarning
umumiy ta’siridir. Bu omil xodimlarning eshitish qobiliyati,
konsentratsiyasi, ish unumdorligi va umumiy sog‘lig‘iga
sezilarli ta’sir ko‘rsatadi.

Shovqin darajasi yuqori bo‘lgan ish joylarida
xodimlarda eshitish pasayishi, charchash, stress va yurak-
gon tomir tizimi kasalliklari rivojlanishi mumkin. Vibratsiya
esa qo‘l va butun tana mushaklarida charchoq, titroq va
mushak-skelet tizimi muammolariga olib kelishi mumkin.

10

Nisbiy baho (0-10)

Qabul Maydalach Saralash Presslash Pishirish

gilish

2-rasm. Texnologik bosqichlar bo‘yicha zararli
omillarning nisbiy intensivligi

Qadoglash

2-rasmda texnologik bosqgichlar bo‘yicha changlanish,
shovgin-vibratsiya va termik yuklama omillarining nisbiy
intensivligi  keltirilgan.  Diagrammadan  ko‘rinadiki,
maydalash va saralash bosgichlarida chang hamda shovqgin
ko‘rsatkichlari yuqori, pishirish bosqichida esa termik
yuklama ustun hisoblanadi.

Me’yoriy ko‘rsatkichlar:

—  Ish joyidagi doimiy shovgin: maksimal 80 dB (A)
smenada.

—  Qisga muddatli yugori shovgin: 90-110 dB, lekin
shaxsiy himoya vositalari bilan.

—  Vibratsiya: qo‘l va butun tana vibratsiyasi
me’yoriy standartlarga muvofiq bo‘lishi lozim, odatda 0,4
m/s? dan oshmasligi tavsiya etiladi.

Shovqgin va vibratsiya xavfini kamaytirish uchun ish
joylarini muhandislik choralar bilan optimallashtirish,
uskunalarni shovginsiz variantlari bilan jihozlash va shaxsiy
himoya vositalaridan  (qulogchin, rezina taglik,
antivibratsion vositalar) foydalanish tavsiya etiladi.[13]

Elektromagnit nurlanish - bu ish joyidagi kompyuterlar,
yugori kuchlanishli uskunalar, aloga vositalari va boshga
elektr qurilmalardan targaladigan elektromagnit maydonlar
ta’siridir. Ushbu omil xodimlarning asab tizimi, ko‘rish
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qobiliyati, uyqusi va umumiy sog‘lig‘iga bevosita ta’sir
giladi.

Uzoq muddatli ta’sir natijasida xodimlarda bosh
og‘rig‘i, charchoq, konsentratsiyaning pasayishi, stress
holatlari va boshqa sog‘liq muammolari rivojlanishi
mumkin.

Me’yoriy ko‘rsatkichlar: Ish joyidagi elektromagnit
maydonning maksimal ruxsat etilgan kuchlanishi va
chastotasi SanPiN 2.2.4/2.1.8.562-96 va boshqa me’yoriy
hujjatlarga muvofiq bo‘lishi lozim.

Uzluksiz ta’sirga mo‘ljallangan ish joylarida maydon
darajasi xavfsizlik chegaralaridan oshmasligi kerak, ya’ni
kuchlanish 25 V/m dan, magnit maydon 0,2 mT dan
oshmasligi tavsiya etiladi.

Elektromagnit nurlanish xavfini kamaytirish uchun
uskunalarni optimal masofaga joylashtirish, ekranlar va
ekranli  uskunalarda shaffof himoya vositalaridan
foydalanish va ish vaqtini tartibga solish tavsiya etiladi.[11]

B. Kimyoviy omillar-ish joyidagi havoda mavjud
bo‘lgan zararli moddalar, gazlar, bug‘lar va aerozollar
(jumladan chang) majmuasi bo‘lib, xodimlarning nafas olish
tizimi, teri va umumiy sog‘lig‘iga bevosita ta’sir ko‘rsatadi.
Uzoq muddatli ta’sir natijasida kasb kasalliklari rivojlanishi,
charchash darajasi oshishi va ish unumdorligi pasayishi
mumekin.

Havo tarkibidagi gazlar va kimyoviy bug‘lar nafas
yo‘llariga tushib, o‘pka va respirator tizimining
shikastlanishiga olib keladi. Aerozollar va chang, xususan
SiO: (kvarts changi), uzoq muddat nafas olish natijasida
o‘pka to‘qimalarini shikastlaydi va kasb kasalliklariga sabab
bo‘lishi mumkin.

Me’yoriy ko‘rsatkichlar ish joyidagi zararli moddalar
va gazlarning maksimal ruxsat etilgan konsentratsiyasiga
(PDK) mos bo‘lishi lozim, qattiq chang (SiO:) esa havoda
maksimal 1 mg/m? dan oshmasligi tavsiya etiladi.[3]

Kimyoviy omillar xavfini kamaytirish uchun ish joyini
samarali ventilyatsiya tizimi bilan jihozlash, changni so‘rib
olish yoki namlash, shaxsiy himoya vositalari (respirator,
himoya kiyim) va ishchilarni muntazam tibbiy ko‘rikdan
o‘tkazish tavsiya etiladi.

Kuarts ehang! (5i0:)

Shovgin

Termik yuklama

Mexanik jarahatlanish

Elektr xavfi

Ergonomik z0'riqish

0 2 4 6 8 10
Ustuvorlik darajasi (0-10)

3-rasm. Keramik plitka ishlab chigarishda ustuvor xavf
omillarining tarkibi

3-rasmda keramik plitka ishlab chigarishdagi ustuvor
xavf omillarining tarkibi ko‘rsatilgan. Unda kvarts changi,
shovqin, termik yuklama va mexanik jarohatlanish xavfi
ishlab chiqarish gigiyenasi nugtai nazaridan eng muhim
omillar sifatida ajralib turadi.

D. Biologik omillar-ish joyidagi mikroorganizmlar,
bakteriyalar, viruslar va zamburug‘lar bilan xodimlarning
bevosita yoki bilvosita alogasi natijasida yuzaga keladigan
xavflardir. Ushbu omillar, aynigsa tibbiyot, gishloq xo‘jaligi
va ozig-ovgat sanoatida ish olib boriladigan sohalarda
ahamiyatlidir.

Uzoq muddatli yoki yuqori konsentratsiyadagi biologik
omillarga ta’sir qilish natijasida xodimlarda infeksion
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kasalliklar, biologik reaksiyalar, immun tizimi zaiflashuvi va
boshga sog‘liqg muammolari rivojlanishi mumkin.

Xavfni kamaytirish choralari: ish joylarini muntazam
dezinfeksiya qilish, himoya vositalaridan (qo‘lqop, maska,
himoya kiyim) foydalanish, ishchilarni profilaktik tibbiy
ko‘rikdan o‘tkazish va biologik agentlar bilan ishlash
bo‘yicha maxsus yo‘rignomalarni joriy etish tavsiya
etiladi.[8]

E. Mehnat jarayonining og‘irligi va tarangligi-
ishning xodim organizmiga jismoniy va ruhiy ta’siri bilan
bog‘liq bo‘lgan parametrlar majmuasidir. Ushbu omillar ish
samaradorligi, charchash darajasi va xodimlarning
sog‘lig‘iga bevosita ta’sir giladi.

1. Ogtirlik-ish joyidagi jismoniy yuklama, yuk
ko‘tarish, uzoq muddat noqulay ish holatida ishlash va
mushaklar tizimiga tushadigan ortiqcha bosimni 0z ichiga
oladi. Jismoniy og‘irlik ortishi xodimlarda charchogq,
mushak-skelet tizimi muammolari va jarohatlanish xavfini
oshiradi.

2. Taranglik-ishning ruhiy zo‘riqishi, diggatni
jamlash talab qilishi va ko‘rish a’zolariga tushadigan
yuklamani bildiradi. Yuqori taranglik xodimlarda stress,
charchash, diggatning susayishi va ish unumdorligining
pasayishiga olib keladi.

Xavfni kamaytirish choralari: og‘ir jismoniy ishni
mexanik vositalar bilan yengillashtirish, ish joyining
ergonomikasini yaxshilash, ish vaqti va dam olish intervalini
optimallashtirish, shuningdek ruhiy zo‘riqishni kamaytirish
uchun ishchilarni muntazam psixologik qo‘llab-quvvatlash
tavsiya etiladi.[11]

3. Baholash tartibi va bosgichlari

Mehnat  sharoitlarini  baholash  odatda  maxsus
litsenziyaga ega laboratoriyalar yoki mutaxassislar
tomonidan quyidagi tartibda amalga oshiriladi:

4. Inventarizatsiya-ish joyidagi barcha potentsial
zararli va xavfli omillarni ro‘yxatga olish. Ushbu bosqichda
har bir jarayon, uskunalar va ishchi pozitsiyalari ko‘rib
chigiladi, xavf manbalari identifikatsiya gilinadi.[7]

5. O‘lchov ishlari-maxsus ashob-uskunalar yordamida
(lyuksometr, shumomer, dozimetr va boshqa olchov
vositalari) real ish sharoitidagi parametrlar aniglanadi. Bu
bosgichda havo harorati, namlik, shovqin, vibratsiya, chang
va zararli moddalar konsentratsiyasi kabi ko‘rsatkichlar
o‘Ichanadi.

6. 2-jadvalda mehnat sharoitlari gigiyenik tasnif
bo‘yicha 4 sinfga ajratilib, ularning xodim organizmiga
ta’siri umumlashtirilgan.

7. Xulosa chiqgarish-barcha o‘lchov va solishtirish
natijalari tahlil qilinib, ish sharoitining xavf darajasi
aniglanadi va mehnat sharoitlarining sinfi belgilanadi (1-
sinf: magbul, 2-sinf: yo‘l qo‘yiladigan, 3-sinf: zararli, 4-sinf:
xavfli).

8. Mehnat sharoitlarining tasnifi (Klasifikatsiyasi)

2-jadval
Ish muhitining xavf va zarar sinflari
Sinf Tavsifi Ta'siri
1-sinf Optimal Ish qobiliyati
(Magbul) sharoit saglanadi, sog‘liqga
zarar yetmaydi.
June, 2026
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2-sinf  (Yo‘l | Chegaraviy Ish smenasi
qo‘yiladigan) | me'yor davomida charchoq
(PDK/PDU) bo'lishi  mumkin,

dam olishda
tiklanadi.
3-sinf Me'yordan Kasb  kasalliklari

(Zararli) yuqori kelib chigishi xavfi
bor.

Inson hayoti uchun
xavfli yoki o‘tkir
kasallanish  xavfi
mavjud.

4-sinf (Xavfli) | O‘ta
og‘ir/Xavfli

5. Huquaqiy asoslar

O‘zbekistonda ushbu jarayon quyidagi hujjatlar bilan
tartibga solinadi:

—  Mehnat kodeksi.

- "Mehnatni muhofaza qilish to‘g‘risida"gi Qonun.

- SanPiN  Ne0339-16 (Ishlab chigarish muhiti
omillarining zararli va xavflilik ko‘rsatkichlari bo‘yicha
mehnat sharoitlarining gigiyenik tasnifi).[3]

Jarohatlovchi (xavfli) omil - bu ishlovchiga ma’lum
sharoitda ta’sir ko‘rsatib,

to‘satdan  shikastlanish,  salomatlikning  keskin
yomonlashishi yoki o‘limga olib kelishi mumkin bo‘lgan
mehnat jarayoni omilidir. Tahlil jarayonida barcha xavflar
quyidagi to‘rtta asosiy guruhga bo‘linadi:

A. Mexanik omillar:

Eng ko‘p tarqalgan jarohatlanish sabablari:

- Harakatlanuvchi gismlar: Mashina va
mexanizmlarming  ochiq  uzatmalari  (vallar, tishli
g‘ildiraklar).

- Uchib chiquvchi  predmetlar: Kesish  yoki
silliglash paytida uchib chiquvchi girindilar, parchalar.

—  Balandlikdan tushish: Ishchining balandlikdan
yiqilishi yoki uning ustiga buyumlarning tushishi.[12]

—  O°‘tkir qgirralar: Uskuna va asboblarning o‘tkir
uchlari va g‘adir-budir yuzalari.

B. Elektr tokining ta’siri:

—  Kauchlanish ostidagi ochiq gismlarga tegib ketish.

- Izolyatsiyasi buzilgan elektr kabellari.

Statik elektr to'planishi.

D. Termik omillar:

Issiglik: Qizigan yuzalar, gaynoq suyugliklar yoki
bug‘ bilan aloga (kuyish).

—  Sovug: Past haroratli muhitda ishlash (muzlash).

E. Kimyoviy va Portlash xavfi:

—  Zaharli moddalarning teriga tushishi yoki nafas
yo‘llariga kirishi.

—  Yonuvchan gazlar va changlarning portlashi
natijasida kelib chigadigan jarohatlar.[14]

3. Tahlil gilish usullari (Metodologiya):

Jarohatlanish  xavfini baholashda quyidagi tahlil
usullaridan foydalaniladi:

1. Statistik tahlil: O‘tmishda sodir bo‘lgan baxtsiz
hodisalarni o‘rganib, "eng xavfli" ish joylarini aniglash.

2. Topografik tahlil: Korxona xaritasi yoki
sxemasida jarohatlanish ko‘p sodir bo‘ladigan hududlarni
belgilash.

3. Grup tahlili: Jarohatlarni asbob-uskunalar turi,
ishchilarning malakasi yoki yoshi bo‘yicha guruhlash.
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4. Monografik tahlil: Muayyan bir texnologik
jarayonni (masalan, payvandlash) boshidan oxirigacha
xavfsizlik nugtai nazaridan tekshirish.[5]

4. Jarohatlanish sabablarining tasnifi

Tahlil natijasida jarohatlanishning tub sabablari
aniglanadi:

—  Texnik sabablar: Uskunalarning nosozligi, himoya
to‘siglarining yo‘qligi, asboblarning eskirganligi.

- Tashkiliy sabablar: Ishchilarning yo‘rignomadan
o‘tmaganligi, mehnat intizomining buzilishi, ish joyining
noto‘g‘ri tashkil etilishi.

—  Psixofiziologik sabablar: Charchog, diggatning
tarqoqligi, sog‘ligdagi muammolar.[9]

5. Oldini olish choralari (Profilaktika)

3-jadval
Ish joyida xavfsizlikni ta’minlash choralarining tasnifi
Chora- Tauvsifi
tadbir

Muhandislik | Uskunalarni avtomatlashtirish,
choralari masofadan  boshqarish,  blokirovka
tizimlarini o‘rnatish.

Shaxsiy Kaska, maxsus kiyim, poyabzal,
himoya ko‘zoynak va respiratorlardan
vositalari foydalanish.

(SHHV)

O'qgitish va | Ishchilarni muntazam ravishda
yo‘rignoma | xavfsizlik texnikasi bo‘yicha o‘qitish va

imtihon olish.
Tibbiy Xodimlarni ishga kirishdan oldin va
ko'rik davriy ravishda tekshiruvdan o'tkazish.

3-jadvalda muhandislik, tashkiliy va tibbiy-profilaktik
choralar tizimlashtirilgan bo‘lib, ular ishlab chigarishdagi
xavfli va zararli omillarning oldini olishda kompleks
yondashuvni ifodalaydi.

3. Xulosa

Ushbu ilmiy tadgiqotda keramik plitka ishlab chigarish
korxonalaridagi texnologik jarayonlar mehnat xavfsizligi va
ishlab chigarish gigiyenasi nugtai nazaridan kompleks tahlil
gilindi. Tadgigot davomida ishlab chigarishning asosiy
bosgichlari — xomashyoni gabul qilish va tayyorlash,
maydalash, saralash, shakllantirish, pishirish hamda
gadoglash  jarayonlarida yuzaga keladigan  xavfli
(jarohatlovchi va zararli) ishlab chigarish omillari aniglanib,
ularning ishchilar salomatligiga ta’siri giyosiy tahlil asosida
o‘rganildi.

Tahlil natijalariga ko‘ra, keramik plitka ishlab chiqarish
jarayonida eng muhim zararli omillar sifatida changni yuqori
konsentatsiyasi, shovqin, vibratsiya, yuqori haroratli
mikroiglim, termik nurlanish hamda mexanik jarohatlanish
xavflari aniglangan. Aynigsa xomashyoni maydalash va
saralash bosqichlarida hosil bo‘ladigan kvarts aerozollari
ishlab chigarish muhitining eng xavfli (zararli) omillaridan
biri hisoblanadi. Ushbu aerozollar uzoq muddat ta’sir
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etganda nafas olish tizimi kasalliklari, jumladan kasbiy
silikoz va bronxial kasalliklar rivojlanishiga sabab bo‘lishi
mumekin.

Bundan tashgari, maydalagichlar, saralovchi uskunalar
va transport tizimlari ishlashi jarayonida hosil bo‘ladigan
90-110 dB darajadagi shovgin hamda vibratsiya
ishchilarning eshitish organlari va markaziy asab tizimiga
salbiy ta’sir ko‘rsatishi aniglangan. Ushbu omillar uzoq
muddat davomida ta’sir etganda ishchilar salomatligiga
zarar yetkazishi hamda ishchilarni kasb kasalliklariga
chalinishi tufayli, ishlab chigarish samaradorligining
pasayishiga olib kelishi mumkin.[14]

Keramik plitkalarni pishirish jarayonida esa yuqori
harorat va termik nurlanish ustunlik giladi. Bunday mehnat
sharoitlarda  ishlash ishchilar  organizmida issiglik
yuklamasining ortishiga olib keladi va bu esa tez charchash,
organizmni suvsizlanishi hamda issiglik zarbasi xavfini
oshiradi. Shu bilan birga konveyer tizimlari, press uskunalari
va boshga harakatlanuvchi mexanizmlar bilan ishlash
jarayonida mexanik jarohatlanish ehtimoli ham yuqori
darajada saglanib goladi.

O‘tkazilgan qiyosiy tahlil natijalari shuni ko‘rsatdiki,
keramik plitka ishlab chigarish korxonalarida mehnat
sharoitlari ko‘pincha gigiyenik tasnif bo‘yicha zararli
mehnat sharoitlari (3-sinf) toifasiga kiradi. Shu sababli
ishlab chigarish jarayonlarida mehnat muhofazasi tizimini
takomillashtirish, texnologik jarayonlarni modernizatsiya
qgilish hamda zamonaviy muhandislik va gigiyenik himoya
choralarini joriy etish muhim ahamiyatga ega. Ishlab
chigarish mubhitidagi xavfli (jarohatlovchi va zararli)
omillarni salbiy ta'sirini kamaytirish orgali korxona
ishchilarning mehnat gobiliyatini tiklanishi ishlab chigarish
natijalari samaradorligini oshishishini ta'minlaydi.[15]
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Classification of factors affecting the tires of road transport vehicles operated

Abstract:

Keywords:

under the conditions of JSC “Almalyk MMC”

B.l. Abdullaev®?, A.R. Kholmatov!
Tashkent state transport university, Tashkent, Uzbekistan

This article provides a systematic classification of the factors affecting the tires of road transport vehicles
operated under the conditions of the large mining and industrial complexes of JSC “Almalyk MMC”.
The relevance of the study lies in the fact that the tires of dump trucks, loaders, truck cranes, and auxiliary
transport vehicles operating on quarry roads, in crushing and screening areas, storage yards, loading and
dispatch zones, and maintenance points are exposed to significantly higher abrasive, dynamic, thermal,
and mechanical loads than tires used on ordinary motor roads.

The study evaluates road surface abrasiveness, road gradient, turning radius, sharp stones and debris,
moisture, internal air pressure, load distribution, driving style, speed regime, and tire temperature as the
main influencing factors. The results show that tire service life depends not only on mileage, but also
directly on rubber aging, heat accumulation, the risk of cuts and punctures, road geometry, and
maintenance discipline. Based on the findings, road maintenance, operational, and technical management
recommendations aimed at extending tire service life were developed.

quarry transport, OTR (Off-The-Road) tires, tire service life, abrasive wear, thermal regime, turning
radius, internal pressure, technological roads, mining dump truck, operational factors

«Olmaliqg KMK» AJ sharoitida ekspluatatsiya gilinayotgan avtomobil

Annotatsiya:

Kalit so‘zlar:

transport vositalari shinalariga ta’sir qiluvchi omillar tasnifi

Abdullayev B.1.2@2 Xolmatov A.R.!

1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Mazkur magolada “Olmaliq KMK” AJ yirik tog‘-kon va ishlab chigarish majmualari sharoitida
ekspluatatsiya gilinayotgan avtomobil transport vositalari shinalariga ta’sir etuvchi omillar tizimli tasnif
qilindi. Tadqiqotning dolzarbligi shundan iboratki, karer yo‘llari, maydalash-saralash hududlari, ombor
maydonlari, yuklash-jo‘natish zonalari va texnik xizmat ko‘rsatish punktlarida harakatlanadigan
samosval, yuklagich, avtokran hamda yordamchi transport vositalari shinalari oddiy avtomobil
yo‘llaridagi shinalarga nisbatan ancha yugori abraziv, dinamik, termik va mexanik yuklamalarda
ishlaydi.

Ishda yo‘l qoplamasining abrazivligi, yo‘l nishabligi, burilish radiusi, o‘tkir tosh va chiqindilar, namlik,
ichki havo bosimi, yuk tagsimoti, haydash uslubi, tezlik rejimi hamda shina harorati asosiy ta’sir etuvchi
omillar sifatida baholandi. Natijalar shuni ko‘rsatadiki, shina resursi faqat bosib o‘tilgan masofaga emas,
balki rezinaning eskirishi, issiqglik to‘planishi, kesilish va teshilish xavfi, yo‘l geometriyasi hamda texnik
xizmat intizomiga ham bevosita bog‘liq. Tadqiqot yakunida shina resursini uzaytirishga qaratilgan yo‘l
x0‘jaligi, ekspluatatsion va texnik boshqaruv tavsiyalari ishlab chiqildi.

karer transporti, OTR (Off-The-Road tires) shinalar, shina resursi, abraziv yeyilish, issiglik rejimi,
burilish radiusi, ichki bosim, texnologik yo*llar, kon samosvali, ekspluatatsion omillar

1. Kirish

Tog*-kon ishlab chigarish tizimida transport vositalari
uzluksiz texnologik zanjirning eng faol bo‘g‘inlaridan biri
hisoblanadi. Xom ashyo qazib olish, tog® jinslarini
maydalash va saralash, tayyor mahsulotni omborlash,
yuklash va iste’molchiga jo‘natish jarayonlarining har biri
transportning bargaror ishlashini talab giladi. Bunday
tizimda shina transport vositasining yo‘l bilan bevosita aloqa
qiluvchi, yukni ko‘taruvchi, tortish kuchini uzatuvchi va
zarbalarni  gabul qgiluvchi elementi sifatida alohida
ahamiyatga ega.

8% https://orcid.org/0009-0009-2998-3964
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“Olmalig KMK” AJ sharoitida ishlatiladigan maxsus
transportlar turli ishlab chiqarish hududlaridan o‘tadi: ishchi
gazib olish zonasi, maydalash va saralash hududi, chagiq
tosh va qum-shag‘al uyumlari joylashgan omborxona,
tayyor mahsulotni yuklash maydoni, texnik xizmat
ko‘rsatish va yoqilg‘i quyish punktlari. Ushbu zonalarning
har birida yo‘l yuzasi, harakat tezligi, yuklanish darajasi,
burilishlar soni, qiyalik va namlik rejimi turlicha bo‘ladi.
Natijada bir xil shina modeli turli hududlarda turlicha xizmat
muddati ko‘rsatishi mumkin.

Karer sharoitida shinalarning xizmat muddati oddiy
avtomobil yo‘llaridagiga nisbatan sezilarli darajada qisqa
bo‘lishi amaliy kuzatuvlar bilan izohlanadi. Bunga, avvalo,
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tog® jinslari va chaqiq toshning yuqori abrazivligi, o‘tkir
girrali fraksiyalarning protektor va yon devorga zarba
berishi, yo‘l notekisligi tufayli shina karkasining takroriy
deformatsiyalanishi, ortigcha yuklanish va ichki issiglikning
ortishi sabab bo‘ladi. Shina harorati me’yordan oshganda
rezina va kord orasidagi bog‘lanish zaiflashadi, protektor
qatlamining ko‘chishi hamda karkas buzilishi xavfi ortadi.

Shinalarning muddatidan oldin ishdan chigishi ishlab
chiqarish jarayoniga ikki tomonlama salbiy ta’sir ko‘rsatadi.
Birinchidan, shina xarid qilish, almashtirish, ta’mirlash va
utilizatsiya qilish xarajatlari ortadi. Ikkinchidan, transport
vositasining bekor turib golishi gazib olish, tashish yoki
yuklash jarayonida uzilish keltirib chigaradi. Aynigsa karer
samosvallari va yuklagichlarida bir dona yirik o‘lchamli
shinaning ishdan chigishi butun texnologik ogimning
unumdorligini pasaytirishi mumkin.

Taqdim etilgan materiallarda shina resursiga ta’sir
etuvchi omillar keng ko‘lamda ko‘rsatilgan: yo‘l
goplamasining abrazivligi, nishablik, o‘tkir toshlar, issiglik
rejimi, namlik, burilish radiusi, ichki bosim, haydash uslubi
va yuklash tartibi. Ushbu omillar alohida-alohida emas,
balki o‘zaro bog‘langan kompleks tizim sifatida ishlaydi.
Masalan, yo‘l qiyaligi ortganda dvigatel tortish rejimi va
tormozlanish kuchayadi, bu shinaning deformatsiyasini,
sirpanishini va qizishini oshiradi; namlik esa o‘tkir toshning
rezinaga  kirishini  osonlashtirib,  kesilish  xavfini
kuchaytiradi.

Shina yeyilishi ko‘pincha faqgat protektor balandligi
kamayishi bilan izohlanadi. Ammo karer sharoitida
yemirilishning kesilish, yulinish, yon devor shikastlanishi,

kord uzilishi, delaminatsiya, teshilish va issiglikdan buzilish
kabi shakllari mavjud. Shu sababli shinalar resursini
baholashda faqat kilometr ko‘rsatkichi emas, balki yo‘l turi,
yuklanish sikli, harorat, giyalik, burilishlar, bosim va texnik
xizmat sifati birgalikda hisobga olinishi zarur [1].

Tadqiqot dolzarbligi shina resursini uzaytirish orgali
ishlab chigarish xarajatlarini  kamaytirish, transport
xavfsizligini  oshirish ~ va  texnologik  jarayonning
uzluksizligini ta’minlash ehtiyoji bilan belgilanadi. Mazkur
magqola amaliy kuzatuvlar asosida omillarni
tizimlashtirishga, ta’sir mexanizmini tushuntirishga va kon-
transport xo‘jaligi uchun aniq tavsiyalar ishlab chigishga
garatilgan.

Texnologik ishlab chigarish hududlari deganda karer
ichidagi va unga tutash bo‘lgan, qazib olishdan tayyor
mahsulotni jo‘natishgacha bo‘lgan harakatni ta’minlovchi
zonalar majmui tushuniladi. Bular ishchi gazib olish
maydoni, maydalash-saralash qurilmalari joylashgan hudud,
ochiq omborxona, yuklash platformalari, vagtinchalik ish
zonalari, laboratoriya-nazorat punktlari, texnik xizmat
ko‘rsatish bazalari va yoqilg‘i quyish shoxobchalarini oz
ichiga oladi.

Ishchi zonada shina o‘tkir girrali tog* jinslari ustida past
tezlikda, lekin yuqori moment va og‘ir yuk ostida ishlaydi.
Maydalash-saralash hududida mayda fraksiyali toshlar,
chang va notekisliklar protektor tishlari orasiga Kirib,
abraziv yeyilish va yulinish jarayonini kuchaytiradi. Ombor
hududida esa tez-tez burilish, orgaga yurish, yuklash va
to‘xtash sikllari shina yon devoriga va protektor chetlariga
qo‘shimcha zo‘rigish beradi (1-jadval).

1-jadval

Texnologik hududlar bo‘yicha shinalarga asosiy ta’sirlar

Hudud Asosiy yo‘l sharoiti

Shina uchun xavf

Boshgaruv chorasi

1 2

3 4

Qazib olish zonasi O‘tkir jinslar, notekis yuza

Kesilish, teshilish, yon Toshlarni tozalash,
devor shikasti mustahkam protektor

Maydalash-saralash hAIED RS TR, ElTEy)

Abraziv yeyilish, chipping Muntazam greyderlash va

zarba sug‘orish nazorati
Ombor maydoni Kop burilish va orqaga Yonlama kl_Jc_h, protektor Radlus_nl kengaytlrlsh,
yurish yulinishi tezlikni cheklash

Yuklash-jo‘natish

Takroriy gatnov, yukli rejim

Qizish, ortigcha Yukni me’yorlash va bosim

deformatsiya nazorati
o . . . . Noto‘g‘ri bosim, kech Rejali nazorat va gayd
Texnik xizmat zonasi Diagnostika va ta’mirlash aniqlash jurnali

Tayyor mahsulotni jo‘natish hududlarida transportlar
ko‘pincha bir xil yo‘nalishda takroriy qatnaydi. Bunday
rejimda yo‘lning ma’lum nugtalarida chuqur, to‘lgin, tosh
to‘planishi yoki suv yigilishi doimiy shikastlanish
manbaiga aylanadi. Texnik xizmat ko‘rsatish hududlarida
esa shinalarni ko‘zdan kechirish, bosimni nazorat qilish,
teshilishlarni aniglash va profilaktik almashtirish ishlari
vaqtida  bajarilsa, butun ekspluatatsion tizimning
ishonchliligi oshadi [2].

2. Tadgigot metodologiyasi

Tadgiqot materiallari sifatida karer va texnologik ishlab
chigarish  hududlarida  shinalarning ishlashiga oid
ma’lumotlar, ekspluatatsion kuzatuvlar, ta’sir etuvchi
omillar ro‘yxati va shina resursiga doir sifat hamda miqdoriy
ko‘rsatkichlar qabul gilindi. Ma’lumotlar tizimlashtirilganda
shinalarning ishdan chigishi fagat bitta sabab bilan emas,
balki yo‘l, texnika, iqlim, yuklanish va boshqaruv
omillarining kombinatsiyasi bilan izohlanishi inobatga
olindi.
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Metodik yondashuv uch bosqichdan iborat bo‘ldi.
Birinchi bosgichda ishlab chigarish hududlari funksional
zonalarga ajratildi. Ikkinchi bosgichda har bir zonada
shinalarga ta’sir giluvchi omillar fizik-mexanik mazmuniga
ko‘ra guruhlandi. Uchinchi bosqichda omillar shina
resursiga ta’sir mexanizmi, kutiladigan shikastlanish turi va
kamaytirish chorasi bo‘yicha baholandi.

Omillarni tasniflashda besh asosiy guruh ajratildi: yo‘l-
geometrik omillar, yo‘l yuzasi va material omillari, termik-
iglim omillari, texnik-ekspluatatsion omillar va tashkiliy-
boshgaruv omillari. Bunday tasnif shinalar ishonchliligini
faqat ta’mirlash masalasi sifatida emas, balki yo‘l xo‘jaligi,
texnik xizmat, haydovchi intizomi va ishlab chigarish
logistikasini birlashtiruvchi tizimli masala sifatida ko‘rish
imkonini beradi [3].

Baholashda shina xizmat muddatining qisqarishi
haqidagi mavjud ko‘rsatkichlar shartli diagnostik indikator
sifatida qo‘llandi. Masalan, shag‘alli va abraziv yo‘llarda
protektor yeyilishi 30-70% gacha tezlashishi, 6% nishabli
yo‘lda resurs ikki baravargacha kamayishi, 10-12%
qiyalikda shina umrining 36% ga qisqarishi, harorat 110°C
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dan oshganda rezina mustahkamligining keskin pasayishi
kabi ma’lumotlar ta’sir darajasini sifat jihatdan solishtirish
uchun ishlatildi.

Yo l-geometrik omillarga qiyalik, burilish radiusi,
yo‘lning ko‘ndalang qiyaligi, notekislik, chuqur va to‘lqinlar
kiritildi. Bu omillar shina bilan yo‘l orasidagi kontakt
maydonini, normal va yonlama kuchlarni, sirpanish
miqdorini hamda karkas deformatsiyasini belgilaydi.
Aynigsa kichik radiusli burilishlarda markazdan gochma
kuch transport og‘irligini tashqi shinalarga ko‘chiradi va
protektor tishlarining ko‘ndalang siljishiga sabab bo‘ladi [4].

Yo‘l yuzasi va material omillari tog® jinslarining
qattigligi, o‘tkirligi, fraksiyasi, shag‘al, chaqiq tosh, qum-

shag‘al aralashmasi, loy va suv mavjudligi bilan
tavsiflanadi. Abraziv material protektor gatlamini mexanik
qirqadi; o‘tkir jinslar kordga yetib boradigan kesilish yoki
teshilishlarni yuzaga keltiradi; namlik esa sirpanishni
oshirib, rezinaning kesilishga garshiligini kamaytiradi.

Termik-iglim omillari shina ichidagi issiqlik to‘planishi,
atrof-muhit harorati, quyosh nuri, rezinaning oksidlanishi va
eskirishini qamrab oladi. Og‘ir yuk ostida shina takroriy
egilib-tiklanadi; bu jarayonda mexanik energiyaning bir
gismi issiglikka aylanadi. Agar issiglik tashgi muhitga
chigarilmasa, karkas, breker va protektor gatlamlari orasida
adgeziya zaiflashadi (2-jadval).

2-jadval

Ta’sir omillarini tasniflash mezonlari

Omillar guruhi Mezon

Natija Nazorat ko‘rsatkichi

1 2

3 4

Yo‘l-geometrik Qiyalik, radius, viraj

Yonlama kuch, gizish % giyalik, radius, tezlik

Yuza-material Tosh o‘tkirligi, abrazivlik

Kesilish, protektor yeyilishi

Yol tozaligi, fraksiya

Delaminatsiya, rezina

Termik-iglim Harorat, quyosh, oksidlanish eskirishi Shina harorati, mavsum
Texnik Bosim, yuk, osma holati Notekis y?yll.'Sh.’ karkas Bosim, yuk massasi
70 ‘riqishi
- Haydash uslubi, servis Muddatidan oldin ishdan -
Tashkiliy jadvali chigish Reyd nazorati, jurnal

Tasniflash natijalaridan keyingi tahlilda har bir omil
shikastlanish turi bilan bog‘landi. Bunda protektor yeyilishi,
chipping, chunking, yon devor kesilishi, teshilish, ichki
gizish, gatlamlarga ajralish va karkas deformatsiyasi asosiy
diagnostik belgilar sifatida garaldi.

Shinalarga ta’sir giluvchi omillarni baholashda sabab—
ogibat zanjiri tamoyili qo‘llandi. Masalan, yo‘l
goplamasining abrazivligi avvalo kontakt yuzasida
ishgalanish koeffitsiyentini va mikrogirgilish jarayonini
oshiradi; bu protektor tishlarining notekis yeyilishiga,
keyinchalik issiqlik to‘planishi va shina balansining
buzilishiga olib keladi. Xuddi shunday, noto‘g‘ri ichki
bosim shinaning kontakt dog‘ini o‘zgartiradi: past bosim
yon devor egilishini, yuqori bosim esa protektor
markazining tez yeyilishini keltirib chigaradi [5].

Baholash algoritmida quyidagi ketma-ketlik qgabul
qilindi: hududni aniglash, yo‘l sharoitini tavsiflash, transport
turi va yuk rejimini belgilash, shikastlanish belgilarini qayd
etish, asosiy omilni ajratish, ikkilamchi omillarni aniglash va
profilaktik chorani tanlash. Bu ketma-ketlik amaliy
diagnostika uchun qulay, chunki shina shikasti ko‘pincha bir
nechta omil bir vaqtda ta’sir qilganida yuzaga keladi [6].

Samosvallar uchun asosiy indikatorlar qiyalik, yuk
massasi, tormozlanish rejimi va shina harorati bo‘lsa,
yuklagichlarda sirpanish, kesilish va yon devor shikasti
ko‘proq ahamiyatga ega. Avtokran va vaxtovkalarda esa
aralash yo‘l sharoiti, ichki bosim va og‘irlik markazining
o‘zgarishi muhim hisoblanadi. Shu sababli har bir transport
turi uchun yagona profilaktika emas, balki vazifaga mos
shina tanlash va ekspluatatsion reglament zarur (3-jadval).

3-jadval

Shikastlanish belgisi bo‘yicha ehtimoliy sababni aniglash

Shikastlanish belgisi

Ehtimoliy asosiy sabab

Birinchi choralar

1

2

3

Protektor markazi tez yeyilishi

Ortigcha ichki bosim

Bosimni me’yoriy giymatga keltirish

Yon devor gizishi va yorilishi

Past bosim yoki ortigcha yuk

Yuk va bosimni birgalikda tekshirish

Tishlarning yulinishi

Kichik radiusli burilish, o‘tkir tosh

Tezlikni kamaytirish va yo‘Ini tozalash

Kesilish va teshilish

O‘tkir jinslar, namlik

Greyderlash, himoyalangan protektor

Qatlamlarga ajralish

Kritik gizish, uzun yukli sikl

Harorat va tezlik limitini nazorat gilish

3. Natija va muhokamalar

Tahlil natijalari shuni ko‘rsatadiki, karer yo‘llarining
holati shina resursiga eng kuchli ta’sir etuvchi omillardan
biridir. Tog* jinslari, chaqiq tosh va shag‘alli qoplamalar
asfalt qoplamaga nisbatan ancha abraziv bo‘lib, shina
protektorida mikrogirgilish, silliglanish va tishlar chetining
yemirilishini tezlashtiradi. Abraziv muhitda shina fagat
dumalanmaydi, balki yo‘l yuzasidagi qattiq zarralar bilan
doimiy kesishish va girgilish jarayonida ishlaydi.

Shag‘alli yo‘llarda protektor yeyilishi 30-70% gacha
tezlashishi mumkinligi shina resursini rejalashtirishda
muhim ko‘rsatkichdir. Bu degani, bir xil transport vositasi
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tekis va toza yo‘lda belgilangan resursni ko‘rsatsa, o‘tkir
fraksiyali shag‘al ustida ishlaganda xizmat muddati sezilarli
gisgaradi. Aynigsa maydalash-saralash hududida mayda,
lekin o‘tkir girrali zarralar protektor kanallariga kirib qoladi
va har bir aylanishda rezina gatlamini zaiflashtiradi [7].

Yol yuzasidagi o‘tkir toshlar va chigindilar shinaning
eng xavfli dushmanlaridan biridir. Ular protektorni kesishi,
yon devorni yorishi yoki kord gatlamiga yetib boradigan
chuqur shikastlanish hosil qilishi mumkin. Bunday
shikastlar ko‘pincha oddiy yeyilishdan fargli ravishda
to‘satdan ishdan chiqishga olib keladi. Natijada transport
vositasi rejalashtirilmagan ta’mirga to‘xtaydi va ishlab
chigarish jarayoni uziladi.
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Abraziv muhit ta’siri faqat yo‘l materiali bilan
cheklanmaydi. Yuklama, tezlik va burilishlar bilan
birgalikda u yanada kuchayadi. Masalan, ortigcha yuklangan
samosval qattiq shag‘alli qiyalikda harakatlanganda
protektor tishlari yo‘l yuzasiga katta bosim bilan kiradi;
tormozlanish yoki tezlanish paytida esa ishgalanish
sirpanishga aylanib, yeyilish tezligini oshiradi [8].

Yo‘lning nishabligi shina resursiga bevosita ta’sir
ko‘rsatadi. Qiyalik ortgan sari transport vositasi tortish
kuchini ko‘proq talab qiladi, shina kontakt yuzasida
tangensial kuchlar ortadi, sirpanish ehtimoli kuchayadi va
ichki issiqlik hosil bo‘lishi jadallashadi. Taqdim etilgan
ma’lumotlarga ko‘ra, 6% nishabli yo‘lda ishlayotgan
samosval shinalarining resursi tekis yo‘lga nisbatan ikki
baravargacha kamayishi mumkin.

Yol qiyaligi 10% dan oshganda resursning keskin
gisgarishi kuzatiladi. 10-12% qiyalik shina umrini 36% ga
kamaytirishi  mumkinligi  nishablikni  loyihalash va
ekspluatatsion nazorat qilish zarurligini ko‘rsatadi. Yuk
bilan pastga harakatlanishda tormozlanish kuchayadi; shina
protektori yo‘l yuzasi bilan ko‘proq ishqalanadi; issiglik
tarqalishga ulgurmaydi. Shuning uchun qiyalik faqat yo‘l
geometriyasi emas, balki shina issiglik rejimini
boshgaruvchi omil hamdir [9].

Kichik radiusli burilishlar shinalar uchun og‘ir
rejimlardan biri hisoblanadi. Burilish paytida markazdan
qochma kuch transport og‘irligini tashqi g‘ildiraklarga
ko‘chiradi, shina yon devori egiladi, protektor tishlari esa
yo‘l yuzasiga nisbatan ko‘ndalang siljiydi. Bu jarayon odatiy
dumalanishdan farq giladi va rezina gatlamining mexanik
yulinishi, chipping hamda chunking holatlarini keltirib
chigaradi.

Burilish radiusiga mos ko‘ndalang qiyalik, ya’ni viraj
tashkil etilishi markazdan gochma kuchning bir qismini
kompensatsiya qiladi. Yo‘lning tashqi tomoni ichki
tomoniga nishatan balandroq gilib qurilganda transportning
burilishdagi bargarorligi ortadi, yonlama kuchlar kamayadi
va tashqgi shinalarga tushadigan differensial yuklama
pasayadi. Shu sababli karer yo‘llarida burilishlarni
kengaytirish, virajni to‘g‘ri berish va tezlikni 10-15 km/soat
darajasida cheklash muhim profilaktik choralar gatoriga
kiradi.

Og‘ir yuk ostida ishlaydigan shinalar uchun issiqlik eng
xavfli omillardan biridir. Shina har bir aylanishda egiladi va
gayta tiklanadi; rezina histerezisi natijasida energiyaning bir
qismi issiglikka aylanadi. Notekis yo‘l, chuqurlar, ortiqcha
yuk, past ichki bosim va yuqori tezlik bu jarayonni
kuchaytiradi. Agar hosil bo‘lgan issiglik tashqariga
chiqarilmasa, shina ichida harorat to‘planadi [10].

Ma’lumotlarga ko‘ra, shina harorati 110°C dan
oshganda rezinaning mexanik xususiyatlari yomonlashadi
va mustahkamlik keskin kamayadi. 110-120°C oralig‘i og‘ir
shinalar uchun kritik rejim sifatida garaladi, chunki bu
bosgichda protektorning ko‘chishi, gatlamlarga ajralish va
karkas buzilishi xavfi ortadi. Haroratning har 1°C ga ortishi
yeyilish tezligini taxminan 2% ga oshirishi mumkinligi shina
monitoringi zarurligini ko‘rsatadi.

Ortigcha  yuklash  shinalarning haddan tashqari
zo‘riqishiga olib keladi. Yukning noto‘g‘ri tagsimlanishi
ma’lum o‘qdagi shinalarni ikki barobar tezroq yeyishi
mumkin. Kranlarda og‘irlik markazining = siljishi,
samosvallarda yukning kuzov bo‘ylab notekis joylashishi,
yuklagichlarda kovshdagi massa va ishchi siklning
keskinligi shina deformatsiyasini oshiradi. Natijada
protektor chetlari yemiriladi, yon devor zo‘riqadi va karkas
resursi kamayadi.
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Haydash uslubi ham muhim omildir. Keskin tezlanish,
qgattiq tormozlanish, yuqori tezlikda burilish va nam yoki loy
yo‘lda g‘ildirakning aylanib ketishi protektor yeyilishini
tezlashtiradi. Sirpanish jarayonida shina dumalashdan ko‘ra
ishgalanib siljiydi; bu esa protektor yuzasida mahalliy gizish
va rezina girgilishini kuchaytiradi.

Transport turlari bo‘yicha muammolar ham farqlanadi.
Kon samosvallarida issiqlik to‘planishi va qgiyalikdagi yukli
harakat asosiy xavf bo‘lsa, ekskavator va yuklagichlarda
o‘tkir jinslar ustida ishlash, past tezlikda yuqori moment,
sirpanish va yon devor kesilishi ko‘proq uchraydi. Avtokran
va vaxtovkalarda esa aralash yo‘l sharoiti, noto‘g‘ri bosim
va og‘irlik markazining o‘zgarishi shina umrini gisqartiradi.

Muhokama

Olingan natijalar shuni ko‘rsatadiki, shina resursini
boshqarish fagat shina tanlash yoki almashtirish masalasi
emas. Bu yo‘l xo‘jaligi, transport logistikasini rejalashtirish,
haydovchi intizomi, yuklash nazorati va texnik xizmat
ko‘rsatishni ~ birlashtiruvchi kompleks  boshgaruv
jarayonidir. Agar karer yo‘llari muntazam greyderlanmasa,
o‘tkir toshlar vaqtida olib tashlanmasa va suv yig‘ilishining
oldi olinmasa, hatto eng mustahkam OTR shinalar (Off-The-
Road tires iborasining gisqartmasi bo‘lib, yo‘ldan tashqari
og‘ir sharoitlarda ishlatiladigan maxsus shinalardir) ham
gisga muddatda shikastlanishi mumkin.

Yo‘l omillari ichida qoplama abrazivligi, qiyalik va
burilish radiusi eng kuchli ta’sirga ega. Bular shina kontakt
zonasida bir vagtda normal, tangensial va yonlama kuchlarni
oshiradi. Shu sababli burilishlarni kengaytirish, virajni
to‘gri tashkil etish, qiyaliklarni me’yorlash va tezlikni
cheklash  shina resursini  uzaytirishning  birlamchi
yo‘nalishlari  hisoblanadi. ~Aynigsa doimiy qatnov
yo‘nalishlari bo‘yicha yo‘l pasportini yuritish amaliy
jihatdan foydali bo‘ladi.

Texnik omillar ichida bosim va yuklanish eng tez
nazorat qilinadigan ko‘rsatkichlardir. Bosim nazorati tizimi
mavjud bo‘lmagan sharoitda ham smena oldidan va smena
yakunida o‘Ichov jurnali yuritilishi shina ishdan chigishini
kamaytirishi mumkin. Yuklash intizomi esa dispetcherlik va
operator mas’uliyati bilan bog‘liq: me’yordan ortiq yuk
qisqa muddatli unumdorlik bergandek ko‘rinsa-da, shina,
osma, tormoz va yo‘l qoplamasiga tushadigan umumiy
zararni oshiradi.

Muhokama shuni ko‘rsatadiki, shina tanlashda faqat
narx yoki o‘lchamga tayanish yetarli emas. Karer sharoitida
protektor chuqurligi, kesilishga chidamlilik, issiglikka
bardoshlilik, yon devor mustahkamligi va vazifaga mos
protektor turi hisobga olinishi kerak. Masalan, o‘tkir toshli
hududlar uchun kesilishga chidamli, og‘ir yukli uzun
gatnovlar uchun issiglikka bardoshli, kichik radiusli burilish
ko‘p bo‘lgan hududlar uchun yon devori kuchaytirilgan
shinalar afzal bo‘ladi [11].

Shina resursini uzaytirish uchun chora-tadbirlar uch
darajada tashkil etilishi magsadga muvofiq: yo‘l
infratuzilmasi darajasi, transport ekspluatatsiyasi darajasi va
texnik servis darajasi. Yo‘l infratuzilmasi darajasida
greyderlash, o‘tkir toshlarni tozalash, suv gochirish, burilish
radiuslarini kengaytirish va viraj hosil qgilish zarur. Transport
ekspluatatsiyasi darajasida tezlik limitlari, yuk me’yori,
haydash uslubi va qatnov yo‘nalishlari nazorat gilinadi.
Texnik servis darajasida bosim, harorat, protektor holati va
shikastlar gayd etiladi.

Tavsiya etiladigan nazorat tizimi oddiy jurnal shaklida
boshlanishi mumkin. Unda transport ragami, shina o‘rni,
bosim, harorat, protektor qoldig‘i, aniglangan kesilish yoki
teshilish, ishlagan zona, haydovchi va ko‘rilgan chora qayd
qgilinadi. Bunday ma’lumotlar keyinchalik gaysi hududda
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shina shikastlari ko‘p uchrashini, qaysi haydovchi yoki
transport turida yeyilish tezligini, qaysi yo‘l uchastkasida
ta’mirlash zarurligini aniglash imkonini beradi (4-jadval).

4-jadval

Amaliy profilaktika choralarining kutiladigan samarasi

Chora-tadbirlar Ta’sir giladigan omil

Kutiladigan natija Mas’ul bo‘linma

1 2

g 4

Muntazam greyderlash Notekislik, o‘tkir tosh

Kesilish va gizish kamayadi

Yo'l xojaligi

Burilish radiusini

kengaytirish Yonlama kuch

Tish yulinishi kamayadi Loyiha/ekspluatatsiya

Tezlikni cheklash Qizish, sirpanish

Issiglik rejimi

barqarorlashadi Transport xizmati

Bosim monitoringi Past/yuqori bosim

Notekis yeyilish kamayadi

Texnik servis

Yuk me’yorini nazorat

qilish Ortigcha yuk

Karkas zo‘riqishi kamayadi

Dispetcherlik

Ushbu choralar alohida bajarilganda ham ma’lum
samara beradi, biroq eng yuqori natija ularni yagona
boshgaruv tizimi sifatida joriy etganda olinadi. Masalan,
tezlik cheklovi yo‘l notekisligi bartaraf qgilinmasa to‘liq
natija bermaydi; bosim nazorati esa ortigcha yuklash davom
etsa shinaning qizishini to‘liq oldini olmaydi. Shuning
uchun profilaktika integratsiyalashgan bo‘lishi kerak.

Kon samosvallari uchun asosiy e’tibor yukli gatnov
yo‘nalishlariga qaratilishi lozim. Qiyalik yuqori bo‘lgan
uchastkalarda tezlik, tormozlanish va shina harorati nazorat
gilinadi; pastga yuk bilan harakatlanish rejimi alohida xavfli
deb baholanadi. Samosvallarda protektorning issiglikka
bardoshliligi va karkas mustahkamligi muhim, chunki uzoq
masofali yukli sikllarda shina ichida issiqlik to‘planishi
tezlashadi.

Yuklagichlar va ekskavatorlar uchun kesilish va yon
devor himoyasi birinchi o‘ringa chiqadi. Ular ko‘pincha
o‘tkir toshlar, yirik jinslar va mayda fraksiyalar ustida
ishlaydi; harakat masofasi kam bo‘lsa ham, statik zo‘riqish,
burilish va gfildirakning aylanib ketishi yuqori bo‘ladi.
Bunday texnikalar uchun yon tomoni mustahkam, chuqur
protektorli va kesilishga chidamli shinalarni tanlash
magsadga muvofig.

Avtokran va vaxtovka transportlarida sharoit aralash
bo‘lgani uchun bosim va yuk tagsimoti eng muhim nazorat
ko‘rsatkichiga aylanadi. Asfalt, shag‘al va karer ichki
yo‘llari almashib kelganda shina bir xil rejimda ishlamaydi.
Kranlarda yuk ko‘tarish paytida og‘irlik markazi o‘zgaradi,
bu ayrim shinalarda ortigcha yuklanish keltirib chigaradi.
Shu sababli ish boshlashdan oldingi texnik ko‘rik va bosim
tekshiruvi majburiy bo‘lishi kerak.

Shina modellari va protektor sinfini tanlashda ishlash
joyining asosiy xavfi aniqlanishi lozim. Agar hududda o‘tkir
toshlar ko‘p bo‘lsa, kesilishga chidamli protektor; agar uzoq
masofali yukli gatnov ustun bo‘lsa, issiglikka bardoshli

konstruksiya; agar kichik radiusli burilishlar ko‘p bo‘lsa,
yon devori kuchaytirilgan va super-lug turidagi yechimlar
afzal. Bunday differensial yondashuv shina xarajatlarini
optimallashtirishga yordam beradi [12].

Hisob amallari

Shinalarga ta’sir etuvchi omillarni faqat sifat jihatdan
tasniflash yetarli emas, balki ularning resursga ta’sirini
miqdoriy ko‘rsatkichlar orqali ham baholash zarur. Shu
magsadda shina resursining kamayishini ifodalovchi
koeffitsiyentli model taklif etiladi. Model shartli diagnostik
hisob-kitob uchun mo‘ljallangan bo‘lib, karer yo‘llarida
ishlayotgan avtomobil transport vositalari shinalarining
xizmat muddatini baholash imkonini beradi.

Shinaning amaldagi resursi (R) quyidagi ko‘paytma
model orgali aniglanadi:
i,.,a=To'ka'kn'kt'kb'ky €y

bunda Ro — me’yoriy bazaviy resurs; ka — yo‘l
goplamasining abrazivligi koeffitsiyenti; kn — nishablik
ta’siri koeffitsiyenti; ki — harorat ta’siri koeffitsiyenti; ko —
ichki havo bosimi intizomi koeffitsiyenti; ky — yuklanish va
yuk tagsimoti koeffitsiyenti.

Abraziv yeyilish kuchaygan holatda ka = 1 / (1 + 9)
ko‘rinishida baholanadi. Agar shagalli va o‘tkir qirrali
yo‘lda protektor yeyilishi o‘rtacha 50% ga tezlashsa, 6 =
0,50 bo‘ladi va ka=1/1,50 = 0,667 ga teng.

Harorat ta’siri 110 °C dan yugqori rejim uchun ke=1/[1
+ 0,02 - (T - 110)] ifoda bilan baholandi. Masalan, T = 115
°Cbo‘lsa, ke =1/[1 + 0,02 - 5] = 0,909 bo‘ladi.

Namunaviy  hisob-kitob  uchun  kon  samosvali
shinasining bazaviy resursi Ro = 10000 soat deb olindi.
Abraziv yo‘l sharoiti, 10-12% gacha bo‘lgan nishablik, 115
°C ishchi harorat, bosimdagi chetlanish va yuklanish
notekisligi hisobga olindi [5,6]. Hisob natijalari 5-jadvalda
keltirilgan.

5-jadval
Shina resursini koeffitsiyentli model asosida hisoblash natijalari
Ko‘rsatkich Belgisi Qabul gilingan Hisoblash tartibi Natija
giymat
1 2 3 4 5
Bazaviy shina .
resursi Ro 10000 soat Me’yoriy resurs 10000 soat
3 ¢
Abraziv yo'l e deltaa = 0,50 ka = 1/(1+0,50) 0,667
ta’siri
10-12% qiyalikda
Nishablik ta’siri Kn resurs 36% kn=1-0,36 0,640
qgisgaradi
Harorat ta’siri ki T=115°C kt = 1/[1+0,02-(115-110)] 0,909
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Bosim intizomi Bosim me’yordan
ta’siri ko chetlangan Ekspert baholash 0,900

. g Yuk notekis
Yuklanish ta’siri ky tagsimlangan Ekspert baholash 0,850
Hisobiy shina R ) R= taxminan 2969
resursi 10000-0,667-0,640-0,909-0,900-0,850 soat

Hisob-kitob natijasiga ko‘ra, ko‘rib chigilgan og‘ir
ekspluatatsiya sharoitida shinaning amaldagi resursi
taxminan 2969 soatni tashkil etadi. Bu bazaviy resursga
nisbatan 70,3% ga qisqarishni anglatadi. Demak, karer
sharoitida shina resursini baholashda faqat bosib o‘tilgan
masofa emas, balki yo‘l abrazivligi, giyalik, harorat, bosim
va yuklanish koeffitsiyentlari birgalikda hisobga olinishi
kerak.

Shina yeyilish intensivligini quyidagi ifoda orqali
baholash mumkin:

I =" )
R

bunda: Iy — protektor yeyilish intensivligi, mm/soat; ho —
protektorning boshlang‘ich foydali balandligi, mm; R —
shinaning hisobiy resursi, soat. Agar ho =70 mm vaR = 2969
soat bo‘lsa, ly=70/2969 = 0,0236 mm/soat bo‘ladi.

Shinalarga vyillik ehtiyoj quyidagi formula bilan
aniglanadi:

‘H

Ny === ®3)
bu yerda: Nsh — bir transport vositasi uchun yillik shina
ehtiyoji, donalyil; na — avtomobildagi shinalar soni; Hy —
yillik ish vaqti, soat/yil. Agar na =6 dona, Hy = 4500 soat/yil
va R = 2969 soat bo‘lsa, Nsh = (6 - 4500) / 2969 = 9,09
dona/yil bo‘ladi. Amaliy rejalashtirishda bu qiymat 10

donalyil deb gabul gilinadi [8].

Profilaktik tadbirlar natijasida yo‘l qoplamasini
yaxshilash, giyalik va burilishlarda tezlikni cheklash, bosim
monitoringini joriy etish hamda yukni me’yorlash hisobiga
koeffitsiyentlar yaxshilansa, shina resursi sezilarli darajada
ortadi. Masalan, ka = 0,80; kn = 0,75; ki = 0,95; kn = 0,97; ky
= 0,95 deb olinsa, R2 = 10000 - 0,80 - 0,75 - 0,95 - 0,97 -
0,95 = 5249 soat bo‘ladi.

Bunday sharoitda yillik shina ehtiyoji Nsh2 = (6 - 4500) /
5249 = 5,14 donalyil, ya’ni amaliy jihatdan 6 dona/yilni
tashkil etadi. Demak, bir transport vositasi bo‘yicha yillik
tejalish taxminan 4 dona shinaga teng bo‘ladi. Agar bitta
OTR shinaning shartli narxi 18 mln so‘m deb olinsa, yillik
igtisodiy samara quyidagicha aniglanadi:

E = (Nsh1 - Nshz) - Csh = (10 - 6) - 18 = 72 min so ‘m/yil.

Ushbu hisob-kitoblar shuni ko‘rsatadiki, yo‘l holatini
yaxshilash, bosim va harorat monitoringini joriy etish,
ortigcha yuklanishni cheklash va haydovchilar intizomini
kuchaytirish nafagat shina resursini oshiradi, balki transport
vositalarining bekor turib golish vagtini ham kamaytiradi.
Natijada kon-transport tizimida ekspluatatsion xarajatlar
pasayadi, texnologik jarayonning uzluksizligi esa ortadi.

4. Xulosa

“Olmaliq KMK” AJ sharoitida transport vositalari
shinalariga ta’sir qiluvchi omillarni tahlil qilish shuni
ko‘rsatdiki, shina resursi ko‘p omilli tizim natijasidir. Yo‘l
goplamasining abrazivligi, o‘tkir toshlar, qiyalik, kichik
radiusli burilishlar, namlik, ichki bosim, yuk tagsimoti,
haydash uslubi, issiglik rejimi va rezinaning tabiiy eskirishi
birgalikda shinaning xizmat muddatini belgilaydi.

Karer yo‘llarining holati shina resursiga eng kuchli ta’sir
ko‘rsatadi. Abraziv va o‘tkir girrali qoplamalarda protektor
yeyilishi tezlashadi, kesilish va teshilish xavfi ortadi. Qiyalik
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6% va undan yuqori bo‘lganda shina resursining jiddiy
kamayishi, 10-12% qiyalikda esa umr gisqarishining
keskinlashishi  kuzatiladi. Kichik radiusli  burilishlar
yonlama kuchlarni oshirib, tishlarning yulinishi va yon
devor deformatsiyasini kuchaytiradi.

Issiglik rejimi  shina ishonchliligining markaziy
ko‘rsatkichidir. Shina harorati 110°C dan oshganda rezina
mustahkamligi pasayadi, gatlamlarga ajralish xavfi ortadi va
karkasning ishchanligi kamayadi. Shuning uchun tezlikni
cheklash, ortigcha yukni oldini olish, bosimni me’yorda
ushlash hamda yo‘l notekisliklarini kamaytirish issiqlikni
boshqarishning asosiy usullari hisoblanadi.

Amaliy tavsiyalar sifatida karer yo‘llarini muntazam
greyderlash, burilish radiuslarini kengaytirish va viraj hosil
qilish, namlik va suv yig‘ilishini bartaraf etish, shinalar
bosimi va haroratini monitoring qilish, yuk me’yoriga rioya
qilish, haydovchilar uchun burilish va giyaliklarda tezlik
limitlarini joriy etish, shina shikastlarini gayd etish jurnalini
yuritish hamda transport turiga mos shina modelini tanlash
taklif etiladi.
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Effective technologies for protecting bridge cones using gabion structures

M.Kh. Miralimov®?, Sh.B. Akhmedov*®®, B.M. Mukhitdinov'®¢, A.A. Menglibaev? ®¢

Abstract:

Keywords:

Tashkent state transport university, Tashkent, Uzbekistan
2Karakalpak state university, Nukus, Uzbekistan

Gabion structures have been effectively used in engineering practice for many years. At the present stage,
due to their multifunctional properties, high stability in complex natural conditions, and technical
efficiency in strengthening soil masses, they are widely used in various road, hydraulic engineering, and
bridge structures. These structures serve as an effective solution in engineering structures that strengthen
the slopes of embankments and embankments, ensure coastal protection in areas crossed by watercourses,
limit erosion and weathering processes, as well as perform regulating and protective functions.

gabion structures, fortification, slopes, box gabions, mat gabions, cones, composite materials, bridges

Gabion konstruksiyalar yordamida ko‘prik konuslarini muhofazalashning

samarali texnologiyalari

Miralimov M.X.1®3 Axmedov Sh.B.*®" Muxitdinov B.M.©¢, Menglibaev A.A.2®¢

Annotatsiya:

Kalit so‘zlar:

1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston
2Qoragalpoq davlat universiteti, Nukus, O¢zbekiston

Gabion konstruktsiyalar muhandislik-amaliyotida uzoq yillar davomida samarali qo‘llanib kelinmogda.
Hozirgi bosqichda ularning ko‘p funksiyali xususiyatlari, murakkab tabiiy sharoitlarda yuqori
bargarorligi hamda grunt massivlarini mustahkamlashdagi texnik samaradorligi sababli turli yo‘l,
gidrotexnika va ko‘prik inshootlarida keng tatbiq etilmoqda. Mazkur konstruksiyalar ko‘tarma va o‘yma
qiyaliklarini mustahkamlash, suv oqimlari kesib o‘tadigan hududlarda girg‘oq himoyasini ta’minlash,
eroziya va yemirilish jarayonlarini cheklash, shuningdek, tartibga soluvchi va muhofaza vazifasini
bajaruvchi muhandislik inshootlarida samarali yechim sifatida xizmat qiladi.

gabion konstruksiyalar, mustahkamlagich, giyaliklar, qutisimon gabionlar, to‘shama gabionlar, konuslar,

kompozit materiallar, ko‘priklar

1. Kirish

Hozirgi kunda O‘zbekistonda transport
kommunikatsiyalarini ruvijlantirishda ko‘prik inshootlarini
loyihalash, qurish va ulardan foydalanish sifat jihatidan
yaxshilashga alohida e‘tibor qaratilmoqda. Ayni paytda
respublikaning  umumiy  foydalanishdagi  avtomobil
yo‘llarida 7 mingdan ortiq ko‘priklar harakatni
ta‘minlamoqda. Ushbu ko‘priklarning ishonchliligi va
mustahkamligini oshirish bo‘yicha bir qator ishlar olib
borilmoqda. O‘zbekiston Respublikasi Prezidentining 2017-
yil 4-oktyabrdagi “Yo‘l ko‘priklari, yo‘l o‘tkazgichlari va
boshqa sun‘iy inshootlarni qurish va ulardan foydalanishni
tashkil etish tizimini takomillashtirish to‘g‘risida” gi PQ-
3309 sonli garorida[1] belgilangan vazifalardan kelib chigib
bu yo‘nalish 0‘z oldiga yo‘l infratuzilmasini yanada qurish
va rekonstruksiya qilish, birinchi navbatda, mintagaviy
avtomobil va temir yo‘llarni rivojlantirish, xo‘jaliklararo
qishlog avtomobil yo‘llari, transport inshootlari, aholi
punktlari ko‘chalarini kapital ta‘mirlash va saqlash kabi
g‘oyat muhim vazifalarni qo‘ymoqda. Shundan kelib chiqib
mamlakatimizdagi ko‘p gina ko‘priklar o‘tgan asr 70-80
yillari qurilganini inobatga olsak, bu ko‘priklarni
ekspluatatsiya davrni yanada uzaytirish, saglash, ularni har
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xil ofatlardan himoyalashta yangi ilg‘or texnologiyalardan
foydalanish dolzarb mavzulardan biri hisoblanadi.

Uzoq muddatli ekspluatatsiya jarayonida ko‘prik
konstruktsiyalarining yuk ko‘taruvchi konstruksiyalarida
loyihadan yuqori doimiy va vaqtinchalik yuklarning ta‘siri,
salbiy atmosfera ta‘siri, mexanik shikastlanishlar va
boshgalar ta‘sirida turli nugsonlar va shikastlanishlar paydo
bo‘ladi. Shu bilan birga, sezilarli darajada yuklangan yupqa
devorli plita-balka tizimlari eng katta yemirilishga duchor
bo‘ladi. O‘zbekiston Respublikasida yildan yilga ko‘proq
ko‘priklar yarogsiz holga kelmoqda yoki vayron
bo‘lmoqda[1].

Ko‘plab ko‘priklar va boshga ko‘plab sun‘iy inshootlar
allagachon eskirgan, ularni ta‘mirlash va qurish ishlari olib
borilmogda. Ushbu maqolada ko‘priklar qurilishi va
ekspluatatsiya  gilishda  zamonaviy  texnologiyalar,
ko‘priksozlik sohasidagi innovatsiyalar ko‘rib chiqiladi,
ko‘priksozlikda qo‘llaniladigan ilg‘or materiallar va
konstruktiv yechimlar tavsiflanadi.

2. Tadgiqot metodologiyasi

Ko‘prik tayanchlari va konus qismlari eng murakkab
ekspluatatsion sharoitda ishlaydigan konstruktiv zonalar
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https://doi.org/10.56143/2181-2438-2026-2-160-163


https://orcid.org/0000-0003-2530-5516
https://orcid.org/0000-0002-2926-7185
https://orcid.org/0009-0002-8924-3502
https://orcid.org/0009-0007-1992-2178

Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:2|2026

hisoblanadi. Ushbu hududlar doimiy ravishda suv ogimi,
grunt muhitining o‘zgaruvchanligi, transport yuklamalari
hamda iqlim omillari ta‘siriga duch keladi. Natijada vaqt
o‘tishi bilan konstruksiyaning mustahkamligi pasayib, turli
darajadagi deformatsiya va yemirilish jarayonlari yuzaga
keladi.

Ko‘pgina tahlillarga ko‘ra, yemirilishning eng asosiy
sababi suv oqimining gidrodinamik ta‘siri bilan bog‘liqdir.
Ogim tezligi ortishi natijasida grunt zarralari harakatga
keladi va tayanch atrofida yuvilish jarayoni boshlanadi.
Aynigsa, suv yo‘nalishining keskin burilishi, to‘siglar
mavjudligi hamda suv sathi tez o‘zgaradigan hududlarda
lokal girdoblar hosil bo‘lib, gruntning intensiv
eroziyalanishiga sabab bo‘ladi. Ushbu jarayon davom etar
ekan, poydevor ostida bo‘shliglar paydo bo‘lishi va
konstruksiyaning cho‘kishi xavfi ortadi.

Geotexnik  omillar  ham  yemirilish  jarayonini
tezlashtiruvchi  muhim  faktor  hisoblanadi. ~ Grunt
gatlamlarining notekis zichlanishi, namlikning ortishi va
filtratsiya bosimlarining oshishi gruntning ko‘tarma
gobiliyatini  kamaytiradi. Bunday sharoitda tayanch
atrofidagi deformatsiyalar sekin-asta to‘planib boradi va
konstruktiv bargarorlik izdan chigishi mumkin.

Transport ogimining yil sayin ortib borishi natijasida
ko‘prik  konstruksiyalariga ta‘sir etuvchi  dinamik
yuklamalar ham kuchaymoqda. Og‘ir yuk avtomobillarining
takroriy zarbalari beton va temir-beton elementlarda
mikroyo‘riqlar hosil bo‘lishiga olib keladi. Ushbu
mikroyo‘riglar orqali suv va agressiv muhit kirib borib,
materialning ichki strukturasini zaiflashtiradi. Vaqt o‘tishi
bilan bu holat mustahkamlikning pasayishi va xizmat
muddatining qisqarishiga sabab bo‘ladi.

Iqlim omillari ham muhim rol o‘ynaydi. Haroratning
keskin o‘zgarishi, muzlash va erish sikllarining takrorlanishi
betonning hajmiy deformatsiyasini kuchaytiradi. Natijada
yuzaki qatlamlarda yorilishlar paydo bo‘ladi va himoya
gatlami  yemiriladi. Suv tarkibidagi kimyoviy faol
moddalarning uzoq muddatli ta‘siri esa konstruktiv
materiallarning korroziyaga moyilligini oshiradi.

Amaliy kuzatishlar shuni ko‘rsatadiki, an‘anaviy
himoya usullari bunday murakkab ta‘sirlar majmuasiga har
doim ham yetarli darajada qarshilik ko‘rsata olmaydi. Misol
sifatida Rossiya Federasiyasi Mondi-Orlik avtomobil
yo‘lidagi Sorok daryosi ustidan o‘tgan ko‘prikni kuchli suv
bosimi ostida ko‘prik konusining yuvilishini ko‘rishimiz
munkin(1-rasm). Shu sababli ko‘prik tayanchlari va konus
gismlarini zamonaviy, moslashuvchan hamda uzoq xizmat
muddatiga ega konstruksiyalar bilan himoyalash zarurati
yuzaga kelmoqda. Ushbu nugqtai nazardan kompozit to‘rli
gabion konstruksiyalarining qo‘llanilishi ilmiy jihatdan
asoslashni talab etuvchi istigbolli yo‘nalish hisoblanadi.
Zarurat tug‘ilganda, yemirilish jarayonlarining ayrim
gonuniyatlarini  normativ  hujjatlar va fundamental
tadgiqotlar bilan solishtirish mumkin.

Eng keng targalgan himoya usullaridan biri beton
goplamalar hisoblanadi. Beton plitalar va monolit
goplamalar yuqori mustahkamlikka ega bo‘lib, kuchli
gidravlik ta‘sirlarga nisbatan yaxshi qarshilik ko‘rsatadi.
Biroq beton konstruksiyalar og‘ir vaznli bo‘lgani sababli
poydevorga qo‘shimcha yuklama hosil qiladi. Bundan
tashqari, harorat tebranishlari va muzlash—erish sikllari
natijasida beton yuzalarida yorilishlar paydo bo‘lishi
mumkin, bu esa suvning konstruksiya ichiga kirib borishiga
sharoit yaratadi va uzoq muddatda mustahkamlikni
pasaytiradi.
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2-rasm. Ko‘prik konusining yllVillShl.ROSSlya 7
Federasiyasi Mondi-Orlik avtomobil yo‘lidagi Sorok
daryosi ustidan o‘tgan ko‘prik

Konusning zarur barqarorligi uning yonbag‘irlarining
yetarlicha qiyaligi, konus va ko‘tarmaning unga tutash
gismini drenajlaydigan tuproq (qum, shag‘al, alohida
hollarda - chaqiq tosh) bilan to‘ldirish, yonbag‘irlarni
mustahkamlash bilan ta‘minlanadi. Konus bilan bir xil grunt
bilan ustun orqasidagi ko‘tarma uchastkasi ustki tomondan
(ustunning orga qgirrasidan boshlab hisoblaganda) ustun
oldidagi ko‘tarma balandligidan plyus 2 m dan kam
bo‘lmagan uzunlikda, pastda esa (gruntning tabiiy yuzasi
sathida) - 2 m dan kam bo‘lmagan uzunlikda ko‘milishi
kerak.

Ko‘prik osti konuslari va mustahkamlanadigan o‘zanlar,
tartibga soluvchi va qirg‘oq bo‘yi inshootlari yuklarni va
toshqin va ular bilan bog‘liq jarayonlar va hodisalarning
ta‘sirini qabul qilish uchun mo‘ljallangan eng mas‘uliyatli
inshootlar sifatida ko‘rib chiqilishi kerak.

Ko‘prik osti konuslari, mustahkamlanadigan o‘zanlar,
tartibga soluvchi va qirg'oq bo‘yi inshootlari
konstruksiyalarini  loyihalashning  asosiy  dastlabki
goidalaridan biri quyidagilardir:

ushbu inshootlarning qurilish boshlanishiga va ishlash
davriga (doimiy, davriy, chegaralangan) suv bosish
sharoitlarini va ularning asoslarini yuvish imkoniyatini
aniglash;

ko‘prik osti o‘zanining ko‘ndalang kesimida va
mustahkamlanadigan inshootlar bo‘ylab yuvilishlarning
hisobiy-bashorat giymatlarini aniglash va bu yuvilishlar
chiziglarining planli-balandlik holatlarini (chizmalarini)
qurish.

Ko‘prik osti konuslarini mustahkamlash uchun, ular
doimiy, davriy va kam suv bosish hududlaridan tashqgarida
joylashgan bo‘lsa, shuningdek, ularning yuvilib ketish xavfi
bo‘lmagan hollarda, gabion inshootlarining turli xillari

orasida  qutisimon  gabionlardan tayanch sifatida
foydalanilgan matras-ko‘rpa gabionlari eng samarali
hisoblanadi.

Ko‘prik  osti  konuslarini, mustahkamlanadigan
o‘zanlarni, qirg‘oq bo‘yi va tartibga soluvchi inshootlarni
yuvilishdan himoya qilish uchun gabion
mustahkamlagichlarning pastki gismida ishlatiladigan

matraslarning uzunligi (1) formula bo‘yicha, matraslarsiz
O‘rnatiladigan gabion devorlarning chuqurligi esa (2)
formula bo‘yicha o‘rnatilishi kerak:

L > 2,5(AZ + 0,5) 1)
AH > AZ+0,5 @
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bu yerda A Z - o‘zan oqimlarining ushbu inshootlar
tomonidan sigilish darajasini hisobga olgan holda ushbu va
boshqga cho‘kuvchi inshootlar joylashgan joyning xarakterli
uchastkalari uchun aniglanadigan yuvilish voronkasining
hisobiy-prognoz chuqurligi.

1 Ve M AT T

2-rasm. Quirilish davrida suvning past darajasi va suv
toshqini bo‘lmaganda gabionlar bilan ko‘prik

konuslarini mustahkamlash uchun konstruktiv echimi

sxemasi: 1 - matraslar; 2 - quti gabionlaridan yasalgan
tayanch va himoya tuzilishi; 3 - yuvish liniyasi

Hozirgi vaqtda qiyaliklarni va  ko‘tarmalarni
mustahkamlashning 20 dan ortiq turlari ma‘lum va keng
go‘llanilmoqda: o‘t ekish, pardozlash, butalar ekish, o‘rmon
ekish, geotekstildan foydalangan holda issiglik va himoya
qatlamlari, yig‘ma temir-beton panjaralar, pnevmatik
purkash, loyli tuproglar, monolit sement-tuproq qoplamalari
va panjaralar, egiluvchan temir-beton plitalar, yig‘ma temir-
beton egiluvchan panjaralar, yig‘ma beton va temir-beton
plitalar, monolit temir-beton plitalar, tosh qorishmasi va
boshqalar.

Gabion konstruksiyalarni qo‘llash nafaqat qiyaliklarni
mustahkamlash, balki ekspluatatsiya gilinayotgan yer
polotnosi, ko‘prik osti konuslari, ko‘prik tayanchlari,
rostlovchi dambalar, qirg‘oq va boshqa inshootlarni
mustahkamlash, bargarorlashtirish va himoyalashning
yugori samarali va universal usullaridan biri hisoblanadi.
Himoya-mustahkamlash vazifalarini bajarib qolmasdan
gabion konstruksiyalar teskari filtr vazifasini bajarishga
godir, ba‘zi hollarda wular filtratsiyaga qarshi chora-
tadbirlarni ta‘minlash uchun ishlatilishi mumkin.

Gabion konstruksiyalarning imkoniyatlarini tahlil gilish,
natijada ular bir qator hollarda an‘anaviy konstruksiyalarga
garaganda magsadga muvofig va tejamkor ekanligi
aniglandi.[2]

Bu gabion konstruksiyalari ega bo‘lgan bir qator
xususiyatlar va xarakteristikalar bilan bog‘liq. Ulardan eng
muhimlariga quyidagilar kiradi:

- yuklarga yuqori qarshilik ko‘rsatish, karkas-
armatura elementlari va old qirralarining mustahkamligi; -
suv va atmosfera yog‘inlari ta‘siridan korroziyaga
chidamliligi;

- gabion konstruksiyalarga ularni  buzmasdan
namlikni o‘tkazish va beqaror gruntlarning cho‘kishiga,
yonbag‘irlarning ko*‘chishi va yemirilishiga, ularning yuvilib
ketishiga hamda yonbag‘irlar va qirg‘oglarning hamda
boshga yonbag‘ir-girg‘ogbo‘yi inshootlarining mahalliy
bargarorligi zaiflashishiga yoki buzilishiga olib keladigan
ba‘zi boshga omillarga qarshi turish imkonini beradigan
egiluvchanlik va bargarorlik;

- yo‘l-ko‘prik inshootlarini mustahkamlashning
an‘anaviy turlari bilan birlashtirish imkoniyati va shu bilan
kombinatsiyalangan konstruksiyalarni qo‘llashning
samaradorligi va ekologik tozaligini oshirish;

- mahalliy tosh materiallaridan keng foydalanish
imkoniyati;

- an‘anaviy qurilish materiallari, bloklar va drenaj
qurilmalariga nisbatan eng yuqori va uzoq muddatli
drenajlash gobiliyati;

- konstruksiyalar va qurilishning soddaligi, malakali
ishchi kuchini talab gilmasligi;

- quriladigan  inshootlar ~ zaminini  tayyorlash
bo‘yicha ishlarning minimal hajmlari;

- ekspluatatsiya xarajatlarining pastligi;

- ekologik tozalik, idrok etishning estetikligi,
ishlashning ishonchliligi, shuningdek, uzoq muddat xizmat
qilishi.

Yonbag‘irlarni  "Gabion" usulida mustahkamlash.
Gabionlar yoki GTB (gabion to‘rli buyumlar) - olti burchakli
kataklarga ega Dbo‘lgan simdan eshilgan to‘rdan
tayyorlangan buyumlar. Qo‘llanish sohasi: 1. Daryo va
dengiz qirg‘oq istehkomlarini qurish; 2. Kanallar qurish; 3.
Landshaft  dizayni  ishlarida; 4.  Yonbag‘irlarni
mustahkamlash uchun. Gabionlarning xizmat muddati:

rux goplamali simdan - 35 yil;

galfan goplamali simdan - 75 yil;

rux va polimer goplamali simdan - kamida 75 yil;

metallning hisobiy xizmat muddati BS 8006 standartiga
muvofiq ruxsat etilgan hisobiy yuklamani baholashga ko‘ra
100 yilni tashkil etadi[6]

Qutisimon gabionlar olti burchakli yacheykalarga ega
bo‘lgan ikki marta buralgan metall to‘rdan zavodda
tayyorlangan konstruksiyalardir. To‘r simlari zich rux
galvanik goplamali yoki PVX goplamali (maxsus korrozion
muhitda ishlatish uchun) bo‘ladi. O‘rnatishda gabionlar bir-
biri bilan bog‘lanadi va tosh bilan to‘ldiriladi.

- TR M e

3-rasm. Ko‘prik konuslaridagi gabionnkostruktsiyalar

Gabionlardan yasalgan ko‘chkiga qarshi inshootlar
yig‘'ma yoki monolit temir-beton Kkonstruksiyalardan
yasalgan qattiq yoki yarim gattiq inshootlarga garaganda
ancha tejamkor hisoblanadi, chunki ular oddiy konstruktiv
yechimga ega bo‘lib, qurish va foydalanish uchun kamroq
xarajat talab giladi, shuningdek, arzon tosh materiallardan
foydalanish imkonini beradi. Ularni barpo etish uchun asosni
tayyorlash bo‘yicha minimal ish hajmi talab etiladi, drenaj
tizimlarini o‘rnatish zarurati istisno etiladi.

Ko‘prik osti  konuslari mustahkamlagichlarining
konstruksiyalarini  loyihalash va tanlashda ularning
ishlashining quyidagi eng xarakterli holatlarini hisobga olish
kerak:  Ularning doimiy, davriy va kam suv bosish
zonasidan tashgarida joylashganligi va konuslar tagining
yuvilishi ehtimoli yo‘qligi sharoitida, davriy va suv bosish
sharoitlarida va toshqin suvlari qayir massivlaridan ko‘prik
osti bo‘shlig‘iga oqizilganda konuslar tagining yuvilishi
yuzaga kelishi ehtimoli, vagti-vaqti bilan va kam suv bosish
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sharoitlarida va ko*‘prik osti o‘zanining teskari yuvilishi yoki
boshqa texnogen omillar bilan bog‘liq boshqa
deformatsiyalarining namoyon bo‘lishi va rivojlanishi
natijasida konuslar tagining yuvilishi va ko‘prik osti
o‘zanlarining yuvilishi ehtimoli. Gabion konstruksiyalarida
esa yuk ko‘tarish qobiliyati va himoya xossalari to‘liq
saglanib goladi, chunki ular deformatsiyaga moslasha oladi
va suvni erkin o‘tkazib yuboradi. Matras-ko‘rpa (gabion)
uchun, umuman olganda, ko‘prik ustida va atrofida yomg‘ir
suvlarini chiqarish tizimi to‘g‘ri ishlayaptimi yoki
mavsumiy suvlar paytida yugoridan yoki pastdan gancha suv
ogishi ahamiyatli emas. Matras ehtimoliy xatolarni va drenaj
tizimidagi mavsumiy nosozliklarni muvozanatlashtiradi. U
suvni oson drenaj giladi va o‘tkazadi.

3. Xulosa

Umuman olganda, mustahkam va ishonchli gabion
konstruktsiyasini  barpo etish  qurilish maydonining
muhandislik holatini chuqur tahlil gilish, inshootga ta'sir
etuvchi yuklamalarni to'g'ri aniglash, montaj ishlarini
texnologik talablarga gat'iy rioya etgan holda bajarish hamda
go'llaniladigan materiallarni amaldagi me'yoriy hujjatlar
asosida tanlash bilan uzviy bog'liqdir. Ko'prik konuslarida
joylashgan gabion inshootlarining ekspluatatsiyasida doimiy
va murakkab xizmat ko'rsatish talab etilmaydi. Asosan,
matras yuzasida o'sadigan o'simliklarni davriy ravishda
tozalash kifoya giladi. Ta'mirlash imkoniyatlari nugtai
nazaridan gabion konstruktsiyalari yugori darajada samarali
hisoblanadi. Agar inshootning ayrim uchastkalarida cho'kish
holati kuzatilsa, fagat shu gismni mahalliy ta'mirlash orqali
bartaraf etish mumkin bo'lib, butun konstruktsiyaning
ishlash qobiliyatiga salbiy ta'sir ko'rsatmaydi. Bunda
ta'mirlash ishlari ekspluatatsiya giluvchi tashkilot tomonidan
kam sarf-xarajat va minimal mehnat resurslari bilan amalga
oshiriladi.
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Modelling of thermophysical characteristics and analysis of interfacial
interaction in nanocomposites based on polymer matrices

A. Antonov}®?, V. Struk*®?, M. Rakhmatov®®°¢, A. Riskulov?®9 Kh. Nurmetov?®¢
Lyanka Kupala state university of Grodno, Grodno, Belarus
2Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Using numerical simulation methods and analytical approaches, this paper analyzes the influence of the
interfacial boundary layer on the effective thermal conductivity of heterogeneous systems of the
“polymer matrix—dispersed filler” type. A methodology for the quantitative estimation of the thermal
interfacial layer thickness is proposed and validated, based on a comparison of experimental data with
the results of finite-difference modeling of the three-dimensional steady-state heat conduction equation.
The effect of the filler particle size factor on their intrinsic thermal conductivity and the resulting
thermophysical characteristics of the composite is investigated. It is established that, upon transition to
the nanoscale, the Kapitza interfacial thermal resistance and the reduction in the thermal conductivity of
the particle material due to phonon boundary scattering play the dominant role in limiting heat transport.
polymer nanocomposites, thermal conductivity, interfacial layer, Kapitza resistance, size effect,
numerical simulation, thermomechanical compounding, thermoplastics
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MopeaupoBanue TerI0pU3HIeCKUX XAPAKTEPUCTUK U AHAJIU3 MeK(a3HOro
B3aUMO/ICHCTBHS B HAHOKOMIIO3UTAX HA OCHOBE MOJUMEPHBIX MATPHI

AnTtoHoB A.X02 Crpyk B.XOP, Paxmaros M.20¢, Puckynos A.20¢ Hypmeros X.20¢

'ponuenckuii rocynapcTBeHHbIi yauBepcuTeT nMenn Suku Kynanel, I'poano, benapycs
2TamkeHTCKUI rOCy1apCTBEHHBIN TPAHCTIOPTHEIA YHUBEpCUTET, TamkeHT, Y36eKkucTan

AHHOTaINUA: B crarbe ¢ npuMeHEeHHEM METO/I0B YHCIEHHOTO MOJICTTUPOBAHUS 1 aHATMTHYECKUX MOJIXOI0B IIPOBEICH
aHAJIN3 BIMAHUA MEX(a3HOro IPaHUYHOrO CJIos Ha 3G (PEKTHBHYIO TEIUIONPOBOAHOCTD METEPOTreHHBIX
CHCTEM «IOJMMEpHast MaTpHLa — AUCTIEPCHBIN HanoaHUTeNbY. [Ipeokena 1 anpoOupoBaHa METOINKA
KOJIMYECTBCHHON OLICHKH TOJIIMHBI TEIUIOBOIO MEXK(a3HOro cjI0s Ha OCHOBE COINOCTAaBIICHHUS
9KCNEPUMEHTAIBHBIX IaHHBIX U PE3y/IbTaTOB KOHEYHO-PA3HOCTHOTO MOJIEIMPOBAHHSA TPEXMEPHOIO
CTAIL[MOHAPHOI'0 YPaBHEHUS TEIUIONPOBOAHOCTH. VccneoBaHO BIMsHUE Pa3MEpPHOro (hakTopa 4acTHI]
HAIlOJIHUTENS HAa HX COOCTBEHHYIO TEIUIOIPOBOJHOCTE W PE3yJbTHPYIOIINE TEIUIOQHU3NUECKHIe
XapaKTEePUCTUKH KOMIIO3UTA. Y CTAHOBJIEHO, YTO IIPHU IIEPEX0/ie B HAHOANAIIA30H JIOMUHUPYIOLIYIO POJIb
B OI'paHMYEHUH TEIUIONEPEHOCA UTPalOT MeXK(Pa3HOE TEPMUUECKOE CONPOTHBIICHHE Kanuiipl ¥ CHIDKeHHe
TEIUIONPOBOJHOCTH MaTepUaa YacTHUILL BCJIEICTBUE ()OHOHHOI'O PACCESHUS Ha TPAHULIAX.

KiroueBsie cnopa: MOJIMMEPHbIE HAHOKOMIIO3UTHI, TEILUIONPOBOJHOCTh, Mex(asHbIid cioid, compoTuBieHue Kammuisl,

pa3MepHbIi 3DHEKT, YUCICHHOE MOIEINPOBAHNE, TEPMOMEXAHHYECKOE COBMEILIIEHHE, TEPMOILIACTHI

TaKMX KOMIIO3MTOB H3YHYE€HBI JOCTATOYHO MOJIPOOHO, TO
MeXaHu3Mbl  (OPMHUpPOBAHHS  HMX  TEIUIOPUIHICCKUX
XapaKTEpPUCTHK  OCTAIOTCS  INPEJMETOM  aKTHUBHBIX
JIUCKYCCHH.

1. BBenenue

Co3aHue  MOJNMMEPHBIX  HAHOKOMIIO3MIIMOHHBIX
matepuanoB (IIHKM) c mporaosupyembiM KOMILIEKCOM

9KCIUTyaTallMOHHBIX XapaKTePUCTHK SBIAETCS OJHOW H3
NPHOPUTETHBIX 33a4 COBPEMEHHOIO MaTepHaIOBE/ICHUS,
YTO OTPAXEHO B CTPATETMYECKHX JOKYMEHTaX Kak
Pecry6Gniuku Y36ekucran, Tak u Pecry0Onuku benapycs [1,
2]. Ocoboe MecTo B HOMEHKJIAType TaKUX MAaTepuajioB
3aHUMAIOT CHCTEMBI Ha OCHOBE TIOJINMEPOB,
MOAUQHUIMPOBAHHBIX TUCTIEPCHBIMU YaCTHLIAMH Pa3INYHON
mpupoasl  [3, 4]. Ecam  Bompocsl  MOBBIIICHUS
ne)OpMALIOHHO-TIPOYHOCTHBIX W aJIre3HMOHHBIX CBOMCTB

@& https://orcid.org/0000-0002-6155-4635
bl https://orcid.org/0009-0003-0934-6833
- .//orcid.org/0009-0008-6395-5804

TpaauuuoHHbIE MIOJIUMEPHBIE MaTpPHLBI
XapaKTepU3YIOTCSl HU3KMUMH 3HAYCHUSIMH KOd(PQHIEeHTa
teronposonoctu (0,1-0,5 Bt/(m-K)), uro orpanuunBaer
HX TpPUMEHEHHE B Yy37axX, TpeOyromux 3pQPeKTHBHOrO
orBoza teruia. [Ipoctoe BBeIeHIE BBICOKOTEIIONPOBOAHBIX
HAIOJIHUTENEH, BKJIIOYAs YIJEepOJHble HAaHOTPYOKH cC
COOCTBEHHOH  TEIUIONPOBOAHOCThIO  mopsaka 3000
Br/(m'K), mameko He Bcerja NPHUBOIWT K OXKHIAEMOMY
pocty 3 deKTHBHON TEIIONPOBOAHOCTH Kommo3uTa [5].

42 https://orcid.org/0000-0002-5275-9153
€ https://orcid.org/0000-0002-6111-7259
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Ot10 YKa-3bIBa€T Ha CYHICCTBOBAHHUC JOIOJIHUTCIIbHBIX
Q)aKTOpOB, JIMMUTUPYIOIINX TCIUIONCPEHOC, KIIOYCBBIM W3

KOTOPBIX SIBJISICTCS dhopmupoBanue Mex(pazHOTO
TPaHUYHOTO CIIOS C  OCOOBIMH  TemIO(pH3MIECKUMH
CBOICTBaMH.

JlaHHas  cOBMeCTHasl HMCCJeIoBaTellbckas — pabora
HalpaBJIeHa Ha YCTAHOBJICHHE B3aUMOCBS3M  MEXIY
CTPYKTYPHBIMU rnapaMeTpaMmu HaHOKOMIIO3HTOB,
MOJIy4a€MbIX 10  TEXHOJOTHH  TEPMOMEXaHHYECKOIO

COBMEIICHUS, W WX A()PEKTUBHOH TEIUIOIPOBOIHOCTHIO.
[lenTpanpHOE BHIMaHKE Y/IETICHO KOJIMYECTBEHHOH OLIEHKE
BKJIaJa MeX(}a3sHOro TEPMHYECKOTO CONPOTHBICHMS U
aHaMM3y pasMepHBIX J(P(PEKTOB, NPOSBIAIOMUXCS IIPH
HIepexo0/ie YACTHUI] HATIOJIHUTENA B HAHOIUAIIa30H.

2. MeToauka UccJIeI0BAHUA

B KaJyecTBe MaTpUIHOTO MarepHaia B
TEITOPU3HIECKIX IKCTIEPUMEHTaX HCTIONIB30BATIH
SMOKCHIHYI0 CMOJy, 4To o0ecneynBajio CTaOWIBHOCTH
TeOMETPHH 00pa3IoB ¥ BOCTIPOM3BOIMMOCTD PE3YIIETaTOB.

B pomm mucnepcHBIX HamoJMHWTENEH BBICTYHATIH
MopomKy okcuza amoMuHus (Al203) 1 THOKCHIa KpeMHHS
(Si0O2) ¢ pasnMUHBIMU CPEOHHMH pa3MepaMH YacTHIl — OT
MHUKpPOHHOTO (4-20 MKM) 10 HanoMeTpoBoro (20—500 Hwm)
JTMara3oHoB.

BreiOop naHHBIX OOBEKTOB IIO3BONHJ  IMPOCIEANTH
SBOJIIOLMIO  TEIUIOPHU3NYECKUX  XapaKTePHCTHK  IIPH
TIOCJIEI0BAaTEIHHOM YMEHBIIIEHHN MacIiTaba HalOITHHUTEIS.

D¢dpexTrBHbI  KO3(DOUINEHT  TEIIONPOBOTHOCTH
KOMITO3UTOB  Jeff ~ ONpENeIUIM  SKCIEPUMEHTAIBEHO
CTaHIAPTH30BaHHBIMU MeToAaMH. JIIsi TeopeTHYecKoro
aHanu3a TerIonepeHoca HNPUMEHSIIH nBa
B3aMMOIOTIOJIHAIOIIMX TTOX0/1a.

IlepBbIif OCHOBBIBaJCS HAa AHAJIUTUYECKOM MOJEIH
Makcgenna st 9pQpeKTHBHON Cpebl.

Bropoii, 6onee meTanbHbIH, 3aKII0YANCS B YUCICHHOM

pelIeHnl  TPEXMEPHOrO0  CTAllMOHAPHOIO  YPaBHEHUSA
TEIUIONPOBOAHOCTH:
] T a T a aT
o (e5) + 35 () + 55 (1 5;) = 0
)
C TpaHMYHBIMM YCJIOBMSMM IIEPBOrO  poja Ha
MPOTUBOMOJIOKHBIX ~ TpaHsAX  pacu€THOM  sUeHKH U

a7MabaTHYeCKUMHU YCJIOBHSAMU Ha OCTajJbHBIX. PeleHue
BBINOJIHSUIM  KOHEYHO-PA3HOCTHBIM METOIOM IO CXeMe
«KpecT» Ha CTPYKTypuUpOBaHHOW cerke. D((DeKTHBHYIO
TEIUIONPOBOJHOCTh  BBIYMCIBIIM  4€pe3  CyMMapHbIit
TEIUIOBOM MOTOK, MPOXO/IAIINIT Yepe3 oOpasell.

KitoueBbIM ~ mapaMeTpoM — MOJENM  BBICTYNAIIO
MexgazHoe TEPMHUYECKOE CONPOTHBJICHHE Rs
(compotuBnenne Kanwmipl), XapakTepusymoliee CKadoK
TEMIIepaTypbl Ha TPaHULE «MATPHLA—HATIONHUTEIIbY.

TonuuHy TemioBoro Mex$asHoro cios ¢ OLECHUBAIH
myTéM BapbUpOBaHMSA Rs B UHMCICHHOW MoOjeNH JIO
JIOCTHIKEHHUS COBIAJICHUS pacuéTHbIX u
9KCIIEPUMEHTAIBHBIX 3HAYCHUH Aeff C  IOCIEIYIOLIUM
MPUMEHEHHEM COOTHOILECHHS O = eff * Ro.

3. PesyabTaTsl u O0cCy:KIeHUE

@opmHupoBaHHE B  HAHOKOMIIO3UTE  TIEPEXOIHOTO
IPaHUYHOTO CIIOS SIBIIsieTCs (hYHIaAMEHTaNIbHBIM CJIEJICTBUEM
B3aUMOJIEMCTBUS MOJTUMEPHOW MaTpUIBl C MOBEPXHOCTHIO
HaMoJHUTENA. B 3TOM c1oe MakpoMONeKynbl HaXoAsATcs B
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0c000M KOH()OPMAIIMOHHOM COCTOSIHUH, OTJIMYHOM OT
COCTOSIHHS B 00BEME, UTO BJIEUET 32 COOOM M3MEHEHHE BCEX
(hU3MYECKUX XapaKTEPUCTHK, BKIFOUYAst TEILIOMPOBOTHOCTb.

Kak Obuto mokasano panee [3, 4], axTHBHbBIC
HAHOYACTHIBI C HECKOMIICHCUPOBAHHBIM MTOBEPXHOCTHBIM
3apsaOM  CIOCOOHBI  HMHHUIMMPOBATH  0Opa30BaHHE
YIIOPSIOYEHHBIX OOIAcTeil MaTPUIIbl, BHICTYIIAs [EHTPAMHU
CTpyKTypooOpazoBanus. OHAKO BIHSHHE 3TOr0 3 ¢deKTa
Ha  HMHTCTPAJbHYI  TEIUIONPOBOJAHOCTH  KOMIIO3HTA
HEOJHO3HAYHO M TpeOyeT KOJIMYECTBEHHOIO aHaH3a.

JIJIs ONICHKH TOJIIIMHBI TEIUIOBOTO MEX(Pa3HOTO CIIOSI J
ObLJIa UCIIONIb30BaHa PAacYETHAs CXeMa, IPEACTABICHHAsS HA
pucyHke 1.

B pamkax mnpemIoxeHHOW METONUKH, BapbUPYys
3HaueHHe R; B UHCIEHHOW MoOJeNnH, JOOWBAIIUCH
COBIA/ICHUS TEOPETUYECKON u HU3MEpPEHHOU

KOHIIEHTPAIIMOHHBIX 3aBUCHMOCTEH eft. Pe3ynprarsl sTol
MPOLEYpbl Ul CUCTeMbl «dmokcuaHas cmonia — Al2O0z»
TIpUBEJCHB] HA PUCYHKE 2.

0

Ax

y &

Puc. 1. CxemaTuuHoe npeacTapjieHne Me:xpazHoi
00/12CTH B KOMIIO3UTE

MaTpHua HanoJIHHTCIIb )Q

T T
Br
O
—0.8. 4 ¢
| L
T
pacuer
I~
Q IKCTIEPHMEHT
. ]
o
p. 0.5

Puc. 2. ConocraBjenue 3KcnepuMeHTAIbHON 1
PAcYéTHBIX 3aBHCHMOCTEH Aeff 0T cogepikanus AlOs.

CornacHO MNOJy4YEHHBIM JaHHBIM, UL KOMIIO3UTA C
KoHUeHTpanuel  Hamonnurens 0,312 mac. % wm
JKCIEPUMEHTAIbHBIM 3HAYCHUEM Aeff 0,675 Bt/(m'K)
COBNajieHHe C pacuéToM JocTuraerca mpu Rs = 1-10°8
M?K/Br. JlaHHas BeIMYMHA COOTBETCTBYET TOIIIMHE
TEIUIOBOro Mex(a3Horo ciost § nopsiaxa 6,75 M.

3T1OT  pe3ysbTar XOpOILO corsiacyercs c
NPEJICTABICHUSIMI O HAHOMETPOBOM MaciuTabe 30HbI
BO3MYILICHHUS IOJMMEPHOIl MaTpHIbl BOIU3M TOBEPXHOCTH
TBEpIOrO Tena [6].

Janee Obul NpOBENEH aHAIM3 BIUSHHUA Pa3MEPHOrO
(dakTopa Ha COOCTBEHHYIO TEILIONPOBOJHOCTh YACTHI]
HAIOJHUTES.

B (OHOHHOM TNPHOMMKEHUH BIUSHHE XapaKTEPHOTO
pa3Mepa 4acTHIbI Ha €€ TEeIIONPOBOIHOCTb MOXET OBITh
ommcano 4epe3 uncio Kuyacena Kn = | / L, tme | — anuna
cBoOoHOrO mpobera (OHOHOB, a L — xapakTepHbIii pazmep
yacTuipl [7].

Db dexTuBHAs TEMIONMPOBOAHOCT YACTHIIBI Aeff CBSI3aHA
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C  TEIUIONPOBOJHOCTBIO  OOBEMHOrO  Martepmana Ao
COOTHOIIIEHHEM (2):

y; al 2

eff = 1+k,

PacuérHble OLICHKH, BBIMIOJIHEHHBIC C MCIIOJIB30BAaHUEM
CIPaBOYHBIX MAHHBIX M0 TEIUIO()U3MYECKUM MapamMeTpaM U
Temnieparypam Jlebas ms psana coenuaenuit (MgO, Al2Os,
TiO2, ZnO, SiC, SiO2), moka3zanu, 4Yro MPOSBICHHUE
pa3sMepHbIX 3(P(EKTOB IS pa3MYHBIX ~MaTEpUaoB
HAYUHAETCS B CYIIECTBEHHO Pa3JIMYarONIMXCs JUana3oHax

(pucyHok 3).
Kak BHIHO W3 TpPEICTAaBICHHBIX 3aBUCHMOCTEH,
TPaHUIBI HAHOPa3MEPHOCTH, HIDKE KOTOPBIX

TEIUIONPOBOHOCTh MaTepHaja YaCTULBI HAYNHAET 3aMETHO
CHMXKAaThCs, MPOCTHPAIOTCS OT IOJNyTOpa JO ISITHCOT
HAHOMETPOB.

[IpumMevaTenbHO, 9TO ISl TAKUX COSAMHEHUH, Kak Si0O2
u TiOz, pacu€THblii mopor Lo, HOIy9YeHHBIH 3 COOTHOIICHHUS
Lo = 230-0D Y2, naéT ynoBIETBOPHUTENBHYIO OLEHKY 3TOi
IpaHUILpI, TOrJa KaK Ui JAPYrHX MarepHalioB TpeOyroTcs
Gosiee CIIOKHBIC MOJICIH, YUYHMTHIBAIOLINE OCOOCHHOCTH
(hOHOHHOTO CIIEKTpa.

50, BT/m

<
\

LHEMT

P

l,-"" Hm| 100

. Daamen YacTHub)
200, Br/mK

vl

/
/
;_

2. Br/mK

i 500

pa3MED HACTHUbI

pa3nsep YACTHLE
Puc. 3. 3aBucumocts ko3 dunuenra
TENJIONPOBOJAHOCTH YACTHIBI OT ee pa3mepos: 1 — MgO;
2 - Al,03; 3-TiO2; 4-Zn0O; 5 - SiC; 6 — SiO».
ComocTaBieHHe IKCIIEPUMEHTAIbHBIX  JAHHBIX IO
TEIUIONPOBOJHOCTH ~ KOMIIO3UTOB  C  HAIOJHUTEISIMU
pa3nuyHON AuCTepCHOCTH (pUCYHKH 4 W 5) BBIABISIET
YCTOWYMBYIO 3aKOHOMEPHOCTb.
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. 4 B
0,73, A BT 17

z
Eea i

p, 0.45

Puc. 4. 3aBucumocts 3¢ dexTHBHOTO KodpPunnueHTa
TeIIONPOBOTHOCTH MOJETBHOT0 KOMIO3UTA
«nokcuaHas cmoJa + SiO2» npu pa3mMepax yacTuI
Hanoauutenst d > 200 am: 1 — 3kcniepument; 2 —
pacuer; 3 — pacuer no moaean MakcBesia

| | |
0.4, hor

2

p. 0,05

Puc. 5. 3aBucumocts 3¢ pexTHBHOrO Kod3hPUIHEHT
TeNnJONPOBOAHOCTH MOJEJbHOI0 KOMIO3HTA
«nokcuaHas cmoJa + AlO3» npu pa3mepax 4acTui
HanosHutenst d > 500 um: 1 — 3kcniepument; 2 —
pacyet; 3 — pacyer o moaejan MakcBeslia

Kak crenyer u3 rpadukoB, pacuérsl 10 KJIaCCHYECKON
Mozien MakcBesuia, He yduThiBarolmeil HH MexdasHoe
COIIPOTHUBIICHHE, HU pa3MepHyIo 3aBHCHMOCTb
TEIUIONPOBOAHOCTH HAIOIHUTENS, JAOT CHCTEMaTHYECKU
3aBbILIEHHbIC 3HAYCHUS Aefl. HanpoTHB, YncIeHHAs MOJEIIb,
rapaMeTpu30BaHHAs IO OIMCAHHOH BBIIIE METOMMKE,
JIEMOHCTPHUPYET XOpOIIee COrJacHe ¢ KCIEPUMEHTOM BO
BCEM HCCIIEJIOBAHHOM JIMAINa30HE KOHIICHTPALUH.

Ilpn mepexoze K yacTHI[aM HAHOMETPOBOTO pa3Mepa
IKCIEPUMEHTAIBHO (PUKCUPYETCsI CHIDKEHUE P PEKTUBHOM
TEIUIONPOBOAHOCTH ~ KOMIIO3MTa 10  CPaBHEHHIO C
CHCTEMaMH, COJEPHKAIUMH MUKPOHHBIC YaCTHILBI TOTO JKe
XHUMHUUYECKOI0 COCTaBa MPU COMOCTaBUMON 00BEMHON J0Iie
(pucyHku 6 u 7) [8].

JlanHoe HaOmoieHHE Ha TIEPBBIN B3I IPOTUBOPEUHT
HHTYUTUBHOMY O0XHU/IaHUIO, 4TO HAHOYACTHUIIBI,
obecrieunBasl KOJOCCAbHYI0O MEK(a3HYI0 MOBEPXHOCTb,
JIOJDKHBI CHOCOOCTBOBATH POCTY TEIUIONPOBOAHOCTH 32 CUET
moauduimpoBanus MaTpuibl. OIHAKO KOIMYECTBEHHBIN
AQHAJIU3 JIEMOHCTPUPYET, YTO B HAHOJHMANA30HE HAYMHAIOT
JOMUHUPOBATh JBa KOHKYPHPYIOLIHX (bakropa,
CHIDKAIOIINX TEIUIONEPEHOC.

Bo-mepBbIX, pe3Ko BO3pacTaeT BKIAA MEX(pazHOro
TEePMUYECKOro CONpoTHBIeHHs Kanuipl, 00yCcIOBICHHOTO
paccoriiacoBaHMeM aKyCTHYECKHX CIEKTPOB MOJMMEpa U
HANOJHUTENS, a TaKkke Je(PEeKTHOCTBIO  KOHTAKTa.
CyMMapHas IIoIa/ib rpaHuI] pasziena a3 ¢ yMEeHbIICHUEM
pasMepa 4YacTHI[ pacTéT 0OpaTHO NPONOPIHMOHAIBHO HX
JUaMETpy, 4YTO BEAET K IPONOPHHUOHAIBHOMY pOCTY
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HUHTETPAJIbHOI'O TCPMHUIECKOI0 CONNPOTUBJICHUSA.
BO'BTOPI)IX, YMEHbIIACTCA coOCTBeHHas
TCILUIONIPOBOAHOCTD Marepuaia HacTul n3-3a
OaJITUCTHYECKOTO XapaxkTepa q)OHOHHOI‘O nepeHoca un
paccesHusd (I)OHOHOB Ha rpaHUllaX HAHOKPUCTAJUIMTOB.

0,5 ¢

TennonpoBoAHoCTb, BT/MK

P, 04

KOHUeHTpaLuuAa HanojJHUuTenA
Puc. 6. 3aBucumocts 3¢ dexkTHBHOTO KodpPUnueHTa
TeIUIONPOBOJHOCTH KOMITIO3UTA «IMOKCHIHAS cCMOJIa+
Al>,O3» npu pa3mepax yactun HanojHuTe s: 1 —d ~ 4
MKM; 2 — d ~ 30 Hm; p, — MOPOT MePKOJISINH

0,5

°

g 8

TennonposogHocTb, BT/MK

e, 0,4

KOHUEeHTpauua Hano/iH1uTena

Pucy. 7 — 3aBucumocTb 3¢ (peKTHBHOTO KO3 duimenTa
TENJIONMPOBOAHOCTH KOMIIO3HTA «3MOKCHIHAS CMOJIa+
SiO2» npu pazmepax yactun HamoHuTeas: 1 —d~ 20

MKM; 2 d ~ 20 HM; p_ — IIOPOT NIEPKOJILMH

Dddexr MOUGULPOBAHHUS MAaTpHIIpI,
BBIPXKAIOIINICS B 00pa30BaHUU YIOPSJOUECHHBIX 00IacTeit
C MOTEHIMAJIbHO OoJiee BBICOKOH TEIUIONPOBOIHOCTHIO, B
JIAHHBIX ~ CHUCTEMax  OKa3blBaeTcs  KOJMYECTBEHHO
HE3HAYUTENbHbIM [0 CPABHEHHMIO C BbILICYKa3aHHBIMU
(daxTopamu.

VHpIMM CIOBaMM, MEXaHU3MbI, OTBETCTBEHHBIC 32
yIIPOYHEHHE HAHOKOMIIO3HTOB, u MEXaHU3MBI,
OIIpe/IeNAIOIINE X TEIUIONPOBOAHOCTh, UMEIOT PA3INYHYIO
npupony. llenecooOpasHo BBecTH — pasjeneHHe Ha
MeXaHWYeCKUi Mex(asHblii  Cclod, obecrneunBaromunit
nepenady HaOpsDKCHUH, M TEIUIOBOW MexdasHblil cioi
(cmoii Kanuipl), TMMUTUPYIOIIUH TETIIOBOK TOTOK.

JanpHeiilee coBMecCTHOE YIIyOJIEHHOE H3ydeHHE
B3aMMOCBSI3M CTPYKTYpPBl 3THX JBYX CJIOEB IpENCTaBISET
c000i#1 aKTyabHYIO 3a/1a4y.

4. 3akaodyeHue

BoinosnneHHbIH KOMILIEKC pacuérHo-
9KCIIEPUMEHTANBHBIX HCCIEJOBAaHUM TeIIonepeHoca B
MOTUMEPHBIX HaHOKOMIIO3UTAX, MOTy4aeMbIX
TEPMOMEXAHHUECKUM COBMEIIECHHEM, MO3BOJIAET
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chopMyIHpOBaTh CIEIyIOINMEe HAaydHO OOOCHOBAaHHBIC
MIOJIOXKEHUS :

1. IlpemnoxkeHa W  BepuHUIUPOBaHA KOHEYHO-
pa3sHOCTHas  METOAMKAa, IO3BOJIONIAs Ha  OCHOBE
CONOCTAaBICHU C  JKCICPUMEHTOM  KOJIMYECTBEHHO

omnpeneaTh Mek(azHoe TEPMHYECKOE CONPOTHBIICHHE
Karmuiipl 1 cooTBETCTBYOIIYI0 eMy 3P (PEKTHBHYIO TOIIIUHY
TEIIOBOr0 TPaHUYHOIO CIosl. JIJisl KOMITO3UTA «3TOKCHAHAS
cmoia — Al2O3» ycraHnoBiieHo 3HaueHue 0 = 6,75 HM, 4TO
COOTBETCTBYET HAHOMETPOBOMY MacIrady.

2. TlokazaHo, 9YTO COOCTBEHHAs! TEILUIOIPOBOIHOCTD
YACTHUIL HATIOJHUTEIS HE SBILSIETCS BEJIMYMHON KOHCTAHTHOW
U TIPU YMEHBIICHHH HX pa3Mepa HIKE HECKOJBKUX COTCH
HAHOMETPOB HAYHHAECT MOHOTOHHO CHHIKAThCS BCIICACTBHE
OTpaHUYEHHS JTHHBI CBOOOIHOTO TIpodera (JOHOHOB.

3. YcTaHOBIIEHO, YTO JOMHHHPYIOIIMMH (haKTOpaMH,
onpeneIoMUMA  3(PPEKTUBHYIO  TEIUIONPOBOIHOCTH
HAHOKOMIIO3MTa, SIBJISIOTCS MEk(pa3HOe CONPOTHBICHHE
Kanumpel ¥ CHIDKEHHE  TEIUIONPOBOAHOCTH — CaMOro
HamonHuTe . VIX COBOKYNHOE JEHCTBHE MepeKphIBacT
TIO3UTHUBHBIN a¢dexT oT MOH(UINPOBAHUSL
MPUMOBEPXHOCTHBIX CIOEB MATpPHIBI, YTO TMPHUBOIUT K
HaOMI0ZaeMOMYy B OKCIIEPHMEHTE YMEHBIICHUIO Aeff TIPH
nepexo/ie K HAaHOYaCTHUIIAM.

IMomy4eHHBIE pE3YNBTaThl  CO3JAIOT OCHOBY  JUIA
00OCHOBAaHHOTO  BbIOOpa  THUMAa M JAUCHEPCHOCTH
HAIOJIHUTENIeH TPH  KOHCTPYHUPOBAaHHM  IIONMMEPHBIX
KOMIO3HLIMOHHBIX MaTepHajoB c 3alaHHBIMH

TeIIOU3MICCKUMH XapaKTEPUCTHKAMU 1711 IPUMEHEHNUS B
CHCTEMaX T€PMOPETyIHPOBAHHS.
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Abstract:

Keywords:

Heating of car brake discs and measures to eliminate it

M.M. Sobirov®2
!Andijan state technical institute, Andijan, Uzbekistan

This article focuses on improving the efficiency of braking systems used in light vehicles through
scientific and technical analysis. The operating mechanisms of various braking systems are
comparatively evaluated based on their performance, reliability, and operational effectiveness. Factors
affecting braking efficiency, including mechanical design, friction stability, and thermal resistance, are
comprehensively examined. In addition, modern approaches for enhancing brake system performance,
along with their advantages and disadvantages, are discussed in detail. The study also analyzes common
problems encountered in automotive braking applications and proposes practical solutions for increasing
vehicle safety, reliability, and overall transportation efficiency under different operating conditions.
brake, speed, brake mechanism, tread, caliper piston, caliper, disc, pad, brake hoses, brake pedal

Avtomobil tormoz disklarini gizib ketishi va uni bartaraf etish choralari

Annotatsiya:

Kalit so‘zlar:

Sobirov M.M. 1®2

! Andijon davlat texnika instituti, Andijon, O‘zbekiston

Ushbu maqolada yengil avtotransport vositalarida qo‘llaniladigan zamonaviy tormoz tizimlarining
samaradorligini oshirish masalalari ilmiy jihatdan tahlil gilingan. Tormoz tizimlarining ishlash
prinsiplari, ularning texnik va ekspluatatsion ko‘rsatkichlari o‘zaro solishtirilib, samaradorlikka ta’sir
etuvchi omillar baholangan. Shuningdek, tormoz mexanizmlarini takomillashtirish usullari, ularning
afzallik va kamchiliklari yoritilgan hamda amaliyotda uchraydigan muammolar va ularni bartaraf etish
yo‘llari asoslab berilgan. Tadgiqgot natijalari transport vositalari xavfsizligini oshirishda muhim ahamiyat
kasb etadi.

tormoz, tezlik, tormoz yuritmasi, protektor, support porsheni, supportlar, disk, kolodka, tormoz

shlanglari, tormoz tepkisi

1. Kirish

Tormoz disklari gizib ketishi va oqgibatlari oldini olish
uchun qilishi lozim bo’lgan ishlarni ko’rib chiqamiz va tahlil
gilamiz. Oldingi g'ildiraklarning juda tez gizib ketishini
aniglash oson emas albatta, bunga turli xil komponentlar
sabab bo'lishi mumkin. Birog, muammoni kelib chigishi va
uning sababini iloji boricha tezrog aniglash muhim masala
hisoblanadi. Chunki har lahzada avtomobilni boshgaruv
tizimiga katta ta’sir qiluvchi muhim elementlardan biri
hisoblanadi.

G'ildirakning gizib ketishini 0'z vagtida sezmaslik va
choralar ko'rmaslik, ehtimol g’ildirak giyshayib qolishiga,
shuningdek disk va kolodkalarning bir biriga yopishib
golishiga olib keladi. Harakat davomida gizib ketgan
disklarda to'satdan harorat o'zgarishi, masalan, qor yoki
sovuq suv bilan alogaga kirishishi, g'ildirak disklarining
yorilishi yoki darz ketishi va bu transport vositasini
boshgarishga ta'sir gilishi mumkin. Shuning uchun, gizib
ketish sababini iloji boricha tezroq bartaraf etish muhimdir.

Dolzarbligi. Disklarni ishgalanishi natijasida issiglik
hosil bo’lishi har doim ham nosozlik belgisi emas. Tegishli
komponentlar har doim giziydi, lekin normal sharoitlarda bu
issiglik teng tagsimlanadi va harorat gabul gilinadigan
chegaralarda goladi. Shuning uchun, chegaralardan oshib
ketadigan haroratni anglatuvchi me’yoriy ko’rsatkichlarni
o’rganish va harorat rejimlarini ishlab  chiqish,

@l https://orcid.org/0009-0008-8508-611X
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haydovchining malakasini yanada oshishi dolzarb masala
bo’lib qolmoqda. Haydovchilar har doim ham qizib
ketishishiga katta e’tibor qaratmaydi, chunki to’xtash
zarurati tug’ilganida darhol to’xtash uchun tormoz tepkisini
bosadi. Shuning avtomobil tormoz disklari va kolodkalari
me’yordan ortiqcha qizib ketadi. Bu holatni bartaraf etish va
harakat xavfsizligini ta’minlash eng dolzarb muammolardan
biridir.

2. Tadgiqot metodologiyasi

Avtomobil tormoz disklaridan tashqgari kolodkalarga
ham qizib ketishi juda bog’liqdir. Kolodklar disklar bila
ishqalanuvchi va to’xtatishning muhim elementidir.

Avtomobillarda ishlatiladigan tormoz mexanizmlari
tuzilishiga ko’ra asosan ikki turga bo'linadi: Barabanli
tormozlar. Bu turdagi tormozlash harakatsiz elementlarning,
ya'ni ishgalanish natijasida tormoz kolodkalarining
ishgalanishi tufayli sodir bo'ladi. Bu 0’z navbatida quyma
temir yoki po'latdan yasalgan tormoz barabanida joylashgan.
Bu butun mexanizm ko'pincha ham to'xtash tormozi, ham ish
tormozi vazifasini bajaradi.

Diskli tormozlar. Bu turdagi tormozlash ishqgalanish
tufayli ham sodir bo'ladi, lekin bu safar tormoz kolodkalari
va disklari orasiga o'rnatilgan tormoz diski o'rtasida.
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Kolodkalarni ishlashini support mexanizmi orgali tizimda
ish bajariladi. 1-Rasm.

A)
G’ildirak
podshipniki Tormoz
kalodkasi
G’ildi::ak Tormoz
bolti diski
B)
Qotirish Disk_
elementlari —
va prujina
Tormoz
kalodkasi

To’xtab turish
tormozi

Rostlash mexanizi

1- rasm. Avtomobil tormoz tizimi mexanizmilari
A) Kolodkali; B) Barabanli

Avtomobillarda ish  bajaradigan tormoz  tizimi
elementlarining asosiy gismlari bular disk yoki baraban va
kolodkalardir.

Ko'pincha, avtomobil old tormoz disklari quyma
temirdan yasaladi. Ushbu material arzonligi va yaxshi
ishgalanish xususiyatlari tufayli kundalik foydalanishda juda
yaxshi samara beradi. Zamonaviy avtomobillarning
aksariyat qismi shunday tayyorlab ishb chigarilgan. Birog,
har bir materialning o'z kamchiliklari bor. Quyma temir
kuchli tormoz ostida tezda giziydi, natijada tutun hosil
bo'ladi. Disk va kolodka materiali erib, deformatsiyalanadi.
2-Rasm.

2-rasm Qizish natijasida deformatsiyalanayotgan disk

Tormoz disklarini ishlab chigarish uchun asosiy material
gotishma quyma temir bo'lib, u temir va uglerodning asosiy
komponentlari bilan bir gatorda mustahkamlik, issiglikka
chidamlilik va korroziyaga chidamlilik beruvchi maxsus
kiritilgan  qotishma elementlarini o'z ichiga oladi.
Qo'llanilishidan kelib chigib tormoz disklari qgotishma
quyma temir kimyoviy xususiyatlari bo'yicha quyidagicha
tasniflanadi: alyuminiy, nikel va xromli.

Cho'yandan tayyorlangan disklarlarining kimyoviy
tarkibining asosiy komponentlari Temir (Fe): Tarkibning
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asosi. Uglerod (C) (3.0-3.5%) oralig’ida, odatda moylash
xususiyatlarini ta'minlaydigan va issiglik yuklariga bardosh
berishga yordam beradigan plastinka grafit shaklida.
Kremniy (Si) (1.5-2.5%) o’ralig’ida. Cho'yanning quyish
xususiyatlarini yaxshilaydi. Marganets (Mn) (0.5-1.0%):
Mustahkamlik va gattiglikni oshiradi. Oltingugurt (S) va
fosfor (P): Kichik migdorda mavjud bo'lib, grafit tuzilishiga
ta'sir giladi [1].

Yuqgori uglerodli disklar:  avtomobillarning sport
modellari va og'ir yuk mashinalari yuqori uglerodli tarkibga
ega quyma cho’yandan foydalanadi. Bu issiglik
o'tkazuvchanligini yaxshilaydi va gizib ketganda egilish
xavfini kamaytiradi. Kulrang quyma cho’yan (SCh): Issiglik
kengayishining past koeffisientiga ega, bu esa agressiv
mubhitda va 500°C dan yuqori haroratlarda ishlash uchun
juda muhimdir.

Alyuminiy quyma cho’yan (kulrang quyma cho’yan -
SCh) tormoz disklari uchun eng yaxshi ishlash
xususiyatlarini namoyish etadi; u yuqori haroratlarda
agressiv muhitda ishlash uchun issiglikka chidamli material
sifatida ishlatiladi. Shuni ta'kidlash kerakki, cho'ktirilgan
plastik grafit (PLG) bilan kulrang quyma cho’yan ishlatiladi
- bu qotishma yuqori bardoshli va temperaturalar
konsentratorlari ta’sirlariga past sezgirlikka ega. Issiglikni
kamaytirish uchun oddiy dizayn yechimi go'llaniladi: disklar
ichkaridan ichi bo'sh. Bular shamollatiladigan disklar deb
ataladi.  Sovitish  kanallarining mavjudligi  ularning
tormozlash ishlashiga hech ganday ta'sir ko'rsatmaydi.

Kulrang quyma cho’yan yuqori amortizatsiya
gobiliyatiga ega va tebranishni mukammal darajada
susaytiradi. Kulrang quyma cho’yan yaxshi suyuqlikka ega
va boshga quyma temir turlariga garaganda gisqgarish
nugsonlariga kamrog moyil. Bu tormoz diskiga, oddiy
ko'rinishiga garamay, disk korpusi ichida joylashgan to'g'ri
yoki ko'p yo'nalishli shamollatiladigan kanal uyalarga ega
bo'lgan ancha murakkab konfiguratsiyaga ega bo'lish
imkonini beradi va tez sovishi uchun xizmat giladi. Tormoz
disklari GG-20 (SCh-20) kulrang quyma temirdan yasalgan
bo’lib, hozirga eng ko’p foydalanib kelganlaridan
hisoblanadi. Qo'shimcha korroziyadan himoya qilish uchun
premium tormoz disklari brendlari ishlab chigaruvchilari 0'z
mahsulotlarini turli xil korroziyaga garshi birikmalar yoki
kukunli goplamalar bilan qoplaydilar. Bunday kulrang
cho’yandan foydalanish va ishlab chiqarish qulayligiga
garamay, quyma cho’yanning kamchiliklari ham bor, ular
aynigsa yuqori tezlik va kuchli dvigatellar ustunlik giladigan
joylarda juda muhimdir - bu sport atomobillari
gatnashadigan poyga avtomobillarida yaqqol bilinadi.
Haddan tashqgari haroratning ko'tarilishi tufayli quyma
cho’yan disklar ortiqcha issiqlikni markazga o'tkazadi, bu
esa ushbu komponentning tez deformatsiyalanishiga olib
keladi. Shuningdek, tezlikni oshirish uchun sport
avtomobillari ishlab chigaruvchilari vaznni iloji boricha
kamaytirishga harakat gilmoqdalar, shuning uchun bu yerda
quyma cho’yan disklardan foydalanish ham shubhali. Ushbu
ikkita muammoni hal qilish uchun avtomobil ishlab
chigaruvchilari tormoz disklarini ishlab chigarishda
ugleroddan foydalanishni boshladilar va Uglerod disklaridan
foydalanish  haroratning haddan tashgari  ko'tarilish
diapazonini 1000-1300°C gacha oshirish imkonini berdi,
ammo juda yugori narx tufayli uglerod tormozlari imtiyozli
mahsulot bo'lib golmogda. Shuningdek, ularning samarali
ishlashi uchun disk yuzasini majburiy ishlov berish talab
gilinadi.

Uglerod karbonli tormoz disklariga muqobil sifatida
ishlab chigaruvchilar ko'p bosgichli jarayon yordamida
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ishlab chiqariladigan keyingi bosqich disklari bo’lishi
kutilmogda va ishlab chigaruvchilarning fikriga ko'ra,
an‘anaviy quyma temir disklarga garaganda 60 baravar
uzogroq xizmat giladigan keramik kompozit tormoz
disklarini ishlab chigarish rejalari turmoqgda. Ushbu
disklarning asosiy materiali kremniy (keramika), uglerod
tolasi va sintetik karbonlarning kombinatsiyasidir. Bu
disklar, uglerod tolasi singari, yengil, juda bardoshli va
isitishni talab gilmaydi. Ushbu disklarning narxi yugqori
bo'lib golmoqda.

Avtomobil  tormoz  disklaridan  tashqari
kolodkalarga ham qizib ketishi juda bog’ligdir. Kolodklar
disklar bila ishqalanuvchi va to’xtatishning muhim
elementidir.

Avtomobillarda ishlatiladigan tormoz mexanizmlari
asosan ikki turga bo'linadi: Barabanli tormozlar. Bu turdagi
tormozlash harakatsiz elementlarning, ya'ni ishgalanish
natijasida tormoz kolodkalarining ishgalanishi tufayli sodir
bo'ladi. Bu 0’z navbatida quyma temir yoki po'latdan
yasalgan tormoz barabanida joylashgan. Bu butun
mexanizm ko'pincha ham to'xtash tormozi, ham ish tormozi
vazifasini bajaradi.

Diskli tormozlar. Bu turdagi tormozlash ishqgalanish
tufayli ham sodir bo'ladi, lekin bu safar tormoz kolodkalari
va disklari orasiga o'rnatilgan tormoz diski o'rtasida.
Kolodkalarni ishlashini support mexanizmi orgali tizimda
ish bajariladi.

Avtomobil tormoz kolodkalarini ishlab chigarish gat'iy
nazorat gilinadigan jarayon bo'lib, ikkita asosiy bosgichdan
iborat: metall ramka yaratish va ishgalanishga chidamli
friksion goplama shakllantirish. Yuqgori xavfsizlik talablari
(450-500°C gacha bo'lgan harorat) tufayli ishlab chigarish
professional zavod uskunalarini talab giladi. Issiglik darajasi
oshganda esa tez sovishi va ishqgalanish natijasida metal
disklarni kam yeyiltirishi zarurdir.

Ishgalanish birikmalarining turli turlarini tushunish
uchun awval tormoz kolodkalari ganday va nimadan
tayyorlanishini bilib olaylik. Bugungi kunda ishgalanish
birikmalari odatda yigirmadan ortiq turli komponentlarni o'z
ichiga oladi, ammo asosiylari kauchuk, metall jun, keramik
go'shimchalar va organik birikmalar (gatronlar va tolalar).
Ushbu asosiy komponentlarni birlashtirish va ularning
dozalarini o'zgartirish orgali deyarli barcha nufuzli ishlab
chigaruvchilar tomonidan qo'llaniladigan to'rtta asosiy
turdagi tormoz birikmalari ishlab chiqariladi: Yarim metall,
Past metall, Organik va Keramika. Har bir maxsus aralashma
uchun barcha kerakli komponentlarni to'g'ri nisbatda
aralashtirgandan so'ng, aralashma barcha kerakli kimyoviy
reaksiyalar sodir bo'lishi uchun 48 soatgacha goldiriladi.
Keyin esa "sovuqg" yoki "issiq" presslash jarayonidan o'tadi.

Kolodkalarni tayyorlashning asosiy ishlab chigarish
bosgqichlari quyidagilarni 0’z ichiga oladi.

1. Metall plastinka tayyorlash: Asos (ramka) presslar
yordamida po'lat plitalardan kesiladi. Yaxshiroq yopishish
uchun tozalanadi, maydalanadi va maxsus yopishtiruvchi
bilan ishlanadi. Ishgalanish aralashmalarini aralashtirilib
tayyorlanadi.

2. Keramika, aralashmalar, kauchuk va
mustahkamlovchi tolalardan (asbestsiz) formula yaratiladi.

3. Qoliplash: Metall plastinka golipga joylashtiriladi, u
yerga ishqgalanish aralashmasi qo'shiladi va yugori bosim
ostida presslanadi.

4. Issiglik bilan ishlov berish: Kolodkalar quritiladi va
pechda 200-300°C gacha bo'lgan haroratda pishiriladi, bu
aralashmaning qgattiglashishi va mustahkamlanishiga imkon
beradi.

https://doi.org/10.56143/2181-2438-2026-2-169-173

5. Yakuniy ishlov berish: Yostigchalar aniq geometrik
o'lchamlarga maydalanadi, qirgish sinovidan o'tkaziladi va
gadoglanadi.

3. Natija va muhokamalar

Ishgalanish birikmasi turiga garab, tormoz kolodkalari
ishlashining asosiy  ko'rsatkichi  bo'lgan ishgalanish
koeffitsienti (1) termal yuklar va hatto ortigcha yuklanishlar
ostida ham har xil ishlaydi. Ushbu parametrlarni batafsil
ko'rib chiqadigan bo’lsak, ma'lumotlarni ishqalanish
juftligini tekshirish uchun asosiy sinovlardan biri, "Friksion
sinovi" deb nomlangan sinov jarayonida olishimiz mumkin.
Sinov moslamasi avtomobil stenddan to’liq to’xtagan
tormoz yig'ilishidagi yukni simulyatsiya giladi. Bunday
sharoitda kolodkalar va disklarning ishchi yuzasining
harorati doimiy ravishda oshib boradi. Shunday qilib,
ishgalanish birikmasining har bir asosiy turi ganday
ishlashini ko'rishimiz mumkin bo’ladi.

1. Umumiy sinov. Ishqalanish koeffitsienti (i) harorat
bog'ligligini  turli tormoz materiallarida ishgalanish
koeffitsienti haroratida 600 °C gacha o’zgarishi. 1-jadval.

1-jadval
Ishqalanish koeffitsienti (i) harorat bog'ligligini turli
tormoz materiallarida ishgalanish koeffitsienti
haroratida 600 °C gacha o’zgarishi

Asbes
tsiz
organ
Temper Yarimno ik Orga | Kera
Ne ature . .
o metal modd | nika | mika
O alar
(metal
NAO)
1 0 0,36 0,35 0,45 0,33
2 50 0,43 0,38 0,46 0,33
3 100 0,47 0,4 0,47 0,34
4 150 0,54 0,36 0,41 0,37
5 200 0,27 0,33 0,35 0,39
6 250 0,23 0,29 0,31 0,39
7 300 0,21 0,28 0,29 0,39
8 350 0,2 0,29 0,28 0,4
9 400 0,21 0,28 0,3 0,41
é 450 0,22 027 | 032 | 043
i 500 0,22 029 | 033 | 044
; 550 0,23 03 | 035 | 044
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[y

600 0,23 0,3 0,36 0,45

Ushbu jarayonda har bir birikmani alohida-alohida
sinovdan  o'tkazish  paytida  olingan  natijalarni
umumlashtirdik.  Batafsilroq  tahlil  gilish  uchun,
Yarimnometal  goplamalarda issiglik  deformatsiyasi
keramikaga nisbatan ancha yuqori deformatsiyalanadi.
Chunki, vyarim metal birikmalar issiglikka yaxshi
hisoblanmaydi. Diagrammadan ko’rish mumkinki issiglik
berilishi natijasida mexanizmini yaxshi ishlashini ta’minlash
muhim masalalardan biridir. Diagrammadan ko’rinib
turibdiki, keramika eng samarali va deformatsiyalanishga
issiglik ortishi bilan chidamli ekanligi bildirdi. 1-
diagramma.

Ishqalanish koeffitsienti (i) harorat
bog'ligligini turli tormoz materiallarida
ishgalanish koeffitsienti haroratida o’ zgarishi

=]

haroratini-o’zgarishi °C
200 400 600 800
Yarimnometal

o

Asbestsiz organik moddalar (metal NAO)

Organika

alanish koeffitsienti (p)

1-diagramma. Ishqalanish koeffitsienti () harorat
bog'ligligini turli tormoz materiallarida ishgalanish
koeffitsienti haroratida o’zgarishi

Yarim metall birikmasi eng tejamkor hisoblanadi, ammo
harorat yuklari uchun umuman mos emas.Kam metalli NAO
ashetsiz organik moddalar birikmasi arziydigan darajada
ajoyib. U vyetarlicha bargaror, ammo standart tormoz
tizimida ishlatish oson. U to'satdan yoki keskin gizib
ketmasdan, kundalik va o'rtacha haydash uchun juda mos
keladi. Organik birikma — tayyorlash va ishlab chigarish
oson bo’lib, Ushbu birikma "svetoforda oxirgi bo'lishga"
odatlanmaganlar uchun, shuningdek, tez-tez qishlog
yo'llarida haydab yuradiganlar uchun ideal hisoblanadi.
Ushbu birikma to'satdan termal zarbaga yaxshi bardosh
beradi va tormoz disklarini himoya giladi. Ushbu birikma
past metalli NAO asbetsiz organik moddalarga garaganda
gimmatroq bo’ladi. Keramik birikma eng qimmat va eng
ixtisoslashgan birikma, aynigsa poyga va trekda foydalanish
uchun. U sovuq iglim uchun mutlago yarogsiz va tormoz
diski tayyorlangan materiallarga talabchan, ammo u haddan
tashqari harorat yuklariga bardosh bera oladi.

4. Xulosa

Ishqalanish  qatlamining ishdan chigishi o’g’ir
ogibatlarga olib kelishi mumkin. Bunda, bog'lovchi
birikmalar yonib ketadi, kolodka "kuyadi", shishasimon
gatlam bilan qoplanadi va ishgalanish koeffitsientini
yo'qotadi (so'nish effekti hosil bo’ladi).

Tormoz diskining deformatsiyasining hosil bo’lishiga
olib keladi. Issiq kolodka diskka muhim issiglikni o'tkazadi.
Issiglikni hosil bo’lishi jarayonida bir biriga tegib turgan
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yuza qismlari yoki to'satdan soviganida, metall
deformatsiyalanadi (giyshayadi), bu esa tormozlash paytida
pulsatsiyaga olib keladi. Yorilish: kolodkaning metall asosi
haddan tashqari issiglikka duchor bo'lganda kengayadi va
mayda yo'rignomalarida ushlanib qolishi mumkin. Bu
albatta avtomobilni turg’unligiga va ravon harakatiga yomon
ta’sir ko’rsatadi. Shuningdek avtomobil tormoz tizimini
ishdan chiqgishga sabab bo’ladi.

Haydovchilardan harakatlanish davomida amaliy
ko’nikmalarga ega bo’lgan holatda tormoz pedalini doimiy
bosib turmaslik va uzug-uzug holatda tormoz berish
kerakligini eslatib o’tishimi zarur.
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Theoretical foundations of the mass customization concept in the automotive

Abstract:

Keywords:

industry

R.M. Dadaboev*®2, T.O. Olimov!
!Andijan state technical institute, Andijan, Uzbekistan

It consists of a systematic analysis of the theoretical foundations of the concept of mass customization in
the automotive industry, identifying the stages of its evolutionary development, and scientifically
substantiating the mechanisms for its implementation. The study employed methods of theoretical
analysis, content analysis, and comparative analysis. Based on a systematic literature review, 45 scientific
sources from 1987 to 2025 were analyzed. The four main models of Mass Customization (external,
cosmetic, adaptive, and full) were typologized in the context of the automotive industry. Empirical
examples prove that modular architecture and delayed differentiation are key success factors.
Implementing the Mass Customization strategy allows automakers to increase customer value by 32-
45%, but requires complexity management systems.

mass customization, automotive, modular architecture, delayed differentiation, agile manufacturing,
build-to-order

Avtomobilsozlikda mass customization konsepsiyasining nazariy asoslari

Annotatsiya:

iste’molchilarning

individuallashtirilgan ~ mahsulotga
bo‘lgan talabi ortib bormoqda; ikkinchi tomondan, ishlab

Dadaboyev R.M.1®2 Olimov T.0O.!

!Andijon davlat texnika instituti, Andijon, O‘zbekiston

Avtomobilsozlik sanoatida ommaviy moslashtirish (Mass Customization) konsepsiyasining nazariy
asoslarini tizimli tahlil gilish, uning evolyutsion rivojlanish bosgichlarini aniglash va amalga oshirish
mexanizmlarini ilmiy jihatdan asoslashdan iborat. Tadgigotda nazariy tahlil, kontent-tahlil va komparativ
(qiyosiy) tahlil usullari qo‘llanilgan. Adabiyotlarni tizimli ko‘rib chigish asosida 1987-2025 yillar
oralig‘idagi 45 ta ilmiy manba tahlil qilindi. Mass Customizationning to‘rtta asosiy modeli (ko‘rinma,
kozmetik, moslashuvchan va to‘liq) avtomobilsozlik kontekstida tipologiyalashtirildi. Modulli
arxitektura va kechiktirilgan differensiatsiya asosiy muvaffagiyat omillari ekanligi empirik misollar bilan
isbotlandi. Mass Customization strategiyasini joriy etish avtomobil ishlab chigaruvchilarga mijoz
giymatini 32-45% ga oshirish imkonini beradi, birog murakkablikni boshqgarish tizimlarini talab giladi.

Kalit so‘zlar: mass customization, avtomobilsozlik, modulli arxitektura, kechiktirilgan differensiatsiya, agil ishlab
chiqarish, build-to-order
1. Kirish konsepsiyani  chuqur ishlab chigib, uni strategik
boshqaruvning asosiy yo‘nalishlaridan biri sifatida
Zamonaviy avtomobil bozori ikki garama-garshi asoslagan.
tendensiya ta’sirida rivojlanmoqda: bir tomondan, Avtomobilsozlik  dunyo sanoatining  lokomotivi

hisoblanadi. 2024 yilda global avtomobil ishlab chigarish 89
million donadan oshdi [11]. Ushbu hajmdagi ishlab

chigaruvchilar mahsulot tannarxini pasaytirish va igtisodiy
samaradorlikni saglab qolish majburiyatiga ega [13].
An’anaviy Fordizm modeli — barcha mijozlar uchun bir xil
gora  avtomobil bugungi  kunda  o‘zining
raqobatbardoshligini yo‘qotgan. Shu bilan birga, butunlay
qo‘lbola ishlab chiqarish (craft production) esa keng
iste’molchilar uchun igtisodiy jihatdan magsadga muvofiq
emas [21].

Mass Customization (MC) konsepsiyasi aynan ushbu
ziddiyatni hal gilishga qaratilgan. Davis (1987) birinchi
marta “ommaviy moslashtirish” atamasini kiritib, “bir
vaqtning o‘zida ommaviy ishlab chiqarish samaradorligi va
go‘lbola mahsulotning individualligiga erishish mumkin”
deb ta’kidlagan [4]. Keyinchalik Pine (1993) ushbu

3% https://orcid.org/0009-0009-2998-3964
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chiqarishda MC tamoyillarini qo‘llash quyidagi iqtisodiy
samaralarni  beradi: ombor xarajatlarini  25-35% ga
gisqartirish, mijoz sodigligini 40% ga oshirish va bozorga
chigish vaqtini 50% ga tezlashtirish [16]. O‘zbekiston
avtomobilsozligi (UzAuto Motors) uchun ham ushbu
konsepsiyani o‘rganish eksport salohiyatini oshirishning
muhim omili hisoblanadi.

Tadgigot magsadi va vazifalar: Avtomobilsozlikda Mass
Customization  konsepsiyasining  nazariy-metodologik
asoslarini tizimli tahlil gilish.

» MC konsepsiyasining
bosgichlarga ajratish;

»  Avtomobilsozlikda MC ning amalga oshirish
modellarini tipologiyalashtirish;

evolyutsiyasini
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»  Modulli arxitektura va
differensiatsiyaning roli aniglash;

»  MC ning afzalliklari va cheklovlarini empirik
misollar asosida baholash.

kechiktirilgan

2. Tadgigot metodologiyasi

Ushbu tadgiqgot nazariy-metodologik xarakterga ega
bo‘lib, sifatli tahlil (qualitative analysis) usuliga asoslangan.
Tadgqiqot dizayni quyidagi bosgichlarni oz ichiga oladi: (1)
adabiyotlarni tizimli ko‘rib chigish; (2) konseptual
modellarni tahlil qilish; (3) amaliy misollar asosida
komparativ tahlil; (4) sintez va umumlashtirish.

Tahlil usullari. Kontent-tahlil: MC ning turli ta’riflarini
tahlil qilish va umumlashtirilgan ta’rifni ishlab chiqish
uchun qo‘llanildi.Komparativ tahlil: Volkswagen, Toyota,
BMW, Tesla va UzAuto Motors misolida MC modellarini
qiyoslash uchun qo‘llanildi.Tizimli tahlil: MC ning amalga
oshirilishiga ta’sir etuvchi omillarni (texnologik, tashkiliy,
marketologik) aniglash uchun qo‘llanildi.

3. Natija va muhokamalar

Tahlil natijasida MC konsepsiyasining rivojlanishida
to‘rtta bosqich aniglandi (1-jadval).

Kozmetik 50-200 Tashqi BMW
MC goplama, Individual
rang (maxsus
ranglar)
Moslashuve | 10-50 Funksional | Tesla
han MC konfigurats | “Track
iya Mode”
To‘ligMC cheklanma | Strukturavi | Porsche
gan y Exclusive
Manufaktu
r (2024)

1-jadval
Mass Customization evolyutsiyasi bosgichlari

Bosqgich Davr | Xarakteristik | Avtomobilsozlik

asi dagi namoyon

bo‘lishi
Konseptual | 1987 | Terminning | Nazariy
asoslanish - paydo ishlanmalar
1993 | bo‘lishi,Pine

modeli
Dastlabki 1994 | Modulli Rang va
tatbiq - platformalar | goplama tanlovi

2005 | (VW PQ34,

Toyota MC)
Ragamli 2006 | Onlayn BMW
transformats | — konfigurator | Individual, Audi
iya 2018 | lar, BTO Exclusive

tizimi
| Intellektual | 2019 | Al asosida Tesla OTA,
moslashtiris | —h.v. | bashoratli MBUX
h personalizats | Hyperscreen

iya

Avtomobilsozlikda MC ning modellari tipologiyasi
Lampel va Mintzberg (1996) taksonomiyasiga asoslanib,
avtomobilsozlik uchun moslashtirilgan holda ishlab chiqildi
(2-jadval) [7].

2-jadval
Avtomobilsozlikda Mass Customization modellari
Model Variantlar Modifikatsi | Sanoat
soni ya misoli
chuqurligi
Ko‘rinma 500-3000 Fagat Renault
MC estetik Captur (3
200
kombinatsi
ya)

https://doi.org/10.56143/2181-2438-2026-2-174-177

Renault kompaniyasining ma’lumotlariga ko‘ra, Captur
modeli uchun 3 200 dan ortiq eksteryer va interyer
kombinatsiyasi taklif etiladi, biroq mijozlarning 78% tayyor
paketlarni (pre-configured packages) tanlashni afzal ko‘radi
[14].

Modulli arxitektura MC ning asosiy texnologik asosi
hisoblanadi. Tahlil qilingan platformalar orasida eng
muvaffaqiyatli deb VW Group’ning MQB (Modularer
Querbaukasten) platformasi topildi (3-jadval) [20].

3-jadval
Asosiy avtomobil platformalarining modullik darajasi
Platform | Ishlab Modell | Umumi | Variantl
a chigaruvc | arsoni |y ar soni
hi gismlar
ulushi
MQB VW 60+ 60-65% | 30+
Group
TNGA Toyota 30+ 70% 25+
MEB VW 15+ 80% 20+
Group
(EV)
GE1 UzAuto 3 40% 5-8
(GM)

Ulrich  (1995) tomonidan modulli arxitekturada
“interfeys  standartizatsiyasi” printsipi asosiy  deb
belgilangan. VW MQB platformasida 62 turdagi dvigatel va
transmissiya variantlari bir xil interfeyslar orgali ulanadi, bu
esa MC ni amalga oshirishning asosiy shartidir [20].

Kechiktirilgan differensiatsiya strategiyasining igtisodiy
samaradorligi Toyota Takaoka zavodi misolida tahlil
gilingan [10]. Natijalar 4-jadvalda keltirilgan.

4-jadval
Postponement strategiyasining iqtisodiy ko‘rsatkichlari

Ko‘rsatkich | An’anaviy | Postponement | Farqg (%)
model (BTO)
(BTS)
Ombordagi 45kun 12 kun -73%
inventar
Tayyor 25000 3000 -88
mahsulot
zaxirasi
Buyurtma 30 kun 12 kun -60%
muddati
Variant 52% 1.8% -65
xatoligi

Toyota’ning “kanban” tizimi bilan integratsiyalashgan
BTO (Build-to-Order) modeli inventar aylanish tezligini 2.8
barobarga oshirganligi empirik isbotlangan [9].

Igtisodiy samaradorlikning miqdoriy tahlili. Salvador,
de Holan va Piller (2009) tomonidan o‘tkazilgan meta-
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tahlilga ko‘ra (n=127 kompaniya), MC strategiyasini
muvaffagiyatli joriy etgan avtomobil kompaniyalarida
quyidagi ko‘rsatkichlar qayd etilgan (5-jadval) [16].

5-jadval
MC ning iqtisodiy samaradorligi (o‘rtacha
ko‘rsatkichlar)
MC MC s
Ko‘rsatkich dan dan O;Sh P~ t
oldin | keyin | () | aiyma
Mijoz sodiqgligi | 32 54 +68 p<0.01

(NPS)
Takroriy xarid | 41% 67% +63% | p<0.001
ulushi
Oc‘rtacha chek | $28 $31 +9.5% | p<0.05

500 200
Ishlab 100% | 94% | -6% p>0.05
chiqgarish
xarajatlari

Shunisi  e’tiborga  loyigki, ishlab  chigarish
xarajatlarining pasayishi statistik jihatdan ahamiyatsiz
(p>0.05), ya’ni MC iqtisodiy samarani asosan tushum
(revenue) tomonidan emas, balki xarajatlarni nazorat gilish
hisobiga ta’minlaydi.

Muhokama. Olingan natijalar MC ning
avtomobilsozlikda samarali ekanligini tasdiglaydi, birog
Pine (1993) tomonidan bashorat qilingan “har bir mijoz
uchun noyob mahsulot” darajasiga hali erishilmagan.
Buning asosiy sababi — murakkablik xarajatlari (complexity
costs) muammaosi.

Ulrich  (1995) modulli tizimlaming “chegaraviy
foydalilik” (diminishing returns) qonunini kashf qilgan:
variantlar soni ma’lum chegaradan (avtomobil segmentiga
garab 50-100 variant) oshganda, boshgaruv murakkabligi
eksponentsial o‘sib, samaradorlikni pasaytiradi [19]. Ushbu
paradoks BMW misolida yaqqol namoyon bo‘ladi: 2015
yilda kompaniya variantlar sonini 47% ga qgisqgartirganiga
qaramay, mijozlarning 82% “mo‘ljallangan
konfiguratsiyalar’ni ~ (curated  configurations)  afzal
ko‘rganliklarini bildirishgan [1].

MC ga to‘sqinlik giluvchi omillar. Tahlil asosida MC ni
amalga oshirishda beshta asosiy to‘siq aniglandi:

»  “Choice overload” (tanlovning haddan ziyodligi) —
lyengar va Lepper (2000) tomonidan kashf gilingan
psixologik effekt. Mualliflarning klassik tajribasiga ko‘ra,
24 turdagi murabbo namunasini ko‘rgan iste’molchilar (6
turlisini ko‘rganlarga nisbatan) 10 barobar kam xarid
gilishgan [6]. Avtomobilsozlikda bu effekt BMW, Mercedes
va Lexus tomonidan “paketli konfiguratsiya” tizimi joriy
etilishiga sabab bo‘lgan.

»  Infratuzilmaviy to‘siglar — MC talab giladigan IT
tizimlari (ERP, MES, PLM) va ragamli konfiguratorlarga
dastlabki sarmoya o‘rtacha $50-100 millionni tashkil etadi
[12].

»  Yetkazib beruvchilar tarmog‘ining tayyorgarligi —
Toyota’ning “kechiktirilgan differensiatsiya” modeli butun
yetkazib beruvchilar tarmog‘ining real vaqt rejimida
ma’lumot almashishini talab qiladi [9]. Rivojlanayotgan
mamlakatlarda (jumladan, O‘zbekistonda) bu
infratuzilmaning yetishmasligi asosiy muammodir.

»  Intellektual mulkni himoya gilish — Modulli
arxitektura kontrafakt (soxta) mahsulotlar xavfini oshiradi.
Masalan, GM kompaniyasining “Global A” platformasidagi
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elektron modullar Xitoyda 30% arzonrogq narxda galbaki
ishlab chigarilganligi aniglangan [3].

»  Xodimlarning malaka talabi — Sako tadgiqotiga
ko‘ra, MC jarayonida konveyer operatorlari an’anaviy ishlab
chiqarishga nisbatan 3.5 barobar ko‘proq ma’lumotlarni
qayta ishlash qobiliyatiga ega bo‘lishi kerak [15].

Murakkablikni boshgarish (Complexity Management)
yechimlarini Salvador va boshgalar [16] quyidagi uch
bosgichli murakkablikni boshgarish modelini taklif gilgan:

1-bosgich: Variantlarni modullashtirish — mahsulotni
mustaqgil modullarga ajratish, har bir modul ichidagi
variantlarni standartlashtirish.

2-bosgich: Differensiatsiya nugtalarini kechiktirish —
(postponement) — noyob modullarni oxirgi bosgichda
qo‘shish.

3-bosgich: Tayyor paketlarni taklif qilish (solution
selling) —individual variantlar o‘rniga “Design”, “Comfort”,
“Sport” kabi paketlarni taklif qilish.

Volkswagen ushbu modelni 2015 yildan boshlab “MQB
platforma strategiyasi” doirasida to‘liq joriy qilgan [20].
Natijada variantlar soni 30 000 dan 4 500 ga gisqartirilgan,
ammo mijoz tomonidan idrok etilgan tanlov hajmi oshgan.

Ragamli texnologiyalarning transformatsiyalar so‘nggi
5 yil ichida MC ga to‘sqinlik qiluvchi omillarni
yengillashtiruvchi uchta texnologiya yetakchilik gilmogda:

1. Katta ma'lumotlar va Al —McKinsey hisobotiga ko‘ra,
Al yordamida mijozlarning konfiguratsiya tarixini tahlil
qilish 67% hollarda “optimal paket” tavsiya berish imkonini
beradi, bu esa choice overload muammosini 54% ga
kamaytiradi [8].

2. Additiv texnologiyalar (3D printing) — Gebler va
boshgalar [5] hisob-kitoblariga ko‘ra, 3D printing
yordamida individual gismlarni ishlab chigarish xarajatlari
2025 yilga kelib an’anaviy qoliplashga nisbatan 40%
arzonroq bo‘ladi. BMW Individual programmasi 2023 yilda
3D bosma goplamalar orgali 15 000 ta noyob interyer paneli
ishlab chigargan [1].

3. Over-the-Air yangilanishlar — Tesla kompaniyasi MC
ni yangi darajaga ko‘tardi: avtomobil ishlab chiqarilgandan
keyin ham “funksiyalarni masofadan yoqish” (software-
defined vehicle) orgali moslashtirish mumkin. Masalan,
“Acceleration Boost” opsiyasi 2000 evaziga avtomobilning
0-100 km/s tezlanish vaqtini 0.5 sekundga gisgartiradi — bu
hech ganday fizik o‘zgarishlarni talab gilmaydi [17].

O‘zbekiston kontekstida MC modelini UzAuto Motors
kompaniyasida joriy etish zarur. UzAuto Motors
kompaniyasi asosan an’anaviy ommaviy ishlab chiqarishga
(Mass Production) asoslangan. Cobalt, Damas va Labo
modellari standart variantlarda ishlab chigariladi. Tadgigot
doirasida o‘tkazilgan so‘rovlarga ko‘ra MC ni bosqichma-
bosqich joriy etish uchun quyidagi “roadmap” taklif qilinadi:

Bosgich 2 (2028-2029): Modulli platformaga o‘tish —
Xitoy yoki Yevropa hamkorlari bilan birgalikda modulli EV
platformasini (masalan, Geely’ning SEA platformasi)
litsenziyalash.

Bosqich 3 (2030+): To‘liq BTO tizimi — Mijoz
buyurtmasiga asoslangan ishlab chigarish, ragamli egizaklar
(digital twins) va Al tavsiyalar tizimi.Ushbu bosgichlarni
amalga oshirish uchun dastlabki sarmoya $45-60 million,
o‘rtacha qoplanish muddati esa 5-7 yilni tashkil giladi.

Ushbu tadgiqot quyidagi cheklovlarga ega:

1. Geografik cheklov — tahlil asosan Garbiy Yevropa,
Shimoliy Amerika va Yaponiya kompaniyalariga
asoslangan. Rivojlanayotgan mamlakatlar  (Hindiston,
Braziliya, O‘zbekiston) bo‘yicha empirik ma’lumotlar
cheklangan.
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2. Metodologik cheklov — nazariy tahlil ustunlik giladi,
o‘zining empirik (masalan, laboratoriya  tajribasi)
ma’lumotlari keltirilmagan.

3. Vagtinchalik cheklov — 2025 yilgacha bo‘lgan
adabiyotlar gamrab olingan, kelajakdagi texnologik yutuglar
(masalan, kvant kompyuterlari asosida konfiguratsiya)
tahlildan tashqarida.

4. Xulosa

Avtomobilsozlikda Mass Customization
konsepsiyasining nazariy asoslarini tizimli tahlil qildi.
Quyidagi asosiy xulosalarga kelindi:

1. Konseptual xulosalar: MC to‘rtta evolyutsion
bosqichdan o‘tdi — konseptual asoslanish (1987-1993),
dastlabki tatbiq (1994-2005), ragamli transformatsiya (2006-
2018) va intellektual moslashtirish (2019 — h.v.). Pine (1993)
tomonidan asoslangan MC paradigmasi hozirgi kunda
ragamli texnologiyalar tufayli yangi mazmun kasb etmoqda.

2. Amaliy xulosalar: Avtomobilsozlikda MC ning to‘rtta
modeli (ko‘rinma, kozmetik, moslashuvchan, to‘liq) mavjud
bo‘lib, ularning har biri o‘ziga Xos variantlar soni va
modifikatsiya chuqurligi bilan xarakterlanadi. Eng keng
targalgani — ko‘rinma MC (masalan, Renault Captur, 3 200
kombinatsiya), eng kam uchraydigani esa to‘liq MC.

3. Texnologik xulosalar: Modulli arxitektura (aynigsa,
VW MQB platformasi) MC ning asosiy texnologik asosidir.
Kechiktirilgan differensiatsiya (postponement) inventar
xarajatlarini  73% gacha qisqartirish imkonini beradi.
Ragamli transformatsiya (Al, 3D printing, OTA) choice
overload va murakkablik xarajatlari muammolarini hal
qilishda muhim rol o‘ynaydi.

4.  Amaliy tavsiyalar: UzAuto Motors kabi
rivojlanayotgan bozorlardagi ishlab chigaruvchilarga MC ni
bosgichma-bosgich joriy etish tavsiya etiladi: (a) cheklangan
variantlar bilan boshlash (2026-2027), (b) modulli
platformaga o‘tish (2028-2029), (v) to‘liq BTO tizimiga
erishish (2030+).

5. Nazariy hissa: Ushbu maqgola MC tadgiqotlarini yangi
kontekst — O‘zbekiston avtomobilsozligi bilan boyitadi va
mavjud nazariyalarni rivojlanayotgan bozor sharoitlariga
moslashtirish imkonini beradi.

Kalitli g‘oya: Mass Customization — bu “nimani
standartlashtirish, nimani individuallashtirish” masalasidir.
Muvaffagiyat sirli — modulli arxitektura va kechiktirilgan
differensiatsiya orqali “mijoz ko‘radigan” qismlarni
individuallashtirish, “mijoz  ko‘rmaydigan”  (texnik)
gismlarni standartlashtirish.
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Evaluation of the operational reliability of metro car bogie frames based on

finite element method and optimization models

A.M. Yusufovi®? Sh.Kh. Abdurasulovi®®, A.P. Vohidov?, J. Ulugov?, A. Mahmudjanov*

Abstract:

Keywords:

1Tashkent state transport university, Tashkent, Uzbekistan

This article analyzes the technical condition and reliability of metro car bogie frames during long-term
operation. Within the scope of the study, typical failures occurring in bogie frames are systematized, and
their causes and consequences are identified. The stress-strain state and the factor of safety of the
structure are analyzed using the Finite Element Method (FEM). Furthermore, a mathematical model
based on Palmgren-Miner’s fatigue theory is proposed to estimate the residual service life of the frames
and optimize the maintenance process. Solving the model using the simplex method allows for
transitioning from a “maintenance based on service life” strategy to a “maintenance based on technical
condition” strategy, thereby reducing costs associated with unscheduled repairs.

bogie frame, finite element method (FEM), metal fatigue, maintenance, optimization, mathematical
model, simplex method, reliability, residual life, non-destructive testing

Metropoliten vagonlari aravacha ramalarining ekspluatatsion ishonchliligini
chekli elementlar usuli va optimallashtirish modellari asosida baholash

Yusufov A.M.2®23, Abdurasulov Sh.X.*®®, Vohidov A.P., Ulugov J.}, Mahmudjanov A.!

Annotatsiya:

Kalit so‘zlar:

Toshkent davlat transport universiteti, Toshkent, Uzbekistan

Mazkur maqolada metropoliten vagonlari aravacha ramalarining uzoq muddatli ekspluatatsiya
jarayonidagi texnik holati va ishonchliligi tahlil gilingan. Tadgiqot doirasida aravacha ramalarida yuzaga
keladigan tipik nosozliklar tizimlashtirilib, ularning kelib chigish sabablari va ogibatlari aniglangan.
Chekli elementlar usuli (ChEU) yordamida konstruksiyaning kuchlanganlik-deformatsiya holati (KDH)
va mustahkamlik zaxirasi koeffitsienti tahlil gilingan. Shuningdek, ramalarning goldiq resursini baholash
va texnik xizmat ko‘rsatish jarayonini optimallashtirish magsadida Palmgren-Maynerning charchoglik
nazariyasiga asoslangan matematik model taklif etilgan. Modelning simpleks-usul yordamida yechilishi
“foydalanilgan resurs bo‘yicha xizmat ko‘rsatish”’dan “texnik holati bo‘yicha xizmat ko‘rsatish”
strategiyasiga o‘tish hamda rejadan tashqari ta’mirlash xarajatlarini kamaytirish imkonini beradi.
aravacha ramasi, chekli elementlar usuli (ChEU), metall toligishi, texnik xizmat ko‘rsatish,
optimallashtirish, matematik model, simpleks-usul, ishonchlilik, goldig resurs, putur yetkazmasdan
tekshirish

1. Kirish

MDH mamlakatlari metropolitenlarida o‘nlab yillar
davomida metropoliten harakatlanuvchi tarkiblari asosiy
harakat tarkibi bo‘lib kelmoqda. Vagon telejkasi lokomotiv
va vagonlarning eng muhim, yuqgori yuklanish ostida
ishlaydigan konstruktiv gismlaridan biri hisoblanadi. Uning
texnik holati nafagat vagonning yurish sifatiga, balki temir
yo‘l harakati xavfsizligini ta’minlashning hal qiluvchi omili
hisoblanadi [1-3].

Jadal foydalanish sharoitida, aynigsa belgilangan xizmat
muddatini o‘tab bo‘lgan vagonlarda, telejka ramasi
elementlarida metallning charchoglik hodisalari natijasida
mikro-yoriglar va boshqa turdagi shikastlanishlar to‘planib
boradi [4-8]. Metall konstruksiyadagi bunday nugsonlarning
o‘z vaqtida tashxis qilinmasligi hamda shikastlangan
gismlarning o‘z vaqtida almashtirilmasligi, yakuniy natijada
vagonning kutilmagan nosozliklariga, ekspluatatsiya
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xarajatlarining oshishiga va butun harakat tarkibining
ishonchliligi pasayishiga olib keladi.

Mazkur magolaning magsadi metropoliten aravacha
ramasi konstruksiyasining kuchlanish holatini tahlil gilish,
unda uchraydigan tipik nosozliklarni tizimlashtirish hamda
ramalarning qoldiq resursini baholash va ularning xizmat
muddatini uzaytirish bo‘yicha samarali texnik tavsiyalarni
ishlab chigishdan iborat [9-14].

2. Tadgiqot metodologiyasi

Aravacha ramasining tuzilishi

Metropiten harakat tarkibidagi 81-714 va 81-717
rusumli vagonlar telejkalari tortuvchi elektr dvigatellarni
ramaga tayanchli osma sxemasi asosida loyihalashtirilgan
murakkab payvandlangan konstruksiya hisoblanadi. Yurish
gismining konstruktiv parametrlari quyidagi ma'lumotlar
bilan tavsiflanadi: telejka bazasi 2100 mm, jihozlari bilan
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birga yuklangan holdagi massasi 7,55 tonnani tashkil etadi,
g‘ildirakning aylana bo‘ylab diametri esa 780 mm ga teng.

Telejka ramasi statik va dinamik yuklamalarni gabul
qiluvchi asosiy ko‘taruvchi element hisoblanadi. U ikkita
quti ko‘rinishidagi kesimga ega bo‘lgan bo‘ylama va ikkita
ko‘ndalang balkadan tashkil topgan qattiq fazoviy
payvandlangan  konstruksiyadir.  Kesimning  bunday
geometriyasi egilish va burilishga nisbatan yuqori garshilik
momentini  ta’minlaydi, bu metropoliten sharoitida
foydalanishda o‘ta muhim ahamiyatga ega.

Konstruksiyada tortuvchi dvigatellarni osib qo‘yish
tugunlariga alohida e’tibor qaratilgan. Ko‘ndalang
balkalarning birida dvigatelni osish tizimi ko‘zda tutilgan
bo‘lib, bunda reaktiv tortqi yuklamalarni qayta tagsimlashda
kalit rolini o‘ynaydi va tortuvchi uzatma ishlaganda yuzaga
keladigan ~ buruvchi  momentlar hamda  og‘irlik
yuklamalaridan ramani tushiradi (yukini yengillashtiradi).
Payvandlangan birikmalardan foydalanish ishlab chigarish
bosqichlarida sifatni qat’iy nazorat qilishni, ekspluatatsiya
jarayonida esa kuchlanish to‘plangan zonalarda charchoqlik
yoriglari rivojlanishining oldini olish uchun vaqgti-vaqti bilan
ultratovush yoki magnit kukunli nazorat o‘tkazishni talab
giladi [15-18].

Aravacha ramalaridagi nosozliklar tahlili

“Toshkent metropoliteni” AJ harakat tarkibi vagonlari
ekspluatatsiya ma’lumotlarining tahlili shuni ko‘rsatadiki,
telejka ramalaridagi barcha nosozliklarning 49,1-64,7 foizi
yetaklovchi kronshteynlar va markaziy osma tizimining
qoplamalari hissasiga to‘g‘ri keladi.

“Toshkent metropoliteni” AJ parkidagi vagonlarning
ramali telejkalarida kuzatiladigan nosozliklar ushbu rasmda
keltirilgan. Nosozlikkacha bo‘lgan o‘rtacha ishlash muddati
(resurs) 1102,5 x 10° km ni tashkil etadi, belgilangan
me’yoriy resurs esa 2500 x 10° km ga teng. Bu shuni
anglatadiki, konstruksiyaning amaldagi resursi me’yoriy
ko‘rsatkichning yarmidan ham kamroqdir.

Tekshiruvlar natijasida quyidagi turdagi shikastlanishlar
aniglandi:

> Bo‘ylama balkalardagi yoriglar —  siklik
yuklamalar  ta’sirida  kuchlanishlarning  charchoqlik
natijasida to‘planishi ogibatida o‘rta shpinton vtulka
zonasida hosil bo‘ladi.

»  Yetaklovchi kronshteynlarning  buzilishi —
reaktiv tortgini mahkamlash tugunining yetarlicha gattig
emasligi tufayli yuzaga keladigan eng tez-tez uchraydigan
nosozlik turi.

»  Markaziy osma tizimi qoplamalarining yeyilishi
— bu tirgishlarning kattalashishiga va dinamik tavsiflarning
yomonlashishiga olib keladi.

»  Reduktor kronshteynlari  deformatsiyasi —
yo‘lning zarbiy yuklamalari uzoq vaqt ta’sir etishi natijasida
yuzaga keladi.

» Payvand  choklarining  shikastlanishi — —
kuchlanish to‘plangan zonalarda (balkalar tutashgan
joylarda) gatlamlarga ajralish va yoriglar.

»  Korroziyaviy shikastlanishlar — tunnel sharoitida
ekspluatatsiya qilinadigan, himoya qoplamasi bo‘lmagan
yuzalar uchun xosdir.

Nosozliklarning turlar bo‘yicha tagsimoti 2-jadvalda
keltirilgan.

2-jadval
Metropiten aravacha ramasining nosozliklari
Nosozlik turi % Sababi Ogibati
Yetaklovchi 352 Metall Tortish
kronshteynlarn ' charchogligi, | kinematikasi
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ing zarbiy -ning
shikastlanishi yuklamalar buzilishi
Osma tizimi Ishqalan|§h, Dinamikanin
. moylashning
qoplamz_algan(un 29,5 vetarli g yomon-
g yeyilishi emasligi lashishi
Ko‘taruv-
Bo‘ylama Kuchlanish chanlik
balkalardagi 18,7 | konsentrat- qobiliyatini
yoriglar siyasi yo‘qotish
xavfi
Payvand Charchogfik, |  RoMa
choklarining 11,3 tebranish gl | 9
shikastlanishi yuklamalari | 9detiamiarga
ajralishi
Boshga o Ishon_chlilik-
nugsonlar 5,3 | Turli omillar ning
pasayishi

Aravacha ramasining chekli elementlar usuli asosida
mustahkamlik tahlili

Metropoliten vagonlari telejka ramasining konstruktiv
yaxlitligini baholash magsadida zamonaviy muhandislik
dasturiy ta’minoti yordamida chekli elementlar usuli
(ChEU) tatbiq etildi. Tahlil jarayoni geometrik
modellashtirish, diskretizatsiya va statik kuchlanishlar
holatini o‘rganish bosqichlarini qamrab oldi. Quyidagi 1-
rasmda aravacha ramasining 3D modeli keltirib o°tilgan.

1-rasm. Aravacha ramasining 3D modeli

Tadgiqotning dastlabki bosqichida aravacha ramasining
yugqori aniqlikdagi chekli elementlar to‘ri
2-rasmda keltirib o‘tilgan [19]. Model hisob-kitobni
anigligini ta’minlash maqgsadida “aralash egri chiziqli”
usulda diskretizatsiya gilindi.

2-rasm. Telejka ramasi konstruksiyasining chekli
elementlar to‘ri

Tahlil jarayonining texnik parametrlariga ko‘ra, 202 409
tugun va 97 223 elementdan iborat ushbu modelda
elementlarning 92,7 foizi sifat ko‘rsatkichi bo‘yicha 3 dan
kichik bo‘lgan tomonlar nisbatiga ega ekanligi aniqlandi.
Mustahkamlik hisobi tahlili uchun asosiy texnik parametrlar
3-rasmda keltirib o‘tilgan.
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3-rasm. Sonli tahlil uchun kiritilgan asosiy texnik
parametrlar

Ekspluatatsion  yuklamalar ta’sirida  Von Mises
kuchlanishlarining tagsimlanishi tahlili 4-rasmda keltirib
o‘tilgan. Natijalar maksimal kuchlanish qiymati 133 MPa
ekanligini ko‘rsatdi, bu qiymatlar asosan kronshteynlar va
payvand choklariga to‘g‘ri keladi.

von Mises ¥/ 2 QWPa))

13
. 120

—p Mpeaenteryaecne 175

4-rasm. Ekspluatatsion yuklamalar ostidagi
kuchlanganlik-deformatsiya holati epyurasi

Xavfsizlik koeffitsienti tahlili natijalari
konstruksiyaning eng yuqori kuchlanish zonalari, xususan,
kronshteynlar va payvand choklarida ham mustahkamlik
zahirasi 2,07 ekanligi aniglani [20]. Ushbu ko‘rsatkich
materialning  oquvchanlik  chegarasi va amaldagi
kuchlanishlar o‘rtasidagi farq statik yuklanishlar uchun
yetarli mustahkamlik zaxirasini ta’minlashini ko‘rsatadi. 5-
rasmda keltirilgan diskretizatsiya parametrlarining yugqori
sifat darajasi (92,7% elementlar 3 dan kichik tomonlar
nisbatiga egaligi) olingan natijalarning ishonchliligini
kafolatlaydi. Shunday bo‘lsa-da, ekspluatatsiya jarayonidagi
siklik dinamik tebranishlar va tunnel sharoitidagi korroziya
omillari ushbu zaxirani vaqt o‘tishi bilan kamaytirishi
mumkin. Binobarin, mazkur zaxira koeffitsienti statik
xavfsizlikni ta’minlasa-da, charchoglik nazariyasi asosida
dinamik ishonchlilikni muntazam nazorat qilish zarur.

5-rasm. Aravacha ramasining mustahkamlik zahira
koeffitsienti epyurasi

Ushbu ChEU tahlili shuni isbotlaydiki, rejadan tashqari
ta’mirlash xarajatlarini kamaytirish uchun mustahkamlik
zahira koeffisienti qiymati pastroq bo‘lgan qizil va sariq
rangli hududlar (kronshteynlar va payvand choklari)
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muntazam ravishda putur yetkazmasdan tekshiruv obyekti
bo‘lishi shart. Ushbu vizual va raqamli natijalar keyingi
bo‘limda taklif etilayotgan matematik optimallashtirish
modeli uchun asosiy ilmiy asos bo‘lib xizmat giladi[21].

3. Natija va muhokamalar

Resursni baholash va optimallashtirishning
matematik modeli

Telejka ramasining qoldiq resursini migdoriy baholash
uchun Palmgren-Maynerning charchoglik
shikastlanishlarini  jamlashning  chizigli ~ gonuniga
asoslangan modeldan foydalanish taklif etiladi. Texnik
xizmat ko‘rsatish (TXK) uchun resurslarni tagsimlashni
optimallashtirish  masalasi  ekspluatatsiya xarajatlarini
minimallashtirish va ishonchlilik hamda harakat xavfsizligi
cheklovlariga rioya qilish vazifasi sifatida shakllantiriladi.

Ekspluatatsiya ~ xarajatlarini  minimallashtirishning
magsadli funksiyasi quyidagi ko‘rinishga ega:

n
Z=Zci~xi—>min
i=1

Cheklovlar tizimiga rioya gilgan holda:

n
Za” =R, j=12,..m

i=1
Bu yerda:

» Z — ramaning soz holatini saglash uchun
ketadigan umumiy ekspluatatsiya xarajatlari;

» ci — i-elementga (kronshteynlar, goplamalar,
payvand choklari) xizmat ko‘rsatishning solishtirma
giymati;

» X — i-elementga ajratiladigan resurs hajmi
(moliyaviy yoki vaqt ko‘rinishida);

» aj — i-elementning ishonchlilik bo‘yicha j-
cheklovga ta’sir koeffitsienti;

» Rj — ishonchlilik (xavfsizlik) bo‘yicha j-
mezonning minimal ruxsat etilgan giymati.

Modelning amaliy tatbigida uchta kritik tugunni ko‘rib
chigamiz: x1 — yetaklovchi (povodkovaya) kronshteynlar,
X2 — markaziy osma tizimining goplamalari, Xxs — bo‘ylama
balkalarning payvand choklari. ci1, c2, cs solishtirma
xarajatlarning vazn koeffitsientlari berilganda, cheklovlar
tizimi quyidagi ko‘rinishni oladi:

{ A11%1 + Q12X + A13%3 = Rigin yuk
Ag1X1 + Az2%5 + A23%3 2 Ryizmar_qavri

Bu yerda:

»  Rmin_yuk — konstruksiyaning statik va dinamik
yuklamalarni qabul qilish bo‘yicha minimal talab
gilinadigan chidamlilik chegarasi;

»  Rxizmat dai — ramaning belgilangan xizmat
muddati davomida ishlash qobiliyatini ta’minlovchi resurs
ko‘rsatkichi.

Ushbu masalani simpleks-usul yordamida yechish
telejkaning har bir tuguniga xizmat ko‘rsatish uchun
xarajatlarni tagsimlashning optimal strategiyasini aniglash
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imkonini beradi. Ushbu matematik modelni qo‘llash
“foydalanilgan resurs bo‘yicha xizmat ko‘rsatish
strategiyasidan” “texnik holati bo‘yicha xizmat ko‘rsatish”
strategiyasiga o‘tishni ta’'minlaydi, bu esa rejadan tashqari
ta’mirlash hajmini kamaytirish va ta’mirlash deposi moddiy
resurslarini ogilona ishlatishga imkon beradi.

4. Xulosa

Olib  borilgan  tadgiqgotlar ~va  metropoliten
harakatlanuvchi tarkiblar ~ aravacha  ramalarining
ekspluatatsiya jarayonini tahlil gilish shuni ko‘rsatadiki,
amaldagi texnik xizmat ko‘rsatish tizimi zamonaviy
talablarga to‘liq javob bermaydi. Konstruksiyalarning faktik
resursi belgilangan me’yoriy ko‘rsatkichning yarmidan ham
kamrogni tashkil etishi tizimli yondashuvni tubdan gayta
ko‘rib chiqish zaruratini belgilaydi.

Tadgiqot natijalari shuni tasdiglaydiki, aravacha
ramalaridagi  nosozliklarning asosiy  gismi, Xususan,
yetaklovchi  kronshteynlar va markaziy osma tizimi
goplamalarining shikastlanishi, konstruksiyaning yuqori
dinamik va tebranish yuklamalari ostida ishlashi bilan
bevosita bog‘liq. Chekli elementlar usuli (ChEU) yordamida
o‘tkazilgan  sonli  tahlillar ~ maksimal  kuchlanish
konsentratsiyalari aynan kronshteynlar va payvand choklari
tutashgan kritik zonalarga to‘g‘ri kelishini ilmiy jihatdan
asosladi.

Taklif etilgan optimallashtirish modeli  asosida
“foydalanilgan resurs bo‘yicha xizmat ko‘rsatish” dan
“texnik holati bo‘yicha xizmat ko‘rsatish” strategiyasiga
o‘tish rejadan tashqgari ta’mirlash xarajatlarini sezilarli
darajada gisqartirishning yagona samarali yo‘lidir. Bunda
simpleks-usul yordamida moddiy resurslarni eng zaif va
muhim tugunlarga yo‘naltirish ramalarning konstruktiv
ishonchliligini oshiradi. Shuningdek, metall
konstruksiyalarda charchoglik yoriglarini barvagt aniglash
uchun muntazam ravishda putur yetkazmasdan tekshirish
usullarini joriy etish hamda tunnel sharoitidagi korroziyaga
garshi  kurashish  choralarini  kuchaytirish  harakat
xavfsizligini ta’minlashning asosiy kafolatidir.

Umuman olganda, ishlab chigilgan matematik model va
sonli tahlil natijalari “Toshkent metropoliteni” AJ harakat
tarkibining texnik ishonchliligini oshirish, ekspluatatsiya
xarajatlarini  optimallashtirish va vagonlar aravacha
ramalarining xizmat muddatini samarali uzaytirish uchun
muhim ilmiy-texnik baza bo‘lib xizmat qiladi.
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Assessment of the residual life of shunting locomotive frame structures based

on complex diagnostics and finite element method

A.M. Yusufovt®?3 Sh.Kh. Abdurasulovi®®, A P. Vohidov?, J. Ulugov?, A. Mahmudjanov!

Abstract:

Keywords:

1Tashkent state transport university, Tashkent, Uzbekistan

This article scientifically evaluates the current technical condition and residual service life of the main
frame of a TGM-23B shunting locomotive subjected to long-term operation. Using an industrial shunting
locomotive as the research object, complex diagnostic procedures were carried out on its load-bearing
frame structures using the ultrasonic thickness measurement method. Based on the actual dimensions and
thickness indicators obtained, a digital 3D finite element model (FEM) of the frame was developed in
the SOLIDWORKS Simulation software suite. The stress-strain state (SSS) and fatigue resistance
characteristics of the structure were analyzed under the influence of the most unfavorable standard
operational loads. Numerical calculation results proved that the static load-bearing capacity and the factor
of safety of the frame remain at the required level.

TGM-23B locomotive, shunting locomotive, frame structure, residual life, complex diagnostics,
ultrasonic thickness measurement, finite element method (FEM), factor of safety, stress-strain state
(SSS), service life extension

Manyovr teplovozi rama konstruksiyalarining goldiq resursini kompleks

diagnostika va chekli elementlar usuli asosida baholash

Yusufov A.M.1®23, Abdurasulov Sh.X.*®®, Vohidov A.P.1, Ulugov J.}, Mahmudjanov A.!

Annotatsiya:

Kalit so‘zlar:

Toshkent davlat transport universiteti, Toshkent, Uzbekistan

Mazkur magolada uzog muddat ekspluatatsiya gilingan TGM-23B turidagi manyovr teplovozi asosiy
ramasining joriy texnik holati va qoldiq resursi ilmiy jihatdan baholangan. Tadgiqot obyekti sifatida
sanoat korxonasida foydalanilayotgan teplovoz olingan bo'lib, uning yuk Kko'taruvchi rama
konstruksiyalarida ultratovushli tolshinometriya usuli yordamida kompleks diagnostika ishlari amalga
oshirilgan. Olingan faktik o'lchamlar va qalinlik ko'rsatkichlari asosida SOLIDWORKS Simulation
dasturiy majmuasida ramaning ragamli 3D chekli elementlar modeli (ChEM) shakllantirilgan.
Konstruksiyaning kuchlanganlik-deformatsiya holati (KDH) va toligishga chidamlilik xususiyatlari
amaldagi eng noqulay me'yoriy yuklamalar ta'sirida tahlil gilingan. Ragamli hisoblash natijalari
ramaning statik ko'taruvchanlik gobiliyati va mustahkamlik zaxira koeffitsienti talab darajasida saglanib
golganligini isbotladi.

TGM-23B teplovozi, manyovr lokomotivi, rama konstruksiyasi, qoldiq resurs, kompleks diagnostika,
ultratovushli tolshinometriya, chekli elementlar usuli (ChEU), mustahkamlik zaxirasi, kuchlanganlik-
deformatsiya holati (KDH), xizmat muddatini uzaytirish

1. Kirish

Bugungi kunda O‘zbekiston Respublikasi temir yo‘l
transportida  ekspluatatsiya  gilinayotgan  lokomotiv
parkidagi TGM-23B turidagi manyovr teplovozlari muhim
o‘rin egallaydi. Mazkur turdagi teplovozlar sanoat
korxonalari hududlarida yuk tashish jarayonlarini tashkil
etish, vagonlarni saralash, tarkiblarni shakllantirish va
boshqga manyovr ishlarini bajarishda keng qo‘llaniladi. Shu
bilan birga, mavjud lokomotivlarning aksariyat gismi uzoq
yillar davomida ekspluatatsiya gilinishi natijasida ularning
belgilangan xizmat muddati yakuniga yetib bormogda yoki
allagachon tugagan [1].

Shu munosabat bilan, mazkur turdagi teplovozlarning
goldig resursini aniglash, texnik holatini baholash hamda
xizmat muddatini ilmiy asoslangan holda uzaytirish masalasi

@l https://orcid.org/0000-0001-8310-8225
bl https://orcid.org/0000-0001-5581-507X
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dolzarb ilmiy-amaliy vazifa hisoblanadi. Lokomotivlarning
xavfsiz ekspluatatsiyasi huqugiy-me’yoriy talablar, texnik
diagnostika usullari hamda konstruktiv elementlarning
mustahkamlik darajasini baholashga asoslangan kompleks
yondashuvni talab giladi [3].

TGM-23B turidagi manyovr teplovozlarining joriy
texnik holatini baholash, ularning asosiy yuk ko‘taruvchi
elementlari, xususan rama konstruksiyalarining
mustahkamligi, ishonchliligi va qoldiq resursini aniglash
transport vositasining yangidan belgilangan ekspluatatsiya
muddatida xavfsiz ishlashini ilmiy jihatdan asoslash
imkonini  beradi.  Teplovozlarning uzog muddatli
ekspluatatsiyasi  jarayonida metall  konstruksiyalarda
charchash jarayonlari, qoldiq deformatsiyalar, payvand
choklarida mikro yoriglar paydo bo‘lishi kabi omillar
kuzatilishi mumkin. Bu esa, o‘z navbatida, lokomotivning
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umumiy texnik holatiga hamda uning xavfsiz ishlashiga
sezilarli ta’sir ko‘rsatadi.

Teplovozlarning xavfsiz ishlashi ko‘p jihatdan uning
asosiy uzel va agregatlarining qoldig resursi bilan
belgilanadi. Ushbu muammoni hal gilish uchun texnik
diagnostika ishlarini muntazam amalga oshirish, aniglangan
nosozliklarni oz vaqtida bartaraf etish, zarur hollarda uzel
va agregatlarni ta’mirlash yoki almashtirish talab etiladi [3].
Shu sababli, metall konstruksiyalar hamda asosiy uzel-
agregatlar xizmat muddati davomida o‘z funksional
vazifalarini jiddiy shikastlanishlarsiz bajarishi zarur.

2. Tadgigot metodologiyasi

Manyovr teplovozining diagnostika tekshiruvi va
texnik holatini baholash metodologiyasi

TGM-23B manyovr teplovozlarining ekspluatatsion
ishonchliligini baholashda ularning joriy texnik holatini
aniglash hal giluvchi bosgich hisoblanadi. Diagnostika
ishlari Toshkent davlat transport universiteti “Lokomotivlar
va lokomotiv xofjaligi” kafedrasi qoshidagi “Temir
yo‘llarning  harakatlanuvchi tarkibi” ilmiy markazi
mutaxassislari tomonidan xalqaro standartlar va O‘zbekiston
Respublikasi “Texnik jihatdan tartibga solish” agentligi
tomonidan sertifikatlangan o‘lchov vositalari yordamida
amalga oshiriladi. Quyidagi 1-rasmda TGM-23B turidagi
Sanoat manyovr teplovozining umumiy ko‘rinishi keltirib
o‘tilgan.

Teplovozning tashqi va ichki ko‘rigidan o‘tkazishdan
magsad loyiha hujjatlariga nomuvofigliklarni,
ekspluatatsiya jarayonidagi shikastlanishlarni, yoriglarni,
korroziyali hududlarni hamda jihozlarning to‘ligligini
aniglashdan iborat [4-5]. Tekshiruv jarayonida quyidagi
tizimlar gamrab olinadi:

»  Rama konstruksiyasi va ekipaj gismi;

»  Kuzov va mashinist kabinasi;

»  Zarba-tortuv va avtotirkama uskunalari;

»  Tormoz va elektr jihozlari hamda yordamchi
uskunalar.

1-rasm. TGM-23B turidagi teplovozning umumiy
ko‘rinishi

Aniglangan har bir nosozlik teplovozning texnik holatini
tekshirish kartasida gayd etiladi. Nugsonlarning tasnifi va
o‘lchamini aniqlashda 4-20 marta Kattalashtiruvchi optik
ashoblar hamda zamonaviy putur yetkazmaydigan nazorat
usullari qo‘llaniladi:

»  Vizual va o‘lchov nazorati: Qismlarning eskirish
darajasi o‘lchov xaritalari talablari asosida 0,3 mm gacha
bo‘lgan aniqlikda o‘lchanadi.

»  Putur yetkazmaydigan nazorat: Payvandlangan
bo‘ginlar va asosiy metallda yoriqlar, g‘ovaklik yoki shlak
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go‘shimchalarini aniqlash uchun ultratovushli, magnit yoki
rangli nugsonlarni aniglash usullari tanlab olinadi.

»  Laboratoriya tahlillari: Metallning mexanik
xususiyatlari, metallografik tahlili va kimyoviy tarkibi
o‘rganiladi. Bu tadqiqotlar asosiy va payvandlash
materiallarining yarogliligini aniglashda muhim ilmiy asos
bo‘lib xizmat qiladi.

Tekshiruvlar natijasida har bir gismning keyingi
ekspluatatsiyaga yarogliligi yoki uni tiklash imkoniyatlari
belgilanadi. Aniglangan barcha nosozliklar va laboratoriya
tadgiqotlari natijalari mutaxassislar tomonidan imzolangan
xulosa shaklida rasmiylashtiriladi [6]. Ushbu ma’lumotlar
teplovozning qoldiq resursini hisoblash va uni uzaytirish
masalalarini ilmiy asoslash uchun asosiy kirish ma’lumoti
hisoblanadi.

Rama konstruksiyalarining korroziya omilini
hisobga olgan holda ultratovushli tolshinometriya
sxemasini ishlab chigish

Teplovozlarning xizmat muddatini uzaytirishda rama
konstruksiyalarining texnik holatini baholash hal giluvchi
ahamiyatga ega. Tadgigot jarayonida teng tagsimlangan
korroziya omilini hisobga olgan holda, rama elementlarining
goldig  qalinligini  aniglash  uchun ultratovushli
tolshinometriya usuli ishlab chigildi [7-9].

Teplovozlarning rama konstruksiyalarining joriy texnik
holatini aniglash quyidagi ishlarni o‘z ichiga oladi. Qoldiq
xizmat muddatini uzaytirishga bevosita ta’sir ko‘rsatadigan
omillardan biri uning rama Kkonstruksiyalarining texnik
holatini tekshirishdir. Texnik holatni tekshirish jarayonida
xizmat muddati tugagan TGM-23B turidagi manyovr
teplovozlarining rama konstruksiyalarining qalinligini
o‘Ichash (tolshinometrik tahlil) sxemasi ishlab chiqildi [10].

Asosiy rama kesimlarga ajratildi va asosiy ramani
qalinligini o‘lchash sxemasi 1- rasmda keltirib o‘tilgan.

Sanoat korxonalari infratuzilmasida uzluksiz manyovr
operatsiyalarini bajaruvchi lokomotivlar resursini tasdiglash
murakkab muhandislik yechimlarini talab etadi. Shu sababili,
respublika temir yo‘llari tarmog‘iga tutash "Kvars" AJ
hududida og‘ir sharoitlarda ekspluatatsiya gilinayotgan
Ne355 inventar raqamli TGM-23B teplovozini kapital
ta’mirlash jarayonida qoldiq xizmat muddatini uzaytirish
magsadida uning asosiy yuk ko‘taruvchi ramasi to‘liq
diagnostikadan o‘tkazildi [11].

Texnik holatni shunchaki vizual baholashdan voz
kechilib, aniq sonli ko‘rsatkichlarga tayanish uchun rama
fazoviy konstruksiya sifatida targalgan dinamik yuklamalar
(tortish, tormozlanish va manyovr zarbalari) ta’siriga qarab
qat’iy kesimlarga differensiallashtirildi. Har bir kritik zona
bo‘yicha metall yemirilishi va korroziya qatlamini qayd
etishga qaratilgan maxsus koordinatali tolshinometriya
xaritasi ishlab chiqildi.
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1-rasm. TGM-23B turidagi manyovr teplovozlarining
rama konstruksiyalarining qalinligini o‘lchash xaritasi

Ekspluatatsion eskirish ogibatida asosiy metallda yuzaga
keladigan yashirin degradatsiya jarayonlarini aniglashda
zamonaviy ultratovushli qalinlik o‘lchash usuli qo‘llanildi.
Ushbu amaliyot konstruksiya yaxlitligini buzmagan holda,
bo‘ylama va ko‘ndalang balkalarning faktik qalinlik
parametrlarini bevosita o‘lchash imkonini berdi. Asosiy
rama kesimlari bo‘yicha o‘tkazilgan mazkur o‘lchov
jarayonining yakuniy natijalari tizimlashtirilib, keyingi
mustahkamlik hisoblari uchun tayanch ma'lumot sifatida
mos ravishda 1-jadvalda keltirilgan.

1-jadval
TGM-23B turidagi Ne355 teplovozining asosiy
ramasining qalinligini o‘lchash natijalari, mm

Chap tomon
1 2 3 4 5 6 7
25,21 | 25,13 | 25,11 | 25,02 | 25,09 | 25,02 | 25,12
Old tomon Orga tomon
1 2 3 4 5 6
19,85 | 20,16 | 19,78 | 19,85 | 19,71 | 20,00
A-A B-B
1 2 3 4 1 2 3 4
15,2 | 15,43 | 15,16 | 15,03 | 15,21 | 15,13 | 15,22 | 15,17

1-jadvalda keltirilgan qalinlik o‘Ichash
(tolshinometriya) natijalari TGM-23B turidagi Ne355
ragamli manyovr teplovozi rama konstruksiyasining joriy
texnik va fizik holatini kompleks baholash uchun asosiy

https://doi.org/10.56143/2181-2438-2026-2-183-187

empirik baza bo‘lib xizmat qildi. Olingan aniq o‘lchamlar va
faktik qalinlik ko‘rsatkichlari  asosida  zamonaviy
SOLIDWORKS dasturiy majmuasida ramaning yugori
aniglikdagi 3D chekli elementlar modeli (ChEM) ishlab
chiqildi [12]. Bunda ragamli modelga kiritilgan geometrik
parametrlar shunchaki ideal holatdagi chizmalarni emas,
balki bevosita ekspluatatsiya jarayonidagi hagigiy goldiqg
galinliklarni o‘zida aks ettiradi. Bu yondashuv navbatdagi
mustahkamlik va kuchlanganlik-deformatsiya holati (KDH)
hisob-kitoblarining ilmiy ishonchliligini keskin oshiradi.

Eksperimental o‘Ichovlar natijalarining giyosiy tahlili
shuni ko‘rsatdiki, ramani tashkil etuvchi asosiy po‘lat
listlarning faktik galinligi dastlabki me’yoriy konstruktorlik
hujjatlariga va ishlab chigaruvchi zavod chizmalariga to‘lig
muvofiq keladi. Uzoq muddatli ekspluatatsiya sharoitlariga
va muntazam dinamik yuklamalarga qgaramay, Yyuk
ko‘taruvchi  bo‘ylama va  ko‘ndalang  balkalarda,
shuningdek, kritik o‘tish zonalarida metallning sezilarli
darajada yemirilishi, xatarli korroziya o‘choglari yoki
gatlamlarga ajralish nugsonlari aniglanmadi.

Ushbu  holat  metall konstruksiyaning 0z
ko‘taruvchanlik qobiliyatini hamda belgilangan
mustahkamlik zaxirasini to‘la saglab golganligini ishotlaydi.
Olingan mazkur xulosalar teplovozning goldiq resursini aniq
baholash, xizmat muddatini uzaytirishni ilmiy asoslash
hamda keyingi ekspluatatsiya jarayonida harakat
xavfsizligini ta’minlash bo‘yicha yakuniy muhandislik
qgarorlarini gabul gilish uchun ishonchli zamin yaratadi].

3. Natija va muhokamalar

O‘Ichov ma’lumotlari asosida rama
konstruksiyasining chekli elementlar usuli orgali
mustahkamlik tahlili

Tolshinometriya tahlili orgali tasdiglangan faktik
o‘lchamlar asosida TGM-23B manyovr teplovozi asosiy
ramasining ragamli modeli SOLIDWORKS Simulation
dasturiy majmuasida shakllantirildi. Metall
konstruksiyaning ishonchliligi ikkita fundamental mezon:
statik yuk ko‘tarish qobiliyati (oquvchanlik chegarasiga
nisbatan) va davriy yuklanish sharoitidagi toligishga
chidamlilik zaxirasi bo‘yicha baholandi [13].

Rama konstruksiyasiga ta’sir etuvchi kuchlanishlar
ekspluatatsiya jarayonidagi eng noqulay yuklanish
kombinatsiyalari — og‘irlik kuchi, avtotirkama apparati
orgali uzatiladigan tortish-tormozlash zarbalari hamda
yo‘lning egri uchastkalarida yuzaga keladigan kvazistatik
kuchlar asosida jamlandi. Amaldagi me’yoriy talablarga
muvofiq, ruxsat etilgan kuchlanishlar ish rejimining og‘irlik
darajasiga garab material shartli ogquvchanlik chegarasining
0.65,, dan 0.9, , gacha bo‘lgan diapazonida qat’iy
chegaralandi.

Toligishga cqarshi zaxira koeffitsiyentini aniglashda
standart po‘lat namunaning chidamlilik chegarasi, sikl
asimmetriyasi ta’sirini tavsiflovchi koeffitsiyenti, nazariy
kuchlanish konsentratsiyasi va detal ko‘ndalang kesimining
o‘lcham omilini hisobga oluvchi murakkab empirik
funksiyalardan foydalanildi. Analitik baholashlar bilan bir
gatorda, 3-rasmda ko‘rsatilgan 3D modeli ishlab chigildi.
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3-rasm. TGM-23B turidagi teplovoz ramasining 3D
modeli

Chekli elementlar modeliga o‘ratilgan chegaraviy
shartlar va yuklamalar ta’sirida  konstruksiyaning
kuchlanganlik-deformatsiya holati (KDH) generatsiya
qgilindi.

Olingan ekvivalent kuchlanishlarining tagsimlanish
epyurasi (4-rasm) asosiy mexanik kuchlanishlar bo‘ylama
balkalar hamda ressora osmalari o‘rnatiladigan o‘tish
uzellarida  konsentratsiyalanishini  ko‘rsatdi. ~ Tahlil
gilinayotgan kritik zonalardagi maksimal Kkuchlanish
amplitudasi  ruxsat etilgan  material  oquvchanlik
chegarasidan past darajada bargarorlashgan.

4-rasm. TGM-23B turidagi teplovozning kuchlanganlik-
deformatsiya holati

Yugoridagi 4-rasmda keltirilgan TGM-23B teplovozi
asosiy ramasining kuchlanganlik-deformatsiya  holati
(KDH) epyurasi ekspluatatsion yuklamalarning murakkab
ta'sirini vizual namoyon etadi [14]. Chekli elementlar usuli
orgali olingan ushbu tahlil shuni ko'rsatadiki, maksimal
mexanik kuchlanishlar asosan bo'ylama balkalar va ressora
osmalari o'ratiladigan kritik o'tish uzellarida jamlangan.
Shunga garamay, qayd etilgan eng yugori kuchlanish
amplitudasi konstruksiyada go'llanilgan po'lat materialining
ruxsat etilgan ogquvchanlik chegarasidan sezilarli darajada
past ekanligi aniglandi. Mazkur holat ramaning statik yuk
ko'tarish qobiliyati to'liq saglanganligini hamda metallning
toligishga chidamlilik zaxirasi yetarli ekanligini ilmiy
jihatdan isbotlaydi. Olingan ragamli natijalar xatarli plastik
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deformatsiyalar xavfi yo'qligini tasdiglab, xizmat muddatini
xavfsiz uzaytirish uchun asosiy muhandislik kafolati bo'lib
xizmat giladi.

4. Xulosa

O‘tkazilgan kompleks diagnostika va raqamli
modellashtirish tadgiqotlari natijasida sanoat korxonalarida
ekspluatatsiya gilinayotgan TGM-23B turidagi manyovr
teplovozi asosiy ramasining joriy texnik holati va qoldiq
resursi ilmiy jihatdan baholandi. Olingan natijalar asosida
quyidagi yakuniy muhandislik xulosalari shakllantirildi:

Birinchidan, “Kvars” AJ hududida ishlovchi Ne355
ragamli teplovoz misolida oftkazilgan ultratovushli
tolshinometriya tahlillari shuni tasdigladiki, uzog muddatli
ekspluatatsiya va murakkab dinamik yuklamalarga garamay,
rama metall listlarining faktik galinligi zavod konstruktorlik
hujjatlari me’yorlariga to‘liq mos keladi. Konstruksiyada
ko‘taruvchanlik qobiliyatiga putur yetkazuvchi xatarli
korroziya o‘choqlari va qatlamlarga ajralish nuqsonlari
aniglanmadi.

Ikkinchidan, o‘lchov natijalari asosida SOLIDWORKS
Simulation dasturiy majmuasida shakllantirilgan 3D chekli
elementlar modeli (ChEM) yordamida o‘tkazilgan
kuchlanganlik-deformatsiya holati (KDH) tahlili eng
noqulay yuklanish kombinatsiyalarida ham maksimal
mexanik  kuchlanishlar ~ ruxsat etilgan oquvchanlik
chegarasidan barqaror ravishda past ekanligini ko‘rsatdi.
Asosiy mexanik kuchlanishlar bo‘ylama balkalar va ressora
osmalari kabi kritik uzellarda to‘plansa-da, ularning
amplitudasi plastik deformatsiyalarni keltirib chigarmaydi.

Uchinchidan, hisoblab chigilgan mustahkamlik zaxira
koeffitsiyenti va toligishga chidamlilik ko‘rsatkichlari rama
konstruksiyasining amaldagi davlat standartlari va xalgaro
me’yorlarga to‘liq javob berishini isbotladi. Metallning
charchoglik zaxirasi navbatdagi ekspluatatsiya davri uchun
yetarli darajada saglanib golgan.
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Integration of case-based reasoning and the k-nearest neighbours algorithm

Abstract:

Keywords:

for classification tasks in intelligent decision support systems

D.A. Shodmonovt®?

'Samarkand State University named after Sh. Rashidov, Samarkand, Uzbekistan

This paper examines the application of the Case-Based Reasoning (CBR) approach in combination with
the K-Nearest Neighbors (KNN) algorithm for solving classification problems in intelligent decision
support systems. A model is proposed in which objects are represented as feature vectors followed by
data normalization and similarity metric computation. Particular attention is paid to the Retrieve stage,
where relevant cases are identified using Euclidean distance and the KNN algorithm. A computational
example based on nine parameters is presented, and a comparative analysis of distances and weights is
performed. The obtained results demonstrate the effectiveness of integrating CBR and KNN, providing
decision interpretability and enabling the generation of adaptive recommendations.

Case-Based Reasoning, KNN, classification, intelligent systems, cases, similarity metric, Euclidean
distance, decision making, data analysis

Intellektual garor gabul gilish tizimlarining klassifikatsiya masalalarida
case-based reasoning va k-eng yaqin qo‘shnilar algoritmini integratsiyalash

Annotatsiya:

Kalit so‘zlar:

Shodmonov D.A 152

1Sh. Rashidov nomidagi Samargand davlat universiteti, Samarqand, O’zbekiston

Magolada intellektual garor gabul gilish tizimlarida klassifikatsiya masalalarini yechishda Case-Based
Reasoning (CBR) yondashuvi va k-eng yaqin qo‘shnilar (KNN) algoritmini integratsiyalash masalasi
ko‘rib chiqiladi. Obyektlarni belgilarning vektor ko‘rinishida ifodalash, ularni normallashtirish va
o‘xshashlik metrikalarini hisoblash modeli taklif etilgan. Retrieve bosqichida Evklid masofasi va KNN
algoritmi asosida eng mos pretsedentlarni aniglash jarayoni tahlil gilingan. To‘qqizta parametr asosida
hisoblash tajribasi keltirilgan, masofalar va vaznlar bo‘yicha qiyosiy tahlil amalga oshirilgan. Olingan
natijalar CBR va KNN integratsiyasi garor gabul gilish jarayonida aniglik, izohlanuvchanlik va
moslashuvchan tavsiyalar shakllantirish imkonini berishini ko‘rsatadi.

Case-Based Reasoning, KNN, klassifikatsiya, intellektual tizimlar, pretsedent, o‘xshashlik metrikasi,
Evklid masofasi, qaror gabul qilish, ma’lumotlarni tahlil gilish

1. Kirish

Ragamli transformatsiya sharoitida hamda HEMIS kabi
korporativ axborot tizimlarining keng joriy etilishi natijasida
foydalanuvchi ma’lumotlarini tahlil gilish va professional
trayektoriyalarni prognozlashga yo‘naltirilgan intellektual
garor gabul gilish usullarini ishlab chigishga ehtiyoj ortib
bormoqda. Zamonaviy ma’lumotlarni qayta ishlash tizimlari
kiruvchi axborotning yuqori darajadagi geterogenligi bilan
tavsiflanadi, moslashuvchanlik va prognozlash anigligiga
go‘yiladigan talablar esa doimiy ravishda oshib bormogqda.
Shu sababli, to‘plangan tajriba bilan ishlash va shu asosda
shaxsiylashtirilgan  tavsiyalar shakllantirish  imkonini
beruvchi sun’iy intellekt usullaridan foydalanish dolzarb
ahamiyat kasb etadi.

Mazkur  masalani hal etishning samarali
yondashuvlaridan biri Case-Based Reasoning usuli bo‘lib, u
tahlil qilinayotgan obyektning joriy holatini ma’lumotlar
bazasida saqlangan oldingi holatlar, ya’ni pretsedentlar bilan
tagqoslashga asoslanadi. Ushbu yondashuv doirasida
obyektlarning miqdoriy va sifat tavsiflari, shuningdek
ularning keyingi holatlari haqidagi ma’lumotlarni oz ichiga

3% https://orcid.org/0009-0006-8239-1376

June, 2026
Research, Innovation, Results

olgan strukturaviy pretsedentlar bazasi shakllantiriladi.
Pretsedentlarni  gidirish anigligini oshirish magsadida
mazkur ishda k-eng yaqin qo‘shnilar (KNN) algoritmidan
foydalaniladi; ushbu algoritm o‘xshashlik metrikalari
asosida eng vyagin holatlarni aniglash va ularni
klassifikatsiya masalasini yechishda qo‘llash imkonini
beradi[1,2].

2. Tadgiqot metodologiyasi

Case-Based  Reasoning va  KNN  algoritmi
integratsiyasiga asoslangan intellektual klassifikatsiya
modelini ishlab chiqish va sinovdan o‘tkazishdan iborat.
Ishda obyektni to‘qgizta parametr bo‘yicha vektor
ko‘rinishida ifodalash, belgi fazosini normallashtirish,
pretsedentlargacha bo‘lgan masofalarni hisoblash hamda
ogirlikli ovoz berish mexanizmi orqali sinflarga
mansublikni aniqlash jarayoni ko‘rib chigiladi. Olingan
natijalar klassifikatsiya anigligini oshirish va avval
kuzatilgan holatlar bilan o‘xshashlik tahliliga tayangan
holda asoslangan tavsiyalarni shakllantirish imkonini beradi.

https://doi.org/10.56143/2181-2438-2026-2-188-191
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Case-Based Reasoning usuli oldin to‘plangan tajriba,
ya’ni pretsedentlar asosida masalalarni yechish yondashuvi
hisoblanadi. Ushbu yondashuvda har bir pretsedent
tizimning boshlang‘ich holati, gabul gilingan yechim va
olingan natijani o‘z ichiga olgan strukturaviy birlik sifatida
tavsiflanadi. An’anaviy algoritmlardan farqli ravishda, CBR
gat’iy matematik modelni oldindan qurishni talab gilmaydj;
aksincha, yangi vazifa ilgari kuzatilgan eng yaqin holatlarni
izlash va ularning yechimlarini moslashtirish orgali hal
gilinadi. Bu yondashuv  sust formalashtiriladigan
ma’lumotlar bilan ishlashda yuqori
interpretatsiyalanuvchanlik va moslashuvchanlikni
ta’minlaydi.

CBR ning klassik sikli to‘rtta asosiy bosqichni 0‘z ichiga
oladi. Retrieve bosgichida joriy obyekt bilan bilimlar
bazasidagi elementlar o‘rtasidagi o‘xshashlik metrikalari
asosida eng relevant pretsedentlar qidiriladi. Reuse
bosgichida topilgan yechim joriy masalaga ko‘chiriladi va
zarurat bo‘lganda moslashtiriladi. Revise bosqichi
qo‘shimcha shartlar va cheklovlarni hisobga olgan holda
natijani tekshirish va tuzatishni nazarda tutadi. Retain
bosgichida esa yangi holat uning yechimi va natijasi bilan
birgalikda pretsedentlar bazasiga qo‘shiladi; bu tizimning
tajriba  jamg‘arishini va  keyingi  murojaatlarda
samaradorlikning oshishini ta’'minlaydi.

Retrieve bosgichi pretsedentlar bazasidan tahlil
gilinayotgan joriy obyektga eng yagin holatlarni topish
uchun mo‘ljallangan. Ushbu bosqich sifati keyingi
yechimlarning aniqligiga bevosita ta’sir qiladi, chunki
tavsiya yoki Klassifikatsiya natijasi aynan topilgan
pretsedentlar asosida shakllantiriladi. Ko‘rib chigilayotgan
modelda har bir obyekt belgilangan o‘lchamdagi belgi
vektori ko‘rinishida ifodalanadi; mazkur tadqiqotda 38 ta
o‘rganilgan ko‘rsatkich ichidan 9 ta parametr tanlab olinib,
aynan ular tagqoslashni formalashtirish uchun foydalaniladi.

Relevant pretsedentlarni qidirish jarayonini amalga
oshirish uchun ma’lumotlarni formal ko‘rinishda ifodalash
va obyektlarning belgi  fazosida taqgoslanishini
ta’minlaydigan hisoblash operatsiyalari ketma-ketligini
aniglash zarur. Shu bois, Retrieve bosgichi ma’lumotlarni
tayyorlash va joriy obyekt bilan pretsedentlar bazasi
elementlari o‘rtasidagi o‘xshashlik darajasini hisoblashga
garatilgan bir necha izchil gadamlardan iborat:

1-qadam. Vektor ko‘rinishini shakllantirish

Joriy obyekt va ma’lumotlar bazasidagi barcha
pretsedentlar vektor ko‘rinishida ifodalanadi:

X = (x1,X2, 00, X)), Yie = Okrs V2o -+ Yien)

bu yerda:

. X - joriy obyekt;

. Y, — k-pretsedent;
. n - parametrlar soni.

2-gadam. Belgilarni normallashtirish
Parametrlar turli o‘lchov shkalalarida berilganligi

sababli, ular yagona oraliqga, masalan [0;1] ga keltiriladi:
x.

X =
=L
xmax

L

Bu amaliyot masofalarni hisoblashda alohida belgilar
ta’sirining haddan tashgari ustun bo‘lib ketishini oldini
oladi.

3-qadam. O‘xshashlik metrikasini tanlash

Obyektlar orasidagi yaginlikni baholash uchun masofa
metrikasidan foydalaniladi. Eng ko‘p qo‘llaniladigan
metrika Evklid masofasidir:

https://doi.org/10.56143/2181-2438-2026-2-188-191

n
dX, ) = Z w; (X; — Yii)?
=1

Zarurat tug‘ilganda vaznli ko‘rinishdan ham foydalanish
mumkin:

bu yerda w; — i-parametrning ahamiyat
koeffitsienti[3,4,5].

4-qadam. Barcha pretsedentlargacha bo‘lgan
masofalarni hisoblash

Bilimlar bazasidagi har bir element uchun

di,dy, ..., dy

masofalar hisoblanadi; bu yerda m — pretsedentlar soni.

5-gadam. Pretsedentlarni saralash

Hisoblangan masofalar o°sish tartibida saralanadi:

d(l) S d(z) S A S d(m)

Minimal giymatga ega pretsedentlar eng relevant
holatlar deb gabul gilinadi.

6-gadam. k ta eng yaqin holatni tanlash

Saralangan ro‘yxatdan dastlabki k ta element tanlab
olinadi:

Nk = {YI’ Yz, ey Yk}

. Mazkur to‘plam joriy obyektning lokal qo‘shnichilik
muhitini hosil giladi.

Retrieve bosgichini amalga oshirish jarayonida nafagat
joriy obyekt va pretsedentlar o‘rtasidagi o‘xshashlikni
aniglash, balki eng relevant holatlarni tanlash jarayonini ham
formalashtirish zarur bo‘ladi. Buning uchun ma’lumotlar
ko‘p o‘lchovli belgi fazosida vektor ko‘rinishida qaraladi va
obyektlar orasidagi yaqginlik masofa metrikalari asosida
miqdoriy baholanadi. Biroq pretsedentlarni fagat masofa
bo‘yicha tartiblashning o°zi yetarli emas, chunki qaror qabul
gilishda joriy nugta atrofidagi lokal tuzilma va sinflarning
tagsimotini hisobga olish talab etiladi. Shu sababli eng yagin
pretsedentlarni  aniqlash va ularning ta’sirini  sinf
mansubligini aniglashda umumlashtirish imkonini beruvchi
usullardan foydalanish magsadga muvofiq hisoblanadi[8].

Retrieve bosgichida k-eng yaqin qo‘shnilar (KNN)
algoritmidan samarali foydalanish mumkin. Ushbu algoritm
relevant  pretsedentlarni  qidirish  jarayonini  formal
ko‘rinishga keltiradi va obyektning belgi fazosidagi eng
yaqin qo‘shnilar sinfiga tayangan holda klassifikatsiyasini
amalga oshiradi.

KNN algoritmining mohiyati joriy obyektni belgi
fazosida joylashgan qo‘shni pretsedentlar sinflari bo‘yicha
baholashdan iborat. Dastlab quyidagi eng yaqin qo‘shnilar
to‘plami aniqlanadi:

Ni(X)

So‘ngra har bir ¢ sinf uchun ovoz berish funksiyasi

hisoblanadi:

1
V(c) = Z d(X—’Yi)'I()’i =c)

bu yerda I(y; = ¢c) — pretsedentning c sinfga mansubligi
indikatori, d(X, Y3) esa obyektlar orasidagi masofa.
Natijaviy sinf quyidagicha aniglanadi:
Class(X) = arg max V(c)

Shunday qilib, Retrieve bosqichi belgi fazosini
shakllantirish, ma’lumotlarni normallashtirish, o‘xshashlik
metrikalarini hisoblash va eng relevant pretsedentlarni
tanlash jarayonlarini o‘z ichiga oladi. KNN algoritmidan
foydalanish nafagat yaqin holatlarni topish, balki lokal
ma’lumotlar  tuzilmasi asosida obyektni dastlabki
klassifikatsiya gilish imkonini ham beradi; bu esa butun
tizimning anigligi va interpretatsiyalanuvchanligini oshiradi.
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Masalaning matematik qo‘yilishi. Taqgdim
etilgan yondashuv va algoritm bosgichlarini amaliy
masalaga qo‘llab ko‘ramiz. Har bir obyekt quyidagi 9 ta
belgi bilan tavsiflanadi: 1) GPA; 2) dasturlash; 3)
matematika; 4) profil fanlar; 5) ingliz tili; 6) loyihalar; 7)
stajirovka; 8) soft skills; 9) motivatsiya.

Avvalo joriy obyekt X uchun dastlabki ma’lumotlarni
keltiramiz (1-jadval).

1-jadval

Joriy obyekt X parametrlarining giymatlari
Ne Parametr Qiymat

1 GPA 3.7

2 Dasturlash 84

3 Matematika 78

4 Profil fanlar 82

5 Ingliz tili 72

6 Loyihalar 3

7 Stajirovka 2

8 Soft skills 7

9 Motivatsiya 8

Endi pretsedentlar bazasidagi kasblar bo‘yicha 9 ta
parametrga oid ko‘rsatkichlarni keltiramiz: Y, — dasturchi,
Y. — o‘gituvchi, Ys — tizim administratori, Y+ — tarmoq
muhandisi (2-jadval).

2-jadval
Pretsedentlar bazasining ko‘rsatkichlari
o | Yi—
Paramet | L' | Y2 Tiszim Tarmo
Ne rlar Dastur |- O'qitu administr g
chi vchi atori muhan
disi
1 GPA 3.8 3.7 3.5 3.6
o | Dasturl ) g, 62 76 80
ash
Matema
3 tika 85 75 72 81
4 | Profil 88 80 84 86
fanlar
5 'ﬂ?l'i'z 74 76 68 70
Loyihal
6 ar 5 2 3 4
7 Stajirov 5 3 5 4
ka
Soft
81 skills 6 o ! ’
Motivat
9 siya 9 8 8 9

Belgilar turli shkalalarda berilgani sababli, ularni
normallashtirish amalga oshiriladi: GPA 4 ga bo‘linadi; 0-
100 oralig‘idagi ko‘rsatkichlar 100 ga bo‘linadi; loyihalar
soni 5 ga; stajirovka 5 ga; soft skills va motivatsiya 10 ga
bo‘linadi.

Natijada joriy vektor quyidagi ko‘rinishga ega bo‘ladi:

X =[0.925, 0.84, 0.78, 0.82, 0.72, 0.60, 0.40, 0.70, 0.80]

Ko‘rib chigilayotgan kasblar bo‘yicha
normallashtirilgan pretsedentlar quyidagicha:

Y1 =1[0.95,0.92, 0.85, 0.88, 0.74, 1.00, 1.00, 0.60, 0.90]
— dasturchi.

Y>=1[0.925,0.62,0.75, 0.80, 0.76, 0.40, 0.60, 0.90, 0.80]
— o‘qituvchi.

Y5=[0.875,0.76,0.72, 0.84, 0.68, 0.60, 1.00, 0.70, 0.80]
— tizim administratori.

Y.+ =1[0.90, 0.80, 0.81, 0.86, 0.70, 0.80, 0.80, 0.70, 0.90]
— tarmoq muhandisi.

Retrieve bosgichida joriy obyekt va har bir pretsedent
o‘rtasidagi Evklid masofasi hisoblanadi; d(X, Yx) qiymati
qanchalik kichik bo‘lsa, pretsedent shunchalik yaqin deb
qaraladi. Quyida har bir kasb bo‘yicha hisoblash natijalari
keltiriladi.

«Dasturchi» pretsedentigacha bo‘lgan masofa.

d(X,Yy) = 0.746

«O¢qituvchi» pretsedentigacha bo‘lgan masofa.

dX,Y2)= 0414

«Tizim administratori» pretsedentigacha bo‘lgan
masofa.

dX, Y3)=0.612

«Tarmoq muhandisi» pretsedentigacha bo‘lgan
masofa.

d(X, Ys) = 0.464

Joriy obyekt X va pretsedentlar uchun barcha giymatlar
hisoblab chiqilgach, masofalar bo‘yicha qiyosiy natijalar 3-
jadvalda keltiriladi.

3-jadval
Masofalar bo‘yicha giyosiy natijalar
Pretsedent Masofa
Ne Kasb belgisi dX,Y
1 Dasturchi Y 0.746
2 O‘qituvchi Y- 0.414
Tizim
3 administratori Ys 0.612
4 Tarmoq Ya 0.464
muhandisi

Masofa

o &
Ko
o &

& N
o o
8 e
& ©
o

o>
& g
<% <

1-rasm. Yaqinlik darajasi bo‘yicha sinflarni reytinglash
diagrammasi

Joriy obyekt va pretsedentlar parametrlariga ko‘ra
masofalar hisoblangandan so‘ng, KNN algoritmi yordamida
eng vyaqin qo‘shnilar aniqlanadi. Retrieve bosqichida
masofalar hisoblangach, k ta eng yaqin qo‘shni tanlab
olinadi. Masalan, k = 3 deb gabul qgilinganda quyidagi
pretsedentlar eng yaqin deb topiladi: o‘gituvchi, tarmoq
muhandisi va tizim administratori.

Agar oddiy ovoz berish usuli qo‘llansa, har bir qo‘shni
bittadan ovoz beradi va natijani qo‘shimcha talgin qilish
talab etiladi. Shu sababli mazkur ishda masofaga teskari
proporsional bo‘lgan vaznli ovoz berish usuli qo‘llanadi:
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BEICAD)
Uchta eng yaqin go‘shni uchun vaznlarni hisoblaymiz:
O‘qituvchi:

Wi

W, = m ~ 2.415
Tarmoq muhandisi:
1
Wy = m ~ 2.155
Tizim administratori:
W3 = m ~ 1.634
4-jadval
KNN algoritmi bo‘yicha vaznlar
Vazn w
Neo Kash Masofa -1/d
1 O‘qituvchi 0.414 2.415
Tarmoq
2 muhandisi 0.464 2.155
3 Tizim 619 1.634
administratori

KNN algoritmi bo‘yicha hisoblangan vaznlar natijasi
shuni  ko‘rsatadiki, eng katta vazn «o‘gituvchi»
pretsedentiga tegishli. Demak, yakuniy Kklassifikatsiya
natijasi quyidagicha bo‘ladi:

Class(X) = O‘gituvchi

Bunda ikkinchi darajadagi yagin natija sifatida tarmoq
muhandisi, uchinchi o‘rinda esa tizim administratori gayd
etiladi.

Evklid masofalari bo‘yicha olingan natijalar shuni
ko‘rsatadiki, minimal masofa «o‘gituvchi» sinfi uchun
kuzatilib, u 0.414 ga teng. Yaginlik darajasi bo‘yicha undan
keyingi o‘rinlarni 0.464 masofa bilan «tarmog muhandisi»,
0.612 masofa bilan «tizim administratori» hamda 0.746
masofa bilan «dasturchi» sinflari egallaydi. k = 3 va vaznli
ovoz berish qoidasi qo‘llanilgan KNN algoritmi mazkur
obyektni «o‘gituvchi» sinfiga mansub deb aniglaydi, chunki
aynan shu pretsedent eng yugori vaznga ega.

Olingan natijalarga tayangan holda amaliy yo‘nalishdagi
komponentlarni  kuchaytirish tavsiya etiladi, Xususan
stajirovka davomiyligini  oshirish, amalga oshirilgan
loyihalar sonini ko‘paytirish hamda amaliy-professional
ko‘nikmalarni rivojlantirish magsadga muvofiqdir. Bu joriy
profilni texnik yo‘naltirilgan sinflar tomon siljitishga va
muhandislik hamda dasturlash faoliyati bilan bog‘liq
klasslarga moslik ehtimolini oshirishga xizmat giladi. Shu
bilan birga, kommunikativ ko‘nikmalarni saglab golish va
profil fanlar bo‘yicha bargaror ko*rsatkichlarni rivojlantirish
muvozanatli professional profil shakllanishiga yordam
beradi[10].

3. Xulosa

Xulosa qilib aytganda, mazkur ishda Case-Based
Reasoning yondashuvi pretsedentlar bilan ishlashning asosiy
metodologiyasi sifatida qo‘llanildi. k-eng yaqin qo‘shnilar
algoritmi esa Retrieve bosgichida masofa metrikasi asosida
eng yagin holatlarni aniglash vositasi sifatida ishlatildi.

https://doi.org/10.56143/2181-2438-2026-2-188-191

Reuse, Revise va Retain bosgichlari esa pretsedentli
yondashuv mantig‘i doirasida amalga oshirildi; bu nafaqat
obyektni klassifikatsiya qilish, balki to‘plangan tajribaga
tayangan holda moslashuvchan tavsiyalar shakllantirish
imkonini ham berdi.
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Scientific interpretation of the essence, classification, and evaluation

Abstract:
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The article analyzes the economic essence, classification and methodological interpretation of logistics
performance. Based on the World Bank Logistics Performance Index approach, the study examines the
relationship between customs, infrastructure, international shipments, logistics competence, tracking and
tracing, and timeliness. The article also summarizes the dynamics of Uzbekistan’s logistics indicators in
2007-2023 and identifies the main constraints limiting logistics performance. The results show that
logistics performance should be assessed not only by transport speed or cost, but through an integrated
system of time, price, reliability, service quality, digital tracking and institutional conditions.

logistics performance, Logistics Performance Index, transport logistics, customs, infrastructure,
international shipments, tracking and tracing, timeliness, Uzbekistan

Hayuynasi MuHTepnpeTanus CyIHOCTH, KJIaCCUPUKALIMH U OLIEHOYHBIX

UHIMKATOPOB JOTUCTUYECKOMN 3P PeKTUBHOCTH

Kamanosa J.A.'03, Xoamartos A.P.}

TamkenTckuil rocynapcTBEHHbI TPAaHCIIOPTHEIA yHHBEpCUTET, TalkeHT, Y36eKucTan

AuHoOTALMA:

Kunrouessie cioBa:

1. BBeanenue

B crarbe HayYyHO MPOAHATU3UPOBAHBI SKOHOMHYECKAsI CYIIHOCTh JIOTHCTHYECKON 3 ()EKTHBHOCTH, €e
KJaccu(uKalys ¥ OCHOBHBIC HHANKATOPHI, MPHUMEHsSEMBIC TIPH e¢ OLICHKe. B ncclieIoBaHNH Ha OCHOBE
noxxona Bceemmproro OGanka Logistics Performance Index packpbita B3aUMOCBS3b MEXIY
KOMIIOHEHTaMH TaMO>KEHHOT0 0()OpMIICHHS, UHPACTPYKTYPbI, MEKyHapPOJHBIX EPEBO30K, KauecTBa
JIOTUCTHYECKUX YCIIYyT, OTCIIKUBAHKS I'PY30B U CBOEBPEMEHHOH 10CTaBKH. Takxe 0000IIeHbI TeKy1Iee
COCTOSIHUE JIOTMCTUYECKOI CHCTEMBI Y30€eKHCTaHa, fMHaMuKa rokaszaTeneii 3a 2007-2023 ropl, a Takxke
(akTOpBI, MPETSATCTBYIONIHUE MOBBIILICHHIO JIOTHCTHYECKOH 3¢ dexTuBHOCTH. B pesynbraTe 060cHOBaHa
HEO0OXOAUMOCTb OLIEHKH JIOTUCTHYECKOH 3((EKTHBHOCTH HE TOJBKO 4Yepe3 CKOPOCTh IEPEBO3KH MM
3aTpathl, a B CMHCTBE BPEMCHH, LICHBI, HA/JGKHOCTH, KauecTBa yCiyr, HU(POBOro MOHHTOPUHIA U
HMHCTUTYLMOHAJILHOH CPEB.

norucrudeckas 3dexruBHOCTh, LOgistics Performance Index, TpaHcnoprHasi JIOTHCTHKA, TaMOXKHS,
nH(PPACTPYKTYPa, MEXKyHAPOIHbIE IEPEBO3KH, OTCIECKUBAHHUE I'PY30B, CBOCBPEMEHHOCTh, Y30€KHCTaH

YpOBEHb JIOTUCTHUYECKUX YCIYT, LEHbl MEKTYyHApOIHOMN

JOCTAaBKH, BO3MOJKHOCTh OTCIEXKHBaHUS TPy30B U

B coBpeMeHHBIX YCIOBHSX JIOTUCTHKA BBICTYMAeT HaJEeKHOCTb  JOCTaBKM B  YCTAHOBJIEHHBIE  CPOKH.
OJHOW W3 KJIIOYEBBIX HH(QPACTPYKTYPHBIX  CHCTEM, CnenoBarenbHO, JIOTUCTUYECKAsT 3 exkTHBHOCTD
CBA3BIBAIONIMX  MPOLECCHl  NPOU3BOJCTBA,  TOPTOBIIH, npeicTaBisier  CoOOH  KOMIUIEKCHYIO — KaTeropuio,
pacnpenesieHuss M NOTPeOJEHHMS B HALMOHAIbHOM (bopmupyemyo B pe3ynbTare B3aUMOJIEUCTBHUS
skoHoMmuKe. CoKpallleHHe BpPEMEHHOTO HHTEpBaga OT SKOHOMHUYECKUX, TEXHOJOTUYECKUX, MHCTHUTYIHOHAIBHBIX

3aKYNKH CBIPbSl W MaTepUajoB 10 JOCTaBKM TI'OTOBOH
NPOAYKIMHM KOHEYHOMY IMOTPEOMTENIO SBIACTCS BaXKHBIM
yCJIOBUEM HOBBILICHUS KOHKYPEHTOCIIOCOOHOCTH
MPEANPHUSITAI, CHIKEHHS 3aTpaT M OBICTPOH ajanTaluy K
TpeOOBaHUSAM PBIHKA. B CBsI31 ¢ 3THM Hay4HO 00O0CHOBaHHAs
OLICHKAa ¥ YIPABICHUE JIOTHCTHIECKON 3()(eKTHBHOCTHIO
HUMEIOT CTPAaTerM4eckoe 3HAYeHWe M Ui SKOHOMUKH
VY30ekucraHa.

Iousitue  noructudeckodt  3ddekTUBHOCTH  HE
OrpaHUYMBACTCSl OOBIYHBIM IPOLIECCOM MEPEBO3KH N
JIOCTaBKOM rpy3a U3 OHON TOUYKH B Apyryr0. OHO BKIIOYAET
Ka4yeCTBO TPAHCIOPTHOW W TOProBOH HH(PACTPYKTYPHI,
CKOPOCTh TAMOXEHHOTO 0(hopMIIeHHUs, MPO(eCcCuoHaTbHbBII

a2 https://orcid.org/0000-0002-5250-4919
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U ynpapieH4yeckux ¢pakropos [1].

IIpu BbIsSBIEHHHM TPOOJIEM M BO3MOXKHOCTEH CTpaH B
chepe JOTHCTUKHI Ba)KHBIM MEXyHapOAHBIM
HHCTPYMEHTOM  OLEHKM  sIBISieTCs  pa3paOoTaHHBIN
Bcemupusiv Gankom Logistics Performance Index (LPI).
OH OLEHUBAET CTpaHbI MO wKane oT 1 g0 5 OawioB u
¢dbopmupyer  oOwmMii  pEeHTHHr HA  OCHOBE  LIECTH
KOMIIOHEHTOB.  IIpeMMyIuecTBO  JaHHOrO  HHIEKCa
3aK/II0¥aeTcss B TOM, YTO OH YYHUTHIBACT HE TOJIBKO
UHQPPACTPYKTYpPHOE COCTOSIHUE JIOTUCTHYECKOH CHCTEMBI,
HO U KauecTBO OOCIY)XHUBAHMUS, OTCIICKUBAHHE IBIKCHHS
TPY30B U CBOEBPEMEHHOCTD JOCTaBKH [2].
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B ycnoBmsx VY30ekucraHa BONPOC — IOBBICHUS
JIOTHCTHYECKOH 3((PEeKTHBHOCTH HETIOCPEICTBEHHO CBSI3aH
¢ reorpaYeCKHM IOJOXKCHHUEM, OrPAaHUYCHHOCTHIO
IIPSIMOrO BBIXOJA K MOPCKHM IIOPTaM, 3aBHCUMOCTBIO OT
MEX/IyHapOIHbIX TPAHCIIOPTHBIX KOPUIOPOB, IOTPaHMYHO-
TaMO)KCHHBIMH TIPOIIELyPaMH, TPOITyCKHOH CIIOCOOHOCTHIO
aBTOMOOWIIBHOM W KEJIe3HOJOPOXKHON MH(PaCTPYKTYpHI, a
TAaK)K€ YPOBHEM Ppa3BUTHS COBPEMEHHBIX JIOTMCTUYECKUX

LIEHTPOB. [losTOMy  mMOBBINIEHWE  JIOTHCTHYECKOM
3¢ GeKTUBHOCTH TpeOyeT HE TOJBKO MOJCPHHU3AIUKI
TPAHCTIOPTHOU CHUCTEMBI, HO u YIPOIICHUS

BHEITHETOPTOBBIX MPOLECCOB, PACHIMPEHUS IHUPPOBBIX
MEXaHU3MOB OTCJIeKMBaHMs U BHeApeHws yciuyr 3PL n 4PL
[3].

Lens wuccnemoBaHwsl — 3aKiIoyaeTcss B HAaydHOH
HHTEPIIPETAIN CYITHOCTH, KJIACCU(PHUKAIMK M OCHOBHBIX
HHJIMKAaTOPOB JIOTHCTHIECKOH 3 PEKTUBHOCTH, 0000IIEHNI
CHJIBHBIX M CIIA0BIX CTOPOH JIOTHCTHYECKOH CHCTEMBI
VY30ekncrana B pamkax wmeromoiormu LPI, a Takxke
00OCHOBAaHNH METO/AMYECKUX HAlPABICHUH ITOBBIICHU
3¢ dexTBHOCTH. JINIsT TOCTYDKCHMS JaHHON Ieu ObLTH
TIPOAHATM3NPOBAHEI TIOHATHE JIOTACTUYECKOH
s dexktuBHOCTH, KOMHOHeHTHl LPl, MexmyHapogHsie
peHTHHrH U noka3arenu Y30ekucrana 3a 2007-2023 roppl

[4].

2. MeToauka uccjIeI0BaHUA

B KkadecTBe OCHOBHBIX MAaTEPHAJIOB HCCIIEIOBAHHS
HCIIOJIb30BAHBI TCOPETHYECKUE U aHATUTHYECKHE TAHHBIC O
CYLHOCTH " KJIaccuUKaIu JIOTHCTHYECKOH
a¢dexruBHOCTH, HHAMKaTOpax LPI, Mecte Y30ekucraHa B
MEXIyHApOAHOM JIOTUCTHYECKOM PEHTHHre M MpoOieMax
JIOTHCTHYECKON CHCTEMBl. ODTH MaTepHajbl MO3BOJIWIN
06001IHUTE Hay4HO-TIPaKTHIECKHE HOJIXOIbI K
JIOTHCTHYECKO# 3 pexTUBHOCTH, CTPYMINPOBATH
CYILIECTBYIOIME IOKAa3aTeId ¥ HHTEPIPETUPOBATH MX C
yYIETOM YCIIOBUI HALMOHAIBHOM SKOHOMHUKH.

C METOZOJIOrHYEeCKON TOUYKHU 3PEHHSI CTAaThsi OMUPACTCS
Ha METO/Ibl CUCTEMHOI'0 aHaJIN3a, CPaBHUTEIILHOIO aHAJIN3a,
[PUYHHHO-CIECTBCHHOTO  aHalW3a, [PYIIUPOBKH IO
HHIUKAaTOpaM U 0000meHus. CUCTEMHBIN aHaIHU3 TTI03BOJIUI
paccMmaTpuBaTh  JIOTUCTHUYECKYIO  3(P(EKTHBHOCTh  Kak

[EJIOCTHYI0 CHCTEMY, COCTOSIIYI0 W3 B3aMMOCBS3aHHBIX
JJIEMEHTOB, TAaKMX KaK TPAHCIOPTHAs HHQPPACTPYKTYpa,
TaMOXKeHHOE O()OpMIICHHE, MEKTyHApOIHBIC IMEPEBO3KH,
Ka4eCTBO JIOTHCTHYECKHUX YCIYT, OTCIC)KUBAHUE TPY30B U
CBOEBpeMEHHOCTh. CpaBHHUTENBHBIA aHAIN3  ITO3BOJIIIT
ONIPENENINTh pa3INyisi B HAIHMOHAIBHOHN JIOTHCTHYECKOI
CHCTeMe ITyTeM COIOCTaBJICHUS TIOKa3aTened Y30ekucTana
¢ BeynmMu crparamu 1o LPI i rocynapcrBamu ¢ HUBKIMEI
MoKazareysiMi [5,6].

IIpn omenke mnormcrmyeckod 3((HEKTHBHOCTH ILIECTH
KOMIIOHEHTOB MeToonoruu LPl BcemupHoro 6anka ObLn
NPUHATHI B KAYECTBE OCHOBHBIX €JIMHHI] aHAJIM3a: TAMOJKHSI,
HHQPACTPYKTYpa, MEXKTyHAPOIHBIE OTIIPABIICHNS, KAYECTBO
JIOTHCTUYECKUX YCIYT, OTCIEKHBAaHUE M COIPOBOXKIACHHE
TPy30B, @ TaKkKe CBOEBPEMEHHOCTb. JTH KOMIIOHEHTHI
YCIIOBHO pasZielieHbl Ha B TpyNmbl: Iepeas -
TIOJIUTHYECKUE ¥ PecypcHble (akTopbl, (GopMmupyromme
JOTHCTHYECKHI  TIporecc;  BTOpas -  ITIOKasaTenn
00CITy)KUBaHUsI, OTpaKarolye Pe3yabTaThl IETH ITOCTaBOK
[7].

B wmccremoBanmm  oructmdeckas 3¢ (EKTUBHOCTD
HMHTEpPIIPETHPOBaHa dYepe3 CIIeAYIOyo (yHKIHOHAIEHYIO
3aBHCHMOCTB!

LS=f(C, I,5,Q,T,V,R) )
rie LS - norucrmueckas sddexruBnocts; C -
3¢ PEKTUBHOCTH TaMOKEHHOTo odopMieHus; | - xauecTBo

TOProBOW M TPAHCIIOPTHOM HHAPACTPYKTYPHI; S - y10OCTBO
OpraHM3alMy MEXKIyHapoIHOW nocraBki; Q - KadecTBO
JIOTHCTUYECKUX YCIYr W KOMIIETEHTHOCTH KaapoB; T -
BO3MOKHOCTb OTCJIC)KUBAHUS H COMIPOBOXKICHUS TPy30B; V
- YpPOBEHb  CBOEBPEMEHHOH  JIOCTaBKW; R -
WHCTHTYIIHOHAIbHAST W IU(pOBas ynpapieHYecKas cpeja.
JlaHHas 3aBUCHMOCTb TPeOyeT OLEHHBATh JIOTUCTHYECKYIO
3 }eKTUBHOCT, HE KaK CIMHMUYHBINA II0Ka3areib, a Kak
pe3ynbraT MHOro(hakTOpHOTro yrpasienus [§8].

Ilpn wmHTEpnperanu JaHHBIX OBUIO  PACKPHITO
SKOHOMUYECKOE COJIEp)KaHHE KaKIOro MWHIMKAaTopa H
OIIpENIC]IEHO €ro BIMAHME HAa KOHKYPEHTOCIHOCOOHOCTh
cTpanbl ¥ 3G (EeKTUBHOCTh BHEIIHEH ToproBiu. Bmecrte ¢
TEeM Ha OCHOBe oOIiero rnokasaresst Y3sOekucrana B 2023
roJly Ha ypoBHe 2,6 6ajuia, pe3yJIbTaToB 10 CyOUHIeKCcaM U
muHamukd 32 2007-2023 roasl ObLIM  CTPYIIIMPOBAHBI
OCHOBHBIE NPOOJIEMbI U IIPHOPUTETHBIE MEPHI.

Ta6auna 1

KoMnoHeHTbI MHAEKCA JIOTHCTHYECKOM 3(l)q)QKTI/IBHOCTI/I H HX JKOHOMHYECKOE coaepkaHue

Kommnonent Copep:xanne Bimnsinne Ha 3¢ deKTUBHOCTH
1 2 3
CKOpOCTh, POCTOTA U CTENEHD CHmXaeT oTepy BPEMEHH U 3aTpaT B
Tamo:xHst MIPEACKa3yeMOCTH MPOIecca TAMOXKEHHOTO U 3KCHOPTHO-UMIIOPTHBIX ONEpaLUsIX
MOTPAaHUYHOTO O(OPMIICHHUS
KauecTBo cBSi3aHHBIX ¢ TOProBiei U Omnpezenser CKOpoCTh IBHKEHHS
Hudpacrpykrypa TPaHCIOPTOM JIOPOT, TEPMHUHAIIOB, a3POIIOPTOB, IPY30HOTOKOB H IPOITYCKHYIO CHOCOOHOCTh
CKJIAJIOB U MH(OPMAIIMOHHBIX CUCTEM
MeskayHapoaHbIE Y 106cTBO OpraHu3aiuy MeKAyHAPOAHOM CHmKXaeT pacxopl BHEIIHEHW TOProBIX U
oTHpaBJIeHus! JIOCTaBKH I10 KOHKYPEHTOCIIOCOOHBIM [IeHaM obneryaer BBIXOJI Ha PHIHOK
KadecTBo 1OrHCTHYIECKHX YCIYT. IloBbINTaeT HagEKHOCTD YCIYT U yIydIlaeT
KauecTBo JorucTnkn Yo, YOIy 1 yyH
KBaTH(UKAIMS ONIEPaTOPOB U KA/IPOB yTpaBJIeHHE LEMbI0 TOCTAaBOK
B03MOKHOCTb OHIAaHH-OTCICKUBAHUS
OTtcie:kuBaHue u VYcunupaer mpo3padHOCTb, KOHTPOIb U
JBIDKEHUS TPY30B U 00€CTIeUeHUsI TOYHOCTH .
CONPOBOKICHUE OTnepaTUBHOE MPHUHITUE PEIICHUH
MECTOHAXO0XKICHHS
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CB0eBpPEMEHHOCTh

ypOBeHB JAOCTaBKH I'PY30B I10JIy4aTeCIIo B
3aIUIaHUPOBAHHOC WJIN OKHUIAEMOC BPEMSL

TloBbrmaer JOTrOBOPHYIO NUCHUIUINHY, TOBEPUC
1 YAOBJIETBOPECHHOCTDH KIIMCHTOB

Hcmounux: 0606wero agmopom na ochoge memooonozuu LPI.

3. PesyabTarsl u O0cCy:KIeHue

PesynbraThl aHanmmM3a IMOKa3pIBAIOT, YTO JIOTHCTHYECKAs
3¢ GeKTHBHOCT, (QopMUpyeTcs dYepe3 OalaHc MEKIy
BXOAHBIMH (DaKTOPaMH LENH MOCTaBOK M €€ KOHEYHBIMHU
pesynbrataMu. TaMoxHS, HH}pacTpykTypa M KadecTBO
JIOTHCTHYECKHX YCIIYT OTHOCSATCS K OCHOBHBIM PECYpPCHBIM
1 HOJIMTHYECKUM chepaM LenH oCTaBOK. MeXTyHapoHbIe
OTIIPABJICHMSI,  OTCJISKMBAHHE W  CBOEBPEMEHHOCTH
MOKA3bIBAIOT, KAKOW IMPaKTHYECKHH pe3ysbTaT HaloT 3TH
pecypcel.  CrnemoBarenbHO,  OaXe  HpH  pa3BUTOH
nHppacTpykType 00mIas Joructdeckast 3pQeKTHBHOCTH He
MOXXET OBITh BBICOKOH, €CITM TaMOXKEHHBIE IPOIELyphI
3aHMMAIOT MHOTO BPEMEHH MM CHCTEMa OTCIICHKHMBAHUSL
IPY30B ABIISIETCS CIA00H.

Ilepssrii BaXKHBIN pe3yJibTat JIOTUCTHYECKOM
3¢ (PEeKTUBHOCTH CBSI3aH C COKpALIeHHEM BPEMEHHBIX 3aTpaT
B TPOM3BOJCTBEHHBIX W TOProBBIX Tporeccax. [lo mepe
YCKOPEHHs ABM)KCHHUSI MaTepPHAIOB M TOTOBOH MPOIYKIMN
TIPEATIPUSITUS YMEHBIIAIOT CKJIaJICKUE 3aIachl,
a¢peKkTHBHEE HCTIONIB3YIOT 000POTHEIE CPEICTBa U OBICTpee
pearupyrot Ha pbiHOUHBIH cripoc. ITo nanueiM EBponelickoit
JIOTUCTHYECKOH accolmanii, 3 GpeKTHBHOE HCIIO0Ib30BaHNE
JIOTHCTHYECKUX OIEepaldii MOXKET COKPaTHTh BpeMs,
3aTpauMBaeMOE€ Ha MPOU3BOACTBO MPOXYKIMH, Ha 27
MIPOLIEHTOB, MPOU3BO/ICTBEHHBIE PACcXO/bI - Ha 31 TPOIEHT,
a 00beM MaTepHalIbHBIX 3anacos - Ha 30-70 nporeHToB. JTo
MOKa3bIBaeT,  4YTO  Jorucruueckas  3(GQPEeKTHBHOCTH
HETIOCPEJICTBEHHO CBf3aHAa C 3aTpaTaMM NPEANpPHATHS U
HalMOHAJIbHOW KOHKYPEHTOCTIOCOOHOCTHIO [9].

Pesynbrarst LPI 3a 2023 roj mokassiBaroT, 4To BeIyIIUe
CTpaHbl ~ O0Ja#aloT  BBICOKO  LU(POBU3MPOBAHHOU
TaMO)KEHHOW CHCTEMOM, KaueCTBEHHOI UHPPACTPYKTYpPOii,
po(heCCHOHANBHBIMU  JIOTUCTHYECKUMH  OIIEpaTopaMHu U
HaJEKHBIMU LIEISIMU TOCTaBOK. BbICOKME Oamibl Takux
rocymapcrB, kak Cunramyp, @Ounnanausa, [axus,
Hupnepnanne! u 1lBeiinapus, cBUIETENBCTBYIOT O TOM, YTO
JIOTUCTHYECKUE YCIYyI'M B HHUX MHTETPHUPOBAHBI HE TOJIBKO
KaK TpPaHCIOPTHBIA Hpolecc, HO M C IU(POBBIMH,
HMHCTUTYLIMOHAJIbHBIMU U CEPBUCHBIMH I10IXOAMH.

O6mmit Gamr LPl  VY3b6exucrama B 2023 ronmy,
c(OpMHUpOBABIIHICS Ha YPOBHE OKOJIO 2,6, IIOKA3BIBAET, YTO
IpU HAJIWYAU ONPENENIEHHOTO0 pocTa B JIOTHMCTHYECKOM
cucTeMe CTpaHbI BO3MOKHOCTH TOBBILICHHUS
3Q(PEeKTUBHOCTH  OCTAIOTCS  3HAYMTEIBHBIMIL ITo
CyOMHIEKCAM  TaMOXHS cocrasmia 2,6 Oajuia,
nHPpacTpykTypa - 2,4 6aiia, MeXIyHapOJHbIC TIEPEBO3KH -
2,6 Oamra, KayecTBO JIOTHCTHYECKHMX YCIyr - 2,6 Oamia,
OTCIIC)KHBAaHUE TPY30B - 2,4 Gallia ¥ CBOEBPEMEHHOCTH - 2,8
Oayma. OTHOCHTENTFHO BBICOKHH TIOKa3aTelb HaOomaeTcs
M0  CBOEBPEMEHHOCTH,  TOrJa  Kak  IOKa3aTenn
UHQPACTPYKTYpbl M  OTCICKUBAHHSI TPy30B TpeOyrOT
0c000ro BHIMaHMsL.

TIpHYMHHO-CJICICTBEHHBIN aHAIN3 MIOKA3bIBACT HAJIMYHE
HECKOJIBKMX  CHCTEMHBIX  MpoOieM B  JIOTHCTHKE
V30ekucrana. Bo-mepBbIX, B  3KCIOPTHO-MMIIOPTHBIX
rporeccax BBICOKHM 3aTpaTbl BPEeMEHH M CpEICTB Ha
JOKYMEHTHPOBAaHHE U TIPOMYCK T'py30B. BO-BTOpBIX, B
MEepEeBO30YHOM TIporiecce IU(POBH3ALMSI U COBPEMEHHBIE
CHCTEMBbl MOHHTOPHHIa TPUMEHSIOTCS HEJOCTATOYHO. B-
TPeThUX, NpUAOpOKHas HHOpacTpykTypa, TIR parking,
COBPEMEHHBIC JIOTUCTHYECKHE LEHTPbl M MPOIMYyCKHAsI
CMOCOOHOCTh ~ TOTPaHUYHON  MHOPACTPYKTYyphl — HE
COOTBETCTBYIOT ~TpeOyeMOMy YpOBHIO. B-ueTBepThbIX,
HEJI0CTaTOYHO IMpokoe BHeapenue ycmyr 3PL wm 4PL
OrpaHHYHUBACT BO3MOKHOCTH poheCCHOHATBHOTO
YIpaBJICHHS JIOTHCTUYECKOH LETTbI0.

Junamuka 2007-2023 romoB CBUAETENLCTBYET O TOM,
4YTO B Y30eKHCTaHe B OTACJBHBIC TOJBI MO KOMIIOHEHTaM
LPI nabironanuce kak pocT, Tak U cHkeHue. [lokazarens
TaMOKHH cHI3mICs 110 1,80 G6amna B 2014 roxy, Toraa kak B
2023 roxy nocrur 2,6 6amna. [Tokazarens HHPACTPYKTYpPBI
cocrasui 2,00 6amna B 2007 roxy, 2,57 6amna B 2018 roay
u okoimo 2,4 Oama B 2023 romy. Ilokasarenn
cBoeBpemeHHocTH B 2010 roxy moausiicst no 3,72 6anna, a B
2023 roxy cocraBmi 2,8 6aia. OT0 MOKa3bIBaeT, YTO UL
YCTOMYUBOrO pa3BUTHS JIOTUCTHYECKOW 3ddexTuBHOCTH
HEOOXOIUMBI HE Mepbl IO OJHOMY HAaIlpaBIICHUIO, a
KOMILIEKCHBIE JSUCTBUSI IO BCEM KOMIIOHEHTaM.

Ta6aunna 2

O0001IeHHbIE pe3yIbTaThl Y30ekucTana no cyoungexcam LPI 3a 2023 ron

CyOunHnpaexcol Bbana AHaTUTHYeCKHIl KOMMEHTapui
1 2 3
Tpebyercs ynpolueHue nporeayp ohopMIEHUS U COKpaIlleHUe
TamoskHs 26 pebyerest yripou poueznyp opop parit
BPEMEHH OXKHJAHUS Ha IPaHULEe
Heobxoanma MoiepHU3aIMs JOPOT, KEJIE3HBIX J0POr, TEPMUHAJIOB
Huppacrpykrypa 2.4 A MIEIpLEL ERALAE MDTD0LT JI0por, Tep. :
CKJIAJIOB U MPOILYCKHOH CIOCOOHOCTH TPaHHUIL
Heo6xoanmo pacimpsaTb cuCTEMY KOHKYPEHTOCIIOCOOHBIX TapH(pOB U
MexIyHApOIHBIE IEPEBO3KH 2,6 A P P Y yp puc

yIOOHBIX MEXTyHApPOAHBIX HAIPaBIECHHUH

KauecTBO JIOTHCTHYECKHX

Heo6xoaumo ycunuts noreriuan yeiryr 3PL/APL, skcnieaupoBanus u

Research, Innovation, Results

2,6
ycayr ! KBATU()UIMPOBAHHBIX KaZPOB
OrciexxuBanue u 24 Heob6xoaumo yckoputs BHeapenue GPS, anextponHoro
COTNPOBOK/IEHHE ' JOKYMEHTO000pOTa U IMHBIX HH)OPMALMOHHBIX 1ATHOPM
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Hecmotpst Ha OTHOCUTENHHO BBICOKHH ITOKA3aTeNb, BAXKHO YCTOWIHBO
o0ecreYnBaTh HaJIC)KHOCTh JIOCTABKH

Ucrtounuk: 06001eHo Ha ocHoBe HaHHBIX LPI 3a 2023 rop.

Hwxe npuBeneHHas Tabnuia nmokaseiBaet, yto B 2007-
2023 romax Oamibl Y30ekucraHa 1Mo KommoHeHtam LPI
M3MEHSIMCh HE B paMKax €AWHOW TeHaeHIMHU. J[aHHOE
00CTOSATENILCTBO  OOOCHOBBIBAET, YTO  JIOTUCTUYECKYIO
3¢ (EKTUBHOCT, HEBO3MOXKHO YIIYUIIHTH TOJBKO 33 CUET

OJIHOTO TOKa3aTes; HaIPOTUB, Tpedyercs
B3aMMOCBSI3aHHOE  YIPaBJIEHUE  MEXAY  TaMOXKHEH,
WHPPACTPYKTYpOH,  MEXKIYHAPOIHBIMH  IEPEBO3KAMU,

Ka4€CTBOM CE€pBHUCA, OTCICIKUBAHUEM U CBOCBPEMCHHOCTLIO

[10].

Ta6anua 3
Jlunamuka 6a/u10B Y30exkucrana no kommnonentam LPI 3a 2007-2023 roabt
Toms | Tawamun | R | ™ | sormerman | mamme | mmotrn
1 2 3 4 5 6 7
2007 1,94 2,00 2,07 2,15 2,08 2,73
2010 2,20 2,54 2,79 2,50 2,96 3,72
2012 2,25 2,25 2,38 2,39 2,53 2,96
2014 1,80 2,01 2,23 2,37 2,87 3,08
2016 2,32 2,45 2,36 2,39 2,05 2,83
2018 2,10 2,57 2,42 2,59 2,71 3,09
2023 2,60 2,40 2,60 2,60 2,40 2,80

Hcrounnk: cocraBineHo Ha ocHOBe AaHHBIX LP| BecemupHoro 6aHka.

OBCYXJIEHUE

IMosy4eHHbIe pe3yIbTaThl IIOKa3bIBAIOT HEOOXOAUMOCTh
HHTETPAJbHOTO II0JXOJa K OIEHKE JIOTMCTHYECKOH
spdexruBroctn.  Ecnim B crpaHe  ymyumaercs
UHQPACTPYKTypa, HO TAMOXCHHbIE M  IOrPaHUYHbIC
NpOLEZypbl  OCTAIOTCA ~ MEIUICHHBIMH, oOIee Bpems
JIOCTaBKH 3KCIOPTHO-UMIOPTHBIX IPY30B HE COKpAILAETCs.
HamnpoTuB, eciam TamoxeHHast cucreMa U(pPOBH3HUPYETCH,
HO TEpMHMHAIBHAs W  CKIAJACKas HHQPpPAcTPyKTypa
HEJOCTaTOYHA, 3aTOpbl B TIPY30IOTOKAX M pPacxoibl Ha
neperpysky — coxpasstorca. [lostomy sorucruyeckas
3 PEKTUBHOCTh OMNPEIEIAETCS HE COCTOSHHEM KaXKIOTO
KOMIIOHGHTa B  OTJACNBHOCTH, a MX  B3aUMHOU
corjaacoBaHHOCThIO [11].

OtcyrctBue y Y30ekucraHa MpsSIMOro BbIXOJa K
MOPCKMM HOpTaM CO37aeT AOIOJIHUTENIBHYIO Harpys3ky Ha
JIOTHCTHYECKYI0 3P (PEKTUBHOCTb. B Takux ycioBHsX

MEK[yHapOIHbIE TPaHCIIOPTHbIE KOPHIOPBI,
MYJIBTUMO/IaJIbHbIC HIEPEBO3KH, UHTEerpaLus c
UHQPACTPYKTYpOi  COCEAHMX  CTpaH,  TpPaH3UTHbIE

COIVIAIICHUS W HPOIYCKHAs  CIIOCOOHOCTh — T'PaHMI
OIIPEeNIeNAI0T KOHKYPEHTOCIIOCOOHOCTh BHELIHEH TOProOBIN
CTpaHbl. B 4acTHOCTH, €CIM TPaHCIIOPTHBIE PacXOoMpl JULL
9KCIIOPTHPYEMON MPOIYKIIMH BBICOKH WJIM CPOK JOCTaBKU
HEOoIpesieieH, IEHOBOE HNPEUMYIIECTBO IPOAYKLMU Ha
BHEIIHEM PbIHKE CHIKACTCS.

B xo01e 00cykIeHusT yCTaHOBJICHO, YTO HU(POBU3ALIHS
3aHMMaeT 0co00e MECTO B MOBBIIIEHHH JIOTHUCTHYECKON
3¢ PEeKTUBHOCTH. DNEeKTPOHHBIH  JOKYMEHTOOOOpOT,
eauHple  WHGOPMAIMOHHBIE  TIATGOPMBI,  OHNAMH-
OTCIIGKUBAHHE TPY30B, CHUCTEMa JJIEKTPOHHOH OYepelH,
GPS monitoring u mpeaBapUTENBHOE TPEACTABICHHE
TAMOXEHHBIX  JAaHHBIX  MOBBINIAIOT  MPO3PAa4YHOCTh
JIOTUCTUYECKHX TpolieccoB. Bmecre ¢ Tem  onHOMU
U poBU3aLUKM HEJOCTATOYHO: OHA AaeT 3(hQeKT Toria,

https://doi.org/10.56143/2181-2438-2026-2-192-197

Korja JIedCTBYyeT COBMECTHO C MPABOBBIMH IMPOLECIYPaMH,
KBasM(UKaIuel KaapoB, THYPACTPYKTYPOH U CTaHAApTaMU
00CITy)KUBaHUS.

KauecTBO JIOrMCTHYECKHX YCIYyr M KOMIIETEHTHOCTb
Ka/IpOB TaKk)Ke MMEIOT BaXKHOE METOJUYECKOe 3HaueHue. B
COBPEMEHHOM JIOTUCTHKE IEPeBO3Ka, CKJIaJUpOBAHUE,
neperpyska, 3KCIEAMPOBaHHE, TAMOXKEHHOE OpOKEepCTBO,
CTpaxOBaHUE, NOKYMEHTHPOBAaHHE W HH(OPMALOHHBIN
OoOMeH yNpaBJAIOTCS B €QMHOHW Lemu. B atom mporecce
passurue  omeparopoB  3PL  wu  4PL  mosBomser
HPENPUATHAM-KINEHTAM COCPEIOTOUUTHCS HAa OCHOBHOM
JeATENbHOCTH, a JIOTMCTHYECKHE IIPOLECChl IepenaTh
npogeccuoHaIbHBIM olieparopaM. Heocraro4yHo mmpokoe
BHEIPEHHE 3THX YCIYT B Y30€KHCTaHe OCTAEeTCs OJHUM M3
(akTopos, OrPaHNYMBAIOLINX JIOTUCTHYECKYIO
3¢ PEKTUBHOCTD.

TIpoGnembl  MHPPACTPYKTYphl HE OrpaHHYMBAIOTCS
TOJIBKO Kau€CTBOM aBTOMOOMJIBHBIX MIIH JKEJIE3HBIX JIOPOT.
TIR parking, mnorpaHMYHele TEpPMHUHAbBI, OOBEKTHI
CKJIAJUPOBAaHUS M  HEPerpys3Kd, XOJOJIOBas  ILelb,
JOTUCTHYECKUE LIEHTPbI, IyHKTHI OBICTPOI COPTHMPOBKH U
pacupenesneHus Tpy30B TaKXkKe BIMSAIOT Ha  OOIIyIO
a¢pdexruBnocTh. Hampumep, paxe mOpu  yaydilieHUH
KayecTBa JIOpOr OOIIMe JIOTHCTHYECKUE 3aTpaThl He
CHIDKAIOTCS, €CIIM BPEMsS OKMIAHHS Ha TPaHULE OCTAaeTCs
JUIMTENIBHBIM ~ WJIM  CKJIAACKO-TIepEerpy30uHble  YCIyrH
SIBJIAIOTCS JOPOIMMH.

MexnyHapoAHBIM ONBIT MMOKA3bIBAET, YTO B CTPaHAX C
BBICOKOWM  JIOTUCTHYECKOW  3((PEKTUBHOCTBIO  Ba)KHOE
3HaYCHHE MMEIOT CTaOMJIBHOCTH MOJIMTHKH, MPO3PAuyHOCTh
TaMOXEHHBIX TPOLENYp, HHYPACTPYKTYPHbIC MHBECTHULIUN
U BBICOKHH ypPOBEHb Y4acTHsi 4acTHOTO cektopa. C 3Toit
TOYKH 3peHus B Y30eKncTaHe K YMCIy IPHOPUTETHBIX 3a]1a4

JOJDKHBI OTHOCUTBCA rocynapCT BECHHO-YAaCTHOC
MapTHEPCTBO, pasBUTHE  JIOTUCTHYECKMUX LIEHTPOB,
195 June, 2026
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COBEpPILIEHCTBOBAHUE TapudHOH TIOJIUTHKH,
BEepCU(HKAINS TPAHCTIOPTHBIX KOPHIOPOB M YCHIICHHE
udpoBoro ooMeHa JaHHBIMHL.

MepbI 10 MOBBIIEHUIO JIOTHCTHIECKOH 3 EKTUBHOCTH
nenecoobpasHo  paspabaTeiBaTh BO  B3aHMOCBSI3H  C
uHAuKaTopamu. Hampumep, 1o TamMOXHE - COKpalllCHUE
BpeMeH! O(QOPMIICHUS; TI0 HHPACTPYKTYpE - MOBBILICHHE

IIpo0.seMbl M HanIpaBJICHUs! NOBbIIICHUSs JIOTHCTHYECKOH 3

MPOIYCKHON CIIOCOOHOCTH M MOIIHOCTH TEPMHHAJIOB; IO
MEKTyHapOTHBIM TepeBO3KaM - pacmmpeHue
KOHKYPEHTOCIIOCOOHBIX Tapu(poOB ¥ MapIIPyTOB; IO
Ka4eCTBY JIOTUCTUKH - MOBBINICHUE KBATH()UKAIIMH KaJIPOB
U OIepaTopoB; MO OTCIEXHBaHUIO - BHeapenue GPS u
3JIEKTPOHHOTO JOKYMEHTOO00POTA; IO CBOEBPEMEHHOCTH -
obecrieyeHue HaJIC)KHOCTH JOCTABKH.

Tab6aumna 4
¢eKTHBHOCTH Y30eKHCTaHA

IIpobJiembl

OCHOBHOE BJIMSIHHE

Hanpagsjienue coBepuIeHCTBOBAHMS

1

3

Bbicoxue 3aTparTbl BpeMeHU U
CPe/CTB HA IOKYMEHTHPOBaHHe
JKCINOPTHO-UMIIOPTHBIX ONepanmii

VBenM4uBaroTCs BHCIIHETOPI'OBBIC
pacxoJbl U CPOKHU JOCTABKU

Pacmmpenue 21neKTpoHHOTO
JOKyMEHTO000pOTa, IPEIBAPUTEIHHOTO
JIeKJIApUPOBaHUS U €TUHON
nH(OPMAIMOHHOH IIIaTQOPMBI

OrpaHu4eHHas IPONYCKHAas
CIOCOOHOCTDh NOTPAHUYHON 1
TePMHHAJILHOI MHH(PPACTPYKTYPBbI

Bosnukaror oyepeau, nmpocTtou u
JIOTUCTUYCCKUEC 3aICPIKKHU

MO)I[epHI/ISaLH/IS[ NOrpaHUYHbIX TEPMHUHAJIOB,
pa3BHUTHE DIEKTPOHHON OYepear U CUCTEM
TIR parking

HenocTaTo4uHOCTH COBpEMEHHBIX
JIOTUCTHYCCKUX LICHTPOB

VBeaM4uBaroTC pacxoabl Ha
CKJIaJUPpOBaHUEC, COPTUPOBKY U

TeperpysKy

PaCH.H/IpeHI/Ie CETH PETrUOHAJIbHBIX
JIOTUCTUYCCKUX LEHTPOB, XOJ'IOL[OBOﬁ eI
1 MYJIBTUMOJAJIbHBIX TEPMUHAJIOB

Cna6oe passurue yeayr 3PL n
4PL

[IpeanpusTust He MOTYT YIPABIATH
JIOTHCTHYECKAMHE MPOIIECCaMH Ha
OCHOBE IPo(ecCHoHaTEHOrO
ayTCOpPCHHTra

Pazpurue PBIHKA JIOTUCTUYCCKUX
OIepaTopoB, CTaHAAPTU3AUA U ITOBBILICHUC
Ka4veCcTBa cepBUca

Henonnoe Buegpenne cucrem
OTCJIC;KMBAHHSI TPY30B

CHmxaeTcs Mpo3pavyHOCTh,
KJIUEHTaM He XBaTaeT HaJeHOU
nHpopMaIIH

Pacumpenune GPS/AVL monitoring,
anekTponHoro tracking u oomena real-time
JIaHHBIMH

HenocraTok
KBaJIM(PHIHPOBAHHBIX KAIPOB

OrpaHW4MBarOTCA Ka4eCTBO YCIYT U
MHHOBAIIMOHHOE yIIPaBJICHUE

Vcusnenue moaroToBKy KaapoB B chepe
JIOTHCTUKH, TAMOXKHH, SKCIIETUPOBAHUS 1
I QPOBOTO TPAHCIIOPTHOTO YIIPABICHHS

Hcrounuk: cocTaBieHo ABTOPOM Ha OCHOBEC NPUYUHHO-CJICACTBEHHOI'O aHAJIN3a, NPUBECJICHHOI'O B MaTEepUaJIC.

Ilpy NOBBILIEHUH JIOTMCTUYECKOH 3(dexTHBHOCTH
HEOOXOZAMMO MPHMEHATh HWHIUKATOPbl KaK HHCTPYMEHT
LIETIEBOT0 YIpaBJIeHUs. J[JIst 3TOro 1o Kaxaomy cyOuHIeKcy
JIOJKHBI OBITh ONpPEAENCHbI OTBETCTBEHHbIC OPraHU3ALMH,
MEPUONYHOCTh U3MEPEHHUsI, ICTOYHHK JIAHHBIX H LIEJICBON
pesyabrar. Hanpumep, B kKauecTBe OTIEIbHBIX HHIUKATOPOB
MOTYT OBITh MPHUHATHI BPeMs TaMOXXEHHOro O(OpMIICHHS,
MPOIYCKHasl CIIOCOOHOCTh TEPMHHAJA M0 HHPPACTPYKTYpE,
CTOMMOCTb JIOCTaBKH KOHTEHHEPHBIM HJIM aBTOMOOMIBHBIM
TPAHCIIOPTOM I10 MEXIyHapOAHBIM IIepeBO3KaM, 1o real-
time JaHHBIX IO OTCIICKUBaHMO [12].

Ha HanMoHanbHOM YpOBHE BaXKHA TAKOKE JETATU3ALMSL
koMmroHeHToB LPI B pernonansHOM paspese. DTO CBA3aHO C
TE€M, 4TO JIOrUCTHYecKas 3(P(EeKTHBHOCTh B CTOJHMIE,
KPYIHBIX IPOMBIIUICHHBIX — IEHTPax, MPUTPaHUYHBIX
TEPPUTOPUAX M OTHAICHHBIX PErMOHAaX HEOJMHAKOBA.
PeruoHasnbHas OLCHKA MO3BOJISIET ONPEEIUTh Pa3MEILCHIE

JIOTUCTUYECKUX IIEHTPOB, YCTAHOBUTb IIPUOPUTETHBIE
TPAHCIIOPTHBIE  HANpaBIEeHUA I NPEANpUsTHii-
9KCIIOPTEPOB M LEJIEBBIM  00pa3oM  pacIpeleiuTh

UHQPPACTPYKTYPHBIE HHBECTULIUH.

C m[pakTUUECKOW TOYKM 3pEHHS peleHHus 1o
MOBBIIICHHIO JIOTUCTHYECKONH 3(P(PEKTUBHOCTH JOJKHBI
OCHOBBIBATBCS HE Ha MPUHIMIE «OJHOIO KPYITHOTO
MPOEKTa», a Ha KOMIUIEKCE B3aMMOCBSI3aHHBIX MAalbIX U
cpenuux Mep. OOmwiA pe3ynasrar OymerT BbIIIE, ©CITH
9NIEKTPOHHOE JICKJIAPUPOBAHKE, YBEJIMYEHHE MOIIHOCTH
TEPMHHAJIOB, Pa3BUTHE NPUAOPOKHBIX CEPBHCOB, OHJIAIH-
OTCIIGKUBAHUE TPYy30B, CTaHIAPTH3ALMSA TPAHCIIOPTHO-
9KCMEIUTOPCKUX YCIYT M MOBBILIEHHE KBaJIU(UKaun
KaJIpOB OCYIIECTBIIIFOTCS. OJHOBPEMEHHO.
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4. 3akiaoueHue

Pesynbrars UCCIIEZI0BaHUS TOKa3aJIy, 4TO
aoructryeckas 3p(HeKTHBHOCTb ABIETCA MHOTO(GaKTOPHON
U KOMIUIEKCHOH 3KOHOMHUUECKOH KaTeropueil. OHa 10JIKHA
OLICHMBATBCA HE TOJBKO JBHKCHHEM TPAHCIOPTHBIX
CpeACTB, 00bEMOM IEepeBe3eHHBIX I'PY30B WK TapudamMu Ha
HEepEeBO3KY, HO ¥ TAMOXXCHHBIM O()OpMIICHHEM, KaueCTBOM
UHDPACTPYKTYPHI, yno0cTBOM OpraHu3aLx
MEXyHapOAHbIX NIEPEBO3OK, KOMIIETEHTHOCTBIO
JOTUCTHYECKUX YCIIYT, OTCIICKMBAaHUEM T'PY30B M YPOBHEM
CBOEBPEMEHHOI JIOCTAaBKH.

Meronomnoruss LPl  Bcemuproro 6anka siBisiercs
YIOOHBIM ~ HHCTPYMEHTOM  JJI1  MEXIYHapOAHOIo
COIOCTAaBIICHHUSI JIOTMCTUYECKO apdexruBHOCTH,
BBISIBJICHHSI JIOTHCTHYECKUX POOJIeM CTpaH 1 000CHOBaHHUS
TIOJIUTHKO-9KOHOMUYECKHX pelleHHd. 3HadeHue IaHHOM
METOJIOJIOTUH I YCJIOBHH Y30eKHCTaHa 3aKiIo4aeTcsl B

TOM, YTO OHa 4YeTKO IIOKa3blBaeT ciabble 3BEHbS
JIOTMCTUYECKOH CUCTEMBI - UHPPACTPYKTYDY,
OTCIE)KUBAaHME, KAuecTBO  CEPBUCA,  pacXoibl  Ha

MEKIyHapOIHbIE IIEPEBO3KU M TAMOXKEHHBIE IIPOLIEYPbI.

B munammke LPl Y36ekucrana 3a 2007-2023 rozst
HaOJIOJANNCh OTJENbHBIC MOJOXKHUTEIbHbIE W3MEHEHUS,
OJIHAKO MOKa3aTesl HEe JIOCTUINIM CTaOMJIBHO BBICOKOTO
ypoBHs. B 2023 rogy oOumii 6ai11 cTpaHbl COCTaBUII OKOJIO
2,6, mpu dTOoM MO cyOHHAeKcaM HWHPPACTPYKTYpPhl U
OTCJIEXKUBAHUS TPY30B TPEOYIOTCS  JIOMOJHHUTEIbHbIC
pedopmbl. XOTs CBOEBPEMEHHOCTh OLIEHEHA OTHOCUTEIILHO
BBICOKO, CTaOMJIBHOCTb CPOKOB JIOCTaBKM HEOOXOJUMO
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YKPeIIITh C Y4YeTOM IIOTPaHWYHBIX, TEPMHUHAIBHBIX,
MapIIPyTHBIX ¥ BHEITHETIONUTHIECKHUX (haKTOPOB.

Jlns  TOBBIMIEHWS JIOTUCTHYECKOH 3 EKTUBHOCTH
TpedyeTcs KOMIDIEKCHBIN MOAXOZ: YTIpOIIEHUE
TaMOXXCHHBIX M TIOTPAaHWYHBIX IPOLENYp, pa3BUTHE
COBPEMEHHBIX JIOTHCTHYECKHX IeHTpoB 1 ceTu T IR parking,
pacImpeHne MyJBTUMOJAIBHBIX IIEPEBO30K, BHEIPEHHE
yeayr 3PL u 4PL, ycunenne uudpossix tracking cucrem,
MOBBINIEHNE KBaMHU(UKAIUM KaIpoB U  aKTUBH3AIMIL
MEXaHH3MOB  TOCYJapCTBEHHO-YaCTHOI'O  IapTHEPCTBA.
Takoit momxom OyaeT CHOCOOCTBOBaTH —TOBBINICHHIO
KOHKYPEHTOCIIOCOOHOCTH BHEUIHEH TOPTOBIM CTpaHHI,
COKpaIIeHHI0 TPAHCHOPTHBIX pAacXoJ0B M  YCHICHHIO
CTPaTern4eckoro 3HA4YEHHs JIOTUCTUYECKOM CHCTEMBI B
HalMOHAJIBHON 9KOHOMUKE.

TakuM o00pa3oM, HaydHO OOOCHOBaHHAs OIICHKA
JIOTHCTHYECKOM  3(Q(EeKTUBHOCTH W  yINpaBICHHE €I0
SIBJITIOTCSl BYKHON METOINYECKONH OCHOBOHM MOJIEpHH3AIINHI
TPaHCIIOPTHO-JIOTUCTUYECKON CHUCTeMBI B Y30ekncrane. B

JampHEHIIeM — Iienecoo0pa3Ho  pa3paboTaTbh  CHCTEMY
HAI[MOHAJBHBIX HHAWKATOPOB IO KoMmIoHeHTaM LPI,
OLIEHMBATh JIOTUCTUYECKYTO 3 PEKTUBHOCTH B
PETHOHAILHOM paspese u BHENIPATH MOJIEIH

TMIPOrHO3MPOBaHUsS HA OCHOBE L[I/I(i)pOBBIX JIAHHBIX.
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The role and specific features of logistics efficiency in the transport system

Abstract:

Keywords:

within the national economy

E.A. Kamaloval®? A.R. Kholmatov!
1Tashkent state transport university, Tashkent, Uzbekistan

The article analyzes the role of logistics efficiency in the transport system within the national economy;,
its intersectoral connecting function, and its mechanism of influence on economic results. Transport
logistics is considered as a complex management system that supports production, the domestic market,
export-import operations, regional integration, and transit potential. The study substantiates the need to
jointly consider factors such as time, cost, reliability, infrastructure, multimodal integration,
digitalization, and environmental sustainability when evaluating logistics efficiency. As a result, a
functional approach linking transport-logistics efficiency with national economic outcomes, as well as a
system of indicators applicable in practice, was developed.

transport logistics, logistics efficiency, national economy, multimodal transportation, transport
infrastructure, digitalization, transit potential

UH(PPACTPYKTYPHO-OPraHU3ALOHHON

Posb M 0CO0EHHOCTH JIOTHCTHYECKOH 3(P(PeKTUBHOCTH TPAHCIIOPTHOM

CUCTEMBI B HaHHOHaJIbHOﬁ IKOHOMHUKE

Kamanosa J.A.'03, Xonmartos A.P.}

TamkenTckuit rocynapcTBEHHbI TPAaHCIIOPTHEIA yHHBEpCUTET, TallkeHT, Y36eKucTan

AuHoOTALMA:

Kunrouessie cioBa:

1. BBenenue

TpancnoprHas

B craThe MpOAHATH3UPOBAHBI POJIb JIOTHCTUYECKOH S(P(PEKTHBHOCTH TPAHCIIOPTHOW CHCTEMBI B
HAIMOHAIBHON HSKOHOMHKE, €€ MEXOTpacieBas CBA3ymomas (YHKIWS U MEXaHH3M BIHUSHHS Ha
9KOHOMHYECKHE Pe3ynbTarhl. TPaHCIOPTHAs JOTHCTHKA PACCMATPUBACTCS KaK KOMIUIEKCHAsI CHCTEMa
yIIpaBieHus, 00ecreYnBaroLas IPOU3BOICTBO, BHYTPEHHHIT PHIHOK, SKCIIOPTHO-MMIIOPTHBIC OTEPALIIH,
PErHoHATBHYI0 HHTETPALMIO U TPAH3UTHBIN MOTeHIHAI. B necnenoBanny 060cHOBaHA HEOOXOIUMOCTh
COBMECTHOTO y4yeTa (hakTOpOB BPEMEHH, 3aTparT, HaIeKHOCTH, HHGPACTPYKTYpPBI, MYJIbTHMOIAIBHOM
UHTErpanuy, UU(QPOBH3ALMM M 9KOJIOTMYECKOH YCTOMYMBOCTH INIPU OLEHKE JIOTMCTHYSCKOM
sdpdextuBHocTH. B pesymprate  chOpMHpPOBAaHBI (YHKIMOHANBHBI MOIXOX, CBSI3bIBAOLIMIT
TPAHCIIOPTHO-JIOTUCTUYECKYIO 3(()EKTHBHOCTE ¢ HALMOHAIBHBIMI YKOHOMHUYECKHMH Pe3yJIbTaTaMH, a
TaK)Ke CHCTeMa MoKasaTesie, IpUMeHHMast Ha PaKTHKe.
TPaHCIIOPTHAsl ~ JIOTUCTHKA,  JIOTHCTHYecKas  3((eKTUBHOCTb,
MyJIbTHMOJANBHBIC IIEPEBO3KH, TPAHCIOPTHAsS HH(PACTPYKTypa,
MOTEHIMAN, 3KOHOMHUYECKas 3((HEKTUBHOCTD

HAIHOHATbHASI
nudpoBHu3aLms,

9KOHOMHKA,
TpPaH3UTHBII

BHEIIIHETOPrOBbIi NOTEHLMANl U KOHKYPEHTOCIOCOOHOCTh

CTpaHBI.

JIOTHCTHKA  SIBISIETCS.  BAXKHOM B COBPEMEHHBIX  JKOHOMHYECKMX  YCJIOBHUAX

CHCTEMOH, jgoructuyeckas  3(pGeKTUBHOCT HE  OrpaHMYMBaETCS

obecreynBaroiiell  B3aMMOCBS3b JTallOB MPOM3BOACTBA, CKOPOCTBIO  JIBIDKEHUSI ~TPAHCHOPTHBIX CPEICTB MU

00BEMOM IIepeBe3eHHBIX Ipy30B. OHa OXBaThIBAET TaKHe

pacmpenenenusi, oOMeHa U NOTPeOJICHUs] B HAIIMOHAIBHON
skoHomMuke. OHa  o0ecrieunBaeT  CBOEBPEMEHHYIO,
SKOHOMUYECKH palMOHAJIbHYI0 U HAJEKHYI [OCTaBKY
CBIPBI, 0Ty (PaOdpPUKATOB, TOTOBOM MPOAYKIUH, IKCIIOPTHO-
UMIIOPTHBIX TPY30B M TOBAapOB, HEOOXOIUMBIX JUIS
YJIOBJIETBOPEHUS noTpedHocTeH HaceNeHus, B
YCTaHOBJICHHBIN IYHKT Ha3HaueHWs. B 3ToM oOTHOIIEHMH
TPAHCIIOPTHAsT ~ JIOTMCTUKA  BBICTyIIaeT HE  IIPOCTO
COBOKYITHOCTBIO TPAHCHOPTHBIX YCIYT, a KOMIUICKCHBIM
yIpaBIEHYECKHM MEXaHHU3MOM, OTIpe eI FOLIUM
YCTOMYMBOE (GYHKIIMOHUpOBaHUE HaIlMOHAIBHOU
9KOHOMHKH, SKOHOMHYECKHE CBS3M MEXIYy pPETrHOHAMH,

a2 https://orcid.org/0000-0002-5250-4919
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(daxToppl, Kak Ka4ecTBO JAOPOKHOH W TEPMUHAIBHOM
HHQPACTPYKTYPbI, HHTEIPALM MEXLy BUIAMH TPAHCIIOPTa,
TaMOXCHHbIE ¥ IOTPaHUYHBIE IPOLEAYpbl, LUdpoBOE
OTCJIEXKUBAaHHE TIPY30B, CKJIAIUPOBAaHHE, IEperpysKa,
9KCHEUTOPCKUE  YCIYr'M, HAJSKHOCTh JOCTaBKH U
9KOJIOTHYECKasg ycToHunBocTh. B momxome BeemupHoro
6anka Logistics Performance Index norucruueckas
3¢ PEeKTUBHOCTH TAK)KE PACCMATPUBACTCSI KAK MHCTPYMEHT
KOMIUJIEKCHOM OIIEHKH MPOOJeM U BO3MOXKHOCTEH CTpaHbI B
cdepe TOopropoit JTOruCTHKH [2].

C TOYKM 3peHHMS  HAUMOHAIBHOW  SKOHOMHKH
TPAHCIIOPTHAs JIOTHCTHKA O0ECIeYMBACT CBS3b MEXKIY

https://doi.org/10.56143/2181-2438-2026-2-198-202
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MPOU3BOJIUTENIEM W TMOTpEeOUTENEM, CHIPhEBO 0a30il u
MIPOMBIIIICHHBIM NPEANPUATHEM, BHYTPCHHUM W BHEIITHUM
PHIHKaMH, [IEHTPaTbHBIMU TEPPUTOPUSAMHU U OTJAICHHBIMHU
perunoHamu.  D(dQeKTHBHAS ~ JIOTUCTHYECKAs  CHCTEMa
obOecrieurBaeT HEMPEPBIBHOCTh TPOU3BOJICTBA, YCKOPSET
TOBapooOOpOT, MOBHINIAET  KOHKYPEHTOCHOCOOHOCTh
OKCIIOPTHOW TPOMYKIIMH H CHIDKACT PETHOHAIBHBIC
SKOHOMHUYECKHE TUCTIPOTIOPIINH.

Ienp wWccnenmoBaHWs — 3aKIIOYACTCS B HAYYHOM
00OCHOBaHMM pOJNM  JIOTHCTHYECKOH 3 dexTrBHOCTH
TPAHCIIOPTHOW CHCTEMbl B HAIIMOHAJIBHOW 3KOHOMUKE,
CHUCTEMATH3allui e¢ CrenupuIecKux OCOOCHHOCTEH U
(dhopmMupoBaHUU KOMITIeKca (DYHKIIMOHAIBEHBIX
MoKa3areyel, KOTOPbIE MOTYT MPUMEHSATHCS ISl ONEHKH.
Jlnst JOCTHOXKEHHUSI JaHHOW MM ObUIM B3aMMOCBSI3aHHO
MIPOaHATM3UPOBAHEI 9KOHOMHUYECKOE coJiepKaHue
TPAHCTIOPTHOW JIOTUCTHKH, HANpPABICHUS €€ BIHMSHUS Ha
HalMOHAJIFHYI0 JKOHOMHKY, CTPYKTYPHBIE JJIEMEHTHI M
OIICHOYHBIC WHIUKATOPBI.

2. MeTtoauka UccJIeJ0BAHUA

B kadecTBe MaTepHAIOB HCCIIENIOBaHUS HCIIOIb30BAHBI
TEOpPETHYECKHe CBeAeHHs O (QYHKIMAX TPAHCIOPTHON
JIOTHCTHKY B HAI[MOHAJILBHOW SKOHOMUKE, MEXTyHApOTHbIE
MOJXOABl K OIGHKE JIOTUCTHYECKOH 3(EKTHBHOCTH,
CTpaTEernuecKye 11eJIM, YCTAaHOBJICHHbIE B Y30eKucTaHe o
HHTETpaliy B TPAHCIIOPTHO-JIOTUCTUYECKHE CETH, a TaKkKe
cBesieHsI 0 (DYHKIMOHAIBHBIX 3JIEMEHTaX TPAaHCIOPTHOM
CHCTEMBI.

B wuccnenoBaHuM TpPUMEHEHBI METOABI CHCTEMHOTO
aHanu3a,  (YHKIMOHAIbHO-3KOHOMHYECKOrO  aHaju3a,
CPaBHUTEIBHOTO aHalM3a, TPYNIHUPOBKH, 000OLIEHHS u
(dbopmupoBaHus cucTeMsbl Nokazareneid. CUCTeMHBIN aHaJIN3
MO3BOJIMJI  PACCMOTPETh TPAHCIIOPTHYIO JIOTMCTUKY Kak
€/IMHBII KOMILIEKC, COCTOSIIINI U3 TPAHCIIOPTHBIX CPEJICTB,
UHPPACTPYKTYPBI, TEPMHUHAJIOB, CKJIAJIOB,
MHOOPMALMOHHBIX ~ CHCTEM, TaMO)KEHHO-IIOrPaHUYHBIX
MPOLIECCOB, KAaJpOBOrO O0OECNeYeHHs M HOPMATHBHO-
paBoBoi cpelibl. PYHKIIMOHAIBHO-YKOHOMUYECKHI aHATH3
OblII HANpaBJICH HA BBIABICHHE IPAMOTO U KOCBEHHOTO
BJIMSIHUSA TPAHCIOPTHOM JIOTUCTHMKH HAa 3KOHOMHYECKHE
pe3yJIbTarhl.

Ilpu omeHke JsorucTHYeckod APGEeKTUBHOCTH B
KayecTBe OCHOBHOTO METOAMYECKOIrO IMPUHIMIA IPUHSAT
GajaHC «3aTpaThl - BPEMs - HaJAEKHOCTb - KA4eCTBO». DTO
00YCIIOBJICHO TEM, YTO CaMbIii JICIICBbIi BApUAHT MIEPEBO3KHU
HE BCEria SBIIETCS SKOHOMHUYECKH S((PEKTUBHBIM: OH
MOXKET TIPUBECTM K YBEIMYEHUIO CPOKOB JIOCTABKH,
CHI)KEHHIO COXPAHHOCTH TPy3a MM 3a1€PIKKE UCTIOIHEHHS
JIOTOBOPHBIX 00s13aTenbCTB. Bmecte ¢ Tem Haumbosee
OBbICTPBIN BapUAHT NEPEBO3KM BCIIEJCTBUE BBICOKHMX 3aTpar
MOXET CHH3UTh OOIMH JIOTUCTHYECKUIT pe3yIbTar.

(YHKIIMOHAIBHYTO 3aBHCUMOCTb:
Y. =1(T,C,R, I, M, D, E) Q)
rae Y. - SKOHOMHYECKHH pe3ynbTaT, (popMHpyeMbIit
MOCPE/ICTBOM JIOTUCTUKY B HAIMOHAIBEHOH SKOHOMHKE; T -
Bpemsi goctaBky; C - Jloructuyeckue 3arparbl; R -
HaJIC)KHOCTh TIEPEeBO3KH; | - COCTOSIHME TpPaHCIOPTHO-
Joructuueckoi  mHppactpykryps; M - ypoBeHB
MYJIBTUMOJAJIBHON  WHTETpaluy; D -  yposens
madpoBmaiy; E - mokasarens  9KOJIOTHUECKOH U
SHepreTudeckoi s pexruBHocTH [3].

IIpn npakTHyecKoi oleHKe yKazaHHbIE (PaKTOPBI MOTYT
OBITH NPUBEJCHBI K €IMHOMY HMHTETPAJIbHOMY MTOKA3aTelllo.
Jis 3TOro Kakmblil (akTop HOPMATU3YeTCs, a TaKKe
3aJ1aeTcsl BECOBOM KOX(PQPUIMEHT, OTPAKAIOIIUI CTETICHb
€ro BIIMSTHUS Ha JIOTUCTHYECKHH pe3ynbTaT. B obmem Buzie
HWHJIEKC JIOTHCTHYECKOH 3(QPEKTUBHOCTH  BBIPAXKACTCS
clIey oM o0pa3om:

K[g:ZWi'Xi', ZWI':]., (2)
rne K, - VHTETpaNbHBIH WHIEKC TPaHCIIOPTHO-
JOTUCTHYECKON Y()(PEKTHBHOCTH; W; - BEC 3HAUUMOCTH i-TO
(daktopa; X;' - HOpMaTM30BaHHBIA HHIWKATOpP. JlaHHBII
MOJXO0J] TO3BONSET COMOCTABISATh PA3IMYHBIE  BHIBI
TPaHCIOPTHBIX IEPEeBO30K Ha €JUHOH METOJUIECcKOi
OCHOBE, BBUIBISITH CJa0ble 3BEHbSI W OKOHOMHYECKH
000CHOBBIBATH yIIpaBJICHYECKHE pereHus [4].

3. PesyabTarsl u O6cy:kaeHue

Pe3ynbrarel  aHanm3a  TOKa3ajiH, 4YTO  BIIMSHHE
TPAHCTIOPTHOW JIOTUCTHKH HA HAIMOHAIBHYIO 3KOHOMHUKY
MPOSIBISETCS TT0 HECKOJIBKMM HalpaBleHHUsAM. Bo-mepBbIX,
OHa o0ecre4ynBaeT HENpPEePbIBHOCTh IPOU3BOJCTBEHHOIO
npolecca: CBOCBPEMEHHAsl JI0CTaBKa ChIPbsl, MaTEpHAIOB,
3aMacHBIX 4YacTeld M 3HEPreTHYeCKUX pecypcoB Uit
NpeAIPUSTHIA CIOCOOCTBYET apdexTnBHOMY
UCIOJIB30BAHHUIO NIPOU3BOJCTBEHHBIX MOILIHOCTEH. Bo-
BTOPBIX, YCKOPAETCS TOBAPOOOOPOT HAa BHYTPEHHEM PBIHKE
U CHIKAIOTCA IIEHOBbIE KoneOaHus. B-Tperbux, npu
9KCNOPTHO-UMIIOPTHBIX omepanusix TPaHCIIOPTHBIC
3aTparthl, TAMOXKEHHOE O(OPMIICHHE U BPEMs IPOXOXKICHHSL
I'PaHULbI OKA3bIBAIOT MPSAMOE BIMSHUE HA MEXKIyHAPOIHYIO
KOHKYPEHTOCIIOCOOHOCTD IPOAYKIIIH.

B-uerBepThIX, TPAHCIIOPTHAS JOTMCTUKA MTOIEPKUBACT
peruoHaIbHOe pasBuUTHE. TpaHcnopTHbIe yTH,
JOTUCTHYECKUE ILICHTPbI, JKEJIE3HONOPOXKHBIE CTaHIUH,
AaBTOMOOWJIbHBIE TEPMHHAIBI M  CKJIAJICKHE OOBEKTHI
BOBJICKAIOT TEPPUTOPHU B SKOHOMHUYECKHH 000poT. B-
IATBIX, JIOTUCTHYECKAsi CHCTEMa IOBBILIAET BO3ZMOXKHOCTH
UCIHOJIB30BAHMS TPAH3UTHOTO IIOTEHIMANa CTpaHsl. B
yCIOBUAX Y30eKHCTaHa IAaHHBIA BOMPOC HMeeT ocoboe
3HaYEHHE, NOCKOJIbKY CTpaHa He MMEET NPSIMOTro BBIXOZA K
MOpPCKHM IOPTaM M BO BHEIIHETOPrOBBIX HAIMPABJICHHAX
OIIMPAETCs HAa MEXyHApPO/HbIE TPAHCIIOPTHBIE KOPUAOPHI,

BrausiHue TpaHCHOPTHOM JTOTUCTUKH HA HAILIMOHAIIBHYIO uHPPaACTPYKTYPy COCETHUX roCyapcTB u
9KOHOMHUKY MOXKHO BBIPa3HTh Yepe3 CICAYIOUIYI0 OOIIyI0 MYJIbTUMO/IAJIbHBIE PEIICHHSI.
Ta6auna 1
HanpagJjieHusi BJUSTHUSI TPAHCIOPTHOI# JIOTHCTUKA HA HAIIMOHAJIBHYIO YKOHOMHKY
O:kuaaeMblii
Hanpasyienue BJIUSTHUS IKOHOMHUYECKOE COeP:KAHUE
pe3yJbTat
1 3
HenpepbIBHOCTH CBoeBpeMeHHas! TOCTaBKa ChIPhS, [MoBsItaercst ypoBeHb
NPOU3BOJCTBA MaTepHUalioB U 3aMacHBIX YacTei HCIIOJIB30BAHMS
June, 2026
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CradonibHoCTh

Vckopenne ToBapoo6opoTa MeKIy

IPOM3BOJCTBEHHBIX
MOIIHOCTEH NPEAIPUATUI

Cokpaniarorcsi TOBapHBII

BHYTPEHHEI0 PbIHKA peruoHamu nedunuT 1 KosebaHus eH
JddexTHBHOCTH JlocTaBka BHEITHETOPrOBBIX IPY30B B IloBsimaercs
JKCINOPTHO-UMIIOPTHBIX KOPOTKHE CPOKH U € IIPUEMIIEMBIMU KOHKYPEHTOCIIOCOOHOCTD
onepanmii 3aTpaTaMu HPOAYKIHH

BogsieueHnue neHTpanbHbIX U
niepuQepUitHBIX PErHOHOB B

PernonajbHast HHTEerpanus

CHmKaeTcst MCKPETHOHAIbHAA
OKOHOMHUHYECCKAA AJUCIIPONIOPLINA

OKOHOMHYECKHE CBA3H

Pesynprarel mokasanmy, 4To crenuduKa TPaHCIIOPTHOM
JIOTHCTHKH OIPEAECNACTCS €€ B3aUMOCBS3BI0 CO BCEMH
OTPacisIMH 3KOHOMHKH, TIOTPEOHOCTBIO B 3HAYUTENIBHBIX
HH}PaCTPYKTYPHBIX 3arparax, HE0OXOIMMOCTBIO
KOOpAMHALIMM MEXIy BHIAMHU TpAHCIOPTAa M BBICOKOH

3aBUCHUMOCTBIO OT (1)aKTOpa BpPEMCHU. OTH 0COOCHHOCTH

OTJIMYAIOT TPAHCIIOPTHYK) JIOTUCTHKY OT  OOBIYHOM
MEPEBO30YHON  JIESITEILHOCTH M [PEBpalIaloT €€ B
CTpaTerHyecKuii  OOBEKT yMpaBJCHHS  HAIIMOHAIBHOMN
3KOHOMUKOMH [5].

Tab6auma 2

OcobennocTn TpaHCﬂOpTl—lOﬁ JIOTUCTUKHU M UX HAYYHO-IPAKTUYECCKOE 3HAYCHUEC

Cnenuduyeckas
0CO0EHHOCTh

1

CucreMHOCTH

MyJabTHMOAAIBH
oCTh

CBOCBPCMCHHOCT
b

Bricokast
KAIUTAJI0eMKOCT
b

HHcTUTYyHHOHAI
bHast
3aBHCHMOCTb

HeobdxomumocTh
M (PpPOBH3ALMH

JKoJIoTHYECKOE
BO3JeliCTBHE

TpaHcrOpTHas JIOTMCTMKA OKasblBaeT HpAMOE U

Copep:xanune

2

CoBMecTHOE (YHKIIMOHHPOBAHHUE
TPaHCIOPTa, TEPMUHAJIOB, CKJIAJI0B,
TaMOXKEHHBIX ¥ MH(POPMAIMOHHBIX CHCTEM
IIpyMeHeHne HECKONBKIX BUIOB
TPaHCIIOpTa BO B3aMMOCBA3aHHOM (hopmate

3anepKKHU BIUAIOT Ha Pe3yJIbTaThI
MIPOU3BOJICTBA ¥ TOPrOBIIH

Jloporu, TepMUHAIbI, CKIaIbl 1
TEXHUUYECKUI NapK TPeOYIOT 3HAYUTEIbHBIX
HHBECTULIAN

3aBUCUMOCTBH OT JIMIIEH3UPOBAHUS,
TaMOXHH, TAPU(POB U MEKTYHAPOAHBIX
HOPM

TpeOyroTcst OTCIIeKUBaHKUE IPY30B,
9JIEKTPOHHBIE IOKYMEHTbI 1 0OMEH
JaHHBIMH

Casi3zano ¢ BeiOpocamu CO: TpaHCTIOPTOM U
pacxoJoM TOILIMBa

Hay4Ho-npakTn4eckoe 3HaYCHHE

3

D¢ peKTHBHOCTH OLIEHUBACTCS Yepe3 BCe
3BEHBSI JIOTUCTHYECKOH [ETTH

TpeOyercs coryiacoBaHUe MEPerpy3KH,
tapudoB u rpagukos

BpeMmst Z0CTaBKH ¥ HAJGKHOCTh CTAHOBATCS
KJTIOYEBBIMH MHIUKATOPaMU

Baxxnoe 3HaueHue nprHoOpeTaroT
roCyIapCTBEHHO-YaCTHOE MAPTHEPCTBO U
WHBECTHIMOHHAS MOJIUTHKA

HopMmaruBHO-TIpaBoBasi cpe/ia onpeessier
3¢ PEKTUBHOCTH

TToBbrmarorcs IIPO3pPavYHOCTh,
OIIEPATUBHOCTD U KAYECTBO YIIPABJICHU

TpeOytoTcs 3eneHast JIOTUCTHKA U
JHeprocOepeKeHUEe

U YCTOMYHMBOCTD MOTPEOUTENBCKOro phiHKa [7].

KOCBEHHOE BIMSHHMEC HA HAIMOHATIBHYIO SKOHOMHYECKYIO
s dexkruBaocTh. I[IpsiMoe BIUSHUE TMPOSBISIETCS Uepe3
00BEM TPAHCTIOPTHBIX YCIIYT, IOXOIBI OT EPEBO30K, PHIHOK
JIOTHCTHYECKHUX YCIYT, CKIIAACKHE M TEPMUHAIBHBIC YCIIYTH,
9KCIEAUTOPCKYIO U CEPBHUCHYIO AesATeNbHOCTh. KocBeHHOE
BIIMSTHUE ¢dbopmupyercs 4epes cebecTOMMOCTh
MPOHM3BOJICTBA, OIKCIOPTHYIO KOHKYPEHTOCIIOCOOHOCTB,
JOCTYII K PETHOHATBHBIM PHIHKaM, HHBECTHLHOHHYIO CPEeIy

Cucrema ToKaszaTenedl [Uisi OLCHKH IIEIecooOpa3Ho
JIOJDKHA BKJIIOYATh 9KOHOMUYECCKHUH, BpPEMEHHOM,
HAJIOKHOCTHBIH,  MHPPACTPYKTYpHBIH, LUPPOBOH U
IKOJIOruYecKuil 610KU. DTH OJIOKU TO3BOISIOT OLICHUBATH
JIOTUCTHYECKUH MPOLIECC HE KaK OT/EbHYI0 TPAHCIIOPTHYIO
OIIEpaLMIO, @ KaK MHTErPajbHYI0 CHCTEMY, BIMAIOLIYIO Ha
KOHEYHBI pe3ysbTaT B HALIMOHAJILHON SKOHOMHUKE.

Ta6auna 3

PeKome}myemaﬂ CHCTEeMA MoKa3aTesiei /1 OUEeHKH JJOTMCTHYECKO 3(l)(l)eKTl/IBHOCTI/I

Dakropsbl Ioka3arenun pakTopoB 3HauyeHHe B yIpaBJeHHH
1 2 3
JkoHomuyeck  Cebecroumocts | TOHHO-KM, 00IIHE CoxkpallieHue 3aTpaT ¥ 000CHOBaHHE TapUDHOIH
it JIOTUCTHYECKUE 3aTPaThl, U3EPHKKHU MIPOCTOS HOJINTUKA
June, 2026
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Bpemennoii Cpox 0CTaBKH, BPEMsI IPOXOKICHUS Yckopenue rpy30000poTa 1 06ecrieueHre
TPaHUIIBI, BPEMsI OJKHIaHUs B TEPMUHAIE ZIOTOBOPHOH UCIATLIHHBI
HagesxHocTh Jlonst cBOeBpEeMEHHBIX JIOCTaBOK, TToBbInIeHNe KauecTBa 0OCTyKHBAHNS 1
TIOBPEXXIIEHNE TPY3a, CTaOMIBHOCTH peiicoB YIOBJIETBOPEHHOCTH KIIMEHTOB
HMnpacrpykr [IpomnyckHast CHOCOOHOCTH IOPOT U OnpeeneHrne HHBECTUIIMOHHBIX HAIIPABICHUI
ypHBIii TEPMHHAJIOB, CKJIaICKasl MOLIHOCTb,
COCTOSIHHME TPAHCIIOPTHOIO NapKa
Iudposoii GPS/AVL MOHUTOPMHT, 3JIEKTPOHHBII Obecnieyenue npo3pavHOCTH U OIIEPATUBHOTO
JIOKYMEHTOOOOPOT, OHJIalH-0TCIIEKUBAHUE TIPUHATHS PEIIeHHI
9konoruveck  Pacxox Tommmsa, BEIOpockl COz, VYcusenue 3e51eHOM JOrHCTHKY 1
i sHepreruyeckas 3p(eKTUBHOCTh pecypcocOepeskeHus
OBCYXJIEHUE 3¢ PEKTUBHOCTb.
TTory4eHHBIE Pe3yITbTaTHl TOKA3BIBAIOT HEOOXOIUMOCTh TpemtoskeHHBIH B pamMKax HCCIIEI0BAHUS
OIEHKH TPAHCIIOPTHON JIOTHCTHKHM KaK CTpPaTermYecKoif (GyHKIMOHANBHEIA ~ TOAXOJ ~ ITO3BOJISIET  OLIEHUBATh

CHCTEMBI, 00ECTICUHBAIOLICH MEXOTPACIIEBYIO HHTETPALIHIO
B HaIMOHAIBHOW »JKOHOMHKe. Hm3kas 3¢ ¢dekTnBHOCTH
TPaHCIIOPTHOM  JIOTHCTUKHM  OKa3bIBaeT OTpPHUIATEIHHOE
BIMSHIE HE TOJNBKO Ha JEATEbHOCTh HEPEeBO3OYHBIX
TIPEANIPUSTHH, HO W HA TPOMBIIIICHHOE IPOHM3BOJICTBO,
BEIBOJI CEJICKOXO3SHCTBEHHON IPOJMYKIMM HAa PBHIHOK,
PO3HUYHEIE TOPTOBBIE CETH, BHEITHETOPTOBBIE KOHTPAKTHI U
pEeTHOHANBHOE  pa3BUTHE. TlosToMmy  moBbIIICHHUE
JIOTUCTHYECKOH 3(P(HEKTUBHOCTH SBIISIETCS HE OTPACIICBOH, a
MaKpOIKOHOMUYECKH 3HAaYUMOH 3a/1aueil.

Jns  Y30ekucrana  CTpaTerMyeckoe  3HAUCHUE
TPaHCIIOPTHOM JIOTHCTHKU SIBIIIETCS. OCOOCHHO BBICOKHM.
Crpana pacnojoxeHa B LIeHTpalbHOH yactu LleHTpanpHoi
Asum M mpexacraBiser co0OH  BaXHYIO CBS3YIOLIYIO
TEPPUTOPUIO IJI PErHMOHANBHOW TOPrOBIM, TpPaH3UTa,
NPOMBILIJIEHHOH ~ KOOMNEpaluuh U MEKAYHAapOJHBIX
TPaHCIIOPTHBIX KOPUAOpOB. B TO ke Bpems OTCyTrcTBHE
IOpsIMOrO  BBIXOJA K  MOPCKMM  IOpTaM  JeJaeT
sddexruBHOCTH TPaHCIIOPTHBIX KOPHIOPOB,
UHQPACTPYKTYPbl COCEOHUX TOCYAApCTB, TAMOXKEHHO-
MOrPaHUYHBIX TPOLEIYP U MYJBTHMOJAAIBHBIX MEPEBO30K
pemaronuM GpakTopoM B MEXKIyHAPOIHbIX MEPEBO3KAX.

B Crpaterun «Y36ekucrat - 2030» onpenesieHsl 3a1a4u
0 YriIyOJ€HHIO MHTErpalyy B ri100aibHble TPAHCIIOPTHO-
JIOTUCTMYECKUE CETH U  TOBBILIEHHIO IIOTEHIMAala
HAIMOHAJBHOM  TpaHcmopTHoW  cucrembl [1].  [dna
peanu3alyy 3TUX LeJel HeI0CTaTOYHO TOJIbKO PACIIMPEHUS
aBTOMOOWIIBHO WX JKeJIe3HOJOPOIKHOM HHPPACTPYKTYPHI;
TpeOyIOTCsl B3aUMOCBS3aHHbIE MEpbl, TAKHE KaK pa3BUTHE
JIOTUCTHUYECKUX  LEHTPOB, TEPMHHAIOB,  LHUPPOBOTO
JIOKyMEHTOO00pOTa,  OHJIAHH-OTCIEKMBAHHSA  IPY30B,
coriacopaHue  TapuQoB, YNPOIUEHHE  IOPAHMYHBIX
NPOLETYP U MOBBILICHHE KaJPOBOrO MOTEHIUAA.

Pesynpratsl  00OCYXIEHHMS  IOKa3bIBAIOT, 4YTO B
MOBBIIICHUN  JIOTUCTUYECKOW 3P PEeKTHBHOCTH 0coboe
3HaYEHHE UMEIOT TPH IPUOPUTETHBIX HarpapieHus. [lepsoe
HampaBleHHe -  HHQPACTPYKTypHas  KOOPAMHALMA:
ABTOMOOWJIBHBIE JIOPOTH, JKEJIE3HbIE TOPOTH, TEPMHHAIBI U
CKJIaJIbl JOJDKHBI IVITAHUPOBATHCS KaK €IMHask TPAHCIIOPTHO-
JOTUCTHYECKast ~ Lelb.  Bropoe  HampaBieHue -
U pOBU3ALHS: ITEKTPOHHBIN JOKYMEHTOO00POT, OHIAH-
OTCJIGKUBAHHUE JBIKEHUS TPy30B, aBTOMaTH3MPOBaHHASL
CHCTEMa OYEpPEHOCTH B TEPMHMHANAX M OOMEH JaHHBIMU
MOBBIIIAIOT MPO3PAYHOCTh yciuyr. Tperbe HampaBieHHe -
WHCTUTYLOHANbHAS ~ KOOpPJAMHALMSA:  JIMLEH3UPOBaHUE,
TAMOXHS, TapuQHas IOJNUTHKA, TOCYIapCTBEHHO-YACTHOE
MIAPTHEPCTBO U Pa3pellieHHs Ha MEXIyHapOIHbIC TIEPEBO3KU
HETIOCPEICTBEHHO BIIUSIOT Ha JIOTHCTUYECKYIO
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pe3yJbTaThl TPAHCIOPTHOW JIOTUCTUKU HE TOJBKO Yepe3
00beM IiepeBe3eHHBIX I'PY30B WIIM TPAHCIOPTHEIH 000pOT,
HO ¥ 9epe3 CO3/1aBaeMyIo €10 JoOaBJICHHYIO IEHHOCTD JUIS
HallMOHAJILHOW SKOHOMHUKH. B  mpakThueckoMm Iuiane
JMAHHBIA TIOAXOJ] MOXET CIIOCOOCTBOBATh CHHKCHHUIO
JIOTHCTUYECKUX  3aTpaT, YCKOPEHHIO TOBapooOOpoTa,
pPaCIIMPEHUIO SKCIOPTHOIO IOTEHLHMaNa, YKPEIICHHIO
PETHOHANIBHBIX MTPOM3BOACTBEHHBIX CBA3€H U MOBBILICHHUIO
MHBECTULMOHHON NPUBJIEKATEIbHOCTH.

4. 3akj04YeHue

TpaHcriopTHasl JOTHCTHKA SIBISIETCS CTPATETHUECKON
UH(PPACTPYKTYPHO-OPTaHU3ALMOHHON CHCTEMOH
HAMOHAJIbHOM 5KOHOMMKH, CBS3BIBAIOILEH NPOM3BOJCTBO,

TOProBiIlo, cdepy YyCIyr, perdHoHalbHbIi OOMEH H
BHEIIHEAKOHOMHYECKYO JIEATEIbHOCTb.
Ilpn  ouenke  joructuyeckoil  dpQexkTHBHOCTH

HEOOXOZMMO YYMTBIBATh HE TOJBKO CKOPOCTb IEPEBO3KH
WK 00BbEM IPy30B, HO U COBOKYITHOCTb (paKTOpPOB BpEMEHH,
3aTpar, HaJIe)KHOCTH, UH(QPACTPYKTYPBI,
MYJIBTUMOJAIBHOCTH, LM(POBH3ALUHM M SKOIOrMYECKON
YCTOHYUBOCTH.

BnusiHue TpaHCIOPTHOM JIOTUCTUKY Ha HALIMOHAJIBHYIO
SKOHOMHUKY  TIPOSIBIICTCS ~ 4€pe3  HEeNpepbIBHOCTH
NPOM3BOJICTBA,  YCTOMYMBOCTH  BHYTPEHHEr0  PBIHKA,
3¢ PEKTUBHOCTh  IKCHOPTHO-UMITOPTHBIX orepanuii,
PETHOHAJIBHYIO HMHTErPallvio, TPAH3UTHBIA HOTEHIHAI,
WUHBECTHLMH U 3aHATOCTb.

B ycnoBmsix VY30ekucraHa MOBBILIEHHE TPaHCIIOPTHO-
JIOTHCTUYECKOMH 3 PEKTHBHOCTH HETIOCPEACTBEHHO CBA3aHO
C  MWCIIONB30BAHMEM  MEXIYHapOAHBIX  KOPHU/IOPOB,
pa3BUTHEM MYJIBTHUMOJAIBHBIX HEPEeBO30K, YCKOPEHHEM
TaMO)XCHHO-TIOTPAHUYHBIX ~ TPOLENYP M  BHEJIPEHHEM
UU(POBBIX JIOTHCTHYECKHUX TIATHOPM.

Ipemioxennple  (GYHKLIHOHAIbHAS 3aBUCHUMOCTb U
cucTema roKazarenen HIO3BOJISFOT OLICHHBATh
TPAHCIIOPTHYIO  JIOTHCTHKY  BO  B3aMMOCBSI3M  C
HaLMOHAJIbHBIMU 9KOHOMHYECKHMHU pe3yJbTaTamy,
BBIABJIATH cilaOble 3BEHb W HAydyHO OOOCHOBBIBAThH
YIPaBJICHYECKHUE PEIICHUS.
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Analysis of the state of bridges exploited in the Republic of Uzbekistan

Abstract:

Keywords:

M.Kh. Miralimov@?3, K.M. Juraev®®, Kh.U. Urazov'®®
Tashkent state transport university, Tashkent, Uzbekistan

This article analyzes the condition of bridges in use in the Republic of Uzbekistan and examines their
advantages and disadvantages. It also mentions which types of span structures were and are used in bridge
construction, as well as their shortcomings. In our country, the majority of reinforced concrete bridges
are designed and constructed from precast precast reinforced concrete span structures with unstressed
and prestressed reinforcement, while slabs and ribbed beams manufactured at railway or landfill plants
are used for the span structures. Currently, there are more than 14,000 bridges and overpasses in the
Republic of Uzbekistan, of which more than 5,000 require repair. The main problems in bridges that
require repair are observed in their intermediate structures. That is, regular water leaks from the
intermediate structures are observed, resulting in the displacement of protective layers, the opening and
corrosion of reinforcement, and in some cases, the beams of the intermediate structure become
completely unusable. Therefore, in order to eliminate these shortcomings, a number of scientists are
conducting research, studying new modern methods of design and construction, and applying new
methods and technologies. New modern bridges are being built in Uzbekistan year after year.

road bridges, overpasses, span structure, prefabricated span structure, reinforced concrete beam,
prestressed reinforced concrete, prefabricated reinforced concrete, standard designs, leveling layer,
protective layer
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Ushbu magqolada O‘zbekistonda Respublikasida foydalanishda bo‘lgan ko‘priklar holatining tahlili
keltirilgan bo‘lib undagi yutuq va kamchiliklar o‘rganib chigilgan. Shuningdek, ko‘prik qurilishida oldin
va hozir ganday turdagi oraliq qurilmalardan foydalanilganligi va ulardagi kamchiliklar keltirib o‘tilgan.
Mamlakatimizda temirbeton ko‘priklarining asosiy qismi zo‘riqtirilmagan va oldindan zo‘rigtirilgan
armaturali yig‘ma uzlukli temirbeton oraliq qurilmalardan loyihalanadi va quriladi, oraliq qurilmalar
uchun esa temirbeton ko‘prik konstruksiyalari zavodlarida yoki poligonlarda ishlab chigilgan plitalar
hamda qovurg‘ali to‘sinlar ishlatilinadi. Hozirda O°zbekiston Respublikasida 14 mingdan ortiq ko‘prik
va yo‘l o‘tkazgichlar mavjud bo‘lib, ulardan 5 mingdan ortig‘i ta’mirtalab ekanligi aniqlangan.
Ta’mirtalab holatga kelib qolgan ko‘priklardagi asosiy muammolar ularning oraliq qurilmalarida
kuzatilmoqda. Ya’ni oraliq qurilmalardan muntazam ravishda suv sizib o‘tishi, buning natijasida himoya
qatlamlari ko‘chishi, armaturalar ochilib qolib korroziyaga uchrashi bazi holatlarda esa oraliq qurilma
to‘sinlari butkul yarogsiz holatga kelib qolganligi kuzatilmoqda. Shuning uchun ushbu kamchiliklarni
bartaraf etish magsadida bir gancha olimlar izlanishlar olib bormoqda, loyihalash va qurishning yangi
zamonaviy usullari of‘rganilib, yangi metod va texnologiyalar qo‘llanilmoqda. Yildan yilga
O‘zbekistonda yangi zamonaviy ko‘priklar barpo etilmoqda.

avtoyo‘l ko‘priklari, yo‘l o‘tkazgichlar, oraliq qurilma, yig‘ma oraliq qurilma, temirbeton to‘sin,
oldindan zo‘rigtirilgan temirbeton, yig‘ma temirbeton, namunaviy loyihalar, tekislovchi gatlam, himoya
gatlami

vositalarining xavfsiz harakatlanishini ta’minlash hamda

1. Kirish

Bugungi kunda 2024-2026 yillar uchun O‘zbekiston
Respublikasining  ijtimoiy ~ va  ishlab  chigarish
infratuzilmasini  rivojlantirish  dasturini  shakllantirish
doirasida umumiy foydalanishdagi avtomobil yo‘llari,
ko‘priklar va sun’iy inshootlarni qurish, rekonstruksiya
qgilish ishlari amalga oshirilmogda. Bunda avtotransport
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belgilangan og‘irlik va gabarit me’yorlariga qo‘yilgan
talablarni yanada kuchaytirish, respublikadagi barcha
toifadagi avtomobil yo‘llari, ko‘priklar va  yo‘l
o‘tkazgichlarning xizmat ko‘rsatish muddatini uzaytirish,
ularni saglash xarajatlarini qgisqartirish magsadli deb
garalmoqda [1, 2].
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O‘zbekiston  Respublikasi  hukumati  tomonidan
“O‘zbekiston Respublikasining 2030-yilgacha bo‘lgan
davrda transport strategiyasi” tasdiglangan. Ushbu
strategiyada umumiy foydalanishdagi avtomobil yo‘llari
tarmog ‘i uzunligini 1,5-2 baravarga oshirish ko‘zda tutilgan.
Shuningdek, 2016-2030 yillarda 7 ming km dan ortiq pullik
avtomobil yo‘llarini qurish va rekonstruksiya qilish ham
rejaga kiritilgan [3].

2. Tadgigot metodologiyasi

Bugungi kunda O‘zbekistondagi avtomobil yo‘llarining
umumiy uzunligi 183 ming kilometrdan oshadi, shundan
42,6 ming kilometrdan ortig‘i umumiy foydalanishdagi
yo‘llar hissasiga to‘g‘ri keladi. Shuningdek, konstruktiv
yechimlari, loyihalash me’yorlari va qurilish texnologiyasi
bilan bir-biridan farg giluvchi hamda turli, jumladan,
murakkab iglim sharoitlarida foydalanilayotgan 14 mingdan
ortiq sun’iy inshootlar barpo etilgan. Ulardan 7 mingdan
ortigini ekspluatatsiya qilinuvchi ko‘prikli inshootlar
tashkil etadi, shundan 93 foizini temirbeton, taxminan 7
foizini esa metall ko‘priklar va yo‘l o‘tkazgichlar tashkil
etadi [4-6].

So‘nggi paytlarda sun’iy inshootlar bo‘ylab avtomobil
transporti harakati xavfsizligini ta’minlashga oid talablar
sezilarli darajada oshirildi. Bu harakat tezligi va
jadalligining o‘sishi, shuningdek, ko‘priklarga tushadigan
vagtinchalik  harakatdagi  yuklamaning ortishi  bilan
bog‘ligdir.

Mamlakatimizda temirbeton ko‘priklarining asosiy
qismi zo‘riqtirilmagan va oldindan zo‘riqtirilgan armaturali
yig‘ma uzlukli temirbeton oraliq qurilmalardan loyihalanadi
va quriladi, oraliq qurilmalar uchun esa temirbeton ko‘prik
konstruksiyalari zavodlarida yoki poligonlarda ishlab
chiqilgan plitalar hamda qovurg‘ali to‘sinlar ishlatilinadi (1-
rasm) [7-10]. Oraliq qurilmalarning g‘ovakli plitalari bir-
biriga parallel holda yotgizilgan, uzunligi 6, 9, 12, 15 va 18
m plita elementlaridan iborat [8], ular ko‘ndalang
yo‘nalishda yaxlit beton shponkalar bilan tutashtiriladi (1-
rasm, a).

1955-yildan 2012-yilgacha bo‘lgan davrda
O‘zbekistonning ko‘prik inshootlarini qurishda asosan o‘sha
davrlar namunaviy loyihalari asosida yaratilgan yig‘ma
temir-beton oraliq qurilmalar, plita va to‘sinlarning 2-
rasmda ko‘rsatilgan xarakterli ko‘ndalang kesim turlaridan
foydalanilgan [7-11].

1988-yilda umumiy foydalanishdagi avtomobil yo‘llari,
ko‘chalar va shahar yo‘llarida joylashgan ko‘priklar va yo‘l
o‘tkazgichlar uchun armaturasi oldindan zo‘rigtirilgan
ikkitavr kesimli to‘sinlardan iborat 12, 15, 18, 21, 24 va 33
m uzunlikdagi yig‘ma temirbeton oraliq qurilmalarning
3.503.1-81 seriyali namunaviy loyihasi tasdiglandi. Unga
ko‘ra to‘sinlarning ko‘ndalang yo‘nalishdagi qadami oraliq
qurilmaning kengligi va gatnov gismining gabaritiga garab
2,1 m dan 2,4 m gacha o‘zgaradi [3, 12].

Bu loyiha Sovet Ittifogida Transport Qurilishi Vazirligi
tomonidan rasman tasdiglangan ohirgi loyiha edi. Loyiha
keng ko‘lamda tarqaldi. Bosh to‘sinlar bloklarining qolip
shakli murakkabligiga qaramay, bu to‘sinlar butun
mamlakat bo‘ylab shu darajada targaldiki, nafagat barcha
ko‘prik temirbeton konstruksiyalari zavodlarida, balki
ko‘prik konstruksiyalarini ishlab chiqarishga ixtisoslash-
magan boshqa ko‘plab temirbeton konstruksiyalari zavodlari
tomonidan ham ishlab chigarildi va sotildi [3].
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1-rasm Bugungi kunda ko‘priklar qurilishi amaliyotida
ishlatiluvchi yig‘ma temirbeton g‘ovakli plitalar (a) va
qovurg‘ali temirbeton to‘sinlar (b)

a) b ) d) ) f .
TT=TTT
2-rasm. Avtomobil yo‘llari ko‘priklari temirbeton
oraliq qurilmalarining asosiy to‘sinlari ko‘ndalang

kesimlarining konstruktiv shakllari: a) seriya 3.503 14
inv. Ne710/1, inv.Ne710/5 va inv. Ne710/7; b) seriya

3.503-12 inv. Ne384/46; c) seriya 3.503.1-108 inv.

Ne1351; d) 56-nashr inv. Ne147/1; e) 56 (d) -son inv.

Ne147/2 va seriya 3.503.1-73; f) seriya 3.503.1-81 inv.

Nel318)

Hozirgi vaqtda O‘zbekiston ko‘priksozligida loyihalash
va qurishning yangi zamonaviy usullari o‘rganilib, yangi
metod va texnologiyalar qo‘llanilmoqda, namunaviy
loyihalash va qurish tamoyillaridan bosgichma-bosqich voz
kechilmogda. Masalan monolit qurilish usuli ma’lum va
noan’anaviy usullardan biri hisoblanadi. Ushbu usuldan
foydalanish dunyoning yirik shaharlaridagi noyob ob’ektlar
qurilishida keng tarqalgan. Buning samarasida yo‘l
infratuzilmasi ob’ektlari, transport inshootlari, jumladan,
ko‘priklar, yo‘l o‘tkazgichlar va metropolitenlar qurilishi
zamon talablariga mos ravishda rivojlanmoqgda. Sergeli va
Yakkasaroy tumanlarini bog‘laydigan, ikki bosqichda
amalga oshirilgan yo‘l loyihasini bunga misol gilib keltirish
mumkin. Birinchi bosgichda Cho‘ponota ko‘chasidan
Toshkent halga avtomobil yo‘ligacha bo‘lgan ikki
kilometrlik yo‘l qurildi. Kichik halqa avtomobil yo*li ustidan
uzunligi 788 metr bo‘lgan ko‘prik, Toshkent halga
avtomobil yo‘li (THAY) bilan kesishgan joyda esa uzunligi
207 metr bo‘lgan ikkita yo‘l o‘tkazgich barpo etildi (3-
rasm).

Bundan tashgari, gqadimiy va yirik shahar
Samarqgandning yo‘l-transport infratuzilmasini rivojlantirish
hamda takomillashtirish maqgsadida ko‘priklar va yo‘l
o‘tkazgichlarni qurishning monolit usulidan foydalanish
yo‘lga qo‘yildi. Samarqand shahri hududidan o‘tuvchi M-39
avtomobil yo‘lining 1083-kilometrida bunyod etilgan yangi
yo‘l o‘tkazgich bunga yorqin misol bo‘la oladi.
Yugoridagilardan kelib chigib, monolit temir-beton
ko‘priklar va yo‘l o‘tkazgichlarning texnik yechimlarini
(loyihalash va hisoblash) ishlab chigish dolzarb masala
ekanini ta’kidlash lozim. Bu esa, 0‘z navbatida, O‘zbekiston
Respublikasi ko‘priksozlik sohasining rivojlanishiga ijobiy
ta’sir ko‘rsatadi.

ShNQ 2.05.03-22 “Ko*priklar va quvurlar” shaharsozlik
normalari va qoidalariga ko‘ra ko‘priklar har 5 yilda
diagnostikadan o‘tkazilib turilishi kerak. Foydalanilayotgan
ko‘priklarni tekshirishning asosiy vazifasi ularning texnik
holatini baholash va belgilangan talablarga muvofigligini
tekshirishdan iborat. Bir gator olimlarning [6, 11]
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ma’lumotlari asosida ko‘prik inshootlarining texnik holatini
tahlil qilib, shuni ta’kidlash mumkinki, 2022-yil xolatiga
ko‘ra Respublikamizdagi ko‘priklarning 52,7 foizi qoniqarli
ahvolda, 40,9 foizi ta’mirtalab, 6,4 foizi esa foydalanishga
yarogsiz ya’ni avariya holatida.

4 “

- © Y’
3-rasm. Toshkent shahridagi Yakkasaroy va Sergeli
tumanlarini bog‘lovchi yangi zamonaviy monolit
ko‘prikli inshootlardan qurilgan transport
kesishmalari

Ko‘prik inshootlarining ishonchliligiga qo‘yiladigan
yugqori talablar O‘zbekiston Respublikasi hududida ham,
uning  tashgarisida ham  qurilishdagi ~ zamonaviy
tendensiyalar bilan bog‘liq. Inshoot xavfsizligi uning
konstruksiyalarining favqulodda vaziyatlarda ishlay olish
qobiliyatiga bevosita bog‘liq. Ko‘priklarning maksimal
yuklamalarda mustahkamlik va bargarorlikni saglay olishi
ulardan keyingi foydalanish jarayonida ijobiy iqtisodiy
samara beradi.

O‘tkazilgan diagnostika ishlari natijalarining tahlili
shuni ko‘rsatdiki, deformatsion choklarning nosozligi va
yo‘l o‘tkazgichning gatnov qismidan suvning yaxshi
ketmasligi  tufayli uzoq wvagt davomida quyi
konstruksiyalarda namlanish yuz bergan, bu esa koprik osti
konstruksiyalarining shikastlanishiga sabab bo‘lgan.

l.Ya. Bogdanov, V.A. Rudskix, shuningdek, I.E.
Xarikning magqolalarida ko‘prik inshootlarining avariya
holatlari va nosozliklari ro‘yxati keltirilgan, inshootlarning
ekspluatatsion sifatlarini  yo‘qotishiga olib keluvchi
ta’sirlarning sabablari va xususiyatlari tahlil gilingan.
Inshootlar ayrim elementlarining ishdan chiqishi o‘rtasidagi
sabab-oqgibat bog‘ligligi aniglangan (1-jadval). Hozirgi
vaqtda qo‘llanilayotgan avariya holatlarini baholash
uslublari ko‘rib chiqilgan. Inshootlarning ekspluatatsion
ishonchliligi va uzoq muddatli xizmat qilish darajasini
ta’minlashga doir vazifalarni hal etish yo‘nalishlari
belgilangan.

1-jadval
Inshootlar ayrim elementlarining ishdan chigishi
o‘rtasidagi sabab-oqibat bog‘ligligi

Belgila-
nishi Sabab Tavsifi
Asosiy (yo‘l go‘yuvchi) sabablar
. Hisobiy va prinsipial xatolar,
El Ia;)yil ?(th%ig; konfiguratsiyani noto‘g‘ri tanlash,
g konstruksiyadagi kamchiliklar
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Ruxsat etilgan cheklanishlardan

E2 Tayyorlash- | oshish, loyiha konsepsiyasidan
dagi xatolar | chetga chiqish, texnologiyani
buzish
Qurilish- Montaj sifatining pastligi,
E3 montaj noto‘g‘ri o‘rnatish, ishlarni
ishlaridagi bajarish texnologiyasining
xatolar buzilishi

E4

Ekspluatatsiya-|
dagi xatolar

Inshoot holatiga texnik xizmat
ko‘rsatish va uning monitoringi
yo‘qligi yoki sifati pastligi

ES

Materiallarning
xossalari

Materiallar xossalarining loyiha
talablariga nomuvofigligi

Turtki

beruvchi sabablar

T1

Tabiiy ta’sirlar

Suv toshqini, sel, qirg‘ogning
yuvilishi, dovul, daraxt ogizib
kelishi, muz ogimi, shamol, zilzila|

Yo‘l-transport hodisasi, poyezdlar

T2 | Zarbali ta’sir ishtirokidagi avariyalar,
kemalarning urilishi
. Yo 1. Og‘ir vaznli transportning o‘tishi;
qo‘yiladigan . .. .
T3 yo‘l qoplamasining yo‘l
yuklamadan | . 1o Gigan ogtirligidan oshishi
oshish
Materiallar | Toligish deformatsiyalari, metall
T4 L L
degradatsiyasi va beton korroziyasi
3. Xulosa
Bugungi kunga kelib O‘zbekiston Respublikasi

avtomobil yo‘llarida 7 mingdan ortiq ko‘prik va yo‘l
o‘tkazgichlar transport infratuzilmasi uchun hizmat gilib
kelmogda. 2022-yil holatiga ko‘ra ularning 52,7 foizigina
gonigarli ahvolda. Qolgan gismi esa yoki ta’mirtalab holatda
yoki butkul gqayta qurish holatida. Tadqiqot natijalariga ko‘ra
ushbu ko‘prik va yo‘l o‘tkazgichlarning texnik jihatdan
gonigarsiz holatga kelib golganligining asosiy sabablaridan
biri ularning ko‘p gismi 1960-70 yillarda qurilganligi va o‘z
hizmat muddatni o‘tab bo‘lganligi bo‘lsa yana bir asosiy
sabablardan biri bu loyihalash va qurilish bosgichida ayrim
xato va kamchiliklarga yo‘l qo‘yilganligidir.

Hozirgi kunga qadar O°zbekiston sharoitida Sobiq Sovet
Ittifoqi davrida ishlab chigilgan namunaviy loyihalarga
tayanilgan holda avtoyo‘l ko‘priklari qurilishi bajarilmoqda.
Ushbu loyihalarga ko‘ra oraliq qurilmalardagi to‘sinlar
o‘zaro monolit choklar bilan birlashtirladi. Ko‘p yillik tahlil
va o‘rganishlarga ko‘ra vaqt o‘tishi bilan ushbu monolit
choklarda darzlar, yoriglar kabi turli xil nugsonlar paydo
bo‘lmoqda. Xulosa qilib aytish mumkinki, avtoyo‘l
ko‘priklari qurulushida va foydalanishida inshootlarning
chidamliligini ta’minlashga imkon beruvchi konstruktiv
yangi yechim topish muqobil variant hisoblanadi.
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The importance of foreign experience in the development of the metro
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This article analyzes the development of the Tashkent metropolitan transport system based on advanced
foreign experience. Effective models of urban transport infrastructure management are studied using the
examples of London, Paris, and Tokyo metropolitan systems. The article develops scientifically grounded
recommendations for modernizing the metropolitan system in Uzbekistan and ensuring its integration
with other public transport modes. The research results include a set of practical measures aimed at
improving the economic, environmental, and social efficiency of the metropolitan system.
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Metropoliten transport tizimini rivojlantirishda xorijiy tajribaning

Annotatsiya:

Kalit so‘zlar:

ahamiyati va O‘zbekiston uchun tavsiyalar

Norkulov S.T.!

1Toshkent davlat transport universiteti, Tashkent, O¢zbekiston

Ushbu magolada Toshkent shahrining metropoliten transport tizimini rivojlantirish masalalari xorijiy
ilg'or tajribalar asosida tahlil gilinadi. London, Parij va Tokio metropoliten tizimlari misolida shahar
transport infratuzilmasini boshqarishning samarali modellari o'rganiladi. Maqolada O°zbekiston
sharoitida metropoliten tizimini modernizatsiya gilish va uning boshga jamoat transport turlari bilan
integratsiyasini ta'minlash bo'yicha ilmiy asoslangan tavsiyalar ishlab chigilgan. Tadgigot natijalari
metropoliten tizimining igtisodiy, ekologik va ijtimoiy samaradorligini oshirishga yo'naltirilgan amaliy
chora-tadbirlar majmuasini 0'z ichiga oladi.

metropoliten, jamoat transporti, transport integratsiyasi, ragamlashtirish, ekologik samaradorlik, davlat-
xususiy sheriklik, tarif siyosati, Toshkent

1. Kirish

Zamonaviy shaharlarning barqaror rivojlanishi ko‘p
jihatdan samarali metropoliten transport tizimining
mavjudligiga bog‘lig. Dunyo tajribasi shuni ko‘rsatadiki,
transport  infratuzilmasining  rivojlanganligi  nafagat
aholining harakatchanligini ta’minlaydi, balki shahar
iqtisodiyotining o‘sishiga, ish joylarining ko'payishiga va
investitsiyalar jalb etilishiga muhim hissa qo‘shadi [1]. Shu
bilan birga, zamonaviy metropoliten tizimlari ekologik
bargarorlikni ta'minlashda ham muhim vosita sifatida
garalmoqda.

O‘zbekiston, xususan Toshkent shahri uchun
metropoliten tizimini rivojlantirish masalasi  dolzarb
ahamiyat kasb etmoqgda. Toshkent shahri aholisining tez
sur’atlarda o'sishi, urbanizatsiya jarayonlari va iqtisodiy
rivojlanish talablari zamonaviy, ragobatbardosh va samarali
metropolitan transport tizimini shakllantirish zaruriyatini
keltirib chigarmoqgda [2]. Mavjud muammolarni hal etishda
xorijiy rivojlangan mamlakatlar tajribasini o‘rganish va uni
mahalliy sharoitga moslashtirish muhim metodologik
ahamiyat kasb etadi.

Tadgigotning magsadi — rivojlangan mamlakatlar
metroplitan transport tizimlari tajribasini giyosiy tahlil gilish
asosida O‘zbekiston metropoliten tizimini modernizatsiya
qgilishning ilmiy asoslangan yo'nalishlarini belgilashdan
iborat.
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Metropolitan transport tizimlari va ularning igtisodiy
rivojlanishga ta’siri masalasi ko‘plab xorijiy va mahalliy
tadqiqotchilar tomonidan o‘rganilgan. Cervero va Murakami
(2009) o‘tkazgan keng qamrovli tadqgiqotlar transport
infratuzilmasi va yer giymatining o'zaro bog‘ligligi
mavjudligini ko‘rsatadi [3]. Ular metropoliten tizimining
kengayishi yer narxlarini, aynigsa metro bekatlariga yagin
hududlarda sezilarli darajada oshirishini tasdigladilar.

Banister va Berechman (2001) transport investitsiyalari
va iqtisodiy o‘sish o‘rtasidagi munosabatlarni tahlil qilib,
metropoliten tizimiga gilingan investitsiyalarning igtisodiy
ko‘paytkich effektini aniqlashdi [4]. Ularning xulosalariga
ko‘ra, shahar ichki yalpi mahsulotining o‘sishida transport
investitsiyalari muhim omil bo‘lib xizmat qiladi.
Shuningdek, Litman (2020) jamoat transportining ijtimoiy
va ekologik afzalliklarini keng gamrovli tarzda tahlil gilib,
metropoliten tizimlari COz chigindilarini kamaytirish va
energiya tejashda tutgan o‘rnini asoslab berdi [5].

Mabhalliy tadgiqotchilar orasida Toshkent metropoliteni
masalalari bo‘yicha bir qator ishlar amalga oshirilgan bo‘lsa-
da, xorijiy tajribani giyosiy tahlil gilish va zamonaviy
ragamlashtirish texnologiyalarini joriy etish masalalariga
oid tadgiqotlar yetarli emas. Ushbu bo'shligni bartaraf etish
magolaning ilmiy yangiligini tashkil etadi.
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2. Tadgigot metodologiyasi

Tadgiqotda qiyosiy tahlil, tizimli yondashuv va
umumlashtirish metodlari qo‘llanildi. London, Parij va
Tokio metropoliten tizimlari asosiy taqqoslash ob’ekti
sifatida tanlandi — bu shaharlar o‘zlarining transport tizimi
samaradorligi bo‘yicha dunyo reytinglarida yetakchi
o'rinlarni  egallaydi va O‘zbekiston uchun amaliy
ahamiyatga ega tajribaga ega.

Tahlil quyidagi ko‘rsatkichlar asosida amalga oshirildi:
transport tizimining boshgaruv modeli, tarif siyosati,
ekologik samaradorlik, ragamlashtirish darajasi, davlat-
xususiy  sheriklik  shakllari va aholini  gamrash
ko'rsatkichlari. Shuningdek, O¢zbekiston metropoliten
tizimini rivojlantirish bo‘yicha rasmiy hujjatlar va
konsepsiyalar tahlil gilindi.

3. Natija va muhokamalar

London Transport for London (TfL) tizimi tajribasi.
London metropoliteni XIX asrning ikkinchi yarmidan
boshlab shahar transportining asosiy tarkibiy gismiga
aylangan va bugungi kunda Transport for London (TfL)
nomi ostida faoliyat ko'rsatuvchi yirik integratsiyalashgan
tizimga  transformatsiya  qilingan.  TfL  nafagat
metropolitenni, balki avtobus, tramvay va yengil metro
tizimlari kabi turli transport turlarini birlashtirgan holda
yagona boshgaruv ostida samarali xizmat ko‘rsatmogqda [6].

London tajribasining O‘zbekiston uchun amaliy
ahamiyati quyidagilarda namoyon bo‘ladi.

Birinchidan, transport turlarining integratsiyasi yagona
chipta tizimi orqali yo‘lovchilar uchun maksimal qulaylik
yaratadi.

Ikkinchidan, ekologik toza texnologiyalar — elektr
haydovchi transport vositalari va energiya tejovchi tizimlar
joriy etilishi transport sektori uglerod izini sezilarli
kamaytirdi.

Uchinchidan, shahar iqtisodiyotiga metropoliten
tizimining ta’siri investitsiyalar jalb etilishi va yangi ish
o‘rinlari yaratilishi orqali isbotlangan [7].

Parij metropoliteni va RER tizimi. Parizdagi Réseau
Express Régional (RER) tizimi — shahar ichki
metropolitenini shahar atrofi hududlari bilan bog‘lovchi
mintaqaviy tez harakatlanuvchi temir yo‘l tarmog‘i — shahar
transporti integratsiyasining namunali modeli sifatida tan
olingan. Bu tizim nafaqat shahar markazini, balki qo‘shni
viloyatlar va aeroportlarni ham gamrab oladi, bu esa Parij
metropoliten agglomeratsiyasining iqtisodiy alogadorligini
mustahkamlashda hal giluvchi rol o‘ynaydi [8].

Parij tajribasining muhim jihati — transport tizimining
ijtimoiy tenglikni ta'minlashdagi roli. Markaziy va chekka
tumanlar o‘rtasidagi transport aloqalari aholining barcha
qatlamlari uchun teng fursatlar yaratadi. O‘zbekiston uchun
bu tajriba Toshkent va unga tutash hududlar o‘rtasidagi
transport alogalarini rivojlantirish, shuningdek yangi
tumanlar va sanoat zonanlarini metropoliten tarmog‘iga
ulashda amaliy ahamiyat kasb etadi.

Tokio metropolitenining texnologik innovatsiyalari.
Tokio metropoliteni dunyo standartlari bo‘yicha eng katta va
eng samarali tizimlardan biri hisoblanadi. Uning o‘ziga xos
xususiyatlari quyidagilardan iborat: yugori aniglikdagi
jadval (o‘rtacha kechikish 1 dagigadan kam), real vaqt
rejimida yo‘lovchilar ogimini boshgarish, ragamli chip-
kartalar orqali to‘lov tizimi va sun’iy intellekt asosida
ishlovchi diagnostika tizimlari [9].
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Tokio tajribasining muhim jihati — davlat va xususiy
sektor hamkorligining (PPP modeli) muvaffagiyatli
qo‘llanilishi. Xususiy operatorlar aniq belgilangan
standartlar va nazorat mexanizmlari asosida metro
liniyalarini boshgaradi, bu esa moliyaviy samaradorlikni
oshiradi va davlat byudjetiga tushadigan yukni kamaytiradi.
Bunday yondashuv O‘zbekiston uchun alohida qizigish
uyg‘otadi, chunki u metropoliten tizimini moliyaviy
barqgaror asosda rivojlantirish imkonini beradi [10].

O‘ZBEKISTON METROPOLITEN TIZIMINI
RIVOJLANTIRISH BO'YICHA TAVSIYALAR

Yuqgorida ko'rib chigilgan xorijiy tajribalar tahlili
asosida O‘zbekiston metropoliten tizimini rivojlantirish
uchun quyidagi strategik yo‘nalishlar taklif etiladi:

1. Transport turlarini integratsiyalash. London TfL
modeli asosida metropoliten, avtobus, trolleybus va elektr
transport turlarini  yagona boshgaruv tizimi ostida
birlashtirish, yagona elektron chipta tizimini joriy etish
zarur. Bu yo‘lovchilar uchun uzluksiz sayohat imkonini
yaratadi va transport tizimining umumiy samaradorligini
oshiradi.

2. Ragamlashtirish va intellektual boshqgaruv
tizimlarini joriy etish. Tokio tajribasiga tayanib, real vaqt
rejimida yo‘lovchilar oqimini kuzatish, sun’iy intellekt
asosidagi jadval optimallashtirish va mobil ilovalar orgali
yo‘lovchilarga axborot berish tizimlarini ishlab chiqgish
magsadga muvofig.

3. Ekologik samaradorlikni oshirish. Parij va London
tajribasida bo‘lgani kabi, energiya tejovchi texnologiyalar,
regenerativ tormozlash tizimlari va qayta tiklanuvchi
energiya manbalari  (quyosh panellari) metropoliten
infratuzilmasiga tatbiq etilishi kerak.

4.  Davlat-xususiy  sheriklik ~ (PPP)  modelini
kengaytirish. Tokio modeli asosida xususiy investorlarni
metropoliten liniyalarini boshqarishga jalb etish, ularga aniq
standartlar va imtiyozli shartlar asosida konsessiya
shartnomalarini taqdim etish moliyaviy bargarorlikni
ta'minlaydi.

5. Muvozanatli tarif siyosatini shakllantirish. Tarif
darajasi yo‘lovchilar xarid qobiliyati va metropoliten
operatsion xarajatlarini qoplash zaruriyati o‘rtasida
muvozanatni ta’minlashi, shu bilan birga ijtimoiy himoyaga
muhtoj toifalar uchun imtiyozli chiptalar tizimi saglanib
golinishi lozim.

6.  Harakatlanuvchi tarkibni yangilash  va
kengaytirish. Zamonaviy, yuqori sig‘imli va energiya
tejovchi vagonlar parkini bosgichma-bosgich yangilash, shu
bilan birga yangi metro liniyalarini qurib, shahardagi
gamrov geografiyasini kengaytirish zarur.

4. Xulosa

Amalga oshirilgan tadqiqot shuni ko‘rsatdiki, samarali
metropolitan transport tizimi faqat yo‘lovchilarni tashish
vositasi emas, balki shahar igtisodiyotini rivojlantirishning
strategik omili sifatida amal giladi. London, Parij va Tokio
tajribalari metropoliten tizimini boshgarishning turli, ammo
o‘zaro to‘ldiruvchi modellarini namoyish etadi: Londonda
integratsiyalashgan ~ multimodal ~ boshqgaruv,  Parijda
mintaqaviy bog‘lanish va ijtimoiy tenglik, Tokioda esa
texnologik innovatsiyalar va PPP mexanizmlari.

O‘zbekiston uchun ushbu tajribalarning eng magbul
jihatlarini tahlil qilib, ularga mahalliy ijtimoiy-igtisodiy
sharoitni inobatga olgan holda moslashtirilgan yondashuv
talab etiladi. Taklif etilgan strategik yo‘nalishlar — transport
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integratsiyasi, ragamlashtirish, ekologik samaradorlik, PPP
va muvozanatli tarif siyosati — Toshkent metropoliten

tizimining ragobatbardoshligini oshirish va aholining
transport xizmatlariga bo‘lgan talablarini to‘liq qondirishga
xizmat giladi.

Kelajakdagi tadgiqotlar uchun Toshkent

metropolitenining igtisodiy samarasini migdoriy baholash,
jumladan metro yo‘nalishlari bo‘yidagi yer qiymatining
o‘zgarishi va shahar igtisodiyotiga ko‘paytiruvchi ta’sirini
empirik o‘rganish dolzarb yo‘nalish sifatida belgilanishi
mumkin.

Foydalangan
References

[1] Rodrigue, J.P., Comtois, C., Slack, B. (2020). The
Geography of Transport Systems. 5th Edition. Routledge,
New York. 456 p.

[2] Ofzbekiston Respublikasi Prezidentining 2022 yil
28 yanvardagi «Toshkent shahar jamoat transportini
rivojlantirish ~ konsepsiyasini  tasdiglash  to'g'risida»gi
Farmoni. O‘zbekiston Respublikasi Qonun hujjatlari
to'plami.

[3] Cervero, R., Murakami, J. (2009). Rail and
Property Development in Hong Kong: Experiences and
Extensions. Urban Studies, 46(10), 2019-2043.

[4] Banister, D., Berechman, J. (2001). Transport
investment and the promotion of economic growth. Journal
of Transport Geography, 9(3), 209-218.

adabiyotlar /

https://doi.org/10.56143/2181-2438-2026-2-207-209

[5] Litman, T. (2020). Evaluating Public
Transportation Health Benefits. Victoria Transport Policy
Institute, Victoria. 32 p.

[6] Transport for London. (2023). Annual Report and
Statement of Accounts 2022/23. TfL Corporate Archives,
London. 184 p.

[7] Greater London Authority. (2022). Economic
Evidence Base for London 2022. GLA Economics, London.
312 p.

[8] fle-de-France Mobilités. (2023). Rapport d'activité
2022. IDFM Press, Paris. 96 p.

[9] Tokyo Metro Co., Ltd. (2023). Annual Report
2023: Safety and Service Quality. Tokyo Metro
Publications, Tokyo. 72 p.

[10] Mizutani, F., Uranishi, S. (2013). Does vertical
separation reduce cost? An empirical analysis of the rail
industry in European and East Asian OECD countries.
Journal of Regulatory Economics, 43(3), 31-59.

Mualliflar to‘g‘risida ma’lumot/

Information about the authors
Norkulov S.T./  O‘zbekiston Respublikasi
S.T. Norkulov ~ Transport vazirligi huzuridagi

“Toshkent Metropoliteni” DUK
boshlig‘ining  ilmiy-innovatsion
rivojlantirish masalalari bo‘yicha
o‘rinbosari — Toshkent davlat
transport universiteti prorektori,
igtisodiyot fanlari doktori (DSc),
professor v.b.

E-mail: rektorat@tstu.uz

June, 2026
Research, Innovation, Results



mailto:rektorat@tstu.uz

Journal of Transport

ISSN: 2181-2438 Volume:3|Issue:2|2026

Abstract:

Keywords:

Fractal geometry and patterns modeling methods

Sh.A. Anaroval, N.T. Khujakulov*®2
Tashkent university of information technologies, Tashkent, Uzbekistan
2 Karshi state technical university, Karshi, Uzbekistan

The concept of fractal geometry was developed in the second half of the 20th century by the
mathematician B. Mandelbrot, and it began to be used to mathematically describe complex structures
found in nature. Later, fractal geometry began to be widely used not only in the study of natural processes,
but also in the fields of computer graphics, architecture, design and art. Fractal algorithms are especially
effective tools for modeling complex geometric ornaments. The structure of geometric patterns in Islamic
architecture is often formed on the basis of repeating elements and multi-stage compositions. Such
ornaments have similar structures, which are consistent with the main properties of fractal geometry.
Therefore, using fractal models, it is possible to analyze in more depth the mathematical structure,
symmetry laws and compositional structure of geometric patterns.

ornament, composition, iteration, Box-counting, Golden ratio, Attarina, L-systems, IFS, Recursive
operator, Sierpinski triangle, pseudo-code

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Fraktal geometriya murakkab va tartibsiz geometrik

Fraktal geometriya va nagshlarni modellashtirish usullari

Anarova Sh.A.l, Xujakulov N.T 252

Toshkent axborot texnologiyalari universiteti, Toshkent, O‘zbekiston
2Qarshi davlat texnika universiteti, Qarshi, O°zbekiston

Fraktal geometriya tushunchasi XX asrning ikkinchi yarmida matematik B. Mandelbrot tomonidan ishlab
chigilgan bo‘lib, u tabiatda uchraydigan murakkab strukturalarni matematik jihatdan tavsiflash uchun
qo‘llanila boshlagan. Keyinchalik fraktal geometriya nafagat 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 qonuniyatlari va
kompozitsion tuzilishini chuqurroq tahlil gilish mumkin.

ornament, kompozitsion, iteratsion, Box-counting, Oltin nisbat, Attarina, L-tizimlar, IFS, Rekursiv
operator, Sierpinski uchburchagi, pseudo-kod

shoxlarining tuzilishi yoki qor parchalarining geometrik
shakllari o‘ziga o‘xshash strukturalarga ega.

bosgich (k=0) Zbusgich tk=1) 3 bosgich (k=2) 4bosgich (k=3)

strukturalarni matematik jihatdan tavsiflash uchun ishlab
chigilgan zamonaviy matematik nazariya hisoblanadi.
An’anaviy Evklid geometriyasida asosiy e’tibor oddiy
geometrik shakllar — chiziglar, aylana, ko‘pburchaklar va
sirtlarga qaratilgan bo‘lsa, fraktal geometriya o‘ziga
o‘xshash, ko‘p darajali va iteratsion strukturalarga ega
bo‘lgan shakllarni o‘rganishga qaratilgan.

2. Tadgigot metodologiyasi

Fraktal strukturalarning asosiy xususiyatlaridan biri
o‘ziga o‘xshashlik (self-similarity) hisoblanadi. O‘ziga
o‘xshashlik shuni anglatadiki, geometrik strukturaning
ayrim gismlari butun shaklning kichik nusxasi sifatida
namoyon bo‘ladi (1-rasm). Bu xususiyat ko‘p darajali
takrorlanish jarayoni orqali yuzaga keladi. Masalan, daraxt

3% https://orcid.org/ 0009-0007-5913-8302
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1-rasm. O‘ziga o‘xshash fraktal struktura modeli

Mazkur rasmda fraktal strukturaning hosil bo‘lish
jarayoni iteratsion bosgichlar orgali tasvirlangan. Model
sifatida Sierpinski uchburchagi tanlangan bo‘lib, u fraktal
geometriyaning klassik namunasi hisoblanadi.

1-bosgich (k=0) — Boshlang‘ich shakl

Muntazam uchburchak boshlang‘ich geometrik obyekt
sifatida olinadi. Bu fraktal generatsiya algoritmining asosiy
bazasi hisoblanadi.

2-bosgich (k=1) — Birinchi iteratsiya

https://doi.org/10.56143/2181-2438-2026-2-210-214
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Uchburchak uchta kichik uchburchakka bo‘linadi va
markaziy qismi chiqarib tashlanadi. Natijada uchta o‘zaro
bog‘langan kichik uchburchak hosil bo‘ladi.

3-bosqich (k=2) — Ikkinchi iteratsiya

Oldingi bosqichda hosil bo‘lgan har bir kichik
uchburchakka xuddi shu amal qo‘llanadi. Bu bosqichda
struktura yanada murakkablashadi va o‘ziga o‘xshashlik
aniqroq namoyon bo‘ladi.

4-bosgich (k=3) — Fraktal struktura

Iteratsiya  jarayonining davom etishi natijasida
murakkab, ko‘p darajali va o‘ziga o‘xshash geometrik
struktura  hosil  bo‘ladi. Ushbu struktura fraktal
geometriyaning asosiy xususiyatlarini aks ettiradi.

Fraktal geometriyada muhim tushunchalardan yana biri
fraktal o‘lchov (fractal dimension) hisoblanadi. An’anaviy
geometriyada o‘lchov butun sonlar bilan ifodalanadi: chiziq
bir o‘lchamli, tekislik ikki o‘lchamli, fazo esa uch o‘lchamli
hisoblanadi.  Fraktal —geometriyada esa geometrik
strukturalarning o‘lchovi butun son bo‘lmasligi mumkin.
Bunday o‘Icham fraktal o‘Ichov deb ataladi.

Fraktal o‘lchovni hisoblash uchun ko‘pincha Hausdorff
o‘Ichami yoki box-counting dimension usullari qo‘llaniladi.
Box-counting o‘lchami quyidagi formula orqali aniqlanadi:

logN (&
= 1IN
&>
tog ;)
Bu yerda:

N (&) - o’Ichovi € bo’lgan kataklar soni
D — fraktal o’lchov
Ushbu formula fraktal strukturani gamrab oluvchi
kataklar sonining o‘zgarishini tahlil qilish orqali uning
geometrik murakkabligini aniglash imkonini beradi (2-
rasm).

Toosgich: £ = 12 2-basich: £ = 174 Ihosgich: €= 18
el =20 Nie) = 48 Ihie) = 102
N
[ |
I 1 T

V\\f

e b oyl b
bl s b bl sishn
akarsai Natar

‘Tushuntinsh; panjara gadami ¢ kichraygani sar shakdni camrab aluehe kataklar sani Wi orad. Fraktal o'ichm O = logiNie)) # logi Lic) nisbasning Irnibga ascslanit bahelanad.

2-rasm. Box-counting usuli yordamida fraktal o‘lchovni
aniglash sxemasi

Fraktal strukturalarni hosil qilish jarayoni ko‘pincha
iteratsion algoritmlar yordamida amalga oshiriladi. Iteratsiya
jarayonida boshlang‘ich geometrik shaklga ma’lum
transformatsiyalar ketma-ket qo‘llanadi. Har bir iteratsiya
bosgichida geometrik shakl yanada murakkablashib boradi.

Iteratsion jarayon matematik jihatdan quyidagi rekursiv
formula orgali ifodalanishi mumkin:

Xne1 = f(xn)

bu yerda f(x) iteratsion funksiyani bildiradi.

Fraktal geometriyaning eng mashhur modellaridan biri
Mandelbrot to‘plami hisoblanadi. Mandelbrot to‘plami
kompleks sonlar tekisligida iteratsion jarayon yordamida
hosil gilinadi. Ushbu model quyidagi formula orgali
aniglanadi:

Znyr =Z2+cC
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bu yerda:

z— kompleks son

¢ — parameter

Mandelbrot to‘plami fraktal strukturalarning murakkab
va o‘ziga o‘xshash xususiyatlarini aniq namoyon etadi (3-
rasm).

1.5

1.0

0.5

E 00
-0.5

-1.0

—L:5
—-2.5 —-2.0 =15 -1.0 —-0.5 0.0 0.5 1.0 1.5

Re

3-rasm. Mandelbrot fraktal to‘plamining geometrik
tasviri

Gorizontal 0°‘q (Re) — kompleks sonning hagigiy gismi;

Vertikal o‘q (Im) — mavhum gismi;

Markazdagi yopiq hudud — Mandelbrot to‘plamiga
tegishli nugtalar;

Chegaradagi murakkab struktura — fraktal chegaralar.

Fraktal geometriya kompyuter grafikasi sohasida ham
keng qo‘llaniladi. Fraktal algoritmlar yordamida murakkab
geometrik shakllarni kompyuter muhitida generatsiya gilish
mumkin. Masalan, Koch egri chizig‘i, Sierpinski
uchburchagi va Mandelbrot fraktali kabi modellar
kompyuter grafikasi yordamida yaratiladi. Fraktal modellar
yordamida murakkab geometrik ornamentlarni
modellashtirish  imkoniyati mavjud. Aynigsa, Islom
me’morchiligidagi geometrik nagshlar ko‘p darajali va
takrorlanuvchi strukturalardan tashkil topganligi sababli
ularni fraktal geometriya yordamida tahlil qilish va
modellashtirish mumkin.

Oltin nishat. Oltin nisbat tabiatda va Giza (Misr)
piramidasi va Afinadagi Parfenon (Gretsiya) kabi me’moriy
binolarda uchraydi . Bu ketma-ketlik tabiatda mavjud bo‘lib,
Fibonachchi ketma-ketligi deb ataladi. Biz islom geometrik
san‘atining ko‘plab nagshlari oltin nishat yordamida
yaratilganligini  ko‘rishimiz mumkin. Islom geometrik
san‘ati. Islom bezaklari uch turdan iborat: gulli dizaynlar,
xattotlik va geometrik nagshlar. Bu butun islom
me‘morchilik madaniyatlarida juda ko‘p miqdorda
uchraydi. U turli xil buyumlarda va ko‘plab turdagi
ob‘ektlarda uchraydi. Oxirgi turkum (geometrik naqgshlar)
islom san‘atining eng ajralib turadigan xususiyatlaridan
biridir. Geometrik nagshlarda islomiy yulduz nagshlari eng
chiroyli hisoblanadi. Ular “yulduz” yoki “atirgul shakli” ga
o‘xshash nosimmetrik shakllarning takroriy nusxalari
natijasidir. 6, 8, 10, 12 va 16 girrali yulduz va atirgul
shakllari eng keng targalganlardandir.
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VBRI
L vyl

V - belgilar to’plami;

w - boshlang’ich satr (aksioma);

P - almashtirish qoidalari.

Masalan: F > F +F — —F + F

Bu qoida asosida har bir iteratsiyada yangi geometrik
struktura hosil gilinadi (6-rasm).

Boshlang'ich  1-Itteratsiya  2-Itteratsiya  3-Itteratsiya  4-Itteratsiya Murakkab
Holat Fraktal

Shakl

Bitta Chizig Burchak Tarmoglanish Ko'payish

Cavim 3 davim 3 im 3

0ddiy Bosgich » Taraqqiyot ===p  Fraktal Natija

6-rasm. L-tizim asosida fraktal geometrik shakl hosil

: (a) bo‘lish jarayoni
4-rasm. (a) Marokashning Fes shahridagi Attarina Rekursiv algoritmlar fraktal modellashtirishda keng
madrasasi panelini bezatgan nagsh, (b) nagsh bo‘yicha qo‘llaniladigan usullardan biri bo‘lib, ular funksiyaning
qurilgan arava gtildiragi, naqsh tarkibidagi 10 girrali o‘zini 0‘zi chaqirishi orqali murakkab strukturalarni hosil
atirgul shakli giladi. Rekursiv jarayon umumiy holda quyidagicha
Usullari F(n) = {bazaviy holat, n=0
Fraktal geometriya asosida murakkab geometrik f(F(n—-1)), n>0

shakllarni modellashtirish jarayoni asosan iteratsion va . . . L

rekursiv algoritmlarga tayanadi. Ushbu jarayonlar orqali Rekursw_ al_g_orltmlar yordamida quyidagi mashhur
oddiy geometrik elementlardan ko‘p bosqichli va o‘ziga fraktallar hOS!I q',"f‘a}?'“

o‘xshash strukturalar hosil qilinadi. Zamonaviy ilmiy K_och_egrl_ chizig'i .

tadgiqotlarda fraktal modellashtirishning bir necha asosiy Sierpinski uchburchagi

usullari mavjud bo‘lib, ular orasida iteratsion funksiyalar Cantor toplami

tizimi, L-tizimlar (Lindenmayer systems) hamda rekursiv Misol: Koch egri chizig'i

algoritmlar muhim o‘rin tutadi. Iteratsion funksiyalar tizimi 1. Chiziq Segme"t,' olinadi

fraktal modellashtirishning eng muhim  matematik 2. U?hga bo‘linadi o

usullaridan biri hisoblanadi. Ushbu usulda geometrik shakl 3. O'rta gismga uchburchak qo‘shiladi

bir nechta affine transformatsiyalar yordamida ketma-ket 4. Jarayontakrorlanadi -
qayta quriladi. Natijada murakkab fraktal egri chiziq hosil bo‘ladi (7-

IFS quyidagi ko‘rinishda aniqlanadi: rasm).

L-bosgich (k=0) hosgich (k=1) hosqich (k=2) 4-bosgich (k=3)

W ={w,, wy, ws,..., w,}
Bu yerda har bir wi — quyidagi affine transformatsiya:

_(a; b\ (x e;
wen (o a)6) ) / \ M Amfﬁﬁm
Ushbu  transformatsiyalar  takroriy = qo‘llanilishi -

natijasida fraktal shakl hosil bo‘ladi.

Boshlang'ich Shakl | Tanlangan

(5) Tanshrmatsilr 7-rasm. Rekursiv algoritm asosida Koch egri
() chizig‘ining hosil bo‘lish bosqichlari
et ftensin —— 1-jadval
o, e—— N o Fraktal modellashtirish usullarining taggoslanishi
S s:=w2(s?) ) Yndshdl |} A Usul Afzalliklari Kamchiliklari
Takrorlash $2=Wn(S1) ekt m
AAAA Matematik aniglik
S IFS . tanlash
g ugori
Ao ya murakkab

5-rasm. IFS asosida fraktal generatsiya jarayoni
sxemasi

L-tizim quyidagi komponentlardan iborat:
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. Grafika Natijani vizualizatsiya qilish, hosil bo‘lgan nugtalar yoki
L tizim Tabiiy shakllarga interoretatsivasi chiziglar grafik shaklga keltiriladi. Iteratsiya soni (n)
mos pretaisly e  Kichik n — oddiy shakl
murakkab e  katta n — murakkab ornament
Masshtab koeffitsienti (r) O<r<1
Hisoblash Bu parametr nagshning zichligini belgilaydi.
Rekursiv Oddiy va . Islom me’morchiligidagi nagshlarni fraktal asosda
; : murakkabligi tsiya gilish quyidagi usull li amalga oshiriladi:
algoritm tushunarli generatsiya gilish quyidagi usullar orgali amalga oshiriladi:
yugori 1. Girih nagshlarini fraktallashtirish
Girih  elementlari  takroriy  joylashtirish  orqali

Fraktal modellashtirish usullari murakkab geometrik
shakllarni yaratishda samarali vosita hisoblanadi. Iteratsion
funksiyalar tizimi, L-tizimlar va rekursiv algoritmlar
yordamida ko‘p bosqichli, o‘ziga o‘xshash strukturalarni
modellashtirish ~ mumkin. ~ Ushbu  usullar  Islom
me’morchiligidagi  geometrik  nagshlarni  kompyuter
modellashtirishda muhim metodologik asos bo‘lib xizmat
giladi.

Fraktal modellar asosida geometrik nagshlarni
generatsiya qilish.

Mazkur bo‘limda fraktal geometriya asosida geometrik
nagshlarni generatsiya gilishning nazariy va algoritmik
asoslari o‘rganiladi. Fraktal modellar yordamida oddiy
geometrik elementlardan murakkab va o‘ziga o‘xshash
ornament  strukturalarini  hosil gilish mumkin. Islom
me’morchiligidagi nagshlar kop hollarda takrorlanuvchi va
simmetrik tuzilishga ega bo‘lib, bu wularni fraktal
modellashtirish uchun qulay obyektga aylantiradi. Fraktal
yondashuv orqgali nagshlar iteratsion transformatsiyalar,
rekursiv qurilish va parametrik boshgaruv asosida
generatsiya gilinadi.

Fraktal generatsiya jarayonining umumiy modeli

Fraktal nagshlarni generatsiya qilish quyidagi umumiy
matematik model orgali ifodalanadi:

Sne1 =T(Sn)

Bu yerda:

. Sn — n-bosgichdagi geometric struktura

. T — transformatsiya operatori (IFS, L-tizim yoki
rekursiv operator)

Ushbu model asosida boshlang‘ich shakl ketma-ket
transformatsiyalar orgali murakkablashadi.

Fraktal asosida geometrik nagsh generatsiya
algoritmi.

Fraktal nagshlarni hosil qilish algoritmi quyidagi
bosgichlardan iborat:

Boshlang‘ich geometrik element tanlash. Masalan:

o Aylana

. Kvadrat

. Yulduzsimon shakl

Transformatsiya  qoidalarini  aniglash.  Quyidagi
transformatsiyalar qo‘llaniladi:

. masshtablash

o aylantirish

. siljitish

Affine transformatsiya:

' N _ (a b\ /X e
@ =G )G)+()
Iteratsion  qo‘llash, transformatsiyalar ketma-ket

qo‘llanadi:
Sni1=T(Sy)

https://doi.org/10.56143/2181-2438-2026-2-210-214

kengaytiriladi.
2. Yulduzsimon nagshlar generatsiyasi
Ko‘pburchak asosida fraktal takrorlash qo‘llaniladi:

a4t (an) —b4 .(an)
Xe=atcos\|——) Y= rsin|—

3. Tessellatsiya + fraktal kombinatsiyasi

Tekislikni goplash va ichki fraktal struktura qo‘shiladi.

Kompyuter modellashtirish algoritmi (pseudo-kod)

Quyidagi  8-rasmdagi  algoritm  fraktal  nagsh
generatsiyasini ifodalaydi:

( Boshlash ]

Kirish: Boshlang‘ich shakl S,
iteratsiya soni n

[
!

T

Ha

T

S dagi har bir element uchun

|

Transformatsiyalarni qo‘llash va
yangi elementlarni qo*shish

!
.
v
c—| i= il+ 1 |
/ Chigqish: S
.

( Tugatish )

2.10-rasm. Fraktal nagsh generatsiyasi algoritmi

/—

Fraktal generatsiyaning afzalliklari
Fraktal modellashtirish quyidagi ustunliklarga ega:

. murakkab nagshlarni oddiy formulalar bilan
yaratish

. algoritmik generatsiya imkoniyati
. parametrlar orgali boshgarish
. kompyuter grafikasi bilan integratsiya
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Fraktal modellar asosida geometrik nagshlarni
generatsiya qilish Islom me’morchiligidagi murakkab
ornamentlarni matematik va algoritmik jihatdan ifodalash
imkonini beradi. lteratsion va rekursiv yondashuvlar
yordamida o‘ziga o‘xshash va ko‘p bosqichli strukturalarni
hosil gilish mumkin

Mazkur yondashuv dissertatsiya doirasida ishlab
chigiladigan yangi fraktal algoritmlar va modellashtirish
usullarining asosini tashkil etadi.

3. Xulosa

Fraktal geometriya nazariyasi va uning geometrik
nagshlarni modellashtirishdagi o‘rni o‘rganildi. Fraktal
tushunchasi, o‘ziga o‘xshashlik, fraktal o‘lchov va iteratsion
jarayonlar nazariy jihatdan tahlil gilindi

Mazkur bobda IFS, L-tizimlar va rekursiv algoritmlar
asosida murakkab shakllarni hosil qilish usullari ko‘rib
chiqildi. Fraktal yondashuvning afzalligi sifatida murakkab,
ko‘p bosgichli va o‘ziga o‘xshash geometrik strukturalarni
modellashtirish imkoniyati ko‘rsatib berildi.

Natijada fraktal geometriya Islom me’morchiligidagi
nagshlarning tuzilishini tushuntirish va ularni matematik
modellashtirish uchun samarali nazariy asos ekanligi
ishotlandi.
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Computer modeling of geometric patterns based on fractal models

Abstract:

Keywords:

N.T. Khujakulov!®?

1 Karshi state technical university, Karshi, Uzbekistan

The issues of implementing fractal-geometric models and generation algorithms in a computer
environment are considered. The main goal of the chapter is to digitally construct, visualize,
parametrically control geometric patterns in Islamic architecture based on fractal models and evaluate
their practical effectiveness. The computer modeling environment, software tools, and selected
technological platforms are presented. Then, the implementation of the developed FGDM-hybrid model,
algorithms based on IFS, L-system, and R-functions in the Python programming language is covered. In
the modeling process, the stages of constructing basic geometric shapes, applying transformations,
iterative generation, parametric control, and graphical representation of results are sequentially analyzed.
It tests the practical performance of the theoretical model. Geometric patterns generated based on
different parameters are compared, their level of complexity, symmetrical properties, and fractal structure
are evaluated. Also, the modeling results are analyzed in comparison with real ornaments in Islamic
architecture, and the adequacy and practical applicability of the proposed model are shown.
FGDM-hybrid model, L-systems, IFS, R-functions, radial-affine transformations, implicit shapes,
NumPy, Matplotlib, SymPy, Shapely

Geometrik nagshlarni fraktal modellar asosida kompyuter modellashtirish

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Kompyuter modellashtirish muhiti, dasturiy vositalar va
tanlangan texnologik platformalar asoslanadi. Shundan
so‘ng ishlab chiqilgan FGDM-gibrid model, IFS, L-tizim va

Xujakulov N.T.'®2

Qarshi davlat texnika universiteti, Qarshi, O‘zbekiston

Fraktal-geometrik modellar va generatsiya algoritmlarini kompyuter muhitida realizatsiya gilish
masalalari ko‘rib chiqgiladi. Bobning asosiy magsadi Islom me’morchiligidagi geometrik nagshlarni
fraktal modellar asosida ragamli shaklda qurish, vizuallashtirish, parametrik boshqarish va ularning
amaliy samaradorligini baholashdan iborat. Kompyuter modellashtirish muhiti, dasturiy vositalar va
tanlangan texnologik platformalar asoslanadi. Shundan so‘ng ishlab chiqilgan FGDM-gibrid model, IFS,
L-tizim va R-funksiyalar asosidagi algoritmlarning Python dasturlash tilida realizatsiyasi yoritiladi.
Modellashtirish jarayonida bazaviy geometrik shakllarni qurish, transformatsiyalarni qo‘llash, iteratsion
generatsiya, parametrik boshgaruv va natijalarni grafik tasvirlash bosgichlari ketma-ket tahlil gilinadi.
Unda nazariy modelning amaliy ishlashi sinovdan o‘tkaziladi. Turli parametrlar asosida hosil gilingan
geometrik nagshlar o‘zaro taqqoslanadi, ularning murakkablik darajasi, simmetrik xususiyatlari va
fraktal tuzilishi baholanadi. Shuningdek, modellashtirish natijalari Islom me’morchiligidagi real
ornamentlar bilan giyosiy tahlil qilinib, taklif etilgan modelning adekvatligi va amaliy qo‘llash
imkoniyati ko‘rsatib beriladi.

FGDM-gibrid model, L-tizimlar, IFS, R-funksiyalar, radial-affin transformatsiyalar, implicit shakllar,
NumPy, Matplotlib, SymPy, Shapely

Geometrik nagshlarni  kompyuterda modellashtirish
zamonaviy kompyuter grafikasi, hisoblash geometriyasi va
algoritmik  tasvirlash  texnologiyalarining ~ muhim
yo‘nalishlaridan ~ biri  hisoblanadi. ~ Aynigsa, Islom
me’morchiligidagi murakkab  ornamentlarni  ragamli

R-funksiyalar asosidagi algoritmlarning Python dasturlash muhitda qayta tiklash, tahlil gilish va yangi

tilida realizatsiyasi yoritiladi. Modellashtirish jarayonida

kompozitsiyalarni  generatsiya  qilishda ~ kompyuter
modellashtirish texnologiyalari katta ilmiy-amaliy axamiyat

bazaviy geometrik shakllarni qurish, transformatsiyalarni
qo‘llash, iteratsion generatsiya, parametrik boshqaruv va
natijalarni grafik tasvirlash bosgichlari ketma-ket tahlil
gilinadi.

Fraktal modellar asosida kompyuter modellashtirishning
afzalliklari, cheklovlari hamda ushbu yondashuvni
me’moriy bezaklarni ragamli rekonstruksiya qilish, dizayn,
ta’lim va ilmiy vizualizatsiya sohalarida qo‘llash istigbollari
umumlashtiriladi.

3% https://orcid.org/ 0009-0007-5913-8302
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kasb etadi. Bunday naqshlar ko‘pincha simmetriya,
takrorlanish, ierarxik tuzilish va parametrik bog‘lanishlarga
asoslangan bo‘lgani sababli, ularni kompyuter vositalari
yordamida ifodalash va boshqarish an’anaviy qo‘lda
chizishga nisbatan ancha samarali hisoblanadi.
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2. Tadgigot metodologiyasi

Kompyuter modellashtirish texnologiyalarining asosiy
afzalligi shundaki, ular geometrik shakllarni fagat tasvirlash
bilan cheklanmay, balki ularning matematik modelini
yaratish, parametrlarini boshqarish, turli
transformatsiyalarni qo‘llash va yakuniy natijani yuqori
aniglikda vizuallashtirish imkonini beradi. (1-rasm).

2= sin(x) <cos(y)

b _py

Matematikmodel = Algoritm = Dasturiy realzatsya. = Vizualizatsiya

Matematik model = Algoritm = Dastury realizatsya = Vizualizatsiya

1-rasm. Geometrik nagshlarni kompyuter
modellashtirish texnologiyalarining umumiy sxemasi

Bu jihat aynigsa fraktal xususiyatlarga ega nagshlarni
modellashtirishda muhimdir, chunki bunday strukturalar
ko‘p bosqichli iteratsiya, rekursiya va o‘ziga o‘xshashlik
asosida shakllanadi.

Kompyuter grafikasi texnologiyalarining umumiy
imkoniyatlari.

Geometrik nagshlarni modellashtirishda kompyuter
grafikasi ikki asosiy yo‘nalishda namoyon bo‘ladi: rastr
grafika va vektor grafika (2-rasm). Rastr grafika tayyor
tasvirlarni piksel asosida qayta ishlashga qulay bo‘lsa,
vektor grafika geometrik obyektlarni matematik primitivlar
— nugqta, chiziq, egri chiziq, ko‘pburchak va sirtlar asosida
ifodalash imkonini beradi. Islomiy geometrik nagshlar
uchun aynan vektorli yondashuv muhim hisoblanadi, chunki
u simmetrik shakllarni cheksiz kattalashtirishda ham sifatni
yo‘qotmaydi va  parametrik boshqaruvni  qo‘llab-
quvvatlaydi.

Vektor grafika Rastrli grafika

m Aniq va tiniq

O Masshtablash oson
)

RRN Pisel kofinish
(1]

@‘Masshtablashda sifat yo'goladi

2-rasm. Rastr grafika va vektor grafika tahlili
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Geometrik nagshlarni kompyuterda qurishda quyidagi

amallar asosiy rol o‘ynaydi:

e  Koordinatalarni hisoblash;
Geometrik transformatsiyalarni qo‘llash;
Kopburchak va egri chiziqlarni qurish;
Kompozitsion elementlarni takrorlash;
Qatlamli struktura hosil gilish;
Natijani vizualizatsiya gilish va eksport qilish.

Bu amallar ko‘pincha chiziqli algebra, analitik
geometriya va diskret algoritmlar asosida bajariladi.

Geometrik modellashtirishning asosiy texnologik
yondashuvlari.

Geometrik nagshlarni kompyuter modellashtirishda bir
nechta texnologik yondashuv mavjud. Birinchi yondashuv
— parametrik modellashtirish bo‘lib, bunda geometrik
obyektlar aniq parametrlar orgali aniglanadi (3-rasm).
Masalan, muntazam ko‘pburchak yoki yulduzsimon shakl
radius, burchak va tomonlar soni orgali quriladi. Bu usulning
afzalligi shundaki, bitta parametr o‘zgarsa, butun
kompozitsiya avtomatik ravishda gayta hisoblanadi.
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3-rasm. Parametrik modellashtirishning ishlash
tamoyillari

Ikkinchi yondashuv — algoritmik modellashtirish
bo‘lib, bunda shakllar oldindan belgilangan qoidalar va
algoritmlar orqali hosil gilinadi. Fraktal generatsiya, L-
tizimlar, tessellatsiya va simmetrik nagshlarni qurish aynan
shu turga Kkiradi. Mazkur yondashuv — murakkab
ornamentlarni avtomatik hosil gilish imkonini beradi.

Uchinchi yondashuv — funksiya-asosli modellashtirish
bo‘lib, unda shakl analitik funksiyalar yoki implicit
tenglamalar orgali ifodalanadi. Rvachevning R-funksiyalar
usuli aynan shu guruhga kiradi. Bu yondashuvning ustunligi
shundaki, murakkab geometrik obyektlar silliq va uzluksiz
tarzda ifodalanadi, bu esa ularni birlashtirish va analitik
tahlil gilish uchun qulay.

To‘rtinchi yondashuv — protseduraviy modellashtirish
bo‘lib, bunda shakl dasturiy qoidalar ketma-ketligi orgali
quriladi. Bu usul kompyuter grafikasi va dizayn tizimlarida
ko‘p qo‘llanadi. Islomiy naqgshlar uchun protseduraviy
modellashtirish kompozitsion birlik va takrorlanuvchi
modullarni avtomatik joylashtirishda aynigsa foydalidir.

Fraktal modellashtirish texnologiyalarining o‘rni.

Geometrik  nagshlarni  modellashtirishda  fraktal
geometriya asosidagi texnologiyalar alohida o‘rin tutadi.
Fraktal modellashtirish murakkab shakllarni rekursiv va
iterativ qoidalar asosida qurish imkonini beradi. Kompyuter
muhitida bunday modellarni amalga oshirish uchun quyidagi
texnologik vositalar samarali hisoblanadi:
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R-funksiyalar | Rekursiv model

Iteratif funksiyalar Lindemayer tizimi Analitik R-funksiyalar Rekursiv struktura
tizimi

4-rasm. Fraktal modellashtirish texnologiyalarining
klassifikatsiyasi

Iteratsion funksiyalar tizimi (IFS);

L-tizimlar;

Rekursiv algoritmlar;

Radial-affin transformatsiyalar;

Implicit shakllar va R-funksiyalar;

Parametrik generatsiya va vektor vizualizatsiyasi.

Barnsley ko‘rsatganidek, IFS murakkab fraktal
obyektlarni kontraktiv akslantirishlar tizimi orgali qurish
uchun samarali  vositadir [3]. Prusinkiewicz va
Lindenmayerning ishlari  L-tizimlarning  strukturaviy
generatsiya imkoniyatlarini asoslab bergan [5]. Shapiro esa
R-funksiyalar orgali murakkab shakllarni analitik ifodalash
mumkinligini  ko‘rsatgan [6]. Shu sababli fraktal
modellashtirish texnologiyalari Islomiy geometrik nagshlar
uchun nafagat nazariy, balki amaliy jihatdan ham magbul
hisoblanadi.

Kompyuter modellashtirishda dasturiy vositalarning
imkoniyatlari.

Geometrik nagshlarni  kompyuterda modellashtirish
uchun turli dasturiy vositalardan foydalanish mumkin.
Ularning ichida ilmiy hisoblash va vizualizatsiya uchun
Python mubhitining imkoniyatlari alohida ahamiyatga ega.
Python dasturlash tili modulli tuzilishi, kutubxonalarining
boyligi va ilmiy hisoblashga mosligi bilan ajralib turadi (5-
rasm).
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5-rasm. Python asosidagi modellashtirish arxitekturasi

Python asosida quyidagi vazifalarni bajarish mumkin:
e Geometrik nugtalar koordinatalarini hisoblash;
e Ko‘pburchak va yulduzsimon modullarni qurish;
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e Aylantirish, masshtablash va translatsiya
amallarini bajarish;
Fraktal iteratsiyalarni generatsiya qilish;
L-tizim satrlarini hosil gilish va interpretatsiya
qilish;

e Implicit funksiyalar asosida shakllarni chizish;

e Natijalarni PNG, SVG yoki PDF formatlarda
saglash.

Bundan tashqgari, NumPy kutubxonasi —matritsali
hisoblashlar uchun, Matplotlib vizualizatsiya uchun, SymPy
analitik ifodalar bilan ishlash uchun, Shapely esa tekislik
geometriyasi operatsiyalari uchun qulay vosita bo‘lib xizmat
giladi. Shu jihatdan Python muhitida qurilgan model ilmiy
tadgigot uchun ham, amaliy generatsiya uchun ham mos
platforma hisoblanadi.

Vektor va parametrik eksport texnologiyalari.
Geometrik  nagshlarni  modellashtirishning ~ muhim
bosgichlaridan biri — yakuniy natijani turli formatlarda
eksport qilishdir. Ilmiy magola va dissertatsiyalar uchun
odatda quyidagi formatlar magsadga muvofiq:

e PNG — yuqori sifatli rastr tasvir;

e  SVG — vektor format, tahrirlash uchun qulay;

e PDF — ilmiy nashrlar uchun standart format;

e EPS — ayrim akademik nashrlar uchun mos
format.

Kompyuter modellashtirish texnologiyalarining
tadqiqotdagi o‘rni:

Kompyuter modellashtirish texnologiyalari fagat tasvir
hosil qilish vositasi sifatida emas, balki ilmiy tadgiqot
metodologiyasining bir qismi sifatida qaraladi. Ular
quyidagi masalalarni hal gilishga xizmat giladi.

Islomiy  nagshlarning matematik modelini
tekshirish;

2. Fraktal algoritmlarning ishlashini sinash;

3. Turli parametrlar ta’sirini tahlil qilish;

4.  Ornament murakkabligi va fraktallik darajasini
baholash;

5. Real me’moriy nagshlar bilan taqqoslash.

Shunday qilib, kompyuter modellashtirish
texnologiyalari tadgigotda nazariy modelni amaliy natijaga
aylantiruvchi asosiy vosita sifatida namoyon bo‘ladi.

Shunday qilib, geometrik nagshlarni  kompyuter
modellashtirish texnologiyalari murakkab ornamentlarni
ragamli muhitda qurish, boshqarish va tahlil gilish uchun
keng imkoniyatlarga ega. Vektor grafika, parametrik
modellashtirish, algoritmik generatsiya, fraktal yondashuv
va funksiya-asosli modellashtirish texnologiyalari Islomiy
nagshlarning strukturaviy xususiyatlarini aniq ifodalashga
xizmat qiladi. Mazkur tadgigqot doirasida aynigsa Python
asosidagi  ilmiy-hisoblash  muhiti  fraktal-geometrik
modellarni realizatsiya gilish va natijalarni vizual ko‘rsatish
uchun eng magbul platforma sifatida garaladi.

Fraktal modellashtirish usullari, matematik modellar va
generatsiya algoritmlari asosida geometrik nagshlarni
avtomatik hosil giluvchi dasturiy vositani yaratish jarayoni
yoritiladi. Bo‘limning asosiy maqsadi nazariy va algoritmik
yechimlarni amaliy dasturiy muhitga joriy etish, ya’ni
fraktal-geometrik modellashtirishga asoslangan funksional
tizim ishlab chigishdan iborat.

Islom me’morchiligiga xos murakkab geometrik
nagshlarni vyaratish, ularning parametrlarini boshgarish,
fraktal iteratsiya jarayonini tashkil etish, hosil gilingan
modellarni grafik ko‘rinishda tasvirlash va ularni turli
formatlarda saglash imkonini beruvchi integrallashgan tizim
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sifatida garaladi. Shu sababli ishlab chigilgan dasturiy vosita
nafaqat ilmiy tajriba o‘tkazish uchun, balki ragamli
rekonstruksiya, grafik dizayn va ta’limiy vizualizatsiya
uchun ham qo‘llanishi mumkin.

Dasturiy vositani yaratish zarurati va magsadi.

Geometrik naqshlarni an’anaviy usulda chizish ko‘p
vaqt talab etadi, murakkab iteratsion tuzilmalarni qo‘lda
qurish esa deyarli imkonsiz yoki samarasizdir. Aynigsa,
fraktal xususiyatlarga ega nagshlarni qurishda simmetriya,
ko‘p bosqichli detallashtirish, parametrik o‘zgarish va
transformatsiyalarni bir vaqtning o‘zida hisobga olish zarur
bo‘ladi. Shu bois bunday jarayonni avtomatlashtiruvchi
dasturiy vosita ishlab chigish ilmiy-amaliy zarurat
hisoblanadi.

Mazkur dasturiy vositani yaratishning asosiy magsadi:

e Bazaviy geometrik modullarni avtomatik qurish;

e  Transformatsiyalarni parametrik qo‘llash;

e  Fraktal iteratsiya va rekursiv generatsiyani amalga
oshirish;

e L-tizim va R-funksiyalarni
jarayoniga integratsiya gilish;

e Yakuniy nagshni ekranga chigarish va saglashdan
iborat.

Dasturiy vositaning funksional tarkibi.

Ishlab chiqilgan dasturiy vosita bir nechta o‘zaro bog‘liq
modullardan iborat  funksional tizim  sifatida
loyihalashtiriladi. Tizimning umumiy tarkibi quyidagi
modullarni o‘z ichiga oladi:

1. Kirish parametrlarini boshqgarish moduli

Bu modulda foydalanuvchi bazaviy shakl turi, radius,
simmetriya darajasi, iteratsiya soni, masshtab koeffitsienti,
aylanish burchagi kabi parametrlarni kiritadi.

2. Bazaviy geometrik shakllarni qurish moduli

Mazkur modul muntazam ko‘pburchak, yulduzsimon
shakl, girih elementi kabi boshlang‘ich modullarni quradi.

3. Transformatsiyalar moduli

Bu modul aylantirish, siljitish, masshtablash, radial

ko‘paytirish kabi geometrik amallarni bajaradi.
4. Fraktal generatsiya moduli

Bu modul ishlab chigilgan algoritmlar asosida nagshni
iterativ ravishda kengaytiradi va detallashtiradi.

5. L-tizim asosida strukturaviy generatsiya moduli

Ushbu modul gayta yozish qoidalari asosida ichki
kompozitsion o‘sishni hosil giladi.

6. R-funksiyalar asosida kompozitsiya moduli

Bu modul diskret modullarni yagona analitik shaklga
birlashtiradi.

7. Vizualizatsiya va eksport moduli.

Bu modul hosil gilingan nagshni grafik ko‘rinishda
ifodalaydi va uni PNG, SVG yoki PDF formatlarda saglaydi.

Shunday qilib, dasturiy vosita fraktal-geometrik
modellashtirishning barcha asosiy bosgichlarini yagona
tizimga birlashtiradi.

Dastur ishga tushirilgach, foydalanuvchi parametrlarni
kiritadi. Shundan so‘ng bazaviy modul quriladi va unga
geometrik transformatsiyalar qo‘llanadi.

6-rasmda Islomiy  nagshlarni  fraktal-geometrik
modellashtirish dasturiy vositasining funksional sxemasi
keltrilgan.

modellashtirish
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6-rasm. Islomiy nagshlarni fraktal-geometrik
modellashtirish dasturiy vositasining funksional
sxemasi

PySide6 oynalararo bog‘lanish sxemasi va widgetlar
to‘plami  dasturiy vositaning amaliy arxitekturasini
belgilaydi. Asosiy oyna parametrlar paneli, vizual
modellashtirish maydoni, tahlil paneli va boshgaruv
panelidan tashkil topadi. Qo‘shimcha dialog oynalari
algoritm sozlamalari, eksport, tagqoslash va fraktal tahlil
vazifalarini  bajaradi.  Signal-slot mexanizmi  orqali
foydalanuvchi kiritgan parametrlar algoritmik yadroga
uzatiladi, generatsiya gilingan model vizual maydonda
tasvirlanadi va fraktal tahlil natijalari alohida panelda aks
ettiriladi. Ushbu tuzilma FGDM asosidagi ilmiy dasturiy
vositani modulli, kengaytiriladigan va amaliy jihatdan qulay
platforma sifatida ishlab chiqish imkonini beradi. (7-rasm).
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~ 7-rasm. Dasturiy interfeysning umumiy ko‘rinishi
parametr paneli va natijaviy grafik maydon

Keyingi bosgichda fraktal iteratsiya va strukturaviy
o‘sish orqali nagsh murakkablashadi. Hosil bo‘lgan
modullar analitik yoki geometrik jihatdan birlashtiriladi va
yakuniy ornament grafik ko‘rinishda chiqariladi (8-rasm).
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8-rasm. Vizualizatsiya va eksport moduli

Dasturiy vositaning texnologik asosi.

e Python ilmiy hisoblash uchun qulay va keng
targalgan til hisoblanadi;

e Unda geometriya, algebra va grafika bilan ishlash
uchun kuchli kutubxonalar mavjud;

e Modulli  dasturlash  imkoniyati  murakkab
algoritmlarni  bosgichma-bosgich  integratsiya
qgilishga qulay;

e Vizualizatsiya va eksport imkoniyatlari yugori.
Dasturiy vosita quyidagi kutubxonalarga tayangan holda
ishlab chigilishi mumkin:

e NumPy — matritsali va trigonometrik
hisoblashlar uchun;
Matplotlib — 2D grafik tasvirlash uchun;
SymPy — analitik ifodalar va formulalar bilan
ishlash uchun;

e Shapely — geometrik obyektlar va ularning
kompozitsiyasi bilan ishlash uchun.

Shunday qilib, Python muhiti fraktal-geometrik
modellashtirish vositasini yaratish uchun yetarli texnologik
imkoniyatlarni taqdim etadi.

Dasturiy vositaning kirish va chiqish ma’lumotlari.

Ishlab chigilgan vosita nagshlarning fractal o’lchovlarini
tahlil giladi (9-rasm).

Dasturiy vositaning chigish natijalari esa quyidagilar
bo‘ladi:

e  Generatsiya  gilingan
koordinatalari;
Fraktal qatlamlar bo‘yicha modullar to‘plami;
2D grafik tasvir;
PNG/SVG/PDF formatdagi eksport fayllari.
asturiy vositaning ishlash algoritmi.
Foydalanuvchi kirish parametrlarini kiritadi;
Bazaviy geometrik shakl quriladi;
Transformatsiyalar qo‘llanadi;
Fraktal iteratsiya ishga tushiriladi;
L-tizim asosida ichki struktura kengaytiriladi;
R-funksiyalar orgali kompozitsion birlashtirish
amalga oshiriladi;
Natija grafik ko‘rinishda chiqariladi;
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8. Foydalanuvchi istasa, natija saglanadi.
Bu jarayon dasturiy nugtai nazardan modulli strukturaga
ega bo‘lib, har bir modul mustaqil sinovdan o‘tkazilishi va
keyinchalik tizimga integratsiya gilinishi mumkin.
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9-rasm. Naqshlarning fraktal o’lchov parametrlarini
hisoblash
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10-rasm. Fraktal nagshlarning me’moriy joylashuvini
kuzatish oynasi

,‘

Kompyuter modellarini yaratish jarayonining
tavsifi.

Dasturiy vosita yordamida kompyuter modellarini
yaratish quyidagi tartibda amalga oshiriladi:

e  Avval bazaviy ornament tanlanadi;

e  So‘ng simmetriya va radial joylashuv parametrlari
beriladi;
Fraktal iteratsiya soni tanlanadi;
Model avtomatik ravishda gatlamma-gatlam
quriladi;

e Yakuniy model ekranda ko‘rinadi.

3. Xulosa

Fraktal modellashtirish algoritmlari asosida dasturiy
vosita yaratildi va uning ishlash natijalari tahlil gilindi.
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Python dasturlash muhiti asosida geometrik nagshlarni
generatsiya giluvchi tizim ishlab chigildi.

Dasturiy vosita yordamida turli parametrlar asosida
murakkab geometrik nagshlar hosil gilindi va ularning
vizual hamda strukturaviy xususiyatlari o‘rganildi. Olingan
natijalar real Islomiy ornamentlar bilan giyoslab baholandi.

Shuningdek, analog dasturlar bilan taggoslash va
igtisodiy samaradorlik tahlili natijasida ishlab chigilgan
tizimning afzalliklari va amaliy ahamiyati asoslab berildi.
Natijada taklif etilgan yondashuvning samaradorligi
tasdiglandi.
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A theoretical basis for the influence of road pavement texture on

Abstract:

Keywords:

traffic safety and skid resistance

M.A. Malikovi®?

1Tashkent state transport university, Tashkent, Uzbekistan

This scientific article theoretically analyzes the effect of road surface texture on the quality of grip with
vehicle tires. The microtexture and macrotexture indicators of the road surface, their influence on the
adhesion coefficient through adhesion and hysteresis factors, were studied based on scientific sources.
The effect of texture parameters on skid resistance and traffic safety in dry and wet pavement conditions
was evaluated. According to the results of the study, it was theoretically analyzed that maintaining the
optimal depth and morphological characteristics of the pavement surface texture is an important factor
in increasing traffic safety, reducing skidding, and preventing traffic accidents.

road pavement, texture, microtexture, macrotexture, coefficient of friction, adhesion, hysteresis, tire-
pavement interaction, traffic safety, skid resistance

Avtomobil yo‘llari qoplamasi teksturasining harakat xavfsizligi va

Annotatsiya:

Kalit so‘zlar:

tishlashish sifatiga ta’sirini nazariy asoslash

Malikov M.A.1®2

1Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Ushbu ilmiy maqolada avtomobil yo‘llari qoplamasi yuzasi teksturasining transport vositalari shinalari
bilan tishlashish sifatiga ta’siri nazariy jihatdan tahlil gilingan. Yol qoplamasining mikrotekstura va
makrotekstura ko‘rsatkichlari, ularning adgeziya va gisterezis omillari orqgali tishlashish koeffitsiyentiga
ta’siri ilmiy manbalar asosida o‘rganilgan. Quruq va nam qoplama sharoitlarida tekstura parametrlarining
tishlashish sifati hamda harakat xavfsizligiga ta’siri baholangan. Tadqiqot natijalariga ko‘ra, qoplama
yuzasi teksturasining optimal chuqurligi va morfologik xususiyatlarini saglab qolish yo‘l harakati
xavfsizligini oshirish, sirpanish holatlarini kamaytirish hamda yo‘l-transport hodisalarining oldini
olishda muhim omil hisoblanishi nazariy tahlil gilingan.

yo‘l qoplamasi, tekstura, mikrotekstura, makrotekstura, ishgalanish koeffitsiyenti, ilashish, gisterezis,
shina va yo‘l qoplamasi o‘zaro ta’siri, harakat xavfsizligi, sirpanishga qarshilik

makrotekstura parametrlariga alohida e’tibor qaratilmogqda.

1. Kirish

Avtomobil yo‘llarida harakat xavfsizligini ta’minlashda
yo‘l qoplamasining ekspluatatsion holati muhim ahamiyat
kasb etadi. Xususan, qoplama yuzasining teksturaviy
xususiyatlari transport vositalari shinalarining yo‘l bilan
tishlashish darajasini belgilovchi asosiy omillardan biri
hisoblanadi. Yo‘l qoplamasi va shina o‘rtasidagi samarali
tishlashish transport vositasining tormozlanishi, tezlanishi
hamda boshqaruvchanligini ta’minlaydi. Shu sababli
goplama yuzasi teksturasining shakllanishi va uning
ekspluatatsiya davridagi o‘zgarishlarini o‘rganish dolzarb
ilmiy-amaliy masalalardan biridir.

Yo‘l qoplamasi yuzasi transport oqimi va iglim omillari
ta’sirida asta-sekin yemiriladi hamda uning teksturaviy
ko‘rsatkichlari o‘zgaradi. Natijada qoplama va shina
o‘rtasidagi adgeziya va gisterezis kuchlari kamayib,
tishlashish sifati yomonlashadi. Aynigsa, nam ob-havo
sharoitlarida qoplama yuzasida suv gatlamining hosil
bo‘lishi sirpanish xavfini oshiradi va yo‘l-transport
hodisalari yuzaga kelish ehtimolini kuchaytiradi.

Jahon amaliyotida yo‘l qoplamalarining sirpanishga
garshilik xususiyatlarini baholashda mikrotekstura va
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Mikrotekstura asosan past tezliklarda tishlashish sifatini
ta’minlasa, makrotekstura yuqori tezliklarda hamda nam
goplama sharoitida suvni samarali drenajlash orgali harakat
xavfsizligini oshirishga xizmat giladi. Shu bois goplama
yuzasi  teksturasining  geometrik va  morfologik
xususiyatlarini chuqur o‘rganish hamda ularning tishlashish
sifatiga ta’sirini nazariy jihatdan asoslash muhim
ahamiyatga ega.

Mazkur maqolaning magqgsadi avtomobil yo‘llari
qoplamasi yuzasi teksturasining tishlashish sifatiga ta’sirini
nazariy jihatdan tadgiq qilish, mikrotekstura va
makroteksturaning adgeziya hamda gisterezis omillari bilan
bog‘ligligini tahlil qilish hamda harakat xavfsizligini
ta’minlashdagi ahamiyatini baholashdan iborat. [1-5].

2. Tadgiqot metodologiyasi

Yol qoplamalarining xizmat qilish muddati davomida
transport vositasini yuklanishi natijasida yuzaga keladigan
yuza kuchlanishlari atrof-muhit sharoitlari bilan birgalikda
yo‘l teksturasi tuzilishining o‘zgarishiga olib keladi, bu esa
0‘z navbatida shina bilan tishlashishning pasayishiga va
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tishlashish sifatining yomonlashishiga sabab bo‘ladi. Shu
bois, yetarli darajada tishlashish sifatini ta’minlash uchun
yo‘l qoplamasi teksturasining holatini baholash dunyo
bo‘ylab yo‘l xo‘jaligi tashkilotlari uchun muntazam
bajariladigan vazifa bo‘lib kelmogda.

Yo‘l qoplamasining sirpanishga qarshiligi to‘g‘ridan-
to‘g‘ri tishlashish koeffitsiyenti bilan baholanishi yoki
bilvosita yo‘l qoplamasi yuzasining teksturasi bilan
baholanishi mumkin. Yo‘l qoplamasining tishlashishi ikkita
asosiy tishlashish kuchi omili adgeziya va gisterezis
o‘rtasidagi murakkab o‘zaro ta’sirning natijasidir (1-rasm)
[6]. Olib borilgan tadgiqotlarga asosan, adgeziya asosan
mikroteksturaga, gisterezis esa asosan makroteksturaga
ta’sir qiladi [7]. Mikrotekstura asosan avtomobillarning past
tezlikda harakatida, makrotekstura esa yuqori tezlikda va
yomg‘irli kunlarda tishlashish sifatini ta’minlashda muhim
ahamiyatga ega [8]. Adgeziya - bu avtomobil shinalari
kauchuklari va goplama yuzasining bir-biri bilan ta’sir
qilganda o‘zaro bog‘lanishi natijasida yuzaga keladigan
tishlashish. Tishlashish kuchlarining gisterezis komponenti
avtomobil shinasining to‘liq deformatsiyasi tufayli energiya
yo‘qolishi bilan hosil bo‘ladi. Deformatsiya odatda shinani
tekstura atrofida o‘rab olish deb ataladi. Shina goplama
yuzasiga  sigilganida, kuchlanishning  tagsimlanishi
deformatsiya energiyasining kauchuk ichida to‘planishiga
olib keladi. Shina bo‘shashganda, saqlangan energiyaning
bir gismi gayta tiklanadi, boshga gismi esa gaytarilmaydigan
issiglik (gisterezis) shaklida yo‘qoladi. Ushbu yo‘qotish
shinaning oldinga harakatni to‘xtatishga yordam beradigan
anig tishlashish kuchini tavsiflaydi [9].

Harakat yo’nalishi

Kauchuk

Adgeziya

1-rasm. Adgeziya va gisterezis omillarning avtomobil
shinasi bilan ta’siri

Tishlashishni quyidagi 1-formulada ko‘rsatilganidek,
adgeziya (Fa) va gisterezis (Fw) tishlashish kuchlarining
yig‘indisi sifatida asoslash mumkin.

Fr =F,+Fy (1)

Ikkala omil ham ko‘p jihatdan qoplama yuzasi
xususiyatlariga, shina va qoplama o‘rtasidagi ta’sirga va
shinaning xususiyatlariga bog‘liq. Bundan tashgari, shinalar
kauchuklari viskoelastik material bo‘lgani uchun harorat va
siljish tezligi ikkala komponentga ham ta’sir giladi.

Adgeziya kuchi silliqg teksturali va qurug qoplamalardagi
umumiy tishlashishni ifodalaydi, nam va g‘adir-budur
teksturali qoplamalarda esa gisterezis kuchi asosiy hosil
giluvchi hisoblanadi.

Mikrotekstura, makrotekstura va tezlikning goplama
tishlashishiga nisbiy ta’siri 2-rasmda ko‘rsatilgan. Ko‘rinib
turibdiki, mikrotekstura shinalar tishlashishining kattaligiga,
makrotekstura esa tishlashish tezligi gradientiga ta’sir giladi.
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Past tezlikda mikrotekstura nam va quruq tishlashish
darajasida ustunlik giladi. Yugori tezlikda
makroteksturaning mavjudligi qoplama yuzasidagi suvning
drenajlanishini osonlashtiradi, shunda mikrotekstura bilan
ta’minlangan tishlashishning hosil giluvchisi suv ustida
bo‘lish orqali qayta tiklanadi. Gisterezis tezlik bilan o‘sib
boradi va 100 km/soat dan yuqori tezlikda tishlashishning
95% dan ortiq gismini tashkil giladi [10].

jl Past makrotekstura, yugori mikrotekstura
daddedatdtdds

'

Yuqori makrotekstura, yugori mikrotekstura

Yuqori makrotekstura, past mikrotekstura

LSO

* Past makrotekstura, past mikrotekstura
-~ Abssssasbans
— — '

—_

o Sirpanish tezligi, (V) o

Sirpanish jarayonidagi tishlashish koeffitsienti (F)

2-rasm. Mikrotekstura-makrotekstura va tezlikning
qoplama tishlashishiga nisbiy ta’sirining nazariyasi

Yo‘lning mikrotekstura va makroteksturasining quruq-
nam holatdagi qoplamalarda tishlashish sifatiga ta’siri
quyida tahlil gilingan. Makroteksturaning qurug va nam
goplamalar uchun tishlashish sifatiga ta’siri:

- Qurug goplamada makrotekstura morfologiyasi
(to‘ldiruvchi ~ materialning  qavariq  shakl oraligi)
harakatlanish paytida shinalar davriy deformatsiyasining
burchak tezligini (o) ifodalaydi (2-formula). Mineral
to‘ldiruvchilarning o‘rtacha oraliq masofasi qisqarishi
(kamayishi) shinalar va yo‘l yuzasi o‘rtasidagi ta’sir
maydonini oshiradi, bu esa tishlashish sifatini yaxshilaydi.
Buning sababi shundaki, shinaning yig‘ilgan va sarflangan
energiyasi makrotekstura balandliklari orasidagi o‘rtacha
masofaning kamayish funktsiyasi bo‘lib, makrotekstura
balandliklari orasidagi o‘rtacha masofa kamayishi bilan ortib
borayotgan tishlashishni ko‘rsatdi [10].

w = 2nv/D 2

To‘ldiruvchi material qavariq shakli balandligining
tishlashish sifatiga ta’siri gavariq shaklning shina bilan to‘liq
o‘ralganligi darajasiga ta’sir qiladi. Kauchuk shinalar
qavariq shaklni makrotekstura morfologiyasi bilan to‘liq
o‘rab olishi mumkin. Qavariq shaklning balandligi oshgani
sayin, shinaning to‘planib keyin sarflangan energiyasi
ortadi, tishlashish sifati ham ortadi. Kauchuk shinalar
makrotekstura morfologiyasining to‘liq qoplay olmasa,
shinaning kuchlanish amplitudasi gavariq shakl balandligi
oshishi bilan o‘zgarmaydi va tishlashish sifati ham
o‘zgarmaydi [11].

- Nam goplama uchun

Bernoulli energiya tenglamasiga ko‘ra shinaning nam
goplamada hosil gilgan gidrodinamik bosimi tezlikning
kvadratiga proportsionaldir va suv  gavatchasining
gidrodinamik bosimi avtomobil tezligining oshishi bilan
ortadi, bu yo‘lda harakatlanish xavfsizligiga ta’sir giladi
[12]. Makrotekstura va qoplama yuzasining relefi yo‘l
yuzasida to‘plangan suvni shina ostidan yon tomonga
gochiradi, shinalar va yo‘l yuzasi orasidagi ta’sir maydonini
oshiradi.

Bazi olimlar tadqiqotlarida yo‘l yuzasini bir xil egrilik
radiusi va balandligi bo‘lgan ko‘plab sharlardan tashkil
topgan ideal yuza deb hisoblashgan. Ideal kontakt holatini
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tahlil qgilish va shinalar-qoplama tizimining tishlashish
kuchini  nazariy = hisoblash  orqgali,  3-formulada
ko‘rsatilganidek, ideal g‘adir-budur yuza ta’sir tizimining
tishlashishda siljish kuchlanishi va tishlashish koeffitsiyenti
ifodalari aniglangan [13].

o= ®3)

PT

Bu yerda:

¢ — ta’sir yuzasining tishlashish koeffitsiyenti;

Tr — ta’sir yuzasining tishlashish siljish kuchlanishi;

Pr — shina va yo‘l yuzasi o‘rtasidagi haqiqiy ta’sir
kuchlanishi.

Tenglamadagi parametrlar adgezion va gisterezis
omillarga bog‘liqdir. Tishlashish sifati asosan qoplama
sharoitlariga, shinalarning  tarkibiy  xususiyatlariga,
teksturasining shakliga bog‘liq. Yomg‘irli kunlarda suv
qavatcha qoplama yuzasiga “moylash” sifatida ta’sir etadi,
shuning uchun adgezion omil sezilarli darajada kamayadi,
ammo gisterezis omil o‘zgarmaydi. Gisterisis omil asosan
yo‘l yuzasining teksturaviy xususiyatlariga va shinaning
xususiyatlariga bog‘lig, lekin u qoplama yuzasining
ifloslanish sharoitlari bilan bog‘liq emas.

Shuning uchun, to‘ldiruvchining maksimal eng kichik
zarracha o‘Ichami bir xil bo‘lganda, yo‘l yuzasi teksturalari
morfologiyasining strukturaviy chuqurligini mos ravishda
oshirish nam goplamaning tishlashish sifatini yaxshilashga
yordam beradi.

Mikroteksturaning qurug va nam qoplamalar uchun
tishlashish sifatiga ta’siri:

- Quruq qoplama uchun.

Mikrotekstura morfologiyasining (shaklining) yo‘l
goplamasi tishlashish sifatiga ta’siri asosan adgeziya va
mikro ta’sir orqali amalga oshiriladi. Mikrotekstura
avtomobil past tezlikda (30-50 km/soat dan past)
harakatlanayotganda qoplamaning tishlashish sifatini
tavsiflaydi. Mikrotekstura morfologiyasining konstruktiv
tavsifi qoplamaning tishlashish sifatiga ta’siri asosan
mineral to‘ldiruvchining balandlik, zichlik va shakliy tiklik
xususiyatlariga bog‘liq.

Mikroteksturaning  morfologiyasi va  strukturaviy
xususiyatlarining ta’siri, asosan, shinalar va qoplama yuzasi
adgeziya tishlashishiga ega bo‘lganda, adgeziyadan kelib
chigadigan tishlashish, rezina shinalarning adgeziyasi
energiyasining yo‘qolishidan kelib chigadi (4-formula) [14]

Fy = KiKy0m % tan s, @)

Bu yerda:

Ki- adgeziya koeffitsiyenti;

Kz - mikro girralar koeffitsiyenti;

o_m(N/H) - mikro gavariq shaklning uchidagi maksimal
kuchlanish;

N - vertikal yuk;

H - rezina shinaning qattiqligi;

§ - gisterezis burchagi.

Avtomobil shinalari uchun tishlashish Fa ning adgezion
omili mikro qirra shakli o m(N/H) wustki qismidagi
maksimal kuchlanishga to‘g‘ridan-to‘g‘ri proportsional
hisoblanadi. Agar, mikro girralar giymati oshsa tishlashish
sifati ham oshadi.

Mikrotekstura morfologiyasining balandlik parametri
ganchalik katta bo‘lib shinaga chuqur singdirilgan bo‘lsa,
mikroteksturaning zichligi va shina bilan ta’sir giladigan
nuqtalari shunchalik ko‘p bo‘ladi, natijada shinaning
tishlashish koeffitsiyenti oshadi.
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- Nam goplama uchun

Nam qoplama uchun mikrotekstura morfologiyalari
avtomobilning past tezligida goplama tishlashishi, shu
jumladan mikroteksturaning balandligi, zichligi va shakliy
tikligini aniglashda muhim ahamiyatga ega. Katta balandlik
parametrlariga ega mikroteksturali gavariq shakl suv
qavatchasiga kirib, rezina shinaga to‘g‘ridan-to‘g‘ri ta’sir
qilishi mumkin, bu bilan ta’sir maydoni oshadi va avtomobil
sirpanishining oldi olinadi. Mikrotekstura
morfologiyasining zichligi shinalar va yo‘l o‘rtasidagi
samarali ta’sir maydonini aniglaydi. Zichlik ganchalik
baland bo‘lsa, mikro g‘adir-budurliklar maydoni shunchalik
yuqori bo‘ladi, natijada shina bilan ko‘proq adgeziya
nuqtalari paydo bo‘ladi. Mikrotekstura morfologiyasi
shakliy tikligi uning kauchuk shinaga yotgizish chuqurligiga
bevosita ta’sir qiladi.

Makrotekstura  3-rasmda  ko‘rsatilganidek, shina-
goplama o‘rtasidagi ta’sir  bo‘lganda  mineral
to‘ldiruvchining yuqori yuzasidan suvning makrotekstura
chuqurliklari drenajlanishiga ta’sir qiladi [15].

"W VW N W
3-rasm. Makrotekturada suv sathi balandligining ikki
o‘lchovli tasviri

Mikrotekstura  morfologiyasining  (shakli)  yuqori
xarakterli parametrlariga ega bo‘lgan qoplama, yuqori
zichligi va shakliy tiklik quruq yoki nam goplama sharoitida
uning tishlashish sifatini oshirishga yordam beradi.

3. Xulosa

Oc‘tkazilgan nazariy tahlillar natijasida, ekspluatatsiya
holatidagi goplama yuzalarining tekstura chuqurligi minimal
talablarga javob berishini ta’minlash, teksturaning o‘zgarishi
tufayli tishlashish sifatining yomonlashishini oldini olish,
goplamaning nam holatida “YTH”ni oldini olish uchun
samarali usul hisoblanadi. Tadqiqotlar shuni ko‘rsatdiki,
yo‘l qoplamasining mikrotekstura va makrotekstura
xususiyatlari adgeziya hamda gisterezis omillari orgali
tishlashish koeffitsiyentiga bevosita ta’sir ko‘rsatadi.

Mikrotekstura  goplamaning  past  tezliklardagi
tishlashish sifatini ta’minlashda asosiy rol o‘ynasa,
makrotekstura yuqori tezliklarda va nam qoplama
sharoitlarida suvni samarali drenajlash orgali sirpanish
xavfini kamaytiradi. Qoplama yuzasi teksturasining
chuqurligi, gavariq shakllarning balandligi, zichligi va
shakliy tikligi ortishi shina va qoplama o‘rtasidagi haqiqiy
ta’sir  maydonini  kengaytirib, tishlashish sifatining
yaxshilanishiga xizmat giladi.

Shuningdek, ekspluatatsiya jarayonida transport
yuklamalari va atrof-muhit omillari ta’sirida qoplama
teksturasining yemirilishi tishlashish ko‘rsatkichlarining
pasayishiga olib kelishi aniqlandi. Shu sababli yo‘l
qoplamasi yuzasi teksturasining me’yoriy parametrlarini
saglash va muntazam nazorat qilish harakat xavfsizligini
ta’minlashning muhim shartlaridan biri hisoblanadi.

Tadqiqot natijalari yo‘l qoplamalarining sirpanishga
qgarshilik xususiyatlarini baholash, ularni loyihalash va
ekspluatatsiya qilish jarayonlarida tekstura parametrlarini
hisobga olish zarurligini ko‘rsatadi. Bu esa yo‘l-transport
hodisalarining oldini olish, transport ogimining xavfsizligini
oshirish hamda yo‘l qoplamalarining xizmat muddatini
samarali boshqarishga xizmat giladi.
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This article provides a comprehensive analysis of modern methods for calculating locomotive train
traction, drawing on the experience of developed countries such as Germany, Japan, the USA, China,
and various European nations. The article examines the transition from traditional empirical formulas
used in modeling motion dynamics, such as the Davis equation, to more advanced techniques like multi-
body dynamic modeling and numerical integration methods, including the fourth-order Runge-Kutta
method. It also evaluates the effectiveness of energy-saving driving algorithms based on Pontryagin’s
maximum principle (coasting mode), the longitudinal dynamics of heavy freight trains (utilizing systems
like TDEAS and LEADER), and the use of stochastic Monte Carlo methods for calculating braking
curves within the ETCS. The research findings offer practical recommendations for enhancing the
capacity, safety, and energy efficiency of railway transport.
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Rivojlangan davlatlar tajribasi asosida poezdlarni lokomotivli tortishning
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zamonaviy hisoblash usullari tahlili

Abdullayev N.S.'®2

1Toshkent davlat transport universiteti, Tashkent, O‘zbekiston

Ushbu magolada rivojlangan davlatlar (Germaniya, Yaponiya, AQSH, Xitoy va Yevropa davlatlari)
tajribasi asosida poezdlarni lokomotivli tortishning zamonaviy hisoblash usullari har tomonlama tahlil
qilingan. Maqolada harakat dinamikasini modellashtirishdagi an’anaviy empirik formulalardan (masalan,
Devis tenglamasi) ko‘p massali dinamik modellashtirish va to‘rtinchi tartibli Runge-Kutta kabi sonli
integrallash usulliga o'tish jarayonlari ko'rib chigilgan. Shuningdek, Pontryaginning maksimum
tamoyiliga asoslangan energiya tejovchi haydash algoritmlari (coasting/vibeg rejimi), og‘ir yuk
poezdlarining bo‘ylama dinamikasi (TDEAS va LEADER tizimlari) hamda ETCS tizimidagi tormoz egri
chiziglarini hisoblash uchun stoxastik Monte-Karlo usullarining samaradorligi baholangan. Tadgigot
natijalari temir yo‘l transportining o‘tkazuvchanlik qobiliyati, xavfsizligi va energiya samaradorligini
oshirish bo'yicha amaliy tavsiyalar beradi.

lokomotiv tortuv hisobi, Davis tenglamasi, Runge-Kutta usuli, bo‘ylama dinamika, Pontryaginning
maksimum prinsipi, Monte Karlo usuli, ETCS, ATO, energiya samaradorligi, og‘ir yuk poyezdlari

yondashuvlarni izlashga majbur bo‘lmoqdalar [1-4]. Yangi

1. Kirish

Jahon iglim ingirozi va uglerod neytralligiga erishish
bo‘yicha xalqaro majburiyatlar kuchayib borayotgan bir
sharoitda transport sektori energiya samaradorligini oshirish
bo‘yicha misli ko‘rilmagan bosimga duch kelmogda. Temir
yo‘l transporti tarixan ommaviy yo‘lovchi va yuk
tashishning eng ekologik toza usullaridan biri bo‘lib kelgan.
Yaponiya tajribasi yaqqol ko‘rsatib turibdiki, temir yo‘llar
mamlakatdagi barcha yo‘lovchi tashish hajmining gariyb 27
foizini bajarsa-da, transport sektori issigxona gazlari
tashlanmalarining atigi 7 foizini tashkil giladi. Shunga
qaramay, infratuzilmani o‘tkazuvchanlik qobiliyatiga
bo‘lgan talabning uzluksiz o°sishi munosabati bilan
rivojlangan mamlakatlardagi  (Germaniya, Yaponiya,
AQSH, Xitoy va Yevropaning boshqa davlatlari) temir yo‘l
operatorlari poezdlar harakatini boshgarishda mutlagqo yangi
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temir yo‘l liniyalarini qurish ulkan sarmoyalarni va uzoq
muddatlarni talab giladi, bu esa ilg‘or hisoblash usullari va
ragamlashtirish ~ yordamida  mavjud infratuzilmani
optimallashtirishni mutlaq ustuvor vazifaga aylantiradi.

Ushbu  optimallashtirishning  markaziy  elementi
poezdlarning lokomotivli tortish hisobidir — bu harakat
fizikasi, elektrotexnika, hisoblash matematikasi va
avtomatik boshqarish nazariyasini birlashtirgan murakkab
fanlararo jarayondir.

Zamonaviy lokomotiv tortish hisoblash usullari
fundamental transformatsiyani boshdan kechirdi. Hozirgi
vaqtda ular batafsil ko‘p massali (multibody) dinamik
modellashtirishga, bort kompyuterlarini energiya iste’molini
boshgarish tizimlari bilan integratsiyalashga,
avtoulagichlardagi (avtosepkalardagi) bo‘ylama siqilish va
cho‘zilish kuchlarini hisoblashga, shuningdek tormozlanish

June, 2026
Research, Innovation, Results



https://orcid.org/0009-0008-9288-7329

Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:2|2026

egri chiziglarini baholashning usullariga tayanadi. Yevropa
poezdlar harakatini boshgarish tizimiga (ETCS) integratsiya
gilingan algoritmlar yoki Amerikaning LEADER va Trip
Optimizer tizimlari kabi avtomatlashtirilgan poezdlarni
boshgarish (Automatic Train Operation — ATO) tizimlarini
joriy etish real vaqt rejimida hisob-kitoblarni talab giladi [5-
9]. Bu hisob-kitoblar poezdning yo‘l profili, ob-havo sharoiti
va tarmogning joriy holatini hisobga olgan holda bir necha
kilometr oldindagi harakatini bashorat gila olishi kerak.
Ushbu tadgigotning magsadi rivojlangan davlatlarning
ilg‘or tajribasi asosida lokomotiv tortishni hisoblashning
zamonaviy usullarini har tomonlama tahlil gilishdan iborat.

2. Tadgigot metodologiyasi

Poyezdlar  tortishi va  harakatini ~ zamonaviy
modellashtirish  klassik Nyuton mexanikasidan tortib
stoxastik ehtimollik algoritmlari va optimal boshgaruv
tamoyillarigacha  bo‘lgan  matematik  modellarning
murakkab ierarxiyasiga asoslanadi.

Har ganday poezd harakati simulyatorining (masalan,
OpenTrack yoki RailSys) negizida yotadigan asosiy tamoyil
Nyutonning ikkinchi qonunidir. Temir yo‘l transporti
kontekstida harakat tenglamasi poezd tezlanishini tortish
(yoki tormozlash) kuchi va turli garshilik kuchlarining
o‘zaro ta’siri natijasi sifatida tavsiflaydi. Asosiy differensial
tenglama quyidagicha ko‘rinishga ega:

d
Mesr o = Fr = Wior (2.2)
Bunda: M. — poezdning samarali (keltirilgan)

massasi bo‘lib, u ham statik massani (kilogramm yoki
tonnada), ham aylanadigan gismlarning (g'ildirak juftliklari,
tortish elektr dvigatellari rotorlari, tishli uzatmalar)
. . c e e . dv s
inersiyasini 0‘z ichiga oladi. P poezd tezlanishi. Fr —
lokomotiv tomonidan ishlab chigariladigan umumiy tortish
kuchi yoki tormozlash kuchi. W,,.— garshilik kuchlarining
umumiy yig'indisi, shu jumladan harakatga asosiy garshilik,
nishablikdan qarshilik (gravitatsion tashkil etuvchi) va
egriliklar garshiligi.

Qarshilik kuchlarini W,,, aniq baholash energiya
iste’molini hisoblash uchun juda muhimdir. Bunday hisob-
kitoblar uchun eng keng tarqalgan poydevor to‘g‘ri
gorizontal yo‘l uchastkasida poezd harakatiga garshilikni
approksimatsiya qilish uchun empirik ravishda ishlab
chigilgan Devis tenglamasi hisoblanadi. Klassik shaklda u
tezlikka bog‘liq kvadratik tenglamani ifodalaydi:

R=A+Bv+(Cv? (2.2)

Tortish xususiyatlari, qarshilik va yo‘l profili doimiy
ravishda o‘zgarib turadiganligi sababli, poezdning harakat
tenglamasi oddiy analitik yechimga ega emas. Harakat
vagtini (Running Time Calculation) hisoblash uchun sonli
integrallash usullaridan foydalaniladi. Tarixan,
simulyatorlar Eyler usuliga tayanishi mumkin edi, bu
keyingi tezlikni oddiygina joriy tezlik plyus tezlanishni vaqt
qadamiga ko‘paytmasi sifatida hisoblaydi. Biroq, Eyler usuli
uzoq masofalarda va yo‘l profilining keskin o‘zgarishlarida
katta xatoga yo‘l qo‘yadi.

Agar yuqori tezlikdagi yo‘lovchi poezdlari uchun
tarkibni moddiy nugta yoki gattiq jism sifatida garash
mumkin bo‘lsa, AQSH, Avstraliya va Xitoyga xos bo‘lgan
og‘ir yuk poezdlari (Heavy Haul) uchun bu yondashuv
halokatli xatolarga olib keladi. Og‘ir vaznli poezd - bu
yuzlab vagonlar va tagsimlangan lokomotivlardan tashkil
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topgan, egiluvchan-ishgalanish elementlari - avtoulagichlar
va yutuvchi apparatlar bilan bog‘langan murakkab
nochiziqli ko‘p massali (multi-particle) tebranish tizimidir.

Xitoyda ushbu muammoni hal gilish uchun Davlat
tortish kuchi kalit laboratoriyasi (State Key Laboratory of
Traction Power) negizida TDEAS (Train Dynamics and
Energy Analyser/Simulator) texnologiyasi ishlab chigilgan
[10-12]. i-vagon uchun bo‘ylama dinamikaning matematik
modeli barcha ta’sir etuvchi kuchlarni tahlil qilish orgali
shakllantiriladi:

M;X; = Fp; — Fp; + Foi = Fegeny — Fpi =W (2.3)

Yutuvchi apparatlarning ilg‘or ponasimon-prujinali
modellariga alohida e'tibor garatiladi, ular tezlikka bog‘liq
bo‘lgan ishqalanish, erkin harakat, chegara qat’iyligi va
dastlabki taranglikni hisobga oladi. Avtoulagichdagi kuch
tenglamasi quyidagicha ko‘rinishga ega:

_ tan(h)
F. = E(x) [tan(h)+u(v)] 24)

Bunda x — apparatning deformatsiyasi, h — pona
burchagi, pu(v) — vagonlarning nisbiy tezligiga bog‘liq
bo‘lgan ishqalanish koeffitsienti, F; — prujina kuchi. Nolga
teng nisbiy tezlikda matematik uzilishlarni bartaraf etish
uchun yaxshilangan silliglash yondashuvlari qo‘llaniladi.

Rivojlangan davlatlar tajribasi

Yaponiya tajribasi. Shinkansen (Shinkansen) tarmog'i
ishga tushirilgan 1964 yildan boshlab yugori tezlikdagi
yo‘lovchi tashishga asosiy e'tiborni qaratdi. Yapon
muhandislari birinchilardan bo‘lib 250 km/soat dan yuqori
tezlikda aerodinamik qarshilik energiyaning dominant
iste’molchisiga aylanishini tahlil qilindi [13-17]. Shu
munosabat bilan lokomotiv tortishi to‘liq motorli o‘qlarga
ega Dbo‘lgan tagsimlangan motorvagonli tortishga
almashtirildi, bu mavjud ilashishni oshirdi va og'ir tormoz
reostatlaridan voz kechish imkonini berdi.

285-300 km/soat tezlikda harakatlanadigan zamonaviy
seriyali poezdlar chuqur hisoblash optimallashtirishini
o‘zida mujassam etgan. Ular alyuminiy kuzovlar,
takomillashtirilgan ~ aravacha  ramalari, invertorlar
o‘zgaruvchan tok dvigatellaridan foydalanadi. Asosiy yutuq
yugori samarali rekuperativ tormozlash paytida poezdning
kinetik energiyasi qayta elektr energiyasiga aylanadi.
Optimallashtirilgan aerodinamika, og'irlikni kamaytirish va
rekuperatsiyaning kombinatsiyasi tufayli Tokio — Shin-
Osaka yo‘nalishidagi energiya iste'moli dastlabki seriyali
poezdlarga nisbatan 32-49% ga kamaytirildi.

Xitoy tajribasi. Xitoy dunyodagi eng yirik yugori
tezlikdagi temir yo‘llar tarmog'iga ega. Xorijiy texnologik
platformalarga  garamlikni  bartaraf  etish  uchun
standartlashtirilgan elektropoezdlarning milliy platformasi
yaratildi. 350 km/soat tezlikda harakatlanadigan poezd 40
000 dan ortiq butlovchi gismlardan iborat [18-24].

Xitoyning qgarshilikni  hisoblash maktabi 46 ta
konseptual kuzov dizayni uchun aerodinamik quvurlarda
keng ko‘lamli sinovlar va hisoblash gidrodinamikasi hisob-
kitoblarini qo‘lladi. Natijada tanlangan bosh qism profili
havo qarshiligini 12 foizga kamaytirishga imkon berdi va
100 yo‘lovchi-kilometrga solishtirma energiya iste'moli 17-
20 foizga qisqarib, atigi 3.8 kVt-soatni tashkil etdi. Pekin-
Shanxay aylanma reysi miqgyosida bu bitta poezd uchun 5
000 kVt-soatdan ko‘proq energiyani tejaydi.

AQSH tajribasi (Og‘ir vaznli harakat va LEADER
algoritmlari). Osiyodan farqli o‘laroq, AQSH temir yo‘l
tizimi o‘ta og'ir va uzun yuk tashishlarga (30 000 — 40 000
tonnagacha) yo‘naltirilgan. Bu yerdagi asosiy muammo
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frontal aerodinamik garshilik emas, balki tepalik relyefni
yengishda yuzaga keladigan bo‘ylama dinamik kuchlardir
(in-train forces).

AQSHda LEADER (New York Air Brake ishlanmasi)
va Trip Optimizer (GE Transportation / Wabtec ishlanmasi)
kabi mashinistga yordam berish tizimlari ustunlik giladi.
LEADER (Locomotive Engineer Assist / Display & Event
Recorder) bort simulyatori bo‘lib, bir necha milya oldindagi
bo‘ylama kuchlarni baholash uchun real vaqtda yuqori
aniqlikdagi ragamli yo‘l xaritalari, poezd og‘irligi va tarkibi
haqgidagi ma’lumotlardan foydalanadi [24-29].

Ushbu tizimlarning asosiy funksionalligi tagsimlangan
tortish rejimini  boshgarish orgali amalga oshiriladi.
Asinxron tagsimlangan quvvat algoritmlaridan foydalangan
holda, tizim asosiy va yordamchi lokomotivlar o‘rtasidagi
tortish va rekuperativ (yoki dinamik) tormozlash
talablaridagi fargni bashorat giladi. Tekis uchastkalarda
tizim yoqilg'ini tejash uchun ortigcha lokomotivlarni salt
ishlash rejimiga o‘tkazishi mumkin, burilishlarda esa
ulagichlar uzilishining oldini olish va bo‘ylama cho‘zilish
kuchlarini  kamaytirish uchun poezd dumi gismidagi
lokomotivlarga ko‘proq quvvat beradi. Union Pacific
kompaniyasi  ushbu  texnologiyalarni  muvaffaqiyatli
integratsiya qildi; bir hisobot yilida Trip Optimizer bilan
jihozlangan lokomotivlar poezd uzunligi, ob-havo sharoiti
va yo‘l holatini hisobga olgan holda boshqaruvchining
optimal pozitsiyalarini hisoblab, 9.8 million milya masofani
bosib o°tdi va bu dizel yoqilg'isi sarfini keskin qisqartirdi.

Germaniya va Yevropa tajribasi. Yevropada asosiy
e'tibor mavjud liniyalardagi to‘siglarni o‘tkazuvchanlik
qobiliyatini  oshirish ~va  xalgaro  yo‘nalishlarning
uzluksizligiga garatilmogda. Ushbu muammoni hal qilish
uchun Deutsche Bahn (DB) va Yevropa operatorlari
OpenTrack, FBS va RailSys kabi dasturiy majmualaridan
foydalanadilar. Obyektga yo‘naltirilgan yondashuvga
asoslangan OpenTrack tortishning har ganday turi uchun
harakat va energiya iste'moli tenglamalarini yechadi, diskret
va sirpanuvchi blok-uchastkalar ishlashini simulyatsiya
giladi hamda elektr tarmoglari simulyatorlari bilan
hamkorlik giladi [30-34]. Hisoblashlarni tagqoslash shuni
ko‘rsatadiki, integratsiyalashgan algoritmlar eskirgan jadval
tuzish tizimlariga nisbatan pog'onali va aniq energiya
iste'moli grafiklarini beradi, aynigsa og'ir yuk poezdlari
Shargiy Saksoniyaning tik giyaliklarida quvvat chegarasida
ishlaganda.

Energiya tejovchi “Green Wave” strategiyasini faol joriy
etmoqda. Mintaqaviy poezdlar RESY dasturiy ta’minotiga
ega telematik tizimlar bilan jihozlangan bo‘lib, ular
dispetcherlik markazlari ma’lumotlariga tayangan holda
mashinistlarga nishabliklar yoki gizil signallar oldidan
tortishni oldindan o‘chirish bo‘yicha tavsiyalar beradi. Bu
orqali energiyaning 10% dan 13% gacha gismini tejaydi.
Inson omilini istisno gilish poezdlar orasidagi intervallarni
qisqartirishga va bitta yo‘lda soatiga 24 ta poezd o‘tkazish
gobiliyatiga erishishga imkon berdi.

3. Xulosa

Germaniya, Yaponiya, AQSH, Xitoy va boshqga
rivojlangan mamlakatlar tajribasi asosida poezdlarni
lokomotivli tortishning zamonaviy hisoblash usullarini tahlil
qilish temir yo‘l muhandisligida paradigmaning o‘zgarishi
to‘g'risida bir qator fundamental xulosalar chigarishga
imkon beradi:
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Birinchidan, qarshilikni hisoblashning an’anaviy statik
usullari (Devis kabi tenglamalar) va tayanch kinematika
algoritmlari o‘z o‘rnini murakkab ko‘p massali dinamik
modellar va yuqori tartibli sonli integrallash usullariga
bo‘shatib berdi. Bo‘ylama kuchlarni va avtoulagichlarga
ta’sirini  hisoblash orqali modellashtirish (TDEAS,
LEADER, Trip Optimizer tizimlari) xavfsizlikni ta’minlash
va infratuzilmaning yemirilishini minimallashtirish uchun
ajralmas vositaga aylandi, xususan AQSH va Xitoydagi o‘ta
og'ir yuk poezdlari segmentida.

Ikkinchidan, tortish hisob-kitoblarining diggat markazi
lokomotivning tarkibni “torta olish” qobiliyatini oddiygina
aniglashdan tortib, global energetik optimallashtirishga
o‘tdi. Kuzovlarni aerodinamik jihatdan takomillashtirish
(Xitoy Fuxing poezdlarida bo‘lgani kabi) va rekuperatsiya
tizimlarini keng miqyosda joriy etish (Yaponiyadagi N700
Shinkansen seriyasi) bilan birlashgan holda Pontryaginning
maksimum tamoyilining amaliy qo‘llanilishi (tortish va
vibeg fazalarini hisoblash) o‘tgan o‘n yilliklar modellariga
nisbatan 30% dan 50% gacha energiya tejash imkonini
beradi.

Uchinchidan, matematik modellashtirish  tarmoq
trafigini uzluksiz boshgarishning asosi bo‘ldi. Yevropaning
ETCS standarti doirasida tormoz egri chiziglarini hisoblash
uchun ehtimollikdagi Monte-Karlo usullarini joriy etish,
elektr tarmoglari simulyatsiyalarini poezdlar harakati bilan
integratsiyalash va avtomatik boshgarish (ATO) tizimlarini
ishlab chigish yangi yo‘llarni qurmasdan mavjud
liniyalarning o‘tkazuvchanlik qobiliyatini tubdan oshirish
imkonini beradi.

Uglerodsiz iqtisodiyotga o‘tish sharoitida intellektual
bort hisoblash majmualari va dispetcherlik simulyatorlari
(OpenTrack va RailSys kabi) endi fagat loyihachilarning
yordamchi vositalari bo‘lib qolmaydi. Ular bevosita
harakatni boshqarish jarayonlariga integratsiyalanib, temir
yo‘lni yagona, ragamli va maksimal darajada energiya
tejaydigan  kiberfizik  organizmga  aylantirmoqda.
Rivojlangan mamlakatlar tajribasi global migyosda transport
tizimlarini bargaror rivojlantirish uchun moslashishi zarur
bo‘lgan tayyor metodologik (matematik) va amaliy
yechimlar jamlanmasini tagdim etadi.
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Theoretical basis for the calculation of basalt fiber dispersed reinforced

Abstract:

Keywords:

structures

S.J. Razzakov*®?3 Sh.Kh. Nuriddinova®

!Namangan state technical university, Namangan, Uzbekistan

This article presents the theoretical basis for calculating basalt fiber dispersed-reinforced concrete
structures. The study analyzes the specific features of basalt-fiber-reinforced concrete beams and the
influence of fiber content, fiber length, fiber orientation, concrete class and service-condition coefficients
on design resistance. The main calculation expressions for tensile resistance, compressive resistance and
the strength assessment of rectangular flexural elements are summarized. Methods for determining
compressive strength, splitting tensile strength and flexural strength of basalt-fiber concrete specimens
are also considered. The results indicate that basalt fibers mainly improve crack resistance, tensile
behavior, flexural performance and post-cracking load-carrying capacity, thereby increasing the
reliability and durability of concrete structures.

basalt fiber, dispersed reinforcement, fiber-reinforced concrete, reinforced concrete structure,
compressive strength, tensile strength, flexural strength, crack resistance, design resistance

Bazalt tolali dispers armaturalangan konstruksiyalarni hisoblashning nazariy

Annotatsiya:

Kalit so‘zlar:

asoslari

Razzakov S.J.1®2 Nuriddinova Sh.X.!

!Namangan davlat texnika universiteti, Namangan, O‘zbekiston

Ushbu magolada bazalt tolali dispers armaturalangan fibrotemirbeton konstruksiyalarni hisoblashning
nazariy asoslari hamda ularning siqilish, cho‘zilish va egilishdagi mustahkamlik ko‘rsatkichlarini
baholash usullari yoritilgan. Tadgigotda bazalt tolalar bilan kuchaytirilgan betonning oddiy betonga
nisbatan mexanik xossalari, jumladan siqilishga chidamliligi, yorilishdagi cho‘zilish mustahkamligi va
egilishdagi ishlash xususiyatlari tahlil qilinadi. Bazalt tolalar beton hajmi bo‘ylab dispers tarzda
tagsimlanib, mikro va makro darzlarning rivojlanishini cheklashi, konstruksiyaning darzga chidamliligi
hamda ekspluatatsion ishonchliligini oshirishi ko‘rsatib berilgan. Maqolada fibrobetonning hisobiy
qarshiliklarini aniglashda tolaning miqdori, uzunligi, yo‘nalishi, beton sinfi va ish sharoiti koeffitsientlari
hisobga olinadi.

bazalt tola, dispers armaturalash, fibrotemirbeton, fibrobeton, temirbeton konstruksiya, sigilishga
mustahkamlik, cho‘zilish mustahkamligi, egilishdagi mustahkamlik, darzga chidamlilik, hisobiy
garshilik

1. Kirish

Mamlakatimiz  hududida zamonaviy gidrotexnika
inshootlarini Bugungi kunda qurilish sohasida yugqori
mustahkamlikka, uzoq muddatli xizmat gilish gobiliyatiga
va ekologik jihatdan samarali xususiyatlarga ega bo‘lgan
yangi kompozitsion materiallardan foydalanishga alohida
e’tibor qaratilmoqda. Ayniqgsa, beton va temirbeton
konstruksiyalarning darzga chidamliligini oshirish, ularning
deformatsiyalanish  xususiyatlarini  yaxshilash hamda
ekspluatatsiya davridagi ishonchliligini ta’minlash dolzarb
ilmiy-amaliy masalalardan biri hisoblanadi.

Dispers armaturalangan betonlarda tolalar beton hajmi
bo‘ylab bir tekis tagsimlanadi va konstruksiya ichida paydo
bo‘ladigan mikro hamda makro darzlarning rivojlanishini
cheklaydi. Bunday armaturalash usuli oddiy betonning
cho‘zilish va egilishdagi mo‘rt sinish xususiyatini
kamaytiradi. Natijada beton elementlar darz hosil
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bo‘lgandan keyin ham ma’lum darajada yuk ko‘tarish
qgobiliyatini saglab goladi.

So‘nggi yillarda qurilish materiallari orasida bazalt
tolalar alohida o‘rin egallamoqda. Bazalt tola tabiiy bazalt
jinslaridan olinadigan, yugori mustahkamlikka, issiglikka
chidamlilikka, kimyoviy bargarorlikka va ekologik
xavfsizlikka ega bo‘lgan material hisoblanadi. Ushbu tolalar
beton tarkibiga qo‘shilganda uning cho‘zilish, egilish va
darzga chidamlilik ko‘rsatkichlariga ijobiy ta’sir ko‘rsatadi.

Bazalt tolali temirbeton konstruksiyalarni hisoblash
oddiy temirbeton elementlarni hisoblashdan ma’lum
darajada farq giladi. Chunki bunday konstruksiyalarda beton
matritsasi bilan bir gatorda tolalarning hajmiy miqgdori,
uzunligi, yo‘nalishi, beton bilan bog‘lanish darajasi hamda
ish sharoiti koeffitsientlari ham hisobga olinadi.
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2. Tadgigot metodologiyasi

Fibrotemirbeton to‘sinlarning hisoblash usullari tahlil
qgilindi. Egiluvchi bazalt tolali temirbeton konstruksiyalarga
oid eksperimental va nazariy tadgiqotlar asosida hisobiy
ifodalar umumlashtirildi.

Bazalt tolalar bilan kuchaytirilgan temirbeton to‘sinlarni
hisoblash oddiy temirbeton to‘sinlarni hisoblash usullaridan
farq qiladi. Bazalt tolali beton konstruksiyalar
mustahkamligini tahlil gilishda tolalar elementning butun
kesimi yoki hajmi bo‘ylab teng tagsimlangan deb gabul
gilinadi.

Bazalt tolali fibrotemirbetonning cho‘zilishdagi
garshiligi Rfbt beton sinfiga, tolaning miqdori, turi va
o‘lchamiga bog‘liq holda belgilanadi. Rfbt ning qiymati
quyidagi formula orgali aniglanadi:

Riot=m1- ut- Re-Ki- pibi- Kor 1)

Bu yerda: m1 - beton matritsasining tolali temirbeton
mustahkamligini hisobga oluvchi koeffitsient; xf - hajmi
bo‘yicha tolalar bilan armaturalash koeffitsienti; Rf -
fibrobetonning hisobiy qarshiligi; kI - tolalar uzunligini
hisobga oladigan koeffitsient; yfbi - ish sharoiti koeffitsienti;
kor - element hajmida tolalar yo*nalishini hisobga oladigan
koeffitsient. Bunda uf > pcr sharti bajarilishi kerak, uer -
tolaning kritik foizi.

Element hajmida tolalar yo‘nalishini hisobga oluvchi
ko koeffitsienti

10 mm<0<I15 mm da kor= 0,37;

15 mm<0<25 mm da kor= 0,35;

25 mm<0<30 mm da kor= 0,32;

Tolalarning uzunligini hisobga oladigan koeffitsient kil
quyidagi shart asosida olinadi.

Tola uzunligi 60 mm bo‘lganda k1=0,95; tola uzunligi 40
mm bo‘lganda kI=0,9; tola uzunligi 20 mm bo‘lganda
k1=0,85; tola uzunligi 10 mm bo‘lganda k1=0,70.

Bazalt tolali fibrobetonning siqilishga bo‘lgan hisobiy
garshiligi R quyidagi formula bilan aniglanadi:

Rtb= pfo2'Rb 2

Bu yerda ymz - ish sharoiti koeffitsienti bo°lib, tolalarning
hajmiy miqdoriga bog‘liq holda qabul qilinadi.

uer<u<1,5% da yfb2=1

1,5%<u<2,5% da yfb2= 2,5

u>2,5 % da yfb2=0,95

To‘g‘ri to‘rtburchak kesimli bazalt tolali egiluvchi
fibrotemirbeton elementlarning mustahkamligi quyidagi
shartlar asosida baholanadi:

h> 5prda wl= 0,5+ 2,5Rwd/Riv (3)
h< 5peda wl= 0,5+ 1,5Rwd/Riv (4)
A,
—A—\ih R A, . —
Rt ™ ) /

W, R g b(h-x)

R.A,

- BN . |
A A*/' b ”

1-rasm. Ishchi armaturali egiluvchi bazalt tolali
fibrotemirbeton elementni mustahkamlikka
hisoblashda normal kesimdagi yuklanish sxemasi va
kuchlanish epyurasi
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Deformatsion va kirishish ko‘rsatkichlarini baholash
metodikasi

Bazalt tolali fibrobetonning ishlash xususiyatlarini
to‘ligroq baholash uchun mustahkamlik ko‘rsatkichlari bilan
birga deformatsiya moduli, chegaraviy sigiluvchanlik va
kirishish deformatsiyasi ham tahlil gilindi. Sinovlarda bazalt
tolalar bilan dispers armaturalangan namunalar hamda
nazorat sifatida B25 klassdagi og‘ir beton namunalarining
natijalari o‘zaro taqqoslandi. Namunalarning 28, 60, 90, 180
va 360 sutkalik qotish muddatlaridagi o‘zgarishlari
materialning vaqt bo‘yicha strukturaviy barqarorlashuvini
aniglash imkonini berdi.

Deformatsiya ~ modulini  aniglashda  namunalar
sigilishdagi yuklanish ostida tekshirilib, betonning yoshi,
gotish muhiti, harorat-namlik rejimi, sement toshi va
to‘ldiruvchilar orasidagi kontakt zona holati hamda
tolalarning hajm bo‘yicha tarqalish darajasi hisobga olindi.
Bazalt tola beton matritsasida mikroarmaturalovchi element
sifatida ishlashi sababli, baholashda fagat yakuniy
mustahkamlik emas, balki yuk ta’sirida deformatsiyaning
shakllanish xarakteri ham e’tiborga olindi.

Hisoblashlarda bazalt tolali betonning deformatsiya
modulini quyidagi umumlashtirilgan ifoda orgali baholash
mumkin:

E,=3130-p-YR - g (10)

bu yerda p - betonning o‘rtacha zichligi, t/m? R -
betonning kubik mustahkamligi, MPa; B_B - bazalt tola
qo‘shilishi natijasida mustahkamlik o‘zgarishini hisobga
oluvchi koeffitsient.

Chegaraviy sigiluvchanlikni tahlil gilishda umumiy
deformatsiyalar elastik va noelastik gismlarga ajratildi.
Elastik gism yuklama olib tashlangandan keyin gisman
tiklanadigan deformatsiyani, noelastik gism esa sement
toshi, kontakt zonalari va mikrostruktura darajasida yuzaga
keladigan qaytmas o‘zgarishlarni ifodalaydi. Shu yondashuv
betonning buzilish bosgichiga yaginlashish jarayonini
anigrog baholashga xizmat giladi.

Kirishish deformatsiyasini o‘rganishda esa namunalar
atrof-muhit harorati va nisbiy namlikning o‘zgarishi bilan
bog‘liq holda kuzatildi. Dastlabki davrda beton tarkibidagi
namlik yuqori bo‘lgani sababli hajmiy o‘zgarishlar nisbatan
sekin kechadi, keyinchalik namlik almashinuvi va sement
toshining zichlashuvi hisobiga kirishish jarayoni faollashadi.
Shu sababli uzoq muddatli hisoblarda 55-60 sutkalik
boshlang‘ich bosqich hamda 360 sutkagacha davom etuvchi
sekin deformatsiyalanish davri alohida e’tiborga olindi.

3. Natija va muhokamalar

Bazalt tola qo‘shilgan beton mustahkamligini aniglash
uchun tomonlari 100 mm bo‘lgan kub namunalar
tayyorlanib, turli muddatlarda ularning sigilishga va
cho‘zilishga mustahkamliklari aniglanadi. Sinov uchun ikki
xil namuna qabul qilinadi: bazalt tola qo‘shilgan beton
kublar va nazorat sifatida bazalt tola qo‘shilmagan beton
kublar.

Vaqt mobaynida bazalt tola qo‘shilgan beton
mustahkamligining o‘zgarish xarakterini aniqlash uchun
sinovlar 28, 90, 180 va 360 sutkalik muddatlarda o‘tkaziladi.
Natijalarga ko‘ra, bazalt tola qo‘shilgan beton
mustahkamligining eng tez o‘sishi 28 kungacha bo‘lgan
davrda kuzatiladi. Keyingi muddatlarda ham bazalt tolali
namunalar mustahkamligi nazorat namunalariga nisbatan
yugqoriroq bo‘lishi mumkin.
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Tahlil natijalariga ko‘ra, sinov uslubidan qat’i nazar,
bazalt tola qo‘shilgan betonning siqilishga mustahkamligi
oddiy betonga nisbatan o‘rtacha 30-40% yuqoriroq bo‘lishi
kuzatiladi. Biroq bazalt tolaning asosiy samarasi sigilishda
emas, balki cho‘zilish, egilish va darzga chidamlilikda
kuchliroq namoyon bo‘ladi.

Bazalt tolali dispers armaturalangan konstruksiyalarning
mustahkamligini baholashda birinchi navbatda betonning
asosiy mexanik ko‘rsatkichlari aniqlanadi. Bular: siqilishga
mustahkamlik, yorilishdagi cho‘zilish mustahkamligi va
egilishdagi mustahkamlikdir.

Betonning sigilishga mustahkamligi quyidagi formula
orgali aniglanadi:

Ry=2 5)

Bu yerda: Ry —
mustahkamligi, MPa;

P — namunani buzuvchi maksimal kuch, N;

A — namunaning sigilayotgan yuzasi, mm?2

Agar namuna kub shaklida bo‘lsa, yuzasi quyidagicha
olinadi:

betonning sigilishga

A = axa = a?

Bu yerda a — kub tomonining uzunligi, mm.

Masalan, 100x100x100 mm o‘lchamdagi kub namunada
sigilayotgan yuza:

A=100x100=10000 mm?

Agar sinov vagtida maksimal buzuvchi kuch 350 000 N
bo‘lsa:

g P _350000 .
b= 4~ 10000 ¢

Yorilishdagi  cho‘zilish  mustahkamligi  silindrik
namunani yorib sinash usuli orgali aniglanadi. Bu usulda
silindrik namuna yon tomondan bosiladi va diametri bo‘ylab
yorilish yuzaga keladi.

2P
bt =75 (6)
Bu yerda Rot - yorilishdagi cho‘zilish

mustahkamligi, MPa;

P — maksimal buzuvchi yuk, N;

L — silindr uzunligi, mm;

D — silindr diametri, mm;

n—3,14

Egilishdagi mustahkamlik bazalt tolali betonlar uchun
muhim ko‘rsatkichlardan biridir. Plitalar, balkalar, sanoat
pollari, yo‘l qoplamalari va panellar ekspluatatsiya
jarayonida egilish ta’sirida ishlaydi.

PL
Ry == (7

Bu yerda Rf - egilishdagi mustahkamlik, MPa;

P — buzuvchi maksimal yuk, N;

L — tayanchlar oralig‘i, mm;

b — namuna eni, mm;

d — namuna balandligi, mm.

Bazalt tolali betonlarda egilishdagi mustahkamlikni
baholashda fagat maksimal yuk emas, balki darz paydo
bo‘lgandan keyingi ishlash holati ham muhimdir.

ARyp = "% 5 100% ®)

Ro

Bu yerda Arof - mustahkamlikning o°sish foizi, %; Rof -
bazalt tolali beton mustahkamligi, MPa; Ro - nazorat beton
mustahkamligi, MPa. Masalan, oddiy betonning egilishdagi
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mustahkamligi 4,5 MPa, 0,3% bazalt tola qo‘shilgan
betonning egilishdagi mustahkamligi 5,8 MPa bo‘lsa,

_ 5.8-45
T 45

AR, x 100 = 28.9% ©)]

Demak, bazalt tola qo‘shilishi natijasida egilishdagi
mustahkamlik taxminan 28,9% ga oshgan bo‘ladi

Deformatsiya moduli va chegaraviy sigiluvchanlik
natijalari

Tajriba natijalari bazalt tolalar qo‘shilgan betonlarda
deformatsiya modulining shakllanishi qotish jarayoni bilan
bevosita bog‘liq ekanini ko‘rsatdi. 28 sutkalik namunalar
orasida eng yuqori giymatlar dispers armaturalangan
tarkiblarda qayd etildi. 90 sutkalik sinovlarda esa bazalt
tolali betonning deformatsiya moduli 28 sutkalik
ko‘rsatkichga nisbatan taxminan 18 % ga oshgani aniqlandi.
Nazorat namunalarda bunday sezilarli o°sish kuzatilmadi.

Ushbu farg bazalt tolalarning beton ichki tuzilmasida
hosil bo‘ladigan bog‘lanishlarga ijobiy ta’siri bilan
izohlanadi. Qotish davomida sement toshi zichlashadi,
to‘ldiruvchilar bilan matritsa orasidagi tutashuv zonasi
mustahkamlanadi, tolalar esa mikro yoriglarning
kengayishini cheklab, yuklama ostidagi deformatsiyalarni
bargarorroq  tagsimlaydi.  Shuning uchun  uzogroq
muddatlarda bazalt tolali betonning bikrligi va elastik-
deformatsion bargarorligi oddiy betonga nisbatan anigroq
namoyon bo‘ladi.

Siqilishga mustahkamligi 24 MPa atrofida bo‘lgan
namunalar tahlili deformatsiya modulining ortishi sinov
sharoiti, beton tarkibi va tolalar miqdoriga garab 23 %, 14 %
hamda 10 % atrofida o‘zgarishini ko‘rsatdi. Bu holat bazalt
tolalar betonning fagat mustahkamlik darajasini emas, balki
deformatsiyaga qarshilik ko‘rsatish qobiliyatini ham
yaxshilashini tasdiglaydi.

1-jadval
B25 klassdagi betonlarda chegaraviy sigiluvchanlikning

vaqt bo‘yicha o‘zgarishi
Vet Bl s e beon
28 186 192
60 192 200
90 199 209
180 216 227
360 225 237

Jadvaldan ko‘rinadiki, beton yoshi oshgani sari har
ikkala turdagi namunada ham chegaraviy sigiluvchanlik
bosgichma-bosgich ortib boradi. Bazalt tolali fibrobetonda
bu ko‘rsatkich 28 sutkada 186 dan 360 sutkada 225 gacha,
B25 klassdagi og‘ir betonda esa 192 dan 237 gacha
ko‘tarilgan. Tolali betonlarda qiymatlarning nisbatan
pastroq diapazonda shakllanishi materialning bikrrog
ishlashi va ichki deformatsiyalarning tolalar orgali
bargarorrog tagsimlanishi bilan bog‘liq.

Boshlang‘ich  deformatsiya moduli, siqilishdagi
mustahkamlik va chegaraviy sigiluvchanlik mustagil
ko‘rsatkichlar emas, balki betonning umumiy strukturaviy
holatini ifodalovchi o‘zaro bog‘langan kattaliklar sifatida
garaladi. Shu sababli  bazalt tolali fibrobeton
konstruksiyalarni baholashda maksimal yuk ko‘tarish
qobiliyati bilan birga deformatsiyalanish xarakterini ham
hisobga olish magsadga muvofiqdir.
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Chegaraviy sigiluvchanlik bilan beton mustahkamligi
o‘rtasidagi bog‘liqlik quyidagi ifoda asosida baholandi:

g 1073 =36,1 - VR? (11)

bu yerda R - yuklama qo‘yilgan vaqtdagi betonning
kubik mustahkamligi, MPa. Nazariy hisoblar tajribaviy
giymatlarga yaqin bo‘lib, ular orasidagi nisbat 1,05 atrofida
bo‘lgani wushbu ifodani amaliy hisoblarda qo‘llash
mumkinligini ko‘rsatadi.

Kirishish deformatsiyasi natijalari

Kuzatuvlar shuni ko‘rsatdiki, bazalt tolali betonlarda
kirishish va temperaturaviy deformatsiyalar atrof-muhit
harorati hamda nisbiy namlikka sezilarli darajada bog‘liq.
Harorat ko‘tarilib, nisbiy namlik kamayganda beton
tarkibidagi namlik almashinuvi jadallashadi va hajmiy
o‘zgarishlar kuchayadi. Bu jarayon doimiy emas, balki
mavsumiy harorat-namlik tebranishlari ta’sirida o‘zgarib
boradi.

Beton tayyorlangandan keyingi dastlabki uch oyda
temperaturaviy deformatsiyalar nisbatan kichik bo‘lib, bu
davrda namunalarda boshlang‘ich namlik miqdori yuqori
saglanadi. Bahor-yoz davrida harorat oshishi bilan dastlab
kengayish deformatsiyasi ortadi, keyinchalik namlikning
kamayishi va kirishishning faollashuvi sababli umumiy
deformatsiya qiymati pasayadi. Tajriba kuzatuvlarida
temperaturaviy  deformatsiyaning kamayishi taxminan
49-107° darajasida baholandi.

Kuz-gish mavsumida esa tashgi muhit namligi oshishi
natijasida beton tarkibida namlik almashinuvi kuchayadi va
ayrim hollarda ko‘pchish deformatsiyasi kuzatiladi. Normal
sharoitlarda bazalt tolali betonning yoz oylaridagi
temperaturaviy kengayishi 20-10~5 gacha, qish davridagi
minimal qiymati esa taxminan 5-10° atrofida bo‘lishi
mumekin.

Saqlash sharoiti ham kirishish deformatsiyasiga sezilarli
ta’sir ko‘rsatadi. Yoz oylarida bazalt tolali betonlarning
gisqarish deformatsiyasi bazalt tolasiz betonlarga nisbatan
taxminan 20 % yuqoriroq bo‘lishi mumkin. Bunda
tolalarning sement matritsasi bilan o°zaro ta’siri, namlikning
buglanishi va material ichki tuzilmasining qayta
shakllanishi asosiy omillar sifatida namoyon bo‘ladi.

Normal muhitda bazalt tolali beton uchun Kirishish
deformatsiyasining me’yoriy qiymati es = 90-107,
temperaturaviy kirishish koeffitsienti esa acs = 2,0-10~ deb
gabul qilinadi. Ikkinchi yoz mavsumida Kkirishish
deformatsiyasi birinchi mavsumga nisbatan 8-15 % gacha
ortishi mumkinligi beton ichida uzoq davom etuvchi namlik
almashinuvi va mikrostrukturaviy zichlashuv jarayonlari
bilan izohlanadi.

Kirishish deformatsiyasining eng jadal rivojlanishi
odatda dastlabki 55-60 sutka oralig‘ida kuzatiladi. Keyingi
davrda jarayon sekinlashadi, biroq to‘liq barqarorlashish
uzoq muddat talab etadi va ayrim namunalar bo‘yicha sekin
o‘sish 360 sutkagacha davom etishi mumkin. Shu sababli
muhandislik hisoblarida bazalt tolali betonning uzoq
muddatli Kkirishish deformatsiyasi uchun &s = 92107
giymatini gabul gilish magsadga muvofig.

4. Xulosa

1. Hisoblashda tolaning hajmiy miqgdori, uzunligi,
yo‘nalishi, beton sinfi va ish sharoiti koeffitsientlarini
hisobga olish zarur.

2. Bazalt tolalar beton hajmi bo‘ylab tarqalib, mikro va
makro darzlarning rivojlanishini  cheklaydi hamda
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elementlarning darzga chidamliligi va ekspluatatsion
ishonchliligini oshiradi.

3. Bazalt tola qo‘shilgan betonlarda siqilishga
mustahkamlik oddiy betonga nisbatan oshishi mumkin,
ammo asosiy samaradorlik cho‘zilish, egilish va post-
darzlanish bosqgichidagi qoldiq yuk ko‘tarish qobiliyatida
namoyon bo‘ladi.

4. Keltirilgan hisobiy formulalar bazalt tolali
fibrobetonning  cho‘zilishdagi  qarshiligi, siqilishdagi
garshiligi va egiluvchi elementlarning mustahkamligini
baholash uchun nazariy asos bo‘lib xizmat qgiladi.

5. Deformatsiya moduli, sigilishdagi mustahkamlik va
chegaraviy sigiluvchanlik ko‘rsatkichlarini birgalikda tahlil
qgilish bazalt tolali fibrobetonning bikrligi hamda yuk
ostidagi deformatsion barqgarorligini baholash imkonini
beradi.

6. Kirishish deformatsiyasi harorat-namlik sharoiti va
beton yoshiga bog‘liq bo‘lib, uzoq muddatli hisoblarda
bazalt tolali beton uchun ecs = 92-10~ gqiymatini gabul gilish
tavsiya etiladi.
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Development of the transport sector within the framework of the Uzbekistan—

Abstract:

Keywords:

2030 strategy: Achieved results and new objectives

R.1. Hakimov!
1Tashkent state transport university, Tashkent, Uzbekistan

This article examines the development of Uzbekistan’s transport sector within the framework of the
updated Uzbekistan—2030 Strategy, highlighting the major achievements of recent reforms and the new
strategic objectives set for 2030. The study analyzes the growth of transport services, the modernization
of road, public, railway, and aviation infrastructure, and the expansion of private sector participation.
Significant improvements in international freight transportation, public transport efficiency, railway
electrification, metro development, and aviation liberalization are discussed based on recent statistical
indicators. The article also outlines measurable target indicators for the transport sector, including
increasing transport service volumes, expanding transit freight capacity, improving public transport
coverage, modernizing vehicle fleets, and enhancing railway and aviation infrastructure. The findings
demonstrate that the implemented reforms have substantially strengthened the competitiveness and
sustainability of Uzbekistan’s transport system, while the updated strategy provides a comprehensive
framework for further modernization, regional connectivity, and integration into international transport
networks.

Uzbekistan—2030 Strategy, transport sector, transport infrastructure, logistics, public transport, railway
transport, aviation, transit transportation, transport services, sustainable development

O°¢zbekiston—2030 strategiyasi doirasida transport sohasini rivojlantirish:

Annotatsiya:

Kalit so‘zlar:

Erishilgan natijalar va yangi magsadlar

Hakimov R.1.1
1Toshkent davlat transport universiteti, Tashkent, O*zbekiston

Mazkur magolada yangilangan “O‘zbekiston—2030” strategiyasi doirasida transport sohasini
rivojlantirishning ustuvor yo‘nalishlari, amalga oshirilgan islohotlar natijalari hamda 2030 yilgacha
belgilangan yangi magsadlar tahlil gilingan. Unda transport xizmatlari hajmining o‘sishi, avtomobil,
jamoat transporti, temir yo‘l va aviatsiya infratuzilmasining modernizatsiyasi hamda xususiy sektor
ishtirokining kengayishi yoritilgan. So‘nggi yillarda xalqaro yuk tashuvlari, jamoat transporti sifati, temir
yo‘llarni elektrlashtirish, metropoliten va aviatsiya tizimidagi rivojlanishlar statistik ma’lumotlar asosida
baholangan. Shuningdek, transport xizmatlari hajmini oshirish, tranzit tashuvlarini kengaytirish, jamoat
transporti gamrovini to‘liq ta’minlash, zamonaviy transport vositalari sonini ko‘paytirish hamda temir
yo‘l va aviatsiya infratuzilmasini yanada rivojlantirishga garatilgan maqgsadli ko‘rsatkichlar keltirilgan.
Tadgiqot natijalari transport sohasidagi islohotlar mamlakatning logistika salohiyati va xalgaro transport
tizimidagi ragobatbardoshligini mustahkamlashga xizmat gilayotganini ko‘rsatadi.

O‘zbekiston—2030 strategiyasi, transport sohasi, transport infratuzilmasi, logistika, jamoat transporti,
temir yo‘l transporti, aviatsiya, tranzit yuk tashuvlari, transport xizmatlari, barqaror rivojlanish

1. Kirish

Mamlakat iqtisodiyotining bargaror o‘sishi va hududlar
o‘rtasidagi iqtisodiy integratsiyani ta’minlashda transport
sohasi muhim o‘rin tutadi. So‘nggi yillarda O‘zbekistonda
transport infratuzilmasini modernizatsiya qilish, logistika
tizimini rivojlantirish va xalqaro transport yo‘laklarida
mamlakatning raqobatbardoshligini oshirish bo‘yicha keng
ko‘lamli islohotlar amalga oshirilmoqda.

2025 yil 26 dekabr kuni O‘zbekiston Respublikasi
Prezidenti Shavkat Mirziyoyevning Oliy Majlis va
Ofzbekiston  xalqiga  Murojaatnomasida ~ mamlakat
iqtisodiyotida erishilgan yuqori o‘sish sur’atlari natijasida
amaldagi “O‘zbekiston—2030” strategiyasini qayta ko‘rib
chiqish zarurati ta’kidlandi. Jumladan, strategiyada 2030
yilga borib yalpi ichki mahsulotni 160 mird dollarga
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yetkazish maqgsadi belgilangan bo‘lsa, 2025 yil yakunida bu
ko‘rsatkich 145 mlrd dollardan oshgani qayd etildi. Bu esa
ushbu magsadga 2026 yilning o‘zidayoq erishish imkoniyati
mavjudligini ko‘rsatmoqda.

Shu munosabat bilan “O‘zbekiston—2030” strategiyasini
takomillashtirish va uning yangi tahririni ishlab chigish
vazifasi qoyildi. Yangi strategiyada barcha sohalar qatori
transport tarmog‘i uchun ham aniq va o‘lchab bo‘ladigan
magsadli ko‘rsatkichlar belgilash muhim ahamiyat kasb
etadi.

2. Tadgiqot metodologiyasi

Transport sohasida erishilgan asosiy natijalar
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Amalga oshirilgan islohotlar natijasida transport
sohasida sezilarli o°sish ko‘rsatkichlariga erishildi.
Amaldagi “O‘zbekiston—2030" strategiyasida 2030 yilga
gadar transport xizmatlari hajmini 3 barobarga oshirish
vazifasi belgilangan edi. Biroq so‘nggi uch yil mobaynida
ushbu ko‘rsatkich jadal o‘sish sur’atlarini namoyon etdi.

Jumladan, transport xizmatlari hajmi 2,5 barobarga
oshib, 188 trillion so‘mni tashkil etdi (2022 yilda 83,9
trillion so‘m). Shu bilan birga, transport xizmatlari eksporti
ham 2 barobarga oshib, 2,8 milliard dollarga yetdi.

Avtomobil va jamoat transporti sohasidagi islohotlar

Xalgaro yuk tashuvlari sohasida ham ijobiy natijalar
kuzatildi. Xalgaro yuk tashuvchi mahalliy korxonalar soni 2
241 taga yetdi, xalgaro yuk avtomobillari soni esa 1,5
barobarga oshib, 29 mingtani tashkil etdi. Natijada xalgaro
tashuvlarda mahalliy kompaniyalar ulushi 39,2 foizdan 62
foizgacha oshdi.

Avtomobil transporti sohasida ham muhim institutsional
islohotlar amalga oshirildi. Taksi faoliyati bilan o‘zini o°zi
band gilgan shaxslarga ruxsat berilishi natijasida
legallashgan yo‘nalishsiz taksi haydovchilari soni 5
barobarga oshib, 310 ming nafardan oshdi.

Jamoat transporti tizimini modernizatsiya qilish
magsadida 2005 ta avtobus va 646 ta elektrobus xarid
qilindi. Shuningdek, avtobus yo‘nalishlarida pul tushumi
bo‘yicha kunlik reja amaliyotidan voz kechilib, bajarilgan
ishlar uchun to‘lovga asoslangan brutto-shartnoma tizimi
joriy etildi. Hozirgi kunga gadar Toshkent shahrida 168 ta,
Nukus shahri va viloyat markazlarida 97 ta avtobus
yo‘nalishlari ushbu tizimga o‘tkazildi.

Yo l haqi to‘lovlarida shaffoflikni ta’minlash magsadida
2025 yil 1 yanvardan boshlab Toshkent shahri jamoat
transportida naqd pul orqali to‘lov amaliyoti bekor qilindi.

Amalga oshirilgan islohotlar natijasida jamoat
transportidagi qoidabuzarliklar ikki barobarga kamaydi,
yashirin igtisodiyot qisgardi hamda avtobuslar harakat
intervali 18-20 dagigadan 8-10 dagigagacha gisqgardi.

Aviatsiya va temir yo‘l sohasidagi islohotlar

Aviatsiya sohasini liberallashtirish siyosati natijasida
aviakompaniyalar soni 3 tadan 16 taga yetdi, shundan 14 tasi
xususiy kompaniyalar hisoblanadi. Shu bilan birga,
respublikadagi havo kemalari soni 54 tadan 107 tagacha
oshdi.

So‘nggi uch yil mobaynida aviaqatnovlar geografiyasi
ham kengaydi. Aviayo‘nalishlar soni 78 tadan 206 tagacha,
aviagatnovlar soni 64 mingtadan 130 mingtaga oshdi.
Yo‘lovchilar soni esa 8 million nafardan 15,5 million
nafarga yetdi.

Zomin, Qo‘qon, Shahrisabz va Sariosiyo aeroportlari
rekonstruksiya qilinib, mahalliy aviatsiya qatnovlari yo‘lga
qo‘yildi. Shuningdek, “Toshkent-Sharqiy” aerodromi
negizida fugaro va tadbirkorlik aviatsiyasi uchun “Toshkent-
Humo” zamonaviy aeroport kompleksi ishga tushirildi.

Temir yo‘l infratuzilmasini rivojlantirish doirasida
elektrlashtirilgan temir yo‘llar ulushi 43 foizdan 51 foizga
yetkazildi. Yugori tezlikda harakatlanuvchi Talgo-250
poyezdlari soni 6 taga yetdi. 2026 vyilda Koreya
Respublikasidan yana 6 ta zamonaviy elektropoyezd olib
kelinishi rejalashtirilgan.

Metropoliten infratuzilmasi ham kengaytirildi. Metro
liniyasining umumiy uzunligi 38 km dan 70,8 km ga,
bekatlar soni esa 29 tadan 50 taga yetkazildi. Harakat
tarkibini yangilash magsadida 41 ta yangi metro poyezdi
xarid qilindi. Natijada metro poyezdlari intervali 5
daqiqadan 3 daqiqagacha qisqardi va kunlik yo‘lovchilar
soni 1 million nafarga yetdi.
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Yangi tahrirdagi “O‘zbekiston—2030” strategiyasi
doirasidagi magsadlar

Amalga oshirilgan islohotlar natijasida amaldagi
strategiyada 2030 yilga qadar belgilangan ko‘plab
magsadlarga 2025 yil yakuni bilan deyarli erishildi. Shu
munosabat bilan yangi tahrirdagi “O‘zbekiston—2030”
strategiyasi loyihasiga transport sohasi bo‘yicha 15 ta
o°Ichab bo‘ladigan magsadli ko‘rsatkich belgilandi.

Xususan, 2030 yilga gadar:

[ transport xizmatlari hajmini 320 trillion so‘mga
yetkazish;

o tranzit yuk tashuvlarini 18,5 million tonnadan
oshirish;

J shahar va tumanlarni jamoat transporti bilan to‘liq
gamrab olish;

. yangi zamonaviy avtobuslar sonini 5 ming taga va
elektrobuslar sonini 2 ming taga yetkazish;

. hududlarda brutto-shartnoma tizimini bosgichma-
bosgich joriy etib, ular sonini 248 taga yetkazish;

U] elektrlashtirilgan temir yo‘llar ulushini 65 foizga
yetkazish;

J tezyurar poyezdlarda yo‘lovchilar sonini 3,25
million nafarga yetkazish;

. havo kemalari sonini 180 taga, aviagatnovlar
sonini 200 mingtaga, havo transportida tashilgan
yo‘lovchilar sonini 24 million nafarga yetkazishga
erishiladi.

3. Xulosa

O‘zbekistonda so‘nggi yillarda transport sohasida
amalga oshirilgan keng ko‘lamli islohotlar tarmoqning jadal
rivojlanishiga xizmat qildi. Transport Xizmatlari hajmining
sezilarli o°sishi, infratuzilmaning modernizatsiya qilinishi va
xususiy  sektor ishtirokining  kengayishi  sohaning
ragobatbardoshligini oshirishga zamin yaratdi.

Yangi tahrirdagi “O‘zbekiston—2030” strategiyasi
doirasida belgilangan magsadlar transport sohasini yanada
modernizatsiya qilish, logistika imkoniyatlarini kengaytirish
va mamlakatning xalgaro transport tizimidagi o‘rnini
mustahkamlashga xizmat giladi.
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Study of the influence of moisture on the strength characteristics of sand-clay
molding mixture

N.K. Tursunov®? Sh.A. Nazarov®P
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract:

The article presents the results of a study on the influence of moisture on the strength characteristics of

sand-clay molding mixture used in the manufacture of casting molds for the critical parts of freight wagon
carts. Experimentally established that the compressive strength limit in the wet state depends on the
moisture content in the mixture within the range of 3.50 to 4.00%. It was determined that the maximum
strength of the mixture is achieved at a moisture content of 3.70% and is 1.21 MPa. A rational moisture
range of 3.65-3.75% has been established, ensuring the highest strength characteristics and stability of
the technological properties of the molding mixture.

Keywords:

molding mixture, moisture, compressive strength, sand-clay mixture, bentonite clay, casting mold,

casting production, physical and mechanical properties

HccnenoBanue BAMAHUSA BJIAKHOCTH HA NIPOYHOCTHBIE XapaKTEPUCTHKHU
MeCYaHO-TJIMHUCTON (GOPMOBOYHON cMecH

Typcynos H.K.}®? | Hazapos IIILAY®P

TamkenTckuit rocynapcTBEHHbI TPAaHCIIOPTHEIA yHHBEpCUTET, TalkeHT, Y36eKkucTan

AHHOTaLII/IH . B cratee NpeACTaBJICHbI

Ppe3yJIbTaThI

HCCJIENOBAaHUA BJIMAHUSA BJIQXKHOCTU Ha IIPOYHOCTHBIC

XapaKkTepUCTHKN TeCYaHO-TJIMHUCTOH (OPMOBOYHOH CMECH, WCIIONB3YeMOH TpH H3rOTOBJICHHUN
JUTEHHBIX (OPM JUIsI OTBETCTBEHHBIX JIeTalell TeJe)KeK TIPY30BBIX BaroHOB. DKCIEPHMEHTAIEHO
YCTAaHOBJICHA 3aBUCHMOCTH IIpeZieiia MIPOYHOCTH HAa C)KaTHE BO BJIAKHOM COCTOSIHUM OT COJCPXKaHHUS
BJaru B cMecH B auamnasose oT 3,50 mo 4,00 %. OmnpeznesneHo, 4TO MaKkCUMalbHas MPOYHOCTh CMECH
Jocturaercs npu BiaaxkHoctH 3,70 % u coctaBiser 1,21 MIla. YcraHOBIEH pallioHaNbHBIA Hana3oH
BIaXHOCTH 3,65-3,75 %, obecneunBaromuii Hanbosee BBICOKME IPOYHOCTHBIE XapPAKTEPUCTHKH U
CTaOMIIBHOCTb TEXHOJIOTMYECKHX CBOHCTB ()OPMOBOYHON CMECH.

Kunrouessie cioBa:

Q)OpMOBO‘{HaX CMECh, BJIQXKHOCTb, IMpEAEI IPOYHOCTU Ha CXKaTUEC, IECHAHO-TJIMHHCTas CMECh,

OCHTOHHUTOBAS TJIMHA, JIMTeHHas d)opMa, JIUTEHHOE IIPpOU3BOJICTBO, (bI/ISI/IKO-MCXaHI/I‘IeCKI/Ie CBO¥CTBa

1. BBeanenue

B mHacrosimiee Bpemsi 0co0O OTBETCTBEHHBIC JIUTHIC
NeTald TEJEeXKEK TIPY30BbIX BarOHOB H3rOTaBIMBAIOTCS
MPEUMYIIECTBEHHO B  IECYAHO-TJIIMHHUCTBIX  (opMax.
DKCIUTyaTalOH-Hasl HAIe)KHOCTh U JIOJITOBEYHOCTh JAHHBIX
JeTajell B 3HAYMTEIIBHOM CTCICHU 3aBUCAT OT KadecTBa
JIUTBIX 3arOTOBOK, KOTOPOE OINPEACISETCs KOMIUIEKCOM
TEXHOJIOMYECKUX (PAKTOPOB, CPEIU KOTOPHIX BAIKHOE MECTO
3aHHMAIOT CBOMCTBA (POPMOBOYHBIX CMECEIL.

DuU3UKO-MEXaHHUUECKUE XapaKTePUCTUKU
(OPMOBOYHBIX CMecCeil OKa3bIBAIOT HEMNOCPEICTBEHHOES
BJIMSIHEE HA KAYeCTBO MOBEPXHOCTH OTJIMBOK, TOYHOCTh MX
FEOMETPUYECKUX  pa3MepoB, 00pa3oBaHUE JIUTEHHBIX
nedeKToB, a Tak)Ke Ha CTaOMIBHOCTH TEXHOJIOTHYECKOTO
mporecca hopmoobpazo-Banusi. HenocraTouHast mpodHOCTh
CMEeCH MOTYyT MPHBECTH K BO3HUKHOBCHHIO Opaka u
CHIDKCHHIO JKCILUTyaTAl[MOHHBIX XapaKTEPUCTUK TOTOBOIt
PO KIIHH.

B cBsi3u ¢ Bo3pacTamoumMu TPeOOBAHHIMH K Ka4eCTBY
U HAJEKHOCTU JeTaliell JKeJIe3HOOPOIKHOTO MOIBIKHOTO

a2 https://orcid.org/0009-0008-7910-3980
b https://orcid.org/0009-0009-9740-7029
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cocrasa 0co0yI0 aKTyaJIbHOCTh IPHOOPETACT UCCIIEIOBAHNE
(hU3MKO-MEXaHUUECKUX CBOMCTB ()OPMOBOUHBIX CMeceil U
onpeleleHHe  UX  PAUMOHAIBHBIX  XapaKTEPHUCTHK.
Pesynbratel uccnenoBaHUi MO3BOJAIOT ONTUMHU3HPOBATH
cocraBbl (DOPMOBOYHBIX CMeECEH, IOBBICHTH KauecTBO
OTIIMBOK M  O0ecneunTb CTaOWIBHOCTh  JINTEHHOrO
HPOM3BOJICTBA.

®opMOBOYHbIE cMecH, IIpUMEHsIeMbIe pu
M3TOTOBIICHUHM JIMTEUHBIX (OPM, TMPEACTABISAIOT CO0O0i
MHOT'OKOMITOHEHTHbIE CUCTEMBI, COCTOSALINE U3 KBapLIEBOTO
Necka,  CBS3YIOLIMX ~ MarepuanoB (B HYacTHOCTH,
OEHTOHUTOBOM TJIMHBI), BOJBI u CIIELUATIBHBIX
TEXHOJIOIMYECKUX JI00aBOK (IpeBECHbIE ONMIIKH, PUCOBAs U
KyKypy3Has IIelTyXa WIH MIIeHUYHbIE OTPYOH).

Kaxxaplii U3 KOMIIOHEHTOB BBIIOJIHSET OMPEICICHHYIO
¢byHKIHIO B 00ecnedeHrH TPpeOyeMbIX TeXHOIOTHIECKUX U
(hU3MKO-MEXaHUUECKUX CBOMCTB cMecH. KBaplieBblii mecok
(bopMHpyeT OCHOBY CMECH ¥ OIIPEJIENISIET €€ OTHEYOPHOCTb,
OCHTOHMUTOBas TJIMHA  OOecreyrBaeT  HEOOXOAUMYIO
NPOYHOCTh M IUIACTUYHOCTH (DOPMBI, BOJA aAKTHBUPYET
CBSIBYIOIIME CBOMCTBA TJIMHBI, a CIELMaIbHbIE NOOaBKU
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MO3BOJIIIOT PETyJIMpOBaTh M APYTHE SKCIUTyaTalliOHHBIE
XapaKkTepUCTHKH (HOPMOBOYHOM CMecH. PammoHambHBII
moadop KOMIIOHEHTHOTO COCTaBa M ONTHMH3AINAL
COOTHOIICHMSI  OTACNBHBIX  COCTABIIOIIUX  SIBIISTIOTCS
Ba)KHBIMH YCJIOBISIMHU ITOJTy9SHIS KaUeCTBEHHBIX JINTEHHBIX
(dhopm 1 6e371eheKTHBIX OTIIMBOK.

2. MeTtoauka uccjie10BaHuA

Jlnst wccnenoBaHus (PU3MKO-MEXaHUYECKUX CBOWCTB
(OPMOBOUHEIX cMecel OBUIM HM3rOTOBJICHBI M HCIBITAHBI
o0Opasipl  MecyaHO-TVIMHUCTBIX ~ cMeceil. B cocras
HCCIIeTyeMOW CMeCH BXOIWIN ()OPMOBOYHBIH MECOK MapKH
3K302025, GentonmtoBas (GoOpMOBOYHAS TIIMHA MapKH
IT1T1, pucoBas menyxa u Boza.

BrnaxHocTh sIBISIETCS OMHUM U3 KITIOUEBBIX (PaKTOPOB,
OTIPEIeTSIIONNX TPOYHOCTHBIE CBOMCTBAa (HOpMOBOUHOI
cmecn. C yBeNMMYEHHEM COJEP)KaHWSA BIIAard INPOYHOCTH
CMecH BO3pacTaeT BCJIEACTBHE YIYUIICHWs aJre3HOHHOTO
B3aUMOJICHCTBHSI  MEXAYy  YacTHIaMH  (OPMOBOYHBIX
MaTepuajoB ¥ TIOBBINIEHHS CBSI3YIOIIEH CHOCOOHOCTH
TJIMHACTOTO KOMITOHEHTA.

[Ipn mpeBBIICHN ONTHMATIBHOTO YPOBHS BIIQYKHOCTH
HaOMIofaeTcsl CHIKEHHWE MPOYHOCTH, OOYCIIOBICHHOE
NepeyBIIaKHEe-HUEM CMECH, OCJIa0IeHHeM MeK4aCTUIHBIX
CBs3el M YXYAUIGHHEM CTPYKTYpbl (OPMOBOYHOTO
Martepuana. MakcUMaJbHbIE —[I0Ka3aTeld  IPOYHOCTH
JIOCTHTAIOTCSl TPU ONTHMAIBHOM COJEP)KaHWHM BJIaru B
(opmoBoUHOI cMecH. MeTox ompeneneHus BIaXKHOCTH B
(OPMOBOYHBEIX CMECSIX OCHOBaH Ha ONpEIETIeHHH IIOTepH
Macchl HaBeCKH Tecka (pOpMOBOYHOTO, YOPMOBOUHOM MITH
CTEPIKHEBOM CMecel Mociie BBICYNIMBAHUS [0 TOCTOSTHHOM
MAaccChl.

Knaccudukanus ucciaenyemplx GOpMOBOYHBIX cMeceit
10 MacCOBO J10J1€ BlIary NpeAcTaBieHa B Tabnuue 1.

Ta6auuna 1
Kuaaccudukanusi GopMOBOYHBIX cMeceil
Ne T'pymna MaccoBast nosist Biary, %, He
Oonee
1 Cyxue 0,5
2 Bnaxxasle 4.0
3 Chipble 6,0

BnaxxHocts hopmoBouHOH cMecH (®, %) onpenensercs
o gpopmyse 1:

w = ((my —my)/my) - 100

rje Mi- Macca HaBeCKHM CMECH JI0 BBICYILIMBaHUs, T

M2 - Macca HaBECKH CMECH I10CJIe BBICYLIMBAHUA 0
IIOCTOSIHHOM MaccChl, I.

Konrponp  BiaaxHocTd  (OPMOBOYHBIX  CMeceid
OCYIIECTBIISUIU ¢ MOMOIIbI0 Biaromepa PWG MA35M (puc.
1) u nmnpenHasHadeH Uil OBICTPOrO U HAAEKHOIO
ONpe/eNieHHs]  COZep)KaHMs  BJIArk B OKUJIKHX,
acTooOpasHeIX M TBEPABIX BEIIECTBAX C I[OMOLIBIO
TEPMOrPaBUMETPUYECKOTO METOA.

Puc. 1. Baaromep mapku PWG MA35SM
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s ompeneneHus MPOYHOCTH (POPMOBOYHOM cMecH
HCTIONB30BaAJIaCh MHUHHU-Ta00paTOpHasl YCTAHOBKA (hHpPMBI
Simpson Technologies (puc.2).

Puc. 2. Munanaaboparopus 1y1s u3MepeHust GU3nKo-
MexaHH4YecKux (popmoBounbIX cMmeceli Simpson PVF-C

JlaHHOE MHOTOILIENIEBOE YCTPONUCTBO MCIIONB3YeTCs VIS
OIpeeNeHNs] TPOYHOCTHBIX XapaKTEePHCTHK 00pa3IoB
(OpMOBOUYHBIX ~ CMecel, CBS3aHHBIX TJIMHOW WU
XHUMHUYECKAM CIIOCOO0M.

MuHuIabopaToprss MOXKET — HCIHOJB30BaThCSl U
NPUTOTOBJICHUS — LMIMHIPUYECKHX  00pasLoB  cMecH
pazmepamu 50MM x 50MM, KOTOpble MOKHO IOJBEprarb
Pa3IMYHBIM UCTIBITAHUAM c HCHOJIb30BaHUEM
JOTIOJTHUTEIBHBIX HPHUCIIOCOOIEHNHH, a HUMEHHO
UCHBITAaHUAM HAa  YIUIOTHAEMOCTb, MWCIBITAHUAM  Ha
NPOYHOCTh Ha C)KaTHE, Ha Pa3pblB, HAa CABUI C JBOHHBIM
U3rHO0M, WCIBITAHUAM CTEpKHEH Ha M3rub, a Takke Ha
Ppa3peIB.

IIpurorosnenne GopMOBOUHOIT CMECH OCYIIECTBIISIIOCH
B JlabopaTopHOM cMmecuTesie. KOMIOHeHTHBIN cOCTaB cMecH
BKit04an 87 % ¢opmoBoyHOro necka, 12 % OGeHTOHUTOBOM
rmHel U 1 % pucoBoit wenyxu. OOmas Macca
TIPUrOTOBJIEHHON cMecH cocTasisiia 1000 r.

Hdns  obecneueHust TpeOyeMbIX TEXHOJIOTHYECKHX
CBOMCTB BJIQXXHOCTh (DOPMOBOYHOW CMECH H3MEHSUTH B
nuanazone or 3,5 mo 4,0 % wmarom 0,05 %.
IMoarorosneHHble 00pa3ipl HCIIONB30BAIN U1
onpenenaeHust  QU3MKO-MEXaHUYECKHX  XapaKTEePHCTUK
(hOpMOBOYHBIX CMECEHA.

B xozxe uccnenoBanmsi Obuio mpoBemeHo Oosee 100
SKCIIEPUMEHTAIBHBIX HCTIBITaHUM. PesynpraTsl
9KCIIEPUMEHTOB ObLTH 00paboTaHbl METOAaMH
MaTeMaTHYECKON CTAaTUCTHKH, U JUIS JalbHEHIIero aHanmsa
HCTIOJB30BAIIMCH CPEAHUE 3HAYCHUS MOJYUECHHBIX JaHHBIX.
VYcepenHéHHble  pe3yibTaThl  3aBUCUMOCTH  ITIpejiena
NPOYHOCTH HA  CXAaTHE BO  BIAKHOM  COCTOSIHUU
(hopMOBOUHOM cMecH OT €€ BIAKHOCTH TMPEICTABICHBI B
Tabnuie 2 ¥ Ha PUCYHKeE 3.

Tabnanua 2
3aBucHMMOCTH MPOYHOCTH (POPMOBOYHOI CMecH OT eé
BJIAKHOCTH
Ne | BmaxsocTsb, % [Ipouynocts, MIla

1 3,50 1,06
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2 3,55 1,10
3 3,60 1,13
4 3,65 1,19
5 3,70 1,21
6 3,75 1,20
7 3,80 1,18
8 3,85 1,16
9 3,90 1,15
10 3,95 1,14
11 4,00 1,13

1,22

1,20
<
S 1,18
= 1,16
41,14
€112
: ki
g 1,10
= 1,08

1,06

1,04

35 36 37 38 39 40

BuaaxHocTb cMecH, %

Puc. 3. I'paduk 3aBrcuMocTH npesena NPOYHOCTH HA
cKaTHe BO BJIA’KHOM COCTOSIHUU (DOPMOBOYHOI cMecH
oT eé BJIaKHOCTH

Kak BuaHO M3 TaOmuipl 2 W pUCYHKa 3, BIaXKHOCTD
OKa3bIBA€T CYILECTBCHHOE BIIMSHHME Ha MpeeN IPOYHOCTH
Ha cxKaTHe (POPMOBOYHOI CMECH BO BIIAYKHOM cOCTOSTHUM. C
yBeIr4eHHeM BiakHocTH oT 3,50 no 3,70 % nHabmromaetcst
poct mpouHocTH cMecH ¢ 1,06 o 1,21 MIla, uro cocrasiser
okono 14,2 %. IloBbllieHHE NPOYHOCTH B YKa3aHHOM
JMarna3oHe  OOYCJIOBJICHO — YJIy4IIEHHEM  aJre3HOHHOTO
B3aMMOJICHCTBHS MEXLy 4acTHULIAMHU ()OPMOBOYHOI'O IIECKa
n  OCHTOHMTOBOM TIJIMHBI, a TAaKXKEC YyBEIMYECHUEM
IUIACTUYHOCTH CBS3YIOIEr0 KOMIIOHEHTA.

MakcumanpHOe 3HAueHUE Ipeaesia HPOYHOCTH Ha
C)KaTUe BO BJIAKHOM COCTOSHHMH OBLIO JOCTUTHYTO IIpU
BraxxHocTH 3,70 % u cocraBwio 1,21 MIla. [JanbHeiiiee
yBenudyeHue BiaxHocTH 10 4,00 % compoBoxmaeTcs
[IOCTENIEHHBIM CHIDKeHHeM npouyHoctn 10 1,13 Mlla.
CHI)KEHHE TIPOYHOCTHBIX XAapaKTEPUCTHK CBS3aHO C
NEpPEyBIAKHEHUEM CMECH, NPUBOMILIMM K OCIalJIeHHIO
MEXYaCTUYHBIX CBS3€H W yXYHAIIEHUIO CTPYKTYpPHOM
yCTOIYMBOCTH (POPMOBOYHOIO MaTepHaa.

Pe3ynbrarel npoBeAEHHBIX HCCIIEIOBAaHUMN ITOKA3bIBAIOT,
YTO PpalMOHANBHBIA [HANa30H BIAXKHOCTH HCCIEAYyeMOM
¢dopmoBouHol cmecu cocraBmier 3,65-3,75 %. B
YKa3aHHOM  MHTEpBaJie  JOCTUTAIOTCS  MAaKCHMalbHbIE
3HA4YeHMS MpeJesa MPOY-HOCTU Ha CXKATHE BO BIIAXKHOM
COCTOSIHMM, 4TO oOecrieyuBaeT Haubosee OnaromnpusiTHOS
COYETaHHE CTPYKTYPHO-MEXaHHYECKHUX M TeXHOJIOrMYECKHX
CBOICTB CMECH.

3. 3akiarouenue

VCTaHOBIEHO, YTO BJIAXXHOCTh SBISETCA OOHHM U3
ONpeeNsomuX (akTOpPOB, BIUSIIONIMX HA MPOYHOCTHBIE
XapaKTepUCTHKH  [ECYAHO-TIIMHHUCTHIX  (DOPMOBOUHBIX
cMmecedl. l3MeHeHue conep)kaHUs BJIAard  OKa3blBaeT
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CYIIIECTBEHHOE BO3/ICHCTBHE Ha (opmupoBanue
MEXYACTUYHBIX CBSI3¢H MEXKIy 3¢pHAMHU KBapIIEBOIO MECKa
v OCHTOHHUTOBOW TJIMHOW, YTO  HEMOCPEICTBEHHO
OTpakaeTcs Ha BEITMYUHE Tpejielia IPOYHOCTH Ha CKATHE BO
BJI&)KHOM COCTOSTHUH.

YCTaHOBIEHO, YTO C YBEIMUYCHHEM BIaKHOCTH OT 3,50
mo 3,70 % mpenen MPOYHOCTH HAa CXKATHE BO BIAKHOM
cocrosHUM Bo3pactaer ¢ 1,06 mo 1,21 MIlla, dro
COOTBETCTBYET YBEIHYCHUIO MpodHocTH Ha 14,2 %. Poct
MPOYHOCTHBIX XapaKTEPUCTUK OOYCIIOBJICH aKTHUBAIHEH
CBSI3YIOIUX CBOWCTB OCHTOHUTOBOW TJIMHBI M yITyUIICHHEM
aJIre3MOHHOTO B3aMMOJICHCTBUSL MEXKIY KOMIIOHCHTaMHU
(hopMOBOYHOI CMeCH.

OnpezeneHo, 9TO MaKCHMAILHOE 3HAYCHHE Ipeselia
TPOYHOCTH Ha CIKATHE BO BJIAYKHOM COCTOSTHHH COCTaBIISIET
1,21 MIla u gocruraercs npu BiaxkHoctd 3,70 %.
JanbHeiimee yBEJIUYEHNE COZlepHKAHUAL BJIaru
COTIPOBOK/IAETCS TTOCTEIICHHBIM CHIDKCHUEM TIPOYHOCTH JIO
1,13 MIla npu naxsoctrn 4,00 %, dYTO CBSI3aHO C
TIepeyBIAKHEHHEM CMECH ¥ OCIaOJICHHEM CTPYKTYPHBIX
cBsi3el B (HOPMOBOYHOM MaTepHale.

Ha ocHoBanmm PE3yJIbTaTOB  SKCHEPHUMCHTAIIBHBIX
HWCTIBITAHAIA YCTaHOBJICH pa].[HOHaJ'[LHLIfI Juaria3oH
BJIAXKHOCTH HccnenyeMoﬁ (bOpMOBO‘-IHOﬁ CMECCH,

cocraBisitomuit 3,65-3,75 %. B ykasaHHOM wHHTepBane
obecreunBaroTcs MaKCHMaJIbHbIE MPOYHOCTHBIE
XapaKTEepPUCTHKK M Hambosee ONarompusATHOE COYeTaHue
TEXHOJIOTMYECKUX CBOICTB, HEOOXOAUMBIX IS TTOJTyYESHHS
Ka4eCTBEHHbIX JUTEIHbBIX GOpM.

Tomy4eHHble pe3ysbTaThl MOTYT OBITH HCIOJIb30BaHBI
npu  pa3paboTKe ¥ KOPPEKTHPOBKE TEXHOJIOIMYECKUX
PEXRNMOB MIPUTOTOBJICHUS MIeCYaHO-TJIMHHUCTBIX
(hOpPMOBOUHBIX CMecell 111 MPOU3BOJICTBA OTBETCTBEHHBIX
OTIIMBOK  JIeTajlell  TelmekeK  TIPY30BbIX  BaroHOB.
INonnepkaHne BIAXHOCTH CMECH B  YCTAQHOBJICHHOM
JMara3oHe TI03BOJIET IOBBICUTh CTaOWIBHOCTD
TEXHOJIOIMYECKOro rpoiecca popmMooOpa3oBaHus, CHU3UTh
BEPOSTHOCTh BO3HUKHOBEHMS JIUTCHHBIX He(EKTOB U
00€ecIeunTh NOBBIIICHUE KAYeCTBA JINTHIX 3ar0TOBOK.

IepcnekTHBHBIM HaIpaBJIeHUEM JanpHeHImx
UCCIIeJIOBAHUH SABIIIETCS U3y4YEeHNE KOMIUICKCHOTO BIIMSAHUS
BIQKHOCTH, COJEp)KaHWs OCHTOHUTOBOM TIJIMHBI U
OpraHMYecKHX [00aBOK Ha (PHU3UKO-MEXaHHYECKHe U
TEXHOJIOTMYECKHEe CBOMCTBA (JOPMOBOUYHBIX CMECEiA, a TAK)Ke
OlpeJieJIeHHe MX BIMSHMSA Ha KauyecTBO IOBEPXHOCTH U
9KCIUTyaTallMOHHbIE ~ XAapaKTEePUCTUKH JIMTBIX  JAeTayel
JKEJIE3HOIOPOKHOTO Ha3HAYCHHUSI.
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Development of Uzbekistan’s railway passenger transport system: reform

Abstract:

Keywords:

outcomes and factors influencing efficiency

R.I. Hakimov!
1Tashkent state transport university, Tashkent, Uzbekistan

This article analyzes the outcomes of institutional, infrastructural, and technological reforms
implemented in Uzbekistan’s railway passenger transport system during 2017-2025. It evaluates the
impact of railway infrastructure modernization, rolling stock renewal, expansion of high-speed rail
services, and digitalization on passenger transportation volumes and service efficiency. Based on the
research findings, a system of organizational and economic factors determining the efficiency of the
railway passenger transport system is identified, and an original conceptual model illustrating their
interrelationships is proposed.

railway transport, passenger transportation, efficiency, transport reforms, high-speed trains,
infrastructure, digitalization

O‘zbekistonda temir yo‘l yo‘lovchi tashish tizimini rivojlantirish: Islohotlar

Annotatsiya:

Kalit so‘zlar:

natijalari va samaradorlikka ta’sir etuvchi omillar

Hakimov R.1.1
1Toshkent davlat transport universiteti, Tashkent, O¢zbekiston

Magqolada O‘zbekiston temir yo‘l yo‘lovchi tashish tizimida 2017-2025 yillarda amalga oshirilgan
institutsional, infratuzilmaviy va texnologik islohotlarning natijalari tahlil gilingan. Temir yo‘l
infratuzilmasini modernizatsiya qilish, harakat tarkibini yangilash, yuqori tezlikdagi poyezdlar harakatini
kengaytirish va sohani raqamlashtirishning yo‘lovchi tashish hajmi hamda xizmatlar samaradorligiga
ta’siri baholangan. Tadqiqot natijalari asosida temir yo‘l yo‘lovchi tashish tizimi samaradorligini
belgilovchi tashkiliy-igtisodiy omillar tizimlashtirilgan va ularning o‘zaro bog‘ligligini ifodalovchi
mualliflik modeli taklif etilgan.

temir yo‘l transporti, yo‘lovchi tashish, samaradorlik, transport islohotlari, yuqori tezlikdagi poyezdlar,

infratuzilma, ragamlashtirish

1. Kirish

Temir yo‘l transporti mamlakat transport tizimining
strategik tarmoglaridan biri hisoblanib, aholi mobilligini
ta’minlash, hududlar o‘rtasidagi iqtisodiy aloqalarni
rivojlantirish va turizmni qo‘llab-quvvatlashda muhim
ahamiyatga ega. So‘nggi yillarda O‘zbekistonda temir yo‘l
sohasini modernizatsiya qilish, xizmatlar sifatini oshirish va
bozor mexanizmlarini joriy etish bo‘yicha keng ko‘lamli
islohotlar amalga oshirildi. Biroq mazkur islohotlarning
yo‘lovchi tashish tizimi samaradorligiga ta’siri yetarli
darajada baholanmagan. Shu bois magolaning magsadi
amalga oshirilgan islohotlarning natijalarini tahlil gilish va
samaradorlikka ta’sir etuvchi asosiy omillarni aniglashdan
iborat.

2. Tadgigot metodologiyasi

Temir yo‘l yo‘lovchi tashish tizimida amalga
oshirilgan islohotlar

Tahlillar ko‘rsatishicha, 2017-2025 yillarda islohotlar
uchta asosiy yo‘nalish bo‘yicha amalga oshirilgan.

Institutsional islohotlar

https://doi.org/10.56143/2181-2438-2026-2-241-243

2024 vyilda yuqori tezlikdagi poyezdlar faoliyati
“Temiryo‘lekspress” Alga, vokzallar boshqaruvi “Temir
yo‘l vokzallari” MCHJga hamda shahar atrofidagi tashishlar
“Shahar atrofida yo‘lovchi tashish” MCHJga ajratildi. Bu
funksional ixtisoslashuvni  kuchaytirib,  boshgaruv
qgarorlarining tezkorligini oshirishga xizmat gildi.

Infratuzilmaviy modernizatsiya

So‘nggi yillarda “Buxoro—Misken” va “Urganch—Xiva’
temir yo‘l liniyalari qurildi, “Buxoro—Urganch—Xiva”
uchastkasining 465 km qismi elektrlashtirildi, “Navoiy—
Buxoro” uchastkasida ikkinchi yuqori tezlikdagi temir yo‘l
qurilishi yakunlandi. Natijada elektrlashtirilgan temir yo‘llar
ulushi 53 foizga yetdi.

Harakat tarkibini yangilash

Yo‘lovchi tashish tizimiga 6 ta Talgo-250 yuqori
tezlikdagi elektropoyezdi va 500 dan ortiq yangi vagon jalb
gilindi.  Shuningdek, 2026 vyilda Hyundai Rotem
kompaniyasidan yana 6 ta zamonaviy poyezd olib kelinadi.
Shundan, 1 tasi olib kelinib, Toshkent—Samargand-Buxoro—
Xiva yo‘nalishida gatnovi yo‘lga qo‘yildi.

Islohotlar natijalarining tahlili

Amalga oshirilgan islohotlar temir yo‘l transporti
xizmatlari hajmining o‘sishiga ijobiy ta’sir ko‘rsatdi.

e 2020 yilda - 6,3 mIn nafar yo‘lovchi,

1
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2021 yilda — 8 mln nafar yo‘lovchi;

2022 yilda — 9,1 mln nafar yo‘lovchi;

2023 yilda — 9,8 mln nafar yo‘lovchi;

2024 yilda — 10 mln nafar yo‘lovchi;

2025 yilda — 10,5 mln nafar yo‘lovchi tashishga
erishildi.

20202025 yillarda temir yo‘l orqali tashilgan
yo‘lovchilar soni 6,3 min nafardan 10,5 mln nafargacha
o°sib, qariyb 66,7 foizga oshgan.

Mazkur ofsishga quyidagi
ko‘rsatgan:

e  yugqori tezlikdagi poyezdlar sonining ko‘payishi;

omillar asosiy ta’sir

yangi temir yo‘l liniyalarining qurilishi;
elektrlashtirish ishlarining kengayishi;

onlayn chipta sotish tizimining rivojlanishi;
turizm yo‘nalishlaridagi tashishlarga talabning
0°sishi.

Shu bilan birga, haftasiga 39 ta xalgaro va 259 ta
mabhalliy poyezd qatnovlari amalga oshirilayotgani temir
yo‘l transportining aholi mobilligini ta’minlashdagi
ahamiyati ortib borayotganligini ko‘rsatadi.

Tadqiqot natijalari asosida samaradorlikka ta’sir etuvchi
omillar to‘rt guruhga ajratildi.

Texnik omillar

e  harakat tarkibi holati;

o  elektrlashtirish darajasi;

e infratuzilmaning rivojlanganligi.

Igtisodiy omillar

o tarif siyosati;

e  davlat subsidiyalari;

e investitsiyalar hajmi.

Tashkiliy omillar

e boshqaruv tizimi;

e  korporativ tuzilma;

e ragamli xizmatlar.

Bozor omillari

e aholi daromadlari;

e turistik ogim;

e ragobatchi transport turlari.

Temir yo‘l yo‘lovchi tashish tizimi samaradorligini
kompleks baholash uchun quyidagi model taklif etiladi:

S=1(T,I, R, B)

Bu yerda:

T — texnik omillar;

| — iqgtisodiy omillar;

R — tashkiliy omillar;

B — bozor omillari.

Mazkur model samaradorlikni kompleks baholash va
boshgaruv garorlarini gabul gilishda foydalanish imkonini
beradi.

Samaradorlikni
asoslari

Yuqorida keltirilgan tahlillar temir yo‘l yo‘lovchi
tashish tizimi samaradorligi texnik, igtisodiy, tashkiliy va
bozor omillarining o‘zaro ta’siri natijasida shakllanishini
ko‘rsatdi. Biroq mazkur omillarni amaliyotda boshgarish
uchun ularni miqdoriy baholash va boshgaruv garorlarini
gabul gilish mexanizmi talab etiladi.

Shu magsadda temir yo‘l transporti korxonalari
samaradorligini oshirishga garatilgan uch bosgichli modellar
tizimi taklif etildi. Mazkur yondashuvda har bir keyingi
model oldingi model natijalariga tayanadi hamda yagona

oshirishning modellashtirish
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integratsiyalashgan mexanizmni
shakllantiradi.

Yo‘lovchi oqimini prognozlash modeli

Birinchi bosqichda kelgusi davrdagi yo‘lovchilar soni

prognoz gilinadi.

tashkiliy-igtisodiy

Qt = QO(1+1)t

Bu yerda:
Q = 10,5 min kishi (2025 vyil);
r =0,095 (so‘nggi yillardagi o‘rtacha o‘sish sur’ati);
t — prognoz davri.
Ushbu model asosida:
e 2026 yilda— 11,5 mIn nafar;
2027 yilda — 12,6 min nafar;
2028 yilda — 13,8 min nafar;
2029 yilda — 15,1 min nafar;
2030 yilda — 16,5 mln nafar yo‘lovchi tashilishi
prognoz gilinadi.

Ikkinchi bosqichda prognoz gilingan yo‘lovchi oqimi
asosida davlat subsidiyalari tagsimlanadi. Uchinchi
bosgichda esa prognoz gilingan talab va ajratilgan
subsidiyalar asosida korxonaning iqtisodiy samaradorligi
baholanadi.

Davlat subsidiyalarini tagsimlash modeli

Davlat subsidiyalarini tagsimlash modeli
qilingan yo‘lovchi oqimiga tayanadi.

Temir yo‘lda subsidiyaning maqsadi zararni qoplash
emas, balki ijtimoiy ahamiyatga ega tashishlarni qo‘llab-
quvvatlash hisoblanadi.

Shuning uchun quyidagi model tavsiya gilinadi:

prognoz

o= lXKi
bOIPQix KD

Bu yerda:

Si — yo‘nalishga ajratiladigan subsidiya;

Qi — prognoz gilingan yo‘lovchi oqimi;

Ki — ijtimoiy ahamiyat koeffitsienti;

S — davlat tomonidan ajratilgan umumiy subsidiya;

n — yo‘nalishlar soni.

Masalan, K yo‘nalish turi bo‘lsa:

e  Ki - tijoratbop yo‘nalish uchun — 0;

e  o‘rta ahamiyatli yo‘nalish uchun — 0,5;

e  jjtimoiy ahamiyatli yo‘nalish uchun — 1;

e shahar atrofi yo‘nalishlari uchun — 2 koeffitsient
qo‘llanishi magsadga muvofiq.

Davlat subsidiyalarini tagsimlash modeli yo‘nalishlar
bo‘yicha prognoz gilingan yo‘lovchi oqimi hamda ularning
ijtimoiy ahamiyatini hisobga olgan holda ishlab chigildi.
Model subsidiyalarni zararni goplash prinsipi asosida emas,
balki tashish hajmi va ijtimoiy ahamiyat darajasiga
mutanosib ravishda tagsimlash imkonini beradi. Bu davlat
mablag‘laridan foydalanish samaradorligini oshirish va
subsidiyalarning iqtisodiy natijaga ta’sirini kuchaytirishga
xizmat giladi.

Temir yo‘l transporti korxonalari samaradorligini
oshirishning integratsiyalashgan tashkiliy-igtisodiy
mexanizmi ishlab chigildi.

Ushbu mexanizm yo‘lovchi oqimini prognozlash, davlat
subsidiyalarini magsadli tagsimlash, tashkiliy qarorlarni
gabul qilish, daromadlarni shakllantirish va xarajatlarni
optimallashtirish jarayonlarini yagona boshgaruv konturiga
birlashtiradi. Mexanizm samaradorligi E=(R+S)/C integral
ko‘rsatkichi orgali baholanadi va korxona faoliyatini zararni

https://doi.org/10.56143/2181-2438-2026-2-241-243
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goplash modeliga moslashtirishdan iqgtisodiy natijalarni
boshqarish modeliga o‘tkazish imkonini beradi.

bu yerda:

E — samaradorlik indeksi;

S — magsadli subsidiya;

R — tashish va servis xizmatlaridan olinadigan daromad;

C — jami xarajatlar.

Shunday qilib, modellar o‘rtasidagi o‘zaro bog‘liglik
quyidagi zanjirni hosil giladi:

Yo‘lovchi ogimi prognozi (Qt) — Subsidiya tagsimoti
(Si) — Integratsiyalashgan tashkiliy-igtisodiy mexanizm (E)
— Moliyaviy natija (AP).

3. Xulosa

Tadqiqot natijalari O‘zbekiston temir yo‘l yo‘lovchi
tashish tizimida 2017-2025 yillarda amalga oshirilgan
institutsional, infratuzilmaviy va texnologik islohotlar
xizmatlar sifati hamda tashish hajmining o‘sishiga sezilarli
ijobiy ta’sir ko‘rsatganligini tasdigladi. Xususan, 2020-2025
yillarda temir yo‘l transporti orqali tashilgan yo‘lovchilar
soni 6,3 mln nafardan 10,5 mln nafargacha o‘sib, 66,7 foizga
oshgani sohada amalga oshirilgan islohotlarning amaliy
samaradorligini ko‘rsatadi.

Tadqiqot davomida temir yo‘l yo‘lovchi tashish tizimi
samaradorligiga ta’sir etuvchi texnik, iqtisodiy, tashkiliy va
bozor omillari tizimlashtirildi hamda ularning o‘zaro
bog‘ligligini ifodalovchi konseptual model taklif etildi.

Magpolaning ilmiy yangiligi sifatida temir yo‘l transporti
korxonalari samaradorligini oshirishga qaratilgan uch
bosgichli modellar tizimi ishlab chigildi. Ushbu tizim
yo‘lovchi oqimini prognozlash modeli (Qt), davlat
subsidiyalarini  tagsimlash ~ modeli ~ (Si)  hamda
integratsiyalashgan tashkiliy-igtisodiy mexanizm modeli
(E=(R+S)/C)dan tashkil topib, ularning o‘zaro bog‘ligligi
asosida korxonalar faoliyatining moliyaviy natijalarini
yaxshilash imkonini beradi.

Taklif etilgan yondashuv temir yo‘l transportida davlat
qo‘llab-quvvatlash  choralarini magsadli  yo‘naltirish,
yo‘lovchi tashish hajmini prognozlash asosida boshqgaruv
garorlarini gabul gilish va mavjud resurslardan foydalanish
samaradorligini oshirishga xizmat qiladi. Mazkur modellar
tizimi kelgusida temir yo‘l transporti korxonalarining
raqobatbardoshligi va moliyaviy bargarorligini ta’minlash
bo‘yicha ilmiy-amaliy garorlar gabul gilishda metodik asos
bo‘lib xizmat qilishi mumkin.
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Production of pyrolysis distillate — synthetic fuel from waste tires

M.R. Abasov®2

YInstitute of space research of natural resources of the National Aerospace Agency, Baku, Azerbaijan

Abstract:

Keywords:

Biomass, as a form of solar energy stored in chemical form, is one of the most widely used and versatile
resources on Earth. It provides not only food but also energy, construction materials, paper, textiles,
pharmaceuticals, and chemical products. Biomass has been used for energy purposes since humans first
discovered fire. Today, biomass-based fuels can be utilized for a wide range of applications, from
residential heating to electricity generation and automotive fuels. This article presents the results of a
study on the recycling of waste tires using the pyrolysis process. In Azerbaijan, the production of
biodiesel fuel is expected to begin. The Balakhani industrial park will produce biodiesel through the
recycling of used tires. However, the direct conversion of waste tires into biodiesel is neither a common
nor an officially supported method. Biodiesel is typically produced from vegetable oils or other organic
feedstocks through transesterification processes, in which the raw materials consist of vegetable oils,
animal fats, or synthetic compounds.

waste tire, fast pyrolysis, slow pyrolysis, pyrolysis distillate, carbon black, steel cord, fractional analysis,
temperature, volume

l'[o.nyqemm IMUPOJUIHOI0 TUCTHUIATA — CHHTETHYECKOI'O TOIVIMBO

U3 U3HOINICHHBIX IIWH

AGacoB M.P.10?

MHCTUTYT KOCMHYECKUX MCCIEN0BaHUI IPUPOHBIX pecypco HalMoHanbHOro A3poKoCMHYECKOro ATeHTCTBA,

AHHOTAIWMA:

Kunrouessie cioBa:

1. BBeanenue

baky, Azep0baiimxan

Buomacca, xak npousojHas sHepruu ColHIA B XMMHYECKOH (opme, ABISETCS OXHUM U3 Hamboiee
TIOMYJISIPHBIX U YHUBEPCATBHBIX pecypcoB Ha 3emiie. OHa MO3BOJIIET MOJTy4aTh HE TOJIBKO MUY, HO U
SHEPIUI0, CTPOUTEIbHbIE MaTepHalbl, Oymary, TKaHHM, MEIMIMHCKHE Npenaparsl ¥ XUMHYECKUE
BelecTBa. bruomacca ncnons3yercst UIst SHEPreTHYECKUX Lieei C MOMEHTA OTKPBITHS YEJIOBEKOM OTHS.
CeroaHs TOIIMBO U3 GMOMACChl MOXKET UCHONIb30BATHCA I PA3IMYHBIX LEJIeH - OT 000rpeBa >KHIIUILL
JI0 TIPOU3BOJICTBA IEKTPOIHEPIUH U TOIUIMB 111 aBTOMOOMIIEH. B naHHO# crarbe paccMaTpHBaloOTCS
pe3yabTaThl MCCIEIOBaHMS Npoliecca NMepepaOdOTKH M3HOLICHHBIX INMH C HCIHOJIB30BAaHMEM METOofa
muponuza. B AsepOaiipkaHe HayHETCS TPOM3BOJCTBO OHOJIM3EIBHOrO TOIUIMBA. banaxaHckuit
NPOMBILJICHHBIH IapK, OyZeTr OCYIIECTBIATh IPOM3BOACTBO OHOMM3ENA 3a CYET IOBTOPHOM
nepepabOTKH MCHOJIb30BaHHBIX LIMH. IIpsMas mepepaOoTKa HCHOJBb30BAHHBIX IIMH UL MOJYYEHUS
Ouozu3es He ABJIASTCA PacpOCTPaHEHHBIM WIH OQHUIHMAIBHO MOAAEP)KUBaEMbIM MeToI0M. bruoausens
OOBIYHO MPOM3BOAMTCS W3 PACTUTEIBHBIX Macel WIM JPYTMX OPraHM4YeCKUX MarepuajioB c
HCIIONB30BAHUEM IIPOLIECCOB TPAHC 3STEpHUPHKALUH, TAE CHIPbEM CIIy)KaT pacTUTEJbHbIE Macia,
YKUBOTHBIE )KUPbI WJIM CHHTETHYECKHE COSIMHEHHS.

M3HOIICHHAs IIMHA, OBICTPBIA MUPOIN3, MEUICHHBII UPOJIN3, MUPONN3HBII JUCTHIULIT, TEXHUUSCKHUI
YIIepo, METAIIOKOP, (PpaKIOHHBIN aHAIN3, TEMIIEPaTypa, 00bEM

2. MeToauka uccJjieJ0BaHus

o ouenkam aHATUTHKOB, B 2025 roay ObUIO 3aIyIICHO
okono 180 HOBbIX cTaHUMiA, paboTaromux Ha Oromacce. B
pe3ynbrate o0lee YHCIO TakuxX OOBEKTOB B MHpE
mpeeicuio 5800, a WX COBOKYIHAs 3JIEKTPUYECKast
MoIuIHoCTh gocturia 94,7 I'Br. Asus nmunupyer no oobemy
YCTaHOBJIEHHBIX MoiHocTeii — Oonee 38 I'Br, 3a Heit
cnenyet Epomna c mokazarenem okoino 24 I'Bt. K 2034 roxy
€COoprog MpOrHO3UPYET yBENMYEHHE MHUPOBOTO IapKa Jo
6800 cranimii o61eit MonHocThO Moyt 109 I'BT.

3l https://orcid.org/0009-0001-2738-6893
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CHHTETUYECKUI H3eb - albTEePHATUBHBIA HCTOYHHUK
TOILINBA, KOTOPBIN MOXKET 3aMEHUTh AU3EIBHOE TOILIUBO. B
chepe nepepaboTKH OTPaOOTAHHBIX LIMH BEAETCS OOJbIIast
pabota [1]. IlocneacTBUs UCMONB30BaHUA TPAAULIOHHBIX
HCKONAaeMbIX TOIUIMB Ui OKPY)KAaOIICH Cpelbl SBIIOTCS
obmienpu3HaHHbIMA. B cBsi3u ¢ 3TUM  pa3paboTka
QJIbTEPHATUBHBIX HCTOYHHUKOB TOIUIMBA, TAKUX KaK IHPOJIN3
PACTUTENBHBIX BELIECTB M IUIACTUKOBBIX OTXOJI0B, aKTHUBHO
Uccleyercs.

Komnozutel u3 orpaborannoit pesunsl mmH (WTR)

https://doi.org/10.56143/2181-2438-2026-2-244-247
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COCTOSIT U3 CIIOXKHOH CMECH MHIPEJUEHTOB: HATyPaJIbHBIX 1
CHHTETHUECKHX  KaydyKOB, TEXHHYECKOIO  yTIIEpOAa,
JIMOKCUIIA KPEMHHSI, IUIACTH(HUKATOPOB, aHTHOKCUIAHTOB,
TEXHOJOTMYECKMX J00aBOK B KadyecTBE AKTHBAaTOPOB U
YCKOpHUTENEeH, Cephl, CTAIbHOTO KOpJa W BOJOKOH U3
HEWIOoHa, ToNMAIcTepa W Hewnono3sl [2]. B pesynprate
MIPOJIN3A OH paclialaeTcsl Ha MEJIKHE YTIIeBOIOPOIBL.

[Muponn3 — 310 mporecc pa3ioXKeHHs BEIlecTBa IPH
OTCYTCTBHUH KHCIIOPO/ia ¥ TP MOBBIIICHHBIX TEMIIEPaTypax,
B pe3ylbrareé KOTOPOro O0Opa3yroTcs NpOJIHM3aHHBII
TUCTHUIT. OTH THPOJVM3HBIA JUCTWDUIAT MOTYT OBITH
JIOTIOJTHUTENIFHO TlepepadoTaHbl B TOIUIMBO U JIPyTrHe
ToJIe3HbIe TPOAYKTHl. ONHAKO, W3-3a pa3JIMuUil B COCTaBe
HCXOJHBIX CHIPHEBBIX MaTEPUAJIOB, TMPOJIM3HBIN AUCTUILIST
MOTYT OBITH OYEHb PA3HOOOPA3HBIMH W CIOXHBIMH [3].
VdeHele  TPOBENM  OKCIIEPHUMEHT TPH  Pa3IUIHBIX
TeMIeparypax, or 400 no 700°C. Camble
pacnpoCcTpaHeHHbIE TEMIIEpaTypsl Ul TNHpPOIH3a HINH
cocraBiustior or 425 no 600°C, ¢ wuHambosee YacTbIM
3HadeHueM 500°C. YBenuuenue temmepaTypel ¢ 450 1o
475°C npuBOAMT K YBEIMUYEHHMIO BBIXOJA Macia,
nocturatoniero nuka npu  475°C, HO nanbHeiniee
noBbllIeHHe Temneparypsl 1o 600°C  compoBoxaaeTcs
CHIDKEHHEM BBIXO0/Ia Maciia U pOCTOM BBIXOJia T'aza.

[TMpONM3HBIA TUCTIWLIAT, TOMYYEHHOE W3 OTXOIHBIX
mvH  (TDO), ObUIO OIGHEHO TO XapaKTepUCTHKaM
TTM3ETIBHOTO TOIUIMBA, W OBLIM PAacCMOTPEHBI pa3iIMYHbIE
CLEHapUH Al SKOHOMHMYEcKoH oneHku [4]. B apyrom
9KCIePUMEHTE OTpaOOTaHHbIE IIMHBI T0/IBEPrasii ITUPOIH3Y
B JJaOOPAaTOPHOM CTallMOHAPHOM PEAKTOPE MEPHOIITIECKOTO
nevictBus. [lodmydeHHBlE HE(QTENPOAYKTH CMEIIUBATH C
TTM3ETIbHBIM TOIUIMBOM B KoHIEHTpammsx 10% u 20% 0e3
npenBapuTenbHoil  00pabotku. Ilpy  ucnblTaHuAx Ha
JM3€JIBHOM  JIBUTatege ¢ IOpSAMBIM  BIIPBICKOM
aHaIM3UPOBAIIICH PACXO/ TOIIMBA, JAABICHUE B LIMIIMH/DE,
TOPMO3HAasi MOIIHOCTh W BBIOpOchl SO2 MpH pa3IHYHBIX
000poTax JBUraTessl U yriax MOBOPOTA KOJICHYATOro Baja
[5].

OCHOBHBIM ~ OTJIMYMEM OWoxM3eNs OT OOBIYHOTO
JIU3TOILIMBA SBIISIETCS €r0 SKOJIOTHYECcKast YUCTOTa, TaK KaK
UCIIONB30BAHUE 3TOr0  TOIUIMBA  CHWXKAET  OMUCCHIO
MPaKTUYECKH BCEX BPEIHBIX BELIECTB IO CPAaBHEHHUIO C
HEe(TAHBIMU AN3EIbHBIMU TOILIMBaMU. bruonuzens nomy4nn
LIMPOKOE PACIPOCTPAHEHHE BO MHOTHX CTpaHaX MHpa.
Cpenu Hux — Depmanus, Ascrpus, Yexus, Ppannus,
Wranus, enus, CILIA, a Takxe Ipyrue CTpaHsbl.

Vcronp3oBaHue OWOJOTMYECKUX AW3EIBHBIX TOIUIMB
CHIDKAET SMUCCHUIO NIPAKTHYECKH BCEX BPEJHBIX BEILIECTB 110
CPaBHEHHIO C He(TAHbIMH JAW3ENbHBIMH TOILIMBaMu. Jlis
yucThix OuotomwmB (B100) cHmwkeHHe COCTaBIsIeT:
HECTOPEBIINX YTIEBOAOPOAOB — Ha 56 % Mac.; TBepAbIX
yacTHll — Ha 55 % Mac.; okCcHJI0B yriaeposa — Ha 43 % mac.
[6-71.

Crpanbl €  HWHTCHCHBHOM  aBTOMOOMJIM3AIMCH
CTOJIKHYJIUCh C CEPbe3HOW MpOOJIeMON HArpOMOKICHHUS
BBIBEJICHHBIX W3 OKCIUIyaTallud aBTOMOOMIIBHBIX LIMH. B
CIIA  exerogHoe KONMYECTBO  M3HOIICHHBIX  HIMH
cocraBisieT 16-18 MITH.T, mpu4eM yke HaKOIUIEHO OKOJIO 2
MJIpZ. CTapblX IMH. B AHriuM 00beM M3HOIICHHBIX HIMH
cocrasisieT 400 Teic.T, B SAnonun — 600-750 ThIC. T, B
I'epmanuu — 460-510 ThIC. T, B UTanuu — okoino 250 ThIC. T.
B crpanax CHI" HakomieHo 6ojee 50 MIH. T H3HOLIEHHBIX
LIMH ¥ B HACTOSIIIIEE BPEMsI ©XKEroJHO 00pasyeTcs 6oiiee 1ueM
250-300 ThIc. T. YpOBeHb HepepaboTKU U HCHOJIB30BAHUS
aMOPTH3UPOBAHHBIX IIMH 32 Py0Oe)KoM KoyeOnercss B 04eHb
HIMPOKUX npeaenax: ot 87% B Snonun no 20-30% - 8 CIHA
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1 OOJIBLIMHCTBE cTpaH 3anaaHoit EBporsl, a B 'epManun oH
nocturaer 50% [8]. M3HomeHHbIe MMHBI 00pa3yloTcst U
HAKaIUIMBAlOTCS B OONBLIMX M MEJNKUX aBTOXO3SHCTBAX,
MPEINPUATUAX IIMHOMOHT&Xa M aBTOCEPBHCA, B YaCTHOM
cekTope. B OONBLIMHCTBE HMHIYCTPHAIBHBIX CTpaH €CTh
pOrpaMMbl M METOJBI, KOTOpbIC HANpPAaBICHBI Ha
MOJICPIKKY cOopa ®  TepepabOTKH  OTpabOTaHHBIX
aBTONOKpbImeK. OJHAKO WX 3BaKyalus, 3aXxOpPOHCHHE,
CKHI'aHHE, KOTOPOE IMPOMCXOAUT PaJd YMEHBIUCHHS HX

BPEJHOTO  BO3ACHCTBHS Ha  OKPYXAIOIIyI0  Cpexny,
Mo PEeKTUBHBI.

ABTOMOOWSIbHAsT LIMHA COCTOMT M3 HECKOJIBKHX
OCHOBHBIX 4UacTeil: Kapkaca, Opekepa, IPOTEKTOpa,

OOKOBHHBI W OOpTOB, OOKOBOIl IPOBOJOKH U INHYpa-
HanojauTeIs (puc.1).

7
5]

Puc. 1. Pa3zpe3 aBTOMOOM/IBbHOM IIMHBI:
1 — xapkac; 2 — Opekep;3 — mpoTeKTOp; 4 — 60KOBHHA; 5
— 60pT; 6 -GopTOBast MPOBOJIOKA; 7 — LIHYP-
HaIlOJIHUTEJb

Takum 06pa3oM, COBpeMeHHasi aBTOMOOMIIbHAS [IIMHA —
9TO CJIOXHasg BBICOKOKAYECTBEHHAs KOHCTPYKLMS, IS
HPOM3BOJICTBA KOTOPOH TPAaTHTCS LEIbIH KOMIUIEKC LICHHBIX
CBIPBEBBIX MaTEpPHAJIOB: PE3UHA PA3IUYHOIO KauecTBa B
3aBUCUMOCTH OT (D)YHKLMOHAJIBHOTO HA3HAYEHUS M3ZEIINS,;
TEXHUYECKHE TKaHM; KOpP/Abl Ha IOJMMEPHOH OCHOBE,
METaJIOKOP/Ibl, CTaJIbHasI NIPOBOJIOKA U 1p. PasHooOpasue
9KCIUTyaTallMOHHBIX TPeOOBaHMIA, KOTOPbIE MPEIbSBIIOTCS
K JJAHHBIM PE3MHOTEXHUYECKUM U3JIeTIHSM,
obecrieunBaeTcs, B OCHOBHOM, BBIOOPOM THIIOB Kay4yKa,
KOTOPBIX IIPM IPOM3BOACTBE IIMH HpUMEHsAeTcs Ooiee
JIBaLATH.

Taxkum 00pa3oM, aBTOMOOWIIbHAS IIMHA MPE/ICTABIISET
CO0OH CJIOKHYI0 MHOTOKOMIIOHEHTHYIO CTPYKTYpY, VLI
U3TOTOBJIEHHS! KOTOPOH HCIIOJIb3YeTCsl CepUsl MaTepHalioB
pasnmuuHoro npoduias. [lostomy Bo Bpemsi BeiOOpa
pa3paboTKU SKOJOrHYEeCKH Oe30MacHON TEXHOJOTUH e
YTUIM3ALUKE HE00X0JUMO 00513aTEIbHO YYUTHIBATh AAHHbIH
¢akrop [9-10].

Jns  obecrieyeHHsT OKOJOIMYECKON  0e30IacHOCTH,
MOBBIIICHHS YHEPro3hPEKTUBHOCTH U PECYPCOCOSPEIKCHUS,
onpedeieHbl ONITHUMAJIBHBIE PEXUMBI POLIECCa ITUPOITU3HON
repepabOTKH M3HOILEHHBIX M OTOPAKOBAHHBIX ILIHH;

Meroauku ompeJeneHus KaueCTBEHHOT'O u
KOJIMYECTBEHHOI'O ~ COCTaBa  IPOJYKTOB  HMPOJIH3a.
IloTennmomeTpuueckoe TUTpPOBaHUE MPOBOAMAM Ha pH-
Metpe PH-340 c¢ wucmons3oBaHHEM BOJHO-CIUPTOBBIX
pacTBopoB cyOcTpaToB. MneHTH]UKALMIO OpPraHMYecKHX
COCTaBJISIOIIMX Ta3000pasHbIX M JKMAKUX IPOJYKTOB
NMPOJM3a M WX COJEpKaHUE OMNpENeNsUIM METOAaMU
ra3oKUIKOCTHOW xpomatorpadpuu Ha xpomarorpade ¢
IUIaMEHHO-MOHU3AIIMOHHBIM  JieTekTopoM  «L{Bet-100»
(xomoHKa IUIMHOW 6M W IUaMeTpOM 3MM C TBEpIbIM
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HocureneM «XpomaroH NAW-HMDSy, dpakoust 0,25 -
0,31MM) W XpoMaTo-Macc-CHEKTPOMETPHH Ha TIpHOOpe
¢bupmer «Agilent».

VYiensHyl0 OBEpXHOCTH TBEPAOrO  YITIEPOIHOTO
ocTaTka MHpoiu3a ompenemian mo Mmeroxy bOT [11].
Kunemarnueckyro BSI3KOCTh M TEMIIEpPaTypy BCIBIIIKH B
3aKpBITOM THIJIE ONPENEIUIM 10 W3BECTHBIM METOJUKaM
[12]. Coneprxanue KpeMHUS B 30JIbHOM OCTaTKe HaXOMIH
CHEeKTPO(OTOMETPUYECKMM METOJIOM, OCHOBAaHHOM Ha
o0pa3oBaHMM  KPEMHEMOJIUOICHOBOIO  KOMIUIEKCA €
MOCIEYIOMUM  BOCCTAaHOBIGHHEM €ro ackopOMHOBOMH
KHCJIOTOH ¢ 00pa3oBaHHEM KpPEMHEMOJINOIEHOBON CHHH
[13].

AHanu3 KOHIEHTpalMy LHHKAa B 30JIbHOM OCTaTKe
HaxXOIWIX OOBEMHBIM  METOIOM TIpH  THTPOBAaHUH
pactBopoM TpwioHa-b B TpHCYTCTBMM HMHAMKaTOpa
cynbgapcazena, Kby — TEM JKe METOZOM B IIPUCYTCTBHU
HHIUKAaTOpa  MYpeKCHia, JKelnea W Meogu  —
CHEKTPO(POTOMETPUIECKIM METOZOM IPH B3aHUMOACHCTBHI
BOJHOTO pacTBopa cyOcTpata ¢  Cynb(hOCATHIHIOBON
KHCJIOTON u TS THIITUTHOKapOaMaTom HaTpust
cootBercTBeHHO [14, 15]. CopmepkaHue Kaius, HaTpws,
MarHusl ¥ aJIOMHHHUS B 30JbHOM OCTaTKe yCTaHABIMBAIIN
IJIaMEHHO-HOHU3AI[IOHHBIM MeTOJI0M [16].

Meronka — ompezeneHus — OOWIEro  COEpKaHHs
apomaTtHieckux yrieBomoponoB -1no I'OCT 6994-74.
MaccoBylo [IONI0  apOMaTHYECKHX —YIJIEBOJOPOJOB X
paccuuThIBay 1o Gopmye 1:

X= [my—(my—my)]-100 _ WI_M (1)
m, 254

I'Jie My —Macca CMOJIbI 10 00pabOTKH CePHO KHCIIOTOMH,
r;

m, —Macca CMOJIbI 1ociie 00pabOTKU CEpPHOM KUCIIOTOH,
r;

m; — Macca CEepHOH KHCIOTBI, KOTOpas OcTajach Ha
CTEHKaX BOPOHKH, T;

WY — itoxnoe uncio cmoisl, r/100r;

M — cpenusast MonekyJsipHas Macca HEHACBIIIEHHBIX
YIJIEBOJIOPOJIOB, T

254 — monexynspHas Macca Hopa.

Meroauka omnpenenenus Hoanoro uucna — no I'OCT
2070-82 o ¢popmyie 2:

-100 )
rae X — conepykanue oxa, r Ha 100r cMombr;

V — 06bem pactBopa THOCcyIb(daTa Harpust 0,1Moms/mm3,

WCTIONI30BAaHHOTO HAa THTPOBAaHWE B KOHTPOJIHHOM
OIIBITE, CM3;

F — daxrop nepepacuera THOCYIb(ATA HATPHS;

M — Macca CMOJIBI, T;

0,01269 — komuecTBo #oxa, sxBuBaieHTHOE 1cm3 0, 1M
pacTBOpa THOCYIIb(aTa HATPUS, T.

Meroauka onpeneneHus aacopONMOHHON aKTHBHOCTH
TBEpAOTO  YIJIEPOTHOTO  OCTaTKa  NHpOJIU3a M0
MeTwiIeHoBoMy roiaybomy [11]. Ilo momydeHHOMY
3HAQUEHHIO ONTHYECKOH IUIOTHOCTH C HCIIOJIHb30BAHHEM
KaJMOpOBOYHOTO rpaduka ONpeNesId  OCTaTOYHYIO
KOHIIEHTPAIMIO (MI/T TBEPAOrO OCTaTKa) METHIEHOBOTO
roTy00ro B OCBETIICHHOM pacTBope o (opmyne 3:

X= (V-V,)-F+0,0129
m

K= (C1=C2)-0,025
m

raeC; — KOHIEHTpaluUs HCXOAHOTO PacTBOpA, MI/I;

C,- KOHIIEHTpaLys PacTBOPa MOCIIe KOHTAKTa C TBEPIbIM
OCTaTKOM, MI/TI;

k- koaurmeHT pasBeneHus pacTBopa;

M - HaBecKa, T;

0,025 - 00beM METHIIEHOBOIO TOJIy00ro, KOTOpBIii ObLI
B3AT JUIs1 OCBETIICHUS, JI.

Ipu npoBeseHUM SKCIEPUMEHTATIBHBIX HCCIIEI0BaHUN
OLEHKY HOIPENIHOCTeH 3KCIEePUMEHTAIBHBIX  JAHHBIX
OCYILECTBJIIM 10 MeTtoauke [15, 16].

OKCrepyMeHTallbHbIe  JIaHHble ~ 00palarhiBaIM IO
Oumepy-CTbIOZIEHTY C  JOBEPUTENBHOH BEPOSTHOCTBIO
0,95.

©)

OTHOCHTEbHAS TIOrp€IIHOCTH I/ISMCpCHHﬁ B
OKCIIEPUMEHTE COCTaBJIACT COOTBETCTBEHHO! npu
HaxXO0XXICHUH XUMHUYECKUX rnokaszareyen

TUTPOMETPUYECKUM CII0c000M — 3...4%; NpH HAXOXKICHUH
(oToMerpuyecKux nokasarenei — 2,5%; npu onpeneneHun
(u3NUeCKnX XapakTepUCTHK — 3...6%.

Pesynprarel SKcnepuMmeHTa ObulM 00paboTaHBl HpH
HOMOLIY NMPOTrpaMMHOro nakera «Mathcady.

Jnst  ompeneneHUs YETKOro IepeyHs INpPOBEICHUS
TEOPETHYECKMX M OKCICPUMEHTANbHBIX PaboT  ObLIia
NPOBEJICHa Ha YCTaHOBKE pHC.2.

Monava
peareHToB

— ——, Mnasuentbii
peakTop /
CupyB6ep_
CaHUTapHOM
Cxpy66ep ONMCTKN
Jloxurarens Abcopbep
PyxasHbii
l Koren- bunsTp
r yTuausarop 4
Cucrema nopauun
TBO B peakTop ‘\m
WA
‘L-—ﬁ | l—' S P2 I \ ~ Vi
Cnus pacnnasa Typboreneparop CHPOC BTOPUYHBIX OTXOA0B

M3 CUCTEMBI Fa300NMCTKU

Puc. 2. [lupomm3Has ycTaHOBKA
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TexHonornueckuit Trporece Ha
IIPOMU3BOJICTBEHHO JINHUY IPOXOAUT TaK:

HarpeTsr1ii ra3 mogaercs n3 medyu 1mo TpyOOIpoBOLy B
CKpy0Oep, Te OCYIIECTBISIETCS OXJIAXKICHUE U YaCTHIHAS
KOHJICHCAIHS.

3areM OH MPOXOIWT Yepe3 CIIeIHaIbHBIN TpyOOIpOBOI,
oOecrieunBaloni  TONONHUTENPHOE — OXJIAXKIEHHE, B
KOHJICHCATOPBl I OKOHYATEJIBHOrO IpeoOpa3oBaHUs B
KHUIKOE TopIovee.

OcTaBImiics ra3, He HOAIAIOIINICS IpeoOpa30BaHHIO B
JKUIKOCTh, HAamNpaBisieTcs U OCYIICHHS B CeIapaTop,
OTKyZla HIeT B NHPOJM3HYIO Ne4b Uil JajbHeHmeit
nepepadoTKH.

HanGonee coBepuieHHbIE TEXHOJIOTHMYECKUE JIMHUH
MMHPOJIM3a OCHAIIECHB! YCTAHOBKAMHM JUISl KaTaJUTHYECKOTO
KPEKWHTa, MeperoHIONNMH MTHPOJIN3HOE MacIo, TINPOJIH3e
IITHH.

(habpuaHOit

3. 3akaouyeHue

s mpoBeneHWs HEOOXOMUMBIX HWCCICIOBAaHUA TIO
TIOBBIIIEHHUIO HKOJIOTHYECKOH 0e30MacHOCTH TepepaboTKi
W3HOLICHHBIX W  OTOpaKkOBaHHBIX IIHH  CIHOCOOOM
HHU3KOTEMIIEPAaTypPHOTO MHPOJM3a MOXKHO HCIIOJIb30BaTh
CYIIECTBYIOIINE CTAHIAPTHBIC METOIHKH, 00OpYIOBaHHE,
MPEIMEThI i MaTEPHAIIBI.

Takum 00pa3oM, M3HOILICHHBIC MIMHBI HEIPUIOJHBIC K
naJbHEHIIeMy — HCIONb30BaHUIO, OBUTH  TOJBEPrHYTHI
Mpoleccy MNHPONM3a B MHPOJM3HBIA peaktope. Bbuio
MPOBEJICHO 2 DOKCHEPUMEHTa [0 HW3YYCHHIO BIHSHHSL
TEMIIepaTypbl ¥ BPEMEHH Ha MPOLIECC MHPOJIH3a. TEPBbI
9KCMIEPUMEHT MPOBOJMICSA MPH BBICOKOW TeMIeparype,
BTOPOH  3KCHEPUMEHT NPHU  OTHOCHUTEIBHO  HU3KOU
Temreparype. B pesyiabrare nHponM3a  MOJIYYHIH
MTUPOJIM3HBIA TUCTUILIAT, TUPOTa3, TEXHUUECKUH yIiIepos u
METaJUIM4eCKue  NPOBOJIOKH.  OCHOBHBIM — IPOJYKTOM
polecca sBJISeTCs IMPOJIU3HBIN IUCTHILIAT, KOTOPBIH ObLI
MOABEPrHYT  PA3[eNICHUI0O HAa  JBe  (pakuum ¢
UCIIONB30BaHKEM JlabopaTopHoro obopynoBanus. [Ipouecc
[IMPOJIM3a TO3BOJISICT IOJNYYHUTh PA3IMYHbIE LICHHbIC
KOMIIOHEHTBI, TAKHE KaK MUPOJIU3HBINA JTUCTUILIAT, THPOTa3,
TEXHUYECKUH YIIIEPO U METAJUIMYECKUE TIPOBOJIOKH.
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Abstract:

Keywords:

Simulation model of railway terminal operation

Z. Ergasheval®?
Tashkent state transport university, Tashkent, Uzbekistan

The article examines the features of the operation of container terminals in the Republic of Uzbekistan,
including the main active facilities. A simulation model of a railway terminal for organizing container
transportation using block train technology is proposed, implemented on the AnyLogic platform. The
model formalizes the parameters of container flows, the distribution of their volumes, as well as the
processes of handling, accumulation, and formation of container trains. Analytical relationships
describing the main stages of container processing have been obtained. The simulation results show that
the use of block train technology makes it possible to reduce container idle time, optimize sorting
processes, and improve the overall efficiency of terminal operations.

cargo transportation, admission, delivery, loading, unloading, container, terminal, block-train, algorithm

NMMmuTanuoHHasi Mojiesib padoThl JKeJIe3HOA0POKHOT0 TEPMUHAJIA

3. Dpramesa'®?

TamkenTckuit rocyapcTBEHHBINH TPaHCIOPTHEIA yHHBepcuTeT, TamkeHt, Y36ekucTan

AuHoOTALMA:

Kunrouessie cioBa:

1. BBeanenue

B cratee paccmaTpuBaoTCs OCOOCHHOCTH (DYHKIIMOHMPOBAHWS KOHTEHHEPHBIX TEPMUHAJIOB
PecmyGnnku Y30ekucTaH, BKIIIOYasi OCHOBHBIE IEWCTBYIOIINE TUIOMAAKHU. [IpeiokeHa IMUTalnOHHAS
MOJeNb PabOTHl JKENE3HOJOPOKHOIO TEpMHHAa TNPH OPraHW3alMi KOHTEHHEpHBIX IepEeBO30K C
HCTIONB30BAaHNEM TEXHOJOTHH OJIOK-TpeHHOB, peanu3oBaHHas Ha miatdgopme AnylLogic. B mMomenn
(opMaIM30BaHbl TTApaMETPhI MOTOKOB KOHTEIHEPOB, paclpeaeieHne nX 00beMOB, a TaKk)Ke IPOIIECCH
00paboTKH, HaKOIUIeHWs M (POpMHpOBaHMS KOHTEHHEPHBIX IOEe3/10B. [loiydeHbl aHAJIUTHYECKHE
3aBHCUMOCTH, ONMCBIBAOIIE OCHOBHBIC 3TaIlbl 00pa0OTKH KOHTEIHEpOB. Pe3ybTaTel MOJEIMPOBaHUA
MOKAa3aJId, YTO MPUMEHEHHE TEXHOJOTHH OJIOK-TPEHHOB IO3BOJISET COKPATHTH BpPEMs MPOCTOS
KOHTEHHEPOB, ONTHMH3UPOBATH MPOLECCHl COPTHPOBKM M MOBBICUTH 3(P(EKTUBHOCTH PabOTHI
TepMHHAJIA.

IPY30BbIe IEPEBO3KH, NPHUEM, claya, IOTPY3Ka, BBITPY3Ka, KOHTEHHEp, TEPMHHAJN, OJOK-TpEiH,
ITOPUTM

2. MeToauka HccJIeI0BAHNA

B VY30exucrane KOHTeHiHEpHl MOTYyT HPHHUMATDH
OCHOBHBIE CYILIECTBYIOIHE B CTPaHE TEPMHUHAJIbI, TAKHE KaK:

- XJI repmunan ULS B Y30ekucrane;

- AO «Y36eKHCTOH TeMHp Iy Imapi»;

- CIT OO0 «Orient Logistics Center» (OLC);

- 000 "FORWARD TRANS TERMINALS";

- 000 "UNIVERSAL LOGISTICS SERVICES";

- "TERMINAL SERVICES INVEST GROUP";

- Tepmunan «TamkenT-ToBapHBII» U Tak najee.

B V36ekucrane, MeXx 11y TeM, TAK)Ke, MPEICTABICH U Psijl
[POYMX TEPMHUHAIOB, KOTOpble, MO OOJbIIEH YacTH,
MaJIOMCIIOIb3yeMbIe, I/1€ IPUCYTCTBYET AOCTATOYHO MaJbIid
000pOT KOHTEHHEPHBIX NEPEBO30K IPY30B.

Kaxnom  tepmunamy
nopsiKoBble HOMepa. Tak, mycTh koddduuueHt p, p+1 —
HOMepa MOTOKOB KoHTeiHepoB. Koapdumment u+/..U —
TEPMHHAJ, KOTODBI, B CBOIO O4Yepelb, IPUHUMAET K
00paboTKe MOCTYNAONKME Ha IUIOMIAAKH KOHTEHHEPHI.

3l https://orcid.org/0000-0003-1651-0892
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B xauectBe 00BEKTa HCCIEIOBAHUS PAacCMOTPEHBI
KOHTCHHEepHble TepMHHalIbl PecnyOnuku —Y30ekucras,
BKITIOYas HHPACTPYKTYPY Y30EKHCTOH TeMup iyiuiapy, a
TaK)Xe pAJ YacTHBIX Jiorucruueckux omeparopoB (ULS,
OLC, Forward Trans Terminals u ap.), oGecrieqynBaromumx
nepepadoTKy KOHTEHHEPHBIX Ipy30MmoTOKoB. [Ipenmerom
UCCIIC/IOBAHUSA  SIBIIIETCA nporecc OpraHu3aliu
KOHTEHHEPHBIX NEPEBO30K C HCIOIb30BAaHUEM TEXHOJIOTHU
0JIOK-TPEHHOB HA KEJIE3HOJOPOIKHBIX TePMUHAJIAX.

MeT0/10I0TrHYECKYI0 OCHOBY HCCIIEOBAHUS COCTABUIN
METOJIBI HMMHUTALMOHHOTO MO/ICITUPOBAHHS,
MaTeMaTHYECKOH CTATUCTHKU U TeOpHUU BeposTHOCTe. [l
aHajgM3a ¥ BOCIPOHM3BENCHHS IPOLECCOB 00pabOTKU

CTpaHbl ~ IIPUCBOUM  CBOHU KOHTEWHEpOB  MpPUMEHSIach  Cpela  MMUTALUOHHOTO
monenupoBanus AnylLogic, mMo3BosIONas yYHTHIBATh
JUHAMUKY ~ TPaHCIOPTHBIX  IOTOKOB, MapaMeTpsl
UHQPACTPYKTypbl M TEXHOJOTMYECKHE  ONEepaluu
TEPMHUHAJIOB.
B wMmonenn ¢opManu3oBaHbl OCHOBHBIC 3JIEMEHTHI
CHCTEMBI:

®  BXOJIIHE ITOTOKH KOHTEHHEPOB,

https://doi.org/10.56143/2181-2438-2026-2-248-252
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HHJICKCHPYEMbIe TapameTpamu p,p + 1;
®  TEPMUHAIBI nepepaboTKu
obo3HaueHnple Kak U + 1 ...U;

KOHTEHHEPOB,

®  [apaMeTphl MOJIBUKHOTO COCTaBa (COCTAB MOe3/a,
KOJIMYECTBO BarOHOB, IPY30II0IbEMHOCTH);

®  TEXHOIOTHMYECKHE orepanun (morpyska,

BBITPY3Ka, HAKOIJICHUE, COPTUPOBKA).

HMMutanmoHHass MOJIENh pealn30BaHa B JBYXMEPHOM

MPOCTPAHCTBE C BU3YyaIM3aIHEN KeJIe3HOIOPOKHBIX ITyTEH,

KOHTEWHEPHBIX IUIOMIAJIOK U JBWKEHUS ONOK-TpeiHa. JIyst

MOJICJIUPOBAHUS TIEPEMEICHHUS TI0€37I0B  HCIIOIBb30BaH

crierMan3upoBanHbiidi 610k TrainMoveTo, mo3BossTroIIHiA

3aJlaBaTb MapupyThbl JABUKCHUS nu BPECMCHHBIC
XapakTECPUCTHUKU MPOXOKACHUS YHaCTKOB.
B Ka4eCTBC HUCXOJHBIX JaHHBIX  HCIIOJIB30BaHbI

CTaTHUCTHYECKHE CBEICHW O paboTe TEpMHHAIOB U
IPy30I0TOKAX, MOTyYeHHble HA 0a3e Y36EKMCTOH TeMHp
Wymnapu. MozenupoBaHue BBINOJIHIOCH ISl MapuUipyTa
Kapmana — Tumupityno6ox oOmed mpoTsKeHHOCTBI0 723
KM C y4ETOM IIPOMEKYTOUHBIX YIaCTKOB.

Jst oneHKM MapamMeTpoB (yHKIIMOHUPOBAHUS CHCTEMBI
MIPUMEHEH METOJ] CTAaTHCTUYECKHX HWCIBITAHUH (METOx
Monre-Kapio), B paMkax KoToporo ObUIO HpoBesieHO 25
YHCJIEHHBIX  JKcnepuMeHToB. CiiydaliHble — TapameTpbl
MOJICTIMPOBAJIMCh C HCIIONB30BaHHEM HOPMAIBHOTO U
JIOTHOPMAJIBHOTO 3aKOHOB pPACIIpe/IeNICHusI, T1Ie CiTydaiHas
BEJIMYMHA Z3aJaBajach:

HCIIOJIb30BAHUEM CICAYIOIUX 3aBUCHUMOCTEH:
o BpeMsL nogaun KOHTCﬁHepa

OTHPABUTECIIIO,

TIOPOXKHET 0

®  BpeMs HaxOXXACHUs KOHTEHHepa M0J] IPy30BbIMU

orepaLHsIMu;

®  BpeMs HaKOIUICHHS 3arpy>KEHHBIX KOHTEITHEpOB;

e  Bpems (HOPMHPOBaHUS M IOJITOTOBKH MOE3[a K

OTIpaBKe.

PacyeTsl BBIMONHSIUCH C YYETOM CTOXaCTHYECKOTO
XapakTepa MpOLECCOB, YTO MO3BOJIMIIO 8JICKBATHO OTPA3UTh
peasbHble YCIOBHSL (DYHKIMOHUPOBAHHS KOHTCHHEPHBIX
TEpMUHAJIOB.

Jlng  oOpaboTKM  pe3ylbTaTOB  MOCTHPOBAHHS
HCIIONB30BAJIMCh METO/Bl CPABHHUTENBHOIO aHalu3a M
MHTEPIPETAlMK TIOJMYYCHHBIX JAHHBIX, YTO IO3BOJIMIIO
OLCHHTh  BJIMSHHE TEXHOIOTWH  OJIOK-TPEHHOB  Ha
COKpAll[eHHe  IPOCTOCB  KOHTEIHEpOB,  MOBBIMICHHE
CKOPOCTH 00paboTKH TPy30B M 3()(PEKTUBHOCTH pabOTHI
TEepMUHAITBHON HHPPACTPYKTYPBI.

3. Pe3yabTaThl U 00CyKACHUSA

ViMuTaioHHas MoOJelb PabOoThl KEJIE3HOJIOPOKHOTO
TepMHHaJa JUTISt OpraHM3aluK Ipy30IEPEBO30K
KOHTEHHEPHBIM OJIOK-TPEHHOM MOJKET CTaTh IPUMEHEHUE
miatgopmsl anyLogic, KoTopast BKIIO4YaeT B ce0sl CHCTEMBbI
MOJICIIUPOBAHMS 110 YHPABJICHUIO IABWKEHMS OJIOK TpeiiHa.

e ma warepBaie [0;1]— i JOrHOPMATBHOTO . .
Co3taeM HOBYIO MOJZIENb KOHTEHHEpHOro OJIOK-TpeiHa Ha
pacnpeneneHus;
JKEJIe3HOJOPOXKHOM TEpPMUHAJIE.
e ma wunrepBane [—3;3]— 1 HOPMAIBHOTO Mognenr MOXHO co3aTb H B JIByXMEPHOM
pacipeAcIICHuA. MIPOCTPAHCTBE, J0OABUB KOHTEHHEPBI U JKEJIE3HOJOPOKHbIE
KiroueBsie BpEMEHHbIE XapaKTEePUCTHKU IyTH (prCyHOK 1).
TEXHOJIOTMYECKHUX onepauuit onpeaeNsIuCh c
B-eg@ A BEREBO-8| | Q- [EEDNE 2 oo -
% Mpoerrer % | [ Manipa = 0 | &l Main £ =g
v [&] Train Unloading [cloud] | A
€ Container I\ . -
& i %0 | 5 [Lo
€ RailCar |
& Tain
& Truck ®
€ Simulation: Main "
& Kondurypauna sanycka: Main L ]
G baza gaHHbix | I I
[ Pecypen o - el T 1
ATt et
i
I
I
I
0 |
!
——————— —”
!f
I
|
I
I
I
]
&
Puc. 1. MoaenupoBanue 6,10k TpeiiHa B IByXMePHOM NMPOCTPAHCTBE
Monenupyem COpTUPOBKY BaroHOB, 3a7aéM MapaMeTphl 1oe3/1a ¥ BarOHOB (PUCYHOK 2).
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Puc. 2. TIpouecc MoaeMpoBaHUs NapaMeTPOB N0€3/1a U BATOHOB

BriBomM maHHBIE Ha 9KpaH (PUCYHOK 3).

| J

trainMoveTo3
1
N

trainMoveTod4

trainCouplej
,"rr
3
trainSource me)uel trainEnter1 halﬂoqveros
P N I r N
s |m| |L‘_‘| "‘. - - %0
@ nynroros
com.anylogic engie. manp Ra.
trainMoveTo7
!

Puc. 3. Mogeab nBu:keHus 0JI0K-TpeiiHa

HUcnonb3yem 6JI0K TrainMoveTo, 4TOOBI
[POMOICINPOBATH JBIKCHHE IOKOMOTHBA.
3amaB  MyTh  MOXHO  ONPEACISITH  MapamMeTphl

KOHTEHHEePOB Noe3/1a.

Takxxe MOXXHO HPOCIEINTh JaHHbIE Ha Kapre. 3agaém
1apamMeTphbl:

- craHLMs ornpasnenus: Kapmana,

- cTaHUMs Ha3HavYeHus: TUMUPiy1000/.

OO0mmmit kunomerpax: 723 kM, nemwkenue: Kapmana —
Hasowu (17 kM), HaBou — Hyp6ynok (102 km), HypOyok —

Axanteim

Bau.«}au.an

Byxapa
[} Iunxp:tc-ﬂ)
June, 2026
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Mapoxkang (36 kM), Mapokang — Camapkann (18 km),
Camapkann — Jlxuzak (113 km), [xuzak — Xasact (89 km),
XaBact — Ceipasippuckast (72 kM), CbIpbAbIpbUHCKAS —
Mexnat (10 kM), Mexnar — VY36ekuctan (49 kM),
V36ekucran — Tykumauu (17 km), Tykumaun — O30k (56
kM), O30mmKk — AHrpeH (58 kM), AnrpeH — Temupityno6on
(86 xm).

PaccMoTpenHbie MapIIpyThl [JBIDKEHHs OJIOK TpeiHa
TIPENICTAaBJICHBI HA PUCYHKE 4.

Toxroryn

Tawkenr

Anrpen Hamanran @ SisananA
Yp— ' o
Arpsnan
Kowana 2 Ow
P Deprana o
Xypwann KaunGagam °
o °

Vcdapa

Rapoor-Koprow

DOxwprarans

TANWIAVIACTAL
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Puc. 4. MogenupyeMble MapLIPYThl ABH:KeHHs1 0JI0K-TpeiiHa

brulo mpoBeneHO 3HAaUMTENBHOE KOIUUYECTBO (25)
YUCIICHHBIX 3KCIEPUMEHTOB, OCHOBAaHHOM Ha JaHHBIX IO
AO «VY3bekucTon Temup iymmapu». JIS MOSTAITHOIO
pacuera  ObI ~ NPUMEHEH  METOJ  CTaTHCTUYECKHUX
HCTBITaHUH.

[puHuMmas B y4er, HHOOPMALHIO 110 aHAIU3UPYEMOMY
tepMuHany AO «Y36eKHCTOH TeMup HYIIapm», HUKE
NPEJICTABIICHO ~ PAaBEHCTBO, KOTOPOE  OMNMCHIBACT U
ompezienser 3asgBKY OTIPaBUTEIAM TIpy3a Ha MOjaudy
MOPOXKHETr0 KOHTelHepa (B CyT.):

£10 = 2.80 x e*19(3L, Zi — q) 1)

Koaddummenr Z mnokaspiBaeT CIydalHbI HHACKC
(BenuuuHy). O1OT KOIDGUIMEHT HAXOMUTCS PaBHOMEPHO

251
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no wuHTepBany [0; 1] Ui JIOTHOPMAJIBHOTO 3aKOHA
pacnpeneneHus U Ha uHTepBaie [-3; 3] wi1 HOPMATBHOTO
3aKOHA paclpe/e/eHUs.

KonreiinepHoe pacrmonokeHue y OTIpaBHUTENS Tpy3a
mojJ ornepanusiMu (BBO3/BbIBO3) B CYTKH MOXET ObITh
ompeeseHa Kakx:

t21=0.28+0.08%x Z )

Hwxke OyneT ompenerneH MpocToil yKe 3arpyKeHHOTO
KOHTeWHepa MoJ| HaKOIUIEHHEM, (CYT):
t42 = 2.87 x 019712 Zi-w) 3)

Hwxe npencrasnena ¢popmyia (pacuer) AJs BHUIBICHUS
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OTIepaI|y IO MOrOTOBKE 1 110 ()OPMHUPOBAHUIO K OTIIPABKE
110€3/1a ¢ KOHTCHHEPHBIM IPy30M:

t63 = 1.53 + 0.23Z 4)

IpencraBnenHass B pabore  MeroJukKa  Jaja
BO3MOYKHOCTb CIIPOrHO3HPOBATH o01yto
IIPOJIOJDKHTEIBHOCTE 000pOTa KOHTEIHEPHOT O IPy30II0TOKa
Ha 0ase Onok-TpeitHa. Meroanka Ha Ga3e ONOK-TpelHa, B
JAHHOM ClIy4ae, 3TO MMHUTaIUs 3alycka OJOK-TpeifHa
V30ekucraHa, ¢ TO3ULHU OKEIE3HONOPOXKHBIX — ceTeit
JIAHHOTO PETHOHA.

4. 3akjao4yeHue

[To pe3ynbTary OBLIO BBISIBICHO, YTO TEXHOJIOTHS OJIOK-
TpeiiHa yMEHbIIaeT BpeMs POCTOsI KOHTEHHEPOB, KOTOpbIe
HaXOoJATC B OXKHUJAHHU BBIBO3a, COKpAI[aeTCs BpeMs Ha
OXHJaHUE BBITPY3KH KOHTCHHEpPOB, HAaXOIAIINXCS Ha
TepMHHAJIE.

B cBoto 04epetb, COraacHoO MOKa3aHHBIM pacueram, Ipu
MOBBIIEHUN pe3epBa TpuMepHO Ha 15% - mpocrtoit
yBenu4MBaercs npumepHo Ha 4,03 yacoB. TepMuUHaNBHBIN
pocToit yMeHsaeTcs 10 8,56 uacoB. M BbICBOOOKICHNE
JIOTIOJIHUTENBbHBIX 4,5 4ac NpPOMCXOAWT 10 TPUYHHE
YBEIMYEHHS  CKOPOCTH  COPTHPOBOYHOrO  Hpoliecca
KOHTEHHEpOB Ha TEpMHUHAJIE B IIpoIecce OOCITyXKHUBAHUSL
KIIMEHTOB.

Cucrema OnOK-TpeitH (QopMHUpYyeT, TaKk Ha3bIBaCMBbIi,
TEXHOJIOTMYECKHI MepephIB, KOTOPbIH JaeT BO3MOXKHOCTb
MpeJIeTIbHO  YBEINYUTh CKOPOCTh CEpBHCA Ha TEpMHUHAJE,
coKpalas KOJMYECTBO MMHYT B IIpoliecce IpHema
KOHTEHHEepoB rpy3a. Tem caMbIM, yCKOpseTcs Iorpyska u
OTHpaBKa KOHTCHHEpOB. OKOHOMHSA, B LEJIOM, HpHU
UCIIONB30BAHUU CUCTEMBI OJIOK-TPEiiHa, IPOXOXKACHUS ITyTH
KOHTEHHepOM, COCTaBUT nopsaka 4,5 4yacos.

Mopnenb Obla CIPOEKTHPOBaHA Ul KOHTEHHEPHOrO
TepMuHasa Y30ekucraHa, Ha mnpumepe miomagku AO
«V30eKkucTOH TeMMp HYIIapH», B UACTHOCTH, OBLIH
CMOJICIIMPOBAHBI TIOTOKH I'Py3a HOCPEACTBOM NPHUMEHEHHS
CHCTEMBbI OJIOK-TpeiiHa.

OTa MOJIeJIb CO3/1aHa B LISJISIX IIPOrHO3a, 0a3MpOBaHHOTO
Ha 33/laHHBIX BEPOSTHOCTAX HAJEKHOCTH, NPEXKIE BCEro,
BBI'PY3KH TI'PY30BBIX KOHTEHHEPOB TEPMUHAJIOB, B
YaCTHOCTH, U BbIBOJA OOBEMOB IIOIPY3KH KOHTEHHEpPOB.
Mopnenb, TakxKe, HOMOXET CIPOrHO3MPOBaTh oOlIee
KOJIMYECTBO KOHTEHHEPOB 3a CYTKH, KOTOpBIC, OOBIYHO,
OKMZAIOT BBIFPY3KY 110 roiaM U MecsiniaM. Bee 3o mo3sosur
paspaborate u BHeOpuTh 3(PEKTHBHBIC CTPATErHYECKHe
peLIeHHUs B yIIPABJISHUH BCEM MPOLIECCOM.

Ilpu 5TOM, BHIOM3MEHss DA3JIMYHBIC YIPABIsIEMbIC
UCXOJHBIE MHapaMeTpbl 3TOW MOJENH, B ILeJoM, Oyner
JIOIyCTUMO IIPOrHO3UPOBAaTh M WMUTHPOBATH MOBEACHUE
Bceil ONOK-TpelH CHCTeMbl B aOCOIIOTHO Pa3HbIX YCIOBHSIX
U CUTyalMsAX B BOIPOCAaX OPraHU3ALlMOHHOIO IpoLecca
paboThI TepMHHATIA.
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Secondary use of worn BelAZ tires for lining mining dump truck

bodies to prevent adhesion of rock mass

M.Z. Ubaydullaev?, E.1. Ruklinskaya?, U.D. Kosimov?, N.N. Yodgorov?, N.I. Khavasova'
1 Branch of the National University of Science and Technology MISIS in the city of Almalyk, Almalyk, Uzbekistan

Abstract:

Keywords:

2Tashkent state transport university, Tashkent, Uzbekistan

Wet clayey rock sticks to the steel bodies of BelAZ mining trucks, freezes onto them in winter, and is
abraded away by large lumps. The result is a lower effective payload — part of the load rides back into
the pit (carry-back) — together with cleaning downtime and repair costs. A second problem sits right
next door: worn ultra-large tires that barely decompose and are hard to send to an ordinary landfill. We
propose lining the body with rubber reclaimed from such tires and compare two ways of making it —
cutting segments from the tread (the steel cord stays inside as reinforcement) and molding plates from
rubber crumb on a polyurethane binder. By our estimates, such a lining together with exhaust-gas heating
of the body cuts carry-back by a factor of two to three, lowers floor wear and loading noise, and — for
the cutting route — pays back in under two years. Exact figures should be refined against a specific
operation's data.

mining dump truck, body, lining, adhesion, freezing, ultra-large tires (ULT), BelAZ, industrial waste
recycling, wear resistance, circular economy

BropuuHoe ncnonb3oBanue n3HOMEHHbIX IMH benA3 nuis pyrepoBku
KY30BOB KapbepPHbIX CAMOCBAJIOB C LEJIbI0 NPEA0TBPALLCHUA

HAJIMNIAHUSA TOPHOI MOPOABI

Yéaiinynnaes M.3.., Pykaunckas E.N.L, Kocumos V.JI.2, Exropos H.H.!, XaBacosa H.1.!

IA® HUTY «MUCHCY B . AnManbIk, AIManbIK, Y30eKuCTaH

2TamkeHTCKUI rOCy1apCTBEHHBIN TPAHCIIOPTHBIA YHUBEpcUTeT, TalkeHT, Y36eKkucTan

AHHOTAINA

Kunrouessie cioBa:

BriakHast TIIMHHECTast HOPOJa IPUIIMIACT K CTATBHBIM Ky30BaM KapbepHBIX caMocBanioB benA3, 3umoit
IpUMep3aeT, a KPyIHbIe KyCKH HCTHPAIOT MeTalll. M3-3a 3Toro magaeT (pakTHyeckas 3arpy3ka — 4acTh
rpy3a Bo3Bpaluaercs B 3a6oii (Tak Ha3bIBaeMblii carry-back), — pacTyT mpocTon Ha OYHMCTKY U PacXOpl
Ha peMoHT. ITo cocencTBy ¢ pa3pe3aMu 3peeT Apyras MpoOieMa: OTCIY)KHBIIHE KpyITHOrabapUTHBIC
LIMHBI, KOTOPBIE MOYTH HE Pa3laralorcs M KOTOPbIC TPYAHO BBIBE3TH HAa OOBIYHBIA MOJUIOH. MBI
npeziaraeM 3aKkpblBaTh Ky30B OOK/IAAKOM M3 PE3HHbl TAKUX LIMH M CPaBHHBAeM [Ba crocoba eé
H3TOTOBJICHHST — BBIPE3KY CETMEHTOB M3 MPOTEKTOpa (CTaIbHON KOPA OCTAETCsl BHYTPH KaK apMaTypa)
1 HOpMOBaHKE IUIUT U3 PE3MHOBOI KPOIIKK HAa MOJMYPETAHOBOM CBs3yolieM. ITo HAlMM OLIEHKaM,
Takas 00OKJ1a/iKa BMecTe ¢ 000rpeBOM Ky30Ba BBIXJIOMHBIMH I'a3aMH B 2—3 pa3a yMEHBIIIAET OCTATOYHBIH
Ipy3, CHIDKAET M3HOC THMILA U IIIyM HPH 3arpy3Ke, a [0 BapHaHTY BHIPE3KH OKYIAeTCsl MEHEe YeM 3a JBa
rona. To4HbIe U(PBI TOJHKHBI YTOYHSITECS [0 JAHHBIM KOHKPETHOTO MPEANPHSTHS.

KapbepHbIl camMocBall, Ky30B, (pyTepoBka, Hanmumnanue (aaresus), NpUMep3aHHe, KPyIHOrabapuTHbIe
mHel (KI'I), BenA3, nepepaboTka 0TX010B, H3HOCOCTOMKOCTh, SKOHOMHUKA 3aMKHYTOTO ITHKJIA

1. BBeaenue

OTKpBITbIE TOpHBIE PabOTHI JEpHKATCS HAa caMOCBajIax
benA3 — 6e3 HUX BCKpBIILY U Yy U3 Kaphepa HE BHIBE3TH.
bena B TOM, uYTO BiIaXKHas IJIMHUCTAs IOPOAA OXOTHO
NPWIMIACT K CTaJIbHOMY JHULLY U OopTram. HacTs rpysa He
BBICBINAETCSl TP Pasrpy3ke M eneT oOpaTHO B 3a0oii; B
TOPHOM JIeJie 3TO HAa3bIBAIOT OCTATOYHBIM TIPY30M, WIH
carry-back. Ky3oB daktuuecku HeOTpyKaeTcs, U KaxIplit
peiic IPUHOCUT MEHBIIIE, YeM MOT OBl

3MMOIi CTaHOBHUTCS TOJBKO XyXKe: MOKpas TIJIMHa
NpUMep3aeT K MeTally, M Ky30B HPHXOJHUTCS OUYHILATH
Bpy4HYIO, Tepsisi BpeMs Joporoi Mammebl. K asromy
N00aBIseTCss UCTUPaHUE — KPYIHBIE KYCKH IPH MOTPY3Ke

https://doi.org/10.56143/2181-2438-2026-2-253-256

9KCKAaBaTOpPOM OBIOT NO JAHMILY M OopraM, Meraul
W3HAILIMBAETCSI, PEMOHT CTOMT JICHET.

Psanom 3peer em€ ogna mpobaema. KapbepHble MIMHBI
XOJAT HEIOJIro U OBICTPO MPEBPAIAlOTCA B OTBAJIBI Y OGopTa
paspe3a. Pe3suHa B HMX HpaKkTHUECKH HE pasliaraercs
€CTECTBEHHBIM ITyTEM, a caMa IIHHA CIUIIKOM BEIHKa U
apMHUPOBAHA CTANBIO, YTOOBI €€ MPUHSUT OOBIYHBII MOJIUTOH.
B wrore mimomanku rogaMu 3aHSATBL TEM, YTO 1O CYTH
SIBIIIETCS CBIPHEM, @ HE MYCOPOM.

Otcrona W 3ambicen paboThL: TO, YTO MeIIaeT,
HpEeBPaTUTh B TO, YTO OMoraeT. Pe3uHa mo npupoje mioxo
CMAa4MBaeTCs INIMHON U IPY>KUHUT — K HEH JIUITHET 3aMETHO
MEHBIIIE, YEM K CTaJI{, a NPU MOABEME Ky30Ba HAJTUMILUN
cijoi jerde orpeiBaercs cam. [loaToMy Mbl mpeanaraem
3aKphIBaTh pabouyue MOBEPXHOCTU Ky30Ba OOKIAaIKOW U3
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nepepaGOTaHHoﬁ MTUHHOMN PE3UHBI U MMOKA3bIBAEM, YTO 3TO
pemacTt cpasy ABC 3ajJavu — y61/1paeT OTaCHBIN OTX0d U
CHMIKACT 3KCIUTyaTallUOHHBIC IOTEPH.

2. MeTtoauka uccjIeI0BaHUA

ChIpbE — OTCITY)KHUBIIHE IIXHBI TEX THIIOPA3MEPOB, YTO
pabdorator Ha mnpemnpustuu (27.00R49, 33.00R51 wu
ommskue). [IpocTo mepemnaBuTh WX, KaKk TEePMOIUIACT,
HEJb3s: PE3MHA CLINTAa HEOoOpaTHMO, a BHYTPH CHIAT
MOIIHBIN cTaJbHOU Opekep n GopToBbIle Konblia. [Tosromy
IyTel BCEro JBa, U OT BBIOOpa MEKIY HUMH 3aBUCHT BCS
9KOHOMHUKA.

Bapuant A. IlegbHble NJIMTHI-BbIPE3KM U3
NPOTEKTOPHOM YacTH (MeXaHHYeCKHil pacKpoii).

VI3 6eroBoil JOPOXKKH IIHHBI MOMPOCTY BHIKPAUBAIOT
KYCKH PE3HMHBI M KPEIsAT HX Ha Ky30B. IIOpSJOK Takoii:
MOMBUIA IIHHY, OTpe3aju OOKOBHHBI C OOpPTOBBIMU
KOJIbLIAMH, PACKPOWIIH MPOTEKTOPHOE KOJIBLIO HA CErMEHTHI
(THOPOHOXKHHUIIBI, JICHTOYHAS MHIA, a M0 METAUIOKOPIY
Jydlle BCEro TrHApoadpaswB), BBIPOBHAIN TOJIIMHY,
HACBEPJIMJIM OTBEPCTHS — M Ha OOJTHI, BHAXJIECT WIH
BCThIK. CTanbHON Kop/| Opekepa ocTaércesi BHYTPH CErMEHTa
U paboTaeT Kak roroBas apMmarypa. [LIrocel O4YEeBHAHBI:
MOYTH  HHKAKOro  0o0OpyJIOBaHHMs M 3aBOJCKAas
BYJIKQHU3aIMsI, TO €CTh MaKCHMaJlbHas W3HOCOCTOMKOCTB.
MuHYC — CerMeHTHI MOJNYYarTCs KPHBBIMH (IIOBTODPSIOT
PO HITb MMHBI) ¥ HEOOIBIINMHU.

Bapnant b. ®opmoBaHHbBIC IUIMTBHI W3 PE3HHOBOI
KPOUIKH Ha CBSI3YHOLIEM.

31ech MIKMHY JPOOAT, OUHIIAIOT OT METallla U TeKCTHIIS
u  QopMyloT HOBBIC IUIMTBI HAa HOJIMYPETAaHOBOM
cBs3ytomieM. Craauii aTh: pe3ka u rpydoe npobdnenue (50—
150 mMMm); MarHuTHasE ¥ BO3AymHas cemnaparus (yOuparor
KOpJ ¥ HUTH); TOHKHIA MOMOIN B rpanyisitope (5-20 mMm);
CMEIIMBAaHUE KPOIIKH CO CBSA3YIOIMM (IIOJIMYpETaHOBBIN
npenonumep, okoso 8—12 %); mpeccoBaHHe — XOJOAHOE
wm ropsiaee (140-160 °C, 5-15 MIla). 3ato muuThl
BBIXOJAT IUIOCKUMH M Jro0oro pasmepa. Pacrulara —
H3HOCOCTOWKOCTh HIDKE, 4eM y «POIHOW»
BYJIKAHM30BaHHOH PE3MHBI, ]a U 000pYI0BaHUE JIOPOIKE.

KoHCTPpYKTHBHOE M TeXHOJIOTHYECKOe YCHIIeHHE.

Tawm, rze yaap cuibHee BCero — JHHIIE MO/ KOBIIOM,
KPOMKH OOpPTOB, — MbI MNPEAyCMOTPEIH KOMOWHAIHIO:
OCHOBHOM MAacCHB PE3HHOBBIH, a B CaMbIX Harpy>KeHHBIX
TOUKAaX BCTaBKM WIIU NOJJIOXKKA M3 M3HOCOCTOMKOM CTalIH.
Kpenéx pazpéMHbIN, 4TOOBI MEHATH IUIUTHI HOWTYy4YHO. OT
IpUMEP3aHKs 3UMOH criacaeT 000rpeB Ky30Ba BbIXJIOMHBIMU
razaMu — Ha psjae mojeneit benA3 3to mraTHas omnuus;
TEMIasi NOBEPXHOCTh HE JAaéT IJIMHE INPUXBATHIBATHCA M
320/IHO YMEHBILIAET HAJIUIIAHHE.

Puc. 1. Ilpumenenune ¢yrepoBKH M3 nepepadOTAHHBIX
KI'Il Ha kapbepHoM camocBaJe beaA3 (3D-moaens)

Ha mopenu mokaszaHo, Kak M3HOCOCTOMKas (GyTepoBKa
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U3 INPOTEKTOPHOM YacTH W3HOUICHHBIX IIMH 3aKpbIBAaeT
qHUIE 1 60opTa Ky30Ba KapbhepHOTO caMocBana. 3eIEHBIM
BBIJIETIEHA Pe3NHOBas (yTepoBKa — pabodasi HOBEPXHOCTh
Ky30Ba, JKENTBIM — CTaJIBbHON KopIryc MammHbl. [ludpamu
1-7 o6o3Ha4YeHbI OCHOBHBIE 3JIEMEHTHI (CM. SKCIUTHKAIHIO
HIKE).

PesunoBast pyrepoBka m3 nporekropa KI'II —
paboyasi MOBEpPXHOCTH Ky30Ba

[y

3amuTHBINA KO3BIPEK HAJ KAOMHOW

KaOuHa ¢ ocTekiiennemMm

JlectHuma J0CTyIIa

a|lbh|lw N

BonroBoe KpPEIUICHUEC CMEHHBIX IUIUT

30Ha KOHTaKTa C FOPHOM Maccoi — TIJIMHA He
Hayuraer (cnadast aare3uns)

7 | CnBocHHBIE 3a1HIE KoJiEca (MIacCH camocBaa)

3. Pe3yabTaTshl U 00CyKIACHUSA

CBenéM BMecTe, YTO MEHAETCS MpH IIEpexofie Co
CTaJILHOTO Ky30Ba Ha pe3uHoByro oOkmagky u3 KT
(Tabmuma 1).

Tabuuua 1
CpaBHHTeJIbHBIE IKCIUTYATALIMOHHBIE IOKA3aTeIN
KYy30Ba
Ky3os c
Tonblil cranbHOM | pe3nHOBOI
Iloka3zarenn .
KY30B (pyreposkoii
(KT’
Hanunanue
BJIa>KHOU CunbHoe Cnaboe
TJIHBI
Craboe;
Ipumepsanue | CuabHOE (Ge3 i
. ycTpaHsercss Ipu
3UMOH oborpesa)
oborpese
OcTtaToyHsIif
bi (0] 3-5 % | cumxenne B 2-3
rpys - (carry- rpy3010IbEMHOCTH | pa3za
back) Py p
o CHmxeH
AGpa3uBHBIii o
W3HOC AHUIIA Beicokuit (memnpuposanue),
>30 %
Macca Tsoxénple
3aLIUTHOTO Ha 30-50 % nerue
CTaJIbHBIE TUTHTHI
cI1ost
YpoBeHb .
Beicokuii (1o ~110 | Camxen na 5-10
uymMa  IIpH
ab) b
3arpyske
IIpocton Ha
CyI1ecTBeHHO
OUYHUCTKY Yacteie
pexe
Ky30Ba
Hcrounuk Tlokynnast cranp /| Bropuunas pe3una
marepuaa CBMIID (orxom)

Ilouemy rnmHa mepecraér nepxatbca? [Ipuunnsl ABe.
Bo-mepBbIx, pesuHa XyXe CMaduMBaeTcsi — TJIMHA
«LemIsieTcs» 3a CTalb 0X0THee. Bo-BTOpBIX, Npu noabEéMe
Ky30Ba ynpyrast 00KJIaika Iy Th UTPaeT, ¥ HATHIIINH IIacT
orcrnanBaercs. Ta ke ynpyrocTb TacUT yAaphbl, MOTOMY U
JHUIIE U3HAIIMBAETCSA MEJICHHEe.
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Taoauna 2
Du3nko-MexaHUYecKue CBOMCTBA (PyTepOBOYHOIO
MaTepuaa U3 NPOTeKTOpHOiIi pesunnl KT

Iloxka3zarenn 3HaueHune
Tsépmocts mo lop A 55-70 en.
IIpenen  mpouHocTH — IIpH 20-25 MIla
PACTSHKCHUN
OTHOCHUTENBFHOE — Y/UIMHEHHE 110 500-700 %
IPY pa3pbIBe
IInoTHOCTH 1,1-1,2 r/cm®
- +
Pa6oumit JManasoH | or ~40 no +80
reMIeDAT C (c oborpesoM
patyp Ky30Ba)
MeTaJIOKOPT
Opekepa
ApmupoBaHue (BapuaHT A) COXpARTETCH s
cerMeHre

3amac MO0 TPOYHOCTH M CONPOTHBICHUIO Ppa3anupy
MMO3BOJISIET paboTaTh C KPYNMHBIMH KyCKaMH, He O00sCh
npope3aTth 00KJIAJIKy, a COXPaHEHHBIH B BapHaHTe A KOpPZ
J00aBIIsIeT HKECTKOCTH.

120
B [onA CTANLHOR Ky 308
BN Peswnosan dyTeposka (KMLL)

100

2
g

g8

% OTHOCHTENLHO CTANBKOTO Ky30Ba
& 3

s

0
Hanunanwe | Mswor Macea
canry-back ma o

npocron
Ha oMMETRY

E
matepuan

Puc. 2. CpaBHeHHUe 3KCIUIYATAIIMOHHBIX OKa3aTe el
Ky30Ba (roJiblii cranabHoi Ky30B = 100 %)
4. JKoHOMHUYECKOe 000CHOBaHHUe (MpeABapUTeIbHas
OlIeHKA)

CunTarh «BKHBYIO» TIOKA HEYEro — TOYHbIE LUQPEI
mact TOO mno (¢akTUYecKuM IaHHBIM IPEANPUSTHS.
[losToMy orpanumummcs npukuakoi. [lomyctuMm, Ha OIUH
KY30B HY>XHO mopsiaka 2540 mM? pe3sMHOBOro IOJIOTHA; C
OJHOW ILIMHBI IPOTEKTOPHOIO pa3Mepa CHUMAaeTcs
HECKOJIBKO KBaJpaTHBIX METPOB T'OJHOTO0 Marepuana —
3HA4YMT, HA Ky30B YHAET npumepHO 5—10 criucaHHBIX LIUH.
ITo BapuanTy A OCHOBHBIE TpaThl — 3TO pe3ka (JIydlie
ruapoadpasuBHas) M Kpemnéx; JOPOroro CBS3YIOLIEro M
npecca He TpebyeTcs BoBce.

Otkyna Oepércst BrIroa:

YacTb Ipy3a NepecTaéT «KaTaThCs» Tyna-00paTHO
— (baxTuueckas Macca 3a peic pacTér;

pexe Hy>KHO YHCTHTh Ky30B, a 3UMOH yXOIHUT U
npobiiemMa npumep3ans (BMecte ¢ 000rpeBom);

JIHUIIE M3HALIMBACTCA MEICHHEE — MEHbIIe
PEMOHTOB (OpPUEHTHP — CHIDKEeHHEe u3Hoca oT 30 %);
nokynHele CBMIID u nonuyperan 3ameriarorcst
OeCIUIaTHBIM BTOPCHIPHEM;

CHHUMAIOTCS pacXo/Ibl Ha XpaHEHHE U YTHIIU3ALHIO
IIMH, HCYe3aeT SKOJIOTUUECKHI PUCK.

CnoxuB 3pdexkT Mo HECKOJbKUM CTaThsIM IpH
CKPOMHBIX BIJIOKCHHAX BapHaHTa A, Mbl OXHAAEM
OKYIIAeMOCTh B IpeJeNax OAHOro—ByX JieT. [loguepkHéMm:
NPV, IRR u TouHBII CpOK HAaIO CYHTATH IOJ KOHKPETHBIH
MapK U yCIOBHS — NPHBEIEHHBIC PAMKH OPUEHTUPOBOYHBI.
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4. 3aka4yeHue

Wtor xopotkmit. Pesuny orcmyxwuBmmx muH benA3
TEXHHYECKH MOKHO ¥ SKOHOMHUYECKH BBITOJTHO ITyCKaTh Ha
00KITa/IKy Ky30BOB — U 3TO HE Pa30BOE PEICHHE, a CII0Cco0
3aKpBITH Cpa3y IBe IbIpHI Ipennpusatrs. Huskas aaresus u
YIIPYTOCTh PE3UHBI CHUMAIOT HaJIMIIAHUE, a 000TPeB Ky30Ba
no0aBIsIeT 3alUTy OT HPHMEp3aHus: OCTAaTOYHBIH Tpy3
magaer B 2-3 paza. JlemndupoBaHue Oepex€r NHUIIE U
0opTa OT yIapoB ¥ HCTHPAHMSI, NIPOJIEBAst KH3Hb Ky30Ba.

Breibop TexHOIOTMM MBI HaMEpEeHHO OCTaBISIEM 3a
YCIIOBUSIMHU: BBIpE3Ka IPOTEKTOpa JEmieBa M COXpaHIET
3aBOJICKYIO IPOYHOCTD, (POPMOBAHHBIE TUTUTHI TAFOT JIO0YIO
TeOMETPHIO, a KOMOHMHAmus pEe3MHBI CO CTaIBHBIMHU
BCTaBKAMH 3aKpBIBAa€T 30HBI CaMoOro JKECTKOrO yrapa.
Haxoner, camo cbIpb€ GecruiaTHO 1 JISKHT PSIOM: BOBJIEKast
€ro B JeIo, MpeanpusiTHe yOnpaeT C IUIOMag0K OITACHBII
OTXOZ W 3a0AHO CHIDKAaeT IOyM TIIpH TOTPy3Ke U
TPaBMOOIIACHOCTh MOHTaXKa. VIHBIMH CJIOBaMH, OTXOJ
CTaHOBUTCS PECYPCOM — @ 3TO U €CTh JIOTHKA 3aMKHYTOTO
IUKJIA.
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Improving the wear resistance of internal surfaces of slurry

pumps in the flotation

M.Z. Ubaydullaev?, E.1. Ruklinskaya?, U.D. Kosimov?, N.N. Yodgorov?, N.I. Khavasova'
1 Branch of the National University of Science and Technology MISIS in the city of Almalyk, Almalyk, Uzbekistan

Abstract:

Keywords:

2Tashkent state transport university, Tashkent, Uzbekistan

The paper addresses the wear of the internal surfaces of the flow-path parts of slurry pumps operated in
the flotation process at the Almalyk Mining and Metallurgical Combine (JSC «AGMK»). A comparative
analysis of three chemical-thermal treatment (CTT) methods — nitriding, carbonitriding and boriding —
was carried out for hardening of structural steels 45 and 30KhGSA. The structure, microhardness and
wear resistance of the diffusion layers were studied. It was established that boriding provides the
maximum surface microhardness (up to 20000-22000 MPa) while forming a thin (~70 um) brittle two-
phase layer prone to spalling under impact loading. Low-temperature carbonitriding in a salt melt at 570
°C forms a ~200 pm layer with a microhardness of 5000-8000 MPa that combines increased hardness
with toughness, corrosion resistance and a smooth transition to the core. It is shown that carbonitriding
provides uniform treatment of the internal cavities of geometrically complex parts that are inaccessible
to line-of-sight methods, with minimal distortion. Carbonitriding is justified as the principal hardening
method and boriding as a supplementary one for zones of tangential abrasive wear. The expected increase
in service life of the parts is 2.4-3.6 times, with a payback period of less than one year.
chemical-thermal treatment, carbonitriding, boriding, nitriding, wear resistance, slurry pump, flotation,
microhardness, hydroabrasive wear, diffusion layer

IToBbIIEHHE H3HOCOCTONKOCTH BHYTPEHHUX MOBEPXHOCTEH IPYHTOBBIX

HacocoB (JIOTALMOHHOIO NepenesIa MeToAaAMM
XHMHKO-TEPMHU4YeCKOi 00padoTKu

Yéaiinynnaes M.3.., Pykaunckas E.N.L, Kocumos V.JI.2, Exropos H.H.!, XaBacosa H.1.!

IA® HUTY «MUCHCY B . AnManbIk, AIMaNbIK, Y30eKUCTaH

2TamkeHTCKUI rOCY1apCTBEHHBIN TPAHCIIOPTHBIA YHUBEpcUTeT, TalkeHT, Y36eKkucTan

AHHOTAINA

KnroueBsie cioBa:

Paccmotpena mpo0nema M3HOCA BHYTPEHHHX MOBEPXHOCTEH JeTaneil MPOTOYHOM YacTH I'PYHTOBBIX
HACcOCOB, OKCIUTyaTHpyeMbix Ha ¢uiotaimoHHoM nepenene AQO — «ANManbIKCKMH — TOPHO-
METaJUlypruueckuii  KoMOMHaT». BbINONHEH CpaBHUTENBHBIM aHAaIM3 TPEX METOAOB XHMMMKO-
tepmudeckoi 06padotku (XTO) — a3oTupoBaHus, KapOOHUTPALMU 1 OOPUPOBAHHS — MPUMEHHUTEIBHO
K YIPOYHEHHUIO KOHCTPYKUMOHHBIX cTaneit 45 u 30XI'CA. HccnenoBansl CTpOeHUE, MUKPOTBEPIOCTD U
HU3HOCOCTOMKOCTh  MU(D(GY3MOHHBIX CIOEB. YCTaHOBJIEHO, 4YTO OOpHpoBaHHE oOOecIeYrBaeT
MaKCHMaJIbHYIO TMOBEPXHOCTHYIO MHKPOTBEpHOCTH (o 20000-22000 MIa) mpu toHKOM (~70 MKM)
XpYNKOM  IBYX(ha3HOM CJO€, CKIOHHOM K BBIKPAllMBAHMIO IIPM YIApHOM BO3JEHCTBUM.
Huskoremneparyphas kapooHuTpanus B paciuiase coneit npu 570 °C popmupyer cioit Tomuunoii ~200
MKM ¢ MUKpoTBEpmocThio 5000-8000 MIla, coueraromimii MOBBIIEHHYIO TBEPAOCTH C BI3KOCTHIO,
KOPPO3HOHHOM CTOMKOCTBIO M IUIaBHBIM MEPEXOA0M K cepaueBuHe. [lokasaHo, 4to KapOOHUTpauus
obecrieurBaeT pPaBHOMEpPHYIO 00pabOTKy BHYTPEHHHX [MOJNOCTeH Jeraneil CIIoXHOW (opMbl,
HEIOCTYIHBIX I METO/IOB IPSIMON BUAUMOCTH, IPH MUHUMAITBHBIX Aepopmanusx. O6G0CHOBaH BBIOOP
KapOOHHUTpALMU B KAYeCTBE OCHOBHOI'O METO/Ia YIIPOUYHEHUs,  OOPUPOBaHUS — KaK JIOIIOJIHUTEIBHOTO
JUIsL 30H KacaTelbHOro a0pa3uBHOrO u3HamMBaHWsA. O)KugaeMoe yBEeIMYEHHE pecypca jaeranel
cocrasnser 2,4-3,6 paza mpHu CPOKe OKYNAeMOCTH 3aTpaT MEHEee OJJTHOTO rofa.

XUMHUKO-TepMHYeckas 00paboTka, KapOOHUTpalLws, OOPUPOBaHKE, a30TUPOBAHUE, W3HOCOCTOHKOCTS,
TPYHTOBBII HAcOC, (hIOTAILKSA, MUKPOTBEPAOCTD, THAPOAOpa3HBHOE 3HAIIMBAHKE, TH(D(Y3HOHHBIN CITOM

1 BBeIleHl/Ie MPOM3BOJUTENBHOCTh Tepefena, TMOCKONbKY BBIXOI U3

I'pyHTOBBIE (ITyTBIOBBIE) HACOCHI SBIISIOTCS KITFOUEBBIM

CTpOS OJHOTO Hacoca B TEXHOJNOTHYECKOH LETouKe
MPUBOIUT K OCTaHOBKE YydacTka. OCHOBHOH NpHUYMHOMN

obopymoBaHueM oOoraTuTenbHbIX (abpuk, obecrieunBast BBIXOZa HAaCOCOB M3 CTpod ABJACTCA MHTCHCHBHOC
MEXKOIEPAHOHHBIN TPaHCHOPT abpa3uWBHOM IMyNbIBI HA THPOabpasHBHOE H SpO3HOHHOC H3HANINBAHHC
BCeX CTaausax wu3MenbueHus W (roramuu. HanéxHocTh BHYTPCHHUX MOBEPXHOCTEH JeTajell NPOTOYHOMH YacTH —
HACOCHOTO  OOOpYMOBaHHS  HANPSAMYIO  OMpenessierT pabounx  Koméc, OpOHENWCKOB ¥ KOpITyCa-yIHTKH,
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KOHTAaKTHPYIOIUX C TOTOKOM ITyJIbIIbI,
TBEPbIE MUHEPAIbHBIE YacTUIH [ 1, 2].
VIHTCHCHBHOCTh HM3HAILIMBAHMS JETalied BO3pacTaer ¢
YBEJIMYCHHEM  CKOPOCTH  MOTOKa  (TPUOIIM3HUTENBHO
MPONOPIMOHATBHO  TPEThEH  CTENEHH  CKOPOCTH),
KOHIICHTPAIMK U KPYIMHOCTH TBEPAON (asbl. Dpo3noHHOE
pa3pylIeHHe 3aBUCHUT TaKXe OT yrila aTakW YacTHIL UL
[UIACTHYHBIX MAaTEpPHAJIOB MAKCHMYM H3HOCA IMPUXOIHUTCS
Ha cpemnue ymisl (okomo 30°), misg Xpynmkmx — Ha
HOpMAaNBHEIN yrap [2, 3]. [lepepabarpiBaemble Ha pabpukax

cozeprkauien

AO «Anvamsikcknii 'MK»  MenHO-MONMOIEHOBBIE U
MOJIUMETAUIMUECKUE  PyAbl  COJEp)KaT  3HAYUTENbHOE
KOJIMYECTBO KBapId, 4YTO OOYCIOBIHMBAET BBICOKYIO

a0pa3uBHOCTB ITYJIBIT ¥ MAJIBIH PECypc JeTalei.

TpamuumoHHEIe cOCOOBI GOPHOBI C M3HOCOM HMEIOT
cymiecTBeHHBle  orpaHmdeHusi.  OOBEMHO-YIIPOYHEHHBIE
MaTepuanbl  (BBICOKOXPOMECTBIE W HHKEIbXPOMHCTBIE
YyTyHbl) 00J1aJal0T BEICOKOI aOpa3uBHON CTOMKOCTBIO, HO
XpYIIKH, TUIOXO 00padaTeIBAalOTCS W YyBCTBHTEIBHBI K
yaapHeIM Harpy3kam [1]. OmacromepHsle (yTepoBKH
9 (QEeKTHUBHB JHIIF HAa TOHKOAWCIIEPCHBIX ITyJbllax M
HETIPUTO/IHEI TIPH HaJIMYIWH KpymHoro abpasmsa. Hamraska
n rasorepmuueckoe Hampuienne (HVOF) ¢opmupyror
TOJICTBIE HW3HOCOCTOMKHE CJIOH, OJHAaKO paboTalT 110
MPUHLMUITY TOPSIMOW  BHIMMOCTH W HE  TO3BOJSIIOT
Ka4yeCTBEHHO 00padaThIBaTh BHYTPEHHHE IOJOCTH U y3KHE
KaHaJIbl IeTajei CJI0XKHOM OpPMBI; KpOME TOT0, HOKPBHITHIM
CBOWCTBEHHBI OCTATOYHASI IOPHUCTOCTH M PUCK OTCIIAMBAHMUS
[4].

XUMHUKO-TepMHUYECKast obpabotka  (XTO)
1 dy3MOHHOE HACHIIIEHNE TOBEPXHOCTHOTO CJIOSI MEeTallIa
a30TOM, YIJepoJoM WIH OOpOM — JIMIIEHa YKa3aHHOTO
HEJOoCTaTKa. YTPOUHEHHBIH CIO0H (opMupyercs B caMoM
MeTajule IeTalll, IPOYHO CBA3aH C OCHOBOM M HE CKIIOHEH K
oTciauBaHuio 5, 6]. [Tpu nposeneHuu npolecca B paciuiaBe
coseil HachlllleHHEe NPOMCXOAWT OAHOBPEMEHHO Ha BCEX
CMOYCHHBIX IIOBEPXHOCTAX JETald HE3aBHCHUMO OT HX
JIOCTYITHOCTH, 4TO obecrieunBaeT paBHOMEpHOE
yOpOYHEHUE BHYTpeHHUX mnosocTeil. Llenpio Hacrosmei
paboThl sABISIETCA CpaBHHUTENbHAas oOleHKa MeronoB XTO
(a3oTupoBaHMs, KapOOHHTpAalMd U OOpPHUPOBAaHHS) U
000CHOBaHME  pPALMOHAIBHOIO  CHOCO0A  NOBBILIEHHSA
HM3HOCOCTOMKOCTH BHYTPEHHUX I[OBEPXHOCTEH I'PYHTOBBIX
HAcOCOB.

2. MeToauka uccjaeI0BaHUA

OOBEKTOM  HUCCIIENOBaHUS  CIY)KWIH 00pasipl  u3
yraepoaucToit cranu 45 u neruposanHoi cranu 30XI'CA,
MOJICIMPYIOIE MaTepuasl JAeTajell NpOTOYHOH YacTh
HAcOCOB. XMMHUYECKHIA COCTaB CTajell MpuBeAEH B TabIuLe
1. Cranp 30XI'CA mepea  XHUMHKO-TEPMHUYECKOH
00paboTkoit MoJIBEpraiu MpeABaPUTEIILHOM
TepMooOpaboTKe — 3aKajike C BBICOKMM OTIIyCKOM Ha
CTPYKTYpPy  3€pHHCTOrO copOura, 00eCHeYHBaIOIIyIO
MPOYHYIO U BSI3KYIO CEPALICBUHY.
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Tab6aumna 1

Xumuuecknii cCOCTaB HCCJIeAyeMBbIX cTaJeii, %o (Macc.)

AEIE) C | cr | Mn |Si/npoune
CTaIH

0,42— 0,50- | 0,17-0,37,

Crame 45 050 | <025 080 | Fe— och

0,28- | 0,80- | 0,80- | 0,90-1,20;

30XTCA 034 | 110 | 110 | Fe— oci.

CpaBHUBaIM  TpH  BHOA  XHUMHKO-TEPMHYECKOU

obOpaborkn. ['a3oBoe a30THpOBaHHWE IPOBOMWIN IIPU

temneparype 500520 °C.  HuskoremneparypHyro
KapOOHHTpAIHNIO BEITTONHSUTH B pactuiae coureil npu 570 °C
B TeueHue 1,5-2,5 4 ¢ HOCIEAyOIUM OXJAaXKACHUEM Ha
BO3AyXe WM B Macje; B KadecTBE OCHOBBI pacIUIaBa
WCTIONB30BAIM IIMAaHAT M KapOoHaT Kamws, a B Ooiee
Oe3ormacHOM BapHaHTe — KapOaMHI B COYETAaHHH C
kapOoHaToM Kamma. JKuIOkocTHOe — 0Oe33JIeKTpOIH3HOE
O6opupoBanue npoBoH Tipu 950 °C B TeueHue 4 9 ¢
OXJIQKIACHHEM Ha BO3JyXeE.

CrpoeHnne YIPOYHEHHBIX CII08B U3yJan
MeTaIorpaMyeckl Ha ONTHYECKOM MHKPOCKOIIE TPU
ysenuuenuu 200 kpat rocie TpaBieHus B 3—4-IIpOLEHTHOM
pacTBOpe a30THOW KHCIOTBI B JTHJIOBOM  CIIUPTE.
MHUKpOTBEPIOCTE M3MEPSUTH METOJOM BOCCTAHOBJICHHOTO
ornevaTka no Bukkepcy npu Harpyske 0,98-1,96 H c
TOCTPOSHHEM TIPOodHIIe pactpeieNeHUst IO TONIIHHE CIIOS.
M3HOCOCTOMKOCTD OIIEHUBANIN MO Pe3yabTaTaM HCHBITaHUI
Ha TUapoabpa3WBHOE W3HAIIMBAHHE B  CYCIICH3WH
KBapLEBOro MecKa MpH Pa3IMYHBIX yriax aTakh MOTOKa;
MEpON CIyXKUJIa OTHOCHTEIbHAas M3HOCOCTOMKOCTh —
OTHOLICHUE IOTEPH MAacchl HEYNPOYHEHHOro obpasma K
noTepe Macchl ynpouH&HHoro. Pe3ynbrarsl oOpabarbiBanu

MeToJaMu MaTeMaTH4eCKOH CTaTUCTHKU pu
JoBepuTenbHON BeposiTHocTH 0,95.
3. Pe3yJIbTaTbl u oﬁcyplmemm
MerastorpadpuuecKumMu HCCIIEeIOBAHUAMU

YCTAQHOBJICHO, 4YTO a30THPOBaHHE W KapOOHUTpALH
¢dopmupyrot 1uddy3ronnsie cnou TonmuHoi 200300 MM
C TOHKHM BEPXHHMM CIIOEM XHMHYECKHX COCAMHCHHH H

MPOTSKEHHOM b y3noHHOM 0/I30HO,
obecrieunBaroLIeil IUIABHOE CHW)KEHHE TBEPAOCTH K
cepaueBuHe.  bopupoBaHue — co3ma€T  XapakTepHbIi

nByx(dasHplii  GOPUAHBIA CIIOW HroNBYaTOr0 CTPOCHHS
o0meil  ToMIMHON OKOoimo 70 MKM, COCTOSIIMH U3
MOBEPXHOCTHOHU 30HBI 6opraoB FeB (~35 MkMm) u moaciost
Fe:B (=30 wmkm). Ilepexomnas muddysnoHHas 30Ha
MPaKTHYECKH OTCYTCTBYET, BCIEACTBHE YEro TBEPIOCTb
PE3KO CHWXKAeTCst 10 3HAUSHUH TBEPJOCTH CEpJLICBHHBIL.
Paznuune K03pUIMEHTOB TEPMHUYECKOr0 paCIIMPEHUS
OOpHIOB M pPACTATMBAIOIINE OCTATOYHbIC HAINPSDKEHHS B
¢dasze FeB 00ycioBIMBaIOT MOBBIIICHHYIO XPYIKOCTh
GOPHUIHOTO CJIOSI M €r0 CKJIOHHOCTb K BBIKpaInBanuio [ 7, 8].
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MNoBepxHOCTHaa MUKPOTBEPAOCTL cTanen 45 n 30XICA
nocne pasnuyHbix eugoe XTO

| Ctank 45
B Cranb 30XICA

20000 4

15000 A

10000 A

5000

MosepxHOCTHaA MUKPOTBEPAOCTL, MMa

U E
AzoTwpoBaHue

KapboHuTpauma

22000

BopupoeaHue

Puc. 1. [ToBepxnocTHass MUKPOTBEpPAOCTH cTaseii 45 n 30XI'CA mnocie pazanynbix BuaoB XTO

Pesynbrars U3MEpeHHs MOBEPXHOCTHOM
MHKPOTBEPJIOCTH TpHBE/EHb! Ha pucyHke 1. bopupoanue
obecrieunBaeT HauWBBICIIYIO TBEPHOCTH — 10 20000 MIla
s cramu 45 m go 22000 MIla s cramm 30XT'CA.
A3soTHpoBaHHUe U KapOOHUTpALHS JAI0T YMEPEHHO BBICOKYIO
TBEéprocTh: 5500 1 5000 MIla st cranu 45 u 8900 u 8000
Mlla nns cramu 30XI'CA  coorBercTBeHHO. IIpupoct

TBEPIOCTH TPU TEpexoje OT YIVICPOMUCTOW CTalu K
JIETMPOBaHHOM cocTaBisier okoio 60 % u oObscCHAeTcs
00pa3oBaHMEM JUCHEPCHBIX CIELMATbHBIX HUTPUIOB U
KapOOHUTPHUJIOB XpPOMa, MapraHiia 1 KpeMHHU, 00J1aJatoImX
Oomee  BBICOKOM  TBEPNOCTBIO U TEPMUYECKOM
CTaOWJIBHOCTBIO, UEM COCTHHEHHUS Kere3a [5].

PacnpefneneHne MUKpPOTBEPAOCTU NO TONLWUHE
YMNpO4YHEHHOro cnos ctanum 30XICA

m— A30TUpPOBAHUE
- KapboHuTpauns

8000 A
1]
=
=
£ 6000 4
o
o
=}
o
B
IO- 4000 A
(=1
b4
s
=

2000 A

0 T T T T T
0 50 100 150 200 250 300

PaccTosiHwe oT NOBEPXHOCTW, MKM

Puc. 2. Pacnpeaesenne MUKPOTBEPIOCTH 110 TOJIIHHE YIIPOUHEHHOTO cJiosi ctaau 30XT'CA

Ipodunn  pacrpeneneHuss  MHUKPOTBEPIOCTH IO
TOJILIMHE ciost (pucyHok 2) TIOATBEPKIAIOT
NPUHIMIUATIBHOE DPA3IMYde METOJOB: A30THPOBAHWE U
kapOoHHUTpanus GOPMHUPYIOT IUIABHBIN MEepPeXo.] TBEPIOCTH
OT MOBEPXHOCTH K cep/ueBuHe Ha riayoune 200250 MM,
4TO0 00ECHEeYrBaACT XOPOIIYIO HECYIIYIO CIIOCOOHOCTD CIOSI
U CONPOTHBIICHHE BBIKPAIMBAHHIO, TOr/la KaK OOPHAHBIN
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cJI0i1 XapakTepu3yercs pe3koil rpanuneid. [loBepxHOCTHBIH
KapOOHHUTPUAHBIH CIIOHN MPEACTABIICH MPEUMYIIECTBEHHO &-
kapOonutpuznom  xkenesa  Fe»s(N,C), obGnamarommm
TIOBBIIIIEHHON KOPPO3MOHHOM CTOWKOCTBIO, YTO Ba)KHO B
YCIOBUSIX  KOPPO3HOHHO-3PO3HOHHOIO BO3/EiCTBUS
myJsIsI [9].
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OTHOCNTENbHAA U3HOCOCTOMKOCTb YNPO4YHEHHBIX CNOEB
npw ruapoabpasMeHOM W3HaLIWBaAHUN

OTHOCHTENBHAR M3HOCOCTONKOCTL

bes
YNPOYHEHHA

A30TH-
poeanne

KapboHuT- KapboHuT- Bopupo-
pauua pauma BaHue
(cTans 45) (30Xrca)

Puc. 3. OTHOCHTE/IbHASI H3HOCOCTOHKOCTH YNIPOYHEHHBIX CJIOEB NPU I'HAPOadPa3HBHOM H3HALINBAHUI

PesynbraTtel  ucnblTaHMH ~ Ha  ruApoaOpa3suBHOE
W3HaImVBaHue (PUCYHOK 3) TMOKa3ajH, YTO HanOOJBIIYIO
OTHOCHTEIIBHYI0 ~ W3HOCOCTOMKOCTb IIPU  KacaTelIbHOM

a0pa3uBHOM BO3/ICHCTBHM oOecrieunBaeT OOPHUIHBIA Cioi
(4,5). Opmmako it OOpUIHOTO  CIOST  MaKCHMYM
WHTCHCHBHOCTH M3HAIIMBAHUS CMEIIEH B 00JIACTD NPSIMOTO
yaapa (=90°), rae Xpynkuil clioll BBIKpalIMBaeTCs, U €ro

npeumy1ecTBo HuBenupyercs [10]. KapGoHuTprpoBaHHbIe
cion, ocoberHo Ha nerupoBanHoi ctamn 30XT'CA (3,8),
00€ecIIeunBaroT BHICOKYIO U CTa0MIBHYIO0 H3HOCOCTOHKOCTh
BO BCEM JIMaNa30He YIJIOB aTaky 0e3 MPU3HAKOB XPYIKOIO
paspyIIeHus. O60061EHHEIE XapaKTEePHCTHKH
YIPOYHEHHBIX CIIOEB NTPUBECHBI B TabuIe 2.

Tabnnna 2
CpaBHuTeibHbIe XapakTepucTuku MeTo10B XTO ucciienyembIx craJeit
Temmneparypa, | Toammua cjiosi, | HV nos., MIla (45 /
Meton oC MEM 30XT'CA) XapakTepHCTHKA CJIOS

A30THpOBaHHE 500-520 200-300 5500 / 8900 BASKHH, TIABHBI MICPEXOML, JUTHTCITBHAIM
nporiecc
BSA3KUM, KOPPO3MOHHO-CTONKUIA; Majible

KapOonurpanus 570 ~200 5000 / 8000 nedopmarn; 00paboTKa BHYTPEHHUX
MOJIOCTEH

Bopuposanune 950 ~70 710 20000 / 10 22000 | SBEPXTBEPABIH, XPYIKHH, PasyTPOUHCHHC
CepJILIECBUHBI

Jlns ynpouHeHUs BHYTPEHHHMX [OBEPXHOCTEH JeTanei
CIIOXKHOM  (opMBI  peluaroliee  3HAUYCHHE  HUMEET
COBOKYITHOCTb TEXHOJIOTMYECKMX U O3KCIUIyaTal[MOHHBIX
cBoiicTB. HuskoremneparypHast KapOOHHTpaLys B paciuiaBe
colell YHMKalbHO COYETaeT JOCTaTOYHYIO TBEPIOCTH C
BA3KOCTBIO M IUIABHBIM IIEPEXOAOM K CEpALCBHHE,
MOBBIILIEHHYI0 ~ KOPPO3HOHHYIO  CTOMKOCTb,  MaJble
nedopmanuu (BCIeICTBHE HU3KON TeMIepaTypsbl mpoiecca
570 °C) ¥ NpUHLMIHAIBHYIO BO3MOXXHOCTh PaBHOMEPHOI
00paboTKH IITyXUX BHYTPEHHHX MOJIOCTEl paboyero Koieca
U ynuTKH. bopupoBaHHe, HECMOTpS Ha MAaKCHMAJbHYIO
TBEpHOCTh, mpoTekaer mpu 950 °C, BbI3bIBaeT
pa3ylnpo4yHEeHHE CEepALEBUHBI U KOPOOJICHHE, a XPYIKHUi
CIIOW  BBIKpAIIMBAaeTCs IO  yJapaMd 4YacTHl, 4TO
orpaHu4uBaeT obnacts ero npumenenws [7, 8, 10].

Ha ocHOBaHMM TIOJNy4YEHHBIX JaHHBIX B KauecTBe
OCHOBHOT'O METO/Ia YIIPOYHCHHS BHY TPEHHHUX OBEPXHOCTEN
TPYHTOBBIX HACOCOB OOOCHOBaHa KapOOHUTpauus, a
6OpHpOBaHHE PEKOMEHIOBAHO KaK JJOTIOJHUTEIbHBINA METO.
JUISL 30H KacaTeJIbHOTrO aOpa3svBHOIO W3HALIMBAHMS TPH
MaJbIx YZIapHBIX HarpysKax. Lenecoobpasen
i depeHnnpoBaHHbIi (30HATBHBIN) TOXO, IPH KOTOPOM

June, 2026
Research, Innovation, Results

260

B KaXIOH 30HE JETAIN PEAIU3YIOTCS CHJIbHBIE CTOPOHBI
cootBercrByomero Mmerona XTO. Oxunaemoe yBenuueHue
pecypca aerayied Npu KapOOHUTPALMU COCTAaBISAET OKOJIO
2,4 pa3a, a mpy KapOOHUTPALIMHK C OJJHOBPEMEHHOM 3aKaJIKON
CeplIeBUHBl — JI0 3,6 pa3a, 4TO COIOCTaBUMO C YPOBHEM
BBICOKOXPOMHCTOI'O 4yryHa IIpY CYLIECTBEHHO MEHbIUEH
CTOMMOCTH M OOJbIIEH TEXHOJIOIMYHOCTH. TEXHHKO-
SKOHOMHUYECKasi OLEHKA II0KA3bIBACT, YTO KalUTalbHbIC
3aTpaThl HA OPraHU3aLMIO YYaCTKa YIIPOYHEHUs OKYIAKTCS
MEHee YeM 32 OJIMH I'0Jl SKCIUTyaTaluH.

4. 3akaoueHue

— OCHOBHOHI TNPUYMHON BBIXOJA U3 CTPOs AeTaieit
MPOTOYHOW YacTH TPYHTOBBIX HAcOCOB (HIOTALMOHHOTO
nepenena SIBIICTCA IHAPOaOpa3sUBHO-3PO3HOHHOE
W3HAIIMBAaHUE BHYTPEHHUX IIOBEPXHOCTEH, YTO ONpeensieT
HEOOXOMMOCTbD MX TIOBEPXHOCTHOTO YIPOUHEHHUS.

— bBopupoBanue  obecreuuBaeT — MaKCHMAIbHYIO
TIOBEPXHOCTHYI0 MHUKpPOTBEpHOCTH (mo 22000 MIla), HO
(dopmupyer ToHKHH (~70 MKM) XpyNKUA 1BYX(pa3HbIH cinoi
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6e3 Mepexo/HOM 30HBI, CKJIOHHBIH K BBIKPALIMBAHHIO TIPU
yIapHOM BO3JICHCTBUH u COIPOBOKIAFOLIHIACS
pa3ynpoYHEHHEM CEPALICBHUHBI.

— Huskoremneparypsast kapOoHuTpanus hopMupyer
cioii TomuHo# ~200 MM ¢ MukpotBEépaocThio 5000-8000
MIlIa, couetaromuii TBEPIOCTH € BA3KOCTbIO, KOPPO3ZHOHHOM
CTOMKOCTBIO U TIJIABHBIM IIEPEXOJIOM K cepliiieBUHE; ekt
ynpouneHust nerupoBanHoi cramm 30XI'CA npumepHO Ha
60 % BbIIIIE, YeM YTIICPOAUCTOMN cTau 45.

— B kauecTBE OCHOBHOTO METOJa YIPOYHCHUS
BHYTPEHHHX IOBEPXHOCTEHl [eTaneil rpyHTOBBIX HACOCOB
00ocHOBaHa KapOOHHTpanys, obecrieunBaroas
paBHOMEpHYI0O 00pabOTKy BHYTPEHHHX IIOJIOCTEH IIpH
MUHHMAaJIBHBIX nedopmarisx; OGopupoBaHHe
PEKOMEH/IOBAHO KaK JIONOJHUTENbHBI METOA Ui 30H
KacaTeIbHOro abpa3uBHOTO N3HAIIHBAHHSL.

— IIpumenenue KapOOHUTpAIHN TIO3BOJIIET
YBEIMYUTh pecypc Aetaied B 2,4-3,6 pasa Ipu cpoke
OKYIIaeéMOCTH  3aTpaT MeEHee OJHOrO Toja, YTO

moaTBepxkaacT 3(pPEeKTUBHOCTE MpeIaracMoro penicHust
qutst yenoBuit AO « Amvasikekuii TMK».
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Investigation of the mechanism and factors influencing the process of

dephosphorization during the smelting of 20GL steel

N.K. Tursunovt®2 N.K. Kodirova!, Z.F. Rakhmatova!, M.B. Abdulazizov!

Abstract:

Keywords:

1Tashkent state transport university, Tashkent, Uzbekistan

This article examines the influence of hydrogen in 20GL cast steel on metal properties, as well as methods
for reducing its content. Hydrogen is present in molten form within steel, and its excessive concentration
causes the formation of flukes, internal cracks, and other structural defects. In the study, the
thermodynamic state of hydrogen was modeled using Sivertz's law and interaction parameters based on
the chemical composition of 20GL steel. The activity coefficient and equilibrium concentration of
hydrogen were calculated, and it was found that an increase in temperature between 1848-1898 K
increases the solubility of hydrogen in the metal. Based on the results obtained, the importance of
optimizing the pouring temperature in limiting the amount of hydrogen is substantiated. The effectiveness
of off-furnace argon blowing and vacuum treatment methods in reducing hydrogen was also analyzed.
The research results serve as a scientific and practical basis for improving hydrogen control in the
production of high-quality cast steel and preventing irreversible defects such as floken.

steel grade 20GL, hydrogen degradation, Sieverts' law, thermodynamic modeling, activity coefficient,
flakes, ladle metallurgy, argon purging, vacuum degassing

20GL markali po‘lat tarkibidagi vodorodning metall xossalariga ta’siri

hamda uni kamaytirish jarayonlarini tadqiq etish

Tursunov N.Q.1®2 Qodirova N.Q.}, Raxmatova Z.F.}, Abdulazizov M.B.!

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Zamonaviy metallurgiya sanoatida po‘lat va qotishmalar

1Toshkent davlat transport universiteti, Tashkent, O¢zbekiston

Ushbu maqolada 20GL markali quyma po‘lat tarkibidagi vodorodning metall xossalariga ta’siri hamda
uning miqdorini kamaytirish usullari o‘rganilgan. Vodorod po‘lat tarkibida erigan holda mavjud bo‘lib,
uning ortigcha konsentratsiyasi flokenlar, ichki yoriglar va boshga strukturaviy nugsonlarning hosil
bo‘lishiga sabab bo‘ladi. Tadqiqotda 20GL po‘latining kimyoviy tarkibi asosida vodorodning
termodinamik holati Siverts qonuni va o‘zaro ta’sir parametrlari yordamida modellashtirilgan.
Vodorodning aktivlik koeffitsiyenti hamda muvozanat konsentratsiyasi hisoblanib, haroratning 1848—
1898 K oralig‘ida ortishi metalldagi vodorod eruvchanligini oshirishi aniglangan. Olingan natijalar
asosida quyish haroratini optimallashtirishning vodorod miqdorini cheklashdagi ahamiyati asoslab
berilgan. Shuningdek, pechdan tashqari argon bilan puflash va vakuum ostida ishlov berish usullarining
vodorodni kamaytirishdagi samaradorligi tahlil qilingan. Tadqiqot natijalari yuqori sifatli quyma po‘lat
ishlab chigarishda vodorod nazoratini takomillashtirish va floken kabi qaytarib bo‘lmaydigan
nugsonlarning oldini olish uchun ilmiy-amaliy asos bo‘lib xizmat giladi.

20GL markali po‘lat, vodorod destruksiyasi, Siverts qonuni, termodinamik modellashtirish, floken,
pechdan tashqari ishlov berish, argon bilan puflash

yoriglarini, ya’ni flokenlarni Kkeltirib chiqarishi bilan
mashhur bo‘lib, metall ishlab chiqarishda to‘g’rilab
bo‘lmaydigan bu nugsonlar sirasiga kiradi. Makroshliflar

sifatini ta’minlash muammosi ilmiy va amaliy jihatdan
tobora dolzarb ahamiyat kasb etmoqda. Po‘latning mexanik
xossalari, xizmat muddati va ekspluatatsion ishonchliligi
ko‘p jihatdan uning tarkibidagi gaz va gaz hosil giluvchi
elementlar, yani vodorod, azot va kislorod migdori hamda
tagsimlanish xususiyatlariga bog’ligdir. Ushbu gazsimon
moddalalar orasida vodorod o‘zining yuqori diffuzion
harakatchanligi, kichik atom radiusi va metallga nisbatan
yashirin, ammo zararli ta’siri tufayli alohida o‘rin egallaydi.
Aynan vodorod metall va gotishmalardagi nugsonlarning
eng xavfli turlaridan biri - ichki tuzilishdagi vodorod

3 https://orcid.org/0009-0008-7910-3980
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yuzasiga ishlov berilganda 10 mm gacha bo‘lgan kichik
uzunlikdagi tukchalar ko‘rinishida kuzatiladigan po‘latning
ichki yoriglariga flokenlar deyiladi.

Mikroskopda qaralganda flokenlar juda mayda
tishsimon qirrali yoriglar ko‘rinishida namoyon bo‘ladi, bu
esa yoriglarning metall donalarining sirpanish tekisliklari
bo‘ylab siljishi natijasidir.

Flokenlar sinishda, aynigsa termik ishlov berilgan
po‘latda oson topiladi, bunda ular umumiy mayda donali
yoki tolali fonda kumushsimon ovalsimon dog‘lar
ko‘rinishida ko‘zga tashlanadi. Kumushsimon dog‘lar ichki
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yoriglarning devorlaridan iborat
(1-rasm).

Vodorod temir va uning gotishmalarida atomar holatda,
ya’ni kiritma eritmasi shaklida eriydi va uning eruvchanligi
Siverts qonuniga bo‘ysunadi. Qattiq metallda vodorod bir
necha ko‘rinishda mavjud bo‘ladi: kristall panjarasining
bo‘sh oraliq tugunlarida joylashgan erkin, diffuzion
harakatchan atomar (proton) vodorod; vakansiyalar,
dislokatsiyalar va fazalararo chegaralar bilan bog‘langan
atomar (kovalent) vodorod; mikrog‘ovaklar va yoriglar
ichida molekulyar (Hz) holida joylashgan vodorod; hamda
titan, sirkoniy, niobiy va nodir-yer metallari bilan kimyoviy
birikma - gidridlar hosil gilib bog’langan vodorod. Har bir
ko‘rinish po‘latning xossalariga turlicha ta’sir ko‘rsatadi va
ularni nazorat gilish metallurgik jarayonning asosiy
vazifalaridan biri hisoblanadi.

1-rasm. Po‘lat tuzilishidagi flokenlar

Vodorod miqdori va tagsimlanishi po‘latda bir gancha
xarakterli nugsonlarni keltirib chigaradi. Eng xavflisi va
keng targalgani - flokenlar bo‘lib, ular ichki vodorod
yoriqlar ko‘rinishida namoyon bo‘ladi. Flokenlar po‘latning
sinish sirtida kumushsimon dog‘lar shaklida ko‘rinadi va
GOST 10243 standartiga muvofiq templetin sindirilishi
orqali aniqlanadi. Bu nugson qaytarib bo‘lmaydigan
xususiyatga ega, ya'ni floken hosil bo'lgan po‘latni qayta
ishlov berib tiklash mumkin emas. Bundan tashgari, vodorod
metall ichida vodorod g‘ovaklari va pufakchalar ham hosil
qilishi mumkin. Qaysi nugson turi paydo bo‘lishi po‘latdagi
vodorod miqdori va prokat galinligiga bog‘liq: qalin kesimli
(50 mm dan yuqori) konstruktsiyalarda - balkalar, relslarda
- floken xavfi eng yugori bo‘lib, 28-40 ppm dan ortiq
vodorod konsentratsiyasida yuzaga keladi; o‘rtacha
galinlikdagi (18-28 mm) quvurli va kema po‘latlarida -
vodorod g‘ovaklari xarakterli; yupqa (1-5 mm) sovuq va
issiq prokatda esa vodorod pufakchalari dominant nugson
hisoblanadi.

Fe atom
Cu atom
Mn atom

Si atom

H=atom

e - @OO@

N-atom

C-atom 0

2-rasm. Temirning y-fazasidagi hajmi markazlashgan

kubik kristall panjarasida erigan element atomlarining
joylashish sxemasi
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Vodorodning po‘latga asosiy kirib kelish manbalari
sifatida nam shlak hosil giluvchi materiallar, aynigsa yugori
gigroskopiklikka ega bo‘lgan ohak, ferroqotishma va
zanglagan metalloshixta, suvli sovutish tizimining germetik
emasligi, shuningdek, metall vanna purkaladigan kislorod
ko‘rsatiladi. Shu boisdan metallurgik amaliyotda vodorod
miqdorini kamaytirish uchun bir gancha usullar qo‘llaniladi:
oksidlanish davrida uglerod bilan (kamida 0,20-0,30 % C);
metallni argon bilan puflash; pechdan tashgari vakuum
ishlov berish; flokenga garshi toblash va metallning ma’lum
muddat saglash usuli. RH vakuumator qurilmasida
vakuumlash vagtining oshishi bilan vodorod miqdori keskin
kamayishi eksperimental ma’lumotlar bilan tasdiglangan.

2. Tadgiqot metodologiyasi

Metall tarkibidagi vodorodni aniglash uchun, 20IJI
markali po‘lat tanlandi. 1-jadvalda TOCT 22703-2012
hamda 32400-2013 bo‘yicha ushbu markani Kkimyoviy
tarkibi keltirilgan.

1-jadval
20GL po‘lat kimyoviy tarkibi, % (mass.)
C Si Mn P S Al Fe
0,20 | 035 | 1,15 O'gl 0';)1 0'84 qolgani

Suyuq metalldagi vodorodning eruvchanligi  Siverts
gonuniga bo‘ysunadi va quyidagicha ifodalanadi:

~{H2=[H] 1)

Bu (1) reaksiyaning Gibbs energiyasi (2) muvozanat
konstantasi (3) ifodaga teng:

AG = 36500+ 30,46T 2
_ MG _  (36500+3046T), 3
lgkp = 2,3RT 2,3-8,314T ' ®)

bu yerda:R = 8,314J/(mol-K) - universal gaz doimiysi;

T- absolyut harorat, K.

Ikkinchi tarafdan, 4-tenglamaga ko‘ra muvo-zanat
doimiysi P=1 atm.da, (4) ifodaga teng:

Kp = F = [H] - fu. 4)

Agar (4) ifoda logarifmlanib (3) ifodaga tenglashtirilib
hamda amallar bajarilgandan so‘ng (5) va (6) ifoda hosil
bo‘ladi:

lgKp = lg[H] + lgfu (5)

lg[H] = =2 - 1,59 — lgfy. (6)

bu yerda: [H] — metal tarkibidagi vodorodning miqgdori,

%;
fu— vodorodning aktivlik koeffitsiyentlari.
5-tenglamadan foydalanib turli harorat uchun muvozanat
konstantasi hisoblanadi. Vodorodning aktivlik

koeffitsiyentini turli haroratlarda hisoblash uchun 7-

ifodadan foydalanildi.
19fu = o - (5[C] + el [Mn] +

+eSl[Si] + eh[P] + e5[S]+ eALALD; ©
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bu yerda: eZ[R] — metal tarkibidagi [R] kompo-
nentining vodorod bilan ta‘sirlashish parametri.

Metall tarkibidagi komponentlarning vodorod bilan
ta‘sirlashish parametrlari 2-jadvalda keltirilgan.

2-jadval

Birinchi tartibli ta’sirlashish parametrlari
en | [C1 | [S1 | Mn] | [P] | [S] | [Al]
es | 0,06 | 0,027 | -0,0014 | 0,011 | 0,008 | 0,013

Keltirilgan hisob-kitoblar asosida metall tarkibidagi
vodorod miqdorini haroratga bog’liglik grafigi 3-rasmda
keltirilgan.

0.0025

0.0024

S5
=

0.0023

0.0022

1840 1860 1880 1900

>

3-Rasm. Metal tarkibidagi vodorod miqdorini
haroratga bog’liglik grafigi

3-rasmda keltirilgan hisobiy natijalardan ko‘rinadiki,
1848-1898 K harorat oralig‘ida 20GL markali po‘latdagi
vodorodning muvozanat  konsentratsiyasi muntazam
ravishda ortib boradi. Haroratning oshishi bilan vodorodning
suyuq temirdagi eruvchanligi ortishi Siverts gonuni bilan
izohlanadi va bu holat metallning gazlarni yutish
gobiliyatining  kuchayishini ~ ko‘rsatadi. =~ Hisoblash
natijalariga ko‘ra, mazkur harorat diapazonida vodorod
miqdori taxminan 0,00229 % dan 0,00244 % gacha oshadi,
ya’ni o‘sish miqdori 6-7 % ni tashkil etadi. Bu esa quyish
haroratining ortishi metallning vodorod bilan to‘yinish
xavfini sezilarli darajada kuchaytirishini ko‘rsatadi. Natijada
gotish jarayonida vodorodning ajralib chigishi giyinlashib,
metall ichida flokenlar, mikroyoriglar va gaz g‘ovaklari
hosil bo‘lish ehtimoli ortadi. Shuning uchun yuqori sifatli
quyma po‘lat olishda quyish haroratini texnologik jihatdan
magbul darajada ushlab turish, shuningdek, pechdan tashqari
argon bilan puflash va vakuumlash kabi degazatsiya
usullaridan foydalanish muhim ahamiyat kasb etadi. Olingan
natijalar 20GL markali po‘lat ishlab chiqarishda vodorod
miqdorini nazorat qilish va vodorod bilan bog‘liq
nugsonlarning oldini olish uchun ilmiy asos bo‘lib xizmat
giladi.

3. Xulosa

Ushbu maqolada po‘latdagi vodorodning miqdoriy
ko‘rsatkichlari, uning kristall panjara bilan o‘zaro ta‘siri,
turli gotishma elementlarining vodorod eruvchangligiga
ta’siri, vodorod keltirib chigaradigan nugsonlarning tasnifi
hamda ularning oldini olishga gqaratilgan zamonaviy
metallurgik usullar chuqur o‘rganildi.
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Vodorod miqdorini kamaytirish bo‘yicha metallurgik
usullar tahlili asosida eng samarali yondashuv - pechdan
tashgari vakuum ishlov berish, metallni argon bilan
ko‘rsatildi. Xususan, argon bilan puflash usuli alohida
ahamiyat kasb etadi: kovsh yoki pechning tubiga o‘rnatilgan
g‘ovak tosh orqali suyuq metall ichiga yuborilgan argon
pufakchalari metallda erigan vodorod va azotni ushlab
yugqoriga chiqarib yuboradi, nometall qo‘shimchalarni sirtga
ko‘taradi hamda metallning tarkibini bir xillaydi. Argonning
inert gaz sifatida metall bilan hech ganday kimyoviy
reaksiyaga kirmasligi uni ushbu jarayon uchun eng magbul
tanlov giladi. Oksidlanish davrida kamida 0,20-0,30 %
uglerodning oksidlanishi esa pechda gayta ishlov berishning
majburiy bosqichi sifatida o‘z ahamiyatini saglaydi.

Xulosa qilib aytganda, po‘latdagi vodorod muammosi -
bu fagat kimyoviy yoki fizikaviy hodisa emas, balki xom
ashyo tayyorlashdan tortib tayyor mahsulotni saglashgacha
bo‘lgan barcha texnologik bosqichlarni qamrab oluvchi
kompleks masaladir. Magolada olingan natijalar yugori
sifatli po‘lat ishlab chiqarishda vodorod nazoratini
takomillashtirish va floken kabi qaytarib bo‘lmaydigan
nugsonlarning oldini olishga garatilgan amaliy tavsiyalar
ishlab chigish uchun mustahkam ilmiy asos bo‘lib xizmat
giladi.
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Increasing the stability of the track through the use of elastic

Abstract:

Keywords:

undercarriage gaskets

K.S. Lesovi®? A.S. Ibadullaev*®®, Kh.O. Samandarov*®¢
2Tashkent state transport university, Tashkent, Uzbekistan

The paper considers the improvement of railway track durability through the application of resilient rail
pads. The influence of increased axle loads and traffic intensity on the wear processes of rails, sleepers,
fastening systems, and ballast is analyzed. Particular attention is paid to railway curves of small radius
and rail joints, where the highest dynamic impacts occur. The design features and operational
characteristics of Sylodyn resilient rail pads manufactured by Getzner Werkstoffe are investigated. The
study shows that the use of resilient pads reduces dynamic loads, vibration and noise emissions, improves
ride comfort, and increases the service life of track components. The feasibility of installing resilient rail
pads in rail joint zones of jointed tracks on concrete sleepers is substantiated to reduce impact-vibration
effects and improve track performance stability.

railway track, track superstructure, rail pad, rail joint, vibration mitigation, dynamic loads, noise
reduction, track durability, concrete sleeper

IHoBpIIeHHe CTA0WIBHOCTH MYTH 32 CYeT NPUMEHECHUA YIPYIruX

moaApPEJIbLCOBBIX NMMPOKJIIAIOK

Jlecon K.C.10% Mbanynaaes A.C.10° Camangapos X.0.10°

2TamkeHTCKUIH roOCy1apCTBEHHBIN TPAHCIIOPTHBI YHUBEpCUTET, TalkeHT, Y30eKuCTaH

AuHOTALMA:

Kunrouessie cioBa:

1. BBenenue

B COBpPEMEHHBIX
KEJIE3HOJOPOXKHOIO

B cratbe paccMOTpeHBI BOIIPOCHI TIOBBINICHHS JOJTOBEYHOCTH JJIEMEHTOB BEPXHEr0 CTPOCHUS
HKEJE3HOJOPOXKHOTO IyTH 3a CUET MIPUMEHEHHS YIIPYrHX MOJPENbCOBBIX NPOKIAIOK. BolnonaHen ananus
BJIMSIHUA TOBBIILICHHBIX OCEBBIX HArpy30K M MHTEHCHBHOCTH IBMKCHMS IOE3JI0B Ha MPOLIECCH H3HOCA
PETbCOB, NN, MPOMEXYTOUHBIX CKpeIuieHud M OaminactHoro cnos. Ocoboe BHUMAaHUE YAECJICHO
9KCIUTyaTalluK HKEJIE3HOAOPOXKHOTO MyTH B KPUBBIX MaJOro pajiiyca U B 30HE PENIbCOBBIX CTHIKOB, I'JIe
HaOmogaloTcsl Haubosiee BBICOKHE JIMHAMMYECKHE BO3ACHCTBHA. YCTAHOBIEHO, YTO HPHMEHEHHE
YIPYIHX JIEMEHTOB CHOCOOCTBYET CHIKCHHIO AMHAMUYECKMX HArpy30K, YMEHBIICHHIO BHOpaLUi U
LIyMOBOTO BO3JICHCTBHS, MOBBILICHUIO UIABHOCTH JBI)KCHHS MMOJBHKHOTO COCTaBa M YBEIHMYECHHIO
cpoka ciyO0bl 3JIEMEHTOB BEPXHEro cTpoeHus IyTH. OOOCHOBaHA 1Leneco00pa3HOCTh NMPUMEHEHUS
YIOPYIHX IOAPENILCOBBIX IPOKJIAJOK B 30HE PENbCOBBIX CTHIKOB YpPaBHHUTEJIBHBIX IIPOJETOB Ha
KeNe300€TOHHBIX INMajiax Uil CHIDKEHMS YIApHO-BHOPAIMOHHBIX BO3JIEHCTBMH M TOBBIILICHHS
CTAOMIIBHOCTH PabOTHI JKEIE3HOIOPOKHOIO MyTH.

Kene3HonOPOXXKHBIA IyTh, BEpXHEE CTPOCHUE IIyTH, HOAPENbCOBasl IPOKJAJKA, PEIbCOBBIM CTBHIK,
BUOpanys, TMHAMUYECKHE HArpy3KH, IIYMOBOE BO3/ICHCTBHE, JIOJIOBEYHOCTh ITyTH, JKE1€300€TOHHAs
niasia

TaK)X€ B 30HE PEIbCOBBIX CTBIKOB, TIJI€ BCJIEACTBUE
BO3I[eI>iCTBPIH BEPTUKAJIBHBIX W TOPHU30HTAJIBHBIX CUII
BO3HUKAIOT TOBBIIICHHBIC KOHTAKTHBIC  HAIIPSAXKEHUA,

YCIOBUAX pa3BUTHSA
yllapHble Harpy3ku 1 BuOpauuu. B pesynbrare yckopsiercs

TpaHcmopra HabopaeTcs

YCTOWYUBBIA POCT OOBEMOB MACCAKUPCKUX M TPY30BBIX
[EPEBO30K.  YBEJIMYCHHE  TIPY30OHANPSDKEHHOCTH U
CKOpOCTEil JBIKEHMS MOE3ZI0B NPUBOAUT K BO3PACTAHHIO
JIMHAMMYECKOT0 BO3JEHUCTBHS IOABWKHOTO COCTaBa Ha
9JIEMEHThl BEPXHEr0 CTPOEHUsS IYTH, YTO BbBI3BIBAET
YCKOPEHHOE HAKOIUICHHE OCTaTOYHBIX Jedopmanuid u
MPEKIEBPEMEHHBIH M3HOC €r0 KOHCTPYKTHBHBIX SJIEMEHTOB
[1].

HauGonee  wHTEeHCHBHOEe  pa3BuTHe  Je(EeKTOB
HaOI0JaeTCs B KPUBBIX Y4acTKaxX MyTH MaJloro pajuyca, a

a2 https://orcid.org/0000-0002-9434-0713
b0 https://orcid.org/0000-0002-8089-2592
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HU3HOC PEJIbCOB, MPOMEXKYTOUHBIX CKpPEIUICHHH, IIMal U
6aJIaCTHOrO CJI0sI, YTO MPUBOJMT K YBEIHUCHHIO 3aTPaT Ha
TEKyllIee COACPKAaHHE IMyTH U CHIDKCHHIO O€30MacHOCTH
JIBHKEHHS 1TOE3/10B [2].

OnHKMM U3 MEPCTIEKTUBHBIX HAIPABICHUN MMOBBILICHHS
JOJICOBEYHOCTH  JKEJIE3HOJOPOIKHOTO  MYTH  SIBISIETCS
NpUMEHEHHe  YIPYTUX  MOJAPEIbCOBBIX  MPOKIAJOK,
obecreunBaloIiX MepepacipeeiieHiHe Harpy30K MexXIy
JJNIEMEHTaMH BEpPXHEro CTPOSHUsI MyTH W CHIDKEHHE

¢ https://orcid.org/0009-0001-1147-0281
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JAUHAMHUYECKOro B3aPIMOIIeﬁCTBPIH CUCTEMbI  «KOJIECO-
PEILC».

HpI/IMeHeHI/Ie yOopyrux moJApeIbCOBBIX  MPOKJIAA0K
o0OecrieunBaer CHHMIKXCHHC JUHAMHUYCCKHX Harpysok,

YMEHBILICHHE YPOBHS BHOpauMii W IIyMma, IOBBILICHHE
KoM(pOpTa MACCAKHUPOB M YBEIUYCHHE MEKPEMOHTHBIX
CPOKOB CITy>KOBI JIEMEHTOB BEPXHETO CTPOSHHS ITyTH [3].

Oco0yr0 aKTyaJIbHOCTh HCTIONIL30BAHUE ITOJIPEITECOBBIX
MPOKJIAJIOK NpHOOpeTaeT Ha KPHBBIX YyYacTKax Majoro
paguyca, TOe BCIEACTBHE JCHCTBUS  3HAYUTEIBHBIX
GOKOBBIX CHJI IPOMCXOAUT MHTCHCUBHBII M3HOC HApY KHOU
PEeJIbCOBOM HHUTH M JJIEMEHTOB DPEJIbCOBOrO CKPEIUICHYIS.
CornacHo pesyJbTaTaM 3KCIUTyaTallMOHHBIX HaOJIOACHUIH,
Ha y4yacTkax ¢ pamuycoMm Menee 600 M u
Ipy30HaNpPsHKEHHOCTHIO 6osiee 10 MiTH T OpyTTO B roj M3HOC
HOJIPETBCOBBIX NMPOKJIAZIOK BO3pacTaeT B cpeaHeM Ha 20 %,
a ypoBEHb IIYMOBOTO BO3JCHCTBHUs yBeNWuHBaeTcs 10 15
nb.

B cBa3u ¢ a3tEM HccienoBaHne 3G QGEKTHBHOCTH
NPUMEHEHHS. YOPYTHX MOJAPEIbCOBBIX TMPOKJIAJOK IS
MOBBIIICHHS JOJITOBEYHOCTH JKEJIE3HOIOPOKHOTO MYTH U
CHW)KCHHUS  JKCIUTyaTallHOHHBIX  PacXoJOB  SIBIISIETCS
aKTyaJbHOW HayYHO-TEXHUUYECKON 3aJadeh.

2. MeToauka UccJIeI0BaAHNA

OOBEKTOM  WCCNENOBaHUS  SBISUINCH  YIPYTHUe
MOJPENTbCOBbIE  TMPOKJAAKH,  MpeIHa3HaYeHHbIE UL
CHIDKGHHS JTUHAMHUYECKOTO BO3ICHCTBUS  ITOJBIIKHOTO
cocrasa Ha 3JIEMEHTBI BEPXHEro CTPOCHUS
KEJIE3HOJJOPOXKHOTO IYTH.

[penMeroM uccne10BaHus SBISUIOCH BIUSHUE YIIPYTHX
IO/IPEJILCOBBIX MPOKJIAJIOK Ha BUOpaLIMOHHbIE
XapaKTEePUCTUKH  PENIbCOBOrO  IIyTH,  paclpeiecHue
Harpy30K B 30HE pEIIbCOBOTO CTbIKA U JIOJTOBEYHOCTh
3JIEMEHTOB BEPXHETr0 CTPOCHUS MMyTH [4].

Jinst HoCcTHKEHUs MOCTAaBICHHOH Lieldn ObUT BBIOJIHEH
aHaIU3 TEXHUYECKOH JIOKYMEHTallUM IIPOM3BOAMUTEII,
pe3yJIbTaToB 9KCIUTyaTalMOHHBIX UCHBITaHUH u
OITyOJIMKOBaHHBIX HAYYHO-TEXHUUYECKHX HCCIIEIOBAHMI 110

[OPUMEHEHHIO YIPYTHUX OJIEMEHTOB B  KOHCTPYKLIMSX
KEJIE3HOIOPOIKHOTO MyTH.

Csoticmea noopenbcosblx NPOKIAOoK

. Bricokasi JomycTHMas MeXaHH4ecKas Harpyska
IIpU 33JJaHHOM 31aCTUYHOCTHU

. BenukonenHble 9KCIUTyaTalOHHbIE
XapaKTePUCTUKU B TEUCHHE JTIMTEIILHOTO IIEPHOJIA BPEMEHHU

. CraHzapTHbIe MaTepHaIbl o6azmaror

JKECTKOCTHIO B quana3one 30 — 200 kH/MM B 3aBHCHMOCTH
0T 00JIACTH IPUMEHEHUSI U TEOMETPUH

. COBMECTUMOCTb C OIOpPaMH pa3HbIX THUIIOB
PENBCOBBIX KPEIUICHUI OT PAa3IUYHBIX POU3BOAUTECH
. CoOTBeTCTBME BCEM KPHUTEPUSIM HCIIBITAHUN

COTIaCHO MPUMEHIEMBIM CTaHAapTaM [5].

~

Puc. 1. Pa6ouasi noBepxXHOCTH NPOKJIAAKH
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3. Pe3yabTaThl U 00CyKACHUSA

AHanu3  pe3yNbTaToB  W3MEpEeHHWH ToKas3al, dYTo
YCTaHOBKA YIPYT'HX OIPETBCOBBIX MPOKJIAIOK IPUBOHT K
CYIIECTBEHHOMY CHIDKCHHIO JWHAMHYECKHX Harpysok,
BO3HHKAIOIIMX TIPH THPOXOXKIECHWH KOJECHBIX IMap depes
PEbCOBBIN CTHIK.

Bo MHOruX paifoHax s aganTalyy TPacchl K NPOQIITIO
naHamagTa BCIEACTBHE €ro Tomorpaguu MpUXOANTCS
TIPOKJIA IBIBATh 3HAYUTEIBHYTO 4acThb Y4acTKOB
JKEJIE3HOIOPOIKHBIX MyTEeH M0 JyTe ¢ MaJIbIM PaInyCcoM, 4TO
IpeJICTaBIsAeT COOOM JIONOJHUTENbHYI HAarpy3Ky Ha
JKEJIE3HOJIOPOKHBIN Iy Th.

Bosnukaromnye mpy 3ToM O0KOBBIE CHITHI U M3rHOaoe
MOMEHTHl ~Ha  KPUBBIX  JKEJIE3HOJOPOXKHOTO  IyTH
HENPOIOPIMOHAIBHO MOBBINIAIOT HArpy3Ky Ha 3JIEMEHTHI
Kene3Hol joporu. Ha y3kux moBoporax pajmycoM MeHee
600 M npu MPOXOKACHUM 110 HUIM MUHUMYM 10 MUJIITHOHOB
TOHH T'py3a B roJl Ha 00€UX PEIbCOBBIX HUTAX MOBBILIACTCS
U3HOC JIACTMYHBIX MOJPEIbCOBBIX MPOKJIAJOK — KaK Ha
IVIABHBIX, TaK W Ha BCIOMOIATENbHBIX YYacTKaxX ITyTH.
BenencrBue  3TOro  3HAYMTENBHO CHIDKACTCA  KadecTBO
PEJIBCOBOrO ITyTH, B OCOOCHHOCTH, HA BHEILIHEH CTOpOHE
KOJIeH, TPOKJIAJKU B KOTOPOH M3HAIIMBAIOTCS, B CPEIIHEM,
npumepHo Ha 20 % cuibHee. Penbebl, pacnonoKeHHbIe Ha
BHYTPEHHEM pajilyce IOBOPOTa, OOJbIIE CKIOHHBI K
BOJIHOOOpa3Ho# fepopmanuu. Kpome Toro, Takum o6pazom
HM3HOCHBIIHMECS PEITBCHI IIPOM3BOIAT IPHOIU3UTEIBHO Ha 15
1b (A) 6osplre myma.

OTHU OTpULIATENIFHOE BO3JCHCTBHE HE OrPaHUYUBAETCS:
H3HOC MOJPEIbCOBBIX IPOKNAJIOK IPUBOJUT K YCaJKe
penbcoB B INNANBI M K Pa3pyLICHHUIO IPOMEXKYTOYHBIX
CKPEIUICHUH U 30HBI O/IPENBCOBBIX MPOKIIAI0K. [Tono0HbIE
MOBPEXK/ICHUS 3HAYUTENIBHO COKPAILAIOT CPOK  CILY>KOBI
BEPXHEro CTPOCHUS IyTH.

Ha xpuBBIX ydacTKax IyTH 4acTO MOXHO HaOIIOAaTh
YKIIOH peNnbca, Tak Kak pe3yJbTHPYIOIas CHia Bcex
BepTUKaIbHBIX (Q) 1 60KOBBIX (Y) CHII JISKHUT 3a Ipe/ieiaMu
OTOPHOU HOBEPXHOCTH MOJAPEIECOBOM MPOKIIAIKH.

IIpenoTBpamienue MOBPEKICHUH, YBEIHMYEHUE CPOKA
CIIy’KObl BEPXHETO CTPOCHHMS Iy TH.

Tlpy  yMEHbBIIEHUH IKECTKOCTH JKEJIE3HOJOPOMKHOTO
IIYTH C TIOMOIIBIO YIPYTHX ITPOKJIAI0K MO/ MOJIOIIBY peibca
(xectkoctpio 0 200 kH/mMm) obecrieuuBaercst Iyiiee
COXpaHEHHE IPOMEKYTOUHBIX CKPEIUICHHH, DPEelbCcoB, a
TaK)Ke IIMajJ M HIDKHErO CTPOCHHUS JKEJIE3HOJOPOXKHOTO
My TH.
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Puc. 3. Pazmenenne noapeascoBoro NpoKJIaIku Ha
KPHBBIX y4acTKax

Kak crnenctBue, MHHHUMH3HpYeETCss — 0Opa3oBaHHE
BOJIHOOOPa3HO# TepopMaIi U CeNTOBHHBL. [laccakupbl 1
MEepPCOHAN TOJIBIDKHBIX COCTABOB Tak)Ke OIIYMIAIOT 3TH
ynyuirerus. KoMpopr BO Bpemsi MOE3IKH IOBBIIIACTCS,
BUOpalus B IOE3/lc YMEHbIIACTCS, TaK KaKk CHIKACTCS
B3aMMOJICHCTBHE MEKIY MOC3ZI0M M BEPXHHM CTPOCHHEM
My TH.

VYcraHoBIEHO, UTO HanboJiee MHTEHCUBHBIE KOJIeOaHUsS
BO3HHUKAIOT ~ HETMOCPEJICTBEHHO B  30HE  CTHIKOBOTO
COC/IMHCHUS, T HAOJIOJaeTcs JIOKAIBHOE YBEIHUCHHE
KOHTaKTHBIX HANPSKSHUH MEXIy KOJIECOM U penbcoM. [Tpu
OTCYTCTBMH YNPYTHX 3JEMEHTOB YIapHbIe HAarpys3ku
MEepearoTCs Ha IIMalbl, OalIaCTHBIA CIOH W 3eMIITHOE
MOJIOTHO TPAaKTHYECKH 0e3 IeMI(HpOBaHHSL.

IprMeHeHHEe NOAPEIbCOBBIX MPOKIAI0K 0OeCeunBaeT
CHUKCHHE aAMILTUTY/IBI BUOpanuii 3a cuer
nepepacrpesielieHdss Harpy3kd W yBEJHYEHHS BPEMEHU
KOHTaKTa KoJleca C pelbcoM. B pesysbrare ymeHblaeTcst
WHTCHCUBHOCTb  paCIpOCTpaHEHHMs  KojebaHuid B
HIDKEJIS)KAINE KOHCTPYKIIMHU ITYTH.

OcobeHHo 3ameTHBIH Y dexT HabI0aeTCsl Ha KPUBBIX
ydacTkax IIyTHM MaJoro pajMyca, IJe Ha HapyXHOH
PEIbCOBOM HUTH BO3HHUKAIOT ITOBBIIICHHbIE OOKOBBIE CHJIBL.
bnarogapss IONONHUTENBHOW YHPYTOCTH IOJPENBCOBON
30HBl YMEHbBIIAETCA KOHLCHTpAlUs HANpsHKCHUH B
9JIEMEHTaX IPOMEXKYTOYHOTO CKPEIUICHHS M CHIDKAeTCs
HMHTEHCHBHOCTb M3HOCA PEJIbCOB.

AHaJIM3 3KCIUTyaTallMOHHBIX XapaKTePUCTHK I0Ka3all,
YTO NPUMEHEHUE YIPYTHX NPOKIIAZIO0K CIIOCOOCTBYET:

— YMEHBILICHUIO 00pa30BaHus BOJIHOOOPA3HOrO M3HOCA
PEIbCOB;

— CHIDKEHHIO WMHTEHCHBHOCTH Pa3BUTHs CEIUIOBHH B
30HE CTBIKOB,;

— YMEHBIICHHUIO W3HOCA IIMNaJ U JIEMEHTOB PEIbCOBBIX
CKpeIUICHUl;

— YBEIMYEHHIO MEKPEMOHTHBIX CPOKOB  CIIY’KOBI
BEPXHEro CTPOCHUS ITyTH;

— CHIDKEHHIO YPOBHS BUOPALMK U LIIyMa NPH JBHKESHUH
0E3/10B.

Ha OCHOBAaHUH pe3yabTaToOB HCCIIeI0OBaHUI
YCTaHOBJIEHO, 4TO HauOoliee palHOHAJIbHBIM BAapPUAHTOM
SBISICTCS yCTaHOBKA ILECTH YHPYTUX IOAPEIbCOBBIX
MPOKJIAJIOK CUMMETPUYHO OTHOCHUTENBHO PENbCOBOTO
cTbika. Takas cxema obecrieurBaeT Hauboee paBHOMEPHOE
pacrpezesieHie AMHAMUYECKUX Harpy30K M MakCHMajbHOe
CHIDKEHHE YIapHO-BHOPAIIMOHHBIX BO3ACHCTBUI.

ITony4eHHbIe Ppe3yNbTaThl MOATBEP)KAAIOT
3 PEeKTUBHOCTh MPUMEHEHHs YMNPYTHX MOJPEIbCOBBIX
NPOKJNAJOK B KayecTBE  CPEJICTBA  IOBBILICHHS
JIOJITOBEYHOCTH BEPXHETO CTPOCHHS IIyTH W CHUKCHUS
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9KCIUTyaTallMOHHBIX pacxonoB JKEJIE3HOOPOKHON
HH(PACTPYKTYPHL

4. 3akja04yeHue

IIpoBeneHHBI aHANM3 IIOKa3al, 4TO HCIIOJIB30BAHUE
YIOPYTUX  IOAPENbCOBBIX  IPOKIANOK  IO3BOJET
CYLIECTBEHHO  CHU3WTh  JMHAMHUYECKHE  Harpysky,
nepeqaBaeMble OT IOJBIKHOTO COCTaBa Ha DIIEMEHTHI
BEPXHETO CTPOCHUS ITyTH.

VCTaHOBIEHO, YTO MPHMEHEHHE MaTEPUANIOB CIIOCOOCTBYET
YMEHBIICHHIO BHOpalMii M IIYMOBOTO BO3JEHCTBUS,
HOBBINICHUIO IUIABHOCTH JIBIKEHUS IIO€3[0B, CHIDKCHHIO
HMHTEHCUBHOCTH M3HOCA PEJIBCOB, LA ¥ IPOMEXKYTOUHBIX
CKPEILUICHNUH, a TaK)Ke YBEINUCHHUIO MEXPEMOHTHBIX CPOKOB
9KCIUTyaTalUH MyTH.

Hanbonee 3¢ dexTuBHbIM SBISCTCS NMPUMEHCHHE YNPYTHX
HOJPETBCOBBIX IPOKIAJIOK B 30HE PEIIbCOBBIX CTHIKOB U HA
KPUBBIX yYacTKaX MaJloro paidyca, Tae HaOmomaroTcs
MaKCHMaJIbHbIe JMHAMIYECKHE BO3/ICHCTBUS.
PexoMeHyeTcsl pa3MelIeHue NISCTH YNPYTHX HPOKIAIO0K
CHMMETPHYHO OTHOCUTEIBHO CTBIKOBOTO 3a30pa UL
BOCHPUATHS yIapHO-BHOPALIMOHHBIX Harpy3oK,
BO3HUKAIONIMX IPH NPOXOXKICHUM KOJECHBIX Map depe3
CTBIK.

TMony4ueHHbIe pe3yabTaThl HOATBEPIKAAIOT, YTO MPHMEHCHHE
YIPYTUX IOJIPETBCOBBIX MPOKJIAJIOK SIBIISICTCS
9 (HEKTHBHBIM TEXHHYECKHM DPELICHHEM ISl MOBBILICHHS
Ha/IeXKHOCTH | JIOTOBEYHOCTH KeJIE3HOJOPOIKHOTO IYTH, &
TaKXKe CHIDKCHMSI JKCIUTYaTAallMOHHBIX PAcXOJOB Ha €ro
coJiepKaHue.

Hcnoab3oBanHasi jureparypa /
References

[1] ®wuep, @. Xopeart, «Crabuin3anus HaICTPOHKH
¢ OamnacTHOH OOJIMLOBKOM C IIOMOIIBIO T'€OCETOKY,
Benrepckuii jxypHala NPOMBIIUICHHOW XUMuUH, VeSzprem
Vol. 39 (1), ctp. 101-106 (2011)

[2] Hoxaruec Sxobyc Xeynuc, «Mozens MaTeprana
JUISL PENIbCOBBIX IUIOIIA0K», PEJICTABICH B YHUBEPCUTETE
Cremnen6om (mapt 2011 r.)

[3] Apnomsa [ Kepp, «Onpesienerne MOy st TPEKOB
K mmst cranmapTHOro aHaianM3a TPEKoB», JlemaprameHTt
HHXEHEPHbIX HayK B O0NacTH CTpOUTENbCTBA U
OKpy’Kalolled cpeapl, YHHBepcuTeT mrata Jlenasap,
Heroapk, DE19716

[4] www.getzner.com
[5] www.tiflex.co.uk.

Nudopmanus 00 aBTOpax/
Information about the authors

Jlecos TamkeHTCKUI TOCYJapCTBEHHBIN
KyBannuk TPaHCTIOPTHBIN YHUBEPCUTET
CaFHHOBI/_I‘i/ K.T.H., ipoeccop
Kuvandik  Email: kuvandikl@mail.ru
Lesov https://orcid.org/0000-0002-9434-
0713

268
https://doi.org/10.56143/2181-2438-2026-2-266-269


http://www.getzner.com/
http://www.tiflex.co.uk/
mailto:kuvandikl@mail.ru
https://orcid.org/0000-0002-9434-0713
https://orcid.org/0000-0002-9434-0713

Journal of Transport ISSN:

2181-2438 Volume:3|lIssue:2|2026

WbanynnaeB  TamKeHTCKHH TOCYAapCTBEHHbIH
AXMa/DKOH  TpaHCIOPTHBIA YHHBEPCHUTET
Cobupora /1 1.1, mpodpeccop

CamangapoB  TalIKeHTCKHH ToOCYyIapCTBEHHBIN
XymHYI0€K  TpaHCTIOPTHBINA YHUBEPCHTET
OmunbexoBmd  E-mail: xushnudbek6600@mail.ru

Akhmadjon  E.mail: ibadullayev1957@bk.ru / https://orcid.org/0009-0001-1147-
lbadullaev https://orcid.org/0000-0002-8089- Khushnudbek 5757
2592 Samandarov
June, 2026

https://doi.org/10.56143/2181-2438-2026-2-266-269 Research, Innovation, Results



mailto:ibadullayev1957@bk.ru
https://orcid.org/0000-0002-8089-2592
https://orcid.org/0000-0002-8089-2592
mailto:xushnudbek6600@mail.ru
https://orcid.org/0000-0002-7217-8161
https://orcid.org/0000-0002-7217-8161

Journal of Transport

ISSN: 2181-2438 Volume:3|Issue:2|2026

The oscillatory process of the under-rail base for under-rail gaskets with

Abstract:

Keywords:

different elasticity

K.S. Lesovi®? A.S. Ibadullaev*®®, Kh.O. Samandarov*®¢
2Tashkent state transport university, Tashkent, Uzbekistan

The article describes a feasibility study showing how effective the created diagnostic tools are for
monitoring the condition of intermediate fastener nodes. The scientific and technical developments
implemented in railway transport are described in terms of the effectiveness of their implementation and
ensuring traffic safety. The economic efficiency of a single prevented derailment of rolling stock from
damage to tracks and structures using the developed diagnostic tools is calculated, and the expediency of
introducing diagnostic tools DS-FO1 and DS-F02 to measure the forces of pressing the terminals of the
Pandrol Fastclip fasteners on the bottom of the rail is determined, which ensure timely diagnosis of the
condition of the track, increase train safety and prevent traffic accidents.

fourier analysis, under-rail gasket, elasticity, high-speed motion, vibration accelerations, shock-
absorbing gaskets

KouebaTenbHblii mponecc moapeibCOBOro OCHOBAHUS NPH MOAPEJIbCOBbBIX

NMPOKJIAAKAX C PA3HOH YIIPYIOCThIO

Jlecon K.C.10% Mbanynnaes A.C.10° Camangapos X.0.10°

2TamkeHTCKUI rOCy1apCTBEHHBIN TPAHCTIOPTHBIA YHUBEpCUTET, TamkeHT, Y36eKkucTan

AuHoOTALMA:

Kunrouessie cioBa:

B crarbe npencTaBieHs! pe3ysIbTaThl HATYPHBIX HCTIBITaHUI TTOIPENTbCOBBIX MPOKJIA 0K C HEJTBIO OIIEHKH
BIIMSTHYISL J)KECTKOCTH U KOJIMYECTBA IITATHBIX M ONBITHBIX MOJPEITLCOBBIX MPOKIIAI0K-aMOPTH3aTOPOB Ha
aMIUIUTYZIHO-YaCTOTHYIO XapaKTEPUCTHKY KoJieOaHUH, BO3ZHMKAIOIIMX B OaUIaCTHOM ClIO€ IIpH
JBIDKCHUM TIOJBIKHOTO cocTaBa. [l NOCTHXKEHMS TOCTABICHHOW II€NM IPOBEJICHO H3MEpeHHE
BEPTUKAJIBHBIX BHOPOYCKOPEHHUH, BO3HUKAIOIMX MPH IPOXOJE MOE310B NMPH Pa3IMYHOM KOIHYECTBE
CTaHIAPTHBIX TIOJPENILCOBBIX MPOKJIAJI0K-aMopTH3aTopoB PF-8623  (WTaTHeIX) W MPOKIIAIOK-
aMOpTU3aTOPOB IOBBIMIEHHONW yNpyrocTH (OmbITHBIX). Ha OCHOBaHMb TOJy4YEeHHBIX 3HAYEHUH
onpezendngach — aMIUIUTYAHO-YaCTOTHAas — XapaKTEepUCTHKAa  KojeOaTenbHOro — mpouecca  IyTEM
npeodpasoBanust Pypre. OCHOBHBIC (HECYIIHE) YaCTOThI, HA KOTOPHIX (PUKCHPYIOTCS MaKCHMAIbHbIC
aMIUIUTYZbl  BUOPOYCKOPEHMH, OIPENENAIOTCS, INPEeXAe BCEro, HE MarepHaloM IPOKIIAKH-
aMOpTHU3aTOpa, a BEIMYMHOM CHJIOBOrO BO3JACHCTBHA. IIpuMeHEHHE ONBITHBIX MPOKJIAIOK-
aMOPTU3aTOPOB II03BOJISIET CHU3MTH W IEPEpaclpesieuTh SHEPruio KosieOaHWi, Hepealomuxcs Ha
OaJacTHBIH CIOH.

aHanu3 Gypbe, OJPENbCOBas NPOKIIAKA, YIPYTOCTh, BHICOKOCKOPOCTHOE ABMKEHHE, BUOPOYCKOPEHY,
IIPOKJIA/IKK- aMOPTU3ATOPbI

1 BBeueHne nonuyperan  [6];  mepepaboranHoM — pesunsl  [7],
apMmupoBaHHOW pe3uHbl [8, 9]. B crarbe mnpeacTaBiieHb

U3-3a 00111eMUPOBO#i TEHACHIIMH K YBETHUCHUIO 00bEMA pesybTaTbl ~ HAaTypHBIX — HCIBITAHHM  IIOAPEIBCOBBIX
JKEIE3HOIOPOIKHBIX [IEPEBO30K, CKOPOCTEH IMOE3IOB U MPOKJIA/IOK, YTOOBI OLIEHHUTD, KaK KECTKOCTh U KOJIMYECTBO
OCEBBIX HArPY30K, KEIE3HOAOPOXKHBIH MyTh MOABEPraeTcst INTaTHBIX M OIBITHBIX  IIOJPCIBCOBBIX  MPOKJIANOK-

OOJIBIINM AUHAMHYECKUM Harpy3kam [1]. DTo npuBOIHUT K

aMOpPTH3aTOPOB  BIMAIOT HAa  aMIUTUTYJHO-4aCTOTHYIO

OBICTPOMY H3HOCY KOMIIOHEHTOB BEPXHET'O CTPOCHUS ITyTH.
PenbCoBbIil CTBIK — 3TO y3€l1, KOTOPOMY OCOOSHHO TPYIHO
paboTaTb. B 30He penbcoBOro CThIKA M OKPECTHBIX A
yIapHOe BO3/CHCTBHE OT MOE3J0B CHJIBHO BIMSET Ha
crabunbHOCT TyTH [2]. UT0OBI peumnTh 3Ty mpodiemy,
HCTONB3YIOT YIPYTrHe MOAPENbCOBbIe MoAKIanku [3, 4, 5].

XapaKTePUCTHKY KolieOaHuii B OallacTHOM clioe B paiione
PebCOBOrO CTHIKA IMPHU IBMXKEHMU Moe3foB. s 3toro

U3MEpWII  BEPTHKaJIbHbIE BHUOPOYCKOPEHHs, KOTOpbIE
NPOUCXOJAT, KOTZa MOe3Za MPOXOAAT uepe3 30HY
pEIbCOBOIO  CTHIKA  C  PA3UYHBIM  KOJHMYECTBOM

CTaHAAPTHBIX M OMBITHBIX MPOKJIAJOK-aMOpTH3aTopoB. Ha

DTM NPOKIAAKM HENAI0T U3 PasHbIX MATepHAlIOB: OCHOBE JTHUX JaHHBIX ObUIA OINpEAeNeHa aMIUIUTYIHO-
BHICOKOIIpOuHOro mommytuneHa (HDPE),  pasiudsbix YaCTOTHAs XapaKTepPHCTHKA KOoIeOaTeIbHOro Ipoliecca.
3JIaCTOMEPOB,  BKJIIOYAass ~ HaTypalbHBIH  Kaydyk |

a2 https://orcid.org/0000-0002-9434-0713
b0 https://orcid.org/0000-0002-8089-2592
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2. MeTtoauka uccjieI0BaHUA

OOBEKTOM HCTIBITAaHUH SBISIETCS 30HAa PEIILCOBOTO
cThIKa, Haxomsmerocs Ha Il rmaBHOM myTH crannun Cobup
PaxumoBa. 3eMisiHOE TOJOTHO TPEACTABICHO HYJIEBBIM
MecToM. MecTtoM mpoBeneHus HcHbITAaHUU sBArOTCS 11
raBHeId TyTh craHmuu CoOup PaxmmoBa ckopocTHOI
muamn  Tamkenr —  CamapkaHn — M3mepsieMbiMu
rapamMeTpaMy SBIIIOTCS BEPTHKAIBHBIE BHOPOYCKOPEHNUS B
30HE PENILCOBOTO CTBIKA, B €JMHHUIAX L.

Jis OLICHKU BHOPAIIOHHOTO BO3/ICHCTBYS,
BO3HHKAIOIIETO B 30HE PEJIBCOBOrO CTHIKA OT IMPOXOIAIINX
[10€3/10B, HM3MEPUTENIbHbIC IAaTYUKHU YCTAHABIMBAJIUCH B
MecTe Iepeiauy KojaeOaHui oT mmnansl Ha Oaiacrt, T.e. Ha
MOBEPXHOCTH 0aJuIacTa y TopLa LIajbl U B IIOJPEITbCOBOM
ceueHnd Ha TiryOmHe 40 CM OT MOZOMIBEI INMAajibl (Ha
OCHOBHOM IUIOIIAZAKe 3eMisiHoro moisioTHa). Cxema
pa3MeIeHns JaTYNKOB MIPEICTAaBIEHa HA PUCYHKeE 1.

a)

IKCNEPUMEHTAILHOM y4YacTKe: a-(ImonepevHbIi

paspe3); (- BUOpoaaT4uK); 0-(MPOAOJILHBII pa3pe3)

B kaxmoii Touke U3MEpEeHHI IPOM3BOIMIACH (PUKCALHS
KoseOaHui, pacIipoOCTPaHAIOMNXCS B TPEX HANPABICHUAX: B
BEPTUKAIBHOM IJIOCKOCTH, B TOPU30HTAIBHON TONIEPEK OCH
OyTM WM TOPH3OHTAIBHOH  BAOJIb  OCH  HYyTH.
CeliCMONIPUEMHNKN YCTaHABIMBAIUCh HA BBIPOBHEHHYIO
IUIOIIAJIKY C TOYHBIM  COOJIOZICHHEM  HAIpaBICHUN
u3MepeHus (BepTHKallb, OPH30OHTANIb IIONEPEK U BONIb
MyTH).

Ipu nBrxeHnu noesaa GUKCHPOBAIICH BpeMs Ipoe3/ia,
THII TIOJJBUKHOTO COCTaBa U €ro CKOPOCTb.

IMaccaxupckue noes/a JIBUTAJINCh 1o
9KCIEPUMEHTAILHOMY YYacTKy co ckopoctsimu 120- 140
KM/4, BBICOKOCKOPOCTHOH aiekrponoe3s «Adpocuson(
Talgo) - 170 km/u.

JUist KaXIoro THIIA MOABMIKHOTO COCTaBa B MHTEPBAJIE U
JIMara30He CKOPOCTEll JBIMIKEHUS BBINONHAIOCH HE MEHee
JIByX U3MEPEHUM.

VI3mMepeHus BBINOJNHAINCH IOMOLIBIO  CIEYIOLIETO
KOMIUIEKTa 00OpyIoBaHus: HUPPOBOH celcMUYecKuit
peructparop curHanoB ZET 048; nopraTuBHBIN KOMIIBIOTED
C  JIMUEH3UOHHBIM  IIPOIPaMMHBIM  O0OeclieYeHHeM,;
YCUJIMTENb CHUTHalla; HMCTOYHUK mnuTanus 220 B (mpu
HEOOXOIMMOCTH).

Ha ocHoBanuu 3anuceii BUOPOYCKOPEHUH, TOMYYESHHBIX
IPY JIBIKEHUM PA3JIMYHBIX THIOB IMOABM)KHOIO COCTaBa,
nytém mpeobpazoBanuss Dypbe MOTYYSHBI aAMIUTUTYIHO-
YaCTOTHBIE XapaKTEePUCTUKU KOJIEOaHHIA.

3. Pe3yabTaThl U 00CYKAeHUS

Ilo pesynbratam u3MepeHHs BHOPOYCKOpeHH B
3aBUCHMOCTH OT THIA IOJBIKHOIO COCTaBa, JIBIKYIIETOCS
C Pa3IMYIHBIMH CKOPOCTSIMU U HMEIOLIUMH Pa3HYIO OCEBYIO
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Harpy3Ky IIOCTPOSHBI CONOCTABHTEIbHBIC IHAarpaMMbl U
BBIIBICHBl 3aBUCHMOCTH, XapaKTEpU3YIOIINE YPOBEHb
BHOPOIMHAMHYIECKOTO BO3/ACHCTBHS, BO3HHKAIOIIETO IPH
TIPOXO0JIie TIOE3]I0B B 30HE PEIILCOBOIO CTHIKA M HA YAAICHUN
3-X, 5-u, 7-Mu  TPOKIAJOK-aMOPTH3aTOPOB  MpHU
COOTBETCTBYIOIIEM KOJIMYECTBE YJIOXKEHHBIX B IyTh HOBBIX
CTaHAAPTHBIX TIPOKJIaJIOK-aMOPTH3aTOPOB PF-8623
(IUTaTHBIX) HW TPOKJIAJIOK-aMOPTU3aTOPOB MOBBIICHHO
YIIPYTOCTH (OIIBITHBIX).

B pesymerare  @yppe-npeobpa3oBaHus  3ammceit
BHOPOYCKOpEHHH, IOJyYeHBl  aMIDIMTYIHO-9acTOTHBIE
xapaktepucTukn (AYX) komebarenbHOro mponecca Ha
OCHOBHOHM IUIOIIAJIKE TIPH NPOXOJE PA3INYHBIX THIIOB
MOJBIDKHOTO COCTaBa B 30HE pEIBCOBOTO CTHIKA C
CTaHIapTHRIMU mpokiaakamMu PF-8623, mpuBencHHBIE Ha
pucynke 2 (a). Ilpumep AUX, mosydeHHOH mpu mpoxoe
«Adpocusi0» B 30HE PEIBCOBOTO CTHIKA C 5 ONBITHBIMH
TIPOKJIaIKAMH-aMOPTH3aTOpaMH, NPUBEAEH Ha PHCYHKe 2
(©).

a),

T [ e e

Puc.2. I'pa¢uk BHOpoycKopeHUii 0OCHOBHOM MJIOIIAAKH
3eMJISTHOTO MIOJIOTHA B 30HE PEJIHCOBOIO CThIKA MPHU
CTaphbIX IITATHBIX MPOKJIAKAX-aMOPTH3ATOPAX. a-

(maccazkupckuii nmoesn); 0- (Adpocuso);

W3 npuBeeHHbIX TpadUKOB ClieTyeT, YTO HAaHOOJIbIIAst
SHepruss  KojeOaHWii  HaOmiomaercss OpH  [POXOje
[IacCaXXMPCKOro Ioe3Ja Mo CThIKy. B 3roM ciyuae
HauOOJIbIINE 3HAYEHUS AaMIUIMTYJ XapakTepHbl Ul
nuana3ona yactoT ot 50 1o 150 I'ti, a HanOOJIbIIKE THKOBBIE
3HaueHus Habsromarores Ha yacrorax 50-60 I', 90-110 I'ig
u 120-140 Tn. Ilpu 5TOM, HEHyNEBbIE AaMIUIUTYIbI
¢dukcupyrores B nuana3ose yactot 1o 600 I

IIpu mpoxoze maccaxxupckuii moe3ga MO 30HE CTHIKA
o01mast PHeprusi KojaeOaHuii 3HAYUTEIBHO HUKE, MUKOBBIC
3HAYEHMs aMIUTUTY ]| HabroqatTes B auanasone 40, 60, 90
u 110 I'y, u B uenoM rpaduk cMEImEH B CTOPOHY HU3KUX
4yacToT. HeHyneBble 3HaueHHs aMIUTUTYZ QUKCUPYIOTCS B
nuama3ode g0 600 I'm, Ho B mmamazone 400-600 I'p mx
3HAYCHUS TPEHEOPEIKNMO MaJIBI.

Ilpm  nBWKEHUM  BBICOKOCKOPOCTHOTO  MOE€37a
«AdpocusiO» MO CTBIKYy, oOImIas dHeprus KosebaHuit
COMOCTAaBUMa C DHEPruei, peaiu3yeMoil TpU MPoXoJe
naccakupckuii moe3na. Ha rpaduxe AUX BoisBisitoTes 3
OCHOBHBIX I'PYIIIbI TMKOBBIX 3HAYCHUIT aMIUTUTY I, KOTOPbIE
npuypoueHsl k yactoTaM 40 I'm, 60 I'm, 80 I'm. Takum
obpasom, AUX cmelaercs B CTOPOHY HHM3KHX YacTOT B
Oonblliell CTEeMeHH, 4YeM TMpH [BIDKeHHH <«JlacToukmy.
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HenyneBble 3HaueHHs  aMIUIUTYA  (UKCHPYHOTCS B
nuanaszoHe a0 600 I'm, Ho B guamazone 400-600 I'ip mx
3HAYCHHS IPCHEOPEIKUMO MAJIbI.

Pe3oHaHcHast yactora KosieOaHHil OOHapykeHa Ipu
yacToTax B auana3zoHe 50-601'm.

TTosty4eHHbIe pe3ysbTaThl CBSI3aHbI C TEM, YTO XOJ0BAas
YacTh MAaCCaXHPCKOro II0€3a BBI3BIBACT KOJCOaHUS B
LIMPOKOM JIHANa30HE YacTOT, CBSI3aHHBIC B IIEPBYIO OUEpElb
C CHJIOBBIM BO3JICHCTBHEM MOJBHKHOTO COCTaBa (HH3KHE U
CpeIHHE 4YacTOThl) M KoyiebaHWEeM HeIOIPECCOPEHHBIX
yacTed MacC XOJOBBIX 4YacTed (BBICOKHE YacTOTEHI).
KosiebaHusi, BbI3bIBacMbIe MPOXOJOM «Adpocusoy, Jexar
MPEUMYIIECTBEHHO B CPEIHEM JHaIla30He 4acToT B CHITY
MOBBIILICHHOTO JTMHAMHYECKOTO BO3/IEHCTBYS,
00YCJIOBJICHHOT'O BBICOKOW CKOPOCTBIO JIBIDKEHHUSI, U GoJiee
COBEPIICHHON KOHCTPYKIIMH XOJOBOW YacTH, CHHKAOIIeH
BBICOKOYACTOTHYIO COCTABJISIONIYIO KOJICOaHHIA.

CHmwkeHHEe BHOPOJAMHAMHYECKOTO BO3JCHCTBHS Ha
OayutacTHBIM CIIOM B JMara3oHaX pPE30HAHCHBIX YacTOT
MO3BOJIUT YBEJIHYHTH 3aI1ac HECYILIEH CTOCOGHOCTH U CPOK
crykObl  Oammacra, CHH3UT HANpsDKEHWS HAa OCHOBHOI
wronaake 3emystHoro nosotHa [10-13]. Ot addexTsr

MO3BOJIAT  YNYYIINTh  DKCIUTyaTalIMOHHBIE  CBOMCTBa
HKEJIE3HOJJOPOKHOTO ITYTH B IIEJIOM.

4. 3aki10ueHue

HccnenoBanne  BepTHUKAIbHBIX  BHOPOYCKOpEHHH

Oamacta B 30HE pENIbCOBOTO CThIKA IPH Pa3INYHOM
KOJIMYECTBE CTaHJAPTHBIX NPOKIJIAJI0K-aMOpTH3aTopoB PF-
8623 (UTaTHBIX) u MPOKIa0K-aMOPTH3aTOPOB
TIOBBIIIEHHON YNPYrocTH (OIBITHBIX) MO3BOJISAIOT CHENAaTh
CJIEJyIOIHE BBIBOJBI:

1. OcHoBHBIE (HeECyIlME€) YACTOTBl, HA KOTOPBIX
bukcupyrorcs MaKCUMaJIbHbIE AMIUTUTY JIbI
BHOPOYCKOPEHHH, ONpENENIAIOTCS BEJIMYHHOM CHIIOBOTO
BO3JIEHCTBHSI, KOTOpash B CBOIO OYEpelb 3aBUCUT OT
KOHCTPYKTHBHBIX OCOOEHHOCTEIl IOJBI)KHOIO COCTaBa
(paccTosiHUS MKy TeIeKKaMM) M CKOPOCTH  €ro
JIBHKEHMSL.

2. Pe3oHaHCHas dYacTOTa JKEJNE3HOIOPOXKHOTO IIYTH
HaxoauTcs B quanaszone 50-60I'm.

3. IIpuMeHeHHe OIBITHBIX IPOKIAJO0K-aMOPTU3aTOPOB

MO3BOJSIET CHU3UTh U NEPEpaclpesieiuTh  DHEPTUIo
KoJieOaHuil, nepeaaronMxcs Ha 0aIaCTHBIN CIIOM, 3a CYeT
CIBIDKKU pe30HaHCHON YacTOTHI. CHmxeHne

BHUOPOIMHAMHYECKOr0 BO3/ICHCTBUSI Ha OaJUIaCTHBIA CIIOi
MO3BOJIMT yBEIMYHUTH 3aMac HEeCyIIeil CIOCOOHOCTH U CPOK
city)kObl  Oayiacra, CHH3UT HANPSDKEHWS HAa OCHOBHOI
IUIOIIAJKEe 3eMJTHOTO MOJOTHA. OTH 3(P(DEKThl MO3BOIAT
YIIyULINTh 9KCIUTyaTalMOHHbBIC cBoiicTBa
JKEJIE3HOTOPOIKHOTO ITYTH B LIETIOM.
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