
 



 

 

 

 

 

ISSN 2181-2438 

VOLUME 1, ISSUE 3 

SEPTEMBER, 2024 

 

 

 

 
jot.tstu.uz 



 

 TASHKENT STATE TRANSPORT UNIVERSITY 

JOURNAL OF TRANSPORT 
SCIENTIFIC-TECHNICAL AND SCIENTIFIC INNOVATION JOURNAL 

VOLUME 1, ISSUE 3 SEPTEMBER, 2024 

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 

 

 

Founder of the scientific and technical journal “Journal of Transport” – Tashkent State 

Transport University, 100167, Republic of Uzbekistan, Tashkent, Temiryo‘lchilar str., 1,  

office: 465, e-mail: publication@tstu.uz.  

The “Journal of Transport” publishes the most significant results of scientific and applied 

research carried out in universities of transport profile, as well as other higher educational 

institutions, research institutes, and centers of the Republic of Uzbekistan and foreign countries.  

The journal is published 4 times a year and contains publications in the following main 

areas: 

• Business and Management; 

• Economics of Transport; 

• Organization of the Transportation Process and Transport Logistics; 

• Rolling Stock and Train Traction; 

• Infrastructure; 

• Research, Design, and Construction of Railways, Highways, and Airfields: 

Technology and Organization of Construction, Management Problems; 

• Water Supply, Sewerage, Construction Systems for Water Protection; 

• Technosphere Safety; 

• Power Supply, Electric Rolling Stock, Automation and Telemechanics, Radio 

Engineering and Communications, Electrical Engineering; 

• Materials Science and Technology of New Materials; 

• Technological Machines and Equipment; 

• Geodesy and Geoinformatics; 

• Car Service; 

• Information Technology and Information Security; 

• Air Traffic Control; 

• Aircraft Maintenance; 

• Traffic Organization; 

• Operation of Railways and Roads; 
 

 

Tashkent State Transport University had the opportunity to publish the scientific-technical 

and scientific innovation publication “Journal of Transport” based on the Certificate No. 1150 of 

the Information and Mass Communications Agency under the Administration of the President of 

the Republic of Uzbekistan. Articles in the journal are published in Uzbek, Russian and English 

languages. 

3  

journals.tstu.uz Research, Innovation, Results 



        September, 2024       8 

        Research, Innovation, Results https://t.me/tdtuilmiynashrlar 

 

  

R. Bozorov, S. Sattorov, Sh. Saidivaliev, D. Boboev,  

Z. Ergasheva 
Modern state and prospects of high-speed passenger train 

movement on the railways of Uzbekistan ………………………..…108 

S. Turdibekov, E. Abdusamatov 

Experimental studies on the selection of spraying parameters of the 

spreader of technological materials and evaluation of their 

results………..................................................................................116 

M. Keldiyarova, S. Ruzimov 

Analysis of energy management strategies for series hybrid electric 

vehicles………................................................................................122 

Sh. Yuldashev, A. Abdunazarov 

Determining the effectiveness of seismic barriers by varying their 

distance from buildings.................................................................125 

M. Rasulmuhamedov, Sh. Shukurova, Z. Mirzaeva 

Formation of problems of elastoplastic deformation of three-

dimensional bodies........................................................................128 

A. Adylkhodjaev, I. Kadyrov, B. Kudratov, D. Azimov 

The effect of a multifunctional additive and a low-activity mineral 

filler on the formation of porosity and microstructure of a cement 

composite………………………..……………………………...….......132 

J. Choriev, E. Fayzullaev, A. Rakhmanov, N. Negmatov 

Evaluation of the impact of automatic transmission vehicles on 

intersection capacity on urban arterial streets…………...….........136 

S. Uktamov, G. Pulatova, G.D. Talipova 

Formation of strategic planning in improving the management 

system of Tashkent State Transport University…………………....141 

I. Toshtemirov, R. Bozorov, D. Boboev 

Checking traffic safety requirements for transportation of oversized 

cargo in railway transport (on 1520 mm railroad tracks)...….....147 

 

 

 

 

 



Journal of Transport               ISSN: 2181-2438               Volume:1|Issue:3|2024 
 

 

 127 September, 2024 

https://t.me/tdtuilmiynashrlar Research, Innovation, Results 
 

Formation of problems of elastoplastic deformation of three-

dimensional bodies 
 

M.M. Rasulmuhamedov1 a, Sh.B. Shukurova1 b, Z.M. Mirzaeva1 c 

1Tashkent state transport university, Tashkent, Uzbekistan 

 
Abstract: Formulation of three-dimensional elastoplastic problems, finite elements in the calculation of bodies with 

elastoplastic three-dimensional complex shape (with voids, inclusions and cavities), algorithms for using 

Vlasov-Kantorovich, finite difference methods, calculation of coefficients of the system of solving 

equations solution algorithms are presented. By employing a combination of theoretical analysis and 

numerical simulations, we explore the interplay between elastic and plastic behaviors under various 

loading conditions. The research highlights the significance of material properties, geometric 

configurations, and boundary conditions in influencing deformation patterns. 
Keywords: three-dimensional bodies, elastoplastic process, finite elements, finite difference, Vlasov-Kantorovich 

methods 

 

 

Uch о‘lchovli xajmli jismlarning elastoplastik deformatsiyasi masalalarini 

shakllantirish 
 

Rasulmuhamedov M.M.1 a, Shukurova Sh.B.1 b, Mirzayeva Z.M.1 c 

1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston 
 

Annotatsiya: Uch о‘lchovli elastoplastik masalalarni shakllantirish, elastoplastik uch о‘lchovli murakkab shaklga 

(bо‘shliqlar, qо‘shimchalar va chuqurchalar bilan) ega jismlarni hisoblashda chekli elementlar, Vlasov-

Kantorovich, chekli ayirmalar usullarini qо‘llash algoritmlari, tenglamalarni yechish tizimining 

koeffitsiyentlarini hisoblashning yechish algoritmlari keltiriladi. Nazariy tahlil va raqamli 

simulyatsiyalar kombinatsiyasidan foydalanib, biz turli xil yuklash sharoitida elastik va plastik xatti-

harakatlar o'rtasidagi o'zaro bog'liqlikni o'rganamiz. Tadqiqot materialning xususiyatlari, geometrik 

konfiguratsiyasi va chegara sharoitlarining deformatsiya shakllariga ta'sir qilishdagi ahamiyatini 

ta'kidlaydi. 

Kalit so‘zlar: uch о‘lchovli jismlar, elastikoplastik jarayon, chekli elementlar, chekli ayirma, Vlasov-Kantorovich 

usullar 

1. Kirish 

Ortogonal OX1X2X3 egri chiziqli koordinatalar tizimida 

V hajmli ixtiyoriy shakldagi qattiq jismni kо‘rib chiqamiz, 

unga Sp sirt qismlariga statik va dinamik yuklar P(Px,Py,Pz) 

ta’sir qiladi  va Su qismida U(u,v,w) kо‘chishlarni berilishini 

hisobga olamiz. Bundan tashqari - 𝑅(𝑅𝑥, 𝑅𝑦, 𝑅𝑧), xajmli 

kuchlarni berilishi mumkin. 

Jismning kuchlanish-deformatsiya holati {KDH} 

kuchlanish {σij} va deformatsiyasi {εij} tenzori bilan 

tavsiflanadi , ular fazoviy koordinatalar va vaqtni kо‘chish 

komponentlarining funksiyalari bо‘lib hisoblanadi. 

2. Tadqiqot metodikasi 

Kichik elastoplastik deformatsiyalar nazariyasiga kо‘ra, 

kuchlanish va deformatsiya tenzorining tarkibiy qismlari 

quyidagi munosabat bilan bog‘langan [1]: 

 
a  https://orcid.org/0000-0001-8404-3013 
b  https://orcid.org/0009-0007-2900-0046 
c  https://orcid.org/0000-0002-1333-7361 

σij-σδij=
2σi
3εi
(εij-εδij)     (1.1.1) 

Bu yerda  

σ= σ11+σ22+σ33
3

                 (1.1.2)   

Gidrostatik bosim; 

 𝜀 = 𝜀11 + 𝜀22 + 𝜀33, 𝛿𝑖𝑗- Kroneker simvoli (δij=1 

agarda i=j, δij=0 agarda i#j). 

Tenglamaga kiritilgan kuchlanish intensivligi (σi ) va 

deformatsiya intensivligi (εi)  mos ravishda quyidagi 

formulalar bilan aniqlanadi: 

σi=
√2

2
√(σ11-σ22)

2+(σ22-σ33)
2+(σ33-σ11)

2+6(σ12
2 +σ23

2 +σ13
2 ) 

εi=
√2

3
√(ε11-ε22)

2+(ε22-ε33)
2+(ε33-ε11)

2+
3

2
(ε12
2 +ε23

2 +ε13
2 ) 

 Bu holda deformatsiya tenzorining elementlari 

quyidagicha ifodalanadi: 

https://orcid.org/0000-0001-8404-3013
https://orcid.org/0009-0007-2900-0046
https://orcid.org/0000-0002-1333-7361
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εij {

αii
∂ui

∂xi
+ ∑ αijuj

3
j=1
i⋕j

(αii
∂uj

∂xi
+ αjj

∂ui

∂xi
) − (αijui + αjiuj)

        

i = j,
(i, j = 1,2,3)

i ⋕ j,
}    

(1.1.3) 

bu yerda 

   αij={

1
H1
1
HiHj

∂Hi
∂xj

                   

i=j
(i,j=1,2,3)

i⋕j
   

Hi    - Lame koeffitsiyentlari. 

Elastiklikning chiziqli nazariyasida jismning 

deformatsiyasi paytida kuchlanish va deformatsiyalar 

о‘rtasida chiziqli bog‘liqlik kuzatiladi, deb taxmin qilinadi. 

Biroq, standart namunalarning diagrammasi chо‘zilishga 

sinalganda bizni kо‘pchilik materiallar uchun Guk qonuni 

faqat kichik deformatsiyalar hududida amal qilishiga 

ishontiradi. Namunalar uchun chо‘zilish sinovi diagrammasi 

rasmda kо‘rsatilganidek (1-rasm a,b). Shundan ma’lum bir 

V nuqtasidan boshlab 𝜎 va 𝜀orasidagi chiziqli bog‘liqlik  

buziladi [2]. 

 
1-rasm. Cho‘zilish sinovi diagrammalari:  

a) nochiziq elastiklik, b) elastoplastiklik. 

Faraz qilaylik, namunani yuklashda kuchlanishlar C 

nuqtasiga mos keladigan qiymatga yetdi. Namunani keyingi 

yuklanishdan tushirish vaqtida ikkita imkoniyat paydo 

bо‘lishi mumkin. Bir holatda, tushirish diagrammasi SVA 

yuklash sxemasiga tо‘g‘ri keladi va keyin yukni olib 

tashlangandan sо‘ng, namuna asl holatiga qaytadi (1-rasm, 

a). Bunday materiallar nochiziqli elastik deb ataladi. Boshqa 

holatda, yuklanishdan tushirish diagrammasi AV 

diagrammasining dastlabki qismiga deyarli parallel bо‘lgan 

CD tо‘g‘ri chiziq bilan mos keladi (1-rasm, b). Yukni olib 

tashlaganingizdan sо‘ng, AD qismida namunaning qoldiq 

deformatsiyalar paydo bо‘ladi. Bunday materiallar 

elastoplastik deb ataladi. 

Nochiziq elastik va elastikoplastik masalani yechish 

tenglamalarini qurish. 

Nochiziqli elastik va elastoplastik materiallar о‘rtasida 

tubdan farq bor. Agar birinchi materiallar uchun berilgan 

deformatsiyalardan jismga ta’sir etuvchi kuchlanishlarni 

aniqlash imkonini beruvchi kuchlanishlar va deformatsiyalar 

о‘rtasida aniq bog‘liqlik mavjud bо‘lsa, u holda elastoplastik 

materiallar uchun𝜎 ~𝜀orasida aniq munosabat  bо‘lmaydi,  

Berilgan deformatsiyaga asoslanib kuchlanishni faqat va 

faqat aniqlash mumkin, jismning oldingi qadamdagi 

kuchlanish-deformatsiyalanish holatini aniq bо‘lsa [3]. 

Shuning uchun plastiklik shartining holatini qandaydir 

kuchlaniish tenzori komponentlarining ma’lum bir 

funksiyasi sifatida yozish mumkin. Shubhasiz, izotropik 

material uchun plastik deformatsiyalarning paydo bо‘lishi 

sharti koordinatalar tizimini tanlashga bog‘liq bо‘lmasligi 

kerak. Unda kо‘rsatilgan funksiya kuchlanish tenzorining 

uchta invariantining funksiyasi bо‘lishi kerak,  masalan, 

uchta bosh kuchlanishlarni olishimiz mumkin: 

𝑓(𝜎1, 𝜎2, 𝜎3) = 0       (1.1.4) 

Elastik jism uchun uning yuklanish ketma-ketligi hech 

qanday rol о‘ynamaydi, chunki kuchlanish va 

deformatsiyalangan holatlar о‘rtasida bir qiymatli moslik 

mavjud, ularning qanday yaralishiga bog‘liq emas. 

Elastoplastik jismlarda vaziyat tubdan boshqacha bо‘lib 

chiqadi. Elastoplastik jism uchun nafaqat uning 

nuqtalaridagi kuchlanish holatining tabiati, balki u 

yaratilgan yо‘l ham muhimdir. Bunga bog‘liq ravishda, 

jismning bir xil nuqtalarida deformatsiyalangan holati 

sezilarli darajada о‘zgarishi mumkin [4]. 

Kuchlanish va deformatsiyalar, deformatsiyalar va 

kо‘chishlar о‘rtasidagi munosabatlardan foydalanib, 

berilgan jismning holati tenglamalarini quyidagicha 

ifodalash mumkin: 

ρüi=∑
∂
∂xj
(αjjHσij)+∑ H(αijσij-

3
j=1
i⋕j

3
j=1

αjiσjj)+PiH  (i=1,2,3)                                 (1.1.5) 

Sp va Su sirtdagi chegaraviy shartlarga mos ravishda 

(𝜎𝑖𝑗 − 𝜎𝑖𝑗
∗ )𝛿𝑢𝑗|𝑥𝑖=𝑐𝑜𝑛𝑠𝑡

= 0       (i,j=1,2,3)  (1.1.6) 

va boshlangich shartlar bilan 

𝑢𝑖|𝑡=𝑡0 = 𝜙𝑖 , �̇�𝑖|𝑡=𝑡0 = 𝜓𝑖       (i=1,2,3) (1.1.7) 

Deformatsiyalanuvchi jism mexanikasining kо‘rib 

chiqilgan tenglamalari sirtdagi shartlari va boshlang‘ich 

shartlari bilan birgalikda differensial shaklda elastiklik va 

plastiklik nazariyasi masalasining yakunlangan formulasini 

tashkil qiladi. Biroq, bu jismning kuchlanish-

deformatsiyalanish holatini topish muammosining yagona 

mumkin bо‘lgan formulasi emas. Bunda 
σ
→ ,

ε
→ ,

u
→ ni 

aniqlash masalasining holatni tavsiflashda, uni u yoki bu 

funksiyani aniq intergalini hisoblovchi funksional 

kо‘rinishga keltirish mamkin, funksiyaning о‘zi jismning 

haqiqiy holatini akslantiradi, shartdan bu funksionalni 

ekstremumini topish mumkin. Ushbu yondashuvning 

matematik apparati matematikaning variatsion hisobi deb 

ataladigan bо‘limida о‘rganiladi. Shuning uchun elastiklik 

va plastistiklik nazariyasidagi bunday funksionallarning 

xususiyatlarini shakllantiradigan qoidalar variatsion prinsip 

deb ataladi [5]. 

Muammoni bunday shakllantirishda ularning 

integrallash juda qiyin kо‘rinadi. Shuning uchun, 

differensial formulada masala mos ekvivalent variatsion 

formula bilan almashtiriladi: 

𝛿 ∫ (𝑇 − П + 𝐴)𝑑𝑡 = 0
𝑡2
𝑡1

    (1.1.8) 

Bu yerda 

𝛿𝑇 = −∫ [𝜌∑
𝜕2𝑢𝑖

𝜕𝑡2
𝛿𝑢𝑖]𝑑𝑉

3
𝑖=1𝑣

   (1.1.9) 

𝛿𝛱 = ∫ [∑ ∑ 𝜎𝑖𝑗𝛿𝜀𝑖𝑗]𝑑𝑉
3
𝑗#𝑖

3
𝑖=1𝑣

   (1.1.10) 

𝛿𝛢 = ∫ ∑ 𝑃𝑖𝛿𝑢𝑖𝑑𝑉 + ∫ ∑ 𝑞𝑖𝛿𝑢𝑖𝑑𝑆
3
𝑖=1𝑠

3
𝑖=1𝑣

,  (1.1.11) 

𝜌 -material zichligi. 

Aniq chegaraviy shartlarni va jismning geometriyasini, 

𝜎 − 𝜀bog‘lanishini, tashqi yuklarni berib va (Vlasov-

Kantorovich, chekli ayirma va chekli elementlar) usullardan 

birini tanlash orqali qattiq jismni deformatsiyalash 

mexanikasining turli masalalarini yechishimiz mumkin. 

Elastiklik va plastiklik nazariyasi muammosining 

variatsion shakllantirish 

Elastiklik va plastiklik nazariyasi muammosining 

variatsion shakllantirish asosan ikkita holatda qо‘llaniladi. 

Birinchisida 𝛿 ∫ (𝑇 − П + 𝐴)𝑑𝑡 = 0
𝑡2
𝑡1

 tenglama asosida 

masalani yechishning  sonli usullari (Vlasov-Kantorovich, 
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chekli ayirma va chekli elementlar usullari) quriladi [6]. Bu 

usullarning barchasi elastiklik va plastiklik nazariyasidagi 

masalalarni yechishning tо‘g‘ridan tо‘g‘ri usullari sinfiga 

kiradi, ular aniq differensial tenglamalardan foydalanishni 

talab qilmaydi. Variatsion yondashuvni qо‘llashning 

ikkinchi holati kо‘rib chiqilayotgan masalaning differensial 

tenglamalari va chegara shartlarini mos funksional 

tenglamalar (1.1.8) sifatida olishdir. Bu yо‘l murakkab shakl 

va tuzilishga ega bо‘lgan jismlar uchun (masalan, kо‘p 

qatlamli qobiqlar va boshqalar), shuningdek, bir koordinata 

tizimidan ikkinchisiga (dekart tizimidan qutbli, egri chiziqli 

va boshqa tizimlarga) о‘tishda oqlanadi. 

Vlasov-Kantorovich metodi jism ichidagi 

kо‘chishlarning taqsimlanishining taxminiy tabiati bilan 

berilgan. Kiritilgan yaqinlashuvchi funksiyalar noma’lum 

funksiyalar bо‘lib, ular ikkita koordinataga bog‘liqdir. 

Ushbu funksiyalarga nisbatan jami energiyani 

minimallashtirish oddiy differensial tenglamalar tizimiga 

olib keladi, keyingi integrallash bizga taxminiy kо‘chish 

maydonini olish imkonini beradi [7]. 

Hozirgi vaqtda elastoplastik uch о‘lchovli masalalar 

tenglamalarini taxminiy yechishda keng qо‘llaniladigan eng 

universal va samarali usullardan biri chekli ayirmalar 

usulidir. Usulning mohiyati quyidagicha. argumentlarning 

uzluksiz о‘zgarishi maydoni tо‘r deb ataladigan diskret 

nuqtalar tо‘plami (tugunlari) bilan almashtiriladi. Uzluksiz 

argument funksiyalari о‘rniga diskret argumentning 

funksiyalari kо‘rib chiqiladi, ular panjara tugunlarida 

aniqlanadi va tо‘r funksiyalari deb ataladi. Differensial 

tenglama va chegara shartlariga kiritilgan hosilalar ayirma 

hosilalari bilan almashtiriladi; bu holda, differensial 

tenglama uchun chegaraviy masala chiziqli yoki chiziqli 

bо‘lmagan algebraik tenglamalar tizimi bilan almashtiriladi, 

ya’ni ayirma sxemalari. 

Tenglamalarni yechish uslublari 

Chekli elementlar usulida har bir chekli elementga 

tegishli tugunlarning kо‘chishlarini bilgan holda uning 

ichidagi kо‘chishlarni (shuning uchun deformatsiya va 

kuchlanishlarni) qanday topish mumkinligi haqida savol 

tug‘iladi. Uch о‘lchovli jism uchun muammoni taxminan hal 

qilish mumkin, agar elementdagi kо‘chish maydonining 

tabiati haqida ma’lum bir taxminlar amalga oshirilsa. 

Aniqrog‘i, ma’lum tugunli kо‘chishlar yordamida chekli 

element ichidagi kо‘chish maydonini yaqinlashtirish 

imkonini beruvchi ma’lum funksiyalar tо‘plamini tanlash 

kerak. Uch о‘lchovli jismda elementlar orasidagi bog‘lanish 

nuqtalarining soni cheksiz bо‘lib, har bir element ichidagi 

kо‘chishlarning taqsimlanishi bilan beriladi va shu bilan 

uning barcha nuqtalarida, shu jumladan chegaralarda 

kuchlanishlarning taqsimlanishini о‘rganiladi. Binobarin, 

muvozanat shartlari butun sirt bо‘ylab bajarilishini 

ta’minlash mumkin emas [8]. Ushbu qiyinchilikni yengib 

о‘tish uchun har bir elementning chegarasi bо‘ylab ta’sir 

qiluvchi kuchlanishlar shartli ravishda ekvivalent xajmli 

tugun kuchlari bilan almashtirilishi mumkin; keyin 

tugunlarning kо‘chishlari yо‘nalishi bо‘yicha tugunlarning 

muvozanat tenglamalarini odatdagi usulda tuzish mumkin, 

shuningdek, sirt va hajm kuchlarini ularni energetik ma’noda 

ekvivalent bо‘lgan tashqi tugun kuchlari bilan almashtirish 

orqali hisobga olish mumkin. Ushbu soddalashtirishlarni 

kiritgandan sо‘ng, jismni diskret tizim deb hisoblash 

mumkin, ya’ni. tugun nuqtalarida bir-biriga bog‘langan 

elementlar tо‘plami sifatida. 

 

 

Kutiladigan natija 

Konstruksiyani sohalarga bо‘lish va ularning har biri 

uchun yaqinlashuvchi funksiyalarni tanlash turli usullar 

bilan amalga oshirilishi mumkin. Shu bilan birga jismning 

geometriyasining xususiyatlarini hisobga olish kerak va 

umuman butun jism uchun kо‘chishlar, deformatsiyalar va 

kuchlanishlarning yaxshi yaqinlashishini ta’minlash kerak. 

Bunday holda, chekli elementlar usuli yordamida olingan 

yechim chegarada elementlarning о‘lchamlari kamayishi 

bilan aniq bо‘lishga intiladi. 

3. Xulosa 

Ushbu maqola uch o'lchamli jismlardagi elastoplastik 

deformatsiyalar bilan bog'liq murakkab hodisalarni har 

tomonlama o'rganib chiqdi. Qattiq nazariy tahlil va raqamli 

simulyatsiyalar orqali biz moddiy xususiyatlar, yuklash 

shartlari va deformatsiya naqshlarining shakllanishi va 

evolyutsiyasini boshqaradigan geometrik konfiguratsiyalar 

o'rtasidagi murakkab o'zaro bog'liqlik aniqlandi. 
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