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AnHoTanus. B 1aHHOM Hay4yHOIl CTaThe UCCIEAYIOTCS BOIIPOCHI Pa3pabOTKU U
ONTHUMH3aUUU SHEProd(PPEeKTUBHOM THOPUIHON TPaHCMHUCCHOHHOM CHUCTEMBI s
CEIIbCKOXO3SIMCTBEHHBIX MAIIWMH, B YACTHOCTH JJIs TPAKTOPOB BBICOKOW MOITHOCTH. B
COBPCMCHHOM CCJIIbLCKOM XO35IMCTBE IOBBIILICHUE BHGPFGTHHGCKOfI 3(1)(1)6KTI/IBHOCTI/I u
CO6JIIOI[€HI/IC 3KOJIOTHYECCKUX TpC6OBaHHfI ABJIIAOTCA BaXHBIMHU 3aJdadaMU. B
MCCJICIOBAaHUH TTPOAHATTU3UPOBAHBI CTPYKTYPHBIE CXEMbI THOPUTHBIX SHEPTETHUECKUX
CUCTCM, UX MATCMATHYCCKHC MOACIM M CTPATCTHUH YIIPABJICHHA IIOTOKAMH ODHCPIHHU.
Ha ocHoBe anroputMa [AMHAMHYECKOTO IIPOIPAMMHMPOBAHUS M IPUHLIMIIA
MUHUMAIBHOCTH  [loHTpsirMHA  pa3paboTaHbl  ONTUMHU3UPOBAHHBIE  CTPATETHH
yIpaBJ€HUsT JHEpruer. Pe3ynprarel MOAEIMPOBAHUS, NPOBEAEHHOIO B Cpele
MATLAB/Simulink, noka3anu, 4To npejioKeHHass THOpUHAsS CUCTEMa TMO3BOJISIET
CHU3UTH pacxol TormBa Ha 10-26 % 1o cpaBHEHUIO € TPAIULIMOHHOW TPAHCMHUCCHUEM.
[TonyuyeHHble pe3ynbTaTbl MOTYT CIOCOOCTBOBATH IMOBBIMIEHUIO 3HEPreTUUYECKOM
3 PEKTUBHOCTH CETBCKOXO3SINCTBEHHOW TEXHUKHU B YCIOBUSX ¥Y30€KHUCTaHa.

KuaroueBble cioBa: TruOpHUIIHBIE  TPAaHCMHUCCUHM,  DHEProcoOepexeHue,
CEJIbCKOXO035I1ICTBEHHBIE TPAKTOPbI, JUHAMHYCCKOC IIPOrpaMMHPOBAHUC, CTPATCTUA
VOpaBJICHUS DHEPrUeHd, ONTUMM3AIUSA, DICKTPUPHUIIMPOBAHHBIE TPAHCMUCCHH,
MATLAB/Simulink.

Abstract. This scientific article investigates the development and optimization
of an energy-efficient hybrid transmission system for agricultural machinery,
particularly for high-power tractors. In modern agriculture, improving energy
efficiency and meeting environmental requirements are important tasks. The study
analyzes the structural configurations of hybrid power systems, their mathematical
models, and energy flow control strategies. Based on the dynamic programming
algorithm and the Pontryagin minimum principle, optimized energy management
strategies were developed. Simulation results obtained in the MATLAB/Simulink
environment show that the proposed hybrid system can reduce fuel consumption by
10-26% compared to conventional transmission systems. The research results
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contribute to improving the energy efficiency of agricultural machinery under the
conditions of Uzbekistan.

Keywords: hybrid transmissions, energy efficiency, agricultural tractors,
dynamic programming, energy management strategy, optimization, electrified
transmissions, MATLAB/Simulink.

KIRISH

Qishloq xo°jaligida energiya resurslaridan samarali foydalanish iqtisodiy va
ekologik jihatdan muhim ahamiyatga ega. Jahon miqyosida qishloq xo‘jaligida
sarflanadigan energiyaning katta qismi traktorlar va boshga qishloq xo‘jaligi
texnikalari hissasiga to‘g‘ri keladi. An’anaviy dizel dvigatelli texnikalarda yoqilg‘i
sarfi yuqori bo‘lib, atmosferaga chiqariladigan zararli gazlar ham sezilarli darajada
ko‘pdir.

Ushbu muammoni hal qilishning istigbolli yo‘nalishlaridan biri qishloq xo‘jaligi
mashinalarida gibrid energetik tizimlardan foydalanish hisoblanadi. Gibrid tizim ichki
yonuv dvigateli va elektr motorining birgalikda ishlashini ta’minlab, energiya
manbalaridan samarali foydalanish imkonini beradi. Elektr motorlarining yuqori
foydali ish koeffitsienti va tormozlash jarayonida energiyani gayta tiklash imkoniyati
umumiy energiya samaradorligini oshiradi.

Ushbu tadqiqotning magsadi qishloq xo‘jaligi mashinalari uchun energiya
tejamkor gibrid uzatmalar tizimini ishlab chigish va optimallashtirishdan iborat.

METODOLOGIYA

Tadgiqotda gibrid uzatmalar tizimining ketma-ket, parallel va aralash sxemalari
tahlil gilindi. Yugori quvvatli traktorlar uchun aralash (ketma-ket-parallel) sxema eng
magbul variant sifatida tanlandi. Ushbu sxemada ichki yonuv dvigateli, elektromotor,
generator, akkumulyator batareyasi va planetar mexanizm o‘zaro bog‘langan holda
ishlaydi.

Tizim elementlari uchun matematik modellar ishlab chigildi. Dvigatel momenti,
elektromotor quvvati, akkumulyator zaryad holati va planetar mexanizmning
kinematik bog‘lanishlari matematik tenglamalar orqali ifodalandi.

Energiya ogimlarini optimal boshgarish uchun dinamik dasturlash algoritmi
hamda Pontryagin minimallik printsipiga asoslangan ekvivalent sarf minimizatsiyasi
strategiyasi qo‘llanildi. Simulyatsion modellashtirish MATLAB/Simulink mubhitida
amalga oshirildi.

NATIJALAR

Simulyatsion modellashtirish natijalari gibrid uzatmalar tizimining yuqori
samaradorligini ko‘rsatdi. Dinamik dasturlash algoritmi asosidagi energiya boshqgaruv
strategiyasi dvigatel va elektromotorlarning optimal ish rejimlarida ishlashini
ta’minlab, umumiy energiya samaradorligini oshirdi.

Shudgorlash ish sharoitida yoqilg‘i sarfi an’anaviy tizimga nisbatan 26 % gacha
kamaydi. Tortish rejimida esa yoqilg‘i sarfi 10 % dan ortiq kamayishi kuzatildi.
Pontryagin minimallik printsipiga asoslangan strategiya ham sezilarli energiya
tejamkorligini ta’minladi.
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Bundan tashqgari, energiya boshqgaruv strategiyalari dvigatelning bargaror ish
rejimida ishlash vaqtini oshirib, uning samaradorligini va Xxizmat muddatini
yaxshilaydi.

MUHOKAMA

Olingan natijalar gibrid uzatmalar tizimlari qishloq xo‘jaligi texnikalarining
energiya samaradorligini sezilarli darajada oshirishini ko‘rsatadi. Gibrid tizimlar
dvigatelni optimal ish zonasida ishlashini ta’minlab, yoqilg‘i sarfi va =zararli
chigindilarni kamaytiradi.

O‘zbekiston sharoitida bunday texnologiyalarni joriy etish energiya
resurslaridan samarali foydalanish, import qilinadigan yonilg‘iga bog‘liglikni
kamaytirish hamda qishloq xo‘jaligi mahsulotlari tannarxini pasaytirishga yordam
beradi.

XULOSA

Tadqiqot natijalari qishloq xo‘jaligi traktorlarida gibrid uzatmalar tizimini
go‘llash yuqori energiya samaradorligini ta’minlashini ko‘rsatdi. Dinamik dasturlash
va Pontryagin minimallik printsipi asosidagi energiya boshgaruv strategiyalari
yordamida yoqilg‘i sarfini 10-26 % gacha kamaytirish mumkin.

MATLAB/Simulink muhitida yaratilgan model gibrid tizimlarning turli ish
sharoitlaridagi samaradorligini baholash imkonini berdi. O‘zbekiston sharoitida gibrid
texnologiyalarni joriy etish energiya tejamkorligi va ekologik bargarorlikni oshirishga
xizmat giladi.
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