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KIRISH (falsafa doktori (PhD) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zarurati. Jahonda avtomobillar
uchun yonilg‘i manbai bo‘lgan neft mahsulotlariga yani benzin va dizelga talab juda
oshib avtomobillardan chiquvchi zaharli gazlar migdori 3.1% va 1% ga oshgan.!
Avtomobillar ekspluatatsion ko‘rsatkichlarini oshirish va yonilg‘iga bo‘lgan
tendensyalarini tahlil gilish an-anaviy yonilg‘i turlari kamaytirish va qo‘shimcha
sifatida alternativ yonilg‘i turlaridan jumladan ekologik toza, xavfsiz va arzon
energya manbai vodorod gazidan bosgichma-bosgich foydalanishni taqoza etmoqda.
Alternativ vodorod gazi hozirda global energetika sektorida turli rivojlangan davlatlar
tomonidan katta gizigishni uyg‘otmoqgda bu esa o‘z-o°zidan kelajakda ommaviy
alternativ yonilg‘i turidan foydalanib kengaytirib mavjud muommalarini hal etishga
alohida e‘tibor garatilmoqda.

Jahonda, benzin bazali avtomobillarda qo‘shimcha sifatida vodorod yonilg‘isi
go‘llagan holda, motor moyi chegaraviy ish muddatini aniglash uchun resurs tejamkor
texnologiyalar va texnika vositalarining yangi ilmiy texnikaviy yechimlari ishlab
chigishga yo‘naltirilgan ilmiy tadgiqot ishlari olib borilmoqgda. Bu borada, motor
moylarining parametrlarini chuqur statik tahlil gilish orgali dvigatelidan ishonchlilik
ko‘rsatkichlarini sezilarli oshirishga xizmat gilmogda. VVodorod yonilg‘isi 0‘zining
gidroskopik, fizik hamda kimyoviy xususiyatlari bilan avtomobil motor moylarining
ishlash davomiyligini yaxshilashga garatilgan texnologiya va usullarining ilmiy
texnikaviy asosini yaratish va ilmiy asoslash dolzarb vazifalaridan hisoblanmoqgda.

Respublikamizda so‘ngi yillarda g‘ildirakli avtomobillarda ishlatiladigan motor
moylarining ishlash samaradorligini yaxshilashga hamda xizmat muddatini oshirishga
garatilgan texnologiyalarni integratsiya gilishga va avtomobil ekspluatatsiya davrida
moylovchi materiallar sifatini yaxshilashga alohida e‘tibor qaratib kelinmogda.
O<zbekiston Respublikasi  Prezidentining 23.02.2024 yildagi PQ-82-sonli
“Respublikamizda zamonaviy texnologiyalar asosida yashil vodorod ishlab chigarishni
tashkil qilish va iqtisodiyot tarmoglarining ushbu mahsulotga bo‘lgan talabini
gondirish” to‘g‘risidagi garoriga muvofiq shu sohada ilmiy va amaliy izlanishlarning
natijadorligini oshirish, innovatsion texnologiyalarni ishlab chigishga keng joriy etish?
hamda 18.03.2024 yildagi PQ-132-sonli O‘zbekiston Respublikasi Prezidenting
“O‘zbekiston Respublikasida gibrid avtomobillarni ishlab chiqishni tashkil etish’3
nomli garorlarida, jumladan gayta tiklanuvchi va vodorod energetikasini avtomobil
sohasida keng rivojlantirish, mavjud muommalarga ma‘qbul yechim topish hamda
avtomobil ishonchlilik xususiyatlarini oshirish yo‘lida motor moyining chegaraviy ish
muddatini asoslash bo‘yicha muhim vazifalar belgilab berilgan. Mazkur vazifalarni
amalga oshirishda, jumladan vodorod-benzin yonilg‘isida ishlaydigan avtomobillar
motor moyining chegaraviy ish muddatini asoslash, vodorod-benzin aralashmasida
ishlovchi dvigatel moyining eskirishiga olib keluvchi asosiy omillarni tanlash usuli
ishlab chigish muhim masalalardan biri hisoblanadi.

Ushbu ilmiy tadgiqot ishi Ozbekiston Respublikasi Prezidentining 09.04.2021

! The Energy statictical review of world energy, 2023, 72th ed. KPMG.
2 O’ zbekiston Respublikasi Prezidentining 23.04.2024 yildagi PQ-82-sonli garori, https://lex.uz/ru/docs/-6813831
3 O’zbekiston Respublikasi Prezidentining 18.03.2024 yildagi PQ-132-sonli garori, https://lex.uz/docs/6842792



yildagi PQ-5063-sonli “O‘zbekiston Respublikasi gayta tiklanuvchi va vodorod
energetikasini rivojlantirish chora-tadbirlari” tog‘risidagi garorida gayta tiklanuvchi
energiya manbalari va vodorodni ishlab chigaruvchi, ulardan foydalanuvchi hamda
ushbu turdagi energya bilan ishlovchi uskuna, qurilma va texnologiyalarni sinovdan
o‘tkazish, hamda O*‘zbekiston Respublikasi Prezidentining 18.01.2022 yildagi PF-60-
sonli farmonida 2022-2026 yillarga mo‘ljallangan yangi O‘zbekistonning taraqqiyot
strategiyasi to‘g‘risidagi farmonidagi avtomobil ishlab chigarish sohalariga ta’siri
bo‘yicha ilmiy tadgiqgotlar olib borish va mavjud muommalarni hal etishga
yo‘naltirilgan meyoriy huqugiy hujjatlarda belgilangan vazifalarni amalga oshirishga
ushbu dissertatsiya tadgiqoti muayyan darajada xizmat giladi.

Tadgigotning Respublika fan va texnologiyalari rivojlanishining ustuvor
yo‘nalishlariga mosligi. Mazkur tadqigot respublika fan wva texnologiyalar
rivojlanishining: Il. “Energetika, energiya va resurs tejamkorlik, ustuvor yo‘nalishi
doirasida bajarilgan. Fanlar akademiyasi, Energetika vazirligi, Innovatsion rivojlanish
vazirligi, O‘zstandart agentliglarining 22.08.2019 yildagi PQ-4422-sonli O‘zbekiston
Respublikasi Qarorining yo‘l xaritasidagi chora tadbirlariga hamda O°‘zbekiston
Respublikasi  Prezidentining 09.04.2021 vyildagi PQ-5063-sonli “O‘zbekiston
Respublikasida gayta tiklanuvchi va vodorod energetikasini rivojlantirish chora-
tadbirlari”ga mos keladi.

Muammoning o‘rganilganlik darajasi. Dunyo tajribasida avtomobil
ekspluatatsiya davridagi sifatini yaxshilash magsadida motor moylarining foydalanish
xususiyatlari va chegaraviy ish muddatlarini tadgiq gilish masalasi bo‘yicha bir gator
xorijlik olimlari ilmiy ishlar olib borishgan, jumladan, Marshall H.T., Oliver S.R.
(AQSh), Williams K., Dyson A.(Buyuk Britaniya), Masahiko N., Takada M.
(Yaponiya) va boshgalar. Yugorida ko‘rsatib o‘tilgan olimlar ishlarini e’tirof etgan
holda, aytish mumkinki, ularning ishlarida qo‘yilgan savol ya’ni, vodorod-benzin
yonilg“isida ishlaydigan avtomobillar motor moyining chegaraviy ish muddatini
asoslash tadgiq gilinmagan.

O‘zbekiston Respublikasida gayta tiklanuvchi energetikasini rivojlantirish ishlab
chigarish jarayonlarini takomillashtirish uchun qurilmalar yaratish, texnologik
jarayonlarni parametrlarini asoslash va takomillashtirish masalalari bo‘yicha
tadgiqotlar Vereshagin V.I., Kovalskiy B.I., Runda M.M., Yanovich V.S., Bezborodov
Yu.N., Ganja V.A., Morozov A.G., Grigorev M.A., Salimov A.U., Qadirov S.M.,
Lebedov O.V., Sharipov Q.A., Bazarov B.1., Musurmonov R.K. Musurmanov R.Q. va
boshga olimlar tomonidan moylovchi materiallar ishlash texnologik jarayonlarini
modellashtirish, optimallashtirish va avtomatlashtirilgan boshgaruv tizimini
takomillashtirish usul va algoritmlarini ishlab chigish bo‘yicha salmoqli natijalarga
erishganlar. Shu bilan birga, vodorod-benzin yonilg‘isida ishlaydigan avtomobillar
motor moyining chegaraviy ish muddatini asoslash masalalari yetarli darajada
o‘rganilmagan.

Dissertatsiya tadqiqotining  dissertatsiya  bajarilgan oliy ta’lim
muassasasining ilmiy-tadqiqot ishlari rejalari bilan bog‘ligligi. Dissertatsiya
tadgigoti Toshkent shahridagi Turin Politexnika Universiteti hamda O°‘zbekiston
Respublikasi Innovatsion rivojlanish vazirligi hamkorligi asosida amaliy loyiha hamda
“UzAutoMotors” AJ va Toshkent shahridagi Turin Politexnika Universiteti
6



hamkorligidagi ilmiy kengashning 2017 yil 21 sentyabrdagi 09/17-sonli majlis tadgigot
dasturi bilan bog-‘lig.

Tadqgigotning magsadi vodorod-benzin yonilg‘isida ishlaydigan avtomobillar
motor moyining chegaraviy ish muddatini asoslashdan iborat.

Tadqgigotning vazifalari:

Avtomobil yonilg‘i ta’minlash tizimida vodorod gazini qo‘shimcha sifatida
0°zaro uyg‘unlashuv usullari va zamonaviy holatini tahlil gilish hamda eksperimental
tadqgigotlar o‘tqazish orqali yonilg‘i tejamkorligi va ekologik ko‘rsatkichlarini asoslash
uslubini ishlab chiqish;

Vodorod-benzin yonilg‘i ta’minlash tizimida avtomobil motor moyining magbul
eskirish matematik modelini nazariy tajribalar orgali asoslash;

Vodorod-benzin ta’minotli avtomobilda motor moyining asosiy ekspluatatsion
ko‘rsatkichlarini laboratoriya sharoitida sinash uslubini ishlab chiqish;

Tadgiqot natijalarini go‘llash bo‘yicha tavsiyalar ishlab chigish va joriy etishning
igtisodiy samaradorligini aniglash;

Tadqgigotning obyekti sifatida vodorod-benzin dvigatelli avtomobil motor moyi
olingan.

Tadgigotning predmetini vodorod-benzin dvigatelli avtomobilning asosiy
eksplutatsion ko‘rsatkichlarining eskirishga bog‘liglari tashkil giladi.

Tadqgigotning usullari. Tadgiqot jarayonida klassik mexanika, matematik tahlil
va matematik statistika usullari, nazariy mexanika, pog‘onali tajriba jarayonlarini
kompyuterlashtirish (imitatsion va simulyatsiya) tizimlari orqali tahlil gilish usullari,
avtomobil nazariyasi, sintez usullaridan foydalanilgan.

Tadgiqotning ilmiy yangiligi quyidagilardan iborat:

Frolov-Rodziller tenglamasini qo‘llash orqali qo‘shimcha vodorod gazi benzinli
dvigatellarda optimal yonilg‘i proporsiyasini bargaror ishlash shartlari va turg‘unlik
rejimlari asosida matematik model yaratilgan;

Regression-korrelyatsion tahlili asosida vodorod-benzinli dvigatel moylarining
asosiy fizik-kimyoviy xossalarini ekspluatatsiya sharoitlarida chegaraviy shartlari
aniglangan;

Nyuton interpolyatsion gonuniyati orgali vodorod-benzinli ichki yonuv dvigatel
moyining chegaraviy ish muddati asosida matematik modeli optimallashtirilgan;

Motor moyiga vodorod-benzinli yonilg‘i ta‘sir mexanizmini hisobga olingan
holda almashtirish muddatlari uchun tavsiyalar ishlab chigilgan.

Tadgigotning amaliy natijalari quyidagilardan iborat:

Benzin-vodorod-havo aralashmali yengil avtomobillar ekspluatatsion, texnik-
igtisodiy va ekologik ko‘rsatkichlarini yaxshilashga imkon beradigan aniq tarkibiy
gismi takomillashtirilgan;

Avtomobil vodorod-benzin yonilg‘i taminlash tizimi ilmiy nazariy va tajriba
sinovlariga asoslangan matematik modeli yaratilgan;

Vodorod-benzin bazali avtomobillar yonilg‘i moylash tizimida motor moyining
asoslangan chegaraviy ish muddati ishlab chigilgan;

Tadgigot natijalarining ishonchliligi. Zamonaviy tadgigot natijalarining
ishonchliligi zamonaviy usul va vositalar yordamida amalga oshiriladi. Yonilg‘i
ta’minlash tizimi parametrlari va ish rejimlarining nazariy asoslanishi nazariy
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mexanika va oliy matematika tamoyillariga asoslanadi, tajribalar natijalari matematik
statistik usullar bilan gqayta ishlanadi, nazariy va amaliy bilimlarning o‘zaro
muvofigligi tadgiqot natijalarini ishlab chiqgarish jarayoniga Kiritilganligi bilan
izohlanadi.

Tadgiqot natijalarining ilmiy va amaliy ahamiyati. Tadgiqot natijalarining
Ilmiy ahamiyatiga ko‘ra avtomobil yonilg‘i ta’minlash tizimi modellashtirish tili orgali
matematik model integratsiya qilish usuli va analitik bog‘lanishlar o‘rtasida
vazifalarini texnik, miqdor, giymat indekslariga asoslangan chegaraviy ish muddati
ishlab chiqildi;

Tadqiqot natijalarining amaliy ahamiyatiga ko‘ra mahalliy sharoitda avtomobil
moylash tizimiga berilgan taklif va xulosalar, qo‘shimchalar asosida motor moyini
eskirish belgilab berildi, hamda chegaraviy ish muddati asoslandi;

Tadgiqot natijalarini joriy gilinishi. Vodorod-benzin yonilg‘isida ishlaydigan
avtomobillar motor moyining chegaraviy ish muddatini asoslashda:

“UzAvtosanoat” AJ — 2017 yil Qozogistonning Astana shahrida o‘tkazilgan
kelajak energiyasi mavzusidagi Astana-2017 xalgaro ixtisoslashtirilgan ko‘rgazmasida
vodorod-benzin yonilg‘isi bilan ishlaydigan ‘“Matiz” avtomobilini namoyish qilish
vazifasi Turin politexnika universiteti jamoasiga yuklangan edi. (“UzAvtoMotors” AJ
korxonasida 8-oktyabr 2021-yil ma‘lumotnomasi). Natijada Mazkur ko‘rgazmada
universitet tadqiqotchi olimlari “Matiz” rusumli avtomobilning yonilg‘i ta‘minlash
tizimini takomillashtirib, muaffaqqgiyatli gatnashildi;

Izlanishlar natijasida 2017-2021 yillar davomida alternativ yonilg‘i foydalanish
ustida bir gancha nazariy va amaliy sinov ishlari olib borildi. Frolov-Rodziller
tenglamasini qo‘llash orqali qo‘shimcha vodorod gazi benzinli dvigatellarda optimal
yonilg‘i proporsiyasini barqaror ishlash shartlari va turg‘unlik rejimlari “Matiz”
rusumli avtomobilning yonilg‘i ta’minlash tizimiga joriy qgilindi. (“UzAutoMotors”
AJ korxonasida 8-oktyabr 2021-yil ma’lumotnomasi). Natijada ichki yonuv dvigatel
foydali ish koeffitsienti 5 % ga oshirish imkoni bergan;

Regression-korrelyatsion tahlili asosida vodorod-benzinli dvigatel moylarining
asosiy fizik-kimyoviy xossalarini ekspluatatsiya sharoitlarida chegaraviy shartlari va
ish muddatining eskirish tizimini eng maqgbul algoritmi yaratildi va aniglangan.
Natijada dvigatel motor moyining fizik kimyoviy xususiyatlari nazariy va amaliy
matematik statik tahlil asosida asosiy 4/10 tasi olindi, bunda eng e’tiborli ko‘rsatkichi
6000-7000 km/soat bosib o‘tgan dvigatel motor moyi qovushqgoglik deb nomlash
imkonini bergan;

Nyuton interpolyatsion gonuniyati orgali vodorod-benzinli ichki yonuv dvigatel
moyining bosib o‘tgan km/soati ga garab moylash materiallari eskirishining magbul
matematik modeli chegaraviy ish muddati optimallashtirilgan. (“UzAutoMotors” AJ
korxonasida 8-oktyabr 2021-yil ma’lumotnomasi); Natijada Chevrolet Gentra G200
ichki yonuv dvigatelini standard va vodorod qo‘llagan holda 10 000 km masofa
birlikda gancha sarf bo‘lishi nazariy va amaliy hisob kitob gilindi. Shahar sharoitida
vodorod-benzin avtomobil 100 km masofani bosib o‘tganida 24 % yonilg‘i tejalishi
imkonini yaratgan.

liImiy ish natija va algoritmlari vodorod-benzin yonilg‘isida ishlab chigarish
jarayoniga keng joriy qilish imkonini berdi (“UzAutoMotors” AJ korxonasida 8-oktabr
8



2021-yil ma’lumotnomasi). Natijada vodorod-benzin dvigatel bilan jihozlangan
mahalliy sharoitdagi avtomobillarda motor moyi chegaraviy ish muddatini asoslash
misolida dvigatelning ishchi hajmi 1.51 bo‘lgan avtomobillarda olinadigan yillik
iqtisodiy samaradorlik (bitta avtomobil misolida) 2736000 so‘mni tashkil etishi
Imkonini yaratgan.

Tadqgigot natijalarining aprobatsiyasi. Tadgiqotning asosiy natijalari 2 ta
xalgaro va 2 ta respublika ilmiy-amaliy anjumanlarida ma’ruza qilindi va muhokama
gilindi.

Tadgiqot natijalarining e’lon qilinganligi. Dissertatsiya mavzusi bo‘yicha
umumiy 21 ta ilmiy ish chop etilgan, shulardan, O‘zbekiston Respublikasi Oliy
attestatsiya komissiyasining falsafa doktori (PhD) dissertatsiyalari asosiy ilmiy
natijalarini chop etish tavsiya etilgan ilmiy nashrlarda 10 ta magola, jumladan, 7 ta
respublika va 2 ta chet el ilmiy jurnallarida nashr etilgan. Shulardan 1 ta magola yugori
impakt faktorli jurnallarda nashr etilgan.

Dissertatsiya tuzilishi va hajmi. Dissertatsiya kirish, to‘rtta bob, xulosa,
foydalanilgan adabiyotlar ro‘yxati va ilovalardan iborat. Dissertatsiya hajmi 120 betni
tashkil etadi.

DISSERTATSIYANING ASOSIY MAZMUNI

Kirish gismida vodorod gazini avtomobillarda go‘llangan holda motor moyiga
bo‘lgan ta’siri dolzarbligi va zarurlik darajasi ilmiy asoslangan. Ishning asosiy magsad
va vazifalari, tadgigot obyekti va predmeti, uning O‘zbekiston Respublikasi fan va
texnologiyalari rivojlanishining ustuvor yo‘nalishlariga mosligi ko‘rsatilgan. Ishning
ilmiy yangiligi vodorod-benzin yonilg‘isida ishlaydigan avtomobillar motor moyining
chegaraviy ish muddatini asoslash asosiy natijalari, ularning ilmiy va amaliy ahamiyati
asoslangan. Shuningdek dissertatsiya ishi natijalarining amaliyotga tadbigi, mavzu
bo‘yicha nashr etilgan ishlar va uning tarkibiy tuzilishi bo‘yicha umumiy ma’lumotlar
yoritilgan.

Dissertatsiya ishining «VVodorod-benzin yonilg‘isida ishlaydigan avtomobillar
motor moyining mavjud holati» nomli birinchi bobida mavjud vodorod-benzin
yonilg‘isida ishlaydigan avtomobillar tahlili, avtomobillarni gibrid vodorod gazi bilan
birga ishlatishni ekologik asoslari va gibrid vodorod-benzin avtomobillarining dunyo
bozoridagi ulushi hamda ularning energetik tahlili o‘rganilgan. Shundan kelib chiqib,
vodorod-benzin yonilg‘isida ishlaydigan avtomobillarning energetik tahlili bo‘yicha
mavjud metodlar va muommo yechimi bo‘yicha texnika-texnologiyalarning
zamonaviy yutuglari ko‘rib chigilgan. Neft mahsulotlarining 25% avtomobillar
yonilg‘i hom-ashyosiga to‘gri keladi. Bulardan chiquvchi zaharli gazlarning 17%
ekologyani zararlantiruvchisidir.* Vodorod ekologik toza, xavfsiz va arzon
potensiallariga ega yonilg‘i gaz turi hisoblanadi. Alternativ vodorod gazini boshqa tur
yonilg‘ilar bilan solishtirib ko‘radigan bo‘lsak, benzin-450 °C, Propan-914 °C, metan-
1003 °C, Vodorod-1085 °C ga to‘g‘ri keladi, vodorodning yonuvchanligi bir muncha
yugori golgan tur yonilg‘ilarga garaganda, bu esa bevosita detonatsiya xavfini

4 Reitz RD, Ogawa H, Payri R, et al. 1JER editorial: the future of the internal combustion engine. Int J Engine Res 2020.
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kamaytiradi. ° Yonuvchanlik diapozoni solishtirish shuni ko‘rsatdiki: benzin-7.6:1.4,
propan-10.1:2.1, metan-15:5, vodorod-75:4 nisbatlariga to‘g‘ri keladi, vodorod uchun
optimal yonish sharoiti 29:1 hisoblanadi.®

Tadgigotning “Vodorod-benzin avtomobil motor moylarining chegaraviy ish
muddatini asoslash bo‘yicha nazariy asoslar tadqiqot asoslari” deb nomlangan
ikkinchi bobida vodorod-benzin ichki yonuv dvigatellarida tadgiqot uchun motor
moyini qo‘llash nazariy asoslari hagida yoritib o‘tilgan.

Vodorod gazi qo‘shimcha sifatida ichki yonuv dvigatellarida qo‘llashning fanga
ma’lum 3 ta turi bor. Bular, 1- ichki yonuv dvigateliga vodorod gazini to‘g‘ridan to‘g‘ri
jo‘natish, keyingi ilmiy usulda ichki yonuv dvigateli slindr tashgarisida gazlar
aralashmasini yonish kamerasiga jo‘natiladi. 3- usulda vodorod gazi qo‘shimcha sifati
go‘llash uchun maxsus injektorlardan foydalaniladi. Ilmiy ishda 2-usuldan
foydalanildi. Vodorod boshga tur go‘shimcha gazlariga garaganda deyarli har ganday
haroratda yonnuvchan, sababi 4 % havo aralashmasi ham yetarli hisoblanadi. Yonish
jarayoni uchun 0.02 mJ (n.sh.) energiya talab etiladi, solishtirib ko‘rsatilsa benzin
yonish uchun 240 mJ talab etiladi.

Avtomobil doimiy tok manbai kuchlanish sarfi [V] vaqt birligida [sec]
[

Doimly akkumulyator kuchianish taminoti [V

Benzin dvigatelda umumiy kuchienish sarfi [V]
Vodorod-benzin dvigatel umumiy kuchlanish sarfi [V)

Akkumulyator kuchlanishi [V]

0 200 400 600 800 1000 1200
Time [sec

1-rasm. Avtomobil doimiy tok manbai sarfining giyosiy tahlili.

Vodorod olishning xavfsiz va eng arzon usullaridan bo’lgan elektrolizning LTE -
(>200 °C) past haroratli — (low temperature electroliz), AE - (60-98 °C) alkani
electrolysis (ishgorli), PEM - (50-80 °C) Proton exchange membrane (proton
almashinish membranali), AEM — (40-80 °C) Anion exchange membrane (anion
almashinish membranali), HTE — (700-100 °C) high temperature electroliz (yuqori
temperaturadagi elektroliz) olish usullari malum bo‘lib. Tadgigotda asosan energiya

® White C.M., Steeper R.R., Lutz A.E. The hydrogen-fueled internal combustion engine: a technical review. 1.J.
Hydrogen Energy 2006; 31(10):1292-305.
6 B. Lewis and G. von Elbe, Combustion, Flames and Explosions of Gases, 3rd ed., Academic Press, Orlando, 1987.

10



giymatining foydali ish koeffitsienti 60-80 % lar atrofidagi AE —ishqgorli vodorod olish
usulidan foydalanildi. Nazariy asoslar tahliliga ko‘ra doimiy akkumulyotir tok
manbaining 1 % sarfi bilan vodorod gazi qo‘shimcha olishga erishiladi.

Vodorod gazini qo ‘llash usuli.

Amaliy tajribalar 2017-2020 yillar davomida yengil avtomobillarda olib borildi,
bunda 30 ta yengil turdagi amaliy tajriba avtomobillaridan Chevrolet Cobalt, Chevrolet
Matix, Chevrolet Lacetti 3 ta turkumidagi yengil tur avtomobillar tanlab olindi. Amaliy
ish natijalari sarhisobi 2017-yil Qozogiston Ostona shahridagi EXPO-2017
ko‘rgazmasida 0z samarasini ko‘rsatdi.

2-rasm. Amaliy tajriba yengil turdagi avtomashinalar.
Yengil turdagi avtomobillarda vodorod generatorini o‘rnatish amaliy test
jarayonlari.

3-rasm. Vodorod-benzin yonilg‘i taminlash tizimi.

1-akkumulyotir, 2-peredoxranitil, 3-rele, 4-kalit, 5-rele panel, 6-RAM, 7-1YoD,
8-gazlar kirish kollektori, 9-generator.
Ikkinchi xavfsiz usul sifatida, amiran generatori avtomobillarda go‘llanildi, bu
yonilg“i sarfini 38 % ga kamaytirishga erishildi. Bunda har 1000 km masofadan keyin
texnik servis xizmat ko‘rik talab etiladi.

11



Ushbu tadgigotda motor moyining eskirish matematik modeli asoslashda
quyidagi ko‘rsatkichlar orgali ifodalanadi:

- Gigroskoplik omili - (y)

- Taxminiy vodorod masofasi - (1)

- Aralashmaning gidravlik omillari ta‘sirini hisobga oluvchi koeffitsiyent - («)

- Vodorod-benzin yonilg‘ilarining to‘liq aralashish fazaga ko‘ra - (Q/q.m)

- Vodorod-benzin aralashma maksimal normasi - (n;)

- Vodorod-benzin aralashma minimal normasi - (n;,)

- Aralashma miqdori - ()

- 0.9-2 giymatlarni gabul giluvchi o°zgarish proporsionallik koeffitsientini - (S)

- Vodorod aralashgan benzinning o‘rtacha chuqurligi - (H)

- Vodorod benzinda batamom targalish uzunligi — (L)

- 1 gateng giymat - (4)

- Aralashma meyori — (n,,)

- Reynoldsning diffuziya soni — (Re)

-Diffuziya boshlanishidan benzinga aralashib ketguncha bo‘lgan targalish
koeffietsienti — (¢)

- Vodorodning benzin bilan batamom aralashish (x)

- Benzinning vodorod bilan aralashish kengligi (B)

- Aralashmasning o‘rtacha tezligi (V)

- Vodorod ogimi tezligining benzin ogimi tezligiga nishati bo‘lib (m = 9,,/9,)

- Struyaning ogib chiquvchi teshikdan ixtiyoriy masofadagi diametrik (d)

- Benzinning kelib tushayotgan birlik struyasi diametri - (d)

Motor moyi gidroskoplik xususiyati uning xarorati ortib borgan sayin uziga
vodorodni yutib olishi bilan tavsiflanadi. Buni, yonilg‘i benzin-vororod aralashma
ogimining miqgdori Rodziller bo‘yicha y koeffitsienti bilan ifodalanadi:

-3
1-e

. 1+eV Q @

q cm

Vodorod benzin aralashmasining tarkibiy holati normasi hamda maksimal
miqgdordagi benzinga ko‘p karrali vodorod aralashtirishlar soni quyidagi formula orgali
ifodalanadi:

ob
n. = w (2)
Minimal migdordagi benzinga ko‘p hajm miqdordagi vodorod aralashtirishlar

soni esa quyidagi formula orgali ifodalanadi:

on +Q
. :(ﬁqﬂq+ ) G

Vodorod gazi benzinga aralashishtirish mumkin bo‘lgan gismini ko‘rsatuvchi
koeffitsient quyidagi formula orgali ifodalanadi:
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1—3_0‘(3‘/7_ %)
1+e-d(Vi-Vio) @

b= (4)

Benzin yonilg©isini vodorod gazi bilan aralashtirish meyori quyidagi formula
bilan ifodalanadi:

N o= SepH 5
?  AX(B-L)lgRe, ®)
Diffuzion aralashmalar Reynoldsning son giymati quyidagi formulada
iIfodalanadi:

9H
Re5 - F (6)
9gH
D=2""
2mC (7)
2m=0,7C+6 (8)
S
A — JKC
Smeop (9)
Diffuziya boshlanishidan benzinga aralashib ketguncha bo‘lgan targalish
koeffietsienti quyidagicha ifodalanadi:
I ape
p =22 (10)

npam
O‘gqga nisbatan simmetrik bo‘lgan ixtiyoriy kesimdagi vodorod struyasining
boshlang‘ich aralashish darajasi uchun quyidagicha ifodalanadi:

n, = %[%]ZNW +81(1- m)(%—o)z - m} (11)

H

Vodorod va benzinning boshlang‘ich qo‘shilishidagi limit giymati garalayotgan
kesimning maksimal diametri benzin chuqurligiga teng bo‘lib, boshlang‘ich aralashish
darajasi uchun formulasi quyidagicha ifodalanadi:

2 2
0,258( H d

Demak, benzinga vodorod qo‘shish formulasini quyidagicha yoziladi:
_ (q6000p00+ Q)
noﬁm - 1 (13)

A1)
q6000p00+Qe (R] +Q6
Vodorod kam go‘shilgandagi aralashma ko‘rsatgichi quyidagicha ifodalanadi:

n. = (qaadop00+Q) : (14)

06w e

,ﬁ _ 4
(Q - Qapaﬂaut,wa—l— qeodopoz)k [Rj + Qapa.'tam,ua
Benzinga vodorod go‘shilgandagi umumiy aralashma miqgdori quyidagicha
ifodalanadi:

Q,=ng (15)
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Yuqorida keltirilgan jadvallardagi govushgoglik koeffitsientining giymatlari
asosida 4.2.12-jadval tuzib, Leybnits interpolyatsion formulasini qo‘llab, vodorodning
go‘yilish meyoriga asoslangan grafiklarini quriladi.

O‘zgaruvchan parametrlarni 1- jadvaldan olinadi va bu giymatlar asosida
Nyuton interpolyatsion formulasi quyidagicha yoziladi:

L(X) Yo 1)()( 2XX 3) Y (X 0)(X—X2)(X—X3)
(x X% — %)% —%5) 1 (o — X M0 — %, )0 — %)

RURCERS (T CEr N BN CEES CEpy (et

’ (X o)(x 1)(X _Xs) Vs (X o)(X3 1)(X3 2)
Tadqiqotning “motor moyi asosiy operatsion xususiyatlari va chegaraviy ish
muddatini o‘rganish metodikasi” deb nomlangan uchinchi bobida benzin
dvigateliga go‘shimcha vodorod gazini xavfsiz integratsiya gilish metodikasiga

bag‘ishlangan.

(16)

Motor moy turini tanlash

3 ta vengil avtomobilda
Sinov o'tqazish

Har 1000 km da moydan __| Qovushgoqlik qiymatini
namuna olish aniglas

Motor moyi laberatorya

tekeshiruvi o'tqazish [ | | Ishqor soni aniqlash

Aproksimatsiya L | Chagnash haroratini
tenglamalarini tuzish aniglash

— L, ni hisoblash

Ko'rsatkichlar chegaraviy

qivmatlari T Lz ni hisoblash

Min (Lv, Ltbn, Lfp) — Ly ni hisoblash

Motor moy ish muddatini
aniglash.

4-rasm. Ekspluatatsion natijalarini aniglash integrali.

Motor moyi laboratoriya tajriba sinov ekpluatatsiya qilish metodikasida
moyning chagnash haroratini aniglashda GOST 4333, ISO 2592 bo‘yicha TVO
uskunasidan foydalanildi. Chagnash chegarasi 79-360 °C oraligda tigelda moy
namunadan gorilka orgali chagnash hosil bo‘lishi bilan termametr harorat ko ‘rsatkichi
gayd qilib olinadi.

>
5-rasm. Laboratoriya chaqnash haroratini aniglash jarayoni.

Moyning ishqor sonini aniglashda laboratoriya sharoitida 1-160-MI uskunasi

yordamida pH faolligini aniglanadi. Bunda 1 gr motor moy namuna HCI eritmasi bilan
14



birga aralashtirilib elektrodlar yordamida sentrifuga qo‘yiladi. Uskunadagi table soni
4 ga tushguncha ushlab turiladi, olingan natija formulaga solinib ishqor soni
aniglanadi.

6-rasm. Motor moyi ishgor sonini aniglash jarayoni.
Qovushgoglik indeksini 25371-97 (ISO 2909-81) xalgaro standardlari orali B
usuli yordamida 40 °C hamda 100 °C haroratlarda 15-20 minut davomida quyilib
naitjalar olinadi hamda ulardan olingan natijalar quyidagi tenglamalarda ifodalanadi:

__ ([(antilog N)—1]
Vi= { 0.00715 }+ 100 (17)
N = logH—-logU (18)
logY

Agarda 100 °C da 70 mm?/s dan yuqori bo‘lsa quyidagi formula orgali
ifodalanadi:
H =0.1684Y% 4+ 11.85Y — 97 (19)
Bunda:
- 40 °C va 100 °C lardagi kinematik qovushgoqligi - (U, Y)
- Maxsus jadval giymati - (H)

7-rasm. 40 °C hamda 60 °C haroratlarda motor moyi
govushgoglikni aniglash jarayoni.

“Qo‘shimcha vodorod yonilg‘isining benzil dvigatel motor moylarining
ekologik iqtisodiy harakteristikalariga tasirini eksperimental tadqig qilish
natijalari” deb nomlangan to‘rtinchi bobida ilmiy ish davomida olingan vodorod-
benzin dvigatelli sinov test natijalari, motor moyining chegaraviy ish muddatini
asoslash matematik model natijalari hamda I'YoD motor moyi laboratoriya sinov test
natijalari keltirib o‘tilgan.
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IYoD tashqi tezlik xarakteristikalarini hisoblash va qurish loyihalashda nugta
koordinatalari prof. Leirdman usuli yordamida I'YoD tezlik xususiyatlarini hisoblash
usulidan foydalaniladi. Ushbu usul quyidagi ko‘rsatkichlar orgali ifodalanadi:

- I'YoD ishchi quvvati - (Ne)

- I'YoD maximum ishchi quvvati - (Nmax)

- IYoD tashqi tezlik xarakteristikalarini hisoblash va qurish loyihalashdagi
koordinalari (Nemax, Nn)

- Benzinli I'YoD uchun (a,b,c=1)

- I'YoD ishchi momentining o‘zgarish xarakteristikalari (Me)

- Uzatma valining aylanishlar soni (ne)

I'YoD ishchi quvvat xarakteristikasi nazariy hisob kitob formulasi quyidagicha
ifodalanadi:

~e(%)] (20

IYoD ishchi momentining o‘zgarish xarakteristikasini nazariy hisoblash
quyidagi formula bo‘yicha ifodalanadi:

N, = Nomax [a—N +b (E)2

nyn

M, = x716.2 (21)

8-rasm. Avtomobil I'YoD tortish tezlik xarakteristika grafigi.
Eksperimental test natijalarining matematik statistik tahlil natijalari shahar

sharoitida ikkinchi hamda to‘rtinchi uzatmalarda 2300 rpm dan 2500 rpm gacha
aylanishlar soniga erishildi.
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(?:[?mparision of Gasoline&Hydrogen engine, Angular speed&velocity

O H2
O Gasoline

50 r

40 +

Velocity [km/h]

0 500 1000 1500 2000 2500 3000
Angular Speed [RPM]

9-rasm. (ko’k) benzinli hamda (qizil) benzin-vodorod I'YoD tezliklar kesimida

aylanishlar sonini giyoslash grafigi.

Grafikda drossel 25 % dan 35% gacha o‘zgarganda quvvat benzin maksimal

quvvati 60 Nm dan 80 Nm gacha oshishi ifodalangan.

C&rg}iparision of Gasoline&Hydrogen engine with Drossel versus Moment

O H2
120 F 60 oo O Gasoline | q

OWE@Q O

100 |

80 r

60

40

Moment [Nm]

20 ¢

0Fr

-20 ¢

_40 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100

Drossel [%]

10-rasm. (ko‘k) benzin 1'YoD hamda (qgizil) benzin-vodorodli I'YoD quvvatining
drossel valining ochilish foizlarining giyosiy grafigi.
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Motor moyining chegaraviy ish muddatini asoslash matematik statistik tahlil
usuli yordamida olib borildi. Bunda Matlab dasturidan foydalanildi hamda kvadrat
tenglamaning fazodagi kesim ko‘rinishlari quyidagi grafigda ifodalanadi.

H(x)=0,168472+11,857 - 97

11-rasm. Vodorod gazining benzin tarkibiga absorbsiya jarayonining fazodagi
ko‘rininshi.

H(x)=0,1684Y2+11,85Y - 97

12-rasm. Motor moyi eskirish grafigi va uning chegaralarini aniglashning
fazodagi ko‘rinishi.

Motor moyini chagnash harorati ochiq tigelli TVO apparatida GOST 4333 va
ISO 2592 bo‘yicha sinaladi. (chagnash harorati chegarasi 6 °C-400 °C gacha). 40 °C
hamda 100 °C da standartlar bo‘yicha govushqgoglik koefitsientini VI aniglanadi.
(TBN) Ishgor soni 1-160-MI laborotoriya ionomeri apparatida standartlar bo‘yicha

sinaladi.
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Chaqgnash harorati, C
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I Y I I B
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13-rasm. Motor moyining chagnash harorati.
8 N N I
Lukoil SW30
7 y = -2E-08x? - 0,0003x + 6,7883
— L R?=10,9865
6 g
i =~
— =) Iz
H Mannol SW30
g 5 ¢ —— ~ ‘-§ =iy y = 7E-09x? - 0,0004x + 6,1795
= - > R? = 0,0857
é 2 - Py |
s = =
£ / e |
23 = i ——
S "
2 / o ~ EV
] /
] Castrol SW30
1 /] y=-5E-09x2-0,0003x+ 5,2417
- R?=0,9774
0__|||!||||!||||! NN Y
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
Bosib o’tilgan masofa, km
< Castrol O Lukoil A Mannol Poly. (Castrol) Poly. (Lukoil) ~——Poly. (Mannol )
14-rasm. Motor moyi ishqor soni.
9900 T T T T T T T T T T T T T e T
Mannol 5W30
y = -4E-06x? - 0,0006x + 765,07
800 E ™~ - | R*=0,9619
E 1A _ Castrol 5W30 N
ﬁ —-—-—_a_________ﬁ_ N y = -4E-06x? - 0,0006x + 765,07 ||
£ 700 | s 4 R*=0,9619
& L ” .
g ~ ] - ]
§ 600 g
y i
; g
g 500
S Lukoil 5W30 T H
y = -4E-06x? - 0,0006x + 765,07
400 R?=0,9619 _
i \\%
y BEREHReRERAERaRRaRRR! |}
o] 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
Bosib o’tilgan masofa, km
< Castrol O Lukoil A Mannol Poly. (Castrol) Poly. (Lukoil) Poly. (Mannol )

15-rasm. 40 °C hamda 100 °C dagi qovushqoqlik giymati.
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UMUMIY XULOSALAR.

“Vodorod-benzin yonilg‘isida ishlaydigan avtomobillar motor moyining
chegaraviy ish muddatini asoslash” mavzusini o‘rganish asosida quyidagi umumiy
xulosalar qgilindi:

1. Dunyoda alternativ vodorod gazini benzin dvigatelli avtomobillarda
go‘shimcha sifatida go‘llagan holda motor moyiga sinergetika masalalari yetarlicha
o‘rganilmagan. Shuningdek, bizning sharoitda ushbu texnologiyalarni tadbiq gilish
darajasi yuqgori emasligi, muammolarni hal etishda soxadagi zaxiralarning mavjud
ekanligi aniglandi va eksperimental tadqiqotlar asosida foydali ish koeffitsientini 5 %
ga oshirgan holda yonilg‘i sarfini 24 % ga kamaytirildi, va ekologik tasir gazlar NOx,
CO, HC lar migdori mos holda 15%, 18%, 14% gacha kamaytirildi.

2. Avtomobil vodorod-benzin yonilg‘i taminlash tizimida vodorod gidroskopik
diffuziya yonilg‘i sinergiyasi D.Rodziller formulasi bilan asoslandi hamda o‘qga
nisbatan simmetrik bo‘lgan ixtiyoriy kesimli vodorod konsentratsiyasining
boshlang‘ich aralashish darajasi formulasi nazariy tajribalar asosida avtomobil motor
moyining eskirish matematik modeli yaratildi.

3. Avtomobil vodorod-benzin ta’minot tizimi tahlil qilish asosida mahalliy
sharoitda alternativ yonilg‘i bilan motor moyi ta’sirlashuvida moyning asosiy 3 ta
parametrlari, yani chagnash harorati, govushqoqglik ko‘rsatkichi, ishqor soni hamda
Kislotalar sonlari misolida go‘llab nazariy va amaliy jihatlari o‘rganildi. Matematik
modeli asosida Nyuton interpolyatsion formulasi yordamida eskirish algoritmida
amaliy va nazariy tadgiqotlar 3% tafovutta erishildi. Shuningdek, ekspluatatsiya
sharoitida avtomobil moylash tizimlaridan foydalanishning sinergetika konsepsiyasiga
binoan tartib va moslashuvchanlik parameter tushunchalari asoslandi.

4. Vodorod-benzin avtomobil parametrlari tadgigotlar o‘tkazilib, quyidagi
natijalarga asoslandi:

- Chevrolet Gentra G200 ichki yonuv dvigatelini standard va vodorod go‘llagan
holda 10 000 km masofa birlikda gancha sarf bo‘lishi nazariy va amaliy hisob kitob
gilindi.

- O‘tkazilgan tajriba sharoitlarida standard va vodorod-benzinli avtomobil
yonilg‘i ta’minlash tizimlari uchun Nyuton interpoyatsion tenglamalari usuli
yordamida aniglandi.

- Shahar sharoitida vodorod-benzin avtomobil 100 km masofani bosib o‘tganida
24 % yonilg‘i tejaldi. Bitta avtomobil bir yilda 30000 km masofani bosib o‘tadi deb
oladigan bo‘lsak, o‘rta hisobda 648 litr yonilg‘i tejalganligi amaliy tahliliy usullar bilan
aniglanadi. Bunda vodorod benzin sinergiyasi asosida avtomobil motor moyi har
10000 km masofa garaganda 500-1000 km oldinroq almashtirish kerak.

5. Vodorod-benzin dvigatel mahalliy sharoitda motor moyi chegaraviy ish
muddatini asoslash misolida dvigatelning ishchi hajmi 1.51 bo‘lgan avtomobillarda
olinadigan yillik igtisodiy samaradorlik (bitta avtomobil misolida) 149796000 so‘mni
tashkil etadi.
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INTRODUCTION (annotation of Doctor of Philosophy
(PhD) dissertation)

Relevance and necessity of the dissertation topic. The demand for petroleum
products, i.e. gasoline and diesel, which are the source of fuel for cars in the world, has
increased by 3.1% and 1%, respectively. Increasing the operating performance of
vehicles and analyzing fuel trends requires the reduction of traditional fuel types and
the gradual use of alternative fuel types, including environmentally friendly, safe and
cheap energy source hydrogen gas. is doing. Alternative hydrogen gas is currently
attracting great interest from various developed countries in the global energy sector,
which in itself is paying special attention to solving existing problems by expanding
the use of mass alternative fuel type in the future.

In the world, using hydrogen fuel as an additive in gasoline-based cars, scientific
research activities are being conducted aimed at developing new scientific and
technical solutions of resource-saving technologies and technical means to determine
the limit working life of motor oil. In this regard, a deep static analysis of the
parameters of motor oils serves to significantly increase the reliability indicators of the
engine. Hydrogen fuel, with its hydroscopic, physical and chemical properties, is
considered one of the urgent tasks of creating a scientific and technical basis of
technologies and methods aimed at improving the service life of motor oils.

In recent years, in our republic, special attention has been paid to the integration
of technologies aimed at improving the performance and service life of motor oils used
in wheeled vehicles, and improving the quality of lubricants during vehicle operation.
In accordance with the decision of the President of the Republic of Uzbekistan No. PQ-
82 dated 23.02.2024 "Organizing the production of green hydrogen based on modern
technologies in our Republic and meeting the demand of economic sectors for this
product”, the effectiveness of scientific and practical research in this field increase,
wide introduction to the development of innovative technologies and the decisions of
the President of the Republic of Uzbekistan No. PQ-132 of 18.03.2024 entitled
"Organizing the development of hybrid cars in the Republic of Uzbekistan™, including
the wide development of renewable and hydrogen energy in the automotive sector, the
important tasks of finding an acceptable solution to the existing problems and
improving the reliability characteristics of the motor oil are determined. In the
implementation of these tasks, one of the important issues is the justification of the
limit service life of engine oil for cars running on hydrogen-gasoline fuel, the
development of a method for selecting the main factors that lead to the wear of engine
oil running on a hydrogen-gasoline mixture.

This scientific research work is based on the decision of the President of the
Republic of Uzbekistan dated 09.04.2021 No. PQ-5063 "Measures for the development
of renewable and hydrogen energy of the Republic of Uzbekistan", the producers of
renewable energy sources and hydrogen, their users and this testing of energy-powered
equipment, devices and technologies, as well as a vehicle in the decree of the President
of the Republic of Uzbekistan dated 18.01.2022 No. PF-60 on the development strategy
of new Uzbekistan for 2022-2026 This dissertation research serves to a certain extent
to carry out scientific research on the impact on production areas and to implement the
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tasks defined in the regulatory legal documents aimed at solving existing problems.

Compliance of the research with the priorities of the development of science
and technology of the Republic. This research is about the development of republican
science and technology: Il. "Energy, energy and resource saving, was carried out within
the priority direction. Actions in the roadmap of the Decision of the Republic of
Uzbekistan No. PQ-4422 of 22.08.2019 of the Academy of Sciences, Ministry of
Energy, Ministry of Innovative Development, Uzstandart agencies and Resolution of
the President of the Republic of Uzbekistan No. PQ-5063 of 09.04.2021 "Development
of renewable and hydrogen energy in the Republic of Uzbekistan measures”.

Level of study of the problem. In the world experience, a number of foreign
scientists have conducted scientific work on the issue of researching the characteristics
of the use of motor oils and the limit work periods in order to improve the quality of
the car during its operation, including Marshall H.T., Oliver S.R. (USA), Williams K.,
Dyson A. (Great Britain), Masahiko N., Takada M. (Japan) and others. Acknowledging
the work of the above-mentioned scientists, it can be said that the question raised in
their work, that is, the justification of the limit service life of motor oil for cars running
on hydrogen-gasoline fuel, has not been researched.

Development of renewable energy in the Republic of Uzbekistan, research on the
creation of devices for the improvement of production processes, justification and
improvement of parameters of technological processes Vereshagin V.1., Kovalsky B.1.,
Runda M.M., Yanovich V.S., Bezborodov Yu.N., Ganja V.A. , Morozov A.G.,
Grigorev M.A., Salimov A.U., Kadyrov S.M., Lebedov O.V., Sharipov Q.A., Bazarov
B.l., Musurmonov R.K. Musurmanov R.Q. and other scientists have achieved
significant results in the development of methods and algorithms for modeling,
optimization and improvement of the automated control system. At the same time, the
issues of justifying the limit service life of engine oil for cars running on hydrogen-
gasoline fuel have not been sufficiently studied.

The connection of the dissertation research with the research plans of the
higher educational institution where the dissertation was completed. The
dissertation research is related to a practical project based on the cooperation of the
Turin Polytechnic University in Tashkent and the Ministry of Innovative Development
of the Republic of Uzbekistan and the research program of the scientific council
meeting No. 09/17 on September 21, 2017 in cooperation with UzAuto Motors JSC
and Turin Polytechnic University in Tashkent.

The purpose of the study is to justify the limit of service life of engine oil for
cars running on hydrogen-gasoline fuel.

Tasks of the research:

Analyzing the state-of-the-art compatibility methods of hydrogen gas as an
additive in the vehicle fuel supply system, and developing a method for justifying fuel
economy and environmental performance by conducting experimental research;

Basing the mathematical model of optimal wear of motor oil in the hydrogen-
gasoline fuel supply system through theoretical experiments;

Development of a method of testing the main operating parameters of motor oil
in a hydrogen-gasoline vehicle in laboratory conditions;
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Development of recommendations for the application of research results and
determination of economic efficiency of implementation;

As the object of the study, motor oil of a car with a hydrogen-gasoline engine
was taken.

The subject of the study is the dependence of the main operational indicators of
the car with a hydrogen-gasoline engine on wear and tear.

Research methods. Classical mechanics, mathematical analysis and
mathematical statistical methods, theoretical mechanics, methods of analyzing step-
by-step processes of experience through computerization (imitation and simulation)
systems, automobile theory, and synthesis methods were used in the research process.

The scientific novelty of his research is as follows:

Using the Frolov-Rodziller equation, a mathematical model was created based on
stable operating conditions and stagnation modes of the optimal fuel ratio in gasoline
engines with additional hydrogen gas;

On the basis of the regression-correlation analysis, the basic physical and
chemical properties of hydrogen-gasoline engine oils were determined in terms of
operating conditions;

Based on the limit working life of hydrogen-gasoline internal combustion engine
oil, the mathematical model is optimized through Newton's interpolation law;

Recommendations for replacement periods have been developed taking into
account the mechanism of effect of hydrogen-gasoline fuel on engine oil.

The practical results of the research are as follows:

A specific component has been improved that allows to improve the operational,
technical-economical and environmental indicators of cars with gasoline-hydrogen-air
mixture;

A mathematical model of the vehicle hydrogen-gasoline fuel supply system based
on scientific theoretical and experimental tests was created;

In the fuel lubrication system of hydrogen-gasoline-based cars, the limit service
life of motor oil was developed;

Reliability of research results. The reliability of modern research results is
carried out using modern methods and tools. The theoretical justification of fuel supply
system parameters and operating modes is based on the principles of theoretical
mechanics and higher mathematics, the results of experiments are processed by
mathematical statistical methods, and the compatibility of theoretical and practical
knowledge is explained by the fact that it is included in the process of producing
research results.

Scientific and practical significance of research results. According to the
scientific significance of the results of the research, a limit work period based on
technical, quantity, and value indexes was developed between the method of
integrating the mathematical model and the analytical connections through the
Modeling Language of the vehicle fuel supply system;

According to the practical significance of the research results, motor oil wear was
determined based on the recommendations and conclusions given to the car lubrication
system in local conditions, and the limit working period was justified;
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Implementation of research results. When justifying the limit service life of
engine oil for cars running on hydrogen-gasoline fuel:

UzAvtosanoat joint-stock company - 2017 At the Astana-2017 international
specialized exhibition on the theme of future energy held in Astana, Kazakhstan, the
team of the Polytechnic University of Turin was assigned the task of demonstrating the
car "Matiz" running on hydrogen-gasoline fuel. (Information of October 8, 2021 at
UzAuto Motors JSC). As a result, university research scientists successfully
participated in this exhibition by improving the fuel supply system of the "Matiz" car;

As a result of the research, a number of theoretical and practical tests were
conducted on the use of alternative fuel during 2017-2021. (Information of October 8,
2021 at UzAuto Motors JSC). As a result, a method of safe integration of the vehicle
fuel system in the conditions of Uzbekistan with hydrogen gas as an additional fuel
was developed, the efficiency of the internal combustion engine was increased by 5%,
and the fuel consumption per 100 km/h reduced by 24%;

The optimal algorithm was created in the wear system based on the limit service
life of motor oil in an internal combustion engine. (Information of October 8, 2021 at
JSC "UzAuto Motors™) As a result, the physical and chemical properties of the engine
motor oil were obtained based on the theoretical and practical mathematical static
analysis of the main 4/10, in which the most significant indicator is 6000-7000 km
/hour engine motor oil was found to be viscous;

Based on the optimal mathematical model of the wear of lubricants depending on
the km/h traveled by the internal combustion engine. (Information of October 8, 2021
at UzAuto Motors JSC);

The results and algorithms of the scientific work made it possible to widely
introduce them to the production process of hydrogen-gasoline fuel ("UzAuto Motors™
JSC, October 8, 2021 reference). As a result, based on the results of the experiment,
conclusions and suggestions were given for the lubrication system of the car engine.

Approval of research results. The main results of the research were presented
and discussed at 2 international and 2 national scientific-practical conferences.

Publication of research results. A total of 21 scientific works were published on
the subject of the dissertation, including 10 articles in scientific publications
recommended for publication of the main scientific results of Doctor of Philosophy
(PhD) dissertations of the Higher Attestation Commission of the Republic of
Uzbekistan, including 7 republics and 2 foreign ones published in scientific journals.
Among them, 1 article was published in high impact factor journals.

Dissertation structure and size. The dissertation consists of an introduction, four
chapters, a conclusion, a list of references and appendices. The length of the
dissertation is 120 pages.

THE MAIN CONTENT OF THE DISSERTATION

In the introduction, the relevance and necessity of hydrogen gas used in cars
on engine oil is scientifically based. The main goals and tasks of the work, the object
and subject of research, its compatibility with the priority directions of the development
of science and technology of the Republic of Uzbekistan are indicated. The scientific
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novelty of the work is based on the main results of substantiating the limit working life
of motor oil for cars running on hydrogen-gasoline fuel, their scientific and practical
significance. Also, general information on the practical application of the results of the
dissertation, published works on the topic and its structural structure are highlighted.

The first chapter of the dissertation entitled **The current state of motor oil for
hydrogen-gasoline vehicles™ contains an analysis of hydrogen-gasoline vehicles, the
environmental basis of using vehicles with hybrid hydrogen gas, and the share of
hybrid hydrogen-gasoline vehicles in the world market and their energy analysis is
studied. Based on this, the existing methods of energy analysis of cars running on
hydrogen-gasoline fuel and the modern achievements of techniques and technologies
for solving the problem were considered. 25% of oil products are fuel for automobiles.
17% of toxic gases released from them are harmful to the environment. Hydrogen is
a type of fuel gas with environmentally friendly, safe and cheap potential. If we
compare alternative gas with other types of fuels, Gasoline-4500F, Propane-9140C,
Methane-10030C, Hydrogen-10850C, the flammability of hydrogen is slightly higher
than other types of fuels. , which reduces the risk of direct detonation. Comparison
of the flammability range showed that the ratio corresponds to: gasoline-7.6:1.4,
propane-10.1:2.1, methane-15:5, hydrogen-75:4, the optimal combustion condition for
hydrogen is 29:1.

The second chapter of the study, entitled ""Theoretical basis of the research
basis for the justification of the limit working life of hydrogen-gasoline motor oils"*
describes the theoretical basis of the use of motor oil for research in hydrogen-gasoline
internal combustion engines.

There are 3 known types of use of hydrogen gas as an additive in internal
combustion engines. These are, 1- direct delivery of hydrogen gas to the internal
combustion engine, in the next scientific method, the mixture of gases is sent to the
combustion chamber outside the cylinder of the internal combustion engine. In the 3rd
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Figure 1. Comparative analysis of automotive DC power consumption.
method, special injectors are used to apply hydrogen gas as an additional quality. 2
methods were used in the scientific work. Hydrogen is more flammable at almost any
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temperature than other types of additional gases, because even a 4% air mixture is
sufficient. The combustion process requires 0.02 mJ of energy, compared to 240 mJ
for gasoline combustion.

One of the safest and cheapest methods of hydrogen production is LTE -
(>2000C) low temperature electrolyze, AE - (60-980C) alkane electrolyze (alkaline),
PEM - (50-800C) Proton exchange membrane (proton with an exchange membrane),
AEM - (40-80C) Anion exchange membrane, HTE - (700-1000C) high temperature
electrolysis (high temperature electrolysis). The research mainly used the AE - alkaline
hydrogen production method, with a useful efficiency of 60-80% of the energy value.
According to the analysis of the theoretical basis, additional hydrogen gas can be
obtained with the consumption of 1% of the constant battery current source.

The method of using hydrogen gas.

Practical experiments were conducted on passenger cars during 2017-2020, in
which 3 types of passenger cars Chevrolet Cobalt, Chevrolet Matix, Chevrolet Lacetti
were selected from 30 types of practical test vehicles. Summary of the results of
practical work in 2017 showed its effectiveness at the EXPO-2017 exhibition in
Astana, Kazakhstan.

) GRS =

Figure 2. Practical experience of light vehicles.
Practical test procedures for installing a hydrogen generator in light vehicles.

t— 87
|— 87A (88)

Figure 3. Hydrogen-gasoline fuel supply system.
1-accumulator, 2-peredochranitil, 3-relay, 4-switch, 5-relay panel, 6-RAM, 7-

I'YoD, 8-gas inlet collector, 9-generator.
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As a second safe method, the amiran generator was used in cars, which achieved
a 38% reduction in fuel consumption. it requires maintenance after every 1000 km.

In this study, the mathematical model of engine oil wear is represented by the
following indicators:

- Hygroscopic factor (g)

- Approximate hydrogen distance (1)

- Coefficient taking into account the effect of hydraulic factors of the mixture (a)

- According to the phase of complete mixing of hydrogen-gasoline fuels (Q/qcm)

- Maximum rate of hydrogen-gasoline mixture (n;)

- Minimum norm of hydrogen-gasoline mixture (ny)

- Amount of mixture (b)

- the coefficient of proportionality of change, which takes the values of 0.9-2 (S)

- Average depth of gasoline mixed with hydrogen (H)

- Total diffusion length in hydrogen gasoline (L)

-avalueequalto 1 (A)

- Mixture criterion (ny)

- Reynolds diffusion number (R¢)

- Diffusion coefficient among beginning and mixing with gasoline (¢)

- Complete mixing of hydrogen with gasoline (x)

- Width of mixing of gasoline with hydrogen (B)

- Average speed of mixing (V)

- is the ratio of hydrogen flow rate to gasoline flow rate (m=V,/Vo)

- diametric of the jet at an arbitrary distance from the exit (d)

- Gasoline incoming unit jet diameter (d)

The hygroscopic property of motor oil is characterized by the fact that it absorbs
hydrogen as its temperature increases. This is expressed by the coefficient g according
to Rodziller, the amount of fuel gasoline-hydrogen mixture flow:

1—- e—a%ﬁ

” 1+e g @)

Qe

The norm of the compositional state of the hydrogen gasoline mixture and the
number of multiple hydrogen mixtures to the maximum amount of gasoline are
expressed by the following formula:

+Q)ob
n = e +7Q) )
e
The number of hydrogen mixtures with a minimum amount of gasoline is

expressed by the following formula:

= (ﬂq;a +Q) 3

The coefficient indicating the proportion of hydrogen gas that can be mixed with
gasoline is expressed by the following formula:
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The standard for mixing gasoline fuel with hydrogen gas is expressed by the
following formula:

_— SepH 5

?  AX(B-L)lgRe, )

The Reynolds number value of diffusion mixtures is expressed in the following
formula:

SH
Re& - F (6)
9gH
D=—-2_
2mC (7)
2m=0,7C+6 (8)
S
A — 9KC
s 9)

meop
The diffusion coefficient from the beginning of diffusion to mixing with gasoline
Is expressed as follows:

IdG
@ =10 (10)

npam
For the initial degree of mixing of a hydrogen jet of arbitrary cross-section,
symmetrical about the axis, it is expressed as follows:

n, _%[%I{\/mz +8,1(1—m)(%—°)2 —m} (11)

The limit value of the initial mixing of hydrogen and gasoline is the maximum
diameter of the considered section equal to the depth of gasoline, and the formula for
the initial mixing level is expressed as follows:

2 2
0,258 H d

So, the formula for adding hydrogen to gasoline is written as follows:
_l_

noﬁm — (qem)opo& Q (13)

|

_ﬂ _

q6000p00+Qe (R] +Q6
The mixture index when little hydrogen Is added is expressed as follows:
N, = s Q) 1 (14)
m ol
(Q - Qapaﬂaut,wa—l— qeodopoz)k " + Qapa.'tamMa
The total amount of mixture when hydrogen is added to gasoline is expressed as
follows:

S—

B

Q,=n,g (15)
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Table 4.2.12 is created based on the values of the viscosity coefficient in the
above tables, using the Leibniz interpolation formula, graphs of hydrogen are
constructed based on the deposition rate.

Variable parameters are taken from Table 1, and based on these values, Newton's

interpolation formula Is written as follows:
1)(X 2XX 3) ( o)(x ZXX_XS)
L(X)=Y
R A RS R M ey e ey
+Y, (X Xo )(X Xl)(x Xs) A (X Xo )(X Xl)(x — Xz)
(X o)(xz 1)(X - Xs) (X o)(X3 1)(X3 - Xz)
The third chapter of the study, entitled **"Methodology for studying the main
operating characteristics and limit of working life of motor oil" is devoted to the
methodology of safe integration of additional hydrogen gas into the gasoline engine.

(16)
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Figure 4. Integral for determining operational results.

The TVO equipment according to GOST 4333, ISO 2592 was used to determine
the flash temperature of the oil in the method of laboratory experimental test operation
of motor oil. The flash limit is 79-3600C, and the temperature indicator of the
thermometer is recorded when a flash is formed from the oil sample in the crucible
through the burner.

Figure 5. Laboratory flash temperature determination procedure.
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When determining the alkali number of oil, pH activity is determined using 1-160-
MI equipment in laboratory conditions. In this case, 1 g of motor oil sample is mixed
with HCI solution and centrifuged using electrodes. The number of tables in the
equipment is kept until it drops to 4, the result obtained is entered into the formula and
the number of alkali is determined.

Figure 6. Motor oil alkali number determination process.

Viscosity index 25371-97 (ISO 2909-81) international standard B method is
obtained by casting at temperatures of 400C and 1000C for 15-20 minutes, and the
results obtained from them are expressed in the following equations:

vi = {2l D) 4 100 (17)
N = logH—-logU (18)
logY
If it is higher than 70 mm2/s at 100°C, it is expressed by the following formula:
H =0.1684Y? + 11.85Y — 97 (19)

In this:
- kinematic viscosity at 40° and 100°C - (U, Y)
- Special table value - (H)

Figure 7. Motor oil at temperatures of 400C and 600C
viscosity determination process.

In the fourth chapter, entitled "Results of experimental research on the effect of
additional hydrogen fuel on the environmental and economic characteristics of gasoline
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engine oils", the test results of the hydrogen-gasoline engine test obtained during the
scientific work, the results of the mathematical model for the basis of the limit service
life of the engine oil, and the I'YoD engine oil The results of the laboratory test are
cited.

Calculation and construction of I'YoD external speed characteristics point
coordinates in the design prof. The method of calculating 1'YoD speed characteristics
using the Leirdman method is used. This method is represented by the following
indicators:

- ICE working capacity - (Ne)

- ICE maximum working power - (Nmax)

- Coordinates (Nemax, Nn) in the calculation and design of external speed

characteristics of ICE

- For gasoline engine (a,b,c=1)

- ICE working torque change characteristics (Me)

- Number of rotations of the extension shaft (ne)

The formula of the theoretical account book of the characteristics of the labor
force of ICE is expressed as follows:

Ne 3
~c(2)] (20)

2
Ne Ne
Ne - Nemax [aa +b (E)

The theoretical calculation of the characteristic of the change of the operating
moment of the ICE is expressed according to the following formula:

tortish tezlik iyati grafigi.

M, = x716.2 (21)

Figure 8. Car I'YOD towing speed characteristic graph.
The results of mathematical statistical analysis of the results of the experimental

test, the number of rotations from 2300 rpm to 2500 rpm in the second and fourth gears
in urban conditions was achieved.
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Figure 9. (blue) gasoline and (red) gasoline-hydrogen ICE speed section
comparison graph.
The graph shows that when the throttle changes from 25% to 35%, the maximum
power of gasoline increases from 60 N*m to 80 N*m.
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Figure 10. A comparative graph of throttle shaft opening percentages of (blue)
gasoline 10D and (red) gasoline-hydrogen IOD.

The determination of the maximum service life of motor oil was carried out with
the help of the mathematical statistical analysis method. The Matlab program was used
for this, and the cross-sectional views of the quadratic equation in space are represented
in the graph below
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Figure 12. Spatial view of motor oil wear graph and determination of its limits.

The flash point of motor oil is tested according to GOST 4333 and I1SO 2592 in
an open crucible TVO apparatus. (flash temperature limit is 6°C-400°C). Viscosity
coefficient VI is determined by standards at 40°C and 100°C. (TBN) Alkalinity is
tested according to standards in the 1-160-MI laboratory ionomer apparatus.
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Figure 15. Engine oil viscosity at temperatures of 40 and 100 °C

GENERAL CONCLUSIONS.

The following general conclusions were made based on the study of the topic
"Validation of engine oil life cycle in a hydrogen fuelled engines™:

1. In the world, the synergistic issues of motor oil using alternative hydrogen
gas as an additive in cars with gasoline engines have not been sufficiently studied.
Also, it was found that the level of application of these technologies in our conditions
Is not high, there are reserves in the field in solving problems, and based on
experiments, fuel consumption is reduced by 34% while increasing the useful work
coefficient by 5%, and environmentally friendly gases NOx, CO, HCs the amount
was reduced to 15%, 18%, 14%, respectively.

2. Hydrogen hygroscopic diffusion fuel synergy in the automotive hydrogen-
gasoline fuel supply system was based on D. Rodziller's formula and the formula for
the initial mixing level of hydrogen concentration with an arbitrary cross-section
symmetrical about the axis is based on theoretical experiments and wear of
automotive motor oil a mathematical model was created.

3. On the basis of the analysis of the automobile hydrogen-gasoline supply
system, the main 3 parameters of the oil, i.e. flash temperature, viscosity index and
alkali-acid numbers, in the interaction of motor oil with alternative fuel in local
conditions, using theoretical and practical aspects were studied. Based on the
information model, practical and theoretical studies on wear algorithm using
Newton's interpolation formula achieved a 3% difference. Also, according to the
synergetic concept of the use of car lubrication systems in operational conditions,
the concepts of order and flexibility parameters were based.

4. Hydrogen-gasoline vehicle parameters were researched and based on the
following results:
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- A theoretical and practical calculation was made of the fuel consumption per
10,000 km of the Chevrolet Gentra G200 internal combustion engine using standard
and hydrogen.

- It was determined using the method of Newton's interpolation equations for
standard and hydrogen-gasoline car fuel supply systems under the experimental
conditions.

- 24% of fuel was saved when a hydrogen-gasoline car covered a distance of
100 km in urban conditions. If we consider that one car travels 30,000 km in a year,
on average, 648 liters of fuel is saved by practical analytical methods. In this case,
based on the synergy of hydrogen gasoline, the motor oil should be changed 500-
1000 km earlier than every 10000 km.

5. In the example of determining the limit of working life of motor oil in local
conditions of a hydrogen-gasoline engine, the annual economic efficiency (in the
case of one car) of cars with an engine capacity of 1.5 | is 14,979,600 sums.
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AKTYaJJbHOCTh M  He00XO0AUMOCTH TeMbl auccepranmu. Chopoc Ha
He(TENPOAYKTHI — OCH3UH U AU3EIBHOE TOIUIUBO, SIBISTIOIINECS HCTOYHUKOM TOIUIMBA
TUTSI aBTOMOOWIIEH B Mupe, yBenuuwics Ha 3,1% u 1% cootBercTBeHHO. [loBEIICHHE
AKCIUTyaTallMOHHBIX XapaKTEPUCTHK TPAHCHOPTHBIX CPEJCTB M aHAJIU3 TOIUIMBHBIX
TEHJEHUUN TpeOyeT COKpAIlleHUsS TPAAUIMOHHBIX BUAOB TOIUIMBA U IOCTEIIEHHOIO
WCIIOJIb30BAaHUsI aAJbTEPHATHUBHBIX BHUJOB TOIUIMBA, B TOM YHUCJIE 3KOJOTHYECKH
YUCTOr0, O€30MaCHOr0 M JECHIEBOTO YHEPrOHOCUTENST — Ta3000pa3HOro BOIOPOJA.
ANbTEpHATUBHBIN BOJIOPOHBIN ra3 B HACTOSIIIEE BPeMs BbI3bIBAET OOJIBIIION UHTEpEC
CO CTOPOHBI PA3IMYHBIX PA3BUTHIX CTPAH MUPOBOM SHEPTETUKH, KOTOPbIE CaMU IO
cebe ynensitoT 0co00€ BHUMAHUE PEHICHUIO CYLIECTBYIOUIMX NpoOJieM 3a CYeT
pacHIMpPEHUsI UCTIOJIH30BAHUS MACCOBOTO aIbTEPHATUBHOTO BU/JIA TOTLJIMBA B Oy AyIIIEM.

B Mupe npu ucCnonap30BaHMK BOJAOPOJHOrO TOIUIMBA B KAayeCTBE IMPHUCAIKHU B
OCH3MHOBbIE ABTOMOOWJIM BEIyTCS HAy4YHbIE HCCIEJIOBAHMS, HANpPaBICHHBIE Ha
pa3pabOTKy  HOBBIX  HAYYHO-TEXHHYECKHX  pEUICHUH  pecypcocOeperarmmx
TEXHOJIOTHI U TEXHUYECKUX CPEJCTB JJIS ONMPEAEICHHS MPEAEIbHOIO CPOKa CIyKOBI
MOTOpHBIX Macel. B cBs3u ¢ 3TUM TNIyOOKMH CTaTMYECKUW aHAIU3 IMapaMeTpOB
MOTOPHBIX Macej CIy>KHT CyIIECTBEHHOMY MOBBIIICHUIO MOKAa3aTeNel HaJeKHOCTH
nBuratens. BonopoHoe TOIIMBO € €ro rurpoCKONUYECKUMH, (PU3NKO-XUMUYECKUMHU
CBOMCTBAaMHM CUMTAETCA OJTHOM M3 aKTyaJbHBIX 337a4 CO3/JaHHS HAYYHO-TEXHUYECKOU
OCHOBBI TEXHOJIOTHM M METOJOB, HAMpPABIICHHBIX Ha IOBBLIIICHHE CpPOKA CIIYXKObI
MOTOPHBIX Macell.

B mnocnenHue roapl B Hamiedl pecrnyOiumke ocoboe BHHMaHHUE YJeNsieTcs
BHEJIPEHUIO TEXHOJOTHIl, HaIlpaBICHHBIX Ha MOBBIIIEHUE HSKCILTyaTallHOHHBIX
XapaKTEPUCTUK U CPOKA CIYX)Obl MOTOPHBIX Macej, UCIOJIb3yeMbIX B KOJECHOMU
TEXHHUKE, a TAKKE YIYyUIICHHUE KAYEeCTBA CMA30YHBIX MAaT€pUaIOB IIPHU KCILUTyaTaluu
TPAaHCHOPTHBIX cpeAcTB. B cooTBeTcTBUM ¢ mocTaHoBieHUeM lIpe3uaeHra
Pecnybmuku Y36ekuctan Ne PQ-82 ot 23.02.2024 r. «Opranu3zanusi Npou3BOICTBA
3€JICHOTO BOJIOPOJIa Ha OCHOBE COBPEMEHHBIX TEXHOJOTHUM B Hailei PecnyOnuke u
YAOBJIETBOPEHHUE CIIPOCA OTPACIIEH SKOHOMUKH B 3TOM MPOAYKIUNY, IP(HEKTUBHOCTD
YBEJIUYECHUE HAYYHBIX M MPAKTHUECKUX HMCCIEIOBAHUNA B 3TON 00JIaCTH, LIMPOKOE
BHEJIpEHUE B pa3pabOTKy HMHHOBALIMOHHBIX TeXHOJOrMi W pemeHus llpe3unenra
Pecniyomuku Y36ekucrtan Ne PQ-132 ot 18.03.2024 roga «Opranuszanusi pa3BUTUS
ruOpuIHBIX aBTOMOOWIEH B PecmyOmnuke Y30ekucran». Y30eKUCTaH», B TOM YHUCIE
IITUPOKOE PA3BUTHE BO3OOHOBISIEMOM M BOJAOPOJHON SHEPTETUKH B aBTOMOOMIHLHOM
chepe, oOmpeneraeHbl BaKHbIE 3aJaud IO TOUCKY MPUEMJIEMOT0 pPELICHUs
CYILIECTBYIOIIKX MPOOJIeM U MOBBIIICHUIO XapaKTEPUCTUK HAJEKHOCTH MOTOPHOTO
Macna. [lpu peamuszanuu 5TUX 3aJa4 OJHUM M3 BAXHBIX BOMPOCOB SIBISETCS
000OCHOBaHHE MPEJEIBHOIO CpPOKa CIyKObl MOTOPHOTO Macja JJisi aBTOMOOWIIEH,
paboTarolmux Ha BOAOPOA0-OCH3MHOBOM TOIUIMBE, pa3pabOTKa MeTojaa BbIOOpa
OCHOBHBIX (DaKTOPOB, MPHUBOMASIIUX K M3HOCY MOTOPHOTO Macia. paboTaroluil Ha
BOJIOPOJ10-OCH3UHOBOM CMECH.

JlanHass Hay4yHO-MCClIeOBaTelIbCKas paboTa OCHOBAaHA HA  PELIECHUU
IIpesuaenta PecnyOnuku Y36ekuctan ot 04.09.2021 Ne PQ-5063 «Mepsl 10
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Pa3BUTHIO BO30OHOBISIEMON U BOAOPOJHOMN sHepreTuku PecrnyOmnuku Y30ekucrany,
MPOM3BOJUTENIEH BO30OHOBISIEMBIX HCTOYHHKOB DSHEPTUM M  BOJOPOJAA, €T0
MOJIb30BAaTENEH M HACTOSIINX UCIIBITAHUN SHEPTEeTHUECKOr0 000pyA0BaHUS, TPHOOPOB
Y TEXHOJIOTMH, a TakKe TPaHCIIOPTHOTO CPEACTBa B IMOcTaHOBIeHUHU lIpe3upeHra
Pecry6mmku V36ekuctad ot 18.01.2022 Ne [Td-60 «O crpaterun pa3BUTHS HOBOTO
V36ekucrana qis 2022-2026 rr. JlaHHOE qUCCEPTALIMOHHOE UCCIIEI0BAaHUE CIYKUT B
ONPEAECICHHON CTENEHU IS ITPOBEICHUS HAYYHBIX NCCIIEOBAHUM 110 BO3/IECTBUIO Ha
IPOU3BOJICTBEHHBIE TEPPUTOPUM W  pEAIM3AUAM  3a/1a4d, OIPEICICHHBIX B
HOPMAaTUBHBIX NPABOBBIX JTOKYMEHTAX, HAIIPABJICHHBIX HAa PEIICHHUE CYILIECTBYOUIUX
poOJIeM.

CooTBercTBHE HMCCICIOBAHMH NMPHOPUTETAM PA3BUTHUH HAYKU U TEXHUKH
pecny0Jnkn. /JlanHOe nccaea0BaHKe MOCBAIEHO PA3BUTHIO PECITyOJIMKAaHCKON HAYKH
u texHuku: II. «DHepreruka, sHepro- m pecypcocOepekeHue OCYLIECTBIISJIOCH B
paMKax MPUOPUTETHOIO HarpasieHusd. JleicTBust B JopoxkHou kapre [loctaHoBneHus
Peciyonuku VY30ekucran Ne PQ-4422 or 22.08.2019 roma AxanemMuu Hayk,
MuHucTepcTBa SHEPreTuk, MUHHCTEPCTBa MHHOBALIMOHHOTO PAa3BUTHSA, BEIOMCTBA
«Y3crangapt» u [loctanoBnenus [Ipesunenta Pecy6mmku Y36ekuctan Ne. PQ-5063
or 04.09.2021 «MeponpusdaTusi MO Pa3BUTUIO BO30OHOBISIEMONM U BOJAOPOIHOM
sHepreTuku B PecryOiuke Y30ekucrany.

YpoBeHb u3ydeHHOCTH NpoOJaeMbl. B MUpPOBOM oOmbITE psin 3apyOeKHBIX
YUEHBIX BEJIM HayuyHble pPa0OTHl MO BONPOCY MCCIEAOBAHUA OCOOEHHOCTEM
MCIOJIb30BaHUsI MOTOPHBIX Macell U MPEAEIbHBIX CPOKOB paOOTHI C 1IEJIBIO MOBBIIICHUS
KayecTBa aBTOMOOMJISI B IPOLIECCE €r0 IKCIUTyaTanuu, B ToM uucie Mapmamn X.T.,
Omusep C.P. (CIIA), Yunesamc K., Haiicon A. (BenukoOpuranus), Macaxuko H.,
Takana M. (Snonusi) u npyrue. IlpuszHaBas paOOTHI BBIIICYTIOMSHYTHIX YYEHBIX,
MOKHO CKa3aTh, YTO BOIPOC, MIOCTaBJICHHbIN B UX paboTax, a UMEHHO 00OCHOBAaHUE
MPEAEIBHOTO CPOKa CIIY>KObl MOTOPHOT'O Maciia Jyuisi aBTOMOOUIIeH, paboTaroumx Ha
BOJIOPO/10-O€H3MHOBOM TOILTMBE, HE UCCIIEIOBAH.

Pa3Butue BO30OHOBIsieMOW sHepretukn B PecnyOnuke  Y30ekucraH,
HCCJIEIOBAHMS MO CO3JIaHUI0 YCTPOMCTB ISl YJIYYLIEHUS TMPOU3BOJCTBEHHBIX
MPOLIECCOB, 0OOCHOBAHME W YJIYUILIEHWE MapaMETPOB TEXHOJOTMYECKHX IMPOLIECCOB
Bepemarun B.U., KoBanbckuit b.U., Pynna M.M., SInosuu B.C., be36opoaor 10.H.,
I'supxa B.A., Mopos3oB A.l'., I'puropeeB M.A., CanmumoB A.1O., Kagsipos C.M.,
JIebenos O.B., Hlapumnos I'.A., bazapos b.1., MycypmonoB P.K. Mycypmanos P.K. u
ApyTUe y4YeHbIe JOCTUIIM 3HAYUTEIBHBIX DPE3YyJbTaTOB B pa3padOTKE METOAOB U
aIrOPUTMOB MOJIEJIMPOBaHMUS, ONTHUMH3aLUN " COBEPILEHCTBOBAHUS
aBTOMATHU3MPOBAHHBIX CUCTEM YIpaBieHUsA. B To ke BpeMs BOIpPOChl 00OCHOBaHUS
MIPEACIBHOTO CPOKa CITY>KOBI MOTOPHOTO Maciia JyUisl aBTOMOOUJICH, paboTaronmx Ha
BOJIOPOJI0-O€H3UHOBOM TOILTUBE, HETOCTATOUHO U3yUYECHHBI.

CBsi3b IMCCEPTAIMOHHOTO MCCJIEAOBAHUS ¢ HAYYHBIMH IJIAHAMH BbICIHIErO
y4eOHOro 3aBe/JleHMsl, B KOTOPOM BBINOJIHEHA auccepranus. J(ucceprainoHHoe
MCCJIEIOBAHKE CBSI3aHO C MPAKTHYECKUM MPOEKTOM, OCHOBAHHBIM Ha COTPYIHUYECTBE
TypUHCKOTO IIOJIUTEXHUYECKOrO YyHHUBepcurera B TI.TamkeHT u MuHuUCTEpCTBa
MHHOBALMOHHOTO pa3BUTHUsl PecnyOnuku Y30€KuCTaH U HayYHO-UCCIEA0BATEIbCKOM
nporpaMmMbl 3acenanus ydeHoro coeta Ne 09/17 ot 21 cents6ps 2017 ropa.
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coBmecTHO ¢ AO «UzAuto Motors» u TypuHCKUM MOJIUTEXHUYECKUM YHUBEPCUTETOM
B I. TalkeHre.

Heapb nccaenoBanusi 000CHOBATH MPEAET CPOKA CIIYy>KObI MOTOPHOTO Macia st
aBTOMOOMIIEH, pabOTaIONMX HA BOJIOPOAHO-OCH3NHOBOM TOILJIMBE.

3agaum uccie0BaHMA:

AHanu3 COBPEMEHHBIX METOJOB COBMECTUMOCTH TIa3000pa3HOro BOAOPOJAA B
KAaueCcTBE NPHUCAJKUM B CUCTEME TOIUIMBHOIO MUTAaHHUA aBTOMOOWJIEH M pa3paboTka
MeTo/1a 000CHOBAHUSI TOIJIMBHOM KOHOMHUYHOCTH M JKOJIOTHUECKUX MOKa3aTesen
yTEeM MPOBEIAECHUS IKCIIEPUMEHTATBHBIX UCCIIEI0BAHUNL;

O0ocHOBaHME MaTeMaTUYECKOW MOJIENTM ONTHUMAJIBLHOTO HM3HOCA MOTOPHOTO
Macia B BOJIOPOJ0-O€H3MHOBOM CHCTEME TOIUIMBOCHAOKEHUS MMYyTEM TEOPETUYECKHUX
AKCIIEPUMEHTOB;

Pa3paboTka MeToJa HUCIBITAHUNA OCHOBHBIX pabOYMX MapaMeTpPOB MOTOPHOTO
Macja B BOJAOPO10-OEH3MHOBOM aBTOMOOMIIE B TAOOPATOPHBIX YCIOBUSX;

PazpaboTka pexkoMeHAalMii MO0 MNPUMEHEHHUIO PE3YJIbTATOB HCCIEIOBAHUN U
ONPENEICHUI0 YKOHOMUYECKON 3 (PEKTUBHOCTH BHEIPEHUS;

B xauecTBe 00beKTa HCCIAeA0BAHUS ObUIO B3STO MOTOPHOE MAacJIO aBTOMOOMIIS
C BOJIOPOJIHO-O€H3MHOBBIM JIBUTATEJIEM.

IIpeamerom HCCJIeIOBAHMS ABIIAETCS 3aBUCUMOCTb OCHOBHBIX
AKCIUTyaTallMOHHBIX ~ TOKa3zaTreled  aBTOMOOWJIA C  BOJOPOJHO-OEH3MHOBBIM
JBUTATEJIEM OT U3HOCA.

Mertoasl mccaenoBanusi. B mpomecce HcciieoBaHUS — UCIOJIB30BAJIKCH
KJIACCUYECKAsl MEXaHWKa, MaTeMAaTHYECKH aHalu3 W METOJIbl MaTeMaTH4ECKOU
CTaTUCTHKH, TEOPETHUYECKAas MEXAHHMKA, METOJAbl aHaJIW3a IOLIArOBBIX ITPOLIECCOB
OTbITa MOCPEACTBOM CHCTEM KOMIIBIOTEpPH3alUU (MMUTALMM W MOJCIUPOBAHMUS),
TEOpHUsi aBTOMOOMIIEN, METO/IbI CHHTE3A.

HayuyHnasi HOBH3HA ero Mcc/ieJ0BaHUI 3aKJII0YAETCs B CJIeAYyI0LIeM:

Co3mana Marematuyeckass MoJielb, C TMOMOUIbI0 ypaBHeHUs: DposoBa-
Ponzunnepa, ocHOBaHHasi Ha YCTOMYMBBIX PeXUMax padOThl U peKUMaX CTarHaluu
ONTHUMAJIbHOM TOIUIMBHOW CMECH B OEH3MHOBBIX JABUTATENSAX C JOMOJIHUTEIbHBIM
ra3z000pa3HbIM BOJIOPOJIOM;

OmnpenenieHbl OCHOBHbIE T'PaHUYHbIE (PU3MKO-XMMHUYECKHE CBOWMCTBA BOAOPOJIO-
OEH3MHOBBIX MOTOPHBIX MAcCeJl B YCIOBHSIX SKCIUTyaTallud HA OCHOBE PErPEeCCUOHHO-
KOPPEJSLIMOHHOTO aHAJIN3a;

OnTuMu3MpoBaHa MaTEMaTUYECKAsE MOJENb C TIOMOIIBIO 3aKOHA WHTEPIOJISLINU
HploTOHa, OCHOBBIBAsICH HAa MPENEIBHOM CpPOKE CIIY:KObl BOJAOPOIHO-OCH3MHOBOTO
MOTOPHOT'O MacJja JijIsl ABUTaTesield BHYTPEHHETO CTOPaHMS;

Pa3paboranpl, c yderoM MexaHHM3Ma BO3JEHUCTBUS BOJOPOA0-OCH3MHOBOTO
TOIUIMBA, PEKOMEH/1allbl 10 CPOKaM 3aMEHBI MOTOPHOE MacIIo.

IIpakTH4yeckue pe3ybTaThl HCCJIEJOBAHUSA 3aAKJIIOYAIOTCH B CJIeyI0IIeM:

VYCcoBepIIEHCTBOBAaH KOHKPETHBIA  KOMIIOHEHT, TIO3BOJISIIOIIMMA  YIYUIIHUTh
AKCIUTyaTallMOHHbIE, TEXHUKO-PKOHOMUYECKHE U  DKOJOTMYECKHE IO0Ka3aTelu
aBTOMOOUJIEH ¢ OEH3MHO-BOIOPOIHO-BO3AYIIIHON CMECHIO;

Ha ocHOBe HayYHBIX TEOPETUUECKUX U SKCIIEPUMEHTAIIbHBIX UCIIBITAHUNA CO3/1aHa
MaTeMaTUYecKasi MOJIENb BOJIOPO10-0€H3MHOBOM CUCTEMbI TUTAHUSI AaBTOMOOMJIS;
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B cucreme TOMIMBHOM CMa3Ku BOJOPOJHO-OCH3MHOBBIX aBTOMOOUIIEH
pa3paboTaH MpeaeabHbIN CPOK CIYKObI MOTOPHOTO Macia;

JlocTOBEPHOCTL Pe3yJIbTATOB HCCJeA0BAHUA. [[OCTOBEPHOCTh pPE3ybTaTOB
COBPEMEHHBIX HCCIEOBAHUM OCYIIECTBIIETCS C HCIOJIb30BAHUEM COBPEMEHHBIX
METOJIOB U MHCTPYMEHTOB. TeopeTrnueckoe 0OOCHOBaHUE MAPaMETPOB U PEKHMOB
paboThl CHCTEMBI MOJAYM TOIUIMBA Oa3WpyeTcs Ha MPHUHIIUAIAX TEOPETUICCKOM
MEXaHUKH W BBICIICH MATEMAaTHUKH, PE3yJIbTaThl SKCIEPUMEHTOB 00pabdaThIBAIOTCS
METOJaMH MaTEMaTUYECKOM CTAaTUCTHKHA, a COBMECTHUMOCTb TEOPETUUYECKHX H
NPAKTUYECKUX 3HAHUM OOBACHSETCS TEM, YTO BKIIIOUEHBI B IPOLIECC MOTYyUECHHS
PE3YJIbTATOB UCCIIEI0BAHUS.

Hayynasi m nmpakTu4yeckasi 3HA4YUMOCTb pPe3yJbTaToOB HcciaeaoBaHus. [lo
HAy4YHOM 3HAUYMMOCTHU PE3YJIbTAaTOB MCCIIEOBAHUS pa3pad0TaH MpeebHBIA MEePUO
paboThl Ha OCHOBE TEXHHUYECKHUX, KOJMYECTBEHHBIX M CTOMMOCTHBIX IOKa3aTeseu
MEXK]Iy METOJIOM MHTErpaliu MaTeMaTUUeCKON MOJIENTM U aHAIMTUYECKUMHU CBSI3SIMU
4yepes SA3bIK MOJICTUPOBAHUS TOITMBHOM CUCTEMbI aBTOMOOUIIS;

[To mpakTH4ecKON 3HAYMMOCTH PE3yJIbTATOB UCCICIOBAHUM OMpPEIEIeH HU3HOC
MOTOPHOIO Macja Ha OCHOBAaHMHM PEKOMEHIAIMWA W 3aKIIOYEHUM, TaHHBIX IS
CUCTEMbI CMa3K{ aBTOMOOWJISI B MECTHBIX YCJIOBUSIX, U 0OOCHOBAH MpeEEIbHbINA CPOK
padoTHI;

Bueapenne pe3yiabtaroB ucciaenoBanuid. [Ipy o0ocHOBaHMM MpeneIbHOTO
CpoKa cIy>kObl MOTOPHOT'O Macja Jjisi aBTOMOOUJIeH, padoTamKX Ha BOJIOPOIHO-
OCH3MHOBOM TOILITUBE:

AknmonepHoe ob6mectBo «Y3Aptocanoat» - 2017 Ha wexmayHapoaHOit
CIICIMAIM3UPOBAHHON BBICTaBKe «AcTaHa-2017» Ha TeMy SHEpPreTHKH OymayIero,
npoxojsmed B ropoae AcraHa, Kazaxcran, mnepen komanmoil TypuHCKOro
MOJINTEXHUYECKOTO YHUBEpCUTETa ObUIa TOCTABJICHA 3a]aya IMPOJIEMOHCTPUPOBATH
aBTOMOOMIL «Matusy, paloTalmuii Ha BOJAOPOJE. OEH3MHOBOE TOIUIMBO.
(Uudopmanms ot 8 oktsiops 2021 roga B AO «UzAuto Motors»). B pesynbrare
y4eHbIE-UCCIIEAOBATEIN YHUBEPCUTETA YCICIIHO TMPUHSUIM ydYacTHE B JaHHOMU
BBICTABKE, YCOBEPIIIEHCTBOBAB CUCTEMY I10JIa4u TOTUIMBA aBTOMOOUIIsE «Matuzy;

B pesynbrare ucciegoBaHuil MPOBEACH PsJl TEOPETUUECKUX U MPAKTUYECKHUX
WCTIBITAHUH 10 WCIMOJB30BAaHUIO AIBTEPHATUBHOTO TorumBa B TeueHue 2017-2021
rosioB. (Mudopmanus ot 8 oktsi6ps 2021 roga B AO «UzAuto Motorsy). B pe3ynbrare
ObLI pa3paboTaH MEeTO]T 0€30IMaCHOM MHTErPAIIUH TOIIMBHOM CUCTEMBI aBTOMOOWJIS B
YCIOBHSX Y30€KHCTaHa ¢ Ta3000pa3HBIM BOJOPOJIOM B KAYECTBE JOTOTHUTEIHHOTO
toruBa, KIIJ[ qBurarenst BHyTpeHHEro Cropanusi yBeJInueH Ha 5%, a pacxo/1 TOTUINBa
Ha 100 kM/4. cansuiicsa Ha 24%:;

B cucreme wu3HOCa cO34aH ONTHUMAJbHBIA AJITOPUTM, OCHOBAaHHBIM Ha
MPEICIBHOM CPOKE CITy>KObI MOTOPHOTO Macjia B JIBUTATeNieé BHYTPEHHETO CTOPAHMUS.
(Mudopmanus ot 8 oktadps 2021 roga B AO «Y3ABTO0 MOoTope») B pesynbrare Ha
OCHOBE TEOPETHUYECKOT0 U MPAKTUYECKOTr0 MAaTEMAaTHUUYE€CKOTO CTaTUUECKOTO aHaju3a
OoCHOBHBIX 4/10, B KOTOpPBIX HanboJee 3HaUMMBbIi TToKazaTeas — ABurareas 6000-7000
KM/4ac, MOTOPHOE MAacJI0 0Ka3ajoCh BI3KHUM;
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Ha ocHoBe onTuManbHOM MaTeMaTHYeCKOM MOJENM H3HOCA CMAa304YHbIX
MaTEpUajJoB B 3aBUCUMOCTHU OT MpoOera ABUTaTelsl BHYTPEHHErO CTrOpaHUsS Km/d.
(Madopmanus ot 8 oktsa6ps 2021 roga 8 AO «UzAuto Motorsy);

Pe3ynbTathl U anropuTMbl HAYYHOU paOOThI TIO3BOJMIM IIMPOKO BHEIPUTH UX B
MIPOIIECC MPOU3BOJICTBA BOJOPOIHO-0eH3MHOBOTO ToruBa (AO «Y3ABTO MoTOpey,
cripaBka ot 8 okTaA0ps 2021 rona). B pe3ynbrate 1o pe3yibraTaM 3KCIepuMeHTa ObUIH
JaHbl BEIBOJBI U IPEIOKEHHS 10 CUCTEME CMa3KH JIBUTATEIsl aBTOMOOMIIA.

YTBep:kaeHue pe3yabTaToB  HcciaegoBaHusi. OCHOBHbIE  PE3YJbTAThI
UCCJIEIOBAaHUNM ObUIM TPEACTAaBICHBI U OOCYX IEHbl Ha 2 MEXAYHAPOIHBIX U 2
HAIMOHAJIBHBIX HAYYHO-TIPAKTUUYECKUX KOH(PEPEHIIMSIX.

[yoankanusi pe3yJbTaroB HcciaegoBaHusi. Bcero mo Teme auccepranuu
omyOnukoBaHa 21 HaywyHas pabota, B ToM uucie 10 ctateil B Hay4HbBIX W3IaHUSIX,
PEKOMEHIOBAaHHBIX K ITyOJIMKAIIUH 110 OCHOBHBIM HAYyUHBIM pPe3yJibTaTaM JUCCEPTAIIH
noktopa ¢uinocopckux Hayk (PhD) BAK PecnyOnuku Y36ekucran, B TOM yucie 7
pecnyOnuK U 2 3apyOeKHBIX OIyOJIMKOBaHbI B HAYUHBIX *KypHanax. M3 Hux 1 crates
ObL1a OIMyOJIMKOBAaHA B )KypHalaX ¢ BBICOKUM UMITAKT-(PaKTOPOM.

Crpykrypa m o0bem auccepraumm. Jluccepranusi COCTOMT W3 BBEICHHS,
YeThIpeX TJIaB, 3aKJIFOUEHMS], CIIMCKA UCIOJIb30BAHHON JUTEPATYPbl M MPHIIOKEHUI.
O6neM auccepranuu coctasisieT 120 cTpaHuil.
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