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KHUPUIII (dpancada nokrop (PhD) nuccepramusicn aHHOTAIUSICH)

Jluccepranus MaB3yCMHHMHI 0J13ap0JMru Ba 3apyparu. JKaxoHna KkyHura
taxmuHaH 100 mwmmmon 6appen (15 900 000 nutp) HEDTH UCTEHMOJT KHJIMHAINL.
Acocuii sHeprusi ManOau Oynran HedT OyryHrm KyHrada CEHWIJIFH-DHEPTeTHKa
OamaHCHIa €TaKud YpUH Srajljlaiiii Ba SHI WHUPHUK KalUTaJIUCTUK MOHOMOJUSIIAp
ypracugarn KECKHMH pakoOaT KypallMHUHT TpeIMeTH, KYymiad Xamkapo
HU3OJIADHUHT  cababu  XucoOiaHagu.  YTJIEBOJAOPOIIM  EKHIFU-DHEPTETUK
pecypcllapHi TeKalll, ylapJaH OKWIoHa (oimanaHuIl, PECypCHHHU OIIMpPaJUTaH
TEXHOJIOTHSl Ba YCKyHAJAPUHM HWIUIA0 YUKUII KYmiad gaBiatiap y4yH MyXHM
axaMmuAT kaco 3Tagu. YOy HyHamuia IyHEHUHT PUBOXKIIAHTaH MaMJIaKaTIapuaa,
xwymnagan ['epmanus, Utanusa, AKII, ®pannus, SAnonus Ba Poccus Ba Oormika
JaBiaTiapia WYKM €HyB  JIBUrareuiapra AKCIUTyaTallMOH  IIapoUTiapnaa
WMIIOHYWIMJIMTMHY Ba pECYPCUHU OLIMPHILL, yiapaa hoiganaHuiIaguard EHUIFU-MOU
MaxCyJIOTJIApUHU CU(PATUHU SXIIWIANl OPKajdd OLIMPHINra aloXujaa 3bTHOOp
KapaTWIMOK/A.

XKaxonna nuku-€HyB ABUTareiiapujaa (QorgaraHWIaIuraH MOTOP MOWJIapH
TypJlapy yCTHa, YJIAPHUHT (PU3MKABUW Ba KUMEBUUA XYCYCUSTIIAPUHU SIXIIWJIAILIL,
HKCIUTyaTallMOH XOCCAJApUHU CaKjiad KOJMIL, KaiTa To3ajaml >kapa¢HIapUHU
amMaira OIIMPAAUTraH PECypC TEKAMKOP TEXHOJOTUSJIAp Ba KypUIMaJIApUHU
TAaKOMWIJIAIITUPHILTA HYHANTUPUITaH MakcaJ Il WIMUN TaAKUKOT UIUIAPU OJIUO
oopunmokna. by Oopaga, >kymiagaH MIUIaTUIAAMIaH MoWjapra TYpJid Xl
Kymumyanap (mpucajka), KYIIMII OpKalIHW, YJIApHU AacCOCHM XOCCaJlapuHU
KOHCEepBallMsg KWINIL, ABUTATEIUIAPHUHT WIIKAJaHWII Ky (QTIMKIApU I03aJlapuHU
SAVPUITUIITMHY KaMalTupuin ycyjuiapuan uninad yukuml. [y 6unan Oupra, HCCUK
UKJIMM LIapoOWTIapua JKCILTyaTalysl KWIMHAJAWIAH WYKA E€HYB JBUTAaTEIIAPUHU
UIIOHWIWJINTUHU ~ OLIMPUIL, OWOJIOTMK  3apapjaHMIIMHMA  OJIAMHU  OJIUIIL,
MHUKPOOpPraHu3miapra Kaplmu MOTOP MOWJIapura KylmuMyajap KYIIHUII OPKAJIH
yIapHUHT cu(aTHHU SXIIUIaII, 103ap0 BazudanapiaH XucoOIaHMOK/IA.

PecnyOnmkaMu3ia UCCUK MKJIMM IIapOUTIApUAa SKCIUTyaTalus KUJIMHaAUraH
€HT'UJ1 aBTOMOOWJUIAPHUHI MYKU EHYB JABUTaTEUIAPUHHM UIIOHWIMIMIMHU Ba Ba
camMapaJOpJIMTMHU OUIMPHUIIIA MOTOP MOMIApUHU CU(PATUHU TabMHUHJAII Y4yH
épraMm OepanuraH SHTM KylIMMuaiap spaTuil OViuda TaJKUKOTJIap YTKa3uil Ba
ylapHM aMajja Kyjulam Oyiuda KEeHr KyJamiii dopa-Taa0upiap amaira
ommpunmokaa. 2022-2026 iwuiapra MyJpKaiiaHraH SIHru V36eKHCTOREMHT
TapakKUET cTpaTerusacuaa, kymiaagad “HMKTHCOOUET TapMOKIapu Ba axojura
He(Tb-ra3 MaxCyJOTJIAPUHU Y3IYKCU3 €TKa3uO OepWIMIIMHU TabMUHJIAI® Ba
“V36exncTorHMHT JKaXOH CaBJ0 TAIIKWIOTHIA ab30 OYIMIIMHUHT METAJLTyprHs,
TYKAUMa4YuINK, O3UK-OBKAT, aBTOMOOMIIb UIIA0 YUKAPUII cOXalapura TabCUPUHU
ypramunr’? Oyiuda Basudanap OenrwiaHrad. YmoOy BasudamapHu amanra

! Ckonbko He()TH MMp HCMONB30BAl M CKOJBKO OCTaNoch: https:/nangs.org/news/world/skolyko-nefti-mir-
ispolyzoval-i-skolyko-ostalosy

2 V36exucron PecnyGmuxacu Ilpesumentununr 2022 iun 28 suBapmarun [ID-60-con “2022-2026 iimmmapra
MyJDKaIaHran STHru Y 36eKMCTOHHUHT TAPKKUET CTPATErusicl Tyrpucuaa’ru dapMoHy.
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OILIUPUII/IA, XYCYCaH, €HI'MJl aBTOMOOWJUIAPHUHT WYKU €HYB JBUTATEIIAPUHUHT
WIIOHWIWJIUTUHA TabMUHIIOBYU, SIHTM MOTOpP MOWJIAPUHHMHT XYCYCHUSATIAPUHU
cakjiad KOJIlyBuM, OMO-3apapliaHMIlra Kapilid KyIIUMYalap KYIIWIl XucoOura
I0OKOpH cu(aTii MOW OJNMII yCYJUIApUHHU HWILIA0 YMKHUIN Ba yJapAaH caMapaiu
doitmananuin MyXuM MacajiaigapaH XUCoOTaHaIn.

V36ekncron Pecry6mukacu Ilpesunenturunr 2017 fiwn 1-mrongarn «2017-
2021 Hiunnapaa aBTOMOOMIIb CAaHOATHHH Kadall PUBOXIJIAHTHUPHIL Ba OOLIKAPYBUHU
sHaga TaKOMIJUIAIITUPUIN dYopa-Tagoupiapu Ttyrpucuna» ru 3028-IIK conmm
xamaa 2018 imn 20-oxtaOpmaru «2030 imnrada Oynaran paBpaa Oapkapop
PHUBOKJIAHHII COXACHIary MUJUIMN MaKcaJ Ba BazudanapHu amaira OIIMpHUII Yopa-
tanbupaapu tyrpucuaarru’ [1K-841-connu Kapopunapu, mysusraek ymby coxana
KaOyJl KWJIMHraH OOIKa MEBEPUU-XYKYKHM XyxoKaTiapja Xam Ky3aa TyTHITaH
Bazu(anapuu Oaxapuiura ymoly adccepTauus TaIKUKOTH MyalsH [Iapaxana
XU3MAaT KWIAJIH.

TagkKuKOTHUHT pecny0jnka ¢aH Ba TEeXHOJOTHSVIADH PUBOKIAHUIIU-
HMHT YCTYBOP HyHAJIMILIAPUTra MOCJTUIrd. Maskyp nuccepraius peciryonvka dhan
Ba TEXHOJIOTHsUIapu pUBOXJIaHUIUHUHT |l. “OHepreruka, sHeprusi Ba pecypc-
TEXAMKOPJIMK YCTYBOP WYHAIUIINIAa MOC paBHIIIa OakKapuiraH.

MyaMMOHMHI  VpraHwjranjiuk gapaxacu. JKaxoH Taxpubacuaa
MUKPOOPTaHU3MIIAPHUHT EHUIFU-MOW MaxCyJIOTJIapura TabCUPUHU YpraHUIIHUHT
TypJu yCyJapu unuiad unkuirad. Snon raakukotTarncu M. Muiiocu (1895 ii.), Pyc
myxannucu A. letiko (1901 ii.), omummap H. 3onren Ba X. Kaszepep (1906 i1.),
npod. JL.K.Ocuunkas, Jl.Ilactep, C.Bunorpanckuii, K.[xennep, P.Kox,
M.beiiepunk, C.H.JlutBunenko Ba A.A.I'epacCUMEHKO  MalllMHAJIAPHUHT
O6uozapapnanuiiiad xumosicunu ypraurannap. U.T. Herre, H.H. ['peuymkuna Ba
6omkanap EMMHuH Y31amTupyBuy KyIbTypagapHi aKpaTUI Ba MAEHTU(PUKALII-
nam OVimya TankukoTiap yTkasrannap. R.W.Stone, M.Fenske Ba A.White ¥3
TaJKUKOTIAPHUIa MUKPOOPTaHU3MIIAp YUyH YTIEBOAOPO MaHOau cudaruia MOTop
MOMIApUHUHT Typiu Ppakiusiapunn Kyarannap. L. Bushneil Ba H. Haas ned s
MaxCyJIOTJIapH, alHMKca Moiiam mounapuaad Qoiinananaauran Pseudomonas,
Corynebacterium OakTepusJIapHUHT Xap XWI TYpJapUHU aXpaTtubd ojraHiap.
O.bupmirexep, C.E.Zobell Ba Gomkanap Taxxpubanapaa OJUMHTaH MabIyMOTIIap
acocusa He(Th YIJIEBOAOPOMJIApU OY3WJIMIIMHUHT OUP KATOp KOHYHUSTIAPUHU
aHUKJIaraHiap.

IOpTuMH3a TpaHCIOPT BocHTanapuaa EMM HuHT umiaTumm Ba (QU3MK-
KUMEBUN XOCCalapy Y3rapulIMHUHT cabaOJapyuHU TagKUK STUII, WYKH EHYB
JBUTATEJUIAPUHUHT OapKapOpJIMTMHU TabMMHIJIAIl OYiiya OUp KaTop oJaumIap
TOMOHUJIAH UMUK — TAIKUKO UILTapu 01u6 Oopuirad. XKymiianas, akageMUKiap
O.B.JIebeneB, C.C.HermatoB Ba C.M.KomupoB, xamma mpodeccopiap
V.A.Hxkpamos, K.A.Illlapunos, M.M.ToummnynaroB Ba Oomikanap ryfyJijaHTaH.

MapxXyn MIUIap TaxJIWIWra Kypa, IIyHH TabKHJIAIl KEPaKKu WYKU EHYB

3 On measures to further improve management and accelerate the development of the automotive industry for 2017-
2021" No. PF-4947 dated February 7, 2017
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JBUraTejjlapy MOWJIApUHU MHUKPOOPraHU3MJIApu TabCHUPU OCTHA 3apapJIallvllf
Xxucobra onuHMarad. MukpoOnapra Kapmu KyIIMMYaJapHHHT MOTOp MoOWapu
OrIaH OMp-OMpHra MOC KEJWIIM CHHAIMAraH. Y30eKUCTOHHUHI HCCHK HKIHM
[IapoOUTIapHIa aBTOMOOWIUIApHHU €3 JNaBpuAa HILIATHIIIA MUKpoOjapra Kapiiu
KYIIMMYaJapHUHT MOWIApHUHT cudar KypcaTKuwiapura TabCUPH TYIUK
aHUKJIAHMaraH, Oy yJapHU OOBEKTHUB TAJKUK STUII XaXMUHUHT, allHUKCA yJIApHU
aMaJiMid KYJUIAaHWII UMKOHMATH TYFPUCHIA XYJIOCA IIAKIUIAHTUPHUII YYyH €Tapiiv
AMACJIUTHJIaH Jajonar Oepaau.

Juccepranms TAAKMKOTHHHUHI JUCCEPTANUA 0A:KAPUWITAH OJIMI TAbJIUM
MYaccacaCMHMHI HIIMHH-TAJKUKOT HILJIAPH pPexkanapu OWiaH OOFJIMKJIUTH.

Jucceprauust TaaKUKOTA TOWKEHT mmaxpuagard TypuH NOJUTEXHUKA
YHUBEPCUTETUHUHT WJIMUHN TAIKUKOT UILIApH pekacura myBoduk 574055-EPP-1-
2016-1-IT-EPPKA2-CBHE-JP “RENES” noituxacu noumpacuma (2018-2019),
609821-EPP-1-2019-1-IT-EPPKA2CBHE-JP “MUSAE” noimxacu aompacuaa
(2019-2020), 610170-EPP-1-2019-1-ES-EPPKA2-CBHE-JP “ELBA” noiinxacu
noupacuaa (2020-2021) 6axapuiras.

TagKUKOTHMHI MaKCaJAu NUKU EHYB JIBUTATENN JETAUIAPUHUHT UIIOHYINTUHA
OLIUPUII YYYH MHUKpoONapra Kapiid KyIIMMYallapHd TaHJam Wynu OwiiaH
MOWJIAPHUHT (PU3UK-KUMEBHIA Ba MIIUTATUII XOCCATAPUHH SIXIITHJIAIITA HYHAITUPUITaH
Taa0upIap KOMIUICKCUHH UIUIA0 YUKHUIIT XMCOOTaHa TH.

TaagKuKOTHUHT Basudasapu:

MOTOp MoOWMIapuaa PUBOXKIAHAAUTAH MHUKPOOPTraHW3MIIAPHUHT TYpPJIAPUHU
ypranuii, U4k €HYB JBHUraTe/UIApUHU OEBOCHTA HMCCUK HWKJIUM IIapouTIapua
UIUIATUIIAA MOTOP MOMJIAPUHUHT acocui (M3UK-KUMEBUN Ba JKCILTyaTallMOH
XOCCaJlapy Y3TapUIIMHU YPraHHUILL,

MUKPOOPTaHU3MIIAp KYJbTYpPaJapUHUHT Xap XUJ TypJlapu TabCHPULIA MOTOP
MOWJIADUHUHT UIIJIATUII XOCCAJIAPU Y3TapUIIMHHA aHUKJIall;

MHUKpoOJiapra Kapiiy MaBxyJ, OWpHKMallapHU YPraHWIl Ba HMCCHUK HKJIUM
[IApOUTIIAPH/IA UIIIIATHIAIUTaH MOTOP MOMIAPHUHA MUKPOOHMOJIOTHUK 3apapIaHUIIIaH
XUMOSUTAII YUYH yJIap OpaCHIaH HT caMapajIijiapuHU TaHIa0 oIl ABTOMOOWIIIApHU
UCCHK IIApOUTIap/a MIUIATUIIIA MOTOP MOWIAPH TapKUOWAArW KYIIMMYaJapHUHT
MUKpOOJIapra Kapiiyd TabCUPUHUHT OapKAPOPJIUTHHUA SKCIIEPUMEHTIAp Wynu OuiiaH
TaJKUK STHIIL

UEInapyuy MnuiaTvInga MUKpoOaapra Kapiiy KyIIMMYaad MOTOp Moiinapu
XOCCAJIAPUHUHT Yy3rapuiiapy Ba SXIIMJIAHULIUIAPUHU YpPraHWIl yCIyOUSITUHU
WIIa0 YMKUIIL,

TaJKUKOT HATWXKATApUHU KYJUIAHUIL OYiinya TaBCUSJIAPHU MILIA0 YUKHIL Ba
TErUIIUIA UKTUCOIUI camapaopiIMKHU OaxoJiall;

TaIKUKOTIap acocuja MOTOp MoMIapu TapKuOU YpraHUIl y4yH KypuiMma
UIUIad YUKWl Ba MXTUPOra MATEHT OJMIN Y4yH NATEHT HAOpacura MypoxaaT
1000puIII.

Tagkukor o00bekTH cudarnga Mapkasuii OCHUEHUHT HCCUK HKJIUM
IApOUTIApUIA UIITATUIIAUTaH eHrl aBTOMOOUIHUHT (M1 Toudanu) nuku €HyB
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JNBUTaTEIA OJIMHTaH.

Tagkukor npeaMerd. MoOTOp MOWJIAPUHUHT SKCIUTyaTaus XKapa€Huaa
OMOJIOTHK 3apapiIaHUIINHU YPTaHUII Ba YIAPHUHT OJITUHH OJIMII XUCOOIaHAIH.

TagKuKOTHUHI ycyJuiapu: TagkukoT >XapaéHHMIa Ha3apuil MEXaHUKa,
MaTeMaTUK TaxJIJI Ba MAaTEMaTWK CTAaTHUCTUKA, KUECHM  TaKKOCJall,
YMYMJIAIITUPHIL, €HTHJI aBTOMOOUJUTAPUHH SKCIIEPUMEHTAJl CHUHAI yCyJUIapuiaaH
doitananuaTaH.

TagKUKOTHUHT MJIMHUI SHTUJIMIY KyHugaruiapaad noopar:

Eurun apromo6un WE[[napununr GeBocuTa HCCHUK HKIMM IHAPOMTHIA
WOUTAIIAAA MOTOP MOWJIAPUHUHI acocud  (U3UK-KUMEBUK Ba HIUIATHIL
xoccanapura MUKpOOpPraHU3MJIaPHUHT TAbCUPHU OCTHAA 3apapJIaHUIIMN aCOCIIAHTaH;

MOMJIapAa JKCIUTyaTalus MIApOUTIapuAa YJIAPHUHT MHUKPOOPTaHU3MIIapra
OapIONUTMINIMHA TabMUHJIAWIUTaH MHUKpoOJapra Kaplid KYIIUMYaJIapHUHT
caMapalii KOHLICHTPAIUsACH AHUKJIAHTaH;

MUKpoOOIapra Kapmu KyMIHMYaJapHUHT MOTOp MOWJapH  Xoccajapu
TaBCU(DIAPUHUHT TapaMeTpiiapura TabCUp MEXaHU3MU OEJITHIIaHAN Ba MOMJIapHUHT
(U3MK-KUMEBUIT Ba HIUIATHLI XOCCAJIAPUHUHT MakOyJl NapaMeTpiiapuHU
TabMUHJIAMUIaH KOHLIEHTpAaLUs AUana30HIapy aHUKJIAHTaH;

Motop Moiin Ba ¢GuibTpiapra MUKpOOPTaHU3MIIAPHUHT TabCUP MEXAHHU3MU
XMCOOTa OJIMHTaH XO0J1/1a aJIMAILTUPUILI My JAaTIapy yU4yH TaBCHUsIap ACOCIIaHTaH.

TagKUKOTHHHT aMaJIMii HATHXKAJIapH KyHuaaruiapaad noopar:

MUK €HYB JBUTATEUIapU UCCUK MKJIMM IIapouTHaa (GoiiaanaHmIraiia MoTop
MOMJIApUHUHT (U3UK-KUMEBUN XYCYCUSTIIApUHM SXIIWJAIl YIyH MHUKpoOJapra
KapIly KymuMuaiap KYIU TApKuOu Ba TEXHOJOTUSACH UIIIa0 YMKUIITaH;

UILIa0 YMKWITaH TaBCUSJIAPHU anmnpoOalusiCl acocujia MOTOp Moillapuaa
MUKpOOJIapra Kapiiy KymuMmuyainapaadn (oWjganaHuin eHTHJI — aBTOMOOMI
AKCIUTYaTallMOH KYpCaTKUWIAPUHM SXIIWIAIIY Ba €3AM (OMIaNaHUIl HIapOUTH]IA
YHUHT MyaMMOCH3 UIUTAIIHA AHUKJIAHTaH.

TaagKMKOT HATHKAJIAPUHUHI HWINOHWIMJIMIM. TagkuKoTHa OJIMHIaH
HaTWOKAIAPHUHT MIIOHWIMJIMTKH  MATEMaTUK CTAaTHCTHKA YCYJUIapW; Ha3apuii
HATWKaJIAPHUHT AKCIIEPUMEHTAI TaIKUKOTIIAPHUHT MabJIyMOTJIApUTa
MYBOQUKJIUTH; OJIMHIAH TaxXJWIUN HaTHXKAJIApHUHT JlabopaTopusi Ba MIUIATHII
CUHOBJIApU MabIyMOTIapu OuiaH Oup XWUIMry; (GodganaHuwiral KymmmMyalapHi
CHUHAIIHUHT W)KOOUHN HaTWKajlapu OWJIaH TacAUKJIAHTaH.

TagKUKOT HATHKATAPVMHUHT WIMHI Ba aMaJIMd aXaMHUSATH.

TaakMKOT HaTWKaJapUHUHT UMUK axaMUsATH MHKpoOjapra Kapiiu
KylIuMyanap KyWIWIraHuJa MOTOpP MOMJIAPUHHUHI HIUIATUIN KypCaTKU4WIapUHU
cesusiapid  OapKapopJalITUPUII ~ MMKOHHMSTMHU  TabMHHJANI  HAaTHXKacuIa
XMMMOTOJIOTHS  HA3apHMACHHM  PHBOXJIAHTUPHIIIAH — MOOpAT.  YTKa3HITaH
TaJKUKOTHUHI aMalMil axaMusTH 3ca IIyHJaH MOOpaTKH, MUKpoOJiapra Kapiiuu
KylIuMuanap KYIIWiIraH MoTop Moinapuaad ¢oigaiaHul METOAMKACH HIILIA0
YUKW, Oy 5Ca UIJIATUIIHUAT €371 IIAPOUTIIApUIa AaBTOMOOWIIAPHUHT UILLIATHIIL
KYpCaTKUWIAPHHU SXIIUIIAIl UMKOHUHU Oepajiu.
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TaagKUKOT HATHKAJAPUHMHI KOPUHA KUJIMHUIIUA. MOTOpP MOMIApUHUHT
XYCYCUATIAPUHN MHKpOOIapra Kapiid KymiuMyanap OWJIaH SXIIAIANl OpKaju
EHTWJI aBTOMOOWIJIADHWHT WYKA €HYB JABUTATCIUIAPWHWHT HWIIOHWIMIIMTHHA
omupuIl OYirYa OJMHTaH UMUK HATHKAJIap aCOCUA:

MOTOpP MOWJIApUJIATM MUKPOOPraHU3MJIapra Kapiiv KyIIAMYaIapHU KYJUIAII
AHawkoH BujostTuaaru “AnamxkoH ABtorexxuzmar’ MUX na xkopuii sTwiira
(“V3aBrocanoar” AXuumar 2021 iun 07-mexabpnaara Ne 09/06-25-2234-connu
MabJIyMOTHOMACH). MMyl TaIKUKOT HATHXKACUAa HA30paT OCTUTA OJMHTaH CHTHII
aBTOMOOWJITAPHUHT MOTOpP MOWH pecypcH, opui macodacu 7-8 MuHT kmaaH 12
MUHT KMrada OITUPHII UMKOHUHH O€pTaH;

MUKpOOJapra Kapmu KyIIMMYajJapHu CHIIFU-MOM  MaxcyJoTiapuaa
Kymnaanmmmy «Y3-Jlorr Sur Koy MUK V36exncron-Kopes Kymma KopXoHacHa
>xopuii stmiras. (“Ysasrocanoar” AXKuunr 2021 i 07-nexaGpnaru Ne 09/06-25-
2234-connmu MabiaymMoTHOMAacH). HaTmwkana 3aBOAHWHT THAPABIUK TEPMOTLIACT
apTomatiapu um pecypaapunn 10-15% raua Ba ruapaBiIMK MOWJIAPHUHT XHA3MAT
MyaJaTUHA 9-7% Tada, UIYHUHIJIEK TEXHUK XHU3MaT KYpcaTUIl XaXKMUHU
KUCKapTUPHUII, MO Ba OOIIKa 3JIEMEHTIAp TeXAIUIIMHUA 6-7% rada OMIUpPHII
UMKOHUHHU OepraH.

TaagkuKOT HATHKATAPUHUHT anPodaumMscu. Ma3Kyp TaJKUKOT HATHKaIapu
3 Ta xaimkapo Ba | Ta pecnyOnuka WIMHi-aMaluid KoHGeEpeHIUsIapaa
MyXOKaMaJiaH YTKa3uIraH.

TagKMKOT HATHKAJTAPUHUHT IBJIOH KMJIMHTAHJIUTH. J[UccepTanus MaB3yu
6yitnua cxkamu 11 Ta wmaMuit mm, my skymutagaH Y3P Omuit  Attecrarus
Komuccusicnan gucceprauusulapHUHT  aCOCUM  WJIMHUM  HATWIKAJIIADUHU  IBJIOH
KWJIKIITA TaBCHSI OTraH Halpiapuaa 6 Ta uiIMUAN U1, dKyMIIaaH 2 Ta Ul Maxajuiii
KypHajutapJia Ba 4 Ta WIIl XOPWXKUN >KypHAJJIap/ia YbJIOH KUJIMHTAH, 5 TOMIIUK
MoHorpadus pyc, MHIIIN3 Ba Y30€K (KUPWLT Ba JOTUH anudOocua) TUIIapua 9om
ATUJITaH.

JuccepTanMsiHUHT TY3WIHINK Ba XakMu. J(ucceprainus TapKuOH: KUPUIII,
TYpTTa 600, Xynoca, hoigananuirad anabuérinap pyiuxaTu Ba ujioBaiapaH nuoopar.
Juccepranust MHTIU3 TUIMAA €3urad 0ynmo, Xxaxxmu 158 6eTHH Talukuil STaau.

JIMCCEPTALIMSIHUHT ACOCUM MA3MYHHU

Kupum kucmu ymdy TagKMKOT MaB3yHMHUHT JI0J13apOJIMTH Ba 3apypaTHHU Ba
YHUHT TPOMHUK Ba CyOTPONHMK MHUHTAKAJaAPHUHT HMCCUK HWKJIUM IIapOUTIapHUIaru
aMaliuii aXxaMHSTHHU acochamra Oarunuianrad. MmHUHT Makcaau, Basudanapu,
TaIKUKOTHUHI OOBEKTH Ba TpeAMETH IMaK/IaHTUPUITaH. TaJKUKOT WIIUHUHT
V36eknucron Pecry6iukacH (aHH Ba TEXHOJIOTHSUIAPMHE PUBOKIAHTHPUIIHHHT
YCTYBOP HYHAIMUUJIAPUTA MOCIHUIU KypcaTWwirad. MJIMUKA SHTWINTU Ba aMaJIud
axaMuaTh 0aéH HTUITaH, Ha3apuil aXxaMUsATH Ba aMaJIUETTa KOPUM ATUITUIITN OUUO
Oepwirad. byHnaH Tamkapu, AMCCEPTAIUSHUHT YMYMUM Ty3ujumiud Oyinda
MabJIyMOTJIap Ba JAMCCEpTalldsd TAJIKUKOTH MaB3yW OYyinya 4ol 3TUTaH HILIAp
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KENTUPUIITaH.

HucceprauussHuHr «Analysis of research on ensuring the performance of oil
systems in internal combustion engines (ICE)» 1e6 Homnanran Oupun4u 606maa
Hazapuil Ba amanuii Macajanap Oyindya OMJIMMIIApHUHT KEHT TapMOFHurava Ooyiaraxn
Mypakkab iymHu 6ocud YTran HeTh MUKPOOUOIOTHSICH COXaCHHUHT HaKaiap KeHT
SKAHJMTUHU KYpCaTyBYM XaM BaTaHHMHU3, XaM XOPIDK anabuér marepuaiiapu
YMyMJIAIITUPUIITaH.

Muxkpoopranu3MiIapHUHT TabMaTaa MaBXKyJ KYN COHJIM TypJIapuaaH HKKH
10371aH OPTUK TYypPH YIIIEBOJOPOJIAPHU Y3 MOJIIa AJIMAIIMHYBUTa KUPUTUO, yIapHU
OKCHJUTAIl KOOMIMATHra 3ra. MUKpOOpPraHM3MJIAPHUHI Xap XWi TypJlapy Y4YyH
O3UKJIAHUIITA AXTHEKIAPHUHT TYPJIHYAIUTH, TY3WIHIIMHUHT TYpPJIU-TyMaHJIUIH,
IIYHUHTJEK KYNAUWIIHUHT TYpJIH YCyJUlapu xamja arpod wMyxurra Te3na
MOCJIAIIUII, STHTH XOM aIl€ra KyHUKUILI XOCTUP.

MUKpOOpraHu3MIIapHUHT  PUBOXKJIAHWIIM Ba Xa€rT (aoJIUATH  TalIKu
MYXUTHUHT OUp KaTtop oMuulapura OOFiauK. ATpod MYXWUTHHMHI TemImepaTypa-
HaMJIMK PEKUMU 001l oMuiIIap/iaH Oupu xucobaaHaau. Mukpoopranusmiiap atpog
MYXUT TeMIlepaTypacura OOFJIMK XoJjiga Oup-Oupunan Kywin ¢apk Kujaaad. Yiap
yura rypyxra OynuHanu: tepMouiiap €K HCCUKCeBapiap, ncuxpopuap EKu
COBYKcCeBapJjap Ba MakOyJl TemIrepaTypajiapjaa YCyBUmiIap, ssbHu Me30puiiap.

MoiinapHUHT yTI€BOIOPOAIAPUHN OKCUUIOBYM MUKPOOPraHU3MIiIap yiapiaH
sHeprus manOau cudaruna doigananud, Oup Hewa Typiapra OYiIMHAAM, yiap
ypTacuia TEXHUK KUXAT/IaH OakTepusuiap Ba 3aMOypyFiap 2HI KaTTa aXxaMusTra
sra. MUKpoOpraHu3miiap Te3 MOCJAITyBYAHIUTH Ty(ailin KaTaJuTUK >KapaéHHU
YaKUPYBYH SHTU (EepMEHTIApHU UIUIA0 Yukapaau. MukpoOHOIOTHK 3apapiiaHHMIIl
*KapaCHIIApUHUHT JKaJlaJUTMTH, UIYHUHTACK yiap OuiaH 3apapilaHauraH He(Th
MaxCyJIOTJIapy CIIEKTPUHUHT KEHTJIUTHU 1Ty OWJIaH TYITyHTUPHUIIA]IH.

Typau-tyman HepTh MaxCyNOTIAPUHA TATKUK KAJUII aCOCUA YIAPHUHT XaM
CakJiall Ba TAIlIUII BaKTH/Ia, XaM HIIIATUIIIA 3apapiIaHUIld aHUKJIaH]IH.

MuKpoOHOJIOTUK 3apapiaHUIl HATHXKAcH/la MOMIAPHUHT acocuil (Pu3uK-
KUMEBUN Ba WIUIATUIN KYpCaTKUWIApU yiapJaH Makcaaura kypa ¢oiinananuo
OynMaiiinran napaxkarada éMOHIaIIaau.

Mukpoopranusmiiap MoWjapra TabCHp KWITaHWAA YJIAPHUHT KUHEMAaTHUK
KOBYILIOKJIUTH Ba KUCJIOTA COHH, S'’bHU YIJIEBOJOPOJ TapKuOura 6eBocuTa OOFIIUK
OynraH Ba MUKpOOPTaHU3MIIAPHUHT XaET QaosusaTu xapa€Hua Xocui Oynaaurad
NacT MOJIEKYJIAp KHUCJIOTAap TYIUIAHWUIIKW OujaH OOFJIMK KYpCAaTKUWIApU DSHT
Ce3WJIapJIM Japaxkajia y3rapau.

ABTOMOOWJIb IBUTATEINIAPUHU MUKPOOPTaHU3MIIAp OUJIaH 3apapiiaHTaH Moia
UIUIATUII KJIAMMaHjaap, NopuieHiaap Ba OollKa AeTaiapia skajaal Tap3fa KypyMm
KaTiamjaapu Xocui Oynuinura onu0 Keiauiu, Oy sca ABUraTellb OYFUHIapU Ba
MEXaHU3MJIapU HII KOOWJIMATH EMOHJAIIMIIM Ba XATTO YHHUHI TyJa WILIJAH
yuKyinura cabad OynuinyM MyMKUH. buomMaccaHMHT MUKpPOOJIM IIWJUIUFU MOMIIAII
MaTepUAIAPUHUHT  JBUTATENb  MIIKAIAHYBYM JAeTajylapura  y3aTWUJIMIINTra
TYCKUHIUK KWIKO QuiibTpiapra Ba KHUMK KECUMIIA KOMMYHHUKAIUsIApra THKUINO
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KoJaau. 3apapiiaHuil OKuOaTHUAa MOWIap Y3WHUHI MOWAml KOOWJIUSTUHU
WyKoTamu, JBUTATEIUIap WINKAJaHYBUYM >Ky(TIAPUHUHT HINKAJAHUII F03allapuia
Xocuia Oynmaguran XuMosl TUI€HKanmapu Oysmiagu, Oy Kopposusra Ba >Kafjal
eAUPUIIUIITa OO KeNaau.

Tynnanran agaOuétiap MUKpPOOPTaHU3MIAPHUHT MOMJIOBYM MoWnap OuiaH
y3BUI OOFJIMKIINTH TYFPUCH/IA XyJIOca KWK UIMKOHUHU O6epaau. lllyHra kapamait,
MOTOp MOMJIApWHU YPTaHMII Oyirda Hiap Aespiau oud Oopuamainan. Xoa0yKw,
MHUKPOOHOJIOTHK TabCcHpra OapoluId MOTOpP Moiapu kyna kam. bo6 oxwmpuma
TaIKUKOTHUHT MaKcaau Ba Baszudanapu 6epuiras.

“Theoretical investigations and studies of the influence of changes in the
properties of engine oils on the ice oil system during operation” 1e6 HomIaHTaH
HKKMHYY 00042 MUKpPOOPraHU3MIAPHUHI TabCUPU OCTHAA MOTOpP MOWJIapH
xoccanapyaa 103 OepaauraH y3rapullUlapHA TaAKWK KWIKAII Ba VpraHuil Ba
YIApHUHT uOUatvin skapaéuuna MEJ] Mol TH3MMMra TabCHPMHU YpraHuMII
Makcajuaa apTomoomiap 6eBocuta unuiad Typrauja MOl HaMyHaJapuHU TaHJ1a0
OJIMII YYyH METOJIMKA UIITa0 YUKHUIIIH.

MoTop MOWMHMHT MHKPOOPraHM3MiIap OWIaH ¥3apo TabCUPHU: TYypiu
MUKPOOPraHU3MIIAPHUHT MOTOP MOMU TypHra OOFJIUK X0Ji1a Y3UHU KaHal Ty TUIIH
Yyprauunaan. MUKpOOpPTaHU3MIIAPHUHT KYTAWWUIIKA YYyH YTJIEBOJIOPOJ TapKuOu
KAaH/Jall axamusITra 3rajiurd TaAKUK STUIAU. MOTOp MOMIApUHUHT KaHJal TypJiapu
MUKPOOHOJIOTHK 3apapiaHuIlra SHT MOWKII DKAHJIUTH YPTraHuJIx.

Hedtr ™MoMnmapuHuHr KaTrTa MUKIOpJIapAa OakTepuan MMapyalaHHIId
TapkuOuaa HaPTEHIM YIJIEBOJOpOAJIap Oynran Mounap OuinaH OOFIMKJIUTH
aHuKIaHau. byHnan myHgai Xyjoca YMKapuIll MyMKUH OYiaau, SsbHUA TapKuOuIa
HadTeH-apaduHIN YTIIEBOJOPOJIAp MUKIOPU IHT KYI OYiIraH MOTOp MOWIapH
MUKPOOHOJIOTHK 3apapiaHuluIapra Kynpok Mouuin Oymamu. MukpoopraHuzmiap
apoMaTHK YIJIEBOJOPOMJIApHM KAaMpOK Japaxkajga MUCTebMOd Kuiaau. Moiinapaa
HadTeH-apaduHIN  YTIEBOJAOPOJIAPHUAT (POU3 MUKIOPH TMacalluIiM YHHUHT
UIUIATUII XOoccanapu y3rapuinura onu6d kenaau. Hadbren-napadun dpaknusiapu
MOMJIAPHUHT MOMIaII KOOMIMSITUHN TabMUHIIANIH.

Buomacca tabcupu octuna MEJ] netannapuHuHr GMOKOPPO3Us KapadHiapu
Yyprauunan. YyHKM MUKpOOPTaHU3MIIAPHUHT TAbCUPH OCTH]Ia MUKH EHYB JBUTATENN
MOM TU3UMUHUHT JleTajlapu (MIIKAJIaHUII Ky(Tiaapu) ro3anapuia OUOKOPpO3Hs
ne6 aTajgaguraH KOPPO3MOH EMUPUIIUIN KapaéHu 103 Oepaau. MonapHUHT acocui
XOCCaJIApUHU YpraHUll y4yH MOTOP MOWJIAPUHUHT NapaMeTpiIapuHH J1adopaTopust
mapouTuaa 0axoJiall ycyJulapy TaHJIaH IH.

Ymby auccepTalMsIHUHT MOWJIAPHUHT MHMKPOOHMOJIOTMK — 3apapiiaHMILId
METOJMKACUHU TaHJAUAAH OJJIMH He(Th MaxCyJoTJapH 3apapiiaHyBYAHIUTUHU
0axoNallHUHT TYpiu Mamiakariapja KaOyd KWJIMHTaH TYpJiM METOAUKalapu Ba
ycymapu kué€cnmanau. MOK-1954 Xankapo 2JIeKTp TEXHHMKAa KOMHMCCHUSICUHHHT
xankapo JKeHeBa METOAMKACHM OHI OKWJIOHA MOAM(UKALUSI XHCOOIaHAIH.
MeTroauKaHUHT MypakkaOd smaciuru, Oy HIUIapHU SHr oaaui jabopatopus
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HIapouTIapuaa YTKA3UIl WMKOHMHHM O€paau, CE3rUpJUTrH, HATHUKAJTAPHUHT Te3
OJIMHUIIY Ba UIIOHWIMJIMTHHUHT I0KOPH Japaxkaga OV yHUHT YCTYHIUTHIND.
Muxkpoopranu3miap KyJdbTypaJapuHUHI TapKUOWra KelaguraH OyIcak,
WIUIAHTaH MOMWIAPHUHT HaMyHalapuIaH KyJIbTypaigap axpatu0 onuHau, Oy
HaMyHaJlapa Kyiuaara Typaard 3aMOypyFiap yeTyHinuk kunan: Mucor, Penicillium,
Aspergillus, Cladosporium, Alternaria. HamyHanapma WHpUK auyuTKWIAp y4dpaju.
bakrepusimapaan: Micrococcus, Mycobacterium diplococcus Ba 6omikanap.

MoTtop MOWMHHMHI  (U3UMK-KUMEBHA Ba HWOUIATHII  XOCCAJAPUHHUHT
OapKapOpJIMTMHU TabMUHJIAINI, ITYHWHTJEK SHTU Tajnad 3Tuiaguran cudatiapHA
Oepuill ydyH yiapra Kymmm4ajgap ae0 arajaJuraH KOMIUIEKC OWpuKManapiaH
nbopar Typau monananap (kymumuanap) kymunanu. Kymmmuamapra Oup kaTop
Tanabiap Kyuuinaau: yjaap 3HT I0OKOPH Japaxaiap/ia camapaiu OYIHIIN; HUKU EHYB
JABUTATEIUIapUIa MaTepuajiapy Xoccajapura, ABUTATE/UIApHH TabMHUHIAII Ba
MOMIIAII THU3UMJIAPUTa TabCUP KHJIMACIWTH; WHCOH YYYH 3axapiu OYyIMaciauru
3apyp Ba X0Ka3o.

Yuyunuu 606 “Laboratory and experimental studies” ne6 aramagu Ba y
mabopaTopur Ba JKCHEPUMEHTAN TaJKUKOTIapra Oarunuianrad. MaruHanapHu
Mapxkasuit Ocué€ xaBOCHHUHT O0Kopu Temneparypaiapu (35+50 °C) mapoutuaa
UIUIATUIIAA MOMIAIl TU3UMIIApUAAa UIUIAWIMTaH MOTOp MoMapuaa MHUKPOOpra-
HU3MIIAp Xa€T (PaonusATH ydyH Kyjai mapouTiap ro3ara kKemajau, 0y MOWIapHUHT
acoCHil HIUIATHIN XOccajapu EMOHJIAIIUIINTA OJUO KellaguraH OKCHJJaHUII
*KapaCHHUra KyJaiiiK sipaTajid Ba JBUTATENb JIETAJUIAPUHUHT TE3KOP €IUPUITUIIINTA
cabab oymamau.

Anabuérnap MAapXUHUHT HWIIOHWIMJIMTUHU YPraHuil Makcaauaa FOKOpHUaa
TaBCU(JIAHTaH MUKPOOPraHW3MIIAp OWJIaH 3apapiiaHraH Moap/ia MUKPOOPTaHU3M-
Jap YCUIIM Ba TYTUIAHUITMHUHT JTA00paTOpUs TaJKUKOTIAPU YTKAZUIIIH.

Vpranunaguran o0bekT cu(aThaa KyHHaard Typid MapKagard SHI Malixyp
MoTop Moinapuaan doiaananuaan (1-xaasan):

1-:kanBaJ.
TaakukoTaa ¢pouaaTaHUIATAH MOTOP MOWJIAPH MapKaJapu

No Mortop Molapu KoBymoknuk knaccu
1 | SAE 15W-40 (V3/ICt 3061-2016) 15W-40
2 | Lotos Semisynthetic 10W-40
3 | Shell Helix HX7 10W-40
4 | Total Quartz 7000 10W-40
5 | GM Dexos2 SW-30
6 | Castrol GTX Magnatec 5W-30
7 | Mannol Classic 10W-40
8 | Rosneft Maximum 10W-40
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Tankukornap oJgAMZaH MOTOP MOMJIAPUHUHI NAcHOpPT MabyMOTIapura
MYBOQUKINTY TEKIIMpUiAU. Moiinapia yJapHUHT XOcCcCalapy aHHUKJIaHTaHUIaH
CYHT MacopT MabJIyMOTIAPUHUHT XaKUKUI MabJIyMOTIapra MyBO(pHK YMaclIir Ba
ynap ypracunaru papk 10-15% Hu TaIKuI STUINN aHUKIaH]TH.

MHuKpoopraHu3MIapHUHT KyJIbTypalapu OWIaH KaTTUK KU3IUPWITAH MyXUTIA
[TeTpu Kocauanapua Ba CyrOK MyXuT/Ia KoJioaap/ia ToOupaBuil TeOpaTKu41a JOUMHIA
paBHIIIa TEKUCIa0 Ba apaiamTupuO TypuO madoparopusi Taxpuodamapu YTKa3UIIH.
Mukpoopranu3MIapHUHT Oapya KyJbTypajapy TETUIUIM METOJuKara MyBO(UK
MOJICIUTAIITUPUIITaH TPOITUK MIAPOUTIApAa UCCUKINK-HAMIIMK KaMepachia XaBOHUHT
HucOuit Hammuru 90-100% 6ynran 35-38°C temneparypaia TyTHO TypHILIH.

MukpoopraHu3MIapHUHT KyJbTypalapd YCUIIMHUA PAarOaTIaHTHPUIT YUyH
O3MKa MYXWTIapH MyailssH Koujanap Oyiinya, SbHU KyJbTypamap Qakar
YIJIEBOJAOPOAJIAp  XUCOOMJAH PHUBOXIIAHWUIIM MYMKUH OyJmaguran Kuiauo
Taiiépnanau. Xucoo-kutobnap xap 4-8 cyrtkaga yTkaswiau. KynbTypamapHUHT
YCMaETraHINTd MUKPOOPTaHU3MIIAPHHUHT YIIOYy MOWJIAPHH Y3JIaIITHPMAETTaHINT 1
XaKuAa GUKp IOPUTULI UMKOHUHY Oepaau. KynpTypanapHUHT pUBOKIaHUILIN cudat
KUXaTaaH Oern 6ay mkana oyitnya 6axoaaHIu.

DKcnepuMeHTall CHHOBIIAp AaBpHJla METOUKAra MyBo(pUK MUKpoOIapra Kapiu
KYyIIUMYa KYJUIAHWIUIIM OWJIaH MOWHHUHI MIIUIATHII XOCCalapy CakJIaHUIIA Ba
AXIIWIAHUIIMHY, IIYHUHTAEK ABUraresyiap O€BOCHTa MCCUK MKJIUM IIapouTIapuia
MIIIaraHja pUBOXKIIAHAANIAH MHKPOOPTaHM3MIIAPHUHT YCUIIMTa KYIIMMYaJIapHUHT
TabCUPUHU YpraHUIll MaKcaaua MO HAMyHaIapH TaHIa0 OJUHIM.

MoTtop Mo#napu ydyyH MUKpoOOJapra Kapuid KyIIMMYajdapHU H3Jalijia >HT
aBBajio Oy MOIJIapHM HMCCUK MKJIUM ILIapoWTIapua WIUIATUIIA 3apapiailiura
MUKpPOOpraHU3MJIap JOMpacu YpraHwiaau. TaHiaHraH MHKpoOiapra Kapuiu
KYIITMMYJIApHUHT TAbCUPUHHU TEKIIUPUII OYitnua unuiap Mmeroaukacu MOK-1954
ra MyBO(HK YTKa3HIIIH.

[y Tapuka, uccuK ImapouTiapAa ¢GoigalaHuiTra MYJDKaJIaHTaH MOTOP
MOMJIApUHUHT MIUIATULI XOCCaJapUHU OapKapopialITHUPUII Ba AXIIMJIAII y4yH
KyHugaru MukpoOjapra Kapmd Kymumuanap: aib(a-HadhTOXUHOH, JUXIIOP-
Ha()TOXMHOH, OPTO-OKCUXHHOIUH (8-OKCUXMWIIONNH) TaHJIa0 OJUHAM.

JlBuratens JeTANIAPUHUHT MOWAA CIUPUIIUII KAJAJUTMTHHU  aHUKJIAII
crektpasb Taxjaui épaamuaa 'OCT 20759-90 ra myBoduk yTkazwiad. Moitnap
XOCCATApUHUHT MHUKPOOPTaHU3MIIAp TabCHUPHAA Y3TapHIIApUHU YpraHuIiia
ousnunr uxtuépummzaa ['OCT Oyitnua ymymKaOyn KWIMHraH (QU3MK-KUMEBUN
ycyiutap Oynau. bapua mabiymoTiapra CTaTUCTUK HWIUIOB Oepunau. Motop
MOMJIAPUHUHT (PU3MK-KUMEBUM Ba MIUIATUII KYpcaTKU4IapH Y3rapullIapUHUHT
XapaKTepUHU YpraHuIil aBToMoOwLIap 60ocubd yTaguraH WYJIHUHT OIIMINKM OWJIaH
Xa€T (aosuATH JBUTATEIUIAPHUHT MII KOOWIMATHHU EMOHJIAITUpHINTa cadbad
Oynaguran JIOKJIM Kariaamiap (moJiMMepiamirad OupukMmanap), Kypymiap
(kapOonnu OupuUKManap) XOCWUJ OyIuiiura oJud KeIuIId MYyMKHH OYiaraH
MHUKPOOpPraHU3MJIap MUKJIOPHY XaM OIIMLIMHM KypcaTau.
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VTKa3uIras TagKUKOTIAp HATHKACHIA MAIIMHANAPHH aTpod) MYXUTHHHT
IOKOpH TEMIIEpaTypacH IIAPOUTIapuAa MIUIATULIAA MUKPOOpPraHU3MIap OWJiaH
3apapiadral moiapaa cyB Mukaopu (15-20 % ra), ontuaryrypt mukgopu (7-8
MapTa), Kyl Mukaopu (6-7 mapra), KuHeMaTuK KoBywmokauru (35-40% ra) Ba
allHUKCAa OKCHJJIaHWIIra Kapmu TypryHaurn (20-35 wmapra) kabu Myxum
napameTJIapy Ce3WIapiy Japaxkaa y3rapuily aHuKJ1anau. YyHku Oy nmapamerpiiap
MOMHMHT YTJIEBOJOPO]I TapKHOUTa O€BOCUTA OOFIMKAMD.

MoiHUHT MUKPOOHOJIOTHK 3apapiaHUIIKa YHIA YTIIEBOAOPO ] TApKUOUHUHT
KaliTa TaKCUMJIAHUIIH 103 Oepamu. MukpoO XykKalpaCHHHHT O3MKJIAHUII TUIUTA
BHI MoOC oO3uKa cudatuaa mnapapuH-HaQTeH TYPYXMHUHT YIJIEBOJAOPOIN
OupukManapu OMpUHYM HaBOATAA Y3iamTupuiaaan. MUKpoopraHuzMiap apoMaTHK
KAaTop YIVIEBOJOPOMJIADMHU KaMpOK JlapakaJa HUCTEbMOJI KWJIAAW, UIYHHHT
XucoOura yjaapHuHT (Hou3n EKU Y3rapMaiu, EK1 omaan. 2-KaaBaiaa TypiIud MOTOP
MOMJIApPUHUHT BaKTIra OOFJIMK X0JIJ]a 3apapiiaHyBUaHIIMK HATHKAJIApU KEJITUPUIIA]IN.

2-3KaBaJI.
MoTop MOWJIAPUHMHI MUKPOOPraHU3MIAp OMJIAH BAKT OyiH4a
3apapJIaHuII Japaxkacu

CyTka
4 8 14

MM mapxac 3apapJyiaHyBYaHJIMTH, 0AJLI
Ne H|1|H|2 |H| 3
1 |SAE 10W-40 025 0 (40| 0| 50
2 | Lotos Semisvnthetic 010 0 | 35| 0| 40
3 | Total Ouartz 7000 005 0 | 25| 0| 45
4 | Shell Helix HX7 0O(10] O |15 0| 35
5 | GM Dexos2 0[20] 0 [35] 0 4.5
6 |Castrol GTX Maanatec 0|05 0 1.0 0 2.5
7 | Mannol Classic 015 0 30| 0| 40
8 | Rosneft Maximum 015 0 | 25| 0| 40

N30X: H — nazopar, 1, 2, 3 — Mol + MUKpOOpraHu3MIap

MoTop MoillapuHUHT OMOJIOTHK 3apapiiaHuiinra Mounsuuru oyiinya Shell Ba
Castrol moitnapu sur 6apaonuH O0Yiau. ABTOMOOU/UTAPHU HHUTHUHT HCCHUK BaKTH/IA
UIUIATUIIAA MUKpOOJapra Kapiid KyliuMuajgapcu3 Ba OyHAall Kymmmyaiapu
OynraH MOTOP MOWJIAPUHUHT KOBYIIKOKJIWTM Ba KHUCIOTAJIMIU Y3rapUIIMHUHT
DKCIIEPUMEHTAl TAAKUKOTIAPU HaTHXKaJIapu 3-)KaJBaJlJa Ba KOBYIIOKJIWKHUHT
MOTOP MOIM KUCJIOTAJIMIUIa OOFJIMKIIUTH 1-pacMa KeITHPUIITaH.
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3-:KaaBal.
Kymumuacus Ba Tapkuduia MUKpo0/apra Kapumu ajbga-Ha( TaXuHOH
kymumuacu (0,01 mac. %) 0yaran 6ab3u MOTOP MOWJIAPH KOBYIIOKJIUTUHUHT
aBTOMOOWJIb 00cu0 yTran iyJjara OOFJIMK X0J11a Y3rapuimn

ABTOM?(SHHI’ SAE 10W-40 Semli_sc))/tr?tshetic Tota7IO%8artz Shel”)(H?e“X
6ocub yTran
HYI1, MUHT Kymmmmuacus alpha-naphtaquinone
o 1 2 1 2 1 2 1 2
1 139 | 6.8 | 15.0 7.0 144 | 71 | 124 | 6.9
2 142 | 6.7 | 15.3 7.0 144 | 71 | 124 | 6.9
3 144 | 6.6 15.7 6.9 14.3 7.0 | 124 7.0
4 145 | 6.7 154 6.8 14.6 7.0 | 12.2 6.8
5 147 | 65 | 15.9 6.1 14.5 71 | 120 | 6.7
6 149 | 6.0 | 16.3 57 14.3 6.8 | 124 | 65
7 151 | 5.7 | 164 4.2 14.9 6.7 | 125 | 6.5
8 15.7 | 5.0 17.7 3.9 14.8 6.4 | 12.7 6.3
9 168 | 4.7 | 184 3.4 150 | 6.2 | 128 | 6.3
10 175 | 44 | 1838 3.1 15.3 6.0 | 130 | 6.3
10H 189 | 2.7 | 19.9 2.8 15.8 57 | 13.6 | 552
11 154 | 6.0 | 13.0 | 6.1
12 154 58 | 13.1 6.0

N30X: H — nazopar, 1, 2, 3 — Moi1 + MUKpOOpTaHU3MIIAp.

Onunran Hatmxanap motop moiura 0,01 mMac. % KoHIEHTpalusaa MUKpoOra
Kapmy Kymumuaigap (ailHuKca AuXJIOop-HAQTOXWHOH) KYIIWJITaHAA YHHUHT
MUKPOOPTaHU3MIIApAaH XUMOSUTAHUIII XOCCAIApy OLTUIITMHU, MUKpOOJIapra Kapim
KyInmuMJaiap KyIiuiMaran Moija 3ca KOBYIIOKJIWK Ba KHACIOTA TaBCU(IApUHUHT
terunuinda 13,9 man 18,9 cCr raya Ba 0,02 man 3-3,54 mr KOH/r rava y3rapumm
KY3aTHWJIMIIMHA KypPCaTaJId.

doiinanaHuIaIural KymuMJaiap MO OWjiaH SXIIH apajamiajan Ba yIapHUHT
Gu3NK-KUMEBUI XOccanapura canOuil TabCUp KUJIMalIu.
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Kucnoranap conu, mr KOH/r
o (GuibTp OpKaaM HamyHa (MHKPOOPraHU3MIIAPCH3)
. GbunThp OpKak HamyHa (MHKPOOpPraHU3MJIap MaBxKy OyiraHzaa)
KapTepaaH HaMyHa (MHKPOOPTaHU3MIIAPCHU3)

KapTepaaH HamyHa (MHKPOOpraHU3MIIap MaBxkyn Oyaranaa)

1-pacm. MM KOBYIIOKJIMTMHUHI KHCJI0TA COHM OLIMIITUTA OOFJIMK X011
y3rapuui rpaguru

CrekTtpan TaxJIi HaTU-KaJlapy MIyHJaH JajgojiaT OepaauKu, TapKuOu1a MUK-
pobJiapra Kapiiy KylmuMyajiap OyJirad Moi/ia uiljianiga e AMpUINII Maxcya0TIapu
(Fe, Pb, Si, Al, Sn, Cu, Cr, Ba Na) keckuH kamasiju, Oy aifHukca aBromoousuiap 10
000 kM i1y GocranaH CyHT HaMOEH Oyaau.

Bynman tamkapu, Ow3 MEJ] perannmapuHMHT eMPHIMII  MaXCyJOTH
KOHLIEHTPAUUSCUHUA TAJKUK KWIAMK. J[BUTaTeTHUHT WIIKAIAHYBUYM KHCMIIApU
SAVPUITUIITN HATIKAacHla MOMWJIOBUM MOWIA TypJiM apajnammanap (TeMHp, MUC,
KYPFOIINH, KaJaiK) TYTUIaHAIW, yJap KOHIICHTPALUSICHHUHT y3rapuiiyd HadaxkaT
YyMYMHUH  eIUPWINNIHU, OaJKud HWINKAJAHYBYU IKYQDTIMKIAPHUHT XOJIATUHU
taBcudnaniay. JleTalapHUHT COUPWIMINK KaHYaIMK JKafan Oyica, Moia
SAUPUITUIIT DJIEMEHTIAPH KOHIICHTPAIMSICH IIIyHYa OKOpU Oymaau (4-xkaaBaira
KapaHr).

YMymul Xoiaa, WYKA €EHYB JBUTATCIIMHUHI YTUII JKapa€HU YHUHT
UIUIAIIMHUHT OKJIAQHUII Ba TE3JIMK PEKUMIIAPUHUHT Y3rapuild OWIaH OOFIHK.
Vo KapaéHU MOTOP MOMIAPUHUHT cudaTh MyXUM ponl yitHaiian. EMM cudatu
éMonamuim 6unan (2, 3 pacM) TYnMK OynmaraH i€Hka Xocus Oynanu, Oy sca
UIIKAJaHUII 03JIApUHUHT eAUPUIIMIIUTa oJin0 Kenaau. Hatuxana, ABUTaTeIbHUHT
ACKUPUIIM HWHTEHCUBJIMIU OIIMPAIUTaH EIUPWINIL MaxcyJoTiapu (3appaiap)
nanao 6ymaau.
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== With microorganisms
—4¢— Stat. ave.
—l— With additive

[y
N

0123456728910

ABTOMOOWIE 60OCHO YTraH Wy, MUHT KM

Kunemaruk xoBymkoxiuk 100 °C
na, cCr
[E=N
(o]

2-pacMm. /IBuraresib MOMHUHT
KOBYIIKOKJIMK KYPCATKHYWIAPUAATH
y3rapuuuiap coJaMmTupMacu

——\With microorganisms —=&—with additive
——Threshold

—o— Stat. ave.

4z

Kucnoranap counn, r/mrKOH
N

01 2 3 4 5 6 7 8 9 101112

ABTOMOOHITE 60CHO YTraH iy, MUHT KM

——\\/ith microorganisms —&—with additive

—— Threshold —o— Stat. ave.

7 4

(&)

w

[uny

LT

01 2 3 4 5 6 7 9 10 11 12

ABTOMOOMIIb 6OCHO YTraH WY, MHHT KM

WNmkopuitnuk conn, r/MrKOH

3-pacm. /IBuraresib MOMHUHT
HIIKOPUMJIMK KYPCATKHYJIAPUAATH
y3rapuuuiap coJaMmTHpMacu

4-pacm.  JIBuraresib MOVMHUHT
KHCJOTAIap  COHM  y3rapuuuiap
COJTMIUTHPMACH

Komnpeccnon ~ xankacu  Ba

HUJIMHAP 03aCH Opacujaru OYIIIMKKa
KUPAUTaH 3appavaHuHl y3apo TabCUP
MEXaHU3MH, XyCycusTiapu Oyiinya
XapakaTJIaHyBUYM-CTAl[MOHAD THU3UMHIa
yXmiam, sSbHM XapakaTIaHyBYd 103a
(KOMIIPECCHOH Xallka) Ba XapakaTcH3
cupt  (muuHApP)  PUBHK-KUMEBUN

Xoccajiapy Ba MUKPOreoMeTpusi (Faaup-OyIupIiiuK) XapakTepUCTHKaIapu Oyinua
Vxmam Oynub, XapakaTiaHyBYHM [03a-€IUPWIMII MaxCyJOTH-KY3FaiaMmac o3a

TU3UMU KypUHHIINA UdogaIaiMus.

4-kanBadi.

ABTOMOOMJIL 00CcH0 YTraH Hyjara 00FJIUK X012 Moiaaru (KylmuM4yacus)
eIUPUWIUII MAXCYJI0TJIAPH MUKIOPH

ABTOMOOUIIB DneMeHTIIap KOHIEHTPALUACH, I/T
6051116 yrIraf Fe Pb Si Al Sn Cu Cr Na
Ay, KM
2000 0.0014 | 0.0065 | 0.0170 | 0.0005 | 0.0009 | 0.0007 | 0.0028 | 0.0001
4000 0.0015 | 0.0070 | 0.0780 | 0.0005 | 0.0010 | 0.0007 | 0.0030 | 0.0001
6000 0.0018 | 0.0080 | 0.0190 | 0.0005 | 0.0013 | 0.0007 | 0.0035 | 0.0002
8000 0.0018 | 0.0090 | 0.0190 | 0.0005 | 0.0013 | 0.0008 | 0.0035 | 0.0002
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10000 0.0020 | 0.0100 | 0.0190 | 0.0008 | 0.0013 | 0.0008 | 0.0035 | 0.0003
12000 0.0025 | 0.0120 | 0.0190 | 0.0008 | 0.0014 | 0.0009 | 0.0035 | 0.0003
14000 0.0030 | 0.0135 | 0.0192 | 0.0099 | 0.0014 | 0.0009 | 0.0040 | 0.0003
15000 0.0040 | 0.0143 | 0.0194 | 0.0012 | 0.0014 | 0.0009 | 0.0040 | 0.0004

3appa y4yH MabJiyM OYJIraH UKKU paanyc MOJeian oJvHraH. bynna €itnapaan
OMpHU p KOHTAKT paauycH Ba XaKMJIHM paanycHu R Ounan mdonananran. Xapakar
103aCH U TE3JMKKA arafaup (6-pacm). 3appayaHuHr OViiiama YKy TE3JIMK HYHAIUIIN
v OMJIaH XOCHJI KWJITaH Oypuak ¢ OujiaH OeNruiiaHraH.

Vi

——
-~ —
——
o .
e —
e —
-
o .
e

a) b)

S5-pacm. OBaJji 3appavaHUHT HIIKAJAHUII I03aJ1apu OUJIaH Y3apo
TabCUPH a) HWIKHAPHUHT KeCMa KYPUMHHMIIN 0) 3appavyaHuHr 1) muwinHAp Ba
2) cUKHUII XaJKacu OMJIaH y3ap0 TAbCHPH, TABCHP KWIYBYHM Ky4iap MIAKJIN.

6-pacm. Xapakarcu3 103a (1 muIMHIApP) —
3appavya-XxapakaTIaHyB4M 1032 (CHKHUII XaJIKACH)

Kyiupgaru tenrnamanap unuiad 4YMKWITaH
3appadyaHd  UINKAJIaHWII  ro3ajiapura  00THO
KOJUIIMHA aKC JTTUPYBYM MOJEN acocuja
OJIMHTaH

{(fl —%1) cosaq; + (f2 —}?sz) (%cosaz + singo) +tana,sing —cosp <0 (1)
(fi — f2) + (tana; —tana,) >0

{(fl — ?) cosa, + (f2 — I?sz) (% cos a, + sin <p) +tana, sing —cosp <0 )

(fy — f») + (tana; —tana,) <0
_fr1 _ I\ (P ino)-

(1 R)cosa1+(f2 R+p)(Rcosa2+sm<p)
—sinal—gsinaz—cos<p>0 3)
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{(f —%) + (fz frz ) (§+ singo) —cosp <0 @

(fl f2)>0

{( fi=5)+ (o= 35) (G +sine) —cosp < 0 5)
(fi—f2) <0

( _T?) ( Rff)(£+sin<p)—cos<p>0 (6)

f= +3+044\E )

+B — WIKaJaHU KoehOUIMEHTHHUHT EMUIIKOK TApKUOWK KUCMHU
COg

4 _ KaTTaJaury 5ca YHUHT AeopMalis KOMIOHEHTH.

JIBurarenb MOMUHHUHT EMUIIKOKIUTUTA Kapad, mbe3okodddunment f = 0,02+0,15
KuiicMaTiapra asra  Oynaau, ENMIIKOKIMK  KAaH4YaJduK  IOKopu  Oyiica,
I'b€30K03(QPUIMEHT XaM IIyHYaIHK toKopu Oymanu. Mmikamanumga mMoil Oyica
ENUIITKOK TapKUOWI KNCMUHH HOJra TeHT e KaOyi Kumuin MyMKuH(Ty=0, 3=0),
mryHaa hopmyna (6)au Oy kypuHuUIa udoganamn MyMKUH:

f= 044\/1 (8)

Enupumuniga 5+10-10 mm Ba 10+15-107 Mm Ymaamaaru 3appanap MIITHPOK
sragy, yprada karranukaa 7,5-10° mm m 12,5:10° mm 6ymamu. Kyn xomnapaa
ypraua yruamu 7,5-1073 MM GYaran 3appadanap MINTHPOK STHINMHK KaOyJl KMJIaMU3.
AOGpa3uB 3appadasiap COHUHH Kyﬁm[am dbopmyna 6yiinya aHUKIAHMU3!

L =6369-10"2 2K .5 (9)
d

Yan'l
Ke=0.82, Gp=1-10" kr, 6=0.00013, Ya:2-65*103, n=1800, i=1. ®opmyna (9)
VpHHUTA KYSIMU3:

0ynu0, a BenuuuHa 0,44

—— With microorganisms —=—With microorganisms —e— Sim. with additive
—a—with additive
= —&— Stat. ave. —@-— Stat. ave.
5‘\: 0,060 ¢ 150 ¢
5 =0,050 .
> e
2 3 100 +
= g
= S 1
= o
& <
E( o
o 0
0,020,080,160,240,32 0,4 0,55
0 2 4 6 8 10 12 B /
UPUIINII KOHLICHTpAaLusCcu, /T
ABTOMOOMIIE 00CHO YTraH Wy, MUHT KM b Hertpan
7-pacm. JKcnepuMeHTAIBHO 8-pacm. Exqupuianin
eAMPHIIMII MAXCYJIOTJIAPDHHA OPTHO  MaXCYJIOTJAPUMHUHI 3appajiap COHUra
OOpPUIIMHUA ABTOMOOMJIHMHT OOCHO HUCOATH
yrran macogara Hucéaran
COJIMILTHPUIL
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Kymmmuamu moiina Fe mukmaopu 10 000 km #tyn 6ocwiranuaan cyur 2,5-5
Mapraraya kamasigu. Illy Tapuka, KyUlaHWwiaguraH MHUKpoOJiapra Kapiiu
Kymmmuaiap (alHUKca AUXJI0P-HAPTOXMHOH) MOTOP MOMMHMHT UIII TaBCU(DIapUHU
cakJ1a0d KOJIMII Ba ABUTATElb JETAIUIAPUHUHT €AUPWINILNHN KaMalTupuiara €épaam
Oepanu.

9-pacm. Equpuium

== \\\/ith microorganisms == Sim. with additive
MaxCyJOTIAPUHUHI IKCIIEPUMEHTAJ

—@— Stat. ave. = = - EXp. o
150 ~ Ba Ha3apuil coJmmTupma rpagpuru
A

=

8 100 4 I'paduknan kypuHuO TYpUOIUKH,
§* Taxpuba MaxJiyMOTJIapy Ba MaTeMaTUK
= - MOJIeNIb €pIaMHIa OJIMHTaH MabIyMOT-
g nap moc kenanu. TaxkpuOa Ba Hazapuii
3] %)

™ MabIyMOTHap Yypracuaaru (papk Taxmu-

0 HaH 9 % tamkun stau. by Hazapun

XUCOO-KUTOONAPHUHT  KyJa  TYFpHU
JKAHJIMTHHU KypCaTalIu.

MoTtop MOWM  3KCIIEpUMEHTA
CHUHOBJIAPMHUHT KMECUN MabIyMOTIApU AUXJIOP-HAQTOXUHOH OMPUKMACUHU MUK-
pobOyiapra Kapumu KymuMua cudaTtuga TaBCHUS OTUII WMKOHUHU Oepaiu.
K¥pcatunran 6upukmanuHr camapanu konueHntpamusicu 0,01 macc % HHM Talmkui
STUIM aHuKiIaHrad. Kymumuanuar tanHapxu nact (1 xr 67 000 cym), karrta
MUKAOpJapaa WIiad 4yukapwiaan. Y MOWHUHT (PU3HK-KUMEBUN Ba HIIUIATHII
XOCCAJIAPUHUHT CaNlONil Y3rapuluiapuHu KenTUpuO YuKapMaiau. 3axapiii sMmac,
MUKPOOHOJIOTUK OKCHUJIAHUII KapaCHIIApUHU KECKUH TYXTaTaau Ba YHUHT XU3MaT
MyJJIaTUHA ~aH4Ya OUIMPHUII WMKOHMHM Oepaau, UIYHMHTJEK JBUTATENb
JeTaJUTApUHUHT €UPUINII KAJAUIUTUHA TTAaCaUTUPA/IU, sIbHU YOy KYIIUMYaHU
Kyl QyHKIMSUIHA €0 XUco0Jiall MyMKHH.

Typrunuu 0600 «Discussion of research results» TagkMkKoT HaTWXKaTapUHU
MyXxOKama Kuiumra Oarunuianrad. VCCHK UWKIMM — [IApOUTIApUAa Maxcyc
KYIIUMYalapcu3 MIUIATUIaJAUIaH MOTOp MOWMJIapU XamMa BakT MHUKPOOHOJIOTHK
TabCcUpra Mouun Oynagu. MUKpPOOPraHU3MIAPHUHT MAaBXYIJIMTH  HOXYII
okuOaTiapra, SbHU MOTOP MOMJIAPUHUHT ACOCUH MIIIATUII XOCCallapy Y3rapuiiura
o6 kenaau Ba Oy OuiaH MOWHHMHT cU(aTUHU EMOHIAMITUPAIN Ba JIBUTaTEIIap-
HUHT WAl MYIJIaTUHA KaMalTUpaIn.

bu3z TOMOHMMM3/IaH aHUWKJAHTaH MAllMHAJIAPHU WCCUK HKJIWUM IIapOUTH]IA
UIUTATHIIA MOTOP MOWJIAPUHUHT IOKOPH Japaxkaja OWOJIOTHK 3apapiaHuIIH,
IIYHUHTJEK Oy Macana Oyiinya >bJIOH KWJIMHTAH WIUIAPHUHT KyJa Kam ydpaiiu
MHUKpOOJIapra Kapim KymuMyaiapHUHr Oy MM HHMHT MIIaTHIN Xoccajapura
tabcupuad UEJ] oY unita, sbHH Y30eKHUCTOHAATM HMIHMHT 9HT MCCHK BAaKTHIA
UIUIATULI AaBpHjia OEBOCUTA YPraHUIll yuyH cabad Oyinb Xxu3Mat KWIIu.

MukpoopraHu3MIIapHUHT HOKYJail Tabcupiapra, Hry XymiajgaH y €ku Oy
MUKpOOJIapra Kapiiy Mojainapra Te3/la MOCIAlIMIIUHA XUCcoOra oIran xosjaa ous3
MUKpOOJIapra Kapum 1oKopu (HaosuiiKKa 3ra OyiIraH KymuMyaaapHu TaHia0 oK.

0,020,080,160,240,32 0,4 0,55
Enupuuin KOHIEHTpaIHsICH, T/T
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JlabopaTopuss CHHOBIAPUHUHI HaTWXXaJlapu Janonar Oepumura Kypa
MUKpoOnapra Kapmu Kymumuaiap MM  HHHT KHCIOTa Ba KOBYIIOKIHK
TaBcu(IapuHA EMOHIAMITUPMANIN, OaKi yiapra MHUKPOOHUOJIOTHK TabCUpJapra
HucOaTad OapKapopiauk Oepaju.

OnuHran MabiyMoOTIap LIYHU KypcaTaauku, Moira ymymuii maccagas 0,01%
KOHIEHTpalusiga KAPUTUITAH OPTO-OKCUXUHOJIMH, AUXJIOP-HAPTOXUHOH, anbda-
HA(QTOXMHOH KYIIUMYajJapu MOMHHHI HadakaT KOBYIIOKIMK Ba KHCIOTAJIHK
XoccaapyuHu OapKapopJalmTHpaad, OalKM YHUHT MUKpPOOpPraHU3MIIapra Kapiiu
XAMOS XOCCAJIAPUHU XaM AXIIWIanau. JIBurareiuiap KylmuM4ya KyunjiMarad Moiaa
UIuUIaéTraia MOMHUHT KACIIOTa Ba KOBYIIOKJIUK TaBcudiaapu terunuinya 0,02 naxn
3,54 mr KOH/r raya Ba 13,7 nan 18,9 cCt raua Oynran uerapanapnaa ce3uiapiu
y3rapuiy Ky3aTwjiaau.

YOy KymumMyaliapHUHT MUKpoOIapra Kapiiy I0KOpH caMapacH Ba yJIapHUHT
MOWHUHI €IUPWIMII Ba HIIKAIAHWINTA Kaplld Xoccajapu TypPFYyHIUTHHU
TabMUHJIAIIN Oy KYIIMMYaJIapHU Ky QYHKIMUIA KyIIMMYaiap KaTOpUra KHPUTHIL
MMKOHMHHM Oepaau. Yiap Wyuaa AUXJIOpP-HA(QTOXMHOH KYIIMMYacu SHI (aoil
xucobmanaau. Kymmmua HedTh Maxcynoru maccacuaan 0,01% konmeHTpanusiia
KYIIWITaHWJa MOTOp MoWHaa MaBxynd Oyiaran 3aMOypyfid Ba OaKTepusiiv
MUKPO(DIOPaHUHT YCUIIMHU TYXTATHUILI Ba YHU Y30K BaKT MoOaitHuzaa (y4 oWjaH
KYIIPOK) OapKapop XUMOsI KUJIUII TAbMHUHJIAHAH.

Mukpob6iiapra Kapim Kymumuyacu3 Ba OyHJaid KyliMM4a KYIIWJITaH MOTOP
MOMIAPUHUHT  KMECHM  MIUIATAIN  CHHOBJApHIA OJMHIAH  MabJIyMOTJIAp
KYIIMMYacH3 MOWHUHT KHMEBHMM TapKuOHWIaru MHUKPOOHOJIOTHK OKCHJIJIAHHUIII
HATWKACUJAryd Y3rapuiuiap MOWJIAPHUHT MOMIIAI XOCCAJIapuHU EMOHJIAIITHPHUO,
canOuii TabCcUp KYpcaTUIIM MYMKUHJIMTMHH Kypcartanu. by y3rapunuiap
MUKPOOpraHu3Miap Xa€tT GaoJusTUHUHT MaxCyJI0TIapy XUCOoOJaHaAuraH KUciaoTa
Ba KATPOHJApPHUHI Taia0 OYiMIIM, WIYHUHTJIEK IOKOPU TeMmIepaTypaiapiaa
MOWHMHT KapOOHJIAIIUIIY HATHXacuaa KypyM XOCHI OYIuIy kabunapian noopar
OynumMu MyMKHH. By nBHrarens MIUIaETraHHW]la YHUHT €IMPWIMILTa Kapllid Ba
aHTU(PUKLHMOH XOCCaTapyuHU MYailsiH 1apakaaa EMOHJIAIITHPA OJIaJIH.

Moiinam xoccagsapuHUHT EMOHIAIIMIIN MOMHUHT (PU3UK-KUMEBUI XOccamapu
Ba OXMp-OKMOATAa YHMHI WY1 KYHWIaAWraH Xu3MaT MyJJIaTH Yy3rapuild OuiaH
O0FMK OOIIKa XOoccanapy XaM EMOHJIAIIMIIINATA OO KeIaau.

Moii Tapkubura Kymiran MEKpoOIapra KapIiim KymMyaiap (alHuKca JUXJI0p-
HaTOXMHOH) MOWHHHI MHKPOOMOJIOTMK OKCHJUIAaHHII HATHKacHIa SCKUPUIINHU
CeKMHJIAIITUpaau, Oy OWJIaH YHUHI XM3MaT MyJJIaTH ouaau. By KymmmuanapHUHT
TabCHUPU MHUKPOOPTaHM3MIIAPHUHI YCHUILIMHU TYXTaTHINTAa Ba METAUT HIIYH
I03QJJADUHUHT  MUKPOOMOJIOTHK ~ OKCHUJIAHWUIIIMHU ~ TE3NAIITUPAJUTaH  KaTaIUTHK
TabCUPHU KyUCH3JIAaHTUPAANUTaH IJIEHKaTap OMIaH KOTUTAHHUILUTa ACOCIIaHTaH.

JleTannapHUHT €IUPWINILI KAJAUTMTUHU MOTOP MOWMJIapu HaMyHaJlapuHU
CHEeKTpajl TaxJIWJI KWIMII ycyiau OuiaH Oaxoisam Oomika Oaxosamn ycyJuiapura
HucOaTaH MyXuM ad3auMkiapra ara: TaxXJIWUIAPHU YTKA3UIIHUHT TE3JUTH Ba
IOKOpY Japa)kaja Ce3rupJMrd, OWUp BaKTHUHI Y3uja JBUraTeilb €IUPUITUIIN
AJIEMEHTIAPUHUHT KAaTTa MUKIOPUHHU AHUKJIAIl UMKOHMATH IIyJap >KyMJIACHJIaH.
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byHna xyiugaru sjaeMeHTIap: TEMHUpP — LWIMHAPIAP THUIb3AJIApU, XPOM — IOKOPH
MOPIIEHb XaJKajapH, AJIOMUHUN — MOpILIEHJAap, KYpFOIIMH — THUPCAKIW Ball
MOAIMITHAKIAPUHUHT KUCTUPMaJIapd Ba OomIKajap JAeTauiap €IUpPUIUILIHHUHT
WHJUKaTOpJiapu XucoOsaHaau. KYpromMH KOHUEHTPAUMSICUHUHT OIIMIIN —
TUPCAKIN BaJl MOJIIUITHUTUHUHT €IUPUITMIINIAH JTaJlonaT, XaJIKaIapHUHT I0OKOpH
Japakaga €IUPWIMIIM TEMHpP Ba MHUC KOHLEHTpPAUWsACH OLIMINM OWJIaH
TacOuKJIaHaau, OyHJa TEeMHUp KOHLEHTPAUsCH MHUC KOHLIEHTPAUUsACHIAH
IOKOpUPOK OYaau, 6y MOTOp MOMUHUHT XUMOsI (DYHKIUSIIApU MUKPOOpPraHU3MIIAP
OwmIaH 3apapiaHuIl oOKuOaTHaa Oy3uauIIura cabad OyaraHIMIuHN KypcaTaay.

Si BJeMEHTH MUKIOPUHUHT IOKOPWUJIMTHra Kapamai, MUKpoOJiapra Kapiiu
KyLIMMYanap KyJUIaHUITaHUuJa MOW/Ia €IUPUINILI MaxCyJOTJIapU KOHLIEHTPALHICH
aBTOMOOMITHUHT 00CHO YTran uynura O0FIMK Xo0Jia Kamasau. Jlemak, cuHaiaétran
MUKpOOJIapra Kapiiy KymmmMyanap I0KOpY XUMOsIIall Xoccajlapura Jra.

CuHoBNap UIyHU KYpPCATAWKH, MOTOP MOMUTa TUXJIOP-HAPTOXUHOHHU TaBCUS
STWITaH KOHLIEHTpauusjapAa KyIIMII MOWHUHI XU3MaT MYIJaTHHU CE3UJapiiv
Japakajga OWMpPraH XoJjj1a MUKPOOHOJIOTUK OKCUUIAHMII >KApaEHIApUHH KECKUH
TyxTaraau. by aca Mol capdu, yHU anMalTupuil 0yinya TEXHUK XU3MaT Ky pCcaTHIL
onepauusyiapd COHM Ba JABPUIJIMTUHUHT CE3WJIapiid KHUCKapHIINra oJud Kelau,
MalllMHAJIapra TEXHUK XU3MaT KYpPCATHIII UIIIYU TTOCTIAPUHUHT CAHUTAPUS-TUTHECHA
IAPOUTIIAPUHM  AXITUIANIU, UQPIOCIAHUII IXTUMOJMHU KaMaWTUpaaH, TyTall
JIeTalyiap CAUPUIMIINHU KaMalWTUpuIll XucoOura JBUTATeNb OYFUHIApU Ba
MEXaHU3MJIAPUHUHT UIIl KOOWJIMSITUHY OIITUPAJIH.

Myngait kuamb, wnuiatum xapa€HuAa MHUKPOOHMOJIOTHK —OKCHJIAHMIII,
IIYHUHTJEK MUKPOOPTAaHU3MIIADHUHT XaéT (aoNMsITH HATIKACHIA XOCHJI
Oynmaauran mact MOJEKyJsp KUcioTaizap Ounad udaocaaHuIl OKuoaTH1a MOWHUHT
xoccanapu y3rapaau. MOWHUHT MUKpOOpraHU3MIIap OMJIaH KOHTaKTH HATHXKACHa
YJIapHUHT KUMEBHM TapkuOuaa KailTmac Vy3rapuumiap (o3 Oepaau. Moiinap
OKCUJUIAHA/IA, Y3WHUHT XHUMOSJIAIl XOCCAJIAPUHU HYKOTaan. MUKpOOMOJIOTHUK
OKCHJUIAHMIII MOM Terud TypaJuraH MeTajulap WIIYM FO3aJAPUHUHT KaTadUTHK
TabCcUpy OuiaH Te3namanu. bynna Kyituaaruiap 03 oepaau:

1. MukpoOUOJOTUK KHUCTOTaap XOCHJI OYIWINM OKMOATHIa KUCIOTa COHH
OpTagy Ba KOPPO3UsSl arpeccUBIUTH omaau (0y acocaH MUKpOOpraHU3MIIAp XaeéT
(bao MATHHUHT MaXCyJI0TJIApU MUKIOpUTa OOFIIUK OYaan).

2. MukpoOHOJIOTHK OKCUJIAHUIITHUHT 314 KOHJICHCAIUSJIAHTAaH MaxCyJI0TJIapH
yyKMara TyIIaJgy Ba FOKOPU TEMIIEpaTypa pexumiIapuia KaTiamiiap XOCHI KHIIaIu,
MOMJIaHAIMTaH Fo3ayIap JIOK (MUKPOOHMOJIOTHK OKCHJIIAHUIITHUHT TOJUMEpIIaITraH
MaxcyJioTiiapyu) Ba KypyM (MHUKPOOHOJIOTHK OKCHJIAHWIITHUHT KapOOHJaITraH
MaxcyJioTiiapy) OwiaH KoIlaHaau, OyHJa MoOWIa JBUTATeNb JCTaUTapUHUHT
SMUPWIMIINATA OJTMO KeJaauraH KATTUK YIJIEPOIJId 3appadanap — KapOeHmap Ba
KapOouIap XOCHI1 Oy Iu.

3. MukpoOHOJIOTUK 3apapiiaHMIl HaTH)KacuJa MOWHUHT KOMIIOHEHTIIapH
3uujamanau, OyHJa YHUHT KOBYIIOKIUTHM omaau. Jlemak, MHKpPOOHOJIOTHK
OKCHJUTAHMINTA Kapliv OapAOUUIMIIMK MOWHMHI XM3MaT MYAJATUHU OEITUIOBYH
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acocuil omwapaan Oupu xucobnanagu. Iy myHocabar OuiaH yHUHT KUMEBHI
TapkuOu Ba MUKpOOIapra 0apAOLUIMINIY MyXUM aXaMUATra Jra.

MukpoOHOIIOTHK OKCHJUTAHUIITA KApIIM OapJONUIHINK HYKTau Ha3apuiaH
MOWJIApPHUHT MakOyJl KUMEBHM TapKMOM YHJAa MHUKPOOPraHU3MIIAPDHUHI XaET
(daonuATH Ba YCUIIMHU, IIYHUHTJACK KYNAWUIIMHU TYXTaTaguraH MUKpoOapra
Kapiii KyluMYadapHUHT MyaiissH koHueHtpamusicn (0,01 macc %) MaBxyn
OYIUIIMHY Tajlal KuJIaau.

Motop MoMIapuga MHUKPOOPTaHM3MJIADHUHT YCHIIM OVinya Kuécuit
TaJKUKOTIAPHUHT TaXJIUJIN Ba TYPJIH YTIAEBOAOPOTIAp Oap IONLTUIUT UHUHT KUECUN
MabIyMOTIapu  He)Th  MOMIAPUHUHT  MHUKPOOHMOJIOTHK  OapAOUUIHIIUTH
yTIEBOAOPO/ TApKUOUTa OOFTMKIUTHUAAH NaNoyaT OepaJu: IOKOpU apoMaTIaHTaH
He(TIaH OJIMHIaH MOWIAp MUKPOGIApra >Hr GapIONUIH OYIIMIIN aHUKIAHIA. Y3
TapkuOuga HapTeH-nmapa@uHId  yTIAEBOAOPOANIAD MHKIOPH Kynm  Oyirax
MOMJIApPHUHT MUKpPOOPTraHU3MiIapra 0apIOIUTMINTH SHT HacT XUCoOIaHaIu.

TankukoTnap HaTWXKacKMa MCCUK HKJIMM IIAPOUTIApUAA MIUIATUIaJAUTaH
MOTOp MOMJIAPUHUHT CU(DATHUHH OLUIMPHUILTA HYHAITUPUITaH OUp KaTop Taadupiap
MIU1ad YUKWIAK. Y TAPHUHT acoCUiIapuiad OMpy MUKPOOPTaHU3MIIAPHHUHT Y CHUILIN
Ba KYMaWMIIWHYA TYXTAaTaJuraH MUKpoOJapra Kapiuyd KyIIUMYaJIapHU KYJUIAHMII
xucobysanaau. MoTop MOWMHUHI HIIUIATUILI CUHOBJIApUJIAa WHIIMK WKTHCOJUN
camapa oup unaa 100 muHr kM iy 6ocaguran 6urra apromoomira 996 000 cymuu

TALIKWI OTIH.
XVYJIOCAJIAP

1. nmuit TexHUK afabuétiap, MaKosia Ba 0oIKa ManOanap Tax, Ik acocuaa
WYKH EHYB JABUTATEIUIAPUHUHT UIIIOHYWIMTUHUHU OIIUPUIN Ba YHJA UIUIATHIAETIaH
MOTOP MOMJIAPUHUHT XYCYCHSATJIAPUHU Ha3apuil Ba aMallnid YpraHWIOW XamJa
MOTOp MOWJIAPUHHMHI XYCYCHUSITIIApUHU MUKpOOIapra Kapiy Kymumyaiap OujiaH
SAXIIWJIAII ACOCIIaHIH.

2. TapkukoTIap HATWIKACHWIa, CHHOBMIAH YTKa3WjraH Oapua aBTOMOOWILIAp
KapTepaapuia CyB TYIUJIAHUIIN aHUKJIAHAW. TyIiaHraH CyB XaXMH MOTOpP MOWH
XaXMUHMHT 4 naH 15 % ragacu tamkui >tau. CyB KajgaMuaa Kyidugara omomacca
(MHKpoOOpraHu3MIIap KoJIOHHsIcH) qoumo Maxkya: Mucor, Penicillium, Alternaria,
Micrococcuc, Diplococcus, Bacterium, Bacillus.

3. SHrm KyHWiaraH MOTOpP MOWHHHMHT UIUIATHINAA MHKPOOHOJIOTHK
3apapJIaHUIIIMHUHAT OEITUCH aCOCUI MIIIIATUII KYPCATKUWIAPUHUHT 3apapiaHMara
Moilnapra HucOaTaH EMOHJAIINILIY, SbHU KOBYIIOKIUTUHUHT 35-40% ra ommmm
(Ypraua 14,3 nan 19,9 cCrt raua), kucnora conunuHr yprada 0,02 (Hopma) nax 3,54
MrKOH/r rava xynaiummu, kyn TapkuOMHUHT mukgopu 0,04% nan 7% raua
optumii, umkopuiauru 7,8 gan 2,2 MrKOH/r raua kamailuing, dYakHaii
temrneparypacu 18-22% nacaiimmm aHUKIaHIH.

4. ABTOMOOMJ KapTepuaa, YHUHT MOMIAIl TU3UMJIAPUAa MUKPOOPTaHU3M-
JAPHUHT TYTUIAHUIIN QUIBTP AJEMEHTIAPUHUHT Ba KUYMK KECUM TEITUKIAPUHUHT
TUKWIAO KOJUIINWIa, OKCHUIJIAaHUII >Kapa€HJIapUHM KydaluIlura, JABUTATelb
JETANBJIADUHUHT KOPPO3UATA OJINO KETUIITN aHUKJTaH]IH.
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5. Motop Moiinapuia MHUKpOOpraHu3MiIap OWiaH 3apapiiaHUIINIa Kapiiu
KyIuMyanap AUXJIOp-HaQTOXUHOH, alb(a-HaQTOXUHOH, OPTO-OKCUXUHOIMHIAPIaH
¢oiaamanuI MOMHUHT (PU3UK-KUMEBHI Ba SKCIUTyaTallOH XyCYCHSTIAPHHU CaKiad
KOJIMO, MOWHMHI aJIMalITHUpUII JaBpuHU 7-8 MuHr KMmjaaH 10-12 muHr kmraua
y3aUTUPHUIIT UMKOHUHH Oep/Iu.

6. Moiina MukpoOiapra Kapiid KyIIMMYaldapHU KYJUIAHWII JABUTATENb
JNETAJUIAPUHUHT €IUPWINIL MaxCyJIOTIapuHU 2,5 Na” 5 mapTraradya nacauTHPHUILIN
Taxpubanap iynau OunaH TacIuKIaHAM, Oy ylapAaH Ky QYHKIMUIM KyIIuMuaiap
cudaTtuaa GoinanaHuIIra Xu3MaT KUIaau.

7. MuxkpoOnapra Kapimm Kymumyaiaap ¢oialaHuil OpKaJld MOMJIapHUHT
IUIEHKA XOCWJI KWIYBYM XYCYCUSTIAPUHU CakjIald KOJMILM Ba 1y OWJIaH UYKU EHYB
JBHMTraTe/Ib KUCMIAPUHUHT SAMPHIIUII KOHEICHTpaluscuuu, Fe 6yiinua 0.0015 1/, Pb
o6yiuaa 0.0045 r/T raua KamMmauIMra SpUIIAIIIN.

8. TaaKUKOTHWHT WKTHUCOAWM caMapaaopiurd Oaxomanaud. TaxpubOa
HATWKAIAPUHA aMaueérra TaJ0MK STraHja, MHUKpoOJapra KapuM KyIIMMYaH!
KYJUIAaHWIIA MOWHU aJIMAIITUPUIN JABPUMIUTH OYiiya TEXHUK XM3MaT KYpCaTHIL
xapaxatnapuan 100200 cymra nacaldTupuiiM aHUKIaHaW. byHna Xap Owup
asromoOura (100 000 kM iy 6ocraH aBTOMOOUIITa) MO TeXaJIMIIK OUp Huiaa
10-15 xr opkamm Wwmmuk wyn O6ocumu 100 MUHT kM OynraH OWTTa EHTHUI
apromobOunra 996 000 cyMHM MKTHCOJ KWJIMII MUMKOHUHM spaTaau. Takcomapk
mukécuaa (50 ta aBromMoOMIbra sra) KyTuiaa€TraH UKTUCOAMNM camapadopiiuk 49
800 000 cyMHU TaIIKWJI ATAJIU.
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INTRODUCTION

Compliance of the research with the priority directions of science and
technology of the Republic. The world consumes about 100 million barrels
(15 900 000 liters) of oil per day. Up to this day, oil occupies a leading position in
the fuel and energy balance and is still the main source in most countries of the
world, the subject of intense competition between the largest capitalist monopolies,
and the cause of many international conflicts. Lubricants obtained from oil, along
with other machines and mechanisms, are used in internal combustion engines of
land, water and air transport, as well as in space technology.

In the world study of the specificity of severe modes of boundary friction in
the lubrication systems of vehicles operated in hot conditions of the Republic of
Uzbekistan is aggravated by the occurrence of microbiological processes in
lubricants. The development of microorganisms in engine oils not only worsens
the performance properties of these petroleum products, but also, due to complex
physicochemical changes occurring in them, causes the destruction of protective
films and exposes the rubbing surfaces of engine parts, which leads to intense wear.
The spread of microorganisms is facilitated by their unpretentiousness in food, easy
adaptability to the conditions of existence, resistance to heat, cold, and lack of
moisture, as well as the ability to multiply rapidly.

In Republic of Uzbekistan, according to the State Committee on Statistics, as
of January 1, 2022, the total number of cars owned only by individuals in the
republic amounted to 3 268 734 units. This figure is 10.6 % more than in 2021 and
25.1% more than in 2020. Therefore, the quality of engine oils, their rational use
and the efficiency of lubrication techniques for machines and mechanisms must be
continuously improved in parallel with the development of their designs, improved
operating conditions and increased reliability requirements.

In Uzbekistan during this period, large-scale work has been carried out on the
formation and development of the industrial sector, including in the automotive
industry. Industrial development has played an important role in Uzbekistan's
economic growth. Since independence, the priority of the government of
Uzbekistan has been to attract advanced technologies, foreign investment and a
modern management paradigm. Thus, it should be noted the increase in the share
of industrial production in the GDP of Uzbekistan.

In goals 22, 97 of the development strategy of New Uzbekistan for 2022-2026,
great attention is paid to the problem of further development of the automotive
industry, increasing the quality of manufactured consumables, including oils,
which makes the problem of combating microbiological damage of oils more
urgent.

This dissertation research, to a certain extent, serves to fulfill the tasks
stipulated in the Decree of the President of the Republic of Uzbekistan dated June
1st, 2017 No. PP-3028 "On measures to further improve management and
accelerate the development of the automotive industry for 2017-2021" as well as
in other legal documents adopted in this area.
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The research of this dissertation is to a certain extent the decision of the
President of the Republic of Uzbekistan dated June 1, 2017 "On measures for rapid
development of the automobile industry and further improvement of management
in 2017-2021" No. 3028, No. PQ-841 dated October 20, 2018 the decision "On
measures for the implementation of national goals and tasks in the field of
sustainable development until 2030" and also serves to fulfill the tasks provided
for in other normative legal documents adopted in this field.

Correspondence of research to the priorities of the development of
science and technology of the republic. This dissertation is devoted to the II.
Implemented under the priority area “Energy, energy and resource conservation”.

Review of foreign research on the topic of the dissertation. Major research
and innovation in the automotive industry is mainly carried out in the research and
development centers of large companies. These include the Massachusetts Institute
of Technology (USA), the Tokyo Institute of Technology Engineering Center
(Japan), the Ulsan University Research Center (South Korea), the University of
Munich (Germany), the Zwickau Engineering Center (Germany), the University of
Chicago Research Center (USA) and others.

At the beginning of the XX century. scientists have noticed the ability of
microorganisms to assimilate hydrocarbon solid, liquid and gaseous petroleum
products.

The degree to which the problem has been studied. In the world experience,
various methods have been developed for studying the effect of microorganisms
on fuel lubricants. The Japanese researcher M. Miyoshi (1895), Russian engineer
A. Sheiko (1901) the scientists N. Zongen and H. Kaserer (1906), L.K. Osnitskaya,
L.Pasteur, S.N.Vinogradsky, E.E.Jenner, R.Koch, M.V.Beijerink, S.N.Litvinenko
and A.A. Gerasimenko studied the protection of machines from bioinfection. I. T.
Nette, N. N. Grechushkina, et al. carried out studies on the isolation and
identification of cultures assimilating FLM. Researchers R. W. Stone, M. Fenske,
A. White, L. Bushneil and N. Haas identified various types of bacteria
Pseudomonades, Corynebacterium. E. Birstecher, S.E.Zobell et al. established a
number of regularities in the destruction of oil hydrocarbons.

In Uzbekistan, in our country, a number of scientists have been working on
researching the reasons for the use and changes in the physico-chemical properties
of fuel oil in vehicles, as well as ensuring the stability of internal combustion
engines. In particular, academicians O.V.Lebedev, S.S.Negmatov and
S.M.Kadirov, as well as professors U.A.lkramov, Q.A.Sharipov,
M.M.Toshpo‘latov and others were involved.

However, these studies have not tested in depth the compatibility of
antimicrobial additives with engine oils. The influence of antimicrobial additives
on the quality indicators of oils, during exploitation of vehicles on the summer
period, in the hot climatic conditions of Uzbekistan was not determined, which
indicates an insufficient volume of their objective study, and even more so, to form
a conclusion about the possibility of their practical application.
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The purpose of the study is to develop a set of activities aimed at improving
the physicochemical and operational properties of engine oils by selecting
antimicrobial additives to increase the reliability of internal combustion engine
parts.

Research objectives:

to study of types of microorganisms developing in engine oils, study changes
in the basic physical, chemical and operational properties of engine oils directly
during the operation of internal combustion engines in hot climates;

establishment changes in the performance properties of engine oils under the
influence of various types of cultures of microorganisms;

to study the existing antimicrobial compounds and choose the most effective
of them to protect engine oils operating in hot climates from microbiological
damage. To study the stability of the antimicrobial action of additives in the
composition of engine oils during the operation of vehicles in hot conditions;

development a methodology for studying the changes and improvement of the
properties of engine oils during the operation of internal combustion engines.

develop recommendations for the application of research results and evaluate
the corresponding cost-effectiveness.

The object of the study is an internal combustion engine of passenger car
(M1 class) used in hot climates of Central Asia.

The subject of research is the study of biological deterioration of motor oils
during operation and their prevention.

Research methods. Research is based on theoretical, laboratory and
experimental methods for studying the physicochemical, performance properties
of engine oils with and without antimicrobial additives for ICE of road transport.

The scientific novelty of the research are as follows:

substantiated the influence of microorganisms on the basic physical, chemical
and operational properties of motor oils, studied directly when the engine is
running in a hot climate;

the effective concentration of antimicrobial additives in oils, which ensures
their resistance to microorganisms during operation, has been revealed,;

have been determined the mechanism of the influence of antimicrobial
additives on the parameters of the characteristics of the properties of engine oils
has been established and the concentration ranges that provide optimal parameters
for the physicochemical and operational properties of oils;

have been developed recommended terms for engine oil and filter replacement
periods are established on the basis of theoretical and experimental studies.

The practical results of the study are as follows:

The use of antimicrobial additives in engine oils - alpha-naphthoquinone,
ortho-oxyquinoline, and especially dichloro-naphthoquinone - sharply slows down
the process of microbiological oxidation and can significantly increase the service
life of the oil (instead of 7-8 thousand km, up to 12 thousand km) and the total
mileage of cars. Antimicrobial additives (especially dichloro-naphthoquinone)
improve the physicochemical and performance characteristics of engine oll,

29



sharply reduces the wear rate of engine parts (friction pairs) (from 2.5 to 5 times)
operated in hot climates.

Reliability of research results. Reliability of research results is carried out
using modern methods and tools, theoretical substantiation of machine parameters
and operating modes is based on the principles of theoretical mechanics and
mathematics, the results of experiments are processed by mathematical statistical
methods, mutual adequacy of theoretical and applied research results.

Scientific and practical significance of research results. The scientific
significance of the results of the study lies in the development of the theory of
chemmotology due to the possibility of significantly stabilizing the performance
of motor oils with the introduction of antimicrobial additives. The practical
significance of the study is that a method has been developed for using
antimicrobial additives with motor oils, which makes it possible to improve the
performance of vehicles in summer operating conditions.

Implementation of research results. On the basis of the scientific results
obtained on improving the reliability of internal combustion engines of passenger
cars by improving the properties of motor oils with antimicrobial additives,
recommendations were developed on the organization of monitoring of the
technical condition of passenger cars used in the hot (severe continental, dry)
climate of Uzbekistan implemented at "Andijan Avtotexxizmat" LLC in Andijan
region (Ref. No. 09/06-25-2234 of December 07, 2021 of Uzavtosanoat JSC).
Which made it possible to stabilize the acidity and alkalinity of engine oils, and the
change in operating viscosity decreased by 37-38% and reduced costs for repairs
by 5-7%. As a result of scientific research, the mileage of passenger cars has been
extended from 7-8 thousand km to 12 thousand km depending on the characteristics
and physical-chemical condition of the oil.

use of antimicrobial additives in fuel-lubricant materials at the hydraulic
injection molding machines of the plant of the Uzbek-Korean enterprise Uz-Dong
Yang Co LLC (Ref. No. 09/06-25-2234 of December 07, 2021 of Uzavtosanoat
JSC), it was possible to increase their service life (by 10-15%) and the service life
of hydraulic oils, as well as reduce the amount of maintenance, increase the
economy of oil and other elements (by 5-7%).

Approbation of research results. The results of this research were discussed
at 1 national and 3 international scientific-practical conferences.

Publication of research results. A total of 11 scientific papers on the topic
of the dissertation were published, including 6 scientific publications
recommended for publication of the main scientific results of doctoral dissertations
of the Higher Attestation Commission of the Republic of Uzbekistan, including 4
in international journals and 2 in foreign journals, a 5-volume monographs in
Russian, English and Uzbek (Cyrillic and Latin) languages were published.

The structure and scope of the dissertation. The content of the dissertation
consists of an introduction, four chapters, a conclusion, a list of references and
appendices. It is presented on 158 pages.
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MAIN CONTENT OF THE DISSERTATION

The introduction is devoted to substantiating the relevance and necessity of
the topic of this study and its practical significance in the hot climate of tropical
and subtropical regions. The goals, tasks of the work, the object and subject of
research are formulated. Compliance with the priority directions of development
of science and technology of the Republic of Uzbekistan is shown. The scientific
novelty and applied value are reflected, the theoretical significance and
implementation in practice are revealed. In addition, the general structure of the
thesis and the publication on the topic of the dissertation research are given.

The first chapter of the dissertation “Analysis of research on ensuring the
performance of oil systems in internal combustion engines (ICE)” summarizes both
domestic and foreign literary material, showing how wide the field of petroleum
microbiology is, which has passed a difficult path to a branched branch of
knowledge on theoretical and applied issues.

Of the numerous species of microorganisms that exist in nature, more than two
hundred species are capable of oxidizing hydrocarbons, including them in their
metabolism. Various types of microorganisms are characterized by different
nutritional needs, diversity in structure, as well as different methods of reproduction
and rapid adaptability to the environment, adaptation to new raw materials.

The development and vital activity of microorganisms depends on a number of
environmental factors. One of the main factors is the temperature and humidity of the
environment. Microorganisms, depending on the ambient temperature, differ greatly
from each other. They are divided into three groups: thermophiles or heat-loving,
psychrophiles or cold-loving and growing at optimal temperatures, that is, mesophylls.

Microorganisms that oxidize oil hydrocarbons, using them as an energy
source, are divided into several types, among which bacteria and fungi are of the
greatest technical importance. Microorganisms, due to rapid adaptation, produce
new enzymes that cause a catalytic process. This explains the intensity of the
processes of microbiological damage, as well as a wide range of oil products
affected by them.

Based on the study of various petroleum products, it has been established that
they are affected both during storage and transportation, and during operation.

As a result of microbiological damage, the main physicochemical and
performance indicators of oils deteriorate, up to the impossibility of using them for
their intended purpose.

Under the influence of microorganisms on oils, the kinematic viscosity and
acid number undergo the most significant changes, i.e., indicators that directly
depend on the hydrocarbon composition and are associated with the accumulation
of low molecular weight acids formed during the life of microorganisms.

The operation of automobile engines on oil affected by microorganisms can
lead to increased carbon deposits on valves, pistons and other parts, impairing the
performance of engine components and mechanisms, and can even lead to its
complete failure. Microbial biomass mucus clogs filters and small-section
communications, preventing the supply of lubricants to rubbing engine parts. As a
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result of damage, the engine oils lose their lubricity, lose the protective films
formed on the friction surfaces of the engine friction pairs are destroyed, which
leads to corrosion and intense wear.

The accumulated literature material allows us to conclude that
microorganisms are closely related to lubricating oil. However, there is almost no
work on the study of engine oils. Meanwhile, there are very few engine oils
resistant to microbiological effects. At the end of the chapter, the purpose and
objectives of the research are given.

In the second chapter, “Theoretical investigations and studies of the
influence of changes in the properties of engine oils on the ice oil system during
operation” in order to research and study the changes that occur in the properties
of engine oils under the action of microorganisms and study their effect on the ICE
oil system during operation, a technique has been developed for sampling oils
directly during the operation of vehicles.

The interaction of engine oil with microorganisms is studied: how different
types of microorganisms behave depending on the type of engine oil. It was
investigated how important the hydrocarbon composition is for the reproduction of
microorganisms. Which grades of engine oils are the most vulnerable to
microbiological damage.

It was revealed that the bacterial decomposition of petroleum oils in large
quantities is explained by oils containing naphthenic hydrocarbons. From this we
can conclude that engine oils containing the largest amount of naphthenoparaffin
hydrocarbons in their composition are the most vulnerable to microbiological
damage. Aromatic hydrocarbons are consumed by microorganisms to a lesser
extent. Reducing the percentage of naphthenoparaffin hydrocarbons in oils leads
to a change in performance properties. Naphthenoparaffin fractions provide the
lubricity of oils.

The processes of biocorrosion of internal combustion engine parts under the
influence of biomass have been studied. Since under the influence of
microorganisms on the surface of parts of oil systems (friction pairs) of internal
combustion engines, a process of corrosive destruction occurs, the so-called
biocorrosion. To study the basic properties of oils, methods of laboratory
assessments of the parameters of engine oils were chosen.

The choice of methodology for the microbiological susceptibility of oils of this
dissertation was preceded by a comparison of various methods and methods for
assessing the susceptibility of oil products adopted by various countries. The most
rational modification is the international Geneva method of the International
Electrotechnical Commission IEC-1954. The superiority of this technique lies in its
simplicity, which makes it possible to carry out work in the most primitive laboratory
conditions, sensitivity, speed of obtaining results, and a high degree of reliability.

As for the composition of cultures of microorganisms, cultures were isolated
from samples of used oils, in the samples of which the fungi of the following
species prevailed: Mucor, Penicillium, Aspergillus, Cladosporium, Alternaria.
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Large yeasts were found in the samples. From bacteria: Micrococcus,
Mycobacterium diplococcus, etc.

To ensure the stability of the physicochemical and operational properties of
EQO, as well as to give them new required qualities, various substances consisting
of complex compounds, called additives, are added to them. A number of
requirements are imposed on additives: to be as effective as possible; should not
affect the properties of materials, power systems and lubrication of internal
combustion engines; must be non-toxic to humans, etc.

The third chapter, “Laboratory and experimental studies” dedicated to
laboratory and experimental studies. When operating machines in conditions of
high air temperatures (35+50 °C) in Central Asia in EO working in lubrication
systems, favorable conditions are created for the vital activity of microorganisms,
which favors the oxidative process, leading to a deterioration in the basic
performance properties of oils, and causes accelerated wear of engine parts.

In order to study the reliability of the literature review, laboratory studies of
the growth and accumulation of microorganisms in oils with the above
microorganisms were carried out.

The most popular engine oils of various brands in Uzbekistan (according to survey
conducted among users and engine oil sellers) were used as the object of study (table 1):

Table 1.
Engine oil brands used in research
No Engine oil brands Viscosity grade
1 | SAE 15W-40 (O‘zDSt 3061-2016) 15W-40
2 | Lotos Semisynthetic 10W-40
3 | Shell Helix HX7 10W-40
4 | Total Quartz 7000 10W-40
5 | GM Dexos2 5W-30
6 | Castrol GTX Magnatec 5W-30
7 | Mannol Classic 10W-40
8 | Rosneft Maximum 10W-40

Before the research, the basic properties (viscosity, base number etc.) of these
engine oils were checked for compliance with passport data. In oils, after
determining the properties, it was found that the passport data do not correspond
to the real ones and the discrepancies between them average 10+15%.

Laboratory experiments with cultures of microorganisms were carried out on
a solid calcined medium in Petri dishes and on liquid media in flasks, with constant
variation, stirring on a circular shaker. All cultures of microorganisms were kept
according to the method of simulating tropical conditions in a thermo-moisture
chamber at 35+38 °C with a relative humidity of 90-100%.
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Nutrient media for stimulating the growth of cultures of microorganisms were
prepared according to certain recipes so that the development of cultures could
only be due to hydrocarbons. Accounting was carried out every 4+8 days. The lack
of growth made it possible to judge that these EO are not absorbed by
microorganisms.

The development of crops was assessed qualitatively on a five-point scale.
During the experimental tests, according to the methodology, oil samples were
taken to study the preservation and improvement of performance properties using
antimicrobial additives, as well as their effect on the growth of microorganisms
that developed directly during engine operation in hot climates.

In the search for antimicrobial additives for engine oils, first of all, they studied
the range of microorganisms that affect these oils during operation in hot climates.

The procedure for testing the action of selected antimicrobial additives was
carried out in accordance with IEC-1954.

Thus, to stabilize and improve the performance properties of engine oils
intended for use in hot conditions, the following antimicrobial additives have been
selected: alpha-naphthoquinone, dichloro-naphthoquinone, ortho-oxyquinoline (8-
oxyquiloline). Determination of the wear intensity of engine parts in oil was carried
out using spectral analysis according to GOST 20759-90.

When studying changes in the properties of oils under the action of
microorganisms, we had at our disposal generally accepted, physicochemical
methods according to GOST. All data were processed statistically.

The study of the nature of changes in the physicochemical and performance
indicators of engine oils shows that with an increase in the mileage of cars, the
number of microorganisms increases, the vital activity of which can lead to the
formation of varnish deposits (polymerized compounds), soot (carbon
compounds), which leads to a deterioration in engine performance.

As a result of the research, it was found that when operating machines at high
ambient temperatures, in oils affected by microorganisms, such important parameters
as water cut (15+20%), sulfur content (7+8 times), ash content (6+7), kinematic
viscosity (35+40 %) and especially stability against oxidation (20+35 times). Since,
these parameters directly depend on the hydrocarbon composition of oils.

With microbiological damage in the oil, a redistribution of the hydrocarbon
composition occurs. As the most appropriate type of microbial cell nutrition,
hydrocarbon compounds of the paraffin-naphthenic group are absorbed first.
Aromatic hydrocarbons are consumed by microorganisms to a lesser extent, due to
which their percentage either does not change or increases.

Table 2 shows the results of the damage of various engine oils depending on
time. The results of experimental studies of changes in the viscosity and acidity of
engine oils during the operation of vehicles in the summer, without and containing
antimicrobial additives, are shown in Table 3 and Figure 1 shows the data on the
dependence of viscosity on EO acidity.
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Table

2.

The degree of susceptibility of engine oils to microorganisms over time.

Days
Engine oil brands 8 14
No Susceptibility, points
cC| 1 C 2 | C 3
1 |SAE 15W-40 0125 0 | 40| 0 | 50
2 |Lotos Semisynthetic 010 0 [35] 0| 40
3 |Total Quartz 7000 0|05 0 25| 0] 45
4 [Shell Helix HX7 0|10 O [15] 0] 35
5 |GM Dexos2 0120 0 35| 0] 45
6 [Castrol GTX Magnatec 0(05] 0 [10] 0| 25
7 |Mannol Classic 015 0 [30] 0| 40
8 [Rosneft Maximum 015 0 [25] 0| 40
NOTE: C - control, 1, 2, 3 - oil + microorganisms
Table

Changes in the viscosity of some engine oils without and containing an
antimicrobial additive (0.01 wt.%6) alpha-naphtaquinone, from the mileage of the car.

3.

Mileage of the | SAE 10W-40 Sem'i-s‘;tr?tshetic 7o QUAZ | hell Helix HX7

car, tEousand Without additive alpha-naphtaquinone
m 1 2 1 2 1 2 1 2
1 13.9 6.8 15.0 7.0 14.4 7.1 12.4 6.9
2 14.2 6.7 15.3 7.0 14.4 7.1 12.4 6.9
3 14.4 6.6 15.7 6.9 14.3 7.0 12.4 7.0
4 14.5 6.7 15.4 6.8 14.6 7.0 12.2 6.8
5 14.7 6.5 15.9 6.1 14.5 7.1 12.0 6.7
6 14.9 6.0 16.3 57 14.3 6.8 12.4 6.5
7 15.1 5.7 16.4 4.2 14.9 6.7 12.5 6.5
8 15.7 5.0 17.7 3.9 14.8 6.4 12.7 6.3
9 16.8 4.7 18.4 3.4 15.0 6.2 12.8 6.3
10 17.5 4.4 18.8 3.1 15.3 6.0 13.0 6.3

10K 18.9 2.7 19.9 2.8 15.8 5.7 13.6 5.52

11 154 6.0 13.0 6.1
12 154 5.8 13.1 6.0

NOTE: K - control, 1 — Kinematic viscosity at 100°C, ¢St, 2 — TBN, mgKOH/g
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According to the biosusceptibility of motor oils, Shell and Castrol oils turned
out to be resistant to susceptibility. The data obtained show that when adding
antimicrobial additives at a concentration of 0.01 wt. % to engine oils when
operating machines in hot climates, its protective properties against
microorganisms increase, and oil without antimicrobial additives, a change in
viscosity and acid characteristics is observed from 13.3 to 18.9 ¢St and from 0.02
to 3-3.54 mg KOHY/g, respectively.

The additives used mix well with the oil and do not adversely affect their
physical and chemical properties.

In addition, we studied the concentration of the wear product of ICE parts. As
a result of the wear of the rubbing parts of the engine, various impurities (iron,
copper, lead, tin) accumulate in the lubricating oil, the change in the concentration
of which characterizes not only the general wear, but also the state of the rubbing
pairs. The more intense the wear of parts, the higher the concentration of wear
elements in the oil (see Table 4).

- 20 Fig. 1. Graph of change in
S 19 viscosity of EO depending on
s 18 / the growth of acid number
8 HL7
5 <16 //
> U5 The results of spectral
2 ol4 analysis show that when
= S}g running on  engine  oil
S 1 containing antimicrobial
~ 10 additives, wear products (Fe,
0 0,20,30,40,5 1 1,52 2,53 4 Pb, Si, Al, Sn, Cu, Cr, and Na)

—e—Sample through the filter (without microorganisms) are Sharp|y reduced,
—e—Sample through the filter (in the presence of microorganisms) especially after 10,000 km of
—e—sample from the crankecase (without microorganisms) car run.

sample from the crankcase (if microorganisms are present) The content of Fe in oil

with an additive after 10 000
km of run decreases from 2.5+5 times. Thus, the antimicrobial additives used
(especially dichloro-naphthoquinone) help maintain the performance of the EO and
reduce wear on engine parts.

Comparative data from experimental tests of engine oil allow us to recommend
dichloro-naphthoquinone as an antimicrobial additive. It was found that the effective
concentration of this compound is 0.01 wt.%.

In addition, we studied the concentration of the wear products of engine details.
As a result of the friction parts of the engine, various impurities (iron, copper, lead,
tin) accumulate in the lubricating oil, the change in their concentration characterizes
not only the general performance, but also the condition of the friction pairs. The
faster the processing of parts, the higher the concentration of soluble elements in the
oil (see Table 4).
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In general, the transition process of the internal combustion engine is related to
the change of load and speed regimes of its operation. The quality of the transition
process motor oils plays an important role. With the deterioration of the quality of
FLM (Fig. 2, 3), an incomplete film is formed, which leads to the formation of
friction surfaces. As a result, combustion products (particles) appear, which increase

the intensity of engine wear.

== \\ith microorganisms
—4¢— Stat. ave.
—@—\\ith additive

20
16

12

012345678910
Vehicle mileage, thousand km

Kinematic viscosity at 100 °C, cSt

Fig. 2. Comparison of changes in the

viscosity parameters of engine oil

—=—\N\/ith microorganisms —&— with additive
——Threshold

4z

—o— Stat. ave.

w

N
i

[y

Acid number,g/mgKOH

o

01 2 3 4 5 6 7 8 9 101112
Vehicle mileage, thousand km

——\\/ith microorganisms —&— with additive

—— Threshold —ao— Stat. ave.
7 4
5
Z5 -
(@]
£
(@]
g3 \\\‘;‘\ T
m
|_
1 ' L-

0 1 7 9 10 11 12
Vehlcle mlleage, thousand km

Fig. 3. Comparison of engine oil TBN
change

Fig.4. Comparison of changes in the
acidity of engine oil

The interaction mechanism of a
particle that enters the gap of the

compression ring—cylinder interfaces,
which are identical in properties to the

moving-stationary surface system [14,

34], i.e. when the moving surface
(compression ring) and the stationary
surface (cylinder) are similar in physical
and chemical

properties  and

microgeometry (roughness) characteristics, we represent the moving surface - wear

product - stationary surface as a system.

Table 4.

The content of wear products in oil (without additives) from vehicle mileage

) Concentration of elements, g/t
Vehicle
mileage, km Fe Pb Si Al Sn Cu Cr Na
2000 0.0014 | 0.0065 | 0.0170 | 0.0005 | 0.0009 | 0.0007 | 0.0028 | 0.0001
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4000 0.0015 | 0.0070 | 0.0780 | 0.0005 | 0.0010 | 0.0007 | 0.0030 | 0.0001
6000 0.0018 | 0.0080 | 0.0190 | 0.0005 | 0.0013 | 0.0007 | 0.0035 | 0.0002
8000 0.0018 | 0.0090 | 0.0190 | 0.0005 | 0.0013 | 0.0008 | 0.0035 | 0.0002
10000 0.0020 | 0.0100 | 0.0190 | 0.0008 | 0.0013 | 0.0008 | 0.0035 | 0.0003
12000 0.0025 | 0.0120 | 0.0190 | 0.0008 | 0.0014 | 0.0009 | 0.0035 | 0.0003
14000 0.0030 | 0.0135 | 0.0192 | 0.0099 | 0.0014 | 0.0009 | 0.0040 | 0.0003
15000 0.0040 | 0.0143 | 0.0194 | 0.0012 | 0.0014 | 0.0009 | 0.0040 | 0.0004

For a particle, we take the limiting case of the well-known model of two radii,
when one of the arcs is replaced by a tangent connecting the contacting radius p with
the volumetric radius R, and the moving surface will have a relative linear velocity
v (see Fig. No. 6). The angle formed by the longitudinal axis of the particle with the
direction of velocity v will be denoted by .

Va

——
R
——
e —
R
<~
——
e —
——

a) b)

Fig. 5. Interactions of an oval wear product (particles) with rubbing
surfaces a) sectional view of the cylinder block b) interactions of a particle
with 1) a cylinder and 2) a compression ring, the form of acting forces

Fig. 6. System non-moving surface
(cylinder 1) - wear product (particle) -
moving surface (compression ring 2)

The following equations are derived
based on the developed model of particle
embedment on friction surfaces

38



R+p
(fy — f2) + (tana; —tana,) >0

{(fl —%1) cosay + (fz Jrz ) ( CoS @, + sin <p) + tana, sinp —cosp <0

{(fl —%1) cosay + (fz Irz ) ( COS a, + sin go) +tana,sinp —cosp <0 1)

R+p
(fy —f2) + (tana; —tana,) <0

(1—%)cosa1 (2 gfp)( cosa2+51n<p)

()

—sinal—ﬁsinaz—cos<p>0 (3)
{( f:; ( f”)(§+sin<p)—cos<pSO

(-
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R+p

5
(f1 —f2) <0 ©)
(fl—fr—l) (fz—frz)(£+sin<p)—cosg0>0 (6)

R+p

f==2 +B+044\/: (7)

The value — + B is the friction coefficient of adhesion, and the value 0,44 /

BH

is the deformatlon coefficient. Depending on the viscosity of the engine oil, the
piezoelectric coefficient will have the values B = 0.02+0.15, the higher the viscosity,
the higher the piezoelectric coefficient. In the presence of lubrication in the contact, the
adhesion component can be taken equal to zero (t,=0, ~0), and formula (6) can be

written as follows:
f=044 /;‘— (8)

During wear, 5+10-10° mm and 10+15-10° mm size fractions are involved, with
an average size of 7.5-10° mm and 12.5-10° mm. We accept that most cases will
involve particles with an average size of 7.5-10° mm. We determine the number of
abrasive particles according to the formula:

L =6369-102—2K .5 (9)

d3 Yani
where, Ke=0.82, Go=1-103 kg, 8=0.00013, ya=2.65*103, n=1800, i=I.
Substituting to formula (9), we obtain:
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The amount of Fe in additive oil is reduced to 2.5-5 times after 10,000 km. In this
way, the antimicrobial additives used (especially dichloro-naphthoquinone) help to
maintain the performance characteristics of the motor oil and reduce the degradation of
engine parts.

Fig. 9. The number of wear
particles in  relation to the
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2 the experimental data fit with the data
8 obtained using the mathematical model.
g 0 The  difference  between  the
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0 about 9 percent. Which indicates that the

theoretical calculations are very
accurate.

Comparative data from experi-
mental tests of engine oil allow us to recommend dichloro-naphthoquinone as an
antimicrobial additive. It was found that the effective concentration of this
compound is 0.01 wt.%. The additive has a low cost (67,000 soums per 1 kg.), It
Is produced in large quantities. It does not cause undesirable changes in the
physicochemical and performance properties of the oil. It is non-toxic, sharply
slows down the process of microbiological oxidation and can significantly increase
its service life, and also reduces the wear rate of engine parts, i.e., this additive can
be considered multifunctional.

The fourth chapter “Discussion of research results” is devoted to a
discussion of the research results. Engine oils operated in hot climates without
40
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special additives are always susceptible to microbiological attack. The presence of
microorganisms leads to undesirable consequences, a change in the basic
performance properties of engine oils and thereby degrades the quality of the oil
and reduces the service life of engines.

The high biological susceptibility of engine oils established by us during the
operation of machines in hot climates, as well as the fact that there is very little
publication on this issue, was the reason for studying the effect of antimicrobial
additives on the performance properties of these oils, directly during the period of
operation of the internal combustion engine during the chill period, i.e., the hottest
time of the year in Uzbekistan.

Given the rapid adaptation of microorganisms to adverse effects, including
certain antimicrobial substances, we have selected additives that have high
antimicrobial activity.

According to the results of laboratory researches, antimicrobial additives do
not worsen the acid and viscosity characteristics of engine oils, but give them
stability against microbiological attack.

The data obtained show that the additive ortho-oxyquinoline, dichloro-
naphthoquinone, alpha-naphthoquinone, being introduced into the oil at a
concentration of 0.01% of the total mass, not only stabilizes the viscosity and acid
properties, but also improves its protective properties against microorganisms.
Whereas when engines are running on oil without additives, a significant change
in acid and viscosity characteristics is observed in the range from 0.02 to 3.54 mg
KOH/g and from 13.3 to 18.9 cSt, respectively.

The high antimicrobial effect of these additives and their ability to impart
stability to the antiwear and extreme pressure properties of the oil put them forward
in a number of multifunctional additives. The most active of them turned out to be
dichloro-naphthoquinone additive. Inhibition of the growth of fungal and bacterial
microflora present in engine oil, and its stable protection for a long time (more than
three months) are provided at a concentration of 0.01% by weight of the oil product.

Data obtained from comparative performance tests of engine oils without and
with the introduction of antimicrobial additives show that changes in the chemical
composition of the oil without additives, as a result of microbiological oxidation,
can have a negative effect, worsening the lubricating (protective) properties of oils.
The occurrence of acids and resins, which are the waste products of
microorganisms. Also, carbon deposits, which can form as a result of oil
carbonization at high temperature. This can, to a certain extent, worsen its anti-
wear and anti-friction properties during engine operation.

The deterioration of the lubricating properties entails the deterioration of other
properties of the oil associated with a change in its physico-chemical properties
and ultimately determining its acceptable service life.

The antimicrobial additives introduced into the oil (especially dichloro-
naphthoquinone) slow down its aging as a result of microbiological oxidation,
thereby increasing its service life. The action of these additives is based on the
inhibition of the growth of microorganisms and the coating of working metal
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surfaces with films that weaken their catalytic effect, which stimulates
microbiological oxidation.

Evaluation of the wear intensity of parts (metals concentration) by spectral
analysis of engine oil samples has a significant advantage over others: high
sensitivity and speed of analysis, the ability to simultaneously determine a large
number of engine wear elements. At the same time, the following elements were
indicators of wear of parts: iron - cylinder liners, chromium - upper piston rings,
aluminum - pistons, lead - crankshaft bearing shells, etc. An increase in the
concentration of lead - with wear of the crankshaft bearing shells, increased wear
of the rings is confirmed by an increase in concentration iron and copper, while the
concentration of iron is ahead of the concentration of copper, which causes the
destruction of the protective functions of engine oil due to damage by
microorganisms.

Despite the high content of the element Si, when using antimicrobial
additives, the concentration of wear products in the oil decreases depending on the
mileage of the vehicles. Therefore, the tested antimicrobial additives have high
protective properties.

Tests have shown that the addition of dichloro-naphthoquinone to engine oil
at recommended concentrations sharply slows down the process of microbiological
oxidation, significantly increasing its service life. This leads to a significant
reduction in oil consumption, the number of operations and the frequency of
maintenance for its replacement, improves sanitary and hygienic conditions,
reduces the possibility of contamination of work stations for maintenance of
machines, increases the efficiency of engine components and mechanisms by
reducing wear on the interfaces.

Thus, the properties of the engine oil during operation change due to
microbiological oxidation, as well as contamination with low molecular weight
acids formed as a result of the vital activity of microorganisms. As a result of oil
contact with microorganisms, irreversible changes in their chemical composition
occur. Engine oils oxidize, lose their protective properties. Microbiological
oxidation is stimulated by the catalytic action of the working surfaces of the metals
with which the oil comes into contact. In doing so, the following happens:

1. Due to the occurrence of microbiological acids, the acid number increases
and corrosiveness increases (the latter depends mainly on the content of microbial
waste products).

2. Dense condensed products of microbiological oxidation precipitate and
form deposits during engine operation., lubricated surfaces are varnished
(polymerized products of microbiological oxidation), and soot (carbonized
products of microbiological oxidation), while solid carbon particles are formed in
the oil - carbenes and carboids causing wear on engine parts.

3. As a result of microbiological damage, the components of the oil are
compacted, while its viscosity increases. Therefore, resistance to microbiological
oxidation is one of the main factors determining oil life.
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In this regard, its chemical composition and microbial resistance are of great
importance. Optimal, in terms of resistance to microbiological oxidation, the
chemical composition of oils requires a certain concentration of antimicrobial
additives (0.01 wt. %), which inhibiting vital activity and growth, as well as the
reproduction of microorganisms.

An analysis of comparative studies on the cultivation of microorganisms in
engine oils and comparative data on the stability of various hydrocarbons indicate
that the microbiological stability of petroleum oils depends on the hydrocarbon
composition: oils from highly aromatized oils are the most microbiologically
resistant. Oils containing the largest amount of naphthenoparaffin hydrocarbons in
their composition are the least resistant to microorganisms.

As a result of the research, a number of measures have been developed aimed
at improving the quality of lubricating oils used in hot climates. One of the main
ones is the use of antimicrobial additives that inhibit the growth and reproduction
of microorganisms. The annual economic effect in engine oil in operational tests
for one car with its annual mileage of 100,000 km amounted to 996,000 soums.

CONCLUSION

1. Based on the analysis of scientific and technical literature, articles and other
sources, the reliability of internal combustion engines and the properties of motor
oils used in them were studied theoretically and practically, and the properties of
motor oils with antimicrobial additives were justified.

2. The study revealed the accumulation of water in the crankcases in all the
test vehicles. The volume of water has increased from 4 to 15% of the volume of
engine oil. This layer always contains biomasses (colonies of microorganisms:
Mucor, Penicillium, Alternaria, Micrococcuc, Diplococcus, Bacterium, Bacillus,
developing at the interface between the oil and water phases.

3. It has been established that a sign of microbiological damage to freshly
filled engine oil in operation is a deterioration in the main performance indicators
in comparison with unaffected oils, i.e., increase in viscosity by 35-40% (on
average from 14.3 to 19.9 cSt), acid number on average from 0.02, (norm) to 3.54
mgKOH / g, ash content from 0.04% to 7% by oil mass, alkalinity is reduced from
an average of 7.8 to 2.2 mgKOH, flash point decreased by 18-22% from 225 to 185
°C (average);

4. 1t was found that the accumulation of microorganisms in the car crankcase
and its lubrication systems leads to clogging of filter elements and small cross-
section holes, increased oxidation processes, and corrosion of engine parts;

5. The use of dichloro-naphthoquinone, alpha-naphthoquinone, ortho-
oxyquinolines as anti-microbial additives in motor oils preserves the physico-
chemical and operational properties of the oil and made it possible to extend the
oil change period from 7-8 thousand km to 10-12 thousand km;
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6. The use of antimicrobial additives in oil has been confirmed by experiments
to reduce the breakdown products of engine parts by 2.5 to 5 times, which makes
them useful as multifunctional additives;

7. By using antimicrobial additives, it was possible to preserve the film-
forming properties of the oils and thus reduce the concentration of the internal
combustion engine components to 0.0015 g/t Fe and 0.0045 g/t Pb;

8. The economic efficiency of the study was evaluated. When applying the
results of the experiment to practice, it was found that the use of an antimicrobial
additive reduces maintenance costs by 100,200 soums per oil change interval. In
this case, oil savings for each car (car with 100,000 km of mileage) by 10-15 kg
per year makes it possible to save 996,000 soums for one light car with annual
mileage of 100,000 km. The expected economic efficiency at the scale of the taxi
fleet (with 50 cars) is 49,800,000 soums.
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BBE/IEHUE (anHOTALIMS TOKTOPCKOI JUCCEPTAIMHT)

Henbo wuccaenoBaHMs SBIIETCS TOBBIIMICHUE HAJEKHOCTU €Tl
JABUTaTENIel BHYTPEHHETO CTOPAHUS MTyTeM pa3padOTKU KOMIUIEKCa MEPOIPHUITHIA,
HAIpPaBJICHHBIX Ha YJIy4dlleHHWE (QU3HKO-XUMUYECKHUX M JKCIUTyaTallMOHHBIX
CBOMCTB MOTOPHBIX MaceJ 3a CYET M0 100pa aHTUMUKPOOHBIX MPUCATIOK.

Oo0bexkToM mccaenoBanus spiasiercs JIBC aBromoOumns kmacca Ml
AKCIUTyaTUpyeMas B YCIOBHIX KapKoro kiumara L{enTpanbHoit A3uu.

HayuyHasi HOBU3HA HCCJIeI0BAHMS 3aKJII0YAETCS B CJeAYyIOIIEM:

000CHOBAHO BIUSIHHE MUKPOOPTaHU3MOB Ha OCHOBHbBIE (PU3UKO-XUMHUECKHUE U
AKCIUTyaTallMOHHbIE CBOKWCTBA MOTOPHBIX MAacel HEMOCPEICTBEHHO MpU padoTte
JIBHTaTeNIe aBToMOOMIIeH Kiacca M1 B sKapKoM KJIMMaTe;

BbIsiBJICHA 2 (PEKTUBHASL KOHIICHTpAIUsl aHTUMUKPOOHBIX MTPUCATIOK B Maciax,
o0ecreynBaroas uX yCTOWYMBOCTh K MUKPOOPTraHW3MaM IpH SKCILTyaTalluu;

YCTAHOBJICHO BIUSHUSI MPUCATOK (AHTUMHUKPOOHBIX) HA CBOMCTBA MOTOPHBIX
MaceJl ¥ BbISIBIEHbI KOHLIEHTPAlMOHHBIE TUAa30Hbl, 00€CIeUYHBAIOIIIE ONITUMAIIbHBIE
napaMeTpbl PU3NKO-XUMUYECKUX U SKCIUTyaTallMOHHBIX CBOMCTB Maced;

YCTaHOBJICHO, HA OCHOBaHUS TEOPETUYECKOTO M SKCHEPUMEHTAIBHOIO
UCCJIEIOBAHUS, CPOKH 10 3aMeHe (DUIIBTPYIOIIUX JIEMEHTOB U MOTOPHOTO Macia.

IIpakTuyeckue pe3yiabTaThl Hccae0BaHusl. BHenpeHue pe3ynbTaToB
uccienoBanus. Ha ocHOBaHUM MOTyYEHHBIX HAYYHBIX PE3YIbTATOB MO MOBBIIICHUIO
HAJIS)KHOCTHU JBUTATENIe BHYTPEHHETO CTOPAHMS JIETKOBBIX aBTOMOOMIICH 3a CUeT
yIYy4IIEHUs] CBOWCTB MOTOPHBIX Macell aHTUMUKPOOHBIMU  TPHUCAJAKAMU
pa3paboTaHbl PEKOMEHAAIIMH IO OPraHU3alMi KOHTPOJIS TEXHUYECKOTO COCTOSHUS
JIETKOBBIX aBTOMOOMJIEH, IKCILUTYaTUPYEMBIX B JKapKUX (Pe3KO-KOHTUHEHTAIbHBIMH,
cyxol) kmmumar Y30ekucrtaHa, peanu3oBaHHbli Ha OOO  «AHauwxaH
ABTOTEXXM3MaT» B AHIMKaHCKON oOmacTu (ucx. Ne 09/06-25-2234 ot 07.12.2021
r. AO «VY3aBrocaHoar»). OTO NO3BOJWIO CTaOMIM3UPOBATh KUCIOTHOCTh U
HIEJIOYHOCTh MOTOPHBIX Macell, a U3MEHEHUE pabouel BA3KOCTH YMEHBIIMIOCH Ha
37-38%, 4TO YMEHBIIMJIO 3aTpaThl HA PEMOHT Ha 5-7%. B pe3ynbpTaTe Hay4yHBIX
UCCJIeIOBaHUM MTPOOET JIETKOBBIX aBTOMOOMIICH YBEIHMYEH ¢ 7-8 ThIC. KM 110 12 ThIC.
KM B 3aBUCHUMOCTH OT XapaKTEPUCTUK U (PU3UKO-XUMHUUECKOTO COCTOSTHUS Maca.

Hcnonp3oBaHne  aHTUMUKPOOHBIX  TPHUCATOK B  TOPIOYE-CMA30YHBIX
Marepuajiax Ha THUAPABIMYECKUX TEPMOIUIACTAaBTOMATaX 3aBoja y30EKCKO-
kopetickoro mpeanpuatus OO0 «VY3-Jlonr Sur Ko» (ucx. Ne 09/06-25-2234 ot
07.12.2021 r. AO «¥Y3aBTOCaHOAT») U YJAIOCH YBEITUUYUTH CPOK UX CIIykObI (Ha 10-
15%) u cpok ciyxObl THIPABIMYECKUX Macell, a TakKe YMEeHbIIHUTh 00beM TO,
MIOBBICUTH SKOHOMHIO Maclia U APYrux 3JIeMeHTOB (Ha 5-7%).

Crpykrypa u o0bem auccepranmu. CoaepkaHue JUcCepTaliid COCTOUT U3
BBEJICHUSI, YETHIPEX TJIaB, 3aKIIOYEHUS, CIIMCKA JTUTEPATYPhl U NpuiioxkeHuid. OHa
npencrapiieHa Ha 158 cTpanunax.
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