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Pedepar:

1. B pucepTauiiiHiil poboTi BUpPIlyeTbCSI HAYKOBO-TEXHIUHA ITPO6sIeMa peasisallii CTiMKOro MalleHHsI B yMOBax
3MiIIaHOTO TEPTS Ta CTBOPEHHS B 30Hi (PPUKLIITHOrO KOHTAKTy HEKOH(OPMHUX i KOHPOPMHUX BY3JIiB TEPTS

Mo (DiKOBaHUX L1aPiB 3 ONTUMAJIbHOIO MACTUJIBHOIO 3[IaTHICTIO Ta CTPYKTYPHOIO IIPUCTOCOBYBAHICTIO 110
€KCTPEMaJIbHMX YMOB POOOTH, CIIPSIMOBAHE Ha MifiBUILIEHHS e(EeKTUBHOCT] MallleHHs Ta 3HOCOCTIMKOCTI Iap TepTs
32 KOHTAKTHO-MEXaHI{UHUMU, PEOJIOTIYHUMU i (Pi3UKO-XiMIiYHUMU acClleKTaMU. 3arporOHOBaHO KOHIEILi0
MEeTOJ0JI0Tii IiABULIIEHHS 3HOCOCTIMKOCTI i epeKTUBHOCTI MaleHHS IJ1s1 By3JIiB 3 TIO3ULLil 3MIIaHOTO PesKUMY TEPTSI.
BcraHoBJI€HHI HEOOXiTHI yMOBU po3puBy Mikpo-EI'Jl MaCTUJIBHOTO LIAPY, IO JOCATAETHCSI KOMIIJIEKCOM 3aXO0/iB
OO MOJINIIEHHS] TPUOOTEXHIYHUX TOKA3HUKIB 32 HACTYIIHMMU KPUTEPisIMU: peasisalii CTiliKoro maleHHs 3a
KpUTEPieEM pexXUMy MalleHHs], iI60POM ONTUMaIbHOI (POPMU KOHTAKTY 3a KpUTEPiEM eJliNTUYHOCTI; 36i/1bIIE€HHIO

IIOJIi TiIpOIMHAMIYHOTO TUCKY MACTAJIBHUX IIAPiB BiTHOCHO KOHTAKTHOTO TUCKY Ha BUCTyIaX MIKDOHEPiBHOCTEN 3a



KpUTEPieEM TUCKY; BpaXyBaHHIO PEOJIOTIYHUX NTapaMeTPiB MO0 3MiHM IT'e30K0eDillieHTy B'13KOCTi IpH 306iIbLIeHH]
THCKY 32 PEOJIOTIYHUM KPUTEPieM; OL[iHKY MOSIBY IIJIACTUYHO-Ae(OpPMOBaHOI0 CTaHY 3a KpUTEpieM IJIaCTUYHOCTI;
MOoIM}iKyBaHHIO i KOpEryBaHHIO SIKICHOTO Ta KiJIbKiCHOTO XiMiYHOT0 CKJ1aZly KOMIIOHEHTIB B MaCTUJIBHOMY
CepeloBHUlIi 32 PaXyHOK 36i/IbLIIEHHS CEPeIHbOI JIOKQJIBHOI TEMIIEPATYPU [IOBEPXOHb TE€PTS 32 TEMIIEPATYPHUM
Kputepiem. Po3po6seHo gBoeTanHy MeTOAUKY MiiBUIIEeHHS e(pPeKTUBHOCTI MallleHHS i 3HOCOCTIMKOCTI 1ap TepTs
IJ1s HigMIITHUKOBUX BY3JIiB Ta fetasnei [IB3 mo10 BCTaHOBIEHHS ONTUMAJIbHOTO SIKICHOTO Ta KiJIbKiCHOTO
XiMIYHOTO CKJIaJly MacCTUJIbHUX CEpenoBUll (CyMimeil Ta MOan(iKOBaHUX OJIUB) i3 JOCIIKYBAaHUMU XiMiYHO-
AaKTVBHMMU KOMIIOHEHTaMU. BuzHaueHi HeoOxigHi ymoBU peaisdauii cTifikoro Mikpo-EI']l MaiieHHs y
HiAUMITHUKOBUX By3J1aX TepTs B 30Hi MiKpo-EI'[l KOHTaKTy 1151 6i1b1II0CTI MOTOPHUX, TPAHCMICIHUX i
VHiBepcabHuX oJUB. [y 3a6e3nedeHHs peasizallii CTifIKkoro MalleHHsl B yMOBaX 3MilllaHOr'O TEPTSI MiJMUITHUKOBUX
BY3J1iB Ta By3J1iB [IB3, 110 IpaL0I0Th B HECTALIIOHAPHUX YMOBAX TE€PTS IIPY HU3bKOTEMIIEPATYPHOMY 3aITyCKY,
BU3HA4Y€Ha TEXHOJIOrid MOAUQIKyBaHHS 100 BUSBIEHUX MOAN(IKOBAHNX CyMilllell Ta OJIUB 3 ONITUMAJIbHUM
SIKICHMM Ta KiJIbKICHUM CKJIa/IoOM XiMIYHMX KOMIIOHEHTIB, 1110 3a0€3I1e4yI0Th CTPYKTYPHY IIPUCTOCOBYBAHICTb JO
€KCTPEMaJIbHMX YMOB POOOTHU. BCcTaHOBJIEHA KOPEJISLisl MixK TEMIIEPATYPOIO B 30Hi JIOKAJIbHOT'O KOHTAKTY i
00’€MHOI0 TEMIIEPATYPOI0 MOAUQIKOBAHOI OJIMBU MTPU 30i/bIIEHHI MAKCUMAJIbHOTO KOHTAKTHOTO HAIIPY>KEHHSL.
[To6ymoBaHO MaTeMaTUYHY MOZEJ b HaNlPy>KeHO-Ie(OopMOBaHOro CcTaHy 3a PaKTUYHOIO HPOPMOIO KOHTAKTY TEPTS
1pY 361/IbIIE€HHI KOHTAKTHOTO HaBaHTAKEHHS Ta ITPU 3MiHi GOPMU KOHTAKTY. [106yJ0BaHO MaTeMaTU4YHy MOJIEJIb
OL,iHKM MiHiMaJIbHOI TOBLIVHY i TOBIIVHU MACTUJILHOTO LIAPY B LEHTPaJIbHIN 30HI MiKpo-EI'[l KOHTaKTy AJ1s
HiAIMITHUKOBUX BY3JIiB TEPTS 3 yPaxyBaHHSIM 3MiHM POPMU KOHTAKTy Ta TUILy MACTHUJIBHOTO MaTepiaiy, B
pe3yJIbTaTi 40ro, BU3HAYEHI ONTUMAJIbHI MAaTEMATU4Hi ONMCAHHS BiNOBIIHUX TOBIIVH Y BUTJISAI €MIIIPUYHUX
piBHsHB. Ha ii ocHOBI, po3po6JsieHa HoMOrpama nifoopy ONTHMaJbHOIO MAaCTUIIBHOTO MaTepialy 3a KJI1acoM
B'SI3KOCTI (OMHAMiYHOI B'SI3KOCTI) O KOHKPETHOTO MiIUIHUKY KOYEeHHSI 3 BiflTIOBiHO ()POPMOIO KOHTAKTY i 3
MO>KJIMBICTIO 3BOPOTHOTO BUOOPY KyJIbKOBOTO MiJMINITHUKY 3 ONITUMAJIbHOIO (POPMOIO KOHTAKTY 32 KJIACOM B'SI3KOCTi
MacCTUJIbHOTO MaTtepiay. [106ygoBaHO MaTeMaTUYHy MOJEJb OLIHKM TOBIIMHMA MACTUJILHOTO MIAPY B 30Hi
(PPUKLITHOTO KOHTAKTy MiXX BEPXHIM KOMIIPECITHMM KiJIbLJEM Ta ri1b3010 UUIiHAPY B3 3 ypaxyBaHHSIM 3MiHU XO4Y
MIOPILIHA Ta TUIY MAaCTUJIbHOTO MaTepiaiy, B PE3yJbTaTi YOro, BUBHAYEHI ONTUMAaJIbHI MATEMATUYHI OIIMCaHHSA
BiZJITOBiJHOI TOBUIVHY y BUIJISITIi EMITIDUYHOTO PiBHAHHA 1714 By3iB [I1B3. [IpoBeneHa oLiHKa iIHTEHCUBHOCTI
3HOILYBAHHY I1ap TEPTS B 30Hi KOHTAKTy MK BEPXHIM KOMIIPECIMHUM KiJIbLEM 1 IyIb3010 UuaiHapy [B3 npu 3MiHi
XOZy IIOPIIHS Ta TUITy MAaCTUJIBHOTO MaTepiany. 3a pe3yJpTaTaMu KBasiQpikalilHUX TOCIiIKEeHb, pO3pO0JIeHi i
BIIPOBAJKEHIi Y BUPOOHMITBO HOBi MOJM(DIKOBaHi OIMBY 32 MO3UTUBHUMU PE3yJIbTaTaMU JJOBIOTPUBAJINX

CTEHJ0BUX Ta €KCIUIyaTal[iiHUX BUIIPOOYBaHb.

2. The thesis solves the scientific and technical problem of implementing sustainable lubrication in mixed friction
conditions and creating modified layers with optimal lubricity and structural adaptability to extreme operating
conditions in the friction contact zone of non-conformal and conformal friction units, aimed at improving the
lubrication efficiency and wear resistance of friction pairs in terms of contact-mechanical, rheological and
physicochemical aspects. The concept of a methodology for increasing wear resistance and lubrication efficiency
for assemblies from the standpoint of a mixed friction mode is proposed. The necessary conditions for the rupture
of the micro-EGD of the lubricating layer have been established, which is achieved by a set of measures to improve
tribotechnical performance according to the following criteria: realization of stable lubrication according to the
criterion of lubrication mode, selection of the optimal microgeometry of the contact shape according to the actual
microgeometry of the contact shape according to the microgeometry criterion; increase in the share of
hydrodynamic pressure of lubricating layers relative to the contact pressure on the protrusions of micro-
irregularities according to the pressure criterion; taking into account rheological parameters regarding changes in
the piezoelectric viscosity coefficient with increasing pressure according to the rheological criterion; assessment
of the appearance of a plastic-strain state according to the plasticity criterion; modification and correction of the
qualitative and quantitative chemical composition of components in the lubricating medium by increasing the
average local temperature of friction surfaces according to the temperature criterion A two-stage methodology for
improving the lubrication efficiency and wear resistance of friction pairs for bearing units and parts of internal



combustion engines has been developed to establish the optimal qualitative and quantitative chemical composition
of lubricating media (mixtures and modified oils) with the studied reactive components. The necessary conditions
for the realization of stable micro-EGD lubrication in bearing friction units in the micro-EGD contact zone for
most motor, transmission and universal oils were determined. To ensure the realization of stable lubrication in
mixed friction conditions of bearing units and internal combustion engine units operating under unsteady friction
conditions at low temperature start-up, the modification technology was determined with respect to the identified
modified mixtures and oils with optimal qualitative and quantitative composition of chemical components that
provide structural adaptability to extreme operating conditions. The correlation between the temperature in the
local contact zone and the volumetric temperature of the modified oil with an increase in the maximum contact
stress was established. A mathematical model of the stress-strain state was constructed based on the actual
microgeometry of the friction contact shape with increasing contact load and changing the contact shape. A
mathematical model for estimating the minimum thickness and thickness of the lubricating layer in the micro-EGD
point contact zone for friction bearing assemblies was constructed, considering changes in the contact shape and
the type of lubricant, because of which the optimal mathematical descriptions of the corresponding thicknesses in
the form of empirical equations were determined. On its basis, a nomogram for selecting the optimal lubricant by
viscosity class (dynamic viscosity) for a particular rolling bearing with the appropriate microgeometry and with the
possibility of reverse selection of a ball bearing with the optimal microgeometry by lubricant viscosity class was
constructed. A mathematical model for estimating the thickness of the lubricating layer in the local contact zone
between the upper compression ring and the cylinder liner of an internal combustion engine was constructed,
considering changes in the piston stroke and the type of lubricant, because of which the optimal mathematical
descriptions of the corresponding thickness were determined in the form of an empirical equation for internal
combustion engine components. The intensity of wear of friction pairs in the contact zone between the upper
compression ring and the cylinder liner of an internal combustion engine was estimated when the piston stroke
and type of lubricant change. Based on the results of qualification studies, modified oils were developed and
introduced into production based on the positive results of long-term bench and operational tests.
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JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHUYHOI OCOOH: YKPAiHCHKUIA IEPKABHUI YHIBEPCUTET 3aJli3HUIHOTO

TPaHCIIOPTY
Kopg 3a €IPIIOY: 01116472

Micue3HaxoaKeHHS: maiinan Qeitepbaxa, 6yp. 7, Xapkis, XapKiBCchKuil p-H., 61050, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. BoitToB BikTop AHaToniioB1Y

2. Viktor A. Voitov

KBasigikawis: 1. 1. n., npodecop, 05.05.11

InenTudikarop ORCID ID: He 3acrocosyerncs

JoparkoBa indpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [lepkaBHUIL GI0TEXHOJIOTIYHMI yHIBEPCUTET

Kopg 3a €IPIIOY: 44234755



Micue3HaxoaKeHHS: ByJ1. AT4eBChKUX, 6y, 44, XapkiB, XapkiBcbkuii p-H., 61002, Ykpaina

dopma ByracHoCTI:
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Inxa Onexkcangp Bosogyumuposuy

2. Onexkcangp B. Juxa
KBasigikamnis: .1.1., npodecop, 05.02.04
InenTudikarop ORCID ID: He 3acrocosyerncs

JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: XMebHUIBKMI HAL[IOHAIbHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 02071234

Micueanaxo,u;meunﬂ: BYJI. [HCTUTYTCBKA, Oy, 11, XMenbHULIbKUI, XMeJIbHULBKUN p-H., 29016, YKpaina

dopma BracHOCTI: JlepxasHa
Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

Penensentu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

CuHiok OJsier MukoJiaioBu4

Cuniok Oser MukoJjialioBu4

CmyTko CBiTsiaHa BanepiiBHa

VkpIHTEI

FOpuenko Tetsana AHaTosiiBHA



