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Pedepar:

1. B pucepTauiiiHiil po6oTi BUpIllyeThCsl HAYKOBO-TEXHIUHA NpobJeMa peasizallii CTiIKOro MallleHHs B yMOBax
3MillIaHOTO TEePTS Ta CTBOPEHHS B 30HI (PPUKLIIIHOTO KOHTAKTy HEKOH(POPMHUX i KOHPOPMHUX BY3JIiB TEPTS
MoaM}piKoBaHUX IapiB 3 ONTUMAIBHOK MACTUJIBHOIO 3ATHICTIO Ta CTPYKTYPHOIO IPUCTOCOBYBAHICTIO [0
eKCTpeMaJIbHUX YMOB POOOTH, CIIPSIMOBaHE Ha MifBULIeHHS e(eKTUBHOCTI MalleHHs Ta 3HOCOCTIMKOCTI rap TepTs
32 KOHTAKTHO-MEXaH{YHUMU, PEOIOTIYHUMU i Hi3UKO-XiMiYHUMU acleKTaMu. 3arpoOIOHOBAHO KOHIIEIIi0
METOJ0J10Tii IiABULIIEHHS 3HOCOCTIMKOCTI i €(eKTUBHOCT] MallleHHS 1J1s1 By3JliB 3 II03U1lii 3MillIaHOTO PeKUMY TepTSl.

BcraHoBneHHi He0OXinHI yMOBU po3puBy Mikpo-EI'[] MacTUIbHOTO Mapy, 0 JOCITaeThCs KOMILJIEKCOM 3aXO/IiB



1010 MOJIMNIIEeHHs TPUOOTEXHIYHMX [TOKA3HUKIB 32 HACTYITHUMU KpUTEPIsIMU: peasisallii CTilKoro MalleHHs 3a
KpUTEpieM peKMMy MallleHHs, iI60pOM ONTUMaIbHOI GOPMHU KOHTAKTY 38 KpUTEPieM eJIiNTUYHOCTI; 30iIbIIEHHIO
IIOJIi riIpOIMHAMIYHOTO TUCKY MACTAJIBHUX IIAPIB BiTHOCHO KOHTAKTHOI'O TUCKY Ha BUCTYIaX MIKPOHEPIBHOCTEN 3a
KpUTEPieM TUCKY; BpaxyBaHHIO PEOJIOTIYHUX NTapPaMETPIB MO0 3MiHM I'€30K0ePillieHTy B'I3KOCTi [IPY 301/IblIEeHH]
TUCKY 32 PEOJIOTIYHMM KPUTEPieM; OLIiHKU MOSIBY IJIACTUYHO-1€(POPMOBAHOTO CTaHy 3a KpUTEPieM IJIaCTUYHOCTI;
MOAM(DIKyBaHHIO i KOpEryBaHHIO SIKICHOTO Ta KiJIbKiCHOTO XiMiYHOTO CKJ1a/ly KOMIIOHEHTIB B MaCTUJIbHOMY
CepeloBHUlIli 32 PaXyHOK 36i/IbLIEHHS CEPeHbOI JIOKQJIbHOI TEMIIEPATYPU [IOBEPXOHb TEPTS 32 TEMIIEPATYPHUM
KpurepieM. Po3po6sieHO IBOETANlHy METOIVMKY MifBUIIEHHS €(PEKTUBHOCTI MAIleHHS i 3HOCOCTIMKOCTI Iap TepTs
IJ1s HigMIUITHUKOBUX BY3JIiB Ta fetanei [IB3 mo10 BCTaHOBIEHHS ONTUMAJIbHOTO SIKICHOTO Ta KiJIbKiCHOTO
XiMIYHOTO CKJIaJly MacCTUJIbHUX CepenoBull (CyMimeil Ta Moau¢iKOBaHUX OJIUB) i3 NOCIIKYBaHUMU XiMiYHO-
aKTUBHMMU KOMIIOHEHTaMU. BuzHaueHi HeoOxigHi ymoBU peasnisdauii cTifikoro mikpo-EI']l MaiieHHs y
IiJMNAITHUKOBUX By3JIaX TePTs B 30Hi MiKpo-EI'Jl KOHTaKTy AJ1s 6ibLIIOCTi MOTOPHUX, TPAHCMICIHUX i
yHiBepcabHUX oJUB. [y 3a6e3nedeHHs peasizallii CTifIkoro MallleHHsl B yMOBaX 3MilllaHOTr'O TEPTSI HifMUITHUKOBUX
BY3J1iB Ta By3J1iB [IB3, 1110 Ipaljl0I0Th B HECTALliIOHAPHUX YMOBAaxX TE€PTs IIPM HU3bKOTEMIIEPATYPHOMY 3aITyCKy,
BM3HA4Y€HA TEXHOJIOTiI MOAU()IKyBaHHS IIOL0 BUSIBIEHMX MOAM(DIKOBAHUX CyMilllell Ta OJIMB 3 OITUMAJIbHUM
SIKICHMM Ta KiJIbKICHUM CKJIaIOM XIMIYHMX KOMIIOHEHTIB, 1110 320€31e4yI0Th CTPYKTYPHY IIPUCTOCOBYBaHICTb 1O
€KCTPEMaJIbHUX YMOB po60oTU. BCcTaHOBJIEHA KOPEJISLisl MixK TEMIIEPATypPOIO B 30Hi JIOKAJIbHOI'O KOHTAKTY i
00'€MHOI0 TEMIIEPATYPOI0 MOIU(IKOBAHOI OJIMBYU NPU 30i/IbIIEHHI MaKCUMaIbHOIO KOHTAKTHOTO HAIIPY>KEHHSI.
[To6ynoBaHO MaTeMaTUYHY MOZEJb HAIIPY>KEHO-1€(POPMOBAHOTO CTaHY 32 (PAKTUYHOIO (POPMOIO KOHTAKTY TEPTS
IIpy 30iIbII€HHI KOHTAKTHOTO HaBaHTa)XKEHHS Ta NpY 3MiHiI GOpMU KOHTAKTy. [106yj0BaHO MaTeMaTU4YHY MOJIeJlb
OL,iHKM MiHiMaJIbHOI TOBLIVIHY i TOBIIVHYU MACTUJIBHOTO LIAPY B LEHTPAJIbHIN 30HI MiKpo-EI'[l KOHTaKTy AJ1s1
NiAIMITHUKOBUX BY3JIiB T€PTS 3 ypaxyBaHHSIM 3MiHM (POPMU KOHTAKTYy Ta TUILY MAaCTMUJIBHOTO MaTepiaiy, B
Pe3yJbTaTi 40ro, BU3HAYEHi ONTUMAJIbHI MAaTEMATU4Hi ONMCAHHS BiNOBIIHUX TOBIIWH y BUIJISi €MIIIPUYHUX
piBHsHB. Ha ii ocHOBI, po3po6JsieHa HOMOrpama nifioopy ONTHMaJbHOIO MAaCTUJIPHOTO MaTepialy 3a KJ1acoM
B'I3KOCTI (OMHaMI4HOI B'SI3KOCTi) JO KOHKPETHOrO MiAMUITHMKY KOYE€HHS 3 BiATIOBiHOIO (POPMOIO KOHTAKTY i 3
MO>KJIMBICTIO 3BOPOTHOTO BUOOPY KyJIbKOBOTO MiJMINIHUKY 3 ONITUMAJIbHOIO (POPMOIO KOHTAKTY 32 KJIACOM B'SI3KOCT]
MacTuibHOro Marepiany. [To6ynoBaHO MaTeMaTUYHY MOJieJIb OL[iHKY TOBLIIMHU MAacCTUJIbHOTO LIApy B 30Hi
(OPUKLIITHOTO KOHTAKTy MiXX BEPXHIM KOMIIPECITHMM KiJIbl]eM Ta ri1b3010 UUIiHAPY B3 3 ypaxyBaHHSIM 3MiHU XOOY
MOPIIHS Ta TUITy MaCTUJILHOTO MaTepialy, B pe3yJbTaTi 40ro, BU3HAYEHi ONTUMaJIbHi MaTeMaTU4YHi ONMCaHHS
BiZ[TOBiHOI TOBUIVHY y BUTJISITIi EMITIDUYHOTO PiBHAHHA 1714 By3JiB [I1B3. [IpoBeneHa oLiHKa iHTEHCUBHOCTI
3HOILYBAHHY 1ap TEPTS B 30Hi KOHTAKTy MK BEPXHIM KOMIIPECIMHUM KiJIbLIEM 1 TiyIb3010 nuiaiHapy [IB3 npu 3mMiHi
XOJy TIOPIIHS Ta TUITy MAaCTUJIBHOTO MaTepiany. 3a pe3ysbTaTaMu KBasiQikaliHUX NOCIiI)KeHb, po3po0JieHi i
BIIPOBAJKEHI Y BUPOOHUITBO HOBi MOJM(DIKOBaHi OJIMBU 32 MO3UTUBHUMU Pe3yJIbTaTaMu JJOBIOTPUBAINX

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.

Jep>kaBHHHM peecTpaniiiHuii Homep iP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU: OyHaMeHTa bHI HAyKOBI HOCIIIPKEHHS 3 HANGLIbII
Ba)KJIMBYX MPOGJIEM PO3BUTKY HayKOBO-TEXHIYHOTI0, COLiaJIbHO-€KOHOMIYHOTr0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOACBKOTO TMOTEHLiaNy AJ1s1 3a6e3le4yeHHs KOHKYPEHTOCIIPOMOKHOCTI YKpaiHu y CBITi Ta CTAaJIoro pO3BUTKY

CYCIIiJIbCTBA i Aep>KaBy

CrpareriyHuil NpiOpUTETHUH HANIPSIM iHHOBALiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH
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I'li,ILcyMKI/I IOCJIiA>KEHHSI: TeopeTuyHe y3arajabHEHHs i BUPilleHHs BOXJIMBOI HayKOBOI TpoGieMu
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1. Boponin Cepriit Boogumuposuy

2. Serhii V. Voronin

KBasidikanis: 1. 1. u., npodecop, 05.02.04
InenTudikarop ORCHID ID: He zactocosyetbcs
JoparkoBa iHdpopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi Iep>KaBHUI YHIBEPCUTET 3aJliBHUYHOTO

TPaHCIIOPTY
Kopg 3a €IPIIOY: 01116472

Micue3HaxoaKeHHS: MaiinaH deitepbaxa, 6ya. 7, XapkiB, XapKiBCcbKUH p-H., 61050, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:

1. BoitToB BikTop AHaTomniioBUY



2. Viktor A. Voitov

KBasigikamis: 1. 1. n., npodecop, 05.05.11

ImenTudikarop ORCHID ID: He zactocosyetbcs

JoparkoBa iHdopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMI 6i0TEXHOIOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3Haxoa>KeHHSI: By/1. AT4eBChKUX, 6y, 44, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BiracHocTi:

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: [anyseBuil

BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. Tuxa Onekcannap BomoguMuposuy

2. Onexcangp B. [lnxa

KBasigikamis: g.1.1., npodecop, 05.02.04

InenTudikarop ORCHID ID: He 3actocoyerscs

JoparkoBa indpopmamnist:

ITIoBHe HaﬁMeHYBaHHﬂ IOpI/IJ.II/I‘-IHOi OCOOM: XMeIbHUIBKMIT HAIliOHATBbHUI yHiBEpCUTET

Kopg 3a €IPIIOY: 02071234

MicquHaXO,I[)KeHHH: ByJI. [HCTUTYTCBKA, Oy, 11, XMenbHUIBbKAM, XMEeTbHULBKUAN p-H., 29016, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

Penensentu

VIII. 3ak1104Hi BiZoMOCTi
Biiacue IlpisBume Im's ITo-6aThKOBI Cuniok Oster Mukonanosm

TOJIOBH pajgu

Biacue IpizBume Im's I1o-6aThKOBI Cuntok Oner Mukonainosnd

TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBimaibHUH 32 MiZTOTOBKY Cmytko Caitniana BanepiisHa

00JIIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




