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Pedepar:

1. Y pe3ysnpTaTi BUKOHAHHS AUCEPTALiliHOI po60TU OYJI0 PO3B’SI3aHO aKTyasIbHYy HAyKOBO-TMIPUKJIANHY 3a1a4y
CTBOPEHHS MOJeJieil TPOTHO3yBaHHS 3HOCOCTIMKOCTI i HAZiMHOCTI MiAMUITHUKOBUX TPUOOCHCTEM Ta ONITUMI3alil
TEXHOJIOTIYHUX ITapaMeTPiB JUCKPETHO-OPiEHTOBAHOTO METOY 3MillHEHHS. 3B 130K pOOOTU 3 HAYKOBUMU
nporpamamu: «TeopeTHKOo-eKCIIEPMMEHTA/IbHI METOIM Ta KOMII I0TEPHI MoJieJli 3a6e3eYeHHs] )KUBYYOCTi
LUWIIHOPUYHUX TPUOOCHUCTEM KOB3aHHS IIPU HOpMasIbHOMY i mBUAKicHOMY TepTi (N2JP 0116U001549), 2016;
«ITporHo3yBaHHS 3HOCOCTIMKOCTI i HAAIMHOCTI HiJMUITHUKOBUX BY3JIiB Ta ONITUMI3awis ix napametpis» (N2IP
0120U102070), 2020. O6'eKTOM [OCJIiIPKEHHS € IPOLIECH 3HOIIYBAaHHSI JleTajlel MigIMITHUKOBUX TPUOOCUCTEM Ta iX
3MilHeHH4. [IpeMeToM IOCIiIKEHHS € PO3PaxyHKOBO-€KCIIEPMMEHTAJIbHI MOZEJIi 3HOCOCTIMKOCTI Ta HAZiNHOCTI
HiJMNAITHUKOBUX TPUOOCKCTEM Ta TEXHOJIOTIUHI TapaMeTpy IUCKPETHO-OPiEHTOBAHOTO METO/y 3MillHEHHS iX

IeTtasneil. MeTolo aucepTaliiiHOl poOOTH € CTBOPEHHSI pO3PaxyHKOBO-€KCIIePUMEHTAJIbHUX MOZesen



IIPOrHO3YBaHHSI 3HOCOCTIMKOCTI i HAAIMHOCTI MiJIIMITHUKOBUX TPUOOCUCTEM Ta OOIPYHTYBAHHSI TEXHOJIOTTYHUX
NapameTpiB AUCKPETHO-OPi€EHTOBAHOTO METOAY 3MiLJHEHHS iX leTasiell Ha OCHOBI €JIEKTPOMEXaHIYHOTO 3MilTHEHHS
Ta €JIEKTPOKOHTAKTHOI LieMeHTallii. HaykoBa HOBU3HA OJl€ep>)KaHUX PEe3YJIbTaTiB I0JISITa€ B HACTYNIHOMY: 1. Briepiue
€KCIIEPMMEHTAJIBHO AOBEAEHUN e(EKT JIOKAIbHOI €JIEKTPOKOHTAKTHOI LIeMEeHTAllil 3 04HOYaCHUM [1I0BEPXHEBUM
rapTyBaHHSIM BHACJIiZJOK KOMGIHOBAHOTO BIIJIMBY POJIMKOBOTO €JIEKTPO/IA Ha CTAJIEBUIA BaJl 4epe3 NPOLIapoK
BYIJIELIIO B IIPOLE€CI HAKAaTyBaHHS JUCKPETHO PO3TAIIOBAHUX NiITHOK 3MillHEHHS. 2. [lJ151 OLiHKY BIIJIUBY
IVICKPETHOTO 3MillHEHHS Ha (POPMYyBaHHS HAIIPY>)KEHOTO CTaHy II0BEPXHEBOTO L1apy [100y10BaHa HOBA
IBOXCTaJiiliHa iMiTalliliHa KOMIT I0OTE€PHA MOJI€JIb, SIKa BKJIIOYA€ eTall 3MiljHEeHHS (IPOiIoBaHHSI) 3 IOAAJIBIINM
($hopMyBaHHSIM KOHTAaKTHOI B3a€MOJII i3 CIIPSIKEHOIO TIOBEPXHEIO-TIPECOM, SIKa HAabJIMKeHa [0 peajlbHUX YMOB
po60TH TpUGOCHIPsLKEHDb. 3. OTPUMAB NOAAJIBIINY PO3BUTOK METOJ, PO3B 3Ky IIPSIMOi 3HOCOKOHTAKTHO] 3aiayi st
IiAIMMITHMKA KOB3aHHS HA OCHOBI HAOJIMXEHUX [IEePETBOPEHb TPUTOHOMETPUYHMX (QYHKIIIN, 0 [O3BOJIMIIO
OTPMMATH PO3B SI3KU 1J151 3HOCY B 3AMKHEHOMY BUIJISIAL. 4. YIOCKOHAJIEHA TeOpisl MEeTOAY TPUOOIOTiYHUX
BUIIpOOYBaHb 115 ineHTUdiKallii mapameTpiB 3HOCOCTIMKOCTI MiAMUIIHMKOBOI TPMOOCHCTEMY KOB3aHHS, SIKa
BiIpi3HSIE€THCS 3aCTOCYBAHHSIM HOBUX 6€3p03MipHUX GOPM MOJesIel 3HOIYBAaHHSI [1711 CXEMHU KOHTAaKTy «KOHYC-TPH
KyJIbKW». [IpakTUYHEe 3HaUY€HHS OJlep’KaHUX Pe3yJbTaTiB MOJISITa€ Y PEKOMEHIallii 10 3aCTOCYBaHHS Ha
MalMHOOYIiBHUX MiANPUEMCTBAX Ta IPOEKTHUX YCTAaHOBAX METOAUK ITPOrHO3YBaHHS 3HOCOCTIMKOCTI i HaZliiHOCTI
IiAIMITHUKOBUAX TPUOOCUCTEM, SIKi JO3BOJISITh aHAJIi3yBAaTH BIUIMB Pi3HUX (GAKTOPIB HA 3HOCOCTINKICTb, 3HAXOIUTH
cJ1abKi Miclg B KOHCTPYKLI i po3po0JIsiTU LIISXM ii BHOCKOHA/TIEHHS. Y BCTYIIi HaBeJeHa 3arajbHa XapaKTePUCTUKA
pO6OTH, OGI'PYHTOBAHO AKTYaJIbHICTb TEMU JOCTIIKEHb, PO3KPUTHUI 3B'$1I30K pOOOTU 3 HAYKOBMMU IIpOrpamamy,
IJIaHaMuy Ta TemaMu, cGopMyJIbOBaHa MeTa, 00'EKT Ta IIpeMeT NOCiI)KeHHs], BKadaHa HayKoBa HOBU3HA Ta
[IpaKTUYHE 3HAaYEHHS OLEP>KaHUX Pe3yJIbTaTiB. Y [1epLUIOMy pO3[iji IpoaHai30BaHO CyYaCHUI eTall PpO3BUTKY
TEXHOJIOTIYHMX 3aCO0iB MiJBUIIEHHS JOBrOBiYHOCTI MalIMH. Ha OCHOBI aHani3y JOCiIKeHb CIIOCO6iB 3MilIHEHHS
BCTAHOBJIEHO CYTTEBi IEPEBAry MOBEPXOHB, 110 MifanCs He CYLiIBHOMY 3MIIJTHEHHIO, a JUCKPETHOMY. Y APYrOMY
PO3[ii pO3ryISHyTa METOJL0JIOTiSI PO3PaxyHKOBO-EKCIIEPUMEHTAJIbHOI OL[iHKY 3HOCOCTINKOCTI i TPUOOTEXHIYHOI
HaJiMHOCTI BY3JIiB TEPTA MAlIVH. BU3Ha4€Hi OCHOBHI TEOPETHUYHI i €KCIIEPUMEHTAJIbHI METOOU TOCIIiIKEHHS
IOVICKPETHO MOAU(IKOBAHNX MOBEPXOHb JeTajlel MiJIIMITHUKOBUX TPUOOCUCTEM. Y TPETBOMY PO3JiJi
3aIMPOINOHOBAHUIN KOMGIHOBAaHUM IUCKPETHO-OPiEHTOBAHUM MeTOJ, 3MillHEHHS TpubocucTtem. [IpoBeneHuit
KiHeTUYHMI KOMIT IOTEPHUI eKCIIePUMEHT 151 iMiTallii HaTypHOro HaBaHTaKE€HHS IIPU MOJIEJIIOBAaHHS KOHTAKTHOI
B3a€MO/Iii poJIMKa i Bajia IpU IUCKPETHOMY 3MiljHeHHi. [I[poaHaizoBaHO CTPYKTYPH i JOCIIIKEHO [TOKa3HUKN
MIiKpOTBEpPIOCTi JUCKPETHO-3MIlJHEHUX mapiB. [Ij1s1 OLiHKY BIIJIMBY AMUCKPETHOIO 3MillHEHHS HAa GOPMYBaHHS
HaIpY>XE€HOT0 CTaHy [I0BEPXHEBOT0 11apy po3pobJieHuil i peasizoBaHa ABOXCTailHa iMiTalliliHa KOMII I0TepHa
MoOfeJlb. Y 4eTBEPTOMY PO3/ijii HaBeJjeHi pO3B SI3KU MPSIMUX i 00€PHEHNX 3HOCOKOHTAKTHUX 3a/1a4 1151 PO3PaXyHKY
3HOCY TP BilOMUX apaMeTpax 3HOCOCTIMKOCTi, BUBHAYEHI 3aJIe>XKHOCTI 1714 ineHTudikauii uux napaMeTpis. ¥

I ITOMY pO3[ijii Mo6yi0BaHa CKiHYeHO-eJIeMEHTHA MOJI€JIb NOCJIiPKyBAaHOTO MiJIIUITHUKOBOIO By3J1a
po3IoLiNbHOro Bajly. BusHaueHi filoui Hanpy>KeHHs y CIPSDKEHUX eJIEMEHTax KopIlycy i Bay. Po3po6ieHo Ta
peani3oBaHO METOJUKY CTEHAOBUX BUIIPOOYBaHb MiJIINITHUKIB ra30pO3N0AiIbHOTO MEXaHi3My JBUTYHA
BHYTPIIIHBOTO 3rOpPaHHs. Y JoJaTKax [104aHO HAayKOBi Mmy6Jtikauii, B IKUX BifoOpa)keHO OCHOBHI HAyKOBi pe3yJIbTaTh
po60TH, BiIOMOCTI Ipo anpobaliiio pe3yabTaTu JUcepTallii, IaTeHTH, aKTU PO BIPOBAIKEHHS pe3yJIbTaTiB pOOOTHU.
KiouoBi cyioBa: TpubocucTema, NiAIUIHUK, IUCKPETHE 3MiLIHEHHS, IIOKPUTTS, MiKPOTBEPAICTb, 3HOC,
eJIeKTpoMeXxaHiuHa 06po6Ka, MOJIeII0BaHHS, ByIJIelb, 3HOCOKOHTAKTHA 3ajla4ya, IOBEPXHEBUH L1ap, HANiAHICTb,

BUIIPOOYBaHHS, Bajl

2. As aresult of the dissertation work, the actual scientific and applied problem of creating models for predicting
the wear resistance and reliability of bearing tribosystems and optimizing the technological parameters of the
discrete-oriented strengthening method was solved. Connection of work with scientific programs, plans, topics:
"Theoretical-experimental methods and computer models of ensuring the survivability of cylindrical sliding
tribosystems under normal and high-speed friction (No. DR 0116U001549), 2016; "Prediction of wear resistance and
reliability of bearing assemblies and optimization of their parameters" (No. DR 0120U102070), 2020. The object of
research there are processes of wear of parts of bearing tribosystems and their strengthening. The subject of



research there are computational and experimental models of wear resistance and reliability of bearing
tribosystems and technological parameters of a discrete-oriented method of strengthening their parts. The
purpose of the dissertation is the creation of computational and experimental models for predicting the wear
resistance and reliability of bearing tribosystems and substantiating the technological parameters of the discrete-
oriented method of strengthening their parts based on electromechanical strengthening. The scientific novelty of
the obtained results is as follows: 1. For the first time, the effect of local electrical contact cementation with
simultaneous surface hardening due to the combined effect of a roller electrode on a steel shaft through a carbon
layer during the rolling of discretely located strengthening areas was experimentally proven. 2. To assess the effect
of discrete strengthening on the formation of the stress state of the surface layer, a new two-stage simulation
computer model was built, which includes the strengthening (profiling) stage with the subsequent formation of
contact interaction with the coupled surface-press, which is close to the real conditions of operation of
tribocouplers. 3. The method of solving the direct wear-contact problem for a sliding bearing on the basis of
approximate transformations of trigonometric functions was further developed, which made it possible to obtain
solutions for wear in a closed form. 4. An improved theory of the tribological test method for identifying wear
resistance parameters of the sliding bearing tribosystem, which is characterized by the use of new dimensionless
forms of wear models for the "cone-three ball" contact scheme. The practical significance of the obtained results
lies in the recommendation for the application at machine-building enterprises and design institutions of the
methods of predicting the wear resistance and reliability of bearing tribosystems. The results of the dissertation
research were implemented at the Khmelnytskyi communal enterprise "Electrotrans”, in the department of
automotive technical expertise of the Khmelnytskyi Scientific and Research Expert and Forensic Center, as well as
in the educational process of the Khmelnytskyi National University. The first section analyzes the current stage of
development of technological means of increasing the durability of machines. On the basis of the analysis of
studies of strengthening methods, significant advantages of surfaces subjected to not continuous strengthening,
but discrete strengthening, were established. In the second section, the methodology of calculation-experimental
assessment of wear resistance and tribotechnical reliability of friction units of machines is considered. In the third
section, a combined discrete-oriented method of strengthening cylindrical surfaces of tribosystems is proposed. A
kinetic computer experiment was carried out to simulate the natural load when modeling the contact interaction
of the roller and the shaft during discrete strengthening. Structures were analyzed and indicators of
microhardness of discrete-reinforced layers were studied in order to prove their effectiveness. In the fourth
section, the solutions of direct and inverse wear-contact problems for the calculation of wear with known
parameters of wear resistance are given, the dependencies for the identification of these parameters are
determined. A calculated assessment of the wear and reliability of the bearing supports of the camshaft was
carried. In the fifth chapter, a finite-element model of the investigated camshaft bearing assembly is constructed.
The method of bench tests of the bearings of the gas distribution mechanism of the internal combustion engine
was developed and implemented. Key words: tribosystem, bearing, hardening, coating, microhardness, wear,
modeling, carbon, contact problem, surface layer, reliability, test, shaft
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Kopg 3a €IPIIOY: 02079693

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

PeuenseHTu

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Kannyn I1aBio BitaniiioBuy

2. Pavlo V. Kaplun

KBasigikanis: n. 1. u., npodecop, 05.02.04

InenTudgikarop ORCID ID: 0000-0002-1675-5104

JopaTrkoBa indpopmamnist:

IToBHEe HafIMeHYBaHHH IOpH,lIPI‘-IHOi 0CO0OH: XMeIbHUIBKUIT HAI[IOHAJIbHUT yHiBEpCUTET

Kopg 3a €IPIIOY: 02071234

Micue3HaxoaKeHHS: ByJI. [HCTUTYTCBKA, Oy, 11, XMenbHNLIBKUI, XMEeJIbHULBKAN P-H., 29016, YKpaiHna
dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. MapTtuHIOK AHApiN BitaniiioBny

2. Andriy V. Martynyuk

KBasigikanis: k. t. u., gom., 05.02.04

InenTudgikarop ORCID ID: 0000-0001-8277-1308

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOM: XMeNbHUILKUF HAlliOHAIbHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 02071234

Micuesnaxomxeunﬂ: BYJI. [HCTUTYTCBKA, Oy, 11, XMenbHULIbKUI, XMEeJIbHULBKUN p-H., 29016, YKpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi



Biacue IpizBume Im's I[TIo-6aTBLKOBI XapsxkeBcbkuii B'suecnaB OnekcangpoBud
TOJIOBH pagu

Biacue IpizBume Im's I10-6aTbKOBI XapxeBcbKkuil B'aueciaB OnexkcanapoBry
rOJIOBYIOYOrO Ha 3acCimaHHi

BigmoBizasibHUH 32 MiATOTOBKY Xapxencbkuii B.O.

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




