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3MinHeHHs. [IpeIMeToM HOCIiIKEHHS € PO3PaXyHKOBO-€KCIIEPUMEHTAJIbHI MOl 3HOCOCTIMKOCTI Ta HaAiNHOCTI
HiAIMITHUKOBUX TPUOOCKUCTEM Ta TEXHOJIOTIUHI TapaMeTpy AUCKPETHO-OPiEHTOBAHOTO METOAY 3MIlJHEHHS iX
IeTtasneil. MeTolo aucepTaliiiHoi poO0TH € CTBOPEHHSI PO3PaxyHKOBO-€KCIIEPUMEHTAJIbHUX MOZesen
IIPOTHO3YBAHHS 3HOCOCTINKOCTI i HaAiHOCTI MiAMUITHMKOBUX TPUOOCHUCTEM Ta OOIPYHTYBAHHS TEXHOJIOTIYHUX
[apaMeTpiB JUCKPETHO-OPiEHTOBAHOIO METOY 3MILIHEHHS iX JI€TajIell HA OCHOBI €JIEKTPOMEXAHIYHOTO 3MilJTHEHHS
Ta €JIEKTPOKOHTAKTHOI LieMeHTallii. HaykoBa HOBU3HA OJlep>KaHUX Pe3YJIbTaTiB MOJISITa€ B HACTYNTHOMY: 1. Briepiue
€KCIIEPMMEHTAJIBHO JOBEAEHUN e(EKT JIOKaIbHOI €JIEKTPOKOHTAKTHO]I LIeMEeHTallil 3 04HOYaCHUM [10BEPXHEBUM
rapTyBaHHSIM BHACJIiJOK KOMOIHOBAHOTO BILJIMBY POJIMKOBOIO €JIEKTPOZA Ha CTAJIEBUH BaJl 4epe3 IIPOLIapoK
BYIJIELIO B IIPOLE€Ci HAKATyBaHHS JUCKPETHO PO3TAIIOBAHUX NiITHOK 3MillHEHHS. 2. [lJ151 OLiHKY BIIJIUBY
IVICKPETHOTO 3MillHEHHS Ha (POPMYyBaHHS HAIIPY>)XKEHOTO CTaHy II0BEPXHEBOTO L1apy [100y10BaHa HOBA
IBOXCTaJiiliHa iMiTaliliHa KOMIT I0T€pPHA MOJIeJIb, SIKa BKJIIOYA€ eTarl 3MiljHeHHs (IPOo(itoBaHHSI) 3 IOAAJIbIINM
(opMyBaHHSIM KOHTAKTHOI B3a€MOJ|i i3 CIIPS’KEHOI0 MOBEPXHEIO-TIPECOM, sIKa HAOJIMDKEHA [J0 PeajbHUX YMOB
po60TH TpUbOCHPsLKEeHb. 3. OTPUMAB NOAAJBIINY PO3BUTOK METOJ, PO3B 3Ky IIPSIMOi 3HOCOKOHTAKTHO] 3amayi fj1st
IiAIMIIHMKA KOB3aHHS HAa OCHOBI HAaOJIMXEHUX [IE€PETBOPEHb TPUTOHOMETPUYHMX QYHKIIiH, 0 [J03BOJINIIO
OTPMMATH PO3B SI3KU 1J1s 3HOCY B 3AMKHEHOMY BUIJISIAL. 4. YIOCKOHAJIEHA TEOPist MEeTOAY TPUOOJIOTiYHUX
BUIIpOOYBaHb 114 ineHTudikalii mapameTpiB 3HOCOCTIMKOCTI MiAMUITHUKOBOI TPMOOCHCTEMH KOB3aHHS, SIKa
BiIpi3HSIE€THCS 3aCTOCYBAHHSIM HOBUX 6€3p03MipHUX GOPM MojesIell 3HOIYBaHHSI /1711 CXEMU KOHTAaKTy «KOHYC-TpH
KyJIbKW». [IpakTUYHe 3HaUY€HHS OJlep’KaHUX Pe3yJbTaTiB NOJISITa€ Y PEKOMEHIallii 10 3aCTOCYBaHHS Ha
MaIMMHOOYiBHUX MiATIPUEMCTBAX Ta MPOEKTHUX YCTAHOBAX METOAMK IIPOTHO3YBaHHS 3HOCOCTIMKOCTI i HaZiiHOCTI
HiAIMITHUKOBUAX TPUOOCHUCTEM, SIKi JO3BOJISITh aHAJIi3yBaTH BIUIUB Pi3HUX (PAaKTOPIB HA 3HOCOCTINKICTb, 3HAXOIUTH
cJ1a0Ki Miclg B KOHCTPYKLI i po3po06JIsiTU LIISIXM ii BAOCKOHA/TIEHHS. Y BCTYIli HaBeJeHa 3arajbHa XapaKTepPUCTHKA
pO6OTH, OGI'PYHTOBAHO AKTYaJIbHICTb TEMU JOCTIIKEHb, PO3KPUTHUI 3B'S1I30K pOOOTU 3 HAYKOBMMU IIpOrpamMamy,
IJIaHaMu Ta TemaMy, chopMyJIbOBaHa MeTa, 00'EKT Ta IpeMeT NOCiIKeHHs, BKadaHa HayKOBa HOBU3HA Ta
[IPaKTUYHE 3HAYEHHS OJE€PKaHUX PE3yJbTaTiB. Y IepUIOMY PO31iji IPOaHai30BaHO Cy4aCHUN €Tall PO3BUTKY
TEXHOJIOTIYHUX 3aC00iB MiBUILIEHHS NOBrOBiYHOCTI MallMH. Ha OCHOBI aHaIi3y HOCiIPKEHb CIIOCO0iB 3MiLIHEHHS
BCTAHOBJIEHO CYTTEBI I€PEBAry MOBEPXOHb, IO MiAJANMCs HE CYLJIBHOMY 3MiLIHEHHIO, & AUCKPETHOMY. Y IPYrOMy
PO31isi pO3rISHyTa METOJI0JIO ISl pO3PaxyHKOBO-€KCIIEPUMEHTAaIbHOI OL[iHKY 3HOCOCTINKOCTI i TPUOOTEXHIYHOI
HAJiMHOCTI BY3JIiB TEPTA MAllVH. BU3Ha4€Hi OCHOBHI TEOPETHUYHI i €KCIIEPUMEHTAJIbHI METOIU TOCIIiIKEHHS
IVICKPETHO MOAU(IKOBAHNX NOBEPXOHb JeTajiel MiJIIMITHUKOBUX TPUOOCUCTEM. Y TPETbOMY PO3iJi
3aMPONOHOBAHNIN KOMGIHOBAaHUN IMCKPETHO-OPiEHTOBAHUM METOJ, 3MillHEHHS TpubocucTtem. [IpoBeneHuit
KiHEeTUYHUI KOMIT IOTEPHUI €KCIIEPUMEHT JJ1s1 iMiTallii HATYpHOrO HaBaHTaXXEHHS [IPY MOJIEJII0BAaHHSI KOHTAKTHOI
B3a€MO/Iii poJiMKa i Bajia IpU IUCKPETHOMY 3MiljHeHHi. [I[poaHaizoBaHO CTPYKTYPH i JOCIIIKEHO [TOKa3HUKN
MIKPOTBEPJOCTi IUCKPETHO-3MilJHEHUX LIAPiB. [lJ1 OLiHKM BIUIMBY JUCKPETHOTO 3MilJHEHHS Ha (POPMYyBaHHS
HaIpYXEHOro CTaHy [I0BEPXHEBOT0 1apy po3pobiieHuil i peasizoBaHa ABOXCTailiHa iMiTalliliHa KOMII I0TepHa
MoJeJsib. Y 4eTBEPTOMY PO3[ijli HaBe[leHi PO3B s13KU NPSIMUX i 00EpHEHMX 3HOCOKOHTAKTHUX 33734 [J151 PO3PaxyHKY
3HOCY IIPY BilOMMX IapamMeTpax 3HOCOCTINKOCTI, BU3HAYEH] 3aJIEXKHOCTI 14 ifeHTudikauii nux napamerpis. ¥V

I ITOMY pO31ijii Mo6yi0oBaHa CKiHY€HO-eJIEMEHTHA MOJI€JIb JOCJIIIPKyBAaHOTO HMiFIIUITHUKOBOIO By3J1a
posIozinbpHOro Bajny. BusHaueHi filoui Hanpy>keHHs y CIPSDKEHUX eJIeMEeHTax Kopllycy i Basy. Po3po6ieHo Ta
peasi3oBaHO METOAMKY CTEHJIOBMX BUIIPOOYBaHb MiJIIMITHUKIB ra30pO3M0iIbHOTO MEXaHi3My IBUTYHA
BHYTPIIIHBOTO 3rOpPaHHs. Y AoJaTKax [10aHO HAyKOBi MMy6JtiKauii, B IKUX BifoOpa)keHO OCHOBHI HAYKOBi pe3yJIbTaTh
pob0TH, BiTOMOCTI PO anpobaliiio pe3ybTaTu JucepTallii, IaTeHTH, aKTU [P0 BIPOBAIKEHHSI pe3yJIbTaTiB pOOOTH.
KiouoBi cyioBa: TpubocrucTema, NiAIUIHUK, IUCKPETHE 3MilIHEHHS, IIOKPUTTS], MiKPOTBEPAICTb, 3HOC,
eJleKTpoMexaHiuHa 06po6Ka, MOJIe/IIOBaHHS, ByIJlelb, 3HOCOKOHTAKTHA 3a7ia4ya, TOBEPXHEBUH LIap, HANiHICTb,

BUIIPOOYBaHHS, Bajl

2. As a result 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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JoparkoBa indopmamnist:

ITIoBHe HaﬁMeHYBaHHﬂ IOpI/IJ.II/I‘-IHOi OCOOM: BiHHMIbKUIT HAI[IOHATbHUIA TeXHIYHUI yHiBEpCHUTET
Kog 3a €IPIIOY: 02079693

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu

Inentugikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHIBEpCUTETCHKUI

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. KarunyH I1aBso BitaniioBuy

2. Pavlo V. Kaplun

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

Imentudikarop ORCHID ID: 0000-0002-1675-5104

JoparkoBa iHdpopmamist:

ITIoBHe HaﬁMeHyBaHHﬂ IOpI/I,I;I/I‘{HOi O0COOM: XMeIbHUIBKHI1 HAIliOHATBbHUI yHiBEpCUTET

Kopg 3a €IPIIOY: 02071234

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

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

BiacHe IIpizBuie Im'sa ITo-6aTbKOBI:
1. MaprtuHiok AHIpii BitaniiioBuy

2. Andriy V. Martynyuk

KBasmigikanis: . . 1., nou., 05.02.04

InenTudikarop ORCHID ID: 0000-0001-8277-1308

HoparkoBa indopmamist:

ITIoBHe HaﬁMeHYBaHHﬂ IOpI/I,lII/I‘-IHOi OCOOM: XMeIbHUIBKMIT HALliOHATbHUI YHiBEpCUTET

Kopg 3a €IPIIOY: 02071234



Micue3HaxoaKeHHS: BYJI. IHCTUTYTCBKA, Oy, 11, XMenbHULIBKUI, XMEeIbHULBKUAN P-H., 29016, YKpaiHa

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

VIII. 3aKkJIl04Hi BiZOMOCTi

ByacHe IlpizBumie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZasIbHUM 32 peecTpallilo HayKOBOi

OisIIBHOCTI

XapxxeBcbkull B'auecsaB OsiekcaHnpoBuY

XapxkeBcbkuil B'ayecnaB OsekcanapoBuy

XapxkeBcbkuii B.O.

VKpIHTEI

[Opuenko TersiHa AHaToJiiBHA



