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Pedepar:

1. Inceprauiiina po60Ta IPUCBSIYEHA BUPIIEHHIO aKTyaJbHOI HAYKOBO-TEXHIUHOI 33/1a4i 3a06€3M1e4YeHHs] MEXaHIYHUX
BJIACTUBOCTEN ITIOBEPXOHD AETAJNEN MAIINH i3 ra30TEPMIYHUMU [IOKPUTTSIMU IMITYJIbCHOIO €JIEKTPOKOHTAKTHOIO
00pOOKOI0, BCTAHOBJIEHHI ii BIIJIMBY HAa MeXaHiYHi BJIaCTUBOCTI [IOBEPXOHb JieTajell i3 MOKPUTTIM Ta iX
PO3PaxyHKOBO-€KCIIepUMEHTAIbHOMY BU3HAY€HHIO. 3MiCT pOOOTU CKJIAIA€ThCSl 3 YOTUPbOX PO3JIiMiB, Y SIKUX
BUKJIQJIEHO Ta OOI'PYHTOBAHO OCHOBHi pe3yJIbTaTU JUCEPTaLlii. Y BCTYIi OOIPYHTOBAHO aKTyaJIbHICTh TEMU
nuceprauii, cpopMyIbOBAaHO METY Ta 3a7jayi AOCiIpKEHHs, ONIMCAaHO METOIY JAOCIiIPKeHHs, HajaHa iHdopmaris

IIPO HayKOBY HOBU3HY Ta [IPAaKTUYHE 3HAYEHHS OJlepKaHUX Pe3yJbTaTiB. ¥ IepIiomMy po3ziji 3a pesysibTaTaMu



[IPOBEIEHOTO aHali3y JiTepaTypPHUX JIKEPE i3 NOCIiIKEeHHS TpobieM 3a6e3neuyeHHs] MEXaHiYHUX BJIaCTUBOCTEN
[IOBEPXOHb JieTajlell i3 ra30TepMiYHUMU IIOKPUTTSIMU BU3HAYEHI IIJISIXY iX BUpileHHs. OOGIPyHTOBAHO JOLIIBHICTh
BHMKOPHCTaHHS iMITyJIbCHOI €JIEKTPOKOHTAKTHOI 00pOOKY 7151 MiIBUILIEHHS MEXaHIUHUX BJIaCTUBOCTEH I10BEPXOHb
IeTasnei i3 ra30TepMiYHMMUY OKPUTTSIMU. Y IPYroMy PO37isi BUKJIAZEHO 3arajlbHy METO0JIOTiI0 TPOBENEHHS
HayKOBO-€KCIIEPMMEHTAILHUX IOCIII>KE€Hb, O TPOIIOHYE BUKOPUCTAHHS KOMILIEKCY METOMIB i METOLIUK:
MeTasiorpadivyHoro, KiibKiCHOro CTepeoJIoriyHOro, pEHTT€HOCTPYKTYPHOT'O Ta MiKPOPEHTI€HOCIIEKTPaIbHOTO
aHaJli3iB, CKaHyI040i €JIEKTPOHHOI MIKPOCKOIIii; OLIiHKM MiKPOTBEPOCTI, IiJIbHOCTi/TIOPUCTOCTi NOKPUTTIB,
BU3HAYEHHS MEXAHIYHUX BJIACTUBOCTEN IIOBEPXOHD [I€TaJIel 1 €KCIIEPUMEHTAJIbHUX 3Pa3KiB i3 [IOKPUTTSAMU
(Momysis IPY>KHOCTI, afresifiHol Ta KOre3iliHOi MilJHOCTI), MaTeMaTUYHOTO MOJIEJIIOBAaHHS 11 YMCEJIbHUX PO3PaXyHKIB.
Y TpeTbOoMy pO37ijii HABEEHO PE3YJIbTaTU KOMIIJIEKCHUX PO3PaxyHKOBO-€KCIIEPUMEHTAJILHUX LOCIIII’KEHD
MEXaHIYHUX BJIACTUBOCTEN (MiLIHOCTI 34€MJIEHHS, HAIIPY>KE€HO- 1€ (DOPMOBAHOTO CTaHY, 3aJINIKOBUX HAIPY>KEHb,
IIiJTIBHOCTI, TBEPIOCTi) TOBEPXOHb JeTajieil MallVH i3 ra30TePMiUHUMU MOKPUTTSIMHU MicJIs iX iMITyIbCHO]
€JIEKTPOKOHTAKTHOI 06po6ku. Ha 0CHOBI IpoBeieHoro orsay i aHatisy LociifikeHb B 06s1acTi Teopii i mpakTuku
OTPUMAaHHS IOPOUIKOBUX IIOKPUTTIB: - pO3p0bJieHa PO3paxyHKOBA MOJIEJb Ta 3alIPOIIOHOBAHO iHTEPNOJIALiHE
PIBHSIHHY, 1110 [AJI0 3MOT'Y BCTAHOBUTH 3aJI€KHICTh LIJIBHOCTI HAIIMJIEHUX IIOKPUTTIB Bifj TUCKY iIMITyJIbCHOI
€JIEKTPOKOHTAKTHOI 06po6ku. OniepskaHi pe3ysIbTaTy TEOPETUYHUX JOCIiIKeHb MiATBepIKeHi eKCIIePUMEHTalIbHO
LIJIIXOM KiJIbKiICHOT'O CTEPEOJIOTIYHOrO aHali3y i MOKa3asuy MiJBULIEHHS iIbHOCTI 10 94...98 %. BusHauyeHo, o
NiABUILEHHS IiJIBHOCTI (3HM>XEHHS [TOPUCTOCTI) HAllNJIEHUX MIOKPUTTIB 3a0€311€4y€eThCs IO3UTUBHOIO POJLIIO
MexaHiYHOro aKTopa NpoLecy eJeKTPOKOHTAKTHOI 0OPOOKH, KU1 CIIpUsIE «3aJiKyBaHHIO» I10P; - OTPMMAHO
PIBHSIHHS, 1110 BCTAHOBJIIOE 3B'SI30K IIJIOLIi KOHTAKTY 3 afre3iliHOI0 MillHiCTIO IOKPUTTIB Ta ii 3aJ1e5KHICTh BiJ TUCKY
¢$hopMyIouoro iHCTpyMEHTY Ha HalUJIeHUi NOPOIIKOBUH map. BuzHaveHo ii nmigBumexHs B 2...2,5 pasu. Bucoxki
3HAYEeHHS a/ire3ifiHoi MiLIHOCTI ra30TepMiYHUX OKPUTTIB MiCJIs1 iIMITYJIbCHOI €IeEKTPOKOHTAKTHOI 06POOKM NOB'sI3aHi
3 ii 0co6MBOCTSIMU (IMITyJIbLCHUM XapaKT€pOM) Ta KOHTAKTHUMHU SIBUIIAMU Ha MEXi pO3isly IOKPUTTSI-TIOBEPXHS
neTtasi. 36inbleHHs afnresifiHol MillHOCTI HallMJIEHUX TOKPUTTIB MiCJIsl iMITYJIbCHOI €J1eKTPOKOHTaKTHOI 06POOKY 10
200 MIla € pe3ysbTaTOM YTBOPEHHS 3HAYHOT0 NU]y3iliHOro NpoIapKy 10 25 MKM MK IOKPUTTSIM i TOBEPXHEIO
IeTaii Ta nigBuIleHHsIM KoedilieHTy nudysii B aBa pasu (3 DM-105 cm2 /¢ go D-1011 cm2 /c¢). [1pu pexxumax I = 10
KA, timn = 0,04 ¢, P = 30 MIla nudysiitna 30Ha ctaHoBUTH 10-12 MKM. 3i 3pOCTaHHSM BEJIMUUH THUCKY Ta CUJIN
cTpyMy nudysiiiHa 30Ha 3pocTae Ta Jocsrae 3Ha4eHHsI ~ 25 MKM. JIndyais aTOMiB OCHOBHOT'O MeTaJly MOKPUTTSI Ma€e
MicClie IPAaKTUYHO Ha BCIO TOBIMHY TOKPUTTS. YTBOPEHHS 3HAYHOT0 AU(Y3iTHOro MPOIIAapKy 32 KOPOTKUI Yac
(6113pKO CEKyH[I) HE MOXKHA ITOSICHUTH KJIACUYHOIO Teopieo nudysaii, a OSICHIOEThCS TEOPi€l0 aHOMATBHOTO
MacollepeHOoCy NpU iMITyJIbCHUX BIJIUBaxX Ha TBepge Tino. KoedinieHTn nudysii OKpemMux eseMeHTiB TOKPUTTSI IIPU
iMIyJIBCHIl €J1IEKTPOKOHTAKTHIl 00pO01Li NEPEBULIYIOTh HA HIICTh i Oibllle OPSAKIB 3HAaUeHHS KoeillieHTiB
nudysii npu HanueHHi. 1715 BUBYeHHs AUQy3ii OCHOBHUX €JIEeMEHTIB Ha MeXKi MOKPUTTS — OBEPXHS eTai 6yin
BUKOPMCTAaHi KOHILIEHTPALilHi KPUBI, 3HATI METOJOM PEHTTEHOCIIEKTPAIBHOTO aHasi3y. YeTBepTUI PO3TIin
IIPUCBSYEHUH IOCIII)KEHHIO 11 BCTAHOBJIEHHIO BILJIMBY PEXMMIB iMIIyJIbCHOI €/1EKTPOKOHTAKTHOI OOpPOOKM Ha
MEXaHi4Hi BJIJACTUBOCTi CUCTEMU «IIOBEPXHS €TaNb-TIOKPUTTS», BUOOPY il ONTUMAIBHUAX NapaMeTPiB AJIs
nigBuIEeHHs QYHKIIOHANBHUX BJIACTUBOCTEN feTasneil. Kito4oBi cioBa: MexXaHiyHi BlaCcTUBOCTI, MilIHICTb,
TBEPJiCTh, ra30T€PMiuHi IOKPUTTS, iIMITyJIbCHA €JIEKTPOKOHTAKTHA 00pO0OKa, MilJHICTb 34eNJIeHHS, LIiJIbHICTB,
IIOPUCTICTb, MOAYJIb IPY>KHOCTI, a[ire3iiiHa i KoresifHa MillHICTb, HAIIPYKE€HO-Ae()OPMOBAHUN CTaH, 3HOCOCTIHKICTb,

[IOPOILIKOBI Marepianm.

2. The dissertation is devoted to solving the current scientific and technical problem of ensuring the mechanical
properties of the surfaces of machine parts with gas-thermal coatings by electrocontact processing, establishing
its effect on the mechanical properties of the surfaces of coated parts and their calculation and experimental
determination. The content of the work is presented in four chapters, in which the main results of the dissertation
are presented and substantiated. The introduction substantiates the relevance of the dissertation topic, formulates
the purpose and tasks of the research, describes the research methods, provides information about scientific
novelty and the practical significance of the obtained results. In the first chapter, based on the results of the
analysis of literary sources on the study of the problems of ensuring the mechanical properties of the surfaces of



parts with gas-thermal coatings, the ways of their solution are determined. The expediency of using pulsed
electrical contact processing to improve the mechanical properties of the surfaces of parts with gas-thermal
coatings is substantiated. The second chapter outlines the general methodology for conducting scientific and
experimental research, which suggests the use of a complex of methods and techniques: metallographic,
quantitative stereological, X-ray structural and micro-X-ray spectral analysis, scanning electron microscopy;
evaluation of microhardness, density /porosity of coatings, determination of mechanical properties of the surfaces
of parts and experimental samples with coatings (modulus of elasticity, adhesive and cohesive strength),
mathematical modeling and numerical calculations. The third chapter presents the results of comprehensive
computational and experimental studies of the mechanical properties (bond strength, stress-strain state, residual
stresses, density, hardness) of the surfaces of machine parts with gas-thermal coatings after their impulse
electrical contact treatment. Based on the review and analysis of research in the field of theory and powder
coating practices: - a calculation model was developed and an interpolation method was proposed equation that
made it possible to establish the dependence of the density of sprayed coatings on the pressure of pulsed
electrocontact processing. The obtained results of theoretical studies were confirmed experimentally by
quantitative stereological analysis and showed an increase in density to 94...98%. It was determined that the
increase in density (reduction in porosity) of sprayed coatings is provided by the positive role of the mechanical
factor of the electrocontact processing process, which contributes to the "healing" of pores; - the equation
establishing the relationship of the contact area with adhesive strength of coatings and its dependence on the
pressure of the forming tool on the sprayed powder layer. Its increase in 2...2.5 times was determined. High values
of the adhesive strength of gas-thermal coatings after pulsed electric contact treatment are associated with its
features (pulse nature) and contact phenomena at the interface between the coating and the surface of the part.
An increase in the adhesion strength of sprayed coatings after pulsed electrocontact treatment to 200 MPa is the
result of the formation of a significant diffusion layer up to 25 um between the coating and the surface of the part
and a two-fold increase in the diffusion coefficient (from DM-105 cm2 /s to D-1011 cm2/s). At modes I = 10 kA, time
= 0.04 s, P = 30 MPa, the diffusion zone is 10-12 um. With increasing pressure and current strength, the diffusion
zone grows and reaches a value of ~ 25 um. Diffusion of the atoms of the base metal of the coating takes place over
almost the entire thickness of the coating. The formation of a significant diffusion layer and a short time (about
seconds) cannot be explained by the classical theory of diffusion, but is explained by the theory of anomalous mass
transfer during impulse effects on a solid body. Diffusion coefficients of individual coating elements with impulse
electrical contact treatment exceed the values of diffusion coefficients by 6 or more orders of magnitude during
sputtering. To study the diffusion of the main elements of the boundary of the coating - the surface of the part,
concentration curves taken by X-ray spectral analysis were used. The fourth chapter is dedicated to the study and
establishment of the influence of electrocontact treatment modes on the mechanical properties of the "detail-
coating" system, the selection of its optimal parameters for improving the functional properties of gas-thermal
coatings. Keywords: mechanical properties, strength, hardness, gas thermal coatings, pulsed electrical contact
treatment, adhesion strength, density, porosity, modulus of elasticity, adhesive and cohesive strength, stress-
strain state, wear resistance, powder materials.
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