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1. TexHoJOriyHe 3a6€3ME€YEHHSI 3aXUCTY JeTajleil MallyH, 110 [IPaLO0Th B yMOBAaX rilpoabpa3suBHOIO 3HOLIYBAHHS,

BI/ICOKOC(I)CKTI/IBHI/IMI/I B3a€EMOOINOBHIOIOYMMU KOMOIiHOBaHUMU METogaMu

2. Technological provision of protection of parts of machines operating in conditions of hydroabrasive wear by
highly effective complementary combined methods

Pedepar:

1. Inceprarlisi NpUCBsY€HA BUPIIEHHIO aKTyaJbHOI HAYKOBO-TE€XHIUHOI IP0O6JIeMU B 06J1aCTi raay3eBoro
MamrHOOYAyBaHHS: PO3POOKa iIHHOBALIMHUX, KOPOTKOTPUBAJINX, EHEPrOOIaTHUX Ta €KOJIOTIYHO Ge3IeYHNX
TEXHOJIOTi! TOBEPXHEBOTO 3MIIIHEHHS Ta BiJHOBJIEHHS Jl€TaJlell MalllMH, IPALI0I0YMX B YMOBaX iIHTEHCUBHOTO
rigpoabpasuBHOro 3HOUYyBaHHS. PilleHHs Liei mpobsieMu AONOMOXKE NiJBAIIUTY HAZifHICTD i OBrOBiYHICTh MAalllH
IIJISXOM 3POCTaHHS CTPOKY CJIYXOU iX BiNIOBiAaIbHUX NleTajlel, Ta 3HU3UTHA €HEPTOBUTPATH, IO € Oy’Ke BasKJIMBUM
17151 cydacHoi Ykpainu. O6'eKT JOCiIKeHHs — TeXHOJIOoriyHui npouec GopmMyBaHHS (QYHKIIOHANBHUX TOKPUTTIB Ha
IIOBEPXHI ieTajlell MalllMH Ta iX eJIeMEHTIB, IPalloloYMX B yMOBaX riipoabpa3snBHOro 3HOIYBaHHs. [IpenmeT
IOCJIiIKEHHS — 3aKOHOMIPHOCTi TEXHOJIOTIYHOrO IIpoLecy (POPpMyBaHHS IOBEPXHEBOTO WAPY i3 3ajaHNMU
eKCIUIyaTaliiHUMU BJIACTUBOCTSIMY, 110 326€311e4yI0Th HEOOXiIHY SIKICTh (IOBrOBiUHICTh, €KOJIOTIYHY GE3IIEKYy,

3HOCOCTINKICTb, IpalLle3[JaTHICTh) JeTajell MalllMH Ta iX eJIEMEHTiB, IPalloloYMX B yMOBaX rifipoabpasuBHOTO



3HOIIYBAaHHA. MeTa Ta 3aBJaHHs JOCiIKeHb MeToo POGOTH € MiiBUIIEHHS 3HOCOCTIIIKOCTI IOBEPXHEBUX IIAPiB
IeTajsieil MallvH i iX eJleMeHTIB, MPaLl0I0YKX B YMOBax iHTEHCUBHOTO Tipoabpa3nBHOrO 3HOUIYBAHHS, LIJISIXOM
€KOJIOTiYHO 6e3[1eYHOro HaHEeCeHHSI Ha iX MOBEpPXHi KOMIIO3ULIIITHUX 3HOCOCTINKUX TOKPUTTIB, CHOPMOBAHUX
METOJIOM €JIEKTPOICKPOBOTO JIETYBaHHS, 3 HACTYIIHOIO 0OPOOKOI0 METAIONONiMEPHUMY MaTepiajlaMu, apMOBaHUMU
[IOpOoIIKaMu 3 Kap6iny Bosbppamy, HiITpUAY LUPKOHIIO, a60 iX cymimimo. HaykoBa HOBM3HA OfjepKaHUX Pe3yJIbTaTiB:
1. Bnepiie BcTaHOBJIEHO PYHKIIOHATIBHUI B3a€MO3B 130K MixK 3aKOHOMIPHOCTSIMU TE€XHOJIOT{YHOTO IIPOLieCy
(OpMOYTBOPEHHSI [1IOBEPXHI JeTai 3 3aJaHMMHU eKCIUIyaTallilHUMU BJIACTUBOCTSIMU i iHTerpajlbHUMU IIOKa3HUKaMU
€KOHOMI4HOi e(peKTUBHOCTI Ta €KOJIOTIYHOI 6€3MeKH, 10 03BOJIMIO KiJIbKICHO OLIiHUTH BILJIUB KOKHOI CKJIal0BOi
TEXHOJIOTIYHOrO IIPOLIeCy PEMOHTY Ha €KOJIOriyHY 6e31eKy BUpOOHUIITBA B IiisioMy. 2. Briepiue
€KCIIEPUMEHTAJIbHUMU JOCJIiIPKEHHSIMU BCTAHOBJIEHO KOPEJISILiMHUI 3B'130K MK BaroBUM i JIiHINHUM 3HOCOM
CTaJIeBUX TA YaBYHHMX 3Pa3KiB 3 €JIEKTPOiCKPOBUMU IIOKPUTTSIMU Ta BEJIMYMHOIO €HEPrii, BUTpayeHoi Ha
PYIHYBaHHSI IOBEPXHEBOTO LIAPY, KU B IEPLIOMY HAOJIM>KEHHI Haraslye eKCIOHEHIiaIbHO 3POCTA0qy 3a/1€KHICTb.
OTpuMaHO piBHSIHHS BaroBOrO Ta JIIHIMHOTO 3HOCY 3aXMCHUX €JIEKTPOiCKPOBUX IIOKPUTTIB CTAJIEBUX Ta YaBYHHUX
3pas3KiB i 3aIIPOIIOHOBAHU aJITOPUTM [1J11 BU3HAYEHHS iX KOHCTaHT (MaKCHMaJIbHOTO BaroBOro 3HOCY AmH,
MaKCHUMasIbHOTrO JIiHiiHOTrO 3HOCY AhH i eHeprii akTuBallii npouecy 3Hocy EA). 3. Biepiie HayKOBO OOI'PDYHTOBaHO Ta
y3roJpKeHO IapaMeTpy po3po0JIeHOI CUCTEMU CIIPSIMOBAHOTO BU6OPY OiJbIll HAZiHOI i €K0JI0TriYHO 6e3MeyHo]
TEXHOJIOTii BUTOTOBJIEHHS i DPEMOHTY BifJ[TOBifJaJIbHUX [€TaJel MAllVH, SIKi IPALOI0Th Y BAXKKUX YMOBax
rizpoabpasnBHOro 3HOCy. 4. Briepiie Ha NificTaBi BCTAaHOBJIEHUX KOPEJISILIMHUX 3aJI€5KHOCTEN MK €eHeprieto
BUTPAYE€HOIO Ha PylHYBaHHA noBepxHesoro mapy ET ta BaroBum AmE3.+I'3 ta niniftnum AhE3+I'3 3HOCOM
KOMITO3ULiIHUX eJieKTpoickpoBux nokputTis (KEIT) 3paskiB, $isuuHO O6IPYHTOBAHO PYHKIIOHAJIbHI 3B'S1I3KM MiXK
OCHOBHMMU NapaMeTPaMH IIpoLecy 3HOCY (PiBHSIHHS 3HOCY), 10 JO3BOJIsIE€ IO €HEPTii, 3aTpavyeHill Ha pyHHYBaHHS
[TIOBEPXHEBOTO LIapy, BUBHAYATHU JIiHiIMHMI Ta BaroBuil 3Hoc KEIT OKpUTTS, a Tako>X BUPillyBaTy 3BOPOTHY 3aavy -
3HAXOAUTU BEJIMUMHY €Heprii pyfHyBaHHS IIOBEPXHEBOI'O APy, HEOOXiAHOI 1715 3ifICHEHHS 3HOCY I1eBHO]
KiJIbKOCTi pe4OBMHHU 2060 OTpMMaHHS HeoOXigHOro JiHiliHOro 3HOCY. 5. Briepuie niis pisHux Marepiais 3pa3kiB
(cranb 45, cranp P6MS5 i BUCOKOMIIIHUI KyJ1sicTUil 4aByH BU50) 06rpyHTOBaHO PO3pO6JIeHY METOMKY BUBHAYEHHS
KOHCTAHT PiBHSIHHS 3HOCY: Hal161/IbIIOrO BaroBOro Ta JIiHIMHOTO 3HOCY, BifnoBigHo AmME3+I'3 max) Ta AhE3+I'3
max), a TaKOXX eHeprilo akTuBallii mpotiecy 3HoIyBaHHs EA, SKi MOXKyTb OyTH KpUTEpissMU BUOOPY Hail6ibII
palioHaIbHOI Ta €KOJIONYHO 6€3I1eYHO] TEXHOJIOTiI BATOTOBJIEHHS i PEMOHTY BiJI[IOBiAa/IbHUX [I€TaJIell MallluH, SIKi
IIPALIOIOTh Y BXKKUX YMOBAX TipoabpasuBHOrO 3HOCY. 6. Briepiue ekcriepuMeHTaTIbHUMU JOCTiIPKEHHSIMU
IIOBEIEHA EKOHOMIYHA, TEXHOJIOTIUHA, eKCIITyaTallifiHa i €KOJIoTiYHa JIOLiJIbHICTh HAHECEHHS Ha METaJeBi IOBEPXHI
komro3uninHux EIIl komnakTHuMuU estektpogamu 3 BukopuctaHHsaMm CTHC B nopiBHsHHI 3 El, BUrOTOBIEHUMU
msaxoM crikanHs [IM. 7. Briepiiie ekcriepuMeHTaIbHUMMU i TOPiBHSJIbHUMU OCIIKEHHSIMU TOBEieHa IepeBara
apMYBaHHSI METAJIONOJIMEPHUX MaTepiajiiB MOPOIIKOM HITPUAY LUPKOHIIO Npy GOpMyBaHHI KOMGIHOBAaHUX
3HOCOCTIMKMX [IOKPUTTiB, HaHeceHUX B nociinosHocTi EIT Al o ELJT (90%BK6+ 10%1M) o MITM (80% ZrN) Ha yaByHHi
IIOBEPXHi i 3 nonepenHboto 1IEIJ] Ha noBepxHi 3i cTasi 415 3aXUCTY Bif, Tiipoabpa3uBHOro 3Hocy. [IpakTuyne
3HAYEHHS OJIEeP’KaHUX PE3yJIbTATiB MOJISITA€ B PO3POOLI Psily TEXHOJIOTIYHNX PEKOMEHAAllil HAHECEHHSI 3aXUCHUX
IIOKPUTTIB Ha AeTaJi, Ipauiooyi B yMOBax rijpoabpasrnBHOrO i epo3iiiHOro 3HOCY, BXXUBAHHS SIKUX JIOIIOMOKE
MiJBUIINTY X 3HOCOCTIMKICTh i MOBroBiuyHicTh. OTpUMaHHI B pOOOTI TEXHOJIOTiYHi pillleHHs], 3aXullleHi 2 TaTeHTaMu i
BripoBamkeHi Ha [TAT «HBAT BHAIKOMITPECOPMAIL», AT «CMHBO ITH>KVMHIPWHI» ta TOB «TPI3 JITIO», M. Cymu

3 3araJlbHUM O4iKyBaHMM €KOHOMIYHUM edekTom 405000 (YoTUpUCTA IT'ATh TUCSY) TPUBEH.

2. The dissertation is devoted to the solution of an actual scientific and technical problem in the field of
mechanical engineering: the development of innovative, short-term, energy-saving and environmentally safe
technologies for surface strengthening and restoration of machine parts operating under conditions of intensive
hydroabrasive wear. The solution to this problem will help increase the reliability and durability of machines by
increasing the service life of their important parts, and reduce energy costs, which is very important for modern
Ukraine. The object of the study is the technological process of forming functional coatings on the surface of
machine parts and their elements working under conditions of hydroabrasive wear. The subject of the study is the
regularities of the technological process of forming a surface layer with specified operational properties that



ensure the necessary quality (durability, environmental safety, wear resistance, workability) of machine parts and
their elements working under hydroabrasive wear conditions. The purpose of research The purpose of the work is
to increase the wear resistance of the surface layers of machine parts and their elements working under
conditions of intensive hydroabrasive wear by applying environmentally safe composite wear-resistant coatings on
their surfaces, formed by the method of electrospark alloying, followed by processing with metal-polymer
materials reinforced with tungsten carbide, zirconium nitride powders , or their mixture. Scientific novelty of the
obtained results: 1. For the first time, a functional relationship was established between the laws of the
technological process of shaping the surface of the part with given operational properties and integral indicators
of economic efficiency and environmental safety, which made it possible to quantitatively assess the impact of
each component of the repair technological process on the environmental safety of production as a whole. 2. For
the first time, experimental studies established a correlation between weight and linear wear of steel and cast iron
samples with electrospark coatings and the amount of energy spent on the destruction of the surface layer, which
in the first approximation resembles an exponentially growing dependence. Equations of weight and linear wear of
protective electrospark coatings of steel and cast iron samples were obtained and an algorithm was proposed for
determining their constants. 3. For the first time, the parameters of the developed system for the targeted
selection of a more reliable and environmentally safe manufacturing and repair technology for critical parts of
machines that work in severe hydroabrasive wear conditions have been scientifically substantiated and agreed
upon for the first time. 4. For the first time, on the basis of the established correlation dependences between the
energy spent on the destruction of the surface layer of ET and weight and linear wear of composite electrospark
coatings (ECS) of samples, the functional relationships between the main parameters of the wear process were
physically substantiated (wear equation ), which allows you to determine the linear and weight wear of the KEP
coating based on the energy spent on the destruction of the surface layer, as well as to solve the inverse problem -
to find the amount of energy of the destruction of the surface layer, which is necessary to carry out the wear of a
certain amount of substance or obtain the necessary linear wear. 5. For the first time, for different sample
materials, the developed methodology for determining the constants of the wear equation: the largest weight and
linear wear, as well as the activation energy of the EA wear process, which can be the criteria for choosing the
most rational and environmentally safe manufacturing and repair technology of important parts of machines that
work in difficult conditions of hydroabrasive wear. 6. For the first time, experimental studies proved the economic,
technological, operational and environmental feasibility of applying composite EIPs to metal surfaces with
compact electrodes using STNS in comparison with EIPs made by PM sintering. 7. For the first time, experimental
and comparative studies proved the advantage of reinforcing metal-polymer materials with zirconium nitride
powder in the formation of combined wear-resistant coatings applied in the sequence EIL Al o EIL (90%BK6+
10%1M) o0 MPM (80% ZrN) on a cast iron surface and with a previous CEIL on a steel surface to protect against
water-abrasive wear. The practical significance of the obtained results lies in the development of a number of
technological recommendations for the application of protective coatings on parts operating in conditions of
hydroabrasive and erosive wear, the use of which will help to increase their wear resistance and durability.
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2. Pavlo M. Prysiazhniuk

KBasigikamis: n. 1. 1., nouenr, 05.02.01
InenTudikarop ORCID ID: 0000-0002-8325-3745
HoparkoBa indpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [BaHO-PpaHKIBCHKMIA HALOHAJIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy

Kopg 3a € IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapnaTceka, 6ya. 15, IBano-®pankiBeek, 76019, Ykpaina
dopma BracHOCTI: JlepxaBHa

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Xapuyenko Hapgis AnarosiiBHa

2. Nadiia A. Kharchenko



KBasigikanis: k.r.u., nonenr, 05.16.01

InenTudikarop ORCID ID: 0000-0002-4726-8894

JoparkoBa iHdpopmamnist:

IloBHe Ha¥iMEeHYBaHHS IOPHUIHYHOI 0COOM: CymMCbKMIi A€PKaBHMUIA YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

Micue3HaxoaKeHHS: By/. XapkischbKa, 6y1. 116, Cymu, Cymcbkuii p-H., 40007, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tepacumenko Biapycnas OnekcanapoBuy

2. Vladyslav O. Gerasimenko

KBasigikanis: k.¢.-m.u., mouent, 01.01.01

InenTudikarop ORCID ID: 0000-0001-5875-8517

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMChKMIl HALLIOHAIbHUIT aTPAPHUIl YHIBEPCUTET
Kopg, 3a €IPIIOY: 04718013

MicneSHaxo,IpKeHHﬂ: ByJ. 'epacuma Konppateesa, 6yz. 160, Cymu, Cymcekuil p-H., 40021, Ykpaina
dopma BiracHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBumie Im's I1o-6aTbKOBI:
1. Bacunenxko Osnbra OsnekcangpiBHa

2. Olha Vasylenko

KBasigikamis: . t. u., gou., 05.05.13

ImentTudikarop ORCID ID: 0000-0003-1643-0702

JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: CyMChKuii Hal[iOHAILHUI arpapHUii YHIBEPCUTET
Kopg 3a €IPIIOY: 04718013

Micuesnaxo,rm(eﬂnﬂ: ByJ. ['epacuma Konppateesa, 6yz. 160, Cymu, Cymcopkuii p-H., 40021, Ykpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs



VIII. 3akr04Hi BimoMocTi

ByiacHe IlpizBumie Im's ITo-6aThKOBI [ynsax Muxaiisnio JieoHinosud
TOJIOBH pagu

BaacHe Ilpi3Bume Im'st ITo-6aTbKOBI [ynsx Muxaiisnio JieoHifosud
rOJIOBYIOYOTO Ha 3acCifiaHHi

BignoBigasibHUI 3a MiATOTOBKY Maiidar Mukosa MukosanoBuy

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




