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Pedepar:

1. Incepranifina po60Ta IpUCBsIYeHa BCTAHOBJIEHHIO 3aKOHOMipHOCTe! POpMyBaHHS CTPYKTYpH, (a3oBOro CKIIaLy
Ta KOMILJIEKCY BJIACTUBOCTEH 3aXUCHUX KOMIIO3ULIIMHNX [TIOKPUTTIB Ha OCHOBI BUCOKOeHTpomniiHoro cnnasy (BEC) 3
IOOaBaHHSM TyromnaaBkux crosnyk (TC), oTpuMaHuX METOIOM XOJIOIHOTO ra3oguHamiyHoro HanuneHHs (XI'H), nis
iX MOTEHIITHOTO BUKOPUCTAHHS B YMOBaxX OKUCHUX i KOPO3iHUX arpeCUBHUX CEPENOBNULL, MiJBULEHUX
TEeMIIepaTyp, Ta 3HOLIYBaHHS. Y poOOTi HaBeleHO JIiTepaTypHUI OIJIsLfL, OCTAHHIX JOCIIIPKEHD 32 TEMOIO
IycepTauiiinoi poboTu. [IpencraBiaeHo aHai3 OCHOBHUX 0COOIMBOCTEN Ta BiacTuBoctell BEC, a Takox
KOMIIO3ULIITHMX MaTepiasiB Ha iXHiN ocHOBI. [IINPOKO PO3IJIAHYTO Ta IIPOAHali30BAHO JIITEPATYPHI AaHi om0

pi3HUX TUIiB NOKpUTTiB 3 BEC Ta KOMIO3UTIB Ha X OCHOBI, a TAKOX [I€PEBAru Ta HeJO0IKU Pi3HUX METOMIB



OTPUMaHHS. Y Ipyromy po3fiji gucepraliiiHoi po6oTu HaBeneHo iHgopMalio mogo ckaany BEC, o6rpyHTyBaHHS
ninbopy BUXIIHUX METaleBUX KOMITOHEHTIB i1 otpuMaHHs BEC ta TC g1 apMmyBaHHS. [IpecTaBieHo MeTOAUKY
oTpumanHs XI'H noKpuTTIB Ta BCi BifI0BiIHI METOAUKY 10/I0 AOCHIIPKEHHS CTPYKTYpH, (Pa30BOro CKIaLy,
MEXaHIYHUX BJIACTUBOCTEN Ta TEPMOCTAOIIbHOCTI NOPOLIKOBUX MaTepiaiB i KOMIO3ULIHUX MOKPUTTIB, @ TAKOXK
CTilKOCTi IIOKPUTTIB 10 KOPO3ii, OKNCHEHHS Ta 3HOCY. Y TPEThOMY PO37iJii IUCcepTaLiiiHOi pOOOTH IIPEICTaBIEHO
Pe3yJIbTaTU NOCTiIKEeHHS CTPYKTYpU Ta $Ha3oBoro ckyany BuxinHux nopoukis BEC Ta nokasaHo, mo AINiCoFeCrTi
BEC mae xomnosuuifiHy cTpykTypy Ha ocHoBi OLIK TBeppmoro posunHy 3 BkinoueHHsmuU o-¢asu 1a TiC, a AINiCoFeCr
BEC cknapaerscsa 3 OLUK TBepmoro po3yrHy ta BkaodeHs 'K TBepmoro posunny. B yeTBepToMy po3gini
IycepTaLifiHoi po6OTH LOCIIIKEHO BIJINB TEXHOJIOTIYHUX rapameTpiB XI'H (THCK Ta TemepaTrypa IIOTOKY
CTHICHEHOTO I10BITPSI) Ha XapaKTePUCTUKHU (TOBIMHA, BiJHOCHA IIiIbHICTb, CTPYKTYPa, (Pa30BUI CKJIA], Ta MEXaHI4YHi
BJIACTMBOCTI) NOKPUTTIB 3 nopouki BEC Ta ix cymimeit 3 TC - 1u60oprgomM TUTaHy Ta KEPaMiYHUM KOMIIO3UTOM Ha
OCHOBI Kap6ify 60py, apMOBAHOT0 BOJIOKHAMU JuO0PUy TUTaHY. BCTaHOBI/IEHO, 10 3a Pi3HMX ITapaMeTpiB TUCKY
(Big 0,7 MITa o 0,9 MIla) ta Temneparypu (Big 200 °C no 550 °C) 1OoTOKYy CTUCHEHOTO MOBITPps pa3oBuil ckiaz Ta
CTPYKTypa BUXiJHMX IIOPOLIKiB 36€piraeThcs, B TOM Yac SIK MiJBUIIEHHS TUCKY Ta/abo TeMIepaTypu CTUCHEHOIO
IOBITPS B AEKiJIbKa PasiB MiJiBULLye TOBIIUHY IIOKPUTTIB, & TAKOXK IPUBOAUTD [0 MOAPIOGHEHHS iX CTPYKTYpPH.
Honasanus TC no cknany AINiCoFeCr BEC cyTTeBo 36i/1bl1ye KiIHETUUHY €HEePTilo YaCTUHOK Ta B AeCSITKU pasiB
IiBUIY€ TOBIMHY KOMIIO3ULIIIHUX IIOKPUTTIB, @ OTPUMaHi KOMIIO3ULiliHi TIOKPUTTSI MAIOTh BiIMiHHY KOMOiHallil0
MIKPOTBEPZIOCTI Ta B'I3KOCTi pyHHYBAHHS, Y ITOPiBHAHHI 3 KOMIIO3MLIMHUMU ITIOKPUTTSIMUA Ha OCHOBI YMCTUX METAJIiB
i ix crinasiB Ta inmux BEC, oTpuMaHuX BUCOKOTEMIIEPATYPHUMU METOLAMU HAIMUJIEHHS. Y I'ITOMY pO31ii
IycepTalifiHoi poOOTH AOCIIIPKEHO TepMIUHY CTabiIbHICTb CTPYKTYPH, A30BOro CKIIAAY Ta MEXaHIUHUX
BJIACTMBOCTEM OTPUMaHUX KOMII03ULiliHMX NOKpUTTiB Ha 0cHOBI AINiCoFeCr BEC 3 nogasaHHsam TC Ta
BCTAHOBJIEHO, 10 CTabiIbHICTh PA30BOro CKJIaAy Ta CTPYKTYPHOTO CTaHy MOKPUTTIB, oTpuManux XI'H, 36epiraetbcs
no temnepatypu 1000 °C Ta nepeBulye TEpMiuHy CTabiIbHICTh KOMIIO3UTIB 3 MAaTPULIEIO 3 TPAIULIIMHUX CILJIaBiB,
1110 0OYyMOBJIEHO GaraToeseMeHTHUM ckiafgom BEC marpulli Ta BIIJIMBOM BUCOKOI €HTPOIIi 3MilllyBaHHS, sIKa
30isbl1ye CTabibHICTh TBEPAMX PO3UYMHIB 3a BUCOKMX TEMIIEPATYP Y NOPIBHSHHI 3 iHTEpMETaNiYHUMU Ta iHIIMMU
yrnopsakoBanumu ¢pazamu. Kpim 1poro, Briepiie BCTAaHOBIEHO MOSKJIMBICTD MMiIBUIIEHHS TBEPLOCTI, B'I3KOCTI
PYMHYBaHHS Ta 3HOCOCTIMKOCTI KOMITO3ULiliHMX OKpUTTiB Ha 0cHOBI AINiCoFeCr BEC 3 nogaBaHHsm TC,
otpumanux XI'H, 3a paxyHok Bignasny 3a Temrneparypu 1000 °C (B 30Hi TemniepaTyp ¢azoBoro nepeTBOpeHHs
I'IKoOLK). B moctoMy po3zini gucepTauiiHoi pob0TH AOCTIIP)KEHO CTIMKICTh OTPUMaHUX KOMITO3ULIIMHUX
nokpuTTiB Ha ocHOBi AINiCoFeCr BEC 3 gonaBanusam TC B yMOBax €J1IeKTPOKOPO3ii Ta BUCOKOTEMIIEPATYPHOTO
OKMCHEHHS1. BcTaHOBJI€HO, 1110 OKPUTTS!, apMOBaHi AM60pUIOM TUTAHY, MAIOTh BUIIY 32 HEP>KaBilouy cTasb 316L
€JIEKTPOKOPO3iliHy CTiliKicTb B 3,5 % po3unHi NaCl 3aBasiku popMyBaHHIO Ha [TOBEPXHi CYLiIbHOI Ta LIiyIbHOI
[IaCUBYBAJIbHOI [IJIIBKM OKCUY XPOMY, HATOMICTb, TOKPUTTS, apMOBaHi KOMIIO3UTHOIO K€PAMIKOI0, HE BOJIOHIIOTh
AHTUKOPO3iHUMU BJIACTUBOCTSIMU Y€PE3 BiICYTHICTh CYLiJIbHOI [IACMBYBAJIbHOI IJIIBKM HA ITIOBEPXHi Ta yTBOPEHHS
CKJIaJHAX OKCUJIiB Pi3HOTO ckiaay. Binnan komnosnuiiHux nokputtiB Ha ocHOBi AINiCoFeCr BEC 3 nogaBanusm TC
3a remnepatypu 800 °C ta 1000 °C nigpuiye ix CTiKiCTb 4,0 OKMCHEHHS 3aBISIKU SIK 301/IbHIEHHIO PO3Mipy
3epeH/cyb3epeH i, Bif[I0BiIHO, BMEHIIEHHIO KiJIbKOCTi TPaHuLb 3epeH /Ccy03epeH (IJIsXiB IPUCKOpeHoi nudyasii) Ta
HIDKYOI MIBUAKOCTI Au@y3ii KUCHIO, TaK i POpMyBaHHIO CYLIJIbHOTO Ta LIiJILHOTO APy OKCUAY aJIIOMiHIIO, IKUI
3anobirae Audysii aTOMiB KMCHIO Ta 3aXUIA€ MOKPUTTS Ta MiIKJIAAKY Bil BHYTPIlIHBOTO OKUCHEHHS NpoTsirom 100
roguH 3a Temneparypu 900 °C. CrilikicTb 10 OKMCHeHHS NOKpUTTiB BEC-nu6opun tutany Ta BEC—(kap6in 60py-
Iu6opun TuTany)mics Bignany 3a temneparypu 800 °C ta 1000 °C B 1,8 i 1,3 pasy, BifoBinHO, 1epeBulye
CTIMKICTb 1O OKUCHEHHS HepsKaBitoyoi crai 316L.

2. The PhD thesis is devoted to the establishing of principles of the formation of the structure, phase composition
and a complex of properties of protective composite coatings based on a high-entropy alloy (HEA) with the
addition of refractory compounds (RC) obtained by cold gas-dynamic spraying (CGS) for their potential use in
oxidizing and corrosive aggressive environments, high temperatures, and wear. The paper provides a literature
review of recent research on the topic of the thesis. An analysis of the main features and properties of HEA, as well
as composite materials based on them, is presented. Literature data on different types of coatings from HEAs and



composites based on them, as well as the advantages and disadvantages of various methods of obtaining them, are
widely reviewed and analysed. The second chapter of the thesis provides information on the composition of the
HEA, the explanation of the selection of the initial metal components for the HEA synthesis and the RC for
reinforcement. The technique of cold spraying of coatings and all relevant methods for studying the structure,
phase composition, mechanical properties and thermal stability of powder materials and composite coatings, as
well as the resistance of coatings to corrosion, oxidation, and wear are presented. The third chapter of the thesis
presents the results of studying the structure and phase composition of the initial HEA powders and shows that
AINiCoFeCrTi HEA has a composite structure based on BCC solid solution with inclusions of n-phase and TiC, and
AINiCoFeCr HEA consists of BCC solid solution and inclusions of FCC solid solution. In the fourth chapter of the
thesis the influence of technological parameters of CS (pressure and temperature of the compressed air flow) on
the characteristics (thickness, relative density, structure, phase composition, and mechanical properties) of
coatings obtained of HEA powders and their mixtures with RC was investigated. It was found that, at different
parameters of pressure (from 0.7 MPa to 0.9 MPa) and temperature (from 200 °C to 550 °C) of the compressed air
flow, the phase composition and structure of the initial powders are preserved, while an increase in compressed
air pressure and/or temperature increases the thickness of the coatings several times, and also leads to the
grinding of their structure. The addition of refractory compounds to the AINiCoFeCr HEA significantly increases
the kinetic energy of particles and increases the thickness of composite coatings. At the same time, obtained
composite coatings have an excellent combination of microhardness and fracture toughness compared to
composite coatings based on pure metals and their alloys and other HEAs obtained by high-temperature spraying
methods. In the fifth chapter of the thesis, the thermal stability of the structure, phase composition, and
mechanical properties of the obtained composite coatings based on AINiCoFeCr HEA with the addition of RC was
investigated. It has been established that the stability of the phase composition and nanostructural state of the
coatings obtained by CGS is maintained up to a temperature of 1000 °C and exceeds the thermal stability of
composites with a matrix of traditional alloys due to the multi-element composition of the HEA matrix and the
influence of high mixing entropy that increases the stability of solid solutions at high temperatures compared to
intermetallic and other ordered phases. In addition, the possibility of increasing the hardness, fracture toughness,
and wear resistance of composite CGS coatings based on AINiCoFeCr HEA with the addition of RC by annealing at
a temperature of 1000 °C (in the zone of FCCoBCC phase transformation temperatures) was established for the first
time. In the sixth chapter of the thesis, the stability of the obtained composite coatings based on AINiCoFeCr HEA
with the addition of RC under conditions of electrocorrosion and high-temperature oxidation was investigated. It
has been established that the coatings reinforced with titanium diboride have higher corrosion resistance than
316L stainless steel in a 3.5 % NaCl solution due to the formation of a continuous and dense passivating chromium
oxide film on the surface, while the coatings reinforced with composite ceramics do not have anticorrosive
properties due to the absence of a continuous passivating film on the surface and the formation of complex oxides
of different composition. The annealing of composite coatings at 800 °C and 1000 °C increases their resistance to
oxidation due to both an increase in the size of grains /subgrains and, accordingly, a decrease in the number of
grain /subgrain boundaries (pathways of accelerated diffusion) and a lower oxygen diffusion rate, and the
formation of a continuous and dense layer of aluminium oxide, which prevents the diffusion of oxygen atoms and
protects the coating and substrate from internal oxidation for 100 hours at a temperature of 900 °C.
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OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCePTanii: [IianyeTses 10 BIPOBaIKEHHS

3B's130K 3 HAYKOBHMH TeMaMH: 0118U000222, 0120U104753, 0121U110912, 0123U102598

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHUKIB (KOHCYJIbTAaHTA)

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. FOpkoBa OznekcaHgpa [BaniBHa

2. Oleksandra I. Yurkova
KBasigikamis: 1. 1. u., npodecop, 01.04.07
InenTudikarop ORCID ID: 0000-0002-0577-7631

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=6507619560;
https:/ /scholar.google.com /citations?hl=uk&user=vrwZadwAAAAJ

IloBHEe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHmil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUM iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH

BaacHe IlpizBume Im'st I10-6aTbKOBI:



1. Bontnaposud Cepriit I'puroposuy

2. Serhii H. Voinarovych

KBasidikamis: . 1. u., crapmumit HayKoBuii CiiBpoGiTHYK, 05.03.06

Imentudikarop ORCID ID: 0000-0002-4329-9255

JoparkoBa iHdpopmawist: https://www.scopus.com /authid /detail.uri?authorld=57200257480

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT eslekTpo3BapioBaHHs iM. €. O. [Tatona HaujoHanbHOI

aKkazeMii Hayku YKpaiHu

Kopg 3a €IPIIOY: 05416923

Micue3HaxoaKeHHS: ByJ1. Kazumupa Manesuua, 6yz. 11, Kuis, 03150, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu

Inentudikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Croposxkenko Mapuna CepriiBHa

2. Maryna S. Storozhenko

KBasigikanis: x. 1. 1., nou,, 05.02.01
Imentudikarop ORCID ID: 0000-0001-8129-0780

HoparkoBa iHpopmamist: https://www.scopus.com /authid /detail.uri?authorld=55170966800;
https:/ /www.webofscience.com /wos /author /record /T-1078-2018;
https://scholar.google.com.ua/citations?user=NeU98yIAAAAJ&hl=uk

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT TPO6IIEM MaTepianosHaBCTBa im. 1. M. dpaniesuya

HaujonanpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05416930

Micue3HaxoaKeHHS: ByJl. OmensHa Ilpinaka, 6ya. 3, Kuis, 03142, Ykpaina
dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InmenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I1o-6aTbKOBI:

1. Kapnieup Mupocnas BacunboBuy

2. Myroslav V. Karpets

KBasigikanis: 1. ¢.-m. ., npodecop, 01.04.07
InenTudikarop ORCID ID: 0000-0001-9528-1850

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=6603056281;
https:/ /scholar.google.com.ua/citations?user=O8bZWsQAAAAJ



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. CmupHOB Irop Bonogumuposuy

2.1gor V. Smirnov

KBasigikanis: x. 1. 1., npodecop, 05.03.06
Inentudikarop ORCID ID: 0000-0002-1818-7403

HoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=57201535183;
https://scholar.google.ru/citations?hl=uk&user=Cul TSPUAAAAJ

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HauioHnanbHuii TexHiuHMIA yHiBepcuTeT YKpainu "KuiBchkuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrekt bepecreiicekuit, 6yz. 37, Kuis, 03056, Ykpaina
dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IpizBume Im's I10-6aTbKOBI 3aynuynuii Sipocias Bacunbosuy
rOJIOBH pagu

ByiacHe IlpizBume Im's I1o-6aThKOBI 3aynmduuii fIpocas Bacuibosud
rOJIOBYIOYOTO Ha 3acigaHHi

BiﬂHOBi,I[aJIbHIrIf;I 3a niarOTOBKy Hakoneuynui Ceprllﬁ OneroBuy

00JIIKOBHX JOKYMEHTIB

PeecrpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZasIbHUM 32 PEECTpalLilo HayKOBoO1 IOpuenko TeTsHa AHaTosiiBHA

OisIJIBHOCTI




