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Pedepar:

1. JlJockyroBa T.B. PopmMyBaHHs 6araTOKOMIIOHEHTHUX [TOKPUTTIB 3a y4yacTio Ti, Cr, Al 3 6ap’epHMMU IIapaMu Ha
cTaJsisix, TATAHOBUX Ta TBEPAMX CIUIaBax. — KBasigikaliiHa HayKoBa IIpallsd Ha ITpaBax PyKOIUCY (OucepTalis Ha
37100yTTS1 HAYKOBOTO CTYIIE€HS JOKTOPA TEXHIYHMX HayK 3a crenianpHicTio 05.16.01 0 MeTano3HaBCTBO Ta TEPMiYHa
ob6pobka metasis (05 — TexHiuHi Hayku). 0 HanioHanpHui TeXHIYHUH yHiBepcuTeT YKpainu "KuiBcbkuit
NoJliTexHiYHM iHCTUTYT iMeHi Irops Cikopcekoro”, Kuis, 2021). [luceprallis NprCBsiYeHa BUPILIEHHIO BAKJIMBOI
HAyKOBO-TEXHIUHOI MPO6IeMHU, a CaMe PO3BUTKOBI HAYKOBUX OCHOB CTBOPEHHS 6araTOKOMIIOHEHTHUX IIOKPUTTIB i3

Oap’epHUMU IapaMy, 10 CKIIALy SIKUX BXOISATh KapOiny XpoMmy, Kapoin TUTaHy, HiTpup TUTaHy, iHTepMeTasigu



aJyIoMiHiIo, XpoMy Ta TUTaHy. OTpUMaHi IOKPUTTS MOEHYIOTh HEOOXiNIHI eKCITyaTalliliHi BIACTUBOCTI OGHUX
CKJIaJIOBUX (BHOCOCTIHKICTh, )Kapo- Ta KOPO3ilHYy CTIMKOCTI) 3 6ap’epHUMHU QYHKIiIMY iHIIKK. [IpoBeneHO
TEOPEeTUYHi pO3paxyHKHU PiBHOBaKHOTO CKJa/ly 6araTOKOMIIOHEHTHUX CUCTEM 32 Y4aCTIO TUTAHY, aJIlOMiHil0, XpOMY,
3aJli3a, Bosibdpamy, a30Ty, KUCHIO, XJIOPY, SIKi 103BOJIMJIM BU3HAUYUTH BILJIUB [IapaMeTpiB Npolecy (ckiany
peakiifHOro cepefoBULa, TEMIIEPATypU, TUCKY) Ha (a30BUi Ta XIMIYHUI CKJIaAM [TIOKPUTTIB Ta BCTAHOBUTHU
ONTUMAJIbHI TapaMeTpu Ipolecy. BcTaHOBIEHO TeMIlepaTypHY 00J1acTb CTabiIbHOTO iCHYBaHHS KapOilliB XpOMY, SIKi
MOXYTb OYTU 3aIIPOIIOHOBAHI B SIKOCTi 6ap’epiB. BcTaHOBIIEHO, 110 Ha JOCII’)KEHUX CIIaBax 6ap’epHi Mapy MOXYThb
OyTH OTPUMaHi: XpOMYBAHHSIM 3 YTBOPEHHSIM 1IapiB Kap6iniB xpomy (cTasb Y8A); pisnyHMM OCAIPKEHHSIM i3 ra30Boi
¢dasu TiN (crani Y8A, 9XC); a30TyBaHHAM i3 OJANbIIMM TUTAHOAJITYBaHHAM (cTasb Y8A, TBepauii cras BKS);
dopmyBaHHsAM O6ap’epHoro mapy TiN nif yac XxpomMoasiTyBaHHSI Ha TUTAHOBOMY cIiai BT6. JlocipkeHo BILIMB
6ap’epHuUx ApiB HAa OCHOBI Kapo6i/liB XpOMy, HITpULy TUTAHY Ha CTPYKTYPY, pa3oBuil Ta XiMiuHUI cKIanu
TUTAHOAJITOBaHMX, XPOMATUTAHOAIITOBAHMX, XPOMOAJIiTOBAHUX IIOKPUTTIB, OTPMMAHUX Ha IIOBEPXHAX
IOCJIiI)KYBaHUX CILJIaBiB. 3allpOIIOHOBAHO MeXaHi3mu ix popmyBanHs. JJocmimxkeHo ¢izuKo-XiMidHi BIaCTUBOCTI
OTPMMAaHUX [TIOKPUTTIB: MIKPOTBEPHICTb, 3HOCOCTIMKICTh, >KapO- Ta KOPO3ilHY CTIIKOCTi. BCTAHOBJIEHO BUCOKY
MIKPOTBEpJiCTb OTPMMAHUX IIOKPUTTIB, 3yMOBJIEHY HAsIBHICTIO B iX CKJIaZli IapiB Kap6iliB XpoMy, TUTaHY, HITpUAY
tutany (13,0035,6 I'Tla), inTepmeranizis, okcuzis (1,9-12,6 ['Tla). [TokazaHo, 10 HAHECEHHSI AOCIIIPKyBaHUX TIOKPUTTIB
NIPU3BOIUTE OO MigBUIEeHHS B 1,806,9 pa3dy 3HOCOCTIMKOCTI BUXIIHUX CILJIaBiB 32 YMOB CyXOr'0 TEPTA. Pi3ajibHi
BJIACTMBOCTi 6araTOraHHMX HENIEPETOUYBAHUX TBEPAOCIIABHUX IJIACTYH 3i ciiyiaBy BK8 3 nokpurTtsamu
3611bIIYIOTHCS Y 8,3 pa3dy. BcTaHOBIIEHO, 1[0 OTPMMAaHI MOKPUTTS MiABULILYIOTh KaPOCTIiNKiCTb cTami Y8A B
atmocdepi nositps npu 800 °C Ta ii KOpO3ilHY CTINKICTh Y IPOMUCIIOBO BaXKJIMBUX arpeCUBHUX CE€PEIOBUIIAX
(TexHivyHil BoJi, po34MHaX HITPAaTHOI Ta OPraHiYHMX KUCJIOT). BU3HAaUeHO MeXaHi3MU 3aXMCHOI [1ii IOKPUTTIB.
[TokasaHo, 1110 HaHECEHHS XPOMOJIITOBAHOTO IIOKPUTTS IIPU3BOAUTH A0 MiJBUILIEHHSA KOPO3iMHOI CTIMKOCTI CIlIaBy
BT6 y po3unHax opraHiuHuxX KUCJIOT Ta [IepeKrCcy BOIHIO. B pamkax AucepTauiiiHoi pob0TU 3aIIPOIIOHOBAHO HOBI
CII0COOM OTPUMAaHHS IIOKPUTTIB i3 6ap’€pHOI0 CKJIaIOBOIO 32 Y4acTIO KapOifliB XpoMy, HiTpuny Tutany. [Tokpurrs,
HaHECEHi Ha TOBEPXHIO TUTAHOBOTO criiaBy BT6, TBepporo criiaBy BKS8, 6ym Bunpo6yBaHi Ha HA311i BITYMBHAHUX
nignpuemcTs. Kito4oBi ciioBa: Byrienesa cTayib Y8A, sierosana cranb 9XC, tTutaHosuii ciiias BT6, TBepauil cuias
BKS8, nudysiiiHe Hacu4yeHHs1, 6ap’epHi Wapy, TOKPUTTS, XPOMYBaHHS, aJIlOMOXPOMYBaHHSI, XpOMOAJIiTyBaHHS,
XPOMOTHUTAHOAJITyBaHHS, (Pa30BUIl CKJIAJ, XiMIYHUI CKJIaJ, CTPYKTYPa, MiKDOTBEPLiCTb, >)KapOCTilKiCTh, KOPO3iliHa

CTIiMKiCTb, 3HOCOCTIMKICTb B yMOBaX TE€PTH Ta KOB3aHHS.

2. Loskutova T.V. Formation of multicomponent coatings with the participation of Ti, Cr, Al with barrier layers on
steels, titanium and solid alloys - Qualifying scientific work on the rights of the manuscript. The dissertation on
obtaining of a scientific degree of the doctor of technical sciences on a specialty 05.16.01 - Metallurgy and thermal
treatment of metals (05 - Technical sciences). o0National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute", Kyiv, 2020. The dissertation is devoted to the solution of an important scientific and
technical problem: development of scientific bases of creation of multicomponent coatings with barrier layers
which structure includes chromium carbides, titanium carbide, titanium nitride, intermetallics of aluminium,
chromium and titanium. The resulting coatings combine the required performance properties of some
components (wear resistance, heat and corrosion resistance) with the barrier functions of others. Theoretical
calculations of the equilibrium composition of multicomponent systems with the participation of titanium,
aluminium, chromium, iron, tungsten, nitrogen, oxygen, chlorine, which allowed to determine the influence of
process parameters (reaction medium composition, temperature, pressure) on the phase and chemical
compositions of coatings and set optimal parameters of the process. The temperature range of stable existence of
chromium carbides, which can be offered as barriers, has been established. It is established that on the studied
alloys barrier layers can be obtained: by chromium plating, with the formation of chromium carbides layers (USA
steel); physical deposition from the gas phase of TiN (U8A steel, 9HS); nitriding followed by titanium alloying (USA
steel, VK8 hard alloy); formation of the TiN barrier layer during chromium aluminizing on BT6 titanium alloy. The
influence of barrier layers based on chromium carbides, titanium nitride on the structure, phase and chemical
compositions of titanium-alloy, chromium-titanium alloy, chromium alloy coatings obtained on the surface of the



studied alloys was investigated. The mechanisms of their formation are offered. The physical-chemical properties
of the obtained coatings were studied: micro-hardness, wear resistance, heat and corrosion resistance. The high
micro-hardness of the obtained coatings was established due to the presence in their composition of chromium
carbides layers, titanium, titanium nitride (13.0-35.6 GPa), intermetallics, oxides (1.9 - 12.6 GPa). It is shown that the
application of the investigated coatings leads to an increase of 1.8-6.9 times the wear resistance of the initial alloys
under dry friction. The cutting properties of MNSP from VK8 alloy with coatings increase by 8.3 times. It is
established that the obtained coatings increase the heat resistance of U8A steel in an air atmosphere at 800 ° C
and its corrosion resistance in industrially important aggressive environments (technical water, nitric and organic
acid solutions). The mechanisms of protective action of coatings are determined. It is shown that the application of
chromium aluminized coating leads to increased corrosion resistance of BT6 alloy in solutions of organic acids and
hydrogen peroxide. In the dissertation, new methods of obtaining coatings with a barrier component involving
chromium carbides, titanium nitride are proposed. Coatings applied to the surface of VT6 titanium alloy, VK8 hard
alloy were tested at Ukrainian enterprises. Keywords: U8A carbon steel, 9HS alloy steel, VT6 titanium alloy, VK8
solid alloy, diffusion metallization, barrier layers, coatings, aluminizing, chroming, aluminium chroming,
chromium-aluminizing, chromium titanium-aluminizing, phase composition, chemical composition, structure,

micro-hardness, heat resistance, corrosion resistance, wear resistance in the conditions of friction and sliding.
Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:

CrpareriyHui NpiopUTETHUI HAIIPSIM iHHOBaLiHHOI AiSJIBHOCTI:

ITiZCyMKH JOCIiI>KEHHS:

Iyosikarrii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
Conia;ibHO-€KOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaykeHHS pe3yJIbTaTiB AHCepTalii:

3B'SI30K 3 HAYKOBHMH T€EMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAHTA)

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. XwxkH#K Bikrop 'aBpunoBry

2. Khyznyak Viktor G

KBasigikanis: 1. 1. n., 05.16.01
InenTudikarop ORCID ID: He 3acrocosyetses
JopaTrkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3HaxoaKeHHS:



dopma By1acHoCTI:
Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. XuxHsak Bikrop I'aBpunosuy

2. Khyznyak Viktor G

KBasgigikanis: x. . 1., 05.16.01
Inentudikarop ORCID ID: He zacrocoyerbcs
JonaTkoBa iHdopmalist:

TloBHe HaliMeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma BiTacHOCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BimomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. [lanapin BaneHTUH €BreHoBrY

2. Panarin Valentyn Ye.

KBasigikamnis: 1. 1. n., 05.16.01
InenTudikarop ORCID ID: He 3acrocosyerscs
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHSI:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. MIunuuun Cepriit SIkoBUY

2. Shipitsyn Sergii Y



KBasigikamis: 1.1, 05.16.01

InenTudikarop ORCID ID: He 3acrocosyerses
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma By1acHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bopucosa Anna JlykiHiuHa

2. Borisova Alla L

KBasigikanis: 1. 1. 1., 05.16.01
InenTudgikarop ORCID ID: He sacrocosyerbcs
JoparkoBa iHdpopmamuist:

IloBHe HaHMEHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KEeHHSI:

dopma ByTacHOCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

Penensentu

VIII. 3aKkJII04Hi BiZoOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

Jlo6opna IMetpo IBaHOBUY

Jlo6opma I[Metpo IBaHOBUY



KepiBuuk Bigginy YKpIHTEI wo e
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko T.A.

JisiIbHOCTI




