O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMeP: 0421U100704
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 31-03-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I'pinuenko Onena JImMutpiBHa

2. Grinchenko Olena Dmytrivna

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi creniaIbHOCTI: 05.02.01

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: Marepiano3HaBCTBO

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axHcTy: 25-03-2021

CrneniaJbHICTh 32 OCBITOIO: METalI03HABCTBO, YCTATKYBaHHS i TEXHOJIOTiSI TEPMiYHOI O6POGKU METAIIB

Micue po60oTH 34,00yBava: ToBapucTBO 3 0GMEKEHOIO BiNOBiAIbHICTIO "HayKOBO-BUPOGHMYE 06'€IHAHHS

"BepTikamnp"

Kopg 3a €IPIIOY: 30750980

Micne3Haxoa>KeHHS: npocnekT Inaycrpianbumii, 6y, 10-K, m. Xapkis, XapkiBcbkuii p-H., XapKiBcbKa 0611.,

61007, Ykpaina
dopma ByracHoCTI:
Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi creniajai30BaHOl BYEHOI pazu). [l 08.085.02
IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHUIl BULIMII HABYA/IbHMIL 3aKnaz "TIpuaHINpOBChKa
Iep>KaBHA aKazieMist Oy[iBHUITBA Ta apXiTeKTypu"

Kopg 3a €IPIIOY: 02070772

Micqesﬂaxon)KeHHﬂ: ByJI. YepHHUIIEBCHKOTO, 6yA. 24-a, M. [JHinpo, JHIIpOBCHKUI1 p-H., JHIIPONIETPOBCHKA
06171., 49600, Yxpaina

dopma ByracHOCTI:
Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOM: XapKiBChbKMil HAlliOHANLHUI aBTOMOGITLHO- IOPOSKHii
yHiBepCUTET

Kopg 3a €IPIIOY: 02071168

Micue3Haxoa>KeHHS: By SIpociasa Myaporo, 6yx. 25, M. XapkiB, XapKiBCbKUii p-H., XapKiBcbka 0671, 61025,
Ykpaina

dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
Mosga guceprTariii:
Koau TemaTHYHHX PyOPHK: 81.09

Tema guceprarii:
1. MaTepiano3HaB4i OCHOBH MiJBUIIEHHS JOBFOBIYHOCTI JIONIATOK IAPOBUX TypOiH

2. Materials bases of increase of durability of blades of steam turbines

Pedepar:

1. O6'eKT moCiIpKeHHs - IIpoLeC 3MilJHEHHS BXiJHOI KDOMKM JIONATOK [1apoBUX TYPOiH 3i cTasi 15X11IM@-111
KOMOIHOBaHMM CIIOCOOOM: 3arapTyBaHHSIM CTPYMaMU BUCOKOI 4YaCTOTHU Ta €JIEKTPOiCKPOBUM JIETYBAHHSIM
OJIHOMMeHHO10 cTasuno 15X1IM®-III. MeToro nucepraliiiHoi po60TH € MiJBUILEHHS JOBIOBIYHOCTI JIOMATOK MAPOBUX
TypOiH 3i ctani 15X1IM®-1II 3a paxyHOK BIIPOBA/I>KEHHS KOMIJIEKCHOTO 3MillHEHHS BXiJHMX KPOMOK JIOIIATOK [1JIs1
3aXUCTY Bifl €p03ifiHO-KOPO3iliHOTO pyIHYBaHHS Ha OCHOBI yIIpaBJliHHS NapaMeTpaMy CTPYKTYPHU i QyHKIiOHaTIBbHUAX
BJIACTMBOCTEMN. [IpegMeT JOCHiIpKEeHHS - 3aKOHOMIPHOCTI (POPMYyBaHHS CTPYKTYPH i BJIACTUBOCTEN [TIOBEPXHEBUX
3MIIJHEHUX MapiB JIONATOK IapOBUX TypOiH. MeTOnM NOCTiIKEHHS: 1711 JOCSATHEHHS [TOCTaBJIeHOI METH i

BUpilI€HHS 3a3HAY€HUX 337124 0yJI0 BUKOPUCTAHO CUCTEMY 3araJlbHOHAYKOBHX METOLIB i mpuiiomiB. OLiHIOBaHHS



BJIACTUBOCTEN MaTEpPiasliB BUKOHYBAJIM 3 BAKOPUCTAHHSIM CTAHIAPTHUX METOMIB MEXaHIYHUX JOCIIiI)KEHb
(mikpoTtBepmomep IIMT-3, Nano Indenter G200), metanorpadiyHoro (ontu4Hi Mmikpockornu MMO-1600, MIM-8),
PEHTreHOCTPYKTYpHOro (nudpakromerp PHILIPS PW3710), MikpopeHTreHOCIIeKTPaIbHOTrO aHali3y (€1eKTPOHHUM
ckanytounit Mikpockon PHILIPS XL 30 ESEM), MeTOIiB €J1IeKTPOHHOI MiKpPOCKOIIiI (€J1eKTPOHHUI MiKpockon JSM
7001F), BU3Hau€eHHsAM KOPO3iiiHOi cTilikocTi (Voltalab 40), Bu3HauY€HHS €pO3iliHOI CTIMKOCTi METOZOM
ybTpasBykoBoro pucneprysanss (Hielscher YHIT-1000). JlabopaTopHi BUIpo60ByBaHHSI BUKOHAHO 3
BUKOPUCTAaHHSIM METOLMK, 110 BiAIIOBIZAIOTh NEPKaBHMUM CTaHAApTaM YKpainu Ta crangapram ISO. [Ipomuciosi
BUIIPOOYBAHHS pOOOYMX JIONATOK 3i 3MILIHEHMMU BXiTHUMU KPOMKaMU 32 3a[TPOIIOHOBAHUM CIIOCOO0M
npoBopuucs criibHO 3 AT «Typ6oatom» Ha AEC «Ilakm» B Pecriy6:tini YropuuHa. HaykoBa HOBM3HA OZle p>KaHUX
PEe3yJIbTATIB: BIIEpIIE BCTAHOBJIEHO, 110 NTO€IHAHHS METO/iB [IOBEPXHEBOI0 3MILJHEHHS - 3arapTyBaHHS CTPyMaMU
BUCOKOI YaCTOTHU Ta €JIEKTPOiCKPOBe JieryBaHHs cTao 15X1IM®-1II, o3BOINIIO NiABUIIUTY TBEPIICTh KPOMKHI
sionatky 3i crani 15X11IMO-11I B 2,2-3,0 pasu go 5500-7000 MI1a Ta nifBumuTH Omip epo3iitHO-KOPO3inHOMY
PYMHYBaHHIO 32 paXyHOK (P)OPMYyBaHHS B [I0BEPXHEBOMY IIapi CTPYKTYPU JIETOBAHOT'O MapTEHCUTY, 3aJIUIIKOBOTO
aycTeHiTy Ta ckinagHux kap6inis Cr3C2 ta Cr7C3; Bneplie BCTaHOBJIEHO, IO BUKOPUCTaHHS KOPO3iltHOCTINKO] cTasi
15X1IM®-11I, sKa ineHTuYHa OCHOBHOMY MaTepiay JIONaTKu, 151 3MillHEHHSI MeTOIOM €JIeKTPOiCKPOBOTO
JIeTYBaHHSI BXiJTHOI KPOMKU p0o06040i JIONATKY MapoBoi TypOiHU LO3BOJINIIO HiIBULIUTY CTIMKICTb IO €pO3ifiHOro
PYVHYBaHHS Ha 72% 3a paxyHOK 30iJIbIlIeHHs KOHIeHTpaLii Xxpomy 10 44%; yIOCKOHAJIEHO Ta allpo60BAHO METO
MOPiBHSJIBHOI OL[iHKY €(DEKTUBHOCTI 3MilIHIOIOUMX TEXHOJIOTIH MiIBUILIEHHS JOBrOBiYHOCTI pOOOUYHMX JIOMATOK
[IapOBUX TyPOiH; OTPUMAaB MOJAJIBIINN PO3BUTOK METOJ, OL[iHKY KOPO3iliHOi CTIKOCTi 3aXMCHUX 3MilJHEHUX LIAPiB,
BIleplIe OTPMMAHO 3aJIeKHOCT] TapaMeTpiB KOPOo3ii Bif, CTPYKTypHO-(}a30BOro cTaHy 3MilJHEHUX LIapiB JIONATOK 3i
crasi 15X1IM®-I1I. TTpakTuyHe 3Ha4eHHsI OfleP>KaHUX Pe3ysIbTaTiB: PO3p06JI€HO TEXHOJIOTIIO MiBUIEHHS
IOBTOBiYHOCTI JIONIATOK NAPOBUX TYPOiH 32 PaXyHOK 3aCTOCYBaHHSI KOMOiHOBAHOTO CIIOCO0Y 3MilIHEHHS IIJISIXOM
MO€THAHHS Y OOHOMY T€XHOJIOTIYHOMY IIPOLIECi 3arapTyBaHHS CTPyMaMU BUCOKOI YaCTOTH Ta €JIEKTPOiCKPOBE
JIeTYBaHHSI; pO3p06JI€HO METOAUKY 3MilJHEHHSI BXiIHOI KDOMKHU JIONIATKU OCTAHHbOTO CTYII€HS HU3bKOTO TUCKY
poTopa napoBoi Typ6iHu. TeopeTnyHi Ta IpakTU4HI pO3pOOKH, 3alIPOIIOHOBAHI B IUCEPTallii, BAKOPUCTOBYIOTbCS ¥
HaBYaJIbHOMY ITpolieci XapKiBChbKOTO HallioHaJbHOTO aBTOMOO1/IbHO-JOPOKHBOTO YHIBEPCUTETY IIPY BUKJIAAaHHI

IVICLIMILIIH, [IpY BUKOHAHHI BUITyCKHUX KBasliikaliiHUX pobiT MaricTpis.

2. The object of research - the process of strengthening the inlet edge of the blades of steam turbines made of
steel 1ISHIIMF-W in a combined way: hardening with high frequency currents and electrospark alloying of the same
name 15X11IMF-W. The aim of the dissertation is to increase the durability of steam turbine blades made of steel
15H1IMF-W by introducing a comprehensive strengthening of the inlet edges of the blades to protect against
erosion and corrosion damage based on the control of structure parameters and functional properties. The subject
of research is the regularities of formation of the structure and properties of surface reinforced layers of steam
turbine blades. Research methods: to achieve this goal and solve these problems, a system of general scientific
methods and techniques was used. Evaluation of the properties of materials was performed using standard
methods of mechanical research (microhardness tester PMT-3, Nano Indenter G200), metallographic (optical
microscopes MMO-1600, MIM-8), X-ray diffractometer (PHILIPS PW3710 diffractometer), micro X-ray
spectroscopic analysis X 30 ESEM), methods of electron microscopy (electron microscope JSM 7001F),
determination of corrosion resistance (Voltalab 40), determination of erosion resistance by ultrasonic dispersion
(Hielscher UIP-1000). Laboratory tests were performed using methods that meet the state standards of Ukraine
and ISO standards. Industrial tests of work blades with reinforced inlet edges according to the proposed method
were carried out jointly with JSC "Turboatom" at the NPP "Paks" in the Republic of Hungary. Scientific novelty of
the obtained results: for the first time it was established that the combination of surface hardening methods -
hardening by high frequency currents and electrospark alloying of steel 15X1IM®-1III, allowed to increase the
hardness of the blade edge of steel 15X1IM®-I1II 2.2-3.0 times to 5500-7000 MPa and increase the resistance to
erosion-corrosion destruction due to the formation in the surface layer of the structure of doped martensite,
residual austenite and complex carbides Cr3C2 and Cr7C3; for the first time it was found that the use of corrosion-
resistant steel 15H1IMF-W, which is identical to the main material of the blade, to strengthen the method of



electrospark doping of the inlet edge of the working blade of the steam turbine allowed to increase erosion
resistance by 72% by increasing chromium concentration to 44%; the method of comparative evaluation of
efficiency of strengthening technologies of increase of durability of working blades of steam turbines is improved
and tested; the method of estimation of corrosion resistance of protective strengthened layers was further
developed, dependences of corrosion parameters on a structural-phase condition of the strengthened layers of
blades from steel 15X1IM®-1II were received for the first time. The practical significance of the obtained results:
the technology of increasing the durability of steam turbine blades due to the use of a combined method of
hardening by combining in one technological process of hardening with high frequency currents and electrospark
alloying; a technique for strengthening the inlet edge of the blade of the last stage of low pressure of the steam
turbine rotor has been developed. Theoretical and practical developments proposed in the dissertation are used in
the educational process of Kharkiv National Automobile and Road University in the teaching of disciplines, in the
performance of master's theses.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HaNIpsIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTETHUI HAIIPSIM iHHOBaLilHOI AiSJIBHOCTI:
ITiZcyMKH JOCTiI>KEeHHS:

Iy6sikamii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasIbHO-€KOHOMIYHA CIIPSIMOBAaHICTbh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHs pe3yJIbTaTiB AHcepTalii:

3B'SI30K 3 HAYKOBHMH T€MaMH:

VI. BizoMocTi Npo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. I'mymkosa Jliana bopuciBHa

2. Glushkova Diana B.

KBasigikamis: n. 1. 1., 05.02.01
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

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

Micue3HaxoO KeHHSI:

dopma Bi1acHoCTI:

Cdepa ynpassiHHS:

InenTudikarop ROR: He zacrocosyerscs



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB

OdiniiiHi OIOHEeHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Koctin Banepiit AHaTosinoBuy

2. Kostin Valery

KBasigikanis: g. 1. 1., 05.02.01
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa inpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocoyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Babauenko OnekcaHp IBaHOBUY

2. Babachenko Alexander

KBasigikanis: 1.1.1., 05.02.01
InenTudikarop ORCID ID: He 3acrocosyerbcs
JopaTrkoBa iHdpopmamist:

IloBHe HaliMEeHYBaHHS IOPUAHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3HaxoAKeHHS:

dopma ByracHoCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

VIII. 3akr04Hi BimoMocTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI

TrOJIOBH pajgu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

rOJIOBYIOYOTO Ha 3aCiflaHHi

Bosbmakos Bosogumup IBaHOBHY

Baxpywesa Bipa CepriiBHa



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a pEeECTpallil0 HayKOBOi IOpuenko T.A.

OisIIBHOCTI




