O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0419U003812
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 27-09-2019

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. M'acoin, Bonogumup BosoguMupoBuy

2. Miasoid Volodymyr V.

KBasmigikamis:

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

IIIn¢dp HayKoBOi cneniaabHOCTI: 05.03.06

Ha3Ba HayKoBOIi CIeniaIbHOCTI: 3BapioBaHHs Ta CHIOPiAHEH] IPOLECH i TEXHOMIOT

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JaTa 3axHCTy: 25-09-2019

CrneniaJbHICTh 32 OCBITOIO: TexHOJIOTIi Ta yCTaTKyBaHHs 3BapIOBAHHS

Micue po6oTH 34,00yBaya: lnctutyt esekrpossapioBanHs iMm. €.0. Tlatona HaujonanbHoi akagemii Hayk

Ykpainu

Kopg 3a €IPIIOY: 05416923

Micue3HaxoaKeHHS: ByJ1. Kazumupa ManeBuua,l1, m. Kuis, KuiBceka 061., 03150, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYU€HOi pagH (pa30Boi creniaai30BaHOl BYEHOI paju). [l 26.182.01

IToBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOH: [HCTUTYT estekTpo3BapioBanHs iM. €.0. Tlatona HaujonanbHoi

aKkageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05416923

Micue3HaxoaKeHHS: ByJ1. Kaaumupa ManeBuua,l1, m. Kuis, KuiBceka 061., 03150, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI 0COOH: [HCTUTYT entekTpo3BapoBanHs iM. €.0. Tlatona HaujonansHoi
akageMii HayK YKpaiHu

Kopg, 3a €IPIIOY: 05416923

Micuesnaxo,ereHHﬂ: ByJ1. Kasaumupa Manesuua,11, m. Kuis, Kuisceka 0611., 03150, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHX PyOPHK: 81.35

Tema guceprauii:
1. Ilpunoi 11 BUCOKOTEMIIEPATYPHOTO MasHHS EPCIEKTUBHUX MaTepiasliB Ha OCHOBI aJIIOMiHiZly HIiKeJIIO.

2. Brazing filer metal for high-temperature brazing perspective materials based on aluminide nickel.

Pedepar:

1. Incepraujifina po60Ta IpUCBAYEHA PO3POOLi IPUIIOI0 Ta TEXHOJIOTIYHOIO IIPOLIECY BUCOKOTEMIIEPATYPHOTO
BaKyyMHOTO MasiHHY, SIKi 3a6€311e4yI0Th BUCOKY KOPOTKOYACHY Ta JOBrOTPYBAJLY MillHICTb IPU MiABULIEHI
TeMIepaTypi i IOCTiNHO [1il0YOMYy HaBaHTAKEHHI MasHUM 3'€JHAaHHSM I1epCIeKTUBHUX KapOMIllHUX CILJIaBiB Ha
OCHOBI aJIfoMiHily Hikes0. B po6oTi npuBeneHi pe3yabTaTu JOCiIKeHb TEMIIEPATYPHUX iHTEPBaJliB IIJIaBJIEHHS,
MiKpOCTPYKTypHY Npunois Ha ocHOBi cucteM Pd-Ni(Me)-Ge, Ni-Cr-Nb i Ni-Cr-Co-Mo-W-AI-Ti-Nb. Temneparypa
JIIKBiyCy €KCIIepUMEHTaIbHUX IIPUIIOiB 3HaXOIUThCS B iHTepBasi 1186...1261 °C, mo He nepeBullye TeMIepaTypHui
nopir crabdisibHOCTi antoMiHiny Hikesto Ni3Al (oo-¢daszn). EkcriepruMeHTanbHO-JOCIIHUM IIJISIXOM BCTAHOBJIEHO BILJIVB
Hi06i10 Ta TUTaHy Ha TEMIIEPATYPY IJIaBJIEHHS] €KCIIEPMMEHTAJIbHUX [IPUIIOIB HA OCHOBI HIKeJII0, T06YL0BaHO
MIOBEPXHIO JIKBiZlyCy 6araTOKOMIIOHEHTHOTO NPUIOI0. BCTaHOBJIEHO, 1110 BUKOPUCTAHHS TUTAHY Ta Hi06il0 B

0araTOKOMIIOHEHTHOMY IIPUIIOi HAa OCHOBI HIKeJIIO 103BOJIsSIE OTPUMATHU TeMIlepaTypy IIJIaBJeHHs B iHTepBai



1240...1261 °C. JocnimxeHo GopMyBaHHS CTPYKTYPH MAsHUX 3'€[JHAHb 3i CIIJIaBy HA OCHOBI aJIIOMiHINy HiKeJo, M0
OTPMMaHi 3 BUKOPUCTAHHSIM IIPUIIOIB Pi3HMX CUCTEM JIETYBaHHS. BCTaHOBJIEHO MexaHi3M (POPMYBaHHS MasSHOTO IIBY
B 3'€JHAHHSIX 3i CIUIaBy HA OCHOBI aJIIOMiHiZy HiKeJII0, 1[0 OTPUMAaHI 3 3aCTOCYBAaHHSM IIPUIIOI0 HA OCHOBI NAJAJiIo.
JloKasIbHUM MIKpOPEHTI€HOCIIEKTPAJIbHMM aHaJi30M BCTAHOBJIEHO, IO B [1asTHOMY LIBi CIIOCTEPIraeTbCst
(OopMyBaHHS LIEHTPOOCbOBUX €BTEKTHK, 30arau€HMX ajalOMiHieM, sIKi IPU3BOISTD 10 OKPUXYEHHS MAsHOTO
3'eTHAHHS i OTPMMAaHHS HU3bKOI MilIHOCTi. BUBY€HO MeXaHiYHi BJIaCTUBOCTI MasiHUX 3'€ITHAHD IPU MiABUIIEHI!
TEeMIIepaTypi i ZOCIiI)KeHa JOBrOTPMBAJIa MiLIHICTh B yMOBAX IOCTIMHO [il040r0 HaBaHTAKEHHS IPU i BULIEHI
Temnepatypi. Ha 6a3i pe3ysibTariB fOCIIIPKEHb CTBOPEHO 6AaraTOKOMIIOHEHTHUI NIPUIIiil HA OCHOBI HiKeJII0
Ni=25(Cr, Co, Mo, W)=20(Al, Ti, Nb) —(1-5)Zr; Ni=25 (Cr, Co, Mo, W) =20 (Al, Ti) 215 Nb i TexHos0TiYHNMI1 ITpo1ec
BHCOKOTEMIIEPATyPHOr'0 BaKyyMHOTO IasiHHS, 1110 3a6e3I1e4yye BUCOKi [I0OKa3HUKU KOPOTKOYACHOI i JOBrOTpUBAJIOi
MinHocTi (210...220 rogun) npu remneparypi 900 °C ta nocriiiHo AiloyoMy HaBaHTakeHHi 150 MITa. Po3pobienuit
6araTOKOMIIOHEHTHUI NPUIIiI Ta TEXHOJIOTIIO MIasHHS CIJIABY HA OCHOBI aIIOMiHify HiKeJIl0 MOXHA €(EeKTUBHO
BHMKOPHCTOBYBATH IIpU MasiHHI Ta peMOHTI fle(eKTiB JIMTBA AeTasel, sIKi eKCIIyaTyIoTbCsl B yMOBaX BUCOKO]

TEMIIEPATYPH i [IOCTIMHO [il0YMX HABaHTAKEHb.

2. The thesis is devoted to the development of brazing filler metal for brazing perspective materials based on
aluminide nickel, which does not contain boron, silicon and technological process of high temperature vacuum
brazing. The results of investigations of temperature melting intervals, filler metal microstructure on the basis of
Pd-Ni-(Me)-Ge, Ni-Cr-Nb and Ni-Cr-Co-Mo-W-AI-Ti-Nb systems are given. The liquid waste of experimental filler
metal temperature is in the range of 1186...1261 °C, which does not exceed the temperature threshold of stability of
aluminide of nickel Ni3Al (o'-phase). Experimental research has established the influence of niobium and titanium
on the melting point of experimental nickel based filler metal, and the surface of a liquid filler metal of a
multicomponent filler metal has been constructed. It has been established that the use of titanium and niobium in
a multi-component nickel-based filler metal makes it possible to obtain a melting temperature in the range of
1240...1261 °C. The formation of the structure of brazing joints from the alloy on the basis of nickel alumina
obtained with the use filler metal of various doping systems has been investigated. The influence of temperature
on the magnitude of the wetting angle during the dispersion of the Ni-Co-Ti-Nb-Cr-W-Al-Mo filler metal on the
substrates of Ni3Al based heat-resisting nickel alloy was investigated. It was established that the marginal angle of
wetting decreases with temperature rise from 1245°C to 1280°C from 14° to 12°, which testifies to good wetting of
the base metal.As the temperature increases, the depth of penetration of filler metal into the main material from
104.23 to 343.94 microns. It has been established that the corrosion resistance of filler metal after spreading on the
base metal improves, the corrosion potential moves to the electropositive region, which is due to mutual diffusion
processes on the interphase boundary of the particles - the main metal. The mechanism of the formation of the
brazing seam in alloy compounds based on nickel alumina obtained using filler metal based on palladium is
established. Local microrentense spectroscopy analysis revealed that in the brazing seam the formation in center
eutectics enriched with aluminum is observed, which leads to the sparkling of the brazing connection and
obtaining low strength. The mechanical properties of brazing joints at elevated temperature were studied and
long-term durability was studied in conditions of constantly acting load at high temperature. On the basis of the
research results, a multicomponent filler metal were created on the basis of nickel Ni=25 (Cr, Co, Mo, W) =20 (Al,
Ti, Nb) - (1-5) Zr; Ni=25 (Cr, Co, Mo, W) 220 (Al, Ti) 215 Nb and the technological process of high temperature
vacuum brazing, which provides high short and long term durability (210...220 hours) at a temperature of 900 °C
and constantly operating load of 150 MPa. Established as a condition for increasing the long-term strength of
brazing nickel aluminide compounds under conditions of a constant load of 150 MPa and a temperature up to 900
°C is the formation of a structure containing phases characteristic of the base metal in a brazing seam - Ni3Al (7,93
% Al) and NiAl, (5,74 % Al). The developed multicomponent filler metal and brazing technology on the basis
aluminide of nickel can be used effectively when brazing and repairing defects in casting of parts, which are
operated under high temperature conditions and constantly operating loads.
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