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I. 3arasibHi BimOMOCTI
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Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 05-12-2019
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PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. OpnioB AHppiit KocTSHTUHOBUY

2. Orlov Andrii Kostiantynovych

KBasmigikamis:

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

IIIn¢dp HayKoBOi cneniaabHOCTI: 05.16.01

Ha3Ba HayKoOBOIi CIIeniaJIbHOCTI: MeTano3HaBCTBO Ta TEpMiYHa 06PO6KA METaIiB

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 03-12-2019

CnenianbHICTB 32 OCBiTOM0: QiznuHe MaTepiano3HaBCTBO

Micue po6otu 3,qo6yBaqa: HanjionasnpHui TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [Tepemory, 37, M. KuiB, Kuiscbka 0631., 03056, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Indp cneuniasnizoBaHoi BYU€HOI pajaH (pa30Boi crieniasizoBaHOi BYUEHOI pazu): /1 26.002.12

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit

NOJIITEXHIYHUI iHCTUTYT iMeHi Irops CiKopcbKOro" IHCTUTYT €HEPro36epeKeHHs Ta €EHEPrOMEHEIKMEHTY
Kopg 3a €IPIIOY: 247571500

Micue3HaxoaKeHHS: ByJ1. Bopmariseska 115, M. Kuis, KuiBceka 06s1., 03056, Yrpaina

dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

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

BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii
MOJIITEXHIYHM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [Tepemory, 37, M. KuiB, Kuiscbka 0671., 03056, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYOPHK: 29.19.17

Tema guceprauii:

1. Indysiiine $pazoyTBOpEeHHs Ta BJIaCTUBOCTI HAHOPO3MipHUX ITiBKOBUX MaTepianis V/Ag, Fe /Pt /Au, Ni/Cu/Cr,
Ni/Cu/V

2. Diffusion phase formation and properties of nanosized film materials V Ag, Fe /Pt /Au, Ni/Cu Cr, Ni/Cu/V

Pedepar:

1. Incepraris Ha 3006y TTSI HAYKOBOTO CTYIIEHs KaHWaTa TEXHIYHUX HayK 3a creuianpHicTio 05.16.01 -
METaJIO3HABCTBO Ta TepMiuHa 06pobKka MeTasiB. — HaljionanbHui TexHiuHM yHiBepcuteT YKpainu «KuiBcbkuii
noJliTexHiYHU iHCTUTYT iMeHi Iropst Cikopcbkoro», MOH Ykpainu, Kuis, 2019. JluceprauiiiHa po6oTa IpucBsIueHa
BCTAHOBJIEHHIO 3aKOHOMipHOCTeN nuPy3iHOro (pa3oyTBOPEHHS B HAHOTOBLUIMHHMX IIAPYyBaTUX ILJIIBKOBUX
komnoautisx 3 OLIK, T'LIK ta I'lIT rpatkamu rpu TepMidHiii Ta HOHHI 06pOOKaxX. 3aCTOCOBAHO PsI/i HOBUX
METOANYHUX MMiIXOLiB 1O CTPYKTYPHOIO aHaJIi3y i3 BUKOPUCTAHHSIM CUHXPOTPOHHOIO BUIIPOMIHIOBaHHS Ta
IIJIa3MOHHOI cIleKTpocKomii. [TokasaHo, 1o mif, BIJIMBOM (PAaKTOPy HAHOPO3MiPHOCTI IpU TepMidHUX (623-923 K) i
ionHux (1016-1017 itoH /cm2) BrsmmBax GOPMYIOTbCS HETUIIOBI /1J11 MACUBHOTO CTAHY CTPYKTYPU: TBEP/i PO3YMHU

3aMillleHHS Ta [IEPEeCUYEHi TBEPZi pO3YNHY TPOHMKHEHHS OMIIIOK, CTPYKTYPHI CKJIa[O0Bi i3 B3a€EMHO HEPO3UMHHUX



Yy MAaCMBHOMY CTaHi €JIEMEHTIB, IpibHOAUCIIEPCHI CTPYKTYPH TOIO. Perysioounii BIJIMB CKJIALy aTMOCHEPHU
TepMidYHOi 06POOKY i OAATKOBUX MPOMDKHMX 1IAPiB IIPOSIBIISETHCS Y GJIOKYBaHHi, YIIOBIIbHEHHI, TPUCKOPEHHI
nu@ysziiiHoro ¢pazoyTBopeHHs abo crabinizauii 6axkaHux ¢as. [TinTBeprkeHo 6araTocTafiiiHy MOJieJlb, 110 BKIIIOYA€E
B cebe po3MofiieHi B 4aci pi3Hi JoMiHyI04i MeXaHi3Mu IUQy3iiHOro (pa3oyTBOPEHHS. [JoBEIEHO MOXKIIUBICTh
OTPMMAaHH$ HOBUX BJIaCTUBOCTE, IePECIeKTUBHUX [IJIs1 TEXHOJIOTi MiKpO- i HaHONIpuIano0ynyBaHHs. Kio4osi
cJ10Ba: HakTOp HAHOPO3MIPHOCTI, IJ1iBKOBI MaTepianu, Audysist, CTPYKTypa, KpUCTaliyHa rpaTka, (pazoyTBOPEHHS,

CHHXPOTPOHHE BUIIPOMiHIOBaHHS, TEPMiuHa 0OpOOKa, HOHHA 0OPOOKA, Mirpatlis F[paHULb 3€PEH.

2. Dissertation for candidate of science degree in specialty 05.16.01 - metal science and heat treatment of metals. -
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2019. The dissertation is
devoted to the establishment of the laws of diffusion phase formation during thermal and ionic processing of
nanoscale layered film compositions of BCC (V, Fe, Cr), HCC (Ag, Pt, Ni, Cu) and HCT (FePt) lattices, among which
systems are complete components (V-Ag); with a wide range of solid solutions (V-O) and ordering effects (Fe-Pt);
and varying degrees of mutual solubility (Ni-Cu-Cr); with significantly different thermodynamic and crystal-
chemical properties of the interacting components V-Ag, Fe-Au, Ni-Cu, Ni-Cr). At the systematic level, the laws of
diffusion phase formation and formation of structures that are an atypical for a massive state are investigated, as
well as the influence of an additional (intermediate) layer, nanoscale factor, annealing atmosphere, and ionic
surface treatment. For this purpose, a complex of experimental research methods was used: mass spectrometry of
secondary neutral particles and secondary ions, X-ray diffractometry with grazing incidence beam geometry,
structural and phase analysis by GIWAXS method, transmission electron microscopy, atomic force microscopy, in-
situ electron diffraction, four-probe resistometry, SQUID magnetometry. New methodological approaches to the
structural analysis of nanoscale materials using synchrotron radiation (with a photon flux density of up to 12 orders
of magnitude and an exposure duration 150 times shorter than traditional X-ray diffraction methods) have allowed
us to establish a number of new effects. These studies were performed at the SPring-8 Synchrotron Center of the
National Institute of Physico-Chemical Research RIKEN, Japan. For the first time on the investigated compositions
it is shown that under the influence of the nanoscale factor at thermal (in the temperature range 623-923 K) and
ionic (with doses of irradiation 1016-1017 ion /cmz2), atypical for a massive state structures of different type are
formed: solid solutions of substitution and supersaturated solids of impurity penetration (oxygen in BCC-
vanadium), structural constituents of mutually insoluble elements (V-Ag, Cu-Cr), three-component phases
VxAgyOz, FexPtyAuz, NixCuyCrz, fine-dispersed structures, Fe grain boundaries saturated with Ag, A in, Cu, Cr.
The selected heat and ion treatment modes are typical for industrial technologies. An annealing atmosphere
(oxygen-, hydrogen-containing, neutral or ultra-high vacuum) as well as the creation of special layers of metal
layers or substrates between metallic layers or on the substrate, have a regulatory influence on the development of
thermally-activated processes of structures formation atypical for the massive state in the investigated nanoscale
film compositions. Substantially other crystal-chemical, physical and magnetic characteristics (type of crystal
lattice, degree of affinity for oxygen, electrical conductivity, magnetic susceptibility); the combination of annealing
atmosphere and additional layers allows to: - block diffusion processes in V, V/Ag film materials when annealing in
high vacuum 10-7 Pa compared to annealing in oxygen-containing atmospheres; - slow down the diffusion
processes in the oxygen-containing annealing atmosphere by adding a HCC-Ag layer (low affinity to oxygen) to the
BCC-V film (high affinity to oxygen); — accelerate the diffusion processes and phase formation (formation of the
ordered L10-FePt phase intensifies when adding a paramagnetic FCC-Au metal layer to the FCT-FePt
ferromagnetic alloy); in a hydrogen-containing atmosphere, the diffusion of Au into the L10 phase intensifies; -
stabilize the desired phase with promising properties and surface roughness by adding hydrogen to the neutral
atmosphere (argon) of the FePt/Au/FePt thermal treatment by blocking the diffusion-induced grain boundaries
migration of the L10-FePt phase. A multistage diffusion model as a set of diffusion mass transfer processes is
confirmed, which includes different dominant diffusion phase formation mechanisms distributed over time. At the
same time for the first time on the studied compositions the following set of dominant mechanisms is established:
- diffusion by grain boundaries (Ag - in layer V; Au - in layer L10-FePt; Cu, Cr - in layer Ni); - output of the atoms
of the components of the inner layers to the outer surface with the formation of the diffusing components phases



(VxAgyOz, FexPtyAuz, NixCuyCrz); - saturation of grain boundaries of V, FePt, Ni layers by diffusing Ag, Au, Cu and
Cr elements; - bulk diffusion from boundaries to volume of grains; - diffusion-induced grain boundaries migration
with the formation of bulk structures atypical for the massive state.
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PeuenseHTu

VIII. 3akir04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
rOJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiJaJIbHUM 32 PEECTpalLio HayKoBoOi
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Jlobopa INetpo IBaHOBUY

Jlo6opna I[Metpo IBaHOBUY

FOpuenko T.A.



