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Pedepar:

1. Y puceprauiiiHiii po60Ti npecTaBeH] pe3yibTaTh eKCIIEPUMEHTAIbHUX Ta TEOPETUYHUX JOCIIiIPKEHb
(hopMyBaHHS CTPYKTYPH Ta 3aKOHOMIPHOCTE! CTPYKTYPHUX 3MiH IIifi BIIJINBOM TeEMIIepaTypy y IICE€BOCIIIaBax Mifi
3 HU3bKOIO KOHIIEHTPAlli€l0 TaKUX JIETYIOUUX €JIEMEHTIB, K MOJIIO[IeH Ta TaHTaJl, 1o OyJId OTPUMaHi METOJIOM
BaKyyMHOi KOHAieHcallii i3 mapoBoi ¢pasu (method PVD). MeTolo nucepTauiiHoi pob0TH € AOCiIKEHHS [IPOLIECiB
(opMyBaHHS BAKYYMHUX KOHJIEHCATIB Mifli 3 HU3bKOIO KOHLIEHTPAlli€lo JIETYI0UOro €JIEMEHTY (MOJIiOIeH /TaHTa),
CTPYKTYPHI 3MiHH, 1110 BiflOYBalOThCS B HUX i Jji€lo TemnepaTypH, Ta MexXaHi3MU TepMidHOi cTabinisalii crpykrypu
JIETYIOUMMU €JIEMEHTAaMHU, 110 3HAXOJSThCS B MATPUYHOMY METAJIi Y Pi3HOMY CTPYKTYPHO-(a30BOMY CTaHi.
O6’eKTOM OCTiIKEHHS € TePMiUHA CTA6IIBHICTh MIKPO Ta HAHOCTPYKTYPHUX MaTepiasliB, 10 € aKTyaslbHOIO

Mpo6JIEMOIO J1J181 BCiX AUCIIEPCHUX CIJIaBiB Ta KOMIIO3ULIMHMX MaTepiaiB. [[peagmeTom MoCimkKeHHs TPOIecH Ta



SIBUINA, 1[0 TPU3BOAATE 3HAUYHOTO MiBULIEHHS TEPMiYHOI CTabiIbHOCTI Ta MEXaHIYHUX BJIACTUBOCTEN Y CUCTEMAX
Cu-Mo ta Cu-Ta, npu BMICTi JIETyI040ro KOMIIOHEHTY B AuanasoHi Bif 0,3 1o 0,4 at%. MeTonn4yHOIO Ta
TEOPETUYHOIO 6A3010 NOCIiIKEeHHS € PyHIaMeHTaJlbHi I10JI0KeHHs Teopii (pisudHoi ancopbLii, MeToguYHi
PO3pOOKU Ta HAYKOBi NIpalli IPOBiJHNAX BYEHUX 3 MUTAHb BUBYEHHS aJCOPOLINHUX Ta pEKPUCTaJi3alilHAX IPOLECIB.
[Ipu BupileHHI 3aBIaHb AMCEPTALIIMHOIO NOCIiIPKEHHS 3aCTOCOBAHO Cy4YaCHi 3arajJlbHOHAyKOBI Ta CIeLiabHi
MEeTOJU: METOJY OTPUMAaHHS 3pa3KiB y BUIJISLAL (OJIBT IICEBOCIIABIB; ClleljialbHi METOAU BUBUYEHHS CTaHY
CTPYKTYpH (MiKPOCKOIIisl, €/IeEKTPOHHA MIKPOCKOIIisl, PEHTTeHIBCbKA [i(ppaKTOMETPisl, pEHTTeHO(IIyOpeCLeHTHUN
Mmetoz (PDA) ta eneprogucnepciiiny peHTreHiBCbKy criekTpockonito (EDS)); Mmetoau Bubipy (pisnuHux
BJIACTMBOCTE (HaIIp., BUMIp MiKpOTBepIOCTi 3a oromoroio Teepromipa [IMT-3); meTon TemIiepaTypHOi 06po6KY y
BaKyyMi; clieliiajibHi METOIY OTPUMAaHHS, 0OpOOKM Ta 004YMCeHHs iH(popMmallii, 1Ky 1al0Th 3HIMKU CTPYKTYPH,
OTpUMaHi pi3HUMU CrIOCOOAMU; MATEMATHUYHE Ta KOMITIOTEPHE MOJEJIIOBAHHS; aOCTPAKTHO-JIOTIYHI METOU ~ [IJIs1
TEOPETUYHMX y3arajabHeHb Pe3yJbTaTiB AOCIiIKEHHS. AKTyaIbHICTh TEMU POOOTH TIOB'SI3aHa 3 IPO6IEMOIO
NiABUILEHHS CTabiIbHOCTI HAHO- i CyOMIKPOKPUCTaiYHUX METAaJiB, 1IJ0 MalOTh YHiKaJIbHi PyHKIIOHAJIbHI
BJIACTMBOCTI, ajie ixHe NPaKTUYHE BUKOPUCTAHHS OOMEXKYETbCS HU3bKOIO TEPMiYHOIO CTabi/IbHICTIO BUXiHOTO
craHy. TeopeTuyHi i eKCIIepMMEHTAaJIbHI Pe3yJIbTaTH, SIKi € B CBITOBIM JIiTEPATYPi, LO3BOJISIOTh 3pOOUTH BUCHOBOK
IIPO MOXJIMBICTb PO3B’sI3aHHA Lii€il IPOO6IeMU LIJISIXOM LiJIeCIIPSIMOBAHOTO JIETYBAaHHS MaTPUYHUX METaJIiB
eJieMeHTaMU, 1110 MaIOTh IO BiTHOLIEHHIO 10 HUX eKCKII03UBHI (Pi3MKO-XiMiYHi BJACTUBOCTi. ATOMU IIUX PEYOBUH B
[I€BHUX TEXHOJIOTIYHMX YMOBaX OTPUMaHHS MeTajly, abo TepMidHOi 06pOOKH 31aTHI (POpMYBaTH cerperatii Ha
TpaHUISIX 3€PEH MAaTPUYHUX METAJIB i B pe3yJbTaTi CTabiyizyBaTy BUXiIHUI CTPYKTYpHUII CTaH i Pi3nko-mexaHiuHi
BJIACTMBOCTI [1pY TEMIIEPAaTypPHOMY 200 iHIIOMY eHepreTMYHOMY BILIMBI. HaykoBa HOBU3HA ITPOBEJEHOTO
IOCJIiIKEeHHS 10JIsIrae y SIBUILAX, 110 Beplle 0yay 3adikCcoBaHi il 4ac eKCIIepEMEHTIB, a TAKOXK BUCYHYTUX
TeOPisiX IOA0 MEXaHi3MiB, 3a SIKMMH Lii IBUILA BiOYBaIOTbCA. B nuceprauiiziil po6oTi 3100yTi HOBi 3HAHHS PO
MexaHi3Mu POPMYBaHHS CTPYKTYpU IICEBAOCIIABIB Mifli iz 4ac ix ocampKkeHHs 3 MapoBoi (a3 y BaKyyMi Ta yMOBU
dopMyBaHHS 1 po3Naly aHOMaJIbHUX PO3YMHIB JIETYIOUUX €JIEMEHTIB, 110 B 3BUYalfHUX YMOBax He MaloTh
PO34YMHHOCTI, Y MaTpULi Mifi; IpO MexaHi3MHU Ta (GaKTOPH, 110 NiBULLYIOIOTh TEPMiYHY CTabiNBbHICTh MIKPO- Ta
HAHOCTPYKTYPHUX MaTepiasiB Ha OCHOBI Mifli. 3000yBaueM 3a(piKCOBaHO HU3KY HOBHUX SIBUII ITiJ] 4aC €KCIIEPUMEHTY
Ta BUCYHYTO PSJ, T€3, IO MOSICHIOIOTS 1ii siBUIIa. Ha OCHOBI €KCIIEpUMEHTAIBHUX PE3YJIbTATIB IPOBEIEHO
MOJeJII0BaHHS Pi3nyHOi B3aeMOZii MK aTOMaMU JIETyI04UOr0 KOMIIOHEHTY Ta IIOBEPXHEIO 3€PHA MAaTPUYHOTO
MeTaiy. Pe3ynbTaTy eKCIEPUMEHTANIBHUX i TEOPETUYHHUX NOCIiIKEeHb, OTPMMaHI IIPY BUKOHAHHI pOOOTH, MOXYTb
OyTy BUKOPHUCTaHI B SIKOCTi HAYKOBOi OCHOBHM HOBUX TE€XHOJIOTiM OTPUMAaHHS HAaHO- i CyOMiKpPOKPUCTaIIYHUX
METaJliB Y BUIJISA] IJ1iBOK, POJIBT, IIOKPUTTIB i MACMBHUX BUPOOIB 3 HQIBUCOKVM [TOENHAHHSIM MillHEBUX i
€JIEKTPOIPOBiIHUX BIACTUBOCTEN. OCOBIMBICTIO IMX METAJIB B IIOPiBHSIHHI 3 iCHYIOUMMU aHAJIOTaMU, SIKi
BUPOOJIIOTh B YKpaiHi i 32 KOpJIOHOM, € crienndiyHuil CTPYKTYPHUI CTaH, cTabinbHuii go 0,8-0,9 Bin Temneparypu
IIJIaBJIEHHA MaTPUYHOTO MeTaiy, o Ha 200-300°C nepeBullye aHaIOTYHi TOKa3HUKY, 3aCTOCOBYBAHI B IAHUI 4acC
111 CIIJIaBiB HAa OCHOBI Mifli. PO3p0o6ieHi MeTau Ha OCHOBI Mifli MOKYTb OyTY BUKOPUCTAHI B IKOCTi IIOKPUTTIB i
CaMOCTIMHUX €JIEMEHTIB €JIEKTPOKOHTAKTHUX MaTepiasiB, HAKOHEYHUKIB, €JIEKTPOIiB TOYEHOI'O 3BAPIOBaHHS,
BHCOKOIIPOBIIHMX i TEPMIYHO CTabiIbHUX €JIEMEHTIB €JIeKTPOHHOI TexHiKY i T.1. OTpuMaHi B guceprauii pe3yibTaTi
MOXYTb OyTH BUKOPUCTaHi B HAYKOBUX LIEHTPax i yHiBepcuTeTax YKpaiHu i 3a ii Me>xxamu, [ie pO3BUBA€THCS

aHaJsIoTiyHa TeMaTUKa JOCiIKEHb.

2. This thesis presents the results of experimental and theoretical studies of structure formation and patterns of
structural changes under the influence of temperature in copper pseudoalloys with a low concentration of alloying
elements such as molybdenum and tantalum, which were obtained by the method of vacuum condensation from
the vapor phase (PVD method). The aim of the dissertation is to study the processes of formation of vacuum
copper condensates with a low concentration of alloying elements (molybdenum /tantalum), structural changes
that occur in them under the influence of temperature, and mechanisms of thermal stabilization of the structure
by alloying elements in the matrix metal in different structural and phase states. The object of the study is the
thermal stability of micro- and nanostructured materials, which is an urgent problem for all dispersed alloys and
composite materials. The subject of the study is the processes and phenomena that lead to a significant increase in



thermal stability and mechanical properties in Cu-Mo and Cu-Ta systems, with the content of the alloying
component in the range from 0.3 to 0.4 at%. The methodological and theoretical basis of the study is the
fundamental principles of the theory of physical adsorption, methodological developments and scientific works of
leading scientists on the study of adsorption and recrystallization processes. In solving the problems of the
dissertation research, modern general scientific and special methods were used: methods for obtaining samples in
the form of pseudo-alloy foils; special methods for studying the state of the structure (microscopy, electron
microscopy, X-ray diffractometry, X-ray fluorescence method (XRF) and energy dispersive X-ray spectroscopy
(EDS)); methods for selecting physical properties (e.g, measurement of microhardness using the "TIMT-3" hardness
tester); method of temperature treatment in vacuum; special methods for obtaining, processing and calculating
information provided by structure images obtained in various ways; mathematical and computer modeling;
abstract and logical methods for theoretical generalizations of research results. The relevance of the research
topic is related to the problem of increasing the stability of nano- and submicrocrystalline metals, which have
unique functional properties, but their practical use is limited by the low thermal stability of the initial state.
Theoretical and experimental results available in the world literature suggest that this problem can be solved by
targeted doping of matrix metals with elements that have exclusive physical and chemical properties in relation to
them. The atoms of these substances under certain technological conditions of metal production or heat
treatment are able to form segregations at the grain boundaries of matrix metals and, as a result, stabilize the
initial structural state and physical and mechanical properties under temperature or other energy effects. The
scientific novelty of the study lies in the phenomena that were first observed during the experiments, as well as
the theories put forward regarding the mechanisms by which these phenomena occur. The dissertation work
provides new knowledge about the mechanisms of formation of the structure of copper pseudo-alloys during their
deposition from the vapor phase in vacuum and the conditions of formation and decay of anomalous solutions of
alloying elements that are not normally soluble in the copper matrix; about the mechanisms and factors that
increase the thermal stability of micro- and nanostructured materials based on copper. The applicant recorded a
number of new phenomena during the experiment and put forward a number of theses explaining these
phenomena. Based on the experimental results, the physical interaction between the atoms of the alloying
component and the grain surface of the matrix metal was modeled. The results of experimental and theoretical
studies obtained in this work can be used as a scientific basis for new technologies for the production of nano- and
submicrocrystalline metals in the form of films, foils, coatings, and massive products with an ultra-high
combination of strength and conductive properties. The peculiarity of these metals in comparison with existing
analogues produced in Ukraine and abroad is a specific structural state stable up to 0.8-0.9 of the melting point of
the matrix metal, which is 200-300°C higher than the similar indicators currently used for copper-based alloys.
The developed copper-based metals can be used as coatings and independent elements of electrical contact
materials, tips, electrodes for chiseled welding, highly conductive and thermally stable elements of electronic
equipment, etc. The results obtained in this thesis can be used in research centers and universities in Ukraine and
abroad, where similar research topics are being developed.
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MicueSHaxo,q)KeHHﬂ: ByJ1. Kupninydoga, 6yz. 2, XapkiB, XapKiBcbkuil p-H., 61002, YkpaiHna
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I10o-6aTbKOBI:

1. Bosrayk Bosmopumup MukosainoBuy

2. Volodymyr Volchuk

KBasigikanis: n.r.u., gou., 05.02.01
Imentudikarop ORCID ID: 0000-0001-7199-192X



JoparkoBa iHdpopmamnist:
;https: / /www.scopus.com /authid /detail.uri?authorld=57198819273;https: / /scholar.google.com /citations?user=
MjdlljsAAAAJ&hl=ru

IToBHEe HafIMeHyBaHHSI IOpH,ZII/I‘IHOi ocoou: Jlep>kaBHUI BUIIMI HaBYaJIbHUU 3aKiaz "TIpugHinpoBcbka

IepkaBHa akazieMis Oy[IiBHMLITBA Ta apXiTeKTypu"

Kopg 3a € IPIIOY: 02070772

MicueSHaxo,vieHHﬂ: ByJI. UepHuIneBCchKOro, 6ya. 24-a, [Jxinpo, [JHinpoBcekuii p-H., 49600, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Cron6osuii B'syecnaB OsekcaHIpOBUY

2. Vyacheslav O. Stolbovyi

KBasmigikamis: . 1. 1., 01.04.07
InenTudgikarop ORCID ID: 0000-0001-7734-0642
JopaTrkoBa indpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHU# HayKOBUIA 1IEHTP "XapKiBchkuii (izuko-

TexHiYHuM iHcTUTYT" HanioHanpHOI akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 14312223

MicueSHaxo,vieHHﬂ: ByJI. AKazieMiuHa, 6yza. 1, XapkiB, XapkiBcbkuii p-H., 61108, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:

Peuensentu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Manuxin Cepriit Bosmogumuposny

2. Serhii V. Malykhin

KBasidikanis: n.¢.-m.uH., npodecop, 01.04.07
ImenTudikarop ORCID ID: 0000-0002-9965-9109
JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpcUTeT "XapKiBChKUii

MOJIITEXHIYHNN IHCTUTYT"
Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: ByJ1. Kupninuoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Konrynaes Irop Mukosiannosuy

2. Igor Kolupaev

KBasigikamis: k. ¢.-m. ., gor,., 01.04.07
Imentudikarop ORCID ID: 0000-0002-2125-7118
JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKMit

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micuesnaxomxennﬂ: ByJ1. Kupnnuoga, 6yz. 2, Xapkis, XapKiBcbKuil p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akr04Hi BimoMocTi

Biacue IlpizBuie Im's INo-6aTbKOBI Cy66otina Banepis Banepiisna
rOJIOBH pagu

Biacue IpizBume Im's Ilo-6aThKOBI Cy66otina Basepis Banepiisua
rOJIOBYIOYOrO Ha 3acCifiaHHi

Bi,I[HOBi,ILaJIbHHfI 3a Hi,ILI‘OTOBKy Pga6omran BaseHTrH AHATOJIiIOBUY

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLio HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




