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Pedepar:

1. Y nuceprauiiiziilt po60Ti IpeCcTaBiieHi pe3ybTaTy €KCIIEePUMEHTaNbHUAX Ta TEOPETUYHUX JOCiIKeHb
(OpMyBaHHS CTPYKTYPH Ta 3aKOHOMIPHOCTEN CTPYKTYPHUX 3MiH IIifi BIJIMBOM TEMIIEPATypPHU Y IICEBIOCIIIABAX Mifi
3 HU3bKOIO KOHIIEHTPALi€I0 TAKUX JIETYIOUNX €JIEMEHTIB, SIK MOJIiO[IeH Ta TaHTaJl, o Oy/I1 OTPUMaHi METOLIOM
BaKyyMHOI KoHJieHcalii i3 maposoi ¢asu (method PVD). MeToro nucepTaniiinoi po60Tu € AOCTiIKeHHs [IPOLeCiB
(opMyBaHHS BaKyyMHUX KOHJI€HCATIB Mili 3 HU3bKOIO KOHLIEHTPALli€l0 JIEYIOUOTo eJIEMEHTY (MOJIibeH /TaHTa),

CTPYKTYPHI 3MiHH, 10 BiA0YBalOTLCS B HUX Mif Ji€l0 TeMIIepaTypH, Ta MEXaHi3MU TEPMIUHOI cTabinisalii cTpykTypu



JIETYIOYMMU €JIEMEHTAMHU, IO 3HAXOISThCS B MATPUYHOMY METAJI Y Pi3HOMY CTPYKTYPHO-(a30BOMY CTaHi.
O6’'eKTOM [OCIIIIPKEHHS € TepMiyHa CTabiIbHICTh MiKpPO Ta HAHOCTPYKTYPHUX MaTepialiB, 10 € aKTYaJIbHOIO
Mpo6JIEMOIO J1J181 BCiX AUCIIEPCHUX CIJIaBiB Ta KOMIO3ULIMHUX MaTepianiB. [I[pegmeTom moCaimKeHHs TPOo1ecH Ta
SIBUILA, 10 IPU3BOISITh 3HAYHOTO MiBUIIEHHS TEPMIUHOI CTabiIbHOCTI Ta MEXaHIYHUX BJIACTUBOCTEN y CUCTEMAX
Cu-Mo Tta Cu-Ta, npu BMICTi JIEryI040ro KOMIIOHEHTY B auanasoHi Big 0,3 go 0,4 at%. MeTogu4yHOO Ta
TEOPeTUYHOI0 6A3010 NOCTiKEeHHS € PyHIaMeHTaJbHi I10JI0KeHHs Teopii $pisuyHoi ancopbLii, MeToguyHi
PO3pOOKU Ta HAYKOBi NIpalli IPOBiJHNUX BYEHUX 3 IUTaHb BUBYEHHS aJCOPOLINHUX Ta peKpUCTasi3aliflHAX IPOLECIB.
[pu BupileHHi 3aBIanb JUCEPTALIHOIO NOCIIKEHHS 3aCTOCOBAHO Cy4YaCHi 3araJlIbHOHAYKOBI Ta CIleliabHi
METOJIM: METOJI OTPUMAaHHS 3pa3KiB y BUIJIsIZi (OJIbT [ICEBAOCIIABIB; CIelialbHi MEeTOI BUBYEHHS CTaHy
CTPYKTYpH (MiKpOCKOIIisl, €/1eKTPOHHA MIKPOCKOIIisl, pEHTTeHIBCbKa IippakKTOMETPis, pEHTTeHO(IIyopeCeHTHU
Mmetog (PDA) Ta eHeprogucnepciiiHy peHTreHiBCbKy criekTpockornito (EDS)); Mmetoau Bubipy (pisnuHux
BJIACTUBOCTEN (HAIp., BUMip MiKpOTBEPAOCTI 3a gornomoroto TBeppomipa [IMT-3); meTon TemnepaTypHOi 06po6KH y
BaKyyMi; crieliiajibHi METOIY OTPUMaHHS, 0OpOOKM Ta 004YKMCeHHs iHopmallii, 1Ky [1aioTh 3HIMKU CTPYKTYPH,
OTPUMaHi pi3HUMU crlIoco6aMU; MAaTEMATHUYHE Ta KOMITIOTEPHE MOJEJIIOBAHHS; aOCTPAKTHO-JIOTIYHI METOLHU -~ [1JIs1
TEOPETUYHUX Y3arajbHEHb PE3YJIbTATIB JOCII)KEHHS. AKTyaJIbHICTh TEMU POOOTH MOB's13aHa 3 IIPOOJIEMOIO
NiABUILEHHS CTa0lIbHOCTI HAHO- i CyOMIKPOKPUCTaNiYHUX METAJIB, [0 MalOTh YHiKaJIbHi PyHKIIOHAJIbHI
BJIACTMBOCTI, ajie iXxHe NpaKTUYHe BUKOPUCTAHHS OOMEXKYETbCSI HU3bKOIO TEPMiYHOIO CTabi/IbHICTIO BUXiHOTO
cTaHy. TeopeTuyHi i eKCrlepUMEeHTaIbHI Pe3yJbTaTH, SIKi € B CBITOBIM JIiTEPATYpi, LO3BOJISIOTh 3pOOUTH BUCHOBOK
IIPO MOJKJIMBICTb PO3B’s13aHHSI Liiei IPO6IeMU LIJIIXOM LIiJIeCIIPSIMOBAHOTO JIETYBAaHHSI MAaTPUYHUX METaJIiB
eJieMeHTaMU, 1[0 MAIOTh IO BiTHOMIEHHIO 10 HUX eKCKIII03UBHI (Pi3MKO-XiMiYHi BIACTUBOCTi. ATOMU IIUX PEYOBUH B
[I€BHUX TEXHOJIOTIYHUX YMOBAX OTPUMaHHS MeTajly, abo TepMidHOi 06pOOKY 31aTHI OpMyBaTH cerperatiii Ha
TPaHULISIX 3€PEH MAaTPUYHUX METAJIB i B pe3yJIbTaTi CTabii3yBaTH BUXiIHUI CTPYKTYPHUI CTaH i (Pi3sMKO-MeXaHi4yHi
BJIACTMBOCTI IIpY TEMIIEPAaTypPHOMY ab0 iHIIOMY eHepreTUYHOMY BILIMBI. HaykoBa HOBU3HA ITPOBEIEHOTO
IOCJIiI)KEeHHS [10JIsIrae y SIBUILAX, 110 BIeplle 0yiy 3adikcoBaHi il 4ac eKCliepeMeHTIB, a TAKO>K BUCYHYTUX
TeOPisixX WOA0 MExXaHi3MiB, 3a IKMMHU Lii SIBUILA BiOYBalOTbCA. B nucepTrauiiiHiil po6oTi 3100yTi HOBi 3HAHHS PO
MexaHi3MU (POpMYBaHHS CTPYKTYyPHU IICEBIOCIIABIB Mifi Mifl 4ac iX ocalpkeHHs 3 NapoBoi a3y y BakyyMi Ta yMOBU
dhopmMyBaHHS 1 po3Naly aHOMaJIbHUX PO3YMHIB JIETYIOUUX €JIEMEHTIB, 10 B 3BUYalfHUX YMOBax He MaloTh
PO3YMHHOCTI, Y MaTpULli Mifli; Ipo MexaHi3Mu Ta (GaKTOPH, 110 NiJIBUILLYIOIOTh TEPMiYHY CTabiNbHICTh MiKPO- Ta
HAaHOCTPYKTYPHHUX MaTepiasliB Ha OCHOBI Mifli. 3100yBayeM 3a(ikCOBaHO HU3KY HOBUX SIBUIL I1iJl 4aC €KCIIEPUMEHTY
Ta BUCYHYTO PSiJ, T€3, 0 MOSICHIOIOTS 1ii siBUIIa. Ha OCHOBI €KCIIEpUMEHTAIBHUX PE3YJIbTATIB IPOBEEHO
MOJeJIoBaHHs Qi3nyHOi B3aeMOii MK aToMaMU JIerylouoro KOMIIOHEHTY Ta IIOBEPXHEIO 3epHa MaTPUYHOTO
MeTaily. Pe3ynbTaTy eKCIEpUMEHTAIBHUX i TEOPETUYHUX JOCiIKEeHb, OTPMMaHi IIPY BUKOHAHHI pOOOTH, MOXYTb
OyTH BUKOPHUCTaHi B SIKOCTi HAyKOBOi OCHOBY HOBUX TEXHOJIOTi1 OTPUMAHHS HAaHO- i CyOMiKpOKPHUCTaTiYHUX
MeTaJliB y BUIJIST] [I1iBOK, (POJIBT, IIOKPUTTIB | MACUBHUX BUPOOIB 3 HAIBUCOKMM ITOENHAHHSIM MillHEBUX i
€JIEKTPOIIPOBiIHUX BIaCTUBOCTEN. OCOBIMBICTIO LIMX METAJIIB B IIOPiBHSIHHI 3 iCHYIOUMMMU aHaJIOTaMU, SIKi
BUPOOJISIOTh B YKpaiHi i 32 KOpJIOHOM, € crienndiyHuil CTPYKTYPHUI CTaH, cTabinbHuii go 0,8-0,9 Bin Temneparypu
IIJIaBJIEHHS MaTPUYHOTO MeTaiy, o Ha 200-300°C nepeBullye aHaNOTYHi TOKa3HUKY, 3aCTOCOBYBAHI B IAHUH 4aC
L7151 CIIJIaBiB Ha OCHOBI Mifli. Po3po6ieHi MeTanu Ha OCHOBI Mifli MOXKYTb OyTH BUKOPUCTaHI B SIKOCTi TOKPUTTIB i
CaMOCTIMHUX €JIEMEHTIB €JIEKTPOKOHTAaKTHUX MaTepiasiB, HAKOHEYHUKIB, €JIEKTPOIiB TOYEHOTO 3BAPIOBAHH4,
BHCOKOIIPOBiIHMX i TEPMIYHO CTabiIbHUX €JIeMEHTIB €JIeKTPOHHOI TexHiKY i T.11. OTpuMaHi B juceprauii pe3yibTaTu
MOXyTb OYTU BUKOPUCTAHi B HAYKOBUX LIeHTpax i yHiBepcuTeTax YKpainu i 3a ii Mexxamu, [ie pO3BUBAETHCS

aHaJsioriyHa TeMaTuKa JOCJIiIKeHb.

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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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HaioHanbHU# TeXHIYHMI YHiBepcUTeT "XapKiBChKuii

MOJIITEXHIYHNAN iIHCTUTYT"

Kopg 3a €IPIIOY: 02071180

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

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

VII. BimomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I1o-6aTbKOBI:

1. Borrayk Bosmopumup MukosianoBuy

2. Volodymyr Volchuk



KBasigikanis: n.r.1., gou., 05.02.01
InenTudikarop ORCHID ID: 0000-0001-7199-192X

JoparkoBa iHdpopmamnist:
;https: / /www.scopus.com /authid /detail.uri?authorld=57198819273;https: / /scholar.google.com /citations?user=
Mjd1ljsAAAAJ&hl=ru

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMII BULIMIT HAaBYaIbHUI 3aKksaj "TIPUAHITPOBChKa

IepkaBHa aKafieMis Oy[liBHMLITBA Ta apXiTeKTypu"

Kopg 3a €IPIIOY: 02070772

Micuesnaxomxemm: ByJI. YepHuUlIEeBChKOro, 6ya. 24-a, [IHinpo, JJHinpoBchKkuit p-H., 49600, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCHTETChKUIT

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cton6oBuii B’ssuecnaB OnekcaHIpoOBUY

2. Vyacheslav O. Stolbovyi

KBasidikanis: . r. n., 01.04.07
InenTudikarop ORCHID ID: 0000-0001-7734-0642
JoparkoBa indpopmamuist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: HauioHanbHuil HAYKOBUIA LIEHTP "XapKiBChKuit (isnko-

TexXHIYHMH iHcTUTYT" HanionasnpHOI akagemii Hayk YKpainu

Kopg, 3a €IPIIOY: 14312223

Micue3Haxoa>KeHHS: By/. AkafemiuHa, 6yi. 1, Xapkis, XapkiBchkuii p-H., 61108, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuit

PeuenseHTu

BiacHe IIpizBue Im'sa I1o-6aTbKOBI:
1. Manuxin Cepriit BosioguMuposuy

2. Serhii V. Malykhin
KBasidikanis: n.¢.-m.u., npodecop, 01.04.07
InenTudikarop ORCHID ID: 0000-0002-9965-9109

JoparkoBa iHdpopmanist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKMit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

MicueSHaxo,q)KeHHﬂ: ByJ1. Kupninuoga, 6yz. 2, XapkiB, XapKiBcbKuil p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kontynaes Irop Mukosanosuy

2. Igor Kolupaev

KBasidikamis: k. ¢.-m. ., goir., 01.04.07
ImenTudikarop ORCHID ID: 0000-0002-2125-7118
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, 6y7. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCHTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi
Biiacue IlpisBuime Im's ITo-6aThKOBI Cy660otina Banepis Banepiisna

roJIOBH pagu

Biiacue IlpisBuie Im's ITo-6aThKOBI Cy66ortina Banepis Banepiisaa

roJIOBYIOYOTO Ha 3acigaHHi

Bi,zmoni,qa JILHUH 32 l'li,ZII‘OTOBKy Pga6oiran BasieHTUH AHATOJIIOBUY

00JIIKOBHX JOKYMEHTIB

Peectparop VYkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




