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Jyganeyp M.B. CtpykrypHa craduibHiCTh (a3 Ta ejekTpodizudHi
BJIACTHBOCTI BHCOKOEHTpoNiiiHuX craBiB.— KBamidikariiiHa HaykoBa mpars Ha
paBax pyKOIHCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTYIEHs 1OKTopa (imocodii 3a
cnemianpHicTIO 105 “Tlpuknanna ¢izuka ta Hanomatepiamu” (10 — ITpupoauuui
HaykH). — JIBBIBCBHKMI HaIllOHAJIBHUN yHIBepcUTET iMeH1 IBana ®dpanka, JIbBiB,
2021.

Pobora mpucBsueHa JOCHIKEHHIO CTPYKTYpH, (pa30BOr0  CKIany,
3aKOHOMIPDHOCTEH  CTPYKTYpHO-(a30BUX  NEPETBOPEHb 1  TEMIEPATypHHUX
3aNIeKHOCTEH  CTPYKTYPHO-UYTJIMBHX  BJIACTUBOCTEH  HM3BKOTEMIIEPATYpPHHUX
BiCuGaSnPb 1 mnpomucnoBux AlCoCrCuFeNi BHCOKOEHTPOMIMHUX CIIJIaBiB
€KB1aTOMHOTO CKJIady.

binbmiicth MPOMHUCIOBUX CIUIABIB €, SIK TPaBUJIO, TEPMOJUHAMIYHO
HECTaOUTHLHUMU 1, 32 3pDOCTAHHS TEMIIEpaTypy, B HUX MOXKYTh BiOyBatucs ¢ha3oBi
NEPEeXO0/Id, MO0 MPU3BOAUTH O MOTIPIICHHS EKCIUTyaTallliHUX XapaKTepUCTHK. Y
TaKUX CIJIaBax 3a3BUYail YTBOPIOETHCS HHU3KA IHTEPMETANIEBUX CIONYK, IO €
NPUYUHOI0 KPUXKOCTI. BHCOKOEHTpOIINHI CIJIaBU MarlTh BHUCOKY EHTPOIIIO
3MIITYBaHHSI, 10 JOCSATAETHCS BHACIIIOK 30UIBIICHHS KUIBKOCTI CKJIaJ0BHUX
eJIeMEHTIB (BiZl 5 1 OibIIe), KOHIIEHTpAIllS SKUX MOXKE 3MiHIOBaTHCS Bia 5 1o 35
at. %. Taki cryiaBu CKIAQNalOThCS 3 TBEPAMX PO3UMHIB (IIPOCTa KpHUCTAIIYHA
ctpykrypa OLK, I'IK) 1 MmatoTh mokparieHi MexaHi4Hi BJIaCTHBOCTI.

Cra0unizaniss 01HO(}a30BOr0 TBEPAOrO0 PO3YMHY 1 3aMO0IraHHS yTBOPEHHIO
IHTEPMETAJIEBUX CIIOJIYK Yy TpOLECl KpucTamizaiii 3a0e3leuyeTbesi BUCOKOIO
SHTPOIIIEI0 3MINTYBaHHS B MOYaTKOBOMY PIIKOMY cTaHi. EHTpomis mpu yTBOpeHHI
TBEPJIOTO PO3UYMHY 30UIBIIYETHCS 3 POCTOM KUIBKOCTI €JIEMEHTIB BIJAMOBIIHO [0
rinore3u bonbiMana. | HaBmaku, 1HTEpMETANEBl CIIOIYKH MAlOTh BIOPSIKOBAHY
¢azy, BOJIOAIIOTh HU3HKOIO KOH(ITYpAIIHHOIO EHTPOIIIEI0, a 32 CTEXIOMETPUYHOTO
CKJaAy 1iXHS eHTpONis B3arajl piBHA HYJIO. BHCOKOEGHTpoOmMiiiHI cI1aBU
XapaKTEePU3yIOThCS  CHOBUIBHEHUMHU  3HadeHHsMU  audy3li Ta  edexTom

NEepeMIlIyBaHHs, BUCOKMMHU TBEPHICTIO 1 3HOCOCTIMKICTIO, CTIHKICTIO 10



OKHCJICHHSI, a TaKO0X BHCOKMMH KOPO3IMHOI 1 padialiifHOK CTIHKICTIO, IO
JI03BOJISIE 3HAYHO PO3MIMPUTH 00JIACTh iIXHBOTO 3aCTOCYBaHHSI.

Y pob6oTi eKCrepuMEHTaIbHO JOCIIKEHO B IIMPOKOMY TEMIEPATypHOMY
Jiama3oHi PiIKOTO CTaHy BUIIE BiJ TEMIEPATypy IUIABJICHHS B’SI3KICTh (METOIOM
3racalouMx KPYTWIBHMX  KOJMBaHb IWIIHApPA, 3alMOBHEHOTO  PIAWHOIO),
eJIEKTPOIpOBiAHICTE Ta TepMOEPC (KOHTakTHUM MeTOAOM, 3a 4—TOYKOBOIO
cxemo1o) posmiasiB CuBi, CuGa, CuPb, CuSn, CuBiSn, CuBiSniIn, CuBiSnInPb,
CuBiSnGaPb B exkBiaTOMHHX  KOHIIGHTpaIlisiX, SKi € KOMIIOHCHTaMH
HU3BKOTEMIIEPATYPHUX BUCOKOCHTPOIIHHUX PO3IIIABIB.

Ha ocHOB1 oTpUMaHMX pe3yJIbTaTiB PO3PaXOBAHO €HEPril0 aKTHBALi B’ S3KO1
TeYil 1 EHTPOIIIIO 3MIITyBaHH. AOCONIOTHI 3HAYEHHS B'SI3KOCT1 € XapaKTePHUMU JIS
MeTaJeBUX PO3IUIaBiB 32 BUHATKOM cuctemMu CuGa, eHTpoIis 3MIITyBaHHS AKOi €
HAWBUINOIO. 3HAYEHHS €HTPOIIi TUIABJIICHHS, PO3paXx0OBaHi JJI1 HU3KH METalIB, IO
BXOJISITh JIO CKJIaay JOCHIIPKEHUX PO3IUIABIB, CBIAYATh MPO MEPEBaKAIOUNN BHECOK
CJIEKTPOHHOI Ta CTPYKTYPHOI CKIanoBuX. Lle miaATBep/uKye CKIIamHy CHTPOIIWHY
CTPYKTYpy Tporiecy "TIaBlIeHHs-KpUCTai3allia', oB'sa3aHy 3 nepeOy/10BOI0 THIIIB
MDKYAaCTUHKOBHMX B3a€MO/IIH.

BcranoBieHo  3anmexHICTh  enekTponpoBigHOCTI Ta  TepMOoEPC  Big
temneparypu cucteM CusoPbsg, CuseSNnsg, CusoBisp, 1110 3a10BIIbHO OMHCYIOTHCS
dbopmynoro Padepa-3aiimana. 3anexHicth TepMOEPC Bij eHeprii BUBHAYAETHCS SIK
JIOBKMHOIO BUIBHOTO MPOOITY €NIEKTPOHIB A, Tak 1 IJomiero moBepxHi depmi S.
Oco0nMBuUi 1HTEpEC BUKJIMKAIOThH CIUJIaBU, SIK1 MICTATh MOHOBaJIeHTHI MeTanu (Cu)
1 momiBajgeHTHi Metaym (Sn, Pb, Ga). BcraHoBneHo, 1m0 mOBeIIHKA
enekTporpoBigHocTi cuctemu CusoGasy BIAMOBIIa€ YMOBI, KOJIM XBUITLOBUN BEKTOP
2Kr criBniaiae 3 mMoJIOKEHHSIM MIEPIIOTO MKy CTPYKTYPHOTO (hakTopa.

JlocimKeHO CTPYKTYPY, MIKPOCTPYKTYPY Ta MeXaHI4HI BIIACTUBOCTI HU3KH
ekBiaTOMHHUX cIuiaBiB mecTHKOoMIIOHeHTHOI cucteMu AlCoCrCuFeNi pizHOro
xiMiuHOTO cKkianay. Oco0nuBYy yBary MNpUIIIEHO aHali3y CTPYKTYpHUX Ta
TEPMOJIMHAMIYHUX KpUTEPIiB (popmyBaHHS (Ha30BOTO CKIaAy Ta WOTO BIUIMBY Ha

MEXaHI4H1 BJIACTUBOCTI CIUIaBiB. JIJIsi BCTAHOBJIEHHS KOPEJSALli MK CTPYKTYpPHO-



($a30BUM CTaHOM BHUCOKOSHTPONIWHMX CIUIaBIB Ta IXHIMH MEXaHIYHUMU
BJIACTMBOCTSIMU MPOBEJICHO BUMIPIOBAHHS MIKPOTBEPIOCTI.

IToxazano, mo B cmraBax AlCoCuFe, AlCoCuFeNi ta AlICoCrCuFeNi
dbopmyeThest 1BodazoBa cymim TBepaux poszunHiB 3 OLIK ta I'I[K rpatkamu. [Ipu
3MEHIIIEHHI YaCTKU aToMiB Al MpochiAKOBY€ETHCS TEHACHIIIS A0 PO3YHOPAIKYBAaHHS
tBepaoro po3zunHy OLK ¢a3u. BcranoBneno, 1o crjiaBu XapaKTepu3yIOThCS
JIEHAPUTHOIO Oy/10BOIO, B sikiif 30arauena Cu ['LIK-daza BuaiiaseTbes B MpoMiKKaxX
MK JeHaputamu ocHOBHOI OIIK-da3u. BusiBieHo Kopemisiio MIKpOTBEPAOCTI
CIUIaBIB 3 00’ €MHOIO YaCTKOIO (Pa30BUX CKJIAJOBUX Ta IXHIMH T€PMOJAUHAMIYHUMHU
XapaKTePUCTHKAMH.

BiamoBimiHO [0 TEpPMOJMHAMIYHHUX Ta CTPYKTYpPHHUX KpUTEpPIiB Ta
IPYHTYIOUMCh Ha JaHUX X-IpoMeHeBOro (ha3oBOro aHamizy, IOKa3aHo, W0
CTpyKTypa ekBilaToMHUX BHUcOKoeHTpomiiHux  cruaBiB AlCoCrCuFeNi wmae
nBodazoBuil xapakrtep 1 MictuTh TBepai pozuuHu 3 OLIK (tunm B2) ta 'K —
rpatkamu (tum Al).

Bcranosneno, mo aonaBanns Al cnpusie yrBopeHHto OLIK rpartku. Kpim
TOTO, y CIUlaBax 3 OUIpIIMM BMICTOM Al crocTtepiraeTbcs BIOPSAKYBAaHHSA Ta
nosiea HanOynoBu Tuiy B2. 3HmxkeHHs BMICTY Al mpuBOAWTH 10 MEPEXOay 0
HEBIOPSAKOBAHOTO TBepaoro po3unny (B2 — B1).

BusiBneHo KOpensmito MIKpPOTBEPAOCTI CIUIaBIB 3 00’€MHOI0 YacCTKOMO
da3oBUX CKIAJOBUX Ta IXHIMH TEPMOJUHAMIYHUMHU XapaKTEPUCTUKAMHU.
BcTaHOBIEHO TEpMOJIMHAMIUHI Ta CTPYKTYpPHI KpUTepli IJsi MPOTHO3YBaHHS
(a30BOro CKJIaIy CIUIABIB.

[IpoanainizoBaHO TemmepaTypHi 1 KOMIIO3MIIIIHI 3aJ€KHOCTI TYCTHHU Ta
O00YHMCIIEHO MOJISIPHUIA HAITUIIKOBUM 00’ eM. 3a BuHATKOM po3imiaBy CoCrCuFeNi,
JOCHTIKeHI 0araTOKOMIIOHEHTHI PpO3IUIABH BUSBWJIM HETAaTHBHE BIIXUJICHHS
MOJIIPHOTO 00’€My BiJ 17I€aJIbHOTO pO3unHy. BennuuHa BiIXUIICHHS 3MEHILIYE€ThCS
31 301JIBIIIEHHSIM KUJIBKOCTI KOMIIOHEHTIB.

[IpoBeneHO eKCHepUMEHTaNbHI BHUMIPIOBAHHS €JIEKTPONPOBIMHOCTI Ta
TepMOEPC 1 mpoaHani3oBaHO MOBENIHKY Ta TEMIIEpaTypHI 3aleKHOCTI IHMX

XapaKTEPUCTUK y po3maBax €KBIaTOMHHX KOHIICHTpAIlii



Al166C0166Cr166CU16 6F €16 6Ni1636, Al20C020CuzoFezNiz, Alz5C025CUsFess,
A|25C025CI'25Ni25, COzoCI’zoCUzoFezoNizo y MIHAPOKOMY iHTepBaJ'Ii TEMIICpaATyp
pIIKOro cTaHy BiJ TeMmriepaTyp riaBieHHs g0 1750 K. Bcranosneno, 1o 3a yMoBH
3MEHIIEHHS E€JEKTPOMPOBITHOCTI Y BHCOKOEHPOIIWHUX CIUIaBaX JOMIHYIOUUM
¢dakTOpoM € 3MiHA TOBKHHH BLILHOTO MPOOITY €IeKTpoHIB. BiANOBIAHO 10 1IHOTO
sMmiHIOeTbea 1 TepMOEPC. TlokazaHo, 110 MexaHI3M pO3CIIOBaHHS 3apsay ¥y
BucokoeHpomiiiaux craBax cucreMu AlCoCrCuFeNi omucyerbes s-d 30HHOIO

Moaeiutro MoTtTra.

Otpumani B poOOTI HaAyKOBI pe3yJbTaTH 1 BCTAHOBJICHI (I3UYHI
3aKOHOMIPHOCTI CTaHOBJIATh MPAKTUYHUNA IHTEPEC NPH CTBOPEHHI METOAUYHHMX Ta
HAayKOBHUX 3acajJi po3pOOKH BHUCOKOCHTPOMIMHMX CIUIABIB IS IIJIECHIPSIMOBAHOTO
KEpyBaHHA IXHIMHU CTPYKTYpPOIO Ta BJIACTUBOCTAMHM, a TAKOK BUKOPUCTAHHS I[LOTO
KJIaCy CILJIaBIB MPU BUTOTOBJIEHHI BUPOOIB 3 MOKPAUIEHUMHU XapaKTEPUCTUKAMU. 3
OTJISiAy Ha 1, BIUIMB KOHIEHTpAIlll XIMIYHHUX €JIEMEHTIB Ha (a30BHM CKIIA/,
PO3MOALT €IEMEHTIB Mk (ha30BUMH CKJIIAJOBUMHU, CTPYKTYPY 1 (13UKO-MEXaHI4HI

BJIACTHBOCTI BHCOKOGHTpOHiﬁHHX CILJIaBIB € AYKC BaKIIMBUM.

Kaw4oBi cjoBa: BHCOKOCHTpOITHI  CIUIaBH, CHTPOINiS, B'SI3KICTH,

eJIEKTPOIpOBiAHICTh, TepMOEPC, ryctuHa, CTpyKTypa, MIKpOCTPYKTYpa.



ABSTRACT

Dufanets M.V. Structural phase stability and electrophysical properties of
high-entropy alloys. —Manuscript copyright.

Thesis for the Doctor of Philosophy, specialty 105 “Applied Physics and
Nanomaterials” (10 — Natural Sciences) — Ivan Franko National University of
Lviv, Lviv, 2021.

The work is devoted to the study of the structure, phase composition,
regularities of structural-phase transformations and temperature dependences of
structure-sensitive properties of low-temperature BiCuGaSnPb and industrial
AICoCrCuFeNi high-entropy alloys of equiatomic composition.

Most industrial alloys are usually thermodynamically unstable and, with
increasing temperature, they can undergo phase transitions, which leads to a
deterioration in performance. Such alloys usually form a number of intermetallic
compounds, which is the cause of fragility. High-entropy alloys have a high
mixing entropy, which is achieved by the number of components from 5 and more
elements, the concentration of which can vary from 5 to 35 at.%. Such alloys
consist of solid solutions (simple crystal structure of BCC, fcc) and have good
performance characteristics. Stabilization of disordered solid solutions is provided
by high mixing entropy. Stabilization of a single-phase solid solution and
prevention of the formation of intermetallic phases during crystallization is
provided by the high entropy of mixing in the initial liquid state. The entropy in the
formation of a solid solution increases with increasing number of elements
according to the Boltzmann hypothesis. Conversely, intermetallic compounds have
an ordered phase, have a low configurational entropy, and in stoichiometric
composition their entropy is generally zero. These alloys are characterized by slow
diffusion values and mixing effect, high hardness and wear resistance, resistance to
oxidation, as well as high corrosion and radiation resistance, which allows to

significantly expand the scope of their application.



The viscosity (by the method of damping torsional oscillations of a cylinder
filled with liquid), electrical conductivity and thermoelectric power (contact
method, according to the 4-point scheme) of melts of CuBi, CuGa, CuPb, CuSn,
CuBiSn, CuBiSnin, CuBIiS, which are components of low-temperature high-
entropy liquid alloys.

Based on the obtained results, the activation energy of the viscous flow and
the entropy of mixing are calculated. It was shown that the absolute values of
viscosity are typical for metal melts, except for the CuGa system, the mixing
entropy of which is the highest. The values of entropy of melting, calculated for a
number of metals that are part of the studied melts, indicate the predominant
contribution of electronic and structural components. This confirms the complex
entropic structure of the "melting-solidification" process associated with the
rearrangement of the types of interparticle interactions.

The dependence of electrical conductivity and thermoelectric power on the
temperature of CusoPbso, CusoSnsog, CusoBisg Systems, which are satisfactorily
described by the Faber-Ziman formula, has been investigated. The dependence of
thermoEMF on energy is determined by both the electron free path length A and
the Fermi surface area Sg. Of particular interest are alloys containing monovalent
metals (Cu) and polyvalent metals (Sn, Pb, Ga). It is established that the
conductivity behavior of the CusyGasy system corresponds to the condition when
the 2kr wave vector coincides with the position of the first peak of the structural
factor.

The structure, microstructure and mechanical properties of a number of
equiatomic alloys of the six component AICoCrCuFeNi system of different
chemical composition have been studied. Particular attention was paid to the
analysis of structural and thermodynamic criteria for the formation of the phase
composition and its influence on the mechanical properties of alloys. To establish
the correlation between the structural-phase state of high-entropy alloys and their
mechanical properties, the microhardness was measured.

It was shown that in AICoCuFe, AICoCuFeNi and AICoCrCuFeNi alloys

a two-phase mixture of solid solutions with BCC and FCC lattices is formed. As



the proportion of Al atoms decreases, there is a tendency to disorient the solid
solution of the BCC phase. It was found that the alloys are characterized by a
dendritic structure in which the Cu-enriched FCC phase is released in the intervals
between the dendrites of the main BCC phase. The correlation of microhardness of
alloys with the volume fraction of phase components and their thermodynamic
characteristics is revealed.

According to thermodynamic and structural criteria and based on the X-ray
phase analysis, it was shown that the structure of equiatomic high-entropy alloys
AICoCrCuFeNi has a two-phase nature and contains solid solutions with BCC
(type B2) and FCC - lattice (type Al).

It was found that the addition of Al promotes the formation of BCC lattice.
In addition, in alloys with a higher Al content, ordering and the appearance of a B2
type superstructure are observed. The decrease in the Al content leads to the

transition to a disordered solid solution (B2 — B1).

The correlation of microhardness of alloys with the volume fraction of
phase components and their thermodynamic characteristics is revealed.
Thermodynamic and structural criteria for predicting the phase composition of

alloys are established.

Temperature and compositional dependences of density are analyzed and
molar excess volume is calculated. With the exception of the CoCrCuFeNi melt,
the studied multicomponent melts showed a negative deviation of the molar
volume from the ideal solution. The magnitude of the deviation decreases with

increasing number of components.

Experimental measurements of electrical conductivity and thermoelectric
power of the liquid high-entropy alloys of equiatomic concentrations
Al166C0166Cr166CU16 6F€16 6Ni16 6, Al20C020CuzoFe20Nizo, Al25C025Cu2sFess,
Al5C025Cr5Nizs and Cox0CrCugoFesNiy were carried out in a wide temperature

range from their melting points to 1750 K.

It is established that when the electrical conductivity in high-entropy alloys

decreases, the dominant factor is the change in the free path length of electrons.



Accordingly, the thermoelectric power also changes. It is shown that the charge
scattering mechanism in high-entropy alloys of the AICoCrCuFeNi system is
described by the Mott s-d band model.

The scientific results obtained in the work and the established physical
dependences are of practical interest for the methodological and scientific bases
needed for the development of high-entropy alloys for purposeful management of
their structure and properties, as well as the use of this class of alloys in
manufacturing products with improved properties. The influence of the
concentration of chemical elements on the phase composition, the distribution of
elements between the phase components, the structure and physical and
mechanical properties of high-entropy alloys is highly important from the scientific

and practical points of view.

Keywords: high-entropy alloys, entropy, viscosity, electrical conductivity,

thermoelectric power, density, structure, microstructure.



CIIACOK IMYBJIKALIN 3A TEMOIO IUCEPTAIII
Ilyonixauii, wio 6i000paxcaroms 0CHOBHI HAYKOBI pe3yibmamu

oucepmauii

. M. Dufanets, V. Sklyarchuk, Yu. Plevachuk, Y. Kulyk, S. Mudry. The
structural and thermodynamic analysis of phase formation processes in
equiatomic AICoCuFeNiCr high entropy alloys // J. of Mater Eng and Perform
Vol.29. P.7321-7327. 2020.

. Yu. Plevachuk, V. Sklyarchuk, G. Pottlacher, T. Leitner, P. Svec Sr., P. Svec,
L. Orovcik, M. Dufanets, A. Yakymovych. The liquid AlICud4TiMg alloy:
thermophysical and thermodynamic properties // High Temperatures—High
Pressures VVol.49(1-2) . P.61-73. 2020.

. M. Dufanets, V. Sklyarchuk, Yu. Plevachuk. Thermophysical properties of
multicomponent model high-entropy melts // Journal of Physical Studies.
Vol.24(4). 4602 (4p.). 2020.

. ML.B. dydanenn, B.M. Crxmsapuyk, F0.0. IlneBauyk. CTpyKTypHO-UyTIUBI
BJIACTUBOCTI O1HApHUX MiACKUCTEM Ha OCHOBI Cu BUCOKOEHTPOIIMHOTO CIUJIaBYy
Bi—-Cu-Ga-Sn—Pb // Ykpaincekuii ¢izmunmii xyprai. Vol.65(12). P.1082-
1086 (1089-1093 En). 2020.

. V. Sklyarchuk, Yu. Plevachuk, S. Mudry, M. Dufanets, Y. Kulyk. Structural-
Phase State of Nanocrystalline Al-based High-Entropy Alloys with Transition
Elements // 2019 IEEE 2nd Ukraine Conference on Electrical and Computer
Engineering Lviv, Ukraine UKRAINE SECTION July 2 — 6, 2019 UKRCON-
2019. P. 538-541.

. 1O. IIneBauyk, B. Cxnapuyk, 1. ltabnaBuii, A, AxumoBuu, M. [lydaneus.
I'yctuna 1 MonsipHUN 00°€M  BHUCOKOGHTpONiMHMX cIulaBiB //  BicHuk

JIsBiBCcBhKOTO yHIBepcuTeTy. Cepis dizuuna. T. 54. C. 64-73. 2017.



7. V. Sklyarchuk, Yu. Plevachuk, M. Dufanets. Structure-sensitive properties of
model high-entropy liquid alloys // Visnyk of the Lviv University. Series
Physics. Issue 52. P. 91-101. 2016.

8. B.M. Cxumsapuyk, A.C. SxumoBuu, M.B. lydaneusr Po3paxyHOK B’S3KOCTI
posmiagiB cucremu Al-Cu // Meranmnodusuka u HoBeitmue TexHomorun. T.30,

C.313-319. 2008.

Ilyonixkauii, wio 3aceiouyioms anpooayiro mamepianiie oucepmauyii

9. 1. II. Ia3apiit, M. B. Jydaneub. CrpykrypHi KpuTepii (opmyBaHHS
¢dazoBOro Cckjajy €KBIaTOMHMX CIUIaBiB Ta HOT0 BIUIMB Ha MEXaHI4HI
BiaactuBocti // TlporpecuBHi TeXHONOTIi B MAamIMHOOYAYyBaHHI: 30ipHHK
HayKoBHX mpaip 1X-of MixkaapomHoi HaykoBo-TexHIuHOT KoHepenmii. 03-07
mrotoro 2020 poky, JIsBiB-Ilnai, JIsBiB, 2020, C. 130-132.

10. Dufanets M., Plevachuk Yu., Sklyrchuk V., Kulyk Yu. Formation of metal
nanoclusters in Al-based high-entropy alloys with transition elements //
Abstracts of International Research and Practice Conference “Nanotechnology
and nanomaterials” (NANO-2020), Lviv, Ukraine, August 26-29, 2020, P. 358
(cTenmoBa JOMOBIJb).

11. M. Dufanets, Yu. Plevachuk, V. Sklyarchuk. Structural and microstructure of
Al-based hight-entropy alloys with transition elements // Abstracts of XXII
International Seminar on Physics and Chemistry of Solids, Lviv, June 17-19,
2020, P. 49 (cTenaoBa JOIOBIIb).

12. M. Dufanets, Yu. Plevachuk, V. Sklyarchuk. Viscosity and electrophysical
properties of the Cu—Pb system — a component for modelling high-entropy
alloys /I Abstracts of XIV International conference on crystal chemistry of
intermetallic compounds, Lviv, Ukraine, September 22-26, 2019, P. 78
(cTeHnaoBa JOMOBIIB).

13. V. Sklyarchuk, Yu. Plevachuk, M. Dufanets, Yu. Kulyk. Formation of
nanocrystalline structure in high-entropy alloys // Abstracts of 7th
International Conference "Nanotechnologies and Nanomaterials" (NANO-
2019), Lviv, Ukraine August 27-30, 2019, P.675 (ctengoBa J0MOBIIb).



14. M. lydanennb. CtpykTypHO-(ha30BHil CTaH HAHOKPUCTAIIYHUX BUCOKOCHTPO-
NiHHUX CIUIaBIB QIOMIHIIO 3 MepexigHuMH enemeHtamu // Te3um mom.
MixxkHapoHO1 KOH(pEpEeHIIli CTYICHTIB 1 MOJIOAUX HAYKOBIIB 3 TEOPETUYHOI Ta
excriepuMenTanbHoi ¢i3uku EBpuka-2019, JIbiB, 14-16 Tpasus 2019 poky,

C.A6 (ycHa 10moBiIb).



