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VY 301pHUKY MPEJICTaBICHO TE€3U JI0NOBiie ydyacHUKiB [V MixKHApOHOT KOH-
dbepentii «DyHKITIOHATBHI MaTepianu Jyisl iHHOBaIiiHOT eHepretuku. ®MIE-2023.
HaBenieHO OCHOBHI pe3yJIbTaTh €KCIIEPUMEHTAIbHUX 1 TEOPETUYHUX AOCTIIKEHb OY-
PO3pPOOKH METOMAIB OJIEp>KaHHS METalliB, CIUIaBiB, KEpaMiKi, KOMIIO3HUTIB 1 HaIIBIPO-
BITHUKOBUX CHCTEM, B TOMY YHCIIi y HAHOCTPYKTYpOBAaHOMY CTaHi, BYIJICLIEBUX Ha-
HOMAaTEpialliB, IJIIBOK, TOKPUTTIB 1 MOBEPXHEBUX CHCTEM, & TAKOX METOJIB JiarHOC-
TUKHW, aTecTallii Ta MOJEIoBaHHA (DYHKIIOHAJbHUX MaTepiajiiB JJis 1HHOBAI[IHHOI
CHEPreTHKHU.

Jlns daxiBiiB y rainy3i MaTepialo3HaABCTBA, CJIICKTPOXIMii, €JIEKTPOHIKH, HAHO-
€JIEKTPOMEXAHIKH T4 €HEPreTUYHOI TEXHIKU; MOXe OyTH KOPUCHOIO BUKJIaJadyaM, ac-
mipaHTaM 1 CTyJEHTaM 3a CIEMIaJbHICTIO «IIpHUKIaaHa (i3uKa», «MaTepialo3HaBCT-
BO», «HaHOMATEpiaJid Ta HAHOTEXHOJIOT11», MPEJACTaBHUKAM JIepKaBHUX 1 KOMEPIIiii-
HUX KOMIIaHINd, OpPIEHTOBAHMX HA Cy4YacHY, BITHOBIIOBAJIbHY Ta €KOJOTIYHO YHUCTY
CHEPreTUKY.

TEMATUKA KOH®EPEHIIII ®MIE-2023

o DyHKIIOHAIBHI MaTEpiaan IS TPAIUIIIHHAX €HEPrOKOMILIEKCIB

o Marepianu a1t pO3MOJICHOI Ta aBTOHOMHO1, Y T.4. BIJHOBJIIOBaHO1, CHEPre-
THUKHU

« EHneproedexTnBHI TEXHOJIOTIT HA OCHOBI HAJIIPOBIIHUX 1 MATHITHUX (PYHKITIO-
HaJbHUX MaTepialiB

o ODyHKITIOHATBHI MaTepiaiy IJIs MEPEX CHEProTPaHCIIOPTYBAHHS

o ODyHKIIIOHANBHI MaTepiaiy, HAHOMaTepiaiu

« HoBi MeToau nocmikeHHs i aTecTallii MaTepialiB JJIsl eHEPreTUKH

o Teopernuni Ta yncenbHi MeTOAM (HI3UYHOTO Ta XIMIYHOTO MaTepiaJlIo3HABCTBA

o ODOyHKIIOHANIBHI MaTepiaiu s yTUIi3alli Tenia
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Cexkuis 1. ®yHKIiOHAJIBHI MaTepiajau 1Sl TPAAUIIHIX eHEPrOKOMILIEKCIB

. Semerenko Yu.A. Low-temperature relaxation in kapton
. Hukurenko 10.O., [lTanosanos B.O., Sxyma B.B., I'nizauno O.M. MoHokpucTanu

BOJIb()paMy y BUIJISIII HOPOKHUCTUX TUT 00EpTaHHS [yl Cy4acHOT €HEPreTHKH

. 3axop [.B., JIeBuyk A.M., 3aBeprannuii M.C., Hakoneunuit A.O., Konbsios B.B.,

[uno FO.A. bimeraniuHi KOHTAaKTH BUCOKOBOJBTHOI anaparypu

. Josruii B.T., bomnapyk A.B., JiImutpenko B.1O., Ynmko B.B. MaraetHi ta enekrpu-

YHI BJIACTUBOCTI MyJIbTH(]epoikiB ckinany BiixYxFeOs

. dextapenko B.A., bomiko O.I., 3aropyineko [.B., [Tpsako T.B. CTtBopeHHS 3aXHCHOTO

MOKPUTTS HA TUTAHI BiJ A1l BOAHEBOTO CEPEIOBHIIA 3 KOOATBTOBOTO CILIABY (CILIAB
turty XTH-62) 1o1aTkoBO J1€TOBaHOTO OOpOM.

. Korpeuko C., 3anapna O., ®@inatos O., bonnapuyk B., ®ipctoB I'._fIBuie Budyxo-

MoAIOHOTO pyHHYBaHHS MIPH KBa31CTATUYHOMY CTUCKY BUCOKOCHTPOIIHHUX CIUIABIB,
sKi mictath Ti, Zr, Hf

. Zaporozhets O.1., Mykhailovskyi V.A., Halkina A.A., Podobnyi O.V., Torba Yu.l.,

Pavlenko D.V. Ultrasound testing of elastic, textural, and mechanical properties of
aviation materials

. Zaporozhets O.1., Mordyuk B.N., Mykhailovskyi V.A., Halkina A.A.,

Dordienko M.O. The elastic, textural, and mechanical properties of the Ti-6Al-4V
alloy obtained by «x3D metal printing» technology

Cexuis 2. MaTepiajiu 1Jis po3noAiJIeHOI TA aBTOHOMHOI, y T.4Y. BiTHOBJIIOBAHOI,
eHepreTuKN

. Yapontseva Yu. S., Maltseva T. V., Kublanovsky V. S. Electrocatalytic and corrosion

properties of ternary cowre electroplated from polyligand bath

[Ipsinko T.B., dextsapenko B.A. BogueBocopOiiifHi BITaCTHBOCTI €BTEKTUYHOTO
crutaBy Ti47,5Z1r28Mn17,5V2Nis

Hextsapenko B.A. Komno3utHuii Marepian Ha ocHOBI ¢a3u JlaBeca 3 MarHiem Jjist
30epiraHHs BOJIHIO

Topuunrok I1.B., JlicoBebkuit .B., @enopuyk O.I1., B’ronoB O.1, binoyc A.I'. Bruus
CHIBBITHOIIICHHS BUX1JHUX pEareHTiB Ta KOHIEHTpaIlii mojiMepy Ha CTIHKICTh opra-
HO-HEOPTaHIYHHUX TIEPOBCHKUTIB

Patlun Dmitry, Vereshchak Anna and Khomenko Volodymyr Electrochemical Hybrid
Supercapacitor for Energy Harvesting Systems

Podhurska V.Ya., Ostash O.P., Kuz’menko M.M., Prikhna T.O., Sverdun V.B.,
Kyrysha A.A. Titanium alloys and composites for lightweight hybrid SOFCs

Rud M. O., Mulenko S. A, Popov V. M., Galstian I. Ye, Len E. G. RPLD synthesis of
heterostructures based on boron doped ZnO/Perovskite

Vashchynskyi V.M., [lchuk H.A., Semkiv [.V., Solovyov M.V., Karkulovska M.S.
Optimization of modes of obtaining CdTe1-xSex film solid solutions

3onorapenko AH.JL., 3onorapenko On./]., Martucina 3.A., Axanosa H.E., Yanxanosa
M., llyp A.B., I'abxymnin, Pynakosa O.I1., 3omorapenko O.J1., Yumobait M.B., 3a-
ropyJsibko [.B. po3unHHICTh aTOMIB BOJIHIO B cTutaBax AB

3onoraperko AH.JL., 3onorapenko O:n./]., Marucina 3.A., Axanosa H.E., Yanxanosa
M., llyp A.B., 'abnynnin, Pynakosa O.I1., 3onotapenko O.J1., Yumbait M.B., 3a-
ropyibko [.B. ®epoenextpuku KDP kpucranis

3onorapenko AH.JL., 3onotapenko On./]., Marucina 3.A., AxanoBa H.E., Yanxanosa
M., llyp A.B., I'abxymnin, Pynakosa O.I1., 3omorapenko O.J1., Yumobait M.B., 3a-
ropysbko [.B. AToMHe BiopsiikyBaHHs y ciuiaBi AsB

JlicoBcrkuii 1.B., Xomenko B.I'., Cononan C.O., binoyc A.I'. Moaudixkariist moBepxHi
apyBaTHX OKCHIHUX KaTOAHUX MarepiaiaiB HaHodacTHHKaMu Lii1.3Alo3Ti1.7(PO4)3
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Cekuis 3. EHeproeekTuBHI T€XHOJIOTii HA OCHOBI HAANPOBIAHUX i MATHITHHX
(pyHkuionaabHUX MaTepiajiB

Bopuncekuit B.1O., [Tonimyk J[.M.,Cagina FO.O., [Tamenko B.O., Kpaserp A.D.,
Tosctonutkin O.1., KopeniBebkuii B. TemnepatypHo iHAyKOBaHI 3MiHHU Y TicTepe3uci
HAHOJIMCKIB CHHTETUYHHUX aHTU(PEpOMarHeTUKIB

Kanentok O.A., @ytumcnknii C.1., [Ilanosanos A.IT BucokoyacToTHI XapaKTepuCTH-
KM 3aJ1130BMICHOTO HaaAnpoBigHOro MoHOKpucTany LaOFeixCoxAs

Fedorchuk O.P., Torchyniuk P.V., Lisovskyi [.V. New heteromaterial dielectric com-
ponents for modern microwave communications

Maprunenko 1.0., Kanentox O.A. Illamosanos A.Il. ABTomMaTH30BaHa METOIMKA BH-
3HauyeHHs 3MiHU cTaHiB CKBI/ly

pununko O. O., Makcumos C. 0., bepanikoBa O. M. CtpykTypa MeTany 3BapHUX
3’€IHaHb KOHCTPYKIIIIHOT CTai MPH 3MiHI YaCTOTH Ta KOHQIryparii 30BHIITHHOTO
€JIEKTPOMArHiTHOTO MOJIs

Bonsicora O.0., Tapenkos B.1O., [IlanoBanio A.I1., Kanentok O.A., JIMutpeHko
B.1O., IllamaeB B.B. KoHTakTHa CIEKTpOCKOMis HAANPOBIAHUX IUTIBOK HITPUAY HiO-
0iro

Zhitlukhina E., Shapovalov A., Belogolovskii M., Seidel P. Delta-7 Quantum noise in
superconducting energy-efficient devices

Aliev A., Parra A., Shapovalov A., Belogolovskii M., Zhitlukhina E., Gregor M., Ple-
cenik T. Magnetic characterization of transparent indium—tin oxide superconducting
films

Terekhov A.V., Stepanov V.B., Kolesnichenko Yu. A., Lohderanta E., Rogacki K.,
Solovjov A.L. Possibility of dirac fermions existence in Bigs.coMn3.coFeo.62

Cexkuis 4. PyHKIiOHANBHI MaTepiaJy 1JIs1 MepeK eHeproTPaHCIOPTYBAHHS

Solntsev V.P., Bagluk G.A., Solntseva T.O., Petrash K.M., Mamonova A.A., Mol-
chanovska G.M. Observation of dynamic stability in nonequilibrium systems based on
titanium alloys

Ziakhor 1.V., Nakonechnyi A.O., Levchuk A.M.,Wang Qichen, Linyu Fu, Koltsov
V.V. Copper-Clad Aluminium wire for energy networks

Cexkuis 5. @yHKk1ioHANBHI MaTepiajii, HAHOMaTepiaau

Palchekovskyi O.A., Kruhlov I.O., Voloshko S.M., Orlov A.K. Effect of additional
layers of Cu AND Ag ON structural and phase transformations in Ni/Ti layered stacks
Mopos I'.B., Kopoaskos P.1O., Koporyn A.B. Bimus po3mipHux eekTiB Ha pajia-
[iiH1 BIACTUBOCTI C()ePUIHUX METAICBUX HAHOYACTHHOK

Hmutpiesa I'.I1., Uepenosa T.C., IIpsnko T.B., Hocenko A.B. ®@i3uko-ximiuHi Biac-
THUBOCTI JIETOBAHUX CBTCKTUYHHUX CIUIABIB HIKEIO 3 KapOigoM Hio0ir0

Galstian Iryna, Len Evgen, Yakymchuk Mykola, Tsapko Yevhen, Rud Mykhaylo,
Shevchenko Mykola, Mykhaylova Halyna, Frolov Gennadii

Hrabovskyi Ye.S., Berezovska N.I., Dmytruk I.M., Dmytruk A.M. Mechanical repli-
cation of laser induced periodic surfase structures

Hrubiak A.B., Ostafiychuk B.K. Effect of thermal induced reorganization of different
structures to electroconductivity properties of hydrothermal synthesized hematite
Kedrovskyi S., Koval Yu., Slepchenko V., Slipchenko Vyach., Svystunov Ye. Mar-
tensitic transformation and shape memory effect in Zr—Ta binary alloys

XpinTa H.I., Mopaiok b.M., Maniunin B.1O., Ckopuk M.A., 3akieB B.I., [lonoOuuit
0O.B., Top6a FO.1., I'pebennikoB M.O., ITaBnenko J[.B. O1inka eHepreTHYHUX Mapa-
METPIB YJIBTPa3BYKOBOTO 0OPOOICHHS MOBEPXOHD JIeTallel Ta30TypOIHHUX IBUTYHIB
TICJS €IEKTPOEPO31HHOrO pi3aHHs

Bbypaaxos B.O., [Toropenos O.€., ®inaroB O.B. TyHenbHuil cTpyM KOHTaKTy
Fe/MgO/Fe 3a ymoB nedopmarii
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. Kynpssues 10. B., 'ony06 B. O., Ilepekoc A. O., Kabannes T. I'., Menbauk M. I1.,

TapenkoB B. FO., MarneTHi BinacTuBOCTI MIiBOK roicieposoro cromy Fe:CrGa
Kopxuk B.H., Cryxnak [1.21., bepanikoa O.M., Kymnapsosa O.C., Jleninina K.M.,
3onotuii P.3. bararomapoBi rpaJieHTHI MOKPUTTS 13 OKCHY AIOMIHIIO Ta €TOKCH/I-
HUX KOMITO3UTHHX MaTepiajiB

. Jlicoa O.M., Maxuno C.M., I'ynsa I M., I'op6uxk ILI1. ExexrpodiznuHi B1acTUBOCTI

riopunanx Hanokommo3uTiB ['padenn/FeCo ta Byrnenesi Hanotpyoku/FeCo
Muxaiinosa I'.1O., SAxkumuyk M.M., IlleBuenko M.A., I'ancran 1.€., Lanko €.A.,
Jlens €.I'. KommozuTHi Matepianu noiimep—BHT miist epexTHBHUX MOTIMHAIBHUX
MTOKPUTTIB

Opnoscrka C.I' OcoOmMBOCTI yTBOPEHHS 1 POCTY KPUCTATIB OKCHIY Ha TOBEPXHI BO-
Tb(GPaMOBHX 3pa3KiB, 1[0 HATPiBAIOThCS €IEKTPUUHUM CTPYMOM

Pynenxo E.M., Kopotamu I.B., Hononpkuii JI.1O., HoBurpka A.€. Anresis miiBok
ALN no nosepxHi kepamiku ZERODUR

Jmutpiea I'.I1., Yeperosa T.C., [Ipsinko T.B., Cemenona 0.C. KineTrnka Bucokore-
MIIEPATyPHOTO OKUCHEHHSI €BTEKTHUHUX JTUTUX CIUIaBIB HA OCHOBI HIKEINIO 3 KapOigom
Hi00i10

IIeByenko A.B., Mensuuk O.B., Omniitauk O.B.! ®pakranbHa NpuUpoaa TOMEHHOI CTi-
HKH 3 0JI0XOBOIO TOYKOIO B IIIJIIHAPUIHOMY (epOMarHiTHOMY HAaHOIPOTI

Titenxo A.M., lemuenko JI./1., Tpomenkos FO.M.,Titenko O.A., MypasiioB B.M.
@OyHKITIOHATBHI HAHOCTPYKTYPOBaHI KOMITO3UTH Ha OCHOBI TIOTPIHHUX Ta YETBEPHHUX
CIIOJIYK MiJi

[aprok JI.B., [Ipsaxo T.B., Hlusantok B.M., Bnagimiposa T.I1., ber3 B.II., 3a-
ropyiesko [.B. BiimuB HaamBuakoro rapTyBanHs Ta TepMidyHOi 00poOku Ha (ha3oBUi
CKJIaJl, CTPYKTYPHHIA CTaH Ta MEXaHIYHI BIACTHBOCTI €BTEKTUYHOTO CIUIABY CHCTEMH
Al-Mg-Si

Typuak T.B., Mopatok b.M., I'anieako O.C., backora O.1., Kynnaprosa O.C. Bruus
yIBTPa3ByKoBoi yapHoi 00poOku (Y3YO) Ha CTpyKTypy Ta MeXaHi4Hi BIaCTUBOCTI
QJIIOMIHI€BUX CIUIABIB.

. Boponmona JI.O., babkina H.B., Aatonenko O.1, Kocsauyk JI.®., Bposko O.0. ITo-

niyperaHoBuid SiO2-BMiCHUH HAHOKOMITO3UT SIK TIPO30PHIA JeMIIEpHHIA MaTepial 3
edeKTUBHUM 3axucToM BiJ Y O—-B-BunpominioBaHHS

3onorapenko On./l., 3omorapenko An./l., llyp [.B., Fabmymnia M.T., AxanoBa
H.E., Yanxanosa M., Pynakosa O.II., 3onorapenko O./1., Yumbait M.B., 3aropynsko
[.B. HanoBHIoBau1 /y1si METaNeBUX Ta MOJTIMEPHUX HECYUUX MATPULb

3onotapenko On. /1., 3onorapenko An./l., Hlyp J.B., 'abaymnin M.T., AxaHoBa
H.E., Yanxanosa M., Pynakosa O.II., 3onotapenko O./]., Yumbaii M.B., 3aropynbsko
[.B. IIpomnecu eneKTpoayroBOro CHHTE3y BYTJICLIEBUX HAHOMATEPialiB

Kotpeuko C.O., OcannikoB O.B., KomBomko €.B. MonekynsipHO-TuHaMigHE MO-
JICITIOBaHH BIUIMBY TeMIIEpaTypH Ha MIlHICTh KapOiH-rpad)eHOBUX HAHOEIEMEHTIB 3a
YMOBH IOCTIHOT IBUAKOCTI AedhopMarii.

CwmonbHik C. B., Makeesa 1. M., Konecuuk B. M., Bacuiase M. O., IlleBuenko M.
., Jlens €. I'. Brmus mractuanoi nedopmarii Ha poOOTy BUXOTY BOJIE()PAMOBOTO
KaToIy TEPMOEMICIHOTO IMepeTBOpIOBada eHeprii

B.H.Kopxuk B.H., Cryxnsk [1.J1., bepanikoa O.M., Totockko O.B., Cryxusax J.I1.,
Jleninina K.M. 3axucHi Ta nOrJIMHAI04Y1 HOKPUTTS BiJl €€KTPOMArHiTHUHOTO BUIIPO-
MIHIOBaHHSI HA OCHOBI €TIOKCHJIHUX 0OaratonapoBUx KOMITO3UTIB

. bomsicora O.0., JImutpenko B.YO., Tapenkos B.1O., KpuBopyuko B.M. KonektusHi

30y UKeHHS! HaIIPOBIAHOTO KOHACHCATY Y HAAMPOBITHOMY CTaHI HAHOKOMIIO3UTY
MgB:/(La,Sr)MnO3

3onorapenko On./l., 3omorapenko An./l., lyp [A.B., Fabxymnia M.T., AxanoBa
H.E., Yanxanosa M., Pynakosa O.I1., 3omotapenko O./]., Yumbaii M.B., 3aropynbsko
[.B. CtBOpeHHs KepaMi4HUX KOMIIO3UTIB Ha OCHOBI BYTJICLIEBUX HAHOTPYOOK (TEXHO-
norii 3D-apyky CJP)
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Krivoruchko V.N., Tarenkov V.Yu. Proximity-coupled spin singlet—triplet frequency
even—odd superconducting condensates in MgB2/(La,Sr)MnO3 nanocomposite
Kymimr B.B. 3racarodi AumonpHO-00MiHHI CITIHOBI XBHJII Y HAHOTPYOITi 3 JIETKOILIO-
IIMHHOTO (hepOMarHeTHKY

Bbynat A.®., Jlucuusa M.1., Kanrankos €.B., Aranbios .M. ['yma a5is MmacuBHUX
MPYXHUX €JIEMEHTIB, 10 MPALIOIOTh 33 EKCTPEMAaTbHUX YMOB €KCILTyaTaii

I'oxwman O.P., Kanisens H.I'., Cokosa T.C. [locnimkeHHs BIUTUBY Bianaity Ha aede-
KTHY CTPYKTYpPY YHCTOTO 3aj1i3a, ke OIPOMIHEHO HEUTpOHAMH

baiitantok b.C., Hocenko A.B., €snam [.K., Kupunsuyk B.B., Cemupra O.M. Hosit-
Hi IOPOIIKOBI MarHiTOi€IEKTPUKHA HA OCHOBI HAHOKPUCTATIUYHUX CIIJIaBiB 13 LIEMEHT-
HOIO 3B’ SI3KOI0

Cekuis 6. HoBi MeToau gocaigxeHHs i aTecTanii MaTepiajiB /151 eHEPreTUKHU

Aposura O.B., Yeps’sikoB M.O, Bomnocatos 1.P., Xpymos I'./]., IlectoB B.A., Ha-
koneunwuii O.0., YUeps’sikosa JI.B., Boponin C.O., Uuruneituuk C.JI., Konapatiok
C.€., Keneznsk H.I1., Kamenera C.A., 3yokxoBa B.T. DopmyBaHHS KpUTEPiiB OIHKH
MPUIATHOCTI IO 3aCTOCYBAaHHS MPUCAIHUX MaTepiaiB 3 HIKEIEBHUX CIUIaBIB Y aAUTH-
BHUX TEXHOJIOTisIX 3 D-HariaBIeHHS

Zaporozhets O.1., Mordyuk B.M., Mykhailovskyi V.A., Halkina A.A., Dordienko
M.O., Burmak A.P., Langi E., Zhao L.G. The influence of temperature regimes of
ultrasonic impact treatment on elastic, texture and mechanical properties of Cu—37Zn
brass alloy plates

T'op6atenko 0.B., Kpusuikos O.1., Pomannosa O.0., Kopontok O.0. YHidikoBaHuii
aHaJI3 TEeMIIepaTyPHUX 3aJIEKHOCTEH TETUTONMPOBITHOCTI BIIOPSAKOBAHUX Ta PO3YIIO-
PAAKOBAHUX TBEPIUX TiJl

. Kucmiok B.B., [lTuBantok B.M., Korpeuko C.O. MexaHiuHi BUIIpoOyBaHHsI Ha IMOB3Y-

YiCTh OPIEHTOBAHOTO MOJIIMEPHOTO 1HKAIICYJISTHTY COHSYHUX MOJTYJIiB
I'pyzeBuu A.B.,Cxupra 10.b.,I'epacumuyk [.B.,Kpuseus C.B., /lepeua [[.O. Buzna-
YEHHS CTaHy €JIEeMEHTIB €eHepreTHUYHOro 00IaJHAHHS MarHiTOMETPUYHUMHU METOIaMHU

Cexuist 7. TeopeTnuHi Ta YuceJbHI MeTOaN Pi3HYHOr0 Ta XiMIiYHOT0 MaTepiaJio-
3HABCTBA

Kapacescokmii A.l., Haymyk A.FO. [lepeneceHHs Mi>KBY3JIOBHX aTOMIB P yIapHIN
nedopmariii HOBepXHi MeTalry

. bonnap €.A. CratucTryHa OIiHKa HEPIBHOCTEH MTOBEPXHI aJIFOMIHIIO
72.

I'peunxa O.C., Kacatkin O.JI. leniHiHr BUXOpiB aOpUKOCOBA Y HAAMIPOBIAHUKAX JIPY-
Toro poAay 31 CTOBMYACTUMH JIe(peKTaMU B MOMEPEYHOMY MarHiTHOMY IO
Kapacescekuii A 1., Haymyk A.1O. Tepmonudy3iitHuii MexaHizm GpopMyBaHHs aMop-
(HOTO CTaHy METaJIEBOTO PO3ILIABY

Kammpina H.I., Benrep E.®. Myparos O.C., Poik O.C. Brus po3nofiny aromis

Mg 1 Ti Ha ¢iznuni xapaktepucTuku Mg>Ti04

Menbauk O.B., lleBuenko A.b., Oniitnuk O.B. MozaentoBanss (pa3oBuX NepeTBOPEHD
y BucokoenTpomiitaux craBax NiTiCoCuZrHf

Uvarov V. N., Kudryavtsev Y. V., Rudenko E. M., Uvarov N. V., Perekos A. E.,
Melnik M. P., Tarenkov V. Y. Lattice site occupation effect on the electronic struc-
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CEKLIIA 1. ®YHKIOIOHAJIBHI MATEPIAJIN
JJIAA TPAAMINIMHUX EHEPTOKOMIIJVIEKCIB

LOW-TEMPERATURE RELAXATION IN KAPTON

Semerenko Yu.A."

I'B. Verkin Institute for Low Temperature Physics and Engineering, National Acade-
my of Sciences of the Ukraine, 47 Nauky Ave., Kharkiv 61103, Ukraine
“Ten.: +38 067 957 3190 E-mail: yuri.semerenko@gmail.com

Kapton is a typical representative of an extensive class of heat-resistant poly-
mers—polyimides. Kapton was first synthesized in the USA by the famous chemist,
inventor of teflon Roy J. Plankett in 1964.

Kapton has excellent physical, chemical and electrical characteristics, is re-
sistant to radiation, space environment, temperature extremes. It is stable in a wide
range of temperatures from 4.2 K to 700 K, does not dissolve and does not swell in
known organic solvents even with prolonged heating, does not burn, does not melt
and does not soften up to the decomposition temperature. It is used as high-
temperature insulation in electrical equipment, Due to a lower specific weight than
other dielectrics it is often used as insulation for on-board wires and cables for avia-
tion and astronautics.

In the temperature range 4.2-350 K was studied the viscoelastic properties of
the PMDA / ODA polyimide film PMA (Kapton). Two low-temperature relaxation
processes on the temperature dependences of the acoustic properties are recorded: o-
relaxation at 45 K and B-relaxation at 185 K.

A microscopic interpretation of these relaxations have been proposed. The [-
process 1s responsible for the movement of chain segments that include imide groups
that are free from hydrogen bonds with similar groups of neighboring macromole-
cules [1]. It is known that B-relaxation occurs only in the amorphous regions of the
polymer [2]. The orelaxation mechanism is associated with the interaction of con-
formational kink-like defects in the almost parallel folding of molecular chains. The
analogue of this process is the mechanism of the Bordoni peak in fcc metals [3]. -
peak can only be associated with the presence of ordered regions. The existence of an
amorphous halo on radiographs of an amorphous PMDA / ODA polyimide shows
that it is not a completely disordered system; it contains local regions in which the
short-range order is preserved [4].

Estimates of the activation energy for these relaxation processes are obtained: 6-
relaxation ~ 0.05 eV, B-relaxation ~ 0.7 eV.

1. LI Perepechko, Low-Temperature Properties of Polymers (Moscow: Khimiya: 1977) (in Rus-
sian).
2. P.D.) Golub', L.I. Perepechko, Akusticheskij Zhurnal, 20, 38 (1974) (in Russian).

3. A.S.Nowick, B.S. Berry, Anelastic relaxation in crystalline solids (New York: Academic:
1972).

4. 1.S. Braude, N.N. Galtsov, V.G. Geidarov, G.I. Kirichenko, = V.A. Lototskaya, and
Yu.M. Plotnikova, Low Temperature Physics, 43, 1226 (2017). DOI:
https://doi.org/10.1063/1.5008418



MOHOKPHUCTAJIA BOJIb®PAMY Y BUT'ISIAT IIOPOKHUCTHUX TLI
OBEPTAHHS JJ151 CYYACHOI EHEPTETUKHU

Hukutenko 10.0., [llanosasnos B.O., SIkyma B.B., I'nizaniao O.M.

IE3 im. €.0. [lamona HAH Ykpainu, eyn. K. Manesuua 11, Kuis, Yxpaina
Ten.: +38 044 205-24-02, E-mail: nikyu80@gmail.com

VY 10CKOHAJIEHHSI Cy4acHOT'O €HEPrOKOMIUIEKCY HEMOXKIIMBO 0€3 BIPOBAKEHHS
HOBHUX MartepiaiiB 1 TexHojorid. Hacamnepen 1e cTocyeTbcs aTOMHOI €eHEpreTUKU Ta
JOCTIIKEHb TEPMOSAEPHOTO cHUHTE3y. CTBOpPEHHS pPEeaKTOpiB Ha OCHOBI TEpPMOEMi-
CIHHMX TEPETBOPIOBAYIB TAKOXX BIJIKPUBAE MOKIMBOCTI MIOJI0 3a0€3MEUCHHS €JICKT-
PUYHOIO €HEprie KOCMIYHUX JIITadbHUX anapatiB. Ha qaHomy eramni po3BUTKY HE BU-
PIIICHUM 3aJIMINAETHCS MUTAHHSAM BUOOpPY MarepiajiB i KOHCTPYKTUBHUX €JIEMEH-
TiB, 110 3a3HAIOTh BIUIMBY BUCOKOI TeMIEpaTypu Ta paiiaiii. 30kpema, B TEpMOsiiep-
HUX pPEaKTOpax 3 JEHTEepieBO-TPUTIEBOIO IUIA3MOI0 BiAOYBaeThCsl OOMOAapAyBaHHS
HEUTPOHIB 3 BHCOKOIO €HEPTI€I0, 110 CTBOPIOE BHCOKY KOHIIEHTpAII0 paaialliiHuX
neeKTIB B €JIEMEHTaX KOHCTPYKUIi. ToMy /10 nuX MaTepiajliB BUCYBalOThCSI BUCOKI
BUMOTH SIK TIO TEPMOCTIMKOCTI, TaK 1 MO CTIMKOCTI 0 pajialifHOTO OMpPOMIHEHHSI.
Bonbsdpam Mae HU3bKY PO3UMHHICTH MPAKTUYHO BCIX 130TOIMIB BOJHIO, SIKUW MPAKTHU-
YHO HE PO3YMHSIETHCS y BOJb(PaMi, a 3aXOIUTIOETHCS JUIIe AeheKTaMu CTPYKTYpPH.
HaxonuuenHs aeiTepito B MOJIKPUCTATIYHOMY BoJibpaMi B 4—5 pa3iB HUXKYE, HIK B
mrapi Bosibppamy, 1o (HOpMyeThCS HUISIXOM HAMWIIOBAHHS, TOMY Iy>K€ Ba)IJIMBa
«JIOCKOHAJIICTBY» CTPYKTYpH. | B IIbOMy HampsIMKy MEPCHEKTUBHOIO CTPYKTYpPOIO €
MOHOKPHCTAJI 13 33JJaHOI0 OPIEHTALIIEIO.

B IE3 im. €.0. Ilatona HAH VYxkpainu Oyna cTBopeHa yHIKaJIbHA TEXHOJIOTIS
BUPOIIYBaHHSI MOHOKPUCTAJIIB TYTOIJIaBKUX METaliB y BUrIIsiAl miactud 170—160-20
MM 1 TiT oOepTanHs (TuTiHAp) AiameTpoM 85 MM. HacTymHuM KpoKoM cTalio Biampa-
[[IOBaHHS TEXHOJIOT11 BUPOILYBaHHS MOHOKPHUCTAIIB BOJIb(pamMy y BUTIISII TOPOKHU-
CTUX T 00epTaHHsA. Bysio BUPOILEHO 3MUTOK ) 85 MM 3 TOBUIMHOIO CTiHKH 20-22
MM, 3aBBUIIKH 68 mm (Puc. 1). Taka
¢dbopmMa J103BOJIUTH 3aCTOCYBATU BOJIb(Q-
paM y SIKOCTI TpyOHHX 3aroTOBOK, BU-
TOTOBJICHHSI €JIEMEHTIB 31 CKJIQJHOIO
KPUBHU3HOIO a00 THTJIB JJIs BHUILIABKU
BHCOKO pEaKI[iiHUX HaIiBIPOBITHUKIB
Ta TYTOIJIABKUX CIIOIYK.

[lepBuHHUI aHANI3 IMOKa3aB CIIaJI-
" KOBICTb CTPYKTYpPU B1JI MOHOKpPHCTaJIi-
Pucynok 1 — 3aranbHuii BUrasgq MoHOKpuctany  9HOTI'O 3apOJKOBOIO KpHUCTajla Ta BCI
BOJB(paMy y BHITISJI MOPOKHUCTOTO Tia 00e-  O03HAKW MOHOKPHUCTAIIYHOI CTPYKTYpY
prannsg @ 85 M y BChOMY KPHCTAJII.
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BIMETAJIITYHI KOHTAKTHA BUCOKOBOJIbTHOI AIIAPATYPH

3axop I.B.!, JeBuyk A.M.'"), 3apeprannnii M.C.!, Hakoneunnii A.O.!,
Kouasnos B.B.2, Illnio 0.A.!

! Inemumym enexmposzeaprosanns im. €.0. Ilamona HAH Ykpainu, 03150, Kasumupa
Maneesuua, 11, Kuis, Yxpaina
’TOB «Eumepnpaiiz Texnonooxciz», 02125, m. Kuis, eyn. Cmapocinecoka, 1V, Kuis,
Ykpaina
‘Ten.: +38 067 135 8723 E-mail: levchuk.a@gmail.com

VY martepianax eneKTpUYHUX KOHTAKTIB MOBUHHI ONTUMAJIBLHO MOEAHYBATUCH Pi-
3HOMAaHITHI, a 1HOZ1 HECYMICHI JJi 3BUYAlHIX METaJiB BIACTUBOCTI: TYyTrOIIABKICTh,
3HOCOCTIHKICTh, BUCOKA TEIUIO- Ta €JIEKTPOMPOBIIHICTh, KOPO3iiiHA CTIMKICTh Ta HU-
3bKUWA TEPEeXITHUN omip. 3a3Hauy€Hl BIACTUBOCTI MarOTh KOMIIO3MLIMHI Marepiaiu
(KM) Ha MiHIi OCHOBI — MHCHEPCHO3MIITHEH] CIIJIABH Ta IICEBJOCINIABH KapKacHOT
OyJ10BH.

JlJi1 KOHTaKTiB BUCOKOBOJIBTHOI amapaTypyu BUKOPHUCTOBYIOThH IMCEBIOCIIIAB Ka-
pkacHOi Oy/10BM Ha OCHOBI Boib(dpamy. JIJisl mOKpaIeHHs TeIUIOBIABEACHHS BiJ PO-
00401 MOBEPXHI KOHTAKTHUX JETalIel 1X KOPIYC BUKOHYIOTh 3 MiJll, @ poO0Ul MOBEp-
XHI1 — 13 TICEBIOCIUIaBY TOBIIMHOIO 4...5 MM. Takuii OGiMeTaliuHUN KOHTAaKT Ma€ y 5
pa3iB OUTbIIMI TEpMIH CIY>KOU, HDK BUTOTOBJIIEHHH TUIBKH 13 ICEBAOCIUIaBY. 3'€[I-
HAHHS MIJTHOTO KOPITYCY 13 MICEBIOCIIIaBOM, SIK MPABUJIO, BUKOHYIOTh MasHHAM, MPH-
YoMy 3araJibHUi 4ac Mpolecy CTaHOBUTH BiJ JE€CATKIB XBWIMH 10 1—2 roauH. 3acTo-
CYBaHHsI JUIsI 11i€1 METH croco0iB 3BapIOBaHHS THCKOM JTO3BOJIUTH 3HU3UTH BUMOTH 10
MIJTOTOBKH MOBEPXOHb, 30UIBIIUTH MPOJYKTUBHICTh Ta MOKPAIIUTH TIr€HIYHICTDH
MpoLECY 3’ €AHAHHS.

B pob6oti mociimKyBaau MOXKIHMBICTh 3aCTOCYBaHHS KOHTAKTHOTO CTHKOBOTO
3BaproBanHs (KC3) omopom ta 3BaproBanHs TepTsam (3T) ais 3'enHaHHs Boibhpam-
MigHOTO TiceBaociaBy (70%W+26%Cu+4%Ni), oTpuMaHOTO METOZOM MOPOIIKOBOT
Metanyprii, 3 Migao M1. 3T BukonyBanu 6e3 OyJab-IKUX TPOMDKHUX MPOIIAPKIB, a
npu KC3 BukopurcToByBaiu MijH1 npo@iIib0BaH1 BCTABKU JJIA JIOKai3alii TeIIOBU-
JJIeHHS B 30H1 KOHTaKTy. OIIHKY SIKOCT1 3’€/IHaHb TPOBOMIIM 32 Pe3yJIbTaTaMHU Me-
XaHIYHUX BUIPOOYBaHb HA PO3PUB, METAIOTPa(IUHUX JOCIIKEHb, TOKATHLHOTO MIK-
POPEHTEHOCTIEKTPAIIBHOTO aHAJII3y, BUMIPIOBAHHS MIKPOTBEPOCTI.

VY Oimeramiunux 3’eaHaHHaX, BuKoHaHuX KC3 1 3T, He BUSBICHO OYyIb-IKUX
nedeKTiB, XapaKTepHUM € pi3Ka 3MiHa KOHIICHTpAIlli XIMIYHUX €JIEeMEHTIB Ha TPaHHII
po3auty nceBnocmuias/mias M1. llupuna audysiiiHoi 30HU 1O mepepi3y 3aroTOBOK
3JIEKUTH BIJl BCTAHOBJIEHUX 3HAYE€Hb TEXHOJIOIIYHUX MapaMeTpiB 1 HE MEPEBUILYE
10...15 MM, 1110 00YMOBIIEHO KOPOTKOYACHICTIO MPOIIECY 3BAPIOBAHHS.

3HUKEHHS TBEPAOCT1 Y 30H1 3'€JHAHHS HE BUsIBIEHO. MILIHICTH 3'€/JHAaHb HA PO3-
puB ctanoBuTh 210...220 Mlla, 1m0 MOBHICTIO BIANOBIJA€ TEXHIYHUM BHUMOTaM IO
CJICKTPUYHUX KOHTAKTIB BUCOKOBOJIBTHOI arapaTypHu.
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MATHETHI TA EJEKTPUYHI BJACTUBOCTI MYJIbTU®EPOIKIB
CKJAJY BiiY:FeOs

Hosruii B.T.!®), Boanapyk A.B.2, Imurpenxo B.1O.! , Yumko B.B.!

UToneyvruii gpisuxo-mexniunuii incmumym im. O. O. Fanxina HAH Yxpainu,
npocn. Hayxu,46, 03028 Kuis , Ykpaina
’Incmumym isuxu HAH Yxpainu, npocn. Hayku, 46, 03028 Kuis, Ykpaina
“Ten.:+380508209114  E-mail:vladimirdovgii@gmail.com

OcTaHHIM YacoM CHUCTEMHU TBEPAUX PO3UMHIB Ha OCHOBI ¢eputy BicmyTy BiFeOs;

MPUBEPTAIOTH BEJINUE3HY yBary He TUIbKHM 3 HAYKOBOI TOUKH 30Dy, ajie 1 3 TOYKU 30py
iX IPAKTUYHOTO BUKOPUCTAHHS B PI3HUX OaraToQyHKUIOHATBHUX MPUCTPOSIX.
.Hamu nocaimkyBanucs cucremu TBepaux po3unHiB BijY<FeOs (0.05<x<0.4). Merta
po6OTH — BUBYEHHS BILIMBY 3aMilleHHs HoHiB Bi*‘Hionamu Y** na marueTni i enexk-
Tpu4HiI BiacTuBOCTI MynbTH(EPOikiB Bi <Y FeOs. 3pasku kepamik ckimaniB Bij.
«YxFeOs3 (0.05<x<0.4), 6ynu omepskaHl 3a HITpaTHOI TexHoJorii. PenTrenodasona
aHaii3a 3/1MCHIOBaNacs Ha peHTreHiBcbkomy audpakromerpi JPOH-1,5 (Bunpowmi-
HroBaHHs CuK,). 3anuc KpuBHX MarHeTyBaHHs TPOBOJMIIM 32 KIMHATHOI TEMIIEpaTy-
pu Ha BiOpauiiiHomy marHeromeTpi LDJ-9500 B marnetnux nonsix H= =+ 2.5 xE. [{ns
MPUKIIAAy, pe3yJbTaTd BUMIPIOBaHb MOJHOBUX 3aJIEKHOCTEH HaMarHeTOBaHOCTH M
(H) 3a T = 300 K ngns kepamidyHuX 3pas3kiB TBepAuX po3uuHIiB BijY<FeOs
(0.1<x<0.4) npencrasneni Ha puc.l. [lo xapakTepy KpUBUX MarHeTyBaHHS MO>KHA
3pOOUTH BUCHOBOK, 110 crionyku BijYyFeOs (0.1<x<0.4) — depomarueTuku, qyT-
JUBI 10 ciabkoro marHeTHoro moiisi. [lepeBara 3pas3kiB IMX CUCTEM y TOMY, IO Ha-
MarHeTOBaHICTh Y MaJMX MarHeTHUX noysix (~2 kE) 3Ha4HO OibIna, HiXK HAMarHeTo-
BaHICTh 3pa3KiB 13 YaCTKOBUM 3aMillIeHHSIM HOHIB Bi B HU3I1I1 TpuBajeHTHUX a00 JIBO-
BaJICHTHUX 10HIB , @ TAKOX 13 YaCTKOBUM 3aMimieHHsM HoHiB Fe [1,2] (y marHiTHOMY
nom ~20-60kE),mo BaxnuBO s MPaKTUYHUX 3aCTOCYBaHb. Pe3ynbraT BUMIpIO-
BaHb MMUTOMOTI'O OINOPY IBOTO CcKiaay /st koHreHTpamii x = 0;0,1; 0,15; 0,2 y Temrne-
parypromy mianaszoni 230-550°C npexcrapieni na Puc.2.
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1.R. Pandey, L.K. Pradhan, P. Kumar, M. Kar, Ceramics Internation., 44, No.15: 18609 (2018).
2. L. Chen, L. Zheng, Y. He, J. Zhang, Z. Mao, X. Chen, J. Alloys and Comp., 633: 216 (2015).


https://www.sciencedirect.com/science/article/abs/pii/S0925838815004119?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838815004119?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838815004119?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838815004119?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838815004119?via%3Dihub#!
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_CTBOPEHHSI 3AXMCHOI'O ITOKPUTTSI HA TUTAHI
BIJI A1i BOJHEBOI'O CEPEJIOBHIIA 3 KOBAJIbTOBOI'O CILIABY
(CILIAB THITY XTH-62) JOJATKOBO JJETOBAHOI'O BOPOM.

dexTapenko B.A., bomko O.1., 3aropyasko L.B., IIpsako T.B.

Incmumym memanoghizuxu im. I'.B. Kyporomosa HAH Ykpainu, Kuis, Yxpaina
Ten.: +38 044 424 12 20 E-mail: Devova@i.ua

TuTan Ta crjjaBu Ha HOTO0 OCHOBI MOXYTh JOCUTH JIETKO BCTYIATH B PEAKIIiIO 3 BO-
ITHEM, 1110 IPU3BOJIUTH A0 MOTIPUICHHS iX (I3UKO-MEXaHIYHUX BJIACTHBOCTEH 1 SIK HACII-
TIOK, TIepeIuacHe pyWHyBaHHS Je€Talieii MallluH Ta KOHCTPYKIid. Ha nmanuii yac Bxke pos-
poOJIEHO TOCUTH BEJIHMKA KUIBKICTh 3aXMCHHX TMOKPHUTTIB, IO JO03BOJIAIOTH MPAIIOBATH
TUTaHy Ta CIlJlaBaM Ha HOro OCHOBI y BOJHEBOMY CEPEIOBUIIIl Ta MPH MiABUILEHUX TEM-
neparypax [1]. IIpore, mocTiiiHO 3pocTar0¥M BUMOTH J0 TaKMX MaTepialliB, MOTpedye
PO3pO0JICHHS HOBUX KJIACiB MaTepiB JJIsSI 3aXUCTY THTAaHA Ta CIUIaBIB Ha OTO OCHOBI Bif
HETaTUBHOT /i1 BOJHEBOT'O CEPEIOBHIIIA.

B Incturyti meranodizuku im. I'.B. KyparomoBa HAH Ykpainu po3po6iieHo 3Ho-
cocTiliki kobanbToBi cruaBu cepii XTH npusHayeni s excrutyartailii Ipyu BUCOKHX Te-
MIIEpaTypax B By3JlaX TepTs eHepreTudHoro obnamHanHs [2]. Li criaBu BUKOPUCTOBY-
IOThCSl B IKOCT1 MaTepiaiy Jjisl 3aXUCTy OaHIaKHUX MOJUIbL POOOYHX JIONATOK TypO1HU
Bucokoro Tucky ['TJl Bim 3HOUIyBaHHS, SIKI 3/aTHI MPaIlOBaTH JIOCUTh JOBTUW dYac
(12000 roz.) B arpecCMBHOMY CEpEIOBUIIl IPU BUCOKUX TEMIEpaTypax Ta 3MIHHUX Ha-
BaHTakeHHsAX. KpiM Toro, Oyso BCTaHOBJICHO, IO CIUIABU JAHOTO THUITY, TAKOX € CTIM-
KUMH 1 Bif A11 BogHEBOTO cepenopuina (Tuck BogHto 2 MlIla temneparypa 700 °C). Ilpo-
Te, (hI3UKO-MEXaHIuHI BJIACTUBOCT1 JAHWX CIUIABIB, HE JIO3BOJISIFOTH ICHYIOUMMH METOa-
MU OTPUMYBATH 3 HUX MOPOIIKH, JI MOJATBIIOTO MPAKTUYHOTO BUKOPUCTAHHS B SIKOCTI
Martepiaixy MpU CTBOPEHHI 3aXMCHUX IMOKPHUTTIB, [0 BUMArae MoOIIyKy HOBHUX IUISIXIB
OTPHMMAaHHSA 3 HUX MOPOIIKIB.

BcranoBneHo, 110 10aaTKoBE JieryBaHHS K0OanbToBOTO cruiaBy tuiy XTH-62 60-
poM B KiIbkocTi 1,5 Mac.% Ta neska Bapiallis BUXiTHOTO XIMIYHOTO CKJIaay, AO3BOJIMIN
PO3pOOUTH METOJIUKY OTPUMAHHS IMOPOIIKY IS MOJAAJIBIIOr0 MPAaKTUYHOI'O BHKOPHC-
TaHHs. /{5 oTpuMaHHs BUCOKOT aaresii CTBOPEHOTO 3aXMCHOTO MOKPUTTS Ta MaTepialy
OCHOBH, OyJIO BiJIIOpaHO MOPOIIOK 3 cepeaHiM po3mipoM 65 MkM. HaHeceHHs 3aXHCHOTO
MOKPUTTS Ha TUTaH BiAOYBajIOCh MIa3MOBHUM METOJIOM B JIeKUJIbKa €TalliB, 100 CTBOPH-
TH 3aXHMCHE MTOKPUTTS Ha YCiX MOBEPXHIX 3pa3Ka.

MeTo10M CKaHyH0YOi eIEKTPOHHOI MIKPOCKOMII OyJI0 JOCTIIKEHO CTBOPEHE 3aXu-
CHE MOKpUTTA. Bu3zHaueHo, 1110 MpU HAHECEHHI 3aXUCHOTO MOKPUTTS, 3a3HAYEHUM METO-
JI0OM, B1IOYBA€ThCS YaCTKOBE OIUIABJICHHS MOBEPXHI MOPOUIMHOK Ta B MOJANBIIOMY, IIPU
OCAJI’KE€HHI 1X Ha MOBEPXHIO OCHOBH, B3aeMOJisl MK co0oto. Lle 1o3Bosie, oTpuMaTtu Ha
MOBEPXHI OCHOBU JIOCTaTHHO CYLLUJIBHUH 11ap, YTBOPEHUH 3aB/IAKU B3a€MHIN quy3ii.

1. T.V. Pryadko, V.A. Dekhtyarenko, V.I. Bondarchuk, M.A. Vasilyev, and S.M. Voloshko,
Complex Approach to Protecting Titanium Constructions from Hydrogen Embrittlement,
Metallofiz. Noveishie Tekhnol., 42, No.10: 1419-1429 (2020).
https://doi.org/10.15407/mfint.42.10.1419

2. T.S. Cherepova, G.P. Dmitrieva, A.V. Nosenko and A.M. Semirga, Wear-resistant alloy for
protection of contact surfaces of working aircraft engine blades from oxidation at high

temperatures. Science and Innovation. 10, No.4.: 20-28. (2014).
https://doi.org/10.15407/scin10.04.022
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SABUILE BUBYXOHNOJIEHOIO PYHHYBAHHSA
ITPU KBA3ICTATUYHOMY CTUCKY
BUCOKOEHTPOIIIMHUX CILJIABIB, IKI MICTATD Ti, Zr, Hf

C. Korpeuko'?, O. 3anapnal, O. ®inaros!, B. bongapuyk!, . ®ipcros!

Tuemumym memanoizuxu im. I. B. Kyporomoea HAH Ykpainu,
oynveap Axademika Bepnaocwvkoeo, 36, 03142 Kuis, Ykpaina
’Hayionanvnuii mexuiunuil ynieepcumem Ykpainu
“ Kuigcokuti nonimexuiunuu incmumym im. leops Cikopcvkozo”,
bepecmeiicokuti npocnexm, 37, 03056 Kuis, Yxpaina
“Ten.: +380 671379672, e-mail: serkotr@gmail.com

Bcranosnene siBuiiie BUOYyXOMOAIOHOTO pyHHYBaHHS 3pa3KiB 13 BUCOKOEHTPO-
niauX craiB 13 nam’ Tt popmu cucrem TiZrHINiICu, TiZrHfCoNiCu npu Bu-
npoOyBaHHSIX Ha KBa3iCTaTHUHUM CTHCK. Po3pobiieHa (izmuHa MOAENb 1HIIIIOBAHHS
BUOYXOIOAIOHOTO pyHHYBaHHS BHCOKOEHTPOIMIMHMX crijiaBiB Ha ocHoBi TiZrHf B
yMOBax BUINPOOYBaHb HAa OJHOBICHUM KBa3zicTaTWUuHUM cTUCK. [lokazaHo, 110 nmpuyu-
HOIO IILOTO SIBUIIA € BUAUICHHSI €HEPTii JaHI[IOTOBOT PEaKIlii OKUCICHHS CIUIaBy, sSKa
HILIIOETHCS] HArPIBOM JIPIOHUX YACTHMHOK CIUIABY 32 PaXyHOK TEIUIa, 10 BUAUIAETHCS
y BEpIINHI TPIIUHU 3CYBY, SIKa YTBOPIOETHCS MPU KPUXKOMY PYWHYBaHHI 3pa3ka B
yMOBaX KBa3iCTATMYHOTO CTHCKY. JlaHa OIlIHKAa BETUYHHH JIOKAIBHOTO PO3IrpiBYy Me-
Tajxy, HEOOXI1THOTO AJIs 1HILIIOBAHHS PEaKI[li OKUCHEHHS.

[Tokazano, 1o 3aropaHHsi 1 BUOyxomno1i0He pyHHYBaHHS € OCOOJUBICTIO KPUX-
KOI'0 pyHHYBaHHS LIbOT'O KJIacy BUCOKOEHTpOIMIHUX criiaBiB. Lleit penomen peanizy-
€TBCA TMPH JOCSITHEHHI INMEBHUX KPUTHYHHMX PIBHIB MIITHOCTI 1 TUIACTHYHOCTI ITUX
criaBiB. JlaHa olliHKA IUX PIBHIB.

B ninomy, BHCOKHIA piBEHb MIITHOCTI BUCOKOCHTPOIIMHMUX CIUIaBiB Ha OCHOBI
TiZrHf pobuts X NEpCIEKTUBHUMH KOHCMPYKYIUHUMU TA QYHKYIOHATbHUMY MATEPi-
aJlaMu, [0 MarOTh NIepeBary HaJl ICHYIOUHMH CIUIaBaMH, TPOTE MPH JOCATHEHHI KpH-
TAYHUX PIBHIB MIITHOCTI Ta KPUXKOCTI 11l CIUTABH HAaOYyBaIOTh «IPOTHIICKHUX) BIIaC-
TUBOCTEHN CTAIOUM eHepeemuyHuMy CIJIaBaMU, K1 3/1aTH1 10 BUOYXOBOTO BUIUICHHS
3HAYHOI KUIBKOCTI TEIJIOBOi eHeprii. B nbomy momsirae (heHOMEH IIbOTO KJIaCy BHUCO-
KOCHTPOIMHUX CIUIaBiB, SKUM OKpEecCIoe 00JacTh iX BUKOpUCTaHHsS. BinnHaiineHi
KPUTHUYHI PIBHI MILHOCTI 1 MJIACTUYHOCTI OKPECIIOIOTh TPAHUIIO, SIKA BIAAUISAE KOHC-
TPYKIIIFHI 1 PYHKI[IOHAJIbHI BUCOKOCHTPOTIIHI CIIJIaBU BiJl EHEPreTUYHUX.
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ULTRASOUND TESTING OF ELASTIC, TEXTURAL, AND MECHANICAL
PROPERTIES OF AVIATION MATERIALS

O.1. Zaporozhets'", V.A. Mykhailovskyi', A.A. Halkina'!, O.V. Podobnyi?,
Yu.l. Torba?, D.V. Pavlenko*?

IG.V. Kurdyumov Institute for Metal Physics, NAS of Ukraine, 36 Academician Ver-
nadsky blvd., UA-03142, Kyiv, Ukraine;
2 «Ivchenko-Progress» SE, Zaporizhzhia, Ukraine

3 NU «Zaporizhzhia Polytechnicy, Zaporizhzhia, Ukraine
“Ten.: +38 093 594 8612; E-mail: zapus.ua@gmail.com

Like the research conducted on nuclear materials using ultrasonic equipment,
as described in [1], quantitative data suitable for engineering calculations were ob-
tained. This data includes the values of Young's (£), shear (G), and bulk (B) moduli,
Poisson's ratio (7), Vickers hardness (HV), Milman's plasticity characteristic (0H),
yield (gy2), and ultimate strength (os) for specimens of as-received aviation alloys
E1698, VT8, and DN3SH. These measurements were taken both before and after soft
(SP) and hard (HP) spark-cutting (SC) treatments. Bulk US velocities (v;) were
measured in orthogonal directions on different sections of the specimens. In addition
to measuring v; at fixed specimen sections, scanning by US beam using longitudinal
US waves was performed on the specimens. Furthermore, when elastic anisotropy in
the specimens was detected (as in the case of the VTS alloy after SP SC), we utilized
the layer-by-layer US texture analysis method [2]. Most of the specimens were de-
termined to have the anisotropy and heterogeneity of the £ and HV of no more than
1%. Only the VT8 alloy, after undergoing SP SC, exhibited a significant anisotropy
(up to 6-8%) in both elastic moduli (EM) and mechanical parameters (MP), which
can be attributed to the presence of texture in the alloy. Texture coefficients Wy
(i=2,4; j=0,2,4), Kearns factors f; (i=1-3), EM, and MP for orthogonal directions
were determined, basal [0001] pole figures and 3D surface of £ near the region of SC
action and for the central parts of the specimens were plotted. A clear correlation be-
tween the modulus E;, HV, and f; was established, underscoring the main contribution
of the texture factor to the anisotropy of the studied alloy. The effect of SC on the
results of specimen scanning using the US beam was found to depend on the proper-
ties of the processed alloys. Scanning by US beam zone of SC action made it possible
to determine the thickness of the affected layer while gradually mechanically remov-
ing the damaged layer. At the same time, determination of the presence of affected

layer is possible using only US equipment without such removal.

1. Zaporozhets O.1., Kotrechko S.A., Dordienko N.A., Mykhailovskyi V.A., Zatsarnaya A.V., Prob-
lems of Atomic Science and Technology, 96, Ne2: 197 (2015) (in Ukrainian).

2. Zaporozhets O.1., Mordyuk B.N., Mykhailovskyi V.A., Halkina A.A., Dordienko N.A., Surface
and Coatings Technology, 403: 126397 (2020). https://doi.org/10.1016/j.surfcoat.2020.126397.
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THE ELASTIC, TEXTURAL, AND MECHANICAL PROPERTIES
OF THE Ti-6A1-4V ALLOY OBTAINED BY «X3D METAL PRINTING»
TECHNOLOGY

O.1. Zaporozhets’, B.N. Mordyuk, V.A. Mykhailovskyi, A.A. Halkina,
M.O. Dordienko

G.V. Kurdyumov Institute for Metal Physics, N.A.S. of Ukraine, 36 Academician Ver-
nadsky blvd., UA-03142, Kyiv, Ukraine
“Ten.: +38 093 5948 612, E-mail: zapus.ua@gmail.com

The 3D Ti-6Al-4V (VT6) alloy was studied with the precise ultrasonic (US)
measurements on automated equipment [1] at 10-30 MHz. The specimens were
manufactured by PSC "Chervona Khvylia" (Ukraine) using the "x Beam 3D Metal
Printing" technology. Longitudinal (v;;) and transverse (v;;) US velocities in directions
parallel to the horizontal layers of the 3D product on different specimen sections were
measured. The directions of polarization vector were orthogonal. Based on the meas-
ured v, vy, and density (p) values 5 texture coefficients Wy were determined and
pole figures (0001) were constructed for a-phase of studied alloy. Kearns factors (f)),
Young's (E), shear (G), bulk (B) moduli, Poisson's ratio (7), hardness (HV), Milman's
plasticity characteristics (0H), yield (gy2), and ultimate (os) strength were calculated.
The difference in both £ and G ranges from 6 to 8%, while HV, oy, a5 ranged from
5.8 to 7.2%. Despite a relatively significant variation (4.0-4.6%) in #, 6H changes
insignificantly. The anisotropy of elastic and mechanical properties in orthogonal di-
rections was within the range of 3.4—4.5%, while on some specific sections much
more variations and anisotropy in these parameters were observed. Studied AD prod-
uct was established to be constructed with shift strategy. Ultrasonic impact treatment
(UIT) led to changes in v; in the surface region up to 1.45%, while the £ and G de-
crease by approximately 3% and 2%, respectively. Such a decrease in elastic moduli
for HCP anisotropic polycrystals results in an increase in the perpendicular direction
and strengthens the surface due to the cumulative deformation component. The ef-
fects of UIT in metallic specimens’ volume is primarily caused by the dynamic de-
formation component inducing the relaxation of residual stresses and the breakdown
of fixators of textured elements. The results demonstrate the effectiveness of texture
analysis using layer-by-layer US techniques and associated equipment, alongside
other methods classical for the field of AD-production titanium-based alloys and oth-
er spatially inhomogeneous anisotropic materials.

1. O.1.Zaporozhets, B.N.Mordyuk, N.A.Dordienko, V.A.Mykhailovskyi, A.A.Halkina, Surface

and Coatings Technology 403, 126397. https://doi.org/10.1016/j.surfcoat.2020.126397

2. D. Kovalchuk, V.Melnyk. I.Melnik, D.Savvakin, O.Dekhtyar, O.Stasiuk, and P.Markovsky,

Journal of Materials Engineering and Performance, JIMEPEG, 2021.
http://doi.org/10.1007/s11665-021-05770-9
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CEKUIIA 2. MATEPIAJIA IJIA PO3HOI“[IJIEHOi TA ABTOHOMHOI,
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ELECTROCATALYTIC AND CORROSION PROPERTIES OF TERNARY CoWRe
ELECTROPLATED FROM POLYLIGAND BATH

Yu.S. Yapontseva®, T.V. Maltseva, V.S. Kublanovsky

V.1 Vernadsky Institute of General and Inorganic Chemistry of the NAS of Ukraine,
pr. Acad. Palladin 32/34, 03142 Kyiv, Ukraine
E-mail: juliva yap@ukr.net

The desire to reduce greenhouse gas emissions, the use of environmentally
friendly fuels, and the development of efficient fuel cells makes the production of
pure hydrogen one of the most pressing problems. According to the International En-
ergy Agency (IEA), hydrogen production in the world in 2022 amounted to 94.5 mil-
lion tons. At the same time, the share of environmentally friendly green hydrogen
was only 1% of the total [1]. Green hydrogen is produced electrochemically from
100% renewable sources. The only problem is the cost of production, most of which
is the cost of catalysts based on platinum group metals. Reviews [2, 3] show the pos-
sibility of replacing expensive electrocatalytically active metals with multicomponent
alloys based on metals of the iron subgroup with refractory metals, and also indicate
[3] the special role and promise of rhenium in the development of catalysts.

The paper shows the effect of the chemical composition, crystal structure, and
electrodeposition conditions on the electrocatalytic properties of CoWRe ternary al-
loys in the hydrogen evolution reaction (HER) in a IM KOH solution. Electrolytic
alloys were deposited from polyligand citrate—pyrophosphate electrolytes with differ-
ent concentrations of perrhenate ions. It was found that the use of such alloys makes
it possible to increase the exchange current density by an order of magnitude and re-
duce the hydrogen overvoltage by 150 mV compared to cobalt. With an increase of
rhenium content in the alloys due to an increase in the concentration of perrhenate
ions in the solution or an increase in the deposition current density, the electrocatalyt-
ic properties of the alloys in HER deteriorate.

Corrosion studies were carried out in KOH, H,SO,, and NaCl solutions. It is
shown that the corrosion characteristics depend not only on the chemical composition
of the coatings, but also on the crystal structure. Deposits with a crystalline structure
have the highest corrosion resistance compared to x-ray amorphous ones. It was
shown that the highest corrosion resistance of such coatings with the ratio Re:W =
2+4 reached 8.8 kOhm-cm? in NaCl solution, and in KOH solution, 3.1 kOhm-cm?
and increased in time.

1. https://www.iea.org/energy-system/low-emission-fuels/hydrogen

2. C. C. L. McCrory, S. Jung, I. M. Ferrer, S. M. Chatman, J. C. Peters, T. F. Jaramillo J. Am.
Chem. Soc. 2015, 137, 4347—-4357, https://doi.org/10.1021/ja510442p

3. A. M. R. Ramirez, S. Heidari, A. Vergara, M. V. Aguilera, P. Preuss, M. B. Camarada, A. Fisch-
er, ACS Mater. Au 2023, 3, 177200, https://doi.org/10.1021/acsmaterialsau.2c00077
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BO)IHEBOCOPBHIFIHI BJTACTHUBOCTI EBTEKTHUYHOI O CIIVIABY
Ti47,5Zr28Mn17,5V2Nis

Ipsaaxo T.B., JexTapenko B.A.
Inemumym memanogizuxu im. I'.B. Kyporomosa HAH Ykpainu, Kuis, Ykpaina
Ten.: +38 044 424 12 20 E-mail: Devova@i.ua

Panime mamu Oyno mokaszaHo [1] mMepCreKTHBH BUKOPHUCTAHHS Y SKOCTI MaTepiainy Jis
Oe3rneyHoro 30epiraHHs Ta TPAHCIIOPTYBaHHS BOJHIO Y 3B’S3aHOMY CTaHi (T1ApHI), €BTEKTHY-
HUX cmiaBiB cuctemu Ti—Zr—Mn—V, 3i ctpykryporo das3u JlaBeca Tumy C14 ta OLIK-TBepmoro
po3uuny. [IpoTte, HemepepBHO 3pOCTarO4YM BUMOTH JI0 MaTepialliB aKkyMyJISATOpPIB BOJHIO, BUMa-
raloTh MOCTIHHOTO BJIOCKOHAJCHHS BXXE ICHYIOUMX KOMITO3UIIH. J[OCSITTH MOKpalieHHs copo-
[IHUX BJIACTUBOCTEW € MOXIIMBUM 3aBISKU JOAATKOBOMY JIETYBAaHHIO, SIK 1€ OyJI0 JOBEACHO
HeoHOpa30Bo [1]. JlogaTkoBe JeryBaHHS IaHUX CIUIAaBiB, €JIEMEHTOM 3JJaTHUM B3a€MOJIISATH 3
BOJIHEM (HampUKIIaJ HiKeJIeM), BIIKpUBAE HOBI TOPU3OHTHU M iX MPAKTUYHOTO BUKOPHCTAHHS
B SIKOCT1 MaTepiaiiB sl 30epiraHHs BOJHIO Y 3B S3aHOMY CTaHi. 3 METOIO BCTaHOBIICHHSI BILIHU-
BY HIKEIII0 Ha BOJHEBOCOPOIIIHHI BIACTMBOCTI €BTEKTUYHUX CILIaBiB cucteMu Ti—Zr—-Mn-V,
OyJI0 BMILIABJICHO paHIlIC JOCTIDKEHUHN cruiaB Tis7,sZ1:sMnosVa [2] B sskoMy OyJi0 4acTKOBO
3aMIHEHO MapraHelp KUl He B3a€EMOJIIE 3 BOJHEM Ha 5 aT.% HiKeto.

MeTo0oM CKaHyI0U0i eeKTPOHHOT MIKPOCKOIii OyJI0 BCTAHOBIEHO, IO MiCIs YaCTKOBOT
3aMiHM MapraHlO Ha HiKelb, Y 3a3HAUYEHUX MEXaX, 3MIH y CTPYKTypl BUXIJHOTO CIUIaBy HE
Bi0Oyocs. [Ipote, MeTogOM peHTTEeHIBCHKOTO (pa3oBOro aHamizy Oyso BCTaHOBJIEHO, IO y (a-
30BOMY CKJIajll ciiaBy Tis7,5Z128Mni75VoNis okpim azu JlaBeca tummy C14 ta OLIK-TBepmoro
PO3UMHY TakoX OyJU BUsBIIEHI ciiau HOBOI (a3u, intepmeraniny (Ti,Zr)(Mn,V,Ni),«. [Ipucy-
THICTh 1HTepMetaniay (T1,Zr)(Mn,V,Ni)..x CBITUUTH MPOTE, IO HE BECh BBEJICHUH Y CILIaB Hi-
KEJIb PO3UMHAETHCS Y BUXITHUX (pa3ax.

HocmimpkyBanuit criaB Ti47,5Z123Mn17,5V2oNis BUTpuMyBaiin y atMoc@epi BOJIHIO TIPU THC-
Ky 0,6 MlIla Ta kiMHaTHIi Temneparypi BOpoAoBK 24 roauH. 3a3Ha4eHl YMOBU TipyBaHHs, HE
MPU3BEIHU 70 aKTHUBAIIil MOBEPXHI 1 BIAMOBIJHO aKTUBHOT'O MOTJIMHAHHS BOJHIO JOCIIKYBaHUM
crutaoM. CruiaB OyJio T0JaTKOBO BUTPHMAHO MPHM BKa3aHUX MapaMeTpax TiAPyBaHHS BIIPO-
noBx 50 roauH, ane 30UIbIICHHS Yacy BUTPUMKH HE MPU3BEIIO 0 aKTUBAIlll MOBEPXHI 1, BIATO-
BIJIHO, JI0 TIOMITHOTO TOTJIMHAHHS BOJHIO, IHTCHCHUBHA COPOIIis BOJHIO CIJIABOM PO3IOYajiach
JIUIIIE TMICIIsl HAarpiBaHHA. AKTUBHE MMOTJIMHAHHS BOJHIO CIVIABOM PO3MOYaJIOCh PU TEMIIEparypi
345 °C, a cam mpotiec norMHaHHs npojoBxKyBascs juie 10 xBunuH. [Ipu HacuuenHi nocii-
JKYBAHOTO CIIJIaBY BOJIHEM BiOYJIOCS MOBHE PYWHYBaHHS MOHOJIITHOTO 3pa3Ky JO CTaHy IO-
POLIKY, Yepe3 BUCOKY IIBHJIKICTh NPOTIKaHHS Ipolecy B3aeMonii (yiume 10 XBUIMH), a OTXE,
HEJIOCTATHICTh Yacy JUIs peniakcailii HanpykeHb. KiHIeBuil MpoIyKT TiapyBaHHs CIUIaBy CKJa-
JaBcs 3 Tiapuay Ha ocHOBI ¢asu Jlaseca tumy C14, o-rigpumy Ha ocHoBl OIIK-TBepmoro pos-
guHy. KigpKiCTh MOTJIMHYTOTO BOJHIO MPU KIMHATHIA TEMIEpaTypi Ta aTMOCHEPHOMY THUCKY
cranosuia 2,70 mac.%.

[Ipu ximMHATHIN TeMIieparypi NOHMKEHHS TUCKY BoaHIO Bix 0,6 mo 0,002 MIla He mpu3Bo-
IUTH J0 MOYaTKy aKTUBHOIO MPOLECy BUAUICHHS BOJAHIO. BUIIEHHS BOJHIO CIIOCTEPIraioch
nutie npu HarpiBanHi. Tak, mpu mouatkoBomy Trcky 0,0002 MIla BuaisieHHs! BOJIHIO 3 TiIPHIIB
OTPUMaHUX Ha OCHOBI JOCIIKyBaHOTO CIUIaBy Ti475Z128Mni7,5V2Nis, po3nodanock mpu TeM-
neparypi 40 °C, a npu gocsraenHi remnepatypu 490 °C Branocst JOCATTH MMOBHOI 1eCcOpOITii.

1. V.A. Dekhtyarenko, D.G. Savvakin, V.I. Bondarchuk, V.M. Shyvanyuk, T.V. Pryadko, and O.O. Stasiuk,
TiMn,-Based Intermetallic Alloys for Hydrogen Accumulation: Problems and Prospects, Progress in Physics
of Metals, 22, No. 3: 307-351 (2021). https://doi.org/10.15407/ufm.22.03.307

2. V.G. Ivanchenko, V.A.Dekhtyarenko, and T.V.Pryadko, Hydrogen Sorption Properties of
Tio 475Z103Mno 225 Eutectic Alloy Alloyed with 2 at.% and 5 at.% of Vanadium, Metallofiz. Noveishie
Tekhnol., 37, No. 4: 521—530 (2015). https://doi.org/10.15407/mfint.37.04.0521
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KOMITO3UTHUIN MATEPIAJI HA OCHOBI ®A3U JIABECA 3 MATHIEM
IS 3BBEPITAHHSA BOAHIO

JexTtapenko B.A.
Inecmumym memanoghizuxu im. I'.B. Kyporomosa HAH Ykpainu, Kuis, Yxpaina
Ten.: +38 044 424 12 20 E-mail: Devova@i.ua

ABtopamu [l] mokazaHa NEpPCHEKTHUBHICTh 3aCTOCYBaHHS CILUIaBIB Ha OCHOBI
dasu JlaBeca Tumy C14 (ocHOBHUY TIPEICTaBHUK, crioyka TiMn,) B SIKOCTI COPOCHTY
7U1sl 30epiraHHsl BOJHIO Y 3B’sI3aHOMY cTaHi,. OCKUIBKHM, BOHU 3/1aTHI B3a€MOJMISTH 3
BOJIHEM MU KIMHATHIN TemmepaTypl Ta 3 BUCOKOIO IIBUAKICTIO. [IpoTe, OCHOBHOIO
po0JIEMOI0, IO JIIMITY€E X BUKOPUCTAHHS, € BIIHOCHO HU3bKa KUTBKICTh MOTJIMHYTO-
ro BojaHIo (10 2 mac.%). Ha nmpotuBary 1pboMy, Mariii Ma€ BUCOKY KUIbKICTh MOTJIH-
HYTOT'O BOJHIO, ajie¢ HAACKIaAHUN mpoliec rigpyBaHHs. [loeqHaHHs nepeBar KOXHOTO
3 IIUX MaTepialiB B KOMIO3UTI (OCKIIBKM JlaHI Marepiajii HE MarTh B3a€EMHOI PO3-
YMHHOCT1) Ma€ BEJHMKI MepeBaru i MPaKTUYHOTO BUKOPUCTAHHS B SIKOCTI MaTepia-
JIB JiJ1s1 30€piraHHs BOJHIO.

B skocTi BuXigHMX MartepiamiB OyJ0 B3ATO MOPOIIOK MarHiro po3mipom 100
MKM, Ta criaB TijssZr3)MnssVs sCrs sCoss. BiamoBigHo 10 JaHUX PEeHTrEeHIBChKOTO
($a30BOro aHajmi3y Ta CKAHYIOUOl €JIEKTPOHHOI MIKPOCKOII OCHOBOKO CIUIABY
Ti155Z130Mns 5Vs sCrs sCos s € ¢aza JlaBeca tumy C14 (06’emua monst Outbine 80 %).
[Topomiok criaBy Oyjo OTpUMaHO JBOMa MeTojaMu. MexaHIYHUM MOJpIOHEHHSIM
(cepenniii po3mip mopomky 500 MKM) Ta 3a JOIOMOTOIO BOJHEBOT'O JUCTIEPTYBaHHS
(po3mip 30 mxMm). Komno3uTHi MaTepiaiy OTpUMYBAIMCh 3a JOIMIOMOTOK0 3MIITyBaHHS
MOPOUIKIB CIIaBy (a0o Tiapuay Ha Koro ocHoBi) Ta MarHito (5; 10; 20 mac.%) Bopo-
JOBX 8 TOIMH, 3 MOCHIAYIOYNM npecyBaHHsM. [IpecyBaHHs 103BOJIsIE OTPUMATH BH-
COKY KOHTaKTHY IMOBEPXHIO MIXK IMOPOILIKAMHU T1APUIY Ta MarHito, a e y CBOIO 4epry,
JI03BOJISE TTOJICTIIIMTH POIIeC HACHYCHHS MarHito BojgHeM [1].

[Iporiec B3aeMozii 3 BOJIHEM, CIIPECOBAHUX KOMIIO3UTIB, MPOBOJMUBCS 32 TAKOIO
METOJMKOIO: y BUMAJAKy BHUKOPHCTAHHS MOPOIIKY CIIJIaBy, CMOYaTKy HAcH4yBaBCs
BOJHEM CILJIaB MPU KIMHATHINA Temneparypi ta Tucky 0,23 MIla, micis boro, TUCK y
peakropi 3HmxKyBascs A0 0,0002 MIla ta npoBonuBcs HarpiB A0 temmneparypu 400
°C (mecopOriist BOJHIO 3 TIAPUIY Ha OCHOBI CIUIABY); Y BUMAJKy BUKOPUCTAHHS Tif-
pUAY Ha OCHOBI CILIaBy, oJipa3dy npoBoauBcs HarpiB 10 400 °C. Jlanuii HarpiB J03BO-
JISIB CTBOPUTHU TUCK BOJHIO B peakTopi Ha piBHI 0,1 MIla. J{ns koxkHOTO cripecoBaHoO-
r'0 KOMITO3UTY MPOBOAUIOCH MO TP IIUKIM COPOITISi—1eCOpOITis.

BcranoBiieHo, 110 y BUIAJKy BUKOPUCTaHHS B SIKOCT1 BUXIAHOTO MaTepially Io-
POIIIKY CIUIaBY, IMICJIS MEPIIOT0 HACHYEHHS KOMIIO3UTY BOJIHEM, BiJOyBa€TbCs HOTO
pyWHYBaHHS, IO MOB’A3aHO 3 00’€MHUMHU €PEeKTaMU SIKI CYMPOBOKYIOThCS PO3YU-
HEHHSAM BOAHIO. [Ipy BUKOpUCTaHHI Y SIKOCTI BUXIJTHOTO Matepiainy T1IpUay, Cpeco-
BaHUH KOMITO3UT 30€epiraB CBow (hopmy.

MeTonoM peHTreHiBCbKOro (pa3oBoro aHamizy OyJi0 BCTaHOBJICHO, L0 MiCTS
TPHOX IUKJIIB COPOIisi—aecopOIlisl y CIPECOBaHOMY KOMITO3UTI OKPIM TiIpUIy Ha OC-
HOBI CILJIaBY Ta YMCTOTO MarHito OyB NPHUCYTHI 1 TIAPHUJT MArHio.

1. V.A. Dekhtyarenko, D.G. Savvakin, V.I. Bondarchuk, V.M. Shyvanyuk, T.V. Pryadko, and O.O.

Stasiuk, TiMnz-Based Intermetallic Alloys for Hydrogen Accumulation: Problems and Prospects,
Progress in Physics of Metals, 22, No. 3: 307-351 (2021). https://doi.org/10.15407/ufm.22.03.307.
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BIIJIMB CHIBBITHOIMEHHS BUXITHUX PEAT'EHTIB
TA KOHOEHTPALII ITIOJIMEPY
HA CTIMKICTh OPTAHO-HEOPTAHIYHUX NEPOBCHKUTIB

Topunniok IL.B., Jicoscnkuii I.B."), ®enopuyk O.1I1., B’ronos O.1, Binoyc A.T'.

Incmumym 3aeanvnoi ma neopeaniunoi ximii im. B. I. Bepnaocvkoeo,
npocn. Axkademixa llannadina, 32/34, Ykpaina
“Ten.: +38 099 549 8750 E-mail: i-lisovskii@i.ua

Oprano-HeopraHiuHi TaJOTeHiTHI TEPOBCHKUTH BOJOAIIOTh YHIKAJIbHUMU BJIa-
CTUBOCTSIMU: THY4YKa KpHUCTalllYHA CTPYKTYypa, peryjiboBaHa IIMpHUHA 3a00pPOHEHOI
30HHU, BEJIMKa AOBXHHA AU(y31i HOCIIB 3apsay, BUCOKI KOE(PIIEHTH ONTHUYHOTO MOr-
nuHaHHA. BoHM MOXYTh 3HAlTH MIMPOKE 3aCTOCYBaHHS y (OTOJIETEKTOpax, CBITJIO-
BUIPOMIHIOBAIBHUX TPUCTPOSIX, COHSYHUX EJIEMEHTaX 3 BHCOKOIO €(EKTHBHICTIO
MIEPETBOPEHHSI €HEPTii, aje IS IIbOro HEOOX1THO MIJBUIIUTHU iX CTIHKICTh J0 Ail 30-
BHIIIIHIX YMHHUKIB. /{711 opraHo-HeopraHiuHUX MEPOBCHKUTIB XapaKTepHa CTPYKTYP-
Ha Jerpajaiis, ska 3yMOBJICHA Ji€l0 30BHIIIHIX YWHHUKIB (BOJOTH, TEMIIEpaTypH,
yIbTPadioaeTOBOr0 BUIIPOMIHIOBAHHS TOIIO). /(7151 3MEHIIIEHHS BIUIMBY IIMX YUHHU-
KIB Ta MIJBUILEHHS CTIMKOCTI IUTIBOK NEPOBCHKUTY MOXHA BUKOPUCTOBYBATH PI3HI
MoJIIMepH, HaNIPUKJIA, MONiBIHUIOyTHpans (PVB).

B nmaniit poboti Oyio MpoBEAEHO OCHIIKEHHS CTIMKOCTI IUTIBOK OpraHo-
Heopraniynoro mnepoBcekuty CH3;NH;Pbl; mo aii Bomorum 3amexHO Bij CIIBBITHO-
menHs BuxigHux peareHTiB (Pbl:CHsNHsI — 1:1, 1:2, 1:3) y po3unnnuky DMF Ta
koHieHTpaiii PVB (2 Ta 5 mac.%).

Bcranosneno, mo B mniBkax CH3NH;Pbls (1:3) BMmict das3u Pbly, sika yTBOpIO-
€THCS MIPU JIerpajallii NepOBCHKUTY, MPU BIUIMBI BOJOTU Ha 95 NIeHb CTaHOBUTH ~ 3,5
%. ILmiBkm, orpuMani npu criBBigHomenH1 Pbl,:CH3NH:I — 1:2, € HalOL1611 9y TIHBI
710 Bojiord 1 BMicT Pbl; B 1iux 11iBKax mpu BIUIKMBI BOJIOTU CTAaHOBUTH ~ 62 %. V 1wi-
BKaX, OTpUMaHUX Mpu criBBiaHomeHHi 1:1, Bmict Pbl, ctanosurs ~ 21,5 % npu
BIUIMBI BOJIOTH TIPOTATOM 95 nHIB. PEHTreHIBCBKI TOCTIIKEHHS CTIMKOCTI TIIIBOK T10-
Ka3aJM, 110 CTIMKICTh IUTIBOK MEPOBCHKUTY 3MEHIIYETHCS 3aJI€KHO BIJl CIIBBIIHO-
IIEHHS] BUX1IHUX PEareHTiB, 110 BUKOPUCTOBYBAJIUCA JIJIsl CHHTE3 MEPOBCHKUTY y Ha-
npsMky 1:3 — 1:1 —1:2.

[TokazaHo, 110 CTIHKICTh MEPOBCHKUTY MOKHA MIJBUIIHNTH 32 PAXyHOK HAHECEH-
Ha noiMepy PVB. BceranoBiieHo, 1110 He3aJIe)KHO BiJl CITIBBIIHOIICHHS BUXITHUX pe-
areHTiB TUTIBKU 1epoBCcbKUT/ PVB (5 mac. %) € cTidikiimmuMu 10 Jii BOJIOTH, HIXK TUTiB-
ku PVB (2 mac. %). BukopucranHs mojiBIHUIOYTHPAIIO J103BOJUIIO 3HAYHO IT1/IBU-
[IATH CTIMKICTH IJTIBOK JI0 J11 BOJIOTH.

PoGoty Bukonano 3a nintpumkn HAH Ykpainu B pamkax npoekty «CHHTE3 Ta JTOCIiIKEHHS HAHO-
pO3MipHUX (DYHKITIOHAIBHUX MaTepiajiiB JJIsi €HEProreHEPYIOUNX Ta CHEepPro30epiralounx CHUCTEM»
(peectpaniiinuit Homep 0123U103024).
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ELECTROCHEMICAL HYBRID SUPERCAPACITOR
FOR ENERGY HARVESTING SYSTEMS

Dmitry Patlun, Anna Vereshchak and Volodymyr Khomenko

Kyiv National University of Technologies and Design,
2, Nemyrovycha-Danchenka str., Kyiv, 01011, Ukraine.
"Tel.: +38 098 849 8517 E-mail: v.khomenko@ji.ua

The ability to harvest energy from the surroundings of a load and its conversion
to electrical energy is known as Energy Harvesting. Today, this field has been attract-
ing significant interest. This activity is growing due to developments in microelec-
tronics. Energy systems based on footwear power generators can provide an alterna-
tive energy source for soldiers to power their low-power consumption devices such as
GPS and communication devices. This can reduce the number of needed batteries
during their long-range mission.

Energy storage from a piezoelectric generator is a complex, poorly defined pro-
cess. Commonly, batteries are used as energy storage devices. However, batteries
have certain disadvantages, such as low power density, limited life cycle, and com-
paratively slow response in accumulating puls energy from a piezoelectric generator.
On the other hand, an Electric double-layer capacitor (EDLC) can effectively accu-
mulate puls energy due to high power capability, cycle efficiencies, and long life cy-
cles. However, the energy density in EDLCs is hundreds of times lower than in bat-
teries. Hybrid capacitors offer distinct advantages over EDLC including improve-
ments in energy density. In this work, hybrid capacitors based on the intercalation of
ions of an ionic liquid in a graphite electrode and activated carbon were used for en-
ergy storage from a piezoelectric generator embedded in the sole of a shoe. The hy-
brid supercapacitor with high specific energy density systems will bring the ad-
vantage of an energy system based on footwear power generators. Moreover, the de-
sign of the hybrid supercapacitor using ILs electrolyte proposed in this project is
based on safe concepts to guarantee the absence of the danger of thermal runaway as
is in the case of lithium-ion batteries.

The piezoelectric generator prototype, including four PZT disks of 27 mm diam-
eters, reached less than 25 mW as generated power. The laboratory prototype shows
that the energy flow from human walking could be efficiently accumulated in our de-
signed hybrid supercapacitors. The hybrid cell with a 4.0 V maximum working volt-
age reaches high specific energies of ~30 Wh/kg. Conversely, the EDLC capacity has
up to 3.0 V maximum working voltage and specific energies of ~6 Wh/kg.

The work demonstrates the extraordinary capability of designed hybrid super-
capacitors to accumulate energy from footwear piezoelectric power generators.
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Solid oxide fuel cells (SOFCs) are widely used as means of alternative energy.
The main trends in their improvement today are a decrease in operating temperature
from 700-900°C to 550-650°C and weight (aircraft, cars, etc.), as well as an increase
in efficiency. The weight of the SOFC interconnects can be reduced by replacing tra-
ditionally used steels with titanium alloys or composites (with a density of 3.9-4.5
g/cm® versus 7.8-8.0 g/cm?). Its efficiency can be increased by combining it with a
microgas turbine (MGT).

In this work, the structure and physical and mechanical properties of titanium al-
loys and composites of various alloying systems are studied: Ti-Al-V; Ti-Si-X;
Ti-Nb-X; Ti-Al-X; T-Si-C; Ti-Al-C; (Ti, X)-Al-C; Ti- (Al, X) -C; (Ti, X)-(Al, X)
~C, where X=Al, Zr, Si, Nb, Mo, Cr, Sn, B.

Materials for interconnects must possess high both oxidation resistance and elec-
trical conductivity in the oxidized state, and materials for MGT — high both oxida-
tion resistance and high-temperature strength. Long-term (1000 h) oxidation re-
sistance at 600°C in air, which is characterized by the parameter Am/S, where Am is
the increase in the mass of the sample, mg; S is the surface area of the sample, mm?
was estimated. Surface electrical conductivity (o) was determined by the four-point
measurement scheme at 20°C after long-term oxidation. Flexural strength (o, was
estimated by 3-point bending at 600°C in air and hydrogen.

It was established that the Ti-6Al-6Zr-0.7Si-0.3Mo-0.2Nb alloy and the com-
posite based on the Ti(Aly75Sn025)C MAX phase have the best combination of oxi-
dation resistance and electrical conductivity (Am/S= 0.63 mg/cm?, 6=1.2-10°S/m)
and (Am/S= 0.17 mg/cm?, 6=0.6-10% S/m), respectively.

Besides, Ti-47Al-4Nb-1Mo-0.5Cr alloy has a significant advantage in terms of
the combination of high oxidation resistance and high-temperature strength
(Am/S= 0,04 mg/cm?, 6/~=1230 MPa in air and 6/~=1314 MPa in hydrogen).

Acknowledgement The work was supported by the NATO project SPS G5949 “Light-Weight
600°C Solid Oxide Fuel Cells for Energy Security (LW-SOFC)”.
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Transparent conductive oxides (TCOs) are widely used as conductive films in ad-
vanced optoelectronic devices such as panels, solar cells, organic LEDs, and gas sensors.
ZnO is one of the main TCO materials. It is an n-type semiconductor with high electrical
conductivity at room temperature. It is highly transparent and, unlike ITO, is inexpensive,
non-toxic and chemically stable in the hydrogen plasma process [1]. ZnO has a hexagonal
wurtzite structure and has good electrical and thermal conductivity, high exciton binding
energy and a wide bandgap. These properties make ZnO a promising replacement for ITO
[1, 2]. However, the tendency to adsorb air oxygen leads to an increase in the resistivity of
pure ZnO due to a decrease in the number of oxygen vacancies. In order to stabilize oxygen
vacancies and interstitial zinc atoms and thereby reduce the resistivity, it is proposed to
dope ZnO films with impurity elements from various groups, for example, group III ele-
ments such as boron, aluminium, indium, gallium, etc., or group VII element, such as fluo-
rine. Among these elements, boron has the best effect on the photovoltaic efficiency and
other physical properties of ZnO films. In addition, the radius of boron is about 27 pm,
which is smaller than that of zinc and oxygen, consequently, boron can replace both intersti-
tial atoms and positions of any component of the ZnO lattice. An additional incentive to
study the properties of zinc oxide films in combination with various light-absorbing materi-
als was the emergence of new materials for photovoltaics, especially cheap perovskites. The
optimal ZnO film thickness for perovskite photovoltaic cells is 25 nm, resulting in a high
efficiency (energy conversion efficiency) of 15.7% [1].

However, studies on the doping of ZnO films with other chemical elements are far
from being completed. The RPLD method makes it possible to obtain thin (25-35 nm) ZnO
films of uniform thickness with a controlled concentration of oxygen vacancies. The idea of
this work is to combine fundamental research on the effect of boron doping of the structure
and electronic properties of multilayer ZnO/perovskite heterostructures with the solution of
applied problems of development and RPLD synthesis of the corresponding materials and
optimization of their properties to increase the stability and energy conversion efficiency of
perovskite solar cells.

1. Yin Tung Albert Sun, Po-Chuan Pan, Horng-show Koo, Nei-Yi Lin, Precision Engineering, 66:
605 (2020).

2. Kun-Mu Lee, Sheng Hsiung Chang, Kai-Hung Wang, Chun-Ming Chang, Hsin-Ming Cheng,
Chi-Chung Kei, Zong-Liang Tseng, Chun-Guey Wu, Solar Energy, 120: 117 (2015).
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The rapid development of advanced technologies prompts the search for new, al-
ternative sources of energy. Thin-film solar cells based on II-VI semiconductor com-
pounds (CdSe, CdS, CdTe) are one of them. The electrical and optical properties of
semiconductor films are sensitive to the used deposition method, so the choice of
their production is principal in the study of optically active semiconductor thin films.
One of the approaches to enhance the efficiency of solar cells is the incorporation of a
solid solution CdTe;xSex by introducing selenium (Se) into the absorbing material of
CdTe. CdTe;«Sex is characterized by a smaller band gap and influences the increase
of carrier lifetime. Therefore, the investigation of the properties of thin-film materi-
als, particularly CdTe;«Se, of A"BY! group considering their different growing condi-
tions is of high practical value.

CdX (X = S and Te) thin films and solid solutions have been obtained by high-
frequency magnetron deposition using a VUP-5M vacuum station (Selmi, Ukraine).
The temperature has been controlled using a PE-202 PID temperature controller with
a K-type thermocouple. The size of the substrate for the thin film deposition has been
~14 mm. Before the film deposition process, the substrate surface has been cleaned
by boiling in a high-purity CCly solution for 30 minutes.

The phase analysis and crystal structure refinement for obtained thin films have
been examined using x-ray diffraction analysis at room temperature by the diffrac-
tometer DRON-2.0.

The spectral dependence of the optical transmittance (AvaSpec-2048 Avantes
Fiber Optic Spectrometer) of the obtained samples in the visible and near-infrared
regions has been studied at room temperature.

The transmission spectra of thin films exhibit a distinct absorption edge. By ap-
plying the obtained results to construct a Tauc plot, the optical band gap E, has been
determined.
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Po3rnsHyTO YMHHMKH, SIKI BIUTMBAIOTh PO3YMHHICTH aTOMIB BTUICHHS y METAJICBUX
cruiaBax. Po3risiHyToO €l1eKTpOHHI CTPYKTYpH CIUIaBy Ta PO3YMHHICTh y HUX. Po3risHyTO
aTOMHE BIOPSAKYBaHHS B cruiaBi AB 1 MeToan po3paxyHKy pO3YMHHOCTI AJi CIUIaBiB, 1110
BropsAakoBytoThes, 3 ['TIY, I'IK cTpykTyporo 1 OKTaeIpUyHUMH MOPaMU BTUICHHS THITY
AB. BcTanoBiieHO napamMeTpy CTaTUYHOT'O PO3MOALTY aTOMIB Yy ciuiaBi. Po3risiHyTo BinmHOC-
HY PO3YHMHHICTB, SIK (DYHKIIIO CTYIIEHS JaJeKOTo MOPSAKY Ta BIUIMB 00'eMHUX e(eKTiB Ha
BEJIMUMHY CTYIIEHS JIaJIeKOT0 MOPSIKY Y CIUIaBl. Y JOCHITHULBKIA poOOTI OYI0 pO3TIISHYTO
HactynHi cuctemu: Fe—Ni, Au—Cu, Pd—Au, Fe—Cr, Ti—Al, Cu—Zn, Ag—Zn, Fe—Al, Au-Ag,
Fe-V, Pd-Pt, Ni-Mn, Ni-Fe, Cu—Au, Cu-Pd, Pd—Nb, Pd—Ag, a Takox TpMKOMIOHEHTHI1
CILIaBH.

BucnoBkmu: Ilicis ormsiy pi3HOMaHITHUX METAJB 1 CIJIaBIB MOKHA 3pOOUTH BUCHO-
BOK, II[0 PO3YMIHHS MapameTpiB PO3UMHHOCTI JOMIIIOK MOXKE MPHU3BECTH JO MOMJIMBOCTI
MPOTHO3YBATH Ta OIIHIOBATH 0arato Gpi3MYHUX XapaKTEPUCTHK OAraTOKOMIOHEHTHHX CILIa-
BiB y MaiiOyTHbOMY. JlocmiiHUIIbKA poOOTa Jajia KiJTbKa BAKJIMBUX BUCHOBKIB, BKJIFOUAIOUH
dbopMynu IS BUSHAYEHHSI PO3UYMHHOCTI JOMIITKOBUX aTOMIB B YIOPSIKOBAaHHX CILIaBax 3i
cTpykTypoto AB, a Takoxx Toil (akT, 0 BNOPSAKYBaHHS 3BOAMTH JO HYJIS PO3UMHHICTh
MEBHUX aTOMIB Yy TOBHICTIO BIIOPSJIKOBAaHUX CIUIaBax. BCTaHOBIEHO TaKOX, IO B3a€MOJIS
aTOMIB y MOTPIHHUX TBEPIUX PO3YMHAX MAa€ ICTOTHUI BIUIMB Ha 3arajbHy MOOYIOBY IMOT-
piitHoi miarpamu. KpiMm Toro, 06’eMHI edeKTH CHIBHO BIUIMBAIOTH HA CTYMiHb JAIBHBOTO
NOPAJIKY B cIulaBax. PO3yMiHHS BIUIMBY THCKY Ha MI>KATOMHY B3a€MO/IIF0 MOXE JJOTIOMOITH
nepea0aynTH 3MIHM BJIACTUBOCTEN CIUIaBy IiJl TUCKOM. [Ipu BHMBUYEHHI INpoliecy BBEJECHHS
JOMIIIIKOBHX aTOMIB BaXJIMBO BPaxoByBaTH 0arato (akTopiB, y TOMY YHCII B3aEMOJIIIO PO-
3UMHEHUX aTOMIB MK CO0OI0.
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VY naniii poOOTI mpeacTaBlieHa TEPMOJIMHAMIYHA Teopist A (PepoeNeKTPUKIB PI3HUX
CTPYKTYp, BKItouaroun kpuctanu KDP, sxki MoxxyTh OyTH copOeHTaMH BOJHIO, a TAKOXK —
cratucTuyHa Teopis kpucrtaniB KDP, 3acHoBaHa Ha MOJEKYISPHO-KIHETUYHHUX YSIBICHHSX,
110 JI03BOJISIE BUSHAYUTH, IOSICHUTH Ta OOIPYHTYBATH iX (Di3UUHI BIACTUBOCTI.

BusznaueHo TemneparypHy 3aJeXHICTh MapaMeTpa MOPSJIKY, MPONOPLIHHOTO CTyNEeHs
CTIOHTaHHOI MoJIsIpH3aIiii Ta nedopmariii, a TAaKOXK 3'ICOBAHO YMOBH, 3a SIKUX (pa3oBHil mepe-
xi1 y kpucrtaiax KDP nposiBisieThesi mepeTBOPEHHSIM JPYTOro pojy, OJIM3bKUM 10 MepIo-
ro. IIpoBeneHo OIIHKY KOHQITYpaIifHOl TEMIOEMHOCTI, ii TeMIepaTypHOi 3aJIe)KHOCTI Ta
nepenajiB y Touii ¢a3oBoro mnepexoay. BuzHaueHO TemmepaTypHi 3aJie’KHOCTI IPSAMOi Ta
3BOPOTHOI JI€JIEKTPUYHOI MPOHUKHOCTI a00 YyTJIMBOCTI.

J10 0CHOBHMX BHMCHOBKIB MO:KHa BiqHecTu: byna po3poliieHa cTaTHCTUYHA TEOpis
CIIOHTAHHOI noJigpu3aii Ta nedopmarii y nopourkax KDP kpucranis 3 ypaxyBaHHAM (a3o-
BOTO Mepexoy napaeieKTpuk—(hepoeneKTpHUK K TUIY YHOPSAKYBaHHA. 32 JOIMIOMOIOIO i€l
Teopii BlajOCs BCTAHOBUTH TEMIIEpATYpHY 3aJICKHICTh MapameTpa MOpSIKY, HOTO Xapak-
TEp, 3aJEKHICTh BiJ HANPYKEHOCT] 30BHIIIHBOTO E€JIEKTPHUYHOTO IMOJIA, a TAKOX IMPOsB ii
HEeJHIMHOCTI. Bys0 pOo3TIIHYTO 0COONMBICTh TEMIIEPATYPHOI 3aJIeKHOCTI KOHDIrypariiHol
TEIUIOEMHOCTI Ta MOKa3aHo, 10 BOHA OJHM3bKa 10 €KCIEPUMEHTAIBHOI came JUIsl BUTIAAKY
¢dazoBoro nepexoy, OJIU3BKOT0 3a pojoM 110 nepiioro. Takox Oys0 moka3zaHo, IO TeMIIe-
paTypH1 3aJeXKHOCTI MPsIMOT Ta 3BOPOTHOI CIIPUMHSATIMBOCTEH Taki, 10 CIPABEIIUBUM €
3akoH Kropi—Beticca mia kpuctanie KDP. Vci pe3ynbTraTé NOpiBHSUIM 3 €KCTIEPUMEHTANb-
HUMU JIAaHUMH Ta OTPUMAJIU SIKICHY BiATIOBIHICTb, III0 TOBOPUTH PO KOPEKTHICTH PO3POO-
JIEHO1 CTATUCTUYIHOT TEOPii.
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VY naniii po6oTi OyJ10 MPOBEACHO TEOPETUUHE AOCIIIKEHHS AaTOMHOTO BIIOPSAKYBaHHS
y cmuiaBi A3BCx Ta BUBYEHO B3a€MHHIl BIUIMB MPOLECIB YHOPSAKYBAHHSA Ta PO3YHMHHOCTI
nomimiku C y crutai AzB. byso 3HaliieHO Ta BUBYEHO 3aJICKHICTh PO3YMHHOCTI BiJl CKIIATy
CIIaBYy, TEMIIEPATyPH Ta CTYMNEHs JAJIEKOTO MOPAIKY. Takox y poOOTi OTpUMaHO KpUTepii
MPOSIBY €KCTPEMAJIbHOCTI y KOHIIEHTPAIlIHHIN Ta TeMIepaTypHil 3aJIe)KHOCTI PO3YMHHOCTI.
[Iporiec aTOMHOTO BHOPSIKYBAHHS BUBYABCS 3 JIOTIOMOTOIO METOJy CEPEIIHIX €HEepriid, 0Co-
O6mBoOCTI mporiecy po3urHHOCTI noMimku C y craBi AzB, o Baamocs 3'scyBatu 3 J10110-
MOTOIO CIIOCO0Y 3MiH.

BucnoBku: VY 11iif po60Ti OyJI0 MPOBEIEHO TEOPETUYHE JOCIIIPKEHHSI aTOMHOT'O BIIO-
psAaKyBaHHA B OlHapHUX ciiaBax AszB cTpyktypu Al5 3 ZOMILIKOIO TPETHOr0 KOMIIOHEHTA
C. Po3paxoBaHO BUIbHY €HEPTil0 CUCTEMHU 3aJIeKHO BiJ CKJIay CILUIaBYy, TeMIIepaTypH, ma-
pamMeTpa aTOMHOTO BIIOPSAKYBAaHHS Ta €HEPIeTHYHUX KOHCTAHT B3a€MOJil MiXK aToMaMH.
3HaiiiecHo piBHSHHS pIBHOBaru, 110 BU3HAuYa€ CTYIIHb JAJIEKOTO TMOPAIKY, K (PYHKIIiO
CKJIaAy CIIaBy Ta Temmeparypu. BcTaHOBiEHO, 1110 y CUCTEMI MOXIIMBE (a3oBe MEPETBO-
PEHHS TIEPIIOTO MOPSJIKY THITY MOPSAOK—TIOPSIIOK. BCTaHOBIEHO KpHUTEPii TaKOTO MEepexo-
ny. Po3paxoBana po3unHHICTh fomimku C y cmiaBi AzB. BusnaueHo 3anexHICTh pO3YUH-
HOCTI KoMrioHeHTa C y cIuiaBi BiJ KOHIICHTpAIlii KOMIIOHEHTIB A Ta B, Temmeparypu ta
CTyIEeHs Aaliekoro nopsaky. Otpumano Gopmyiid, 10 A03BOJISIIOTH MependadyaTtu 3aKOHO-
MIPHOCTI 3MIHM CTYIIE€HS JAJIEKOT0 MOPSAKY Ta po3unHHOCTI Jomimku C y criasi AzB npu
3MiHI TeMIIepaTypHu Ta CKJIaay CIUIaBy.

PoGoTa BukoHaHa 3a yacTkoBOi miATpuMKU HarionansHOTO POHIY TOCTIIKEHb Y Kpa-
inu B Mmexxax npoekty 2020.02/0301 "Po3pobieHHss HOBUX (PYHKIIIOHAILHUX MaTepialiB JIst
noTpeO BOJAHEBOI EHEPreTUKu'".
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MOIUPIKALIA HIOBEPXHI HTAPYBATUX OKCHIHUX KATOJHUX
MATEPIAJIIB HAHOYACTHUHKAMM Li13Alp3Ti17(PO4)s

Jlicosebkuii I.B.!, Xomenko B.I'.2®), Cosonan C.0.!, Binoye A.I'.!

! Incmumym 3azanonoi ma neopaaniunoi ximii im. B. I. Bepnaocwkozo,
npocn. Akademixa Ilannadina, 32/34, Ykpaina
’Kuiscoruil nayionansHutl yHisepcumem mexnono2iti ma ous3aiiuy,
eyn. Hemuposuua-/lanuenxa, 2, Ykpaina
‘Ten.: +38 098 849 8517 E-mail: v.khomenko@j.ua

JliTiii-ionHi akymysstopu (JIIA) mepeBaxHO BHUKOPHUCTOBYIOTHCSI B MOPTaTHUB-
HUX CJIEKTPOHHHUX MPHUCTPOSX, ENEKTPOIHCTPYMEHTaX Ta Oarapesx AJis eNeKTpoTpaH-
cnopty. [lepcnekTuBHUMEU KaToHUMU MaTepianamu aiisa JITA, 3aBasku BUCOKIM po3-
pagHii  emHocti  (180—220 MA'TOA/T) Ta  BUCOKIM  LIUIBHOCTI  €HEprii
(>280 Br-ron/kr), € mapyBaTi OKCUAH HIKeN0, K0OanbTy Ta MaHrany LiNiyMn,Co,0O,
(NMC, x +y+z=1). [IpoTe, yepe3 3aMiHy YacTHHY KOOAJIbTy Ha HIKEIb, ITUM KaTO-
JTHUM MaTtepiajiaM IMpHUTaMaHHI HU3bKa CTaOUIbHICTh XapaKTEPUCTUK BIPOJIOBXK 3a-
PAI/PO3PAIHOTO IIMKITYBAaHHS Ta BUCOKHM PiBEHb MOXKekHOT HeOe3neku JIIA, 3yMoB-
JIEH1 CTPYKTYPHOIO HECTAOUIBHICTIO Ta MOOIYHUMHM PEAKIISIMU HA TPAHUII KaTOJHUN
Matepian/enekTponit. OqHuM 3 HaHOUIBIT e(hEKTUBHUX MITXOMIB, SIKI MOXKYTh OyTH
BUKOPHUCTAaHI JJIs1 MOKPAILLEHHS XapaKTePUCTUK KaTOAHUX MaTepialliB, € MOAUPIKaALIis
iX MOBEpXH1 JMITIH—10HHUMU MPOBIIHUKAMHU. [lepCreKTUBHUM MaTepiaioM ISk MO~
dikarii moBepxHi kaToaHuX MarepiaiiB € Li;3Aly3T1; 7(POs)s (LATP) 31 cTtpykTyporo
NASICON, HeopraHiyHuii JITIH—1IOHHUA MPOBIJHUK 3 10HHOK HPOBIIHICTIO
~107* Cm/cm. 3axucHuii map 3 yactTuHok LATP Moke 0IHOYACHO ITiIBUIIMTH CTa0i-
JBHICTh XAapAaKTEPUCTUK KATOJHOTO Marepiajy Ta 3MEHUIUTH MEepexiHui omip Ha
TPaHUII KaToOJ/TBEPAUI €IEKTPOIIT MpU po3poOIli TBEPAOTIIFHOTO JIITIEBOTO aKyMy-
JSATOpa 3 TBEPJIUM €JIEKTPOJIiTOM Ha ocHOBI LATP

B naniit po6oti Oysio mpoBeeHO AOCTIIKEHHS BIUTUBY METOAY HaHECCHHS 3a-
XUCHOTO TOKPUTTS 3 HaHOUacTUHOK LATP Ha enexTpoxiMiuHl XapakTEpUCTUKU KO-
MepuiiHuX KatogHux MartepianiB tuny NMC, 3okpema, LiNigsMng2C0020;,
LiNip sMng3Co0¢,0, Ta LiNip4Mny>Co0¢ 40;. [TokazaHo, 110 CTBOPEHHS 3aXHCHOTO I10-
KpuTTa 3 HaHO4YacTUHOK LATP Ha moBepxHi yactuHok NMC nokpaiiye enekTpoxi-
MIYH1 XapaKTEPUCTUKH BUIIE3a3HAYCHUX KATOTHUX MaTepiamiB. 30Kpema, BTpaTa M-
HOCTI JyIsi MoaudikoBaHOro katoaHoro marepiany LiNigesMng,Coo,0, Ha 150-My
UK B 2 pa3u MEHINA, MOPIBHSIHO 3 BUXIJHUMM KaTOJAHUMHU MarepiajaMu. Takum
YMHOM, HaHECEHHs MOKPUTTA 3 HaHOo4acTMHOK LATP Ha karomni matepianu Moxe
CYTTE€BO MOKPAIIUTH CTAOLIBHICTh E€IEKTPOXIMIYHUX XapaKTEPUCTUK JITIH—1OHHUX

aKyMYJIATOPIB Ta 30UIBIIUTH CTPOK iX €KCILTyaTaIrii.

PoGoty BuKoHaHO 3a miaTpuMku HarionansHOro GpoHay AOCHIKEHb YKpaiHU B paMKax Impo-
ekTy «Po3poOka HOBUX THIIB TBEPAOTUIPHUX JITIEBUX aKyMYJISITOPIB BUCOKOI €MHOCTI JJIsi 3a0€3-
NedeHHs eHepreTuyHoi 6e3neku Ykpainm» (ID 2022.01/0154).
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CEKILIA 3. EHEPTOE®EKTUBHI TEXHOJIOI'TI HA OCHOBI
HAJAITPOBIAHUX I MATHITHUX ®YHKIHIOHAJIbBHUX MATEPIAJIIB

TEMIIEPATYPHO IHAYKOBAHI 3MIHU Y I'CTEPE3UCI
HAHO/UCKIB CUHTETUYHUX AHTUDPEPOMAI'HETHUKIB

Bopuncekuii B.JO.!®), Momimyxk JI.M.2, Casina }0.0.%, ITamenko B.O.2,
Kpaseun A.®.!3, Toscroautkin O.1.!, Kopeniscbkuii B.?

" Inemumym maenemusmy HAH Ypainu ma MOH Yipainu, 6ynve. Axad. Bepnadce-
koeo 36-0, Kuis, Ykpaina
2 Disuxo-mexuiunutl incmumym nusvkux memnepamyp im. b.1. Bepxina
HAH Vxpainu, npocn. Hayxu 47, Xapxkis, Ykpaina
3 Nanostructure Physics, Royal Institute of Technology, Hannes Alfvéns viig 12,
Stockholm, Sweden
‘Ten.: +38 068 928 6729 E-mail: viadyslav.borynskyi@imag.kiev.ua

Cdepa nHaHOMarHeTH3My Hapasi akTUBHO 3aiiMAETHCS TOLIYKOM €HEepProeeKTu-
BHHMX CIOCOOIB JIOKAJII30BAaHOI TEIUIOBOI PETyJsAllii, Ba)XJIUBHUX JJig O10MEIMYHHUX 1
TexHIYHUX po3po0oK [1]. Cunrernuni antudepomaruetuku (CAD) npeacTaBisiOTh-
Csl IEPCIEKTUBHUM DIIICHHSM, aJ’Ke 3aBASKHA CBOIM YHIKaIbHINA KOHCTPYKIIl 3/1aTHI
He jauile nepedyBaTi B (epOMArHiTHOMY Y aHTU(PEPOMarHiTHOMY CTaHi, aje i 3a-
3HABAaTHU TEMIEPATypPHO KEPOBAHOTO MEepeMarHiyyBaHHs MK HUMH. 30KpeMa, Helllo-
JTaBHO OyJ0 nmoka3aHo [2], mo take nepemukanHss CAD 3yMoOBIIOEThCS (Ha30BUM Tie-
pexosioM ciabko QepoMarHiTHOro JieropaHoro crneiicepa FeCr 1 103Bosisie 10cArtu
FIraHTCHKOTO MarHiTOKaJIOPUYHOTO €(PEKTy.

VY Hami po6orti [3] MU IEMOHCTPYEMO, IO TEPMOMATHITHUHN MEPEXil MOKIUBO
peanizyBaTd y HaHOPO3MipHHUX TutaHapHUX auckax Py/NigCuso/Py mumisixom mopas-
JICHHSI JAMMOJBHOT MIKIIAPOBOI B3a€EMOJIIi 1 IEPETBOPEHHSIM iX Y KBa3WOJHOILIAPOBI
eneMeHTH. HeMOHOTOHHA TeMmepaTypHa 3ajeXHICTh KOEPLUUTHUBHOI CUIIU TiCTEPE3H-
Cy SCKpaBO BiJI0Opa)kae 3MIHM B €HEPreTHYHOMY OajlaHCI MiJ Yac I[bOT0 MPOIECY.
MiHIMyM KOEpPUUTHUBHOCTI JOCSTAETHCS MPU PIBHOCTI KOHKYPYIOUUX €(PEKTHUBHUX
ITOJIIB JIUTIOJIBHOT Ta OOMIHHOT B3a€MOJIiH, 1 CITIBIAJA€e 3 TOYKOI (Ha30BOTO IMEpexory
cnericepa NiCu (7¢ = 150 K). 3a Takux yMOB KOEpLUTHBHA CUJIa BU3HAYAETHCS BU-
KJTFOYHO aHI30TPOITHUMH BJIACTUBOCTAMU MapiB 1mo ckiagaots CAD. [Tpu momans-
momy oxosopkeHi MacuBiB CA®D B o6acti 7' < T¢ BOHa OYMHAE CTPIMKO 3pOCTaTH,
[0 MU TOB’SI3YEMO 3 MOCUJICHHSIM MarHiTHOT'O BHOPSIKYBAaHHS Ta aHI30TPOMil y Jie-
roBa"omy crericepi NiCu.

1. L. Peixoto, R. Magalhides, D. Navas, S. Moraes, C. Redondo, R. Morales, J. P. Araujo and C. T. Sousa,
Appl. Phys. Rev., 7, No. 1: 011310 (2020).

https://doi.org/10.1063/1.5121702

2. D. M. Polishchuk, Yu. O. Tykhonenko-Polishchuk, E. Holmgren, A. F. Kravets, A. I. Tovstolytkin and V.
Korenivski, Phys. Rev. Materials, 2, No. 11: 114402 (2018).
https://doi.org/10.1103/PhysRevMaterials.2.114402

3. V. Yu. Borynskyi, D. M. Polishchuk, Yu. O. Savina, V. O. Pashchenko, A. F. Kravets, A. I. Tovstolytkin
and V. Korenivski, Low Temp. Phys., 49, No. 7: 863 (2023).

https://doi.org/10.1063/10.0019699
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BUCOKOYACTOTHI XAPAKTEPUCTHUKHA 3AJI30BMICHOI'O HAI-
MMPOBIAHOI'O MOHOKPUCTAJIY LaOFe1xCoxAs

Kaaenok O.A.1%, ®yrumcbkuii C.1.120, llanosanos A.IL.!2

' Tnemumym memanoghizuxu im. I'. B. Kyporomosea HAH Ykpainu, 6ynveap Axademixa
Bepuaocvkoeo, 36, 03142, Kuis, Yxpaina
’Kuiscokuii axademiunuii ynisepcumem, 6ynveéap Axademixa Bepnadcvkozo, 36,
03142, Kuis, Yxpaina.
* E-mail: futimsky@imp.kiev.ua

B poboti gocnimpkyBaivcs TeMIlepaTypHI XapaKTEPUCTUKH BUCOKOYACTOTHUX
BTpaT (~0,93 I'T1) Ha nepemarHiuyBaHHs HAJAMPOBIAHOTO 3a1i130BMICHOI'O MOHOKpPH-
crainy LaOFe;«CoxAs, ne x=0,0576 3 opieHTali€l0 3MIHHOIO MAarHiTHoOro nouss H,,
NEePHEHANKYJISIPHO Ta MapajenbHO ab miomuHI KpucTtainy. PoTo Kpuctaly Ha (oHi
MUTIMETPOBOT0 MacIITady KIITHHOK MpUBEAEHO Ha puc.l.0. OTpuMaHHS XapaKTepH-
CTUK BIIOYBaJIOCH 32 JIOMOMOI'OI0 PE30HAHCHOTO METOAY 3 BUMIPIOBAHHSIM JTIOOpPOT-
HOCTI () MIJTHOTO PO3AUTBHO-KIIbLIEBOrO pe3oHaropa (SRR), B cepenuHi siKoro pos-
MilryBaBcs MOHOKpucTan (puc.l.a). [IpocTopoBe po3nijieHHs MarHiTHOI Ta €JIeKTPH-
YHOI CKJIaJI0OBOi BUCOKOYACTOTHOTO TOJII € OCHOBHOIO OCOOJIMBICTIO TaKOTO pe30Ha-
TOpa, sKa J03BOJISIE PO3MIILYBATH 3pa30K Oe3mocepeHb0 BUKIIOYHO Y BUCOKOYACTO-
THOMY MarHiTHoMy 1oJji. J[Jis pe3oHaTopa BUKOHYETHCS CIIBBIIHOIICHHS MK BTpa-

1

. 1.1, 1
TaMHl BUCOKOYACTOTHOI eHeprii Py~1/Q: -0 + o + 0, J\c BIpaTH €Heprii: 1/Q. —
c s d

y IPOBIIHUKY pe3oHaropa, 1/Q,; —y nienextpuky, 1/Q0; — y HaanpoBiAHUKY.
)

'k—--—..-_‘ . Empty 1
Normal
+ Parallel

700 - s, |

]
1
[ ]
; i
4 1 I ]
600 L i *  Normal
0 «  Parallel |
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70
T. K T, K

Puc.1. TemmepaTypHi 3aeKHOCTI: TOOpoTHOCTEH mMopokHboro SRR pesonaropa
(Empty), a takox 3 napanenbHoro (Parallel) 1 mepnenaukynspraoto (Normal) opien-
TaLl€0 MAarHITHOroO nouis /s N0 BIJHOLIEHHIO 10 IUIOIMHU ab MOHOKpHUCTAly (a);
BHCOKOYACTOTHI BTPATU Ha MepEMarHiuyBaHHs JIJIsl JBOX opieHTalii (0).

Pe3ynbratu nociiikeHb BKa3ylOTh Ha ICHYBaHHS aHI30TpPOIli BUCOKOYACTOTHUX
BTpaT y KpUCTaJi, MPUYHHA SIKOI MOKe OyTH B ICHYBaHHI B CTPYKTYpPl KPUCTAITy HaI-
MPOBIIHKUX TJIOIIKH, IO PO3ALIEHI HOPMAIbHUMU HIaPaAMHU.

s poGoTta wacTkoBO miaTpumyBajiacs B pamkax mpoekty 2020.02/0408, mo dinaHCcyeThCS
HarionansHuM (OHIOM JOCHTIKEHBb Y KpaiHU.
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NEW HETEROMATERIAL DIELECTRIC COMPONENTS
FOR MODERN MICROWAVE COMMUNICATIONS

Fedorchuk O.P., Torchyniuk P.V., Lisovskyi L.V. "

V.1 Vernadsky Institute of General and Inorganic Chemistry,
32/34 Palladina Ave, Kyiv 03142, Ukraine
"Phone: +38 099 549 87 50, E-mail: i-lisovskii@i.ua

Communication and microwave systems heavily depend on microstrips, low-
loss dielectric materials, and magnetics as non-reciprocal constituents. Non-magnetic
dielectrics have negligible energy losses, high stability of properties. The advance-
ment and downsizing of modern microwave devices and networks necessitate the de-
velopment of “smart” components with adjustable characteristics, which proves in-
feasible when employing pure dielectric constituents. Ferrites possess the ability to
change transmission characteristics under a constant magnetic field but fall short of
meeting energy loss requirements. In this work, we combine nonmagnetic dielectrics
with ferrites to obtain materials that possess the advantages of both components.

Nickel NiFe,O4 and nickel-zinc NijsZngsFe,O4 ferrites particles, with a an av-
erage particle size of 50 nm, were utilized. Suspensions containing ferrite particles
mixed with Permabond UV630 photopolymer were applied to the ends of the
BaTi4O9 resonators. Obtained films were covered with protective glass and exposed
to UV light for polymerization. Films with varying film thicknesses (50, 80, 100, 200
nm) and different concentrations of ferrites in the suspension (100, 175, 200, 350,
300, 500 mg/ml) were produced.

Impact of obtained elements on the transmission characteristics of a x-band
waveguide was examined. This evaluation was conducted using an Agilent N5230A
PNA-L vector analyzer. By placing the elements inside the waveguide, researchers
were able to analyze how different film thicknesses and ferrite concentrations influ-
enced the waveguide's transmission characteristics.

The most promising outcomes were obtained from the element with a film
thickness of 100 nm and a ferrite concentration of 300 mg/ml. Under the influence of
a magnetic field, this element exhibited a remarkable maximum absorption of ap-
proximately 50 dB, while the absorption in the transmission band remained low (<1
dB). Moreover, the frequency shift recorded was approximately 70 MHz.

These results strongly advocate for the possibility of the integration of these cre-
ated elements into microwave lines, potentially serving as replacements for non-
reciprocal components such as valves, circulators, phase shifters, and concentrators.

The work was carried out with the support of the National Academy of Sciences of Ukraine as
part of the project "Synthesis and research of nanoscale functional materials for energy-generating
and energy-saving systems" (registration number 0123U103024).
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ABTOMATH30BAHA METOJIUKA BU3HAYEHHS 3MIHU CTAHIB
CKBIJly

Maprunenko 1.O. !, Kaaenok O.A.'2, [llanosasios A.IL!?

Tnemumym memanogpisuxu im. I'. B. Kyporomosa HAH Ykpainu, 6yaveap Axaoemixa Bep-
Haocvkoeo, 36, 03142, Kuis, Yxpaina
2Kuigcokuti akademiunuil yrisepcumem 6ynveap ax. Bepnadcvxoeo, 36, 03142, Kuis, Yxpaina

*Ten.: +38 0638928286 E-mail: i.martynenko@kau.edu.ua

B po6oTi po3riissHyTO METOAMKY aBTOMAaTUYHOTO BU3HAUEHHS ONTHUMAJIbHOT 30HIYIO-
40i YacCTOTH ISl OTPUMaHHSI MaKCUMaJIbHOI 4yTAMBOCTI npu 3MiHi ctany BU CKBI-
Jly. Taka HaykoBO-TE€XHIYHA 3ajada BKpail HeoOXigHAa JJIs IIBHIKOTO BHU3HAYCHHS
3minu ctaHiB 3B’s3aHoro 3 BU CKBIdom ky6iTy. Byno po3po6iieHo Ta BUTOTOBIIEHO
BUY CKBI/, sixuii 6a3yeTbcst Ha TOUKOBOMY KOHTAakTi Nb—Nb 3 MOXIHBICTIO pery-
JIIOBaHHSI BETMYMHU KPUTHYHOTO cTpyMmy nipu Ttemriepatypi 4,2 K. Kontyp CKBI/ly
3B’s13aHuM 3 BU pe3onatopoM sAkuii MaB pe3oHaHCHY yactoty 12,57 MI'n. 3a momo-
Moroto anaiizaropa HBY kin Oynu orpuMani amrnityiHo-9actoTHi (AUX) Ta dazo-
yactoTHl (PUYX) xapakrepuctuku pezoHatopy CKBI/ly y pexumi MakcuManabHOT i
MIHIMAJBbHOI MOTYKHOCTI. B 1IUX pexumax cTpyMm 3HA4HO MEHIIe abo 3HAUHO OLIbIIe
kputudHoro crpymy koHtakty CKBI/ly (puc. 1, xpui -40 Ta -5 BianoBijgHo). Takum
YUHOM, OyJ10 BU3HAaY€HO ABI KpaiiHi AUX, skl BU3HAYal0Th Alana3oH 3MIHU PE30HaH-
cHoi wacrotu CKBI/ly. Ha HmkHix rpadikax npuBeneHi 4aCTOTHI 3aJI€KHOCTI PI3HU-
i Mk AYX ta @UYX. Li 3a/1e’KHOCTI BU3HAYAIOTH YYTJIMBICTH JAETEKTYBaHHS 3MIHU
crany CKBI/ly Bix 30Hmayt0ouoi yactotu. Cuig 3ayBaxutd, mo 1i1 AUX 1 ®UX mi
YacTOTHU HE CHiBNajaroTh. [IpUHIKIT 3aIpONIOHOBAHOI METOJIMKH TOJIATAE y aBTOMa-
tuyHOoMy BuMipi AUX 1 ®UX, Ta BU3HAYCH] 3HAYCHHS CKaHonqo'l' YacTOTH JJIsl JOCSI-
THEHHS MAKCUMAJIbHOI Yy TIUBOCTI CHCTEMHU ACTEKTYBaHHs CTaHlB CKBII[y
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L1s poGota npoBonmnacs B pamkax rnpoekty SPS G5796, mo ¢dinancyerscst HATO, ta npoekty Ne
01230103334, o ¢inancyerscsst MOH Ykpainu.
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CTPYKTYPA METAJIY 3BAPHUX 3’€/IHAHDb KO.I_-ICTPYKIIII\/'IHOT
CTAJII ITPA 3MIHI YACTOTHU TA KOH®II'YPAIII 30OBHIINHBOT'O
EJEKTPOMAI'HITHOI'O TIOJIA

Hpuaunko O. O., Makcumos C. 1O., bepanikosa O. M.

IE3 im. €.0. [lamona HAH Ykpainu.
03150, m. Kuis, syn. Kasumupa Manesuua, 11.
Ten.: +38 00671274409. E-mail: ead56(@ukr.net

[Torpeba B pO3MIMPEHHI aCOPTUMEHTY J0OpE3BapIOBAHMX CTayel MpHU3BeEsa
710 PO3BUTKY HAyKOBOTO HANPSIMKY IIOJI0 BUKOPUCTAHHS 30BHIIIHHOTO €JIEKTpOMAr-
HiTHOrO BIUIMBY (3EB) Ha po3miaB 3BaproBajibHOI BaHHU AJI iHTEHCU(IKAIIlT mpole-
CiB Hioro nerasaiii, MoApiOHEHHS CTPYKTYPH, IMiIBUIICHHS 3HAYCHb MMOKa3HUKIB Mill-
HOCTI 1 INTACTUYHOCTI MIBIB B pe3ynbraTi eKcriepuMeHTaIbHUX JOCTIKEeHb OyJa 1mo-
kazaHa edexkruBHICTh 3EB 175 3HM)KEHHS CXUIBHOCTI METally IIBIB JO YTBOPECHHS
nop, a MexaHi3Mm Jerasailii, chopmoBanuii mig BrumBoM 3EB, cripuse mocsarHeHHIo
BHCOKOI'O CTYIIE€HSI OAHOPIAHOCTI ApiOHOI nmopucrocti [1, 2].
binbmoro miporo aist 3EB npu 3BaproBaHHI HU3bKOJIETOBAHOI CTaJll CIIOCTEpira-
€THCS Y JIIHII CIJIaBJICHHS Ta 30H1 TepMiyHoro BrumBy (3TB) nmo aunsiHkax neperpiBy
(BenmmKoOTO 3€pHA) 1 HOpMai3aiii (MoBHOI mepekpuctanizarii). [Ipu 3acTocyBanHi mo-
310BXXHBOTO MarHiTHoro mnosst (MII) y 30H1 miHiT crutaBiaeHHs 1ipu GoOpMyBaHHI Kpy-
MTHO3EPHUCTOI CTPYKTYPH CIIOCTEPIraeThcs rpagleHT O MIKPOTBEPAOCTI, IO MPU3BO-
IUTH 10 TPIIUHOYTBOpeHHS. Lle Moke OyTH MPUYMHOIO MOAAIBIIOTO KPUXKOTO PyH-
HyBaHHs 3BapHoro 3’enHanHs [3]. [lonepeune MII 3abe3neunno GpopmyBaHHs Hail-
MPUIHATHINIO! CTPYKTYpPH 3’ €JHAHHS TIPU PIBHOMIPHOMY PIBHI MIKPOTBEPOCTI SIK y
MeTalll MBY, Tak 1 mo AurstHKax 3TB, Ta moMiTHOMY MOJPIOHEHH] CTPYKTYPH Ha J1jIs-
aii neperpiBy (I 3TB) ta nopmanizamii (II 3TB). BuBueno ¢azoswuii cknazn, mMikpo-
CTPYKTYPY Ta MIKPOTBEPICTh METAITy 3BapHUX 3’ €IHaHb, OTPUMAHMX 13 3aCTOCYBaH-
HaAM no3g0BxHboro MII npu pi3niii yactoti (f = 2; 12; 50 I'u). dis yacrotu 3EB
crioctepiraeThes y Metanm msiB Ta 3TB Ha ginsgHii neperpiBy (Benukoro 3epHa). [Ipu
f=12 I'u 3a6e3neuyeTbCsi pIBHOMIPHUNA PIBEHb MIKPOTBEPIOCTI SIK Y METaJl IIBY, TaK
1y 3TB. Taku cTpyKkTypH1 3MiHH OYyAyTh CIPHSITH OJCP>KAHHIO SIKICHUX 3BapHHUX
3’€JIHaHb Ta 3a0e3meyaTh iX 3MIITHEHHS 1 TPIIIUHOCTINKICTD.

1. R.N. Ryzhov, V.D. Kuznetsov, Automaticheskaya svarka, Ne 10 (2006) (inRussian).

2. M. V. Ageeva , A. D. Razmyshlyaev, Technical sciences and technologies, 18, Ne 4 (2019).
(inRussian). DOI: 10.25140/2411-5363-2019-4(18)-22-27

3. O.M Berdnikova, S.Y. Maksimov, O.O. Prilipko, T. A. Alekseenko E.V. Polovetskyi and I.I.
Alekseienko, Materials Science, 57, Ne 1 (2021). DOI 10.1007/s11003-021-00515-4.
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3aBIsSKU MOPIBHSHO BUCOKIM KPUTHYHIN TemIepaTypi Ta BITHOCHIM IPOCTOTI
BUTOTOBJICHHS HAAMPOBIAHI IUTIBKA HITPUIY H100110 MalOTh BEIMKHUI MOTEHINAI I110-
710 3aCTOCYBaHHS B €JICKTPOHIIll. HasBHI qaHi TyHEIBHOT CIIEKTPOCKOITIT ISl BEJINYH-
HU HAAMNPOBIAHOT EHEPreTUYHOT HIIIMHU B TIiBKax NbN n100pe y3romxyrThes 3 T€O-
PETUYHUMH YSIBICHHSIMU, aJi€ BOJJHOYAC BaKyyMHA TyHEJIbHA CHEKTPOCKOIIS HE Mae
JOCTATHBOI PO3UIBHOI 3AaTHOCTI JJIsl OJIep KaHHs JeTadbHOI 1H(OpMaIli PO CHEeKT-
pH KOJIGKTUBHHX 30y/KEHb y HAANPOBITHUKAX. biibll AKicHY iH(opmaliio mpo Be-
JUYUHY MapaMeTpa NopsaKy MOKHA OTPUMATH 3 BUMIPIOBaHb MPOBIIHOCTI KOHTAKTIB
HAJIPOBITHUK—HOPMAJIbHUN MeTal 3 aHJPEEBCHKUM XapaKTePOM IMPOXOKCHHS
CTPYMY B 3pa3Ky.

Hamu nocnimkeHo xapakTepUCTUKA TOHKUX TT1BOK NbN, oTprMaHUX JJa3epHUM
pO3MUJICHHSM MillleH] Ha carndipoBi nmigkinaaku. Kputudyna teMriepaTypa HaaAmpoOBiI-
Horo mepexoay crtanoBuia 7. = 13,2 K. V nudepeniianpHiii MpoBiTHOCTI KOHTAKTIB
NbN—-Ag Mu crocrepiranu oco6nuBocTi npu Hampysi V) = 2,56 MB 1V, = 0,9 MB.
XapakTep X 0COOJMBOCTEH A03BOJISE TOB'SI3aTH 1X 13 JBOMA IIUIMHAMH B CIIEKTPI
30y/K€Hb HITpUIY H10010, 110 BKa3y€e Ha JABO3OHHUM XapaKTep HAAMPOBIAHOCTI B
oMy Marepiaii. [leil BUCHOBOK MiATBEPIIKYETHCS TAKOXK CIOCTEPEKEHHSM OCITU-
JSALIMHOT cTpyKTYypH JlerrerTa, nmop'si3aHoi 3 ()a3oBOI0 B3aEMOMIEI0 ABOX HAITEKYyUHUX
KOHJCHCATIB y pi3HUX 30HaX NbN.

Po6ota wacTkoBO miaTpuMaHa €Bponeichkoro (enepaliicro akajaeMiil Hayk 1 ryMaHITapHUX HayK Y
pamkax "€Bporneiicekoro Gonay i nepemimenux ydeHux" (Grant No. EFDS-FL2-05). B.O. i
HI.A. Basuni ipoekty HOJ[Y 2020.02/0408 "barato3oHHICTh €IEKTPOHHUX CTaHIB: (i3UKa Ta 3a-
CcTOCyBaHHS" 32 MATPUMKY JaHUX JOCITIKEHb.
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The reduction in sizes of novel electronic systems to the nanoscale often results
in very large temperature gradients leading to new unexpected heat transfer regimes.
Therefore, probing temperature fields with nanometer resolution is critical for im-
proving our capability to manage thermal transport in small-scale circuits and create
novel efficient heat removal techniques.

Measurements of delta-7" noise arising due to the discrete nature of current-
carrying carriers in mesoscopic nanoscale samples and probing thus their granularity
is a new technique whose most fascinating feature is the presence of current fluctua-
tions despite the absence of an average current 7 =(/(s)) through the sample. In par-

ticular, it can occur due to a temperature bias A7 when the voltage bias ' = 0. In the
work, we apply this idea to hybrid normal-metal-superconductor bilayers where the
effect is more pronounced due to the strongly nonlinear energy dependence of inter-
face scattering characteristics in the gap region. We show that the temperature-
induced noise is strongly sensitive to the interface scattering strength in supercon-
ducting nanojunctions where it is enhanced due to the presence of additional electron-
into-hole scattering events while suppressed when the interface transparency grows.
Increase of the temperature gradient reduces and smears the effect. Our numerical
calculations show that related frequency-dependent noise spectra can be used to find
the amplitude and the frequency of stochastic ac fluctuations in the sample or to in-
crease the output signal. Such experiments are of particular importance for studying
multiband superconducting materials due to the emergence of a new energy scale.

In general, sensitivity of delta-7 fluctuations to properties of quasiparticles in
superconductors can make such noise a valuable tool for analyzing quantum-transport
experiments and developing thermal design in complex integrated circuits. A multitip
scanning tunneling microscope can be used for practical implementation of the pro-
posed approach. It has the advantage over the conventional four-probe technique in
that this method does not require injected current and therefore it is enough to apply
only two tips.

This work was carried out within the framework of the project 2020.02/0408 funded by the
National Research Foundation of Ukraine and was partly supported by the German—Ukrainian col-

laborative project “Controllable quantum-information transfer in superconducting networks” (DFG
project SE 664/21-1, No. 405579680).
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Transparent superconductors exhibiting zero resistance and high optical trans-
parency simultaneously are part of a larger family of transparent electronics, an
emerging science and technology field focused on invisible electronic circuitry and
optoelectronic devices. Although the material properties of high electrical conductivi-
ty and optical transmittance seem to be mutually exclusive, a careful adjustment of
the physical parameters in some functional materials has led to the development of
wide-bandgap oxides with critical temperatures (7¢) of several K and small absorp-
tion in the infrared and visible regions. A typical representative of such unique mate-
rials is doped indium—tin-oxide (ITO).

In this work, we report detailed magnetotransport properties of In,.,Sn,Os.5 lay-
ers (y ~ 0.2) doped by sodium or magnesium by studying temperature and angular
dependences of the upper critical field Hc,. The simplest way to find these parameters
in type-II superconducting condensates is resistive R(7) measurements across the
normal metal-to-superconductor transition fixed by the resistance drop. In this case,
the transition temperature 7.(H) in an applied magnetic field H measures the upper
critical field as Ho(7=T.(H)) = H. It should be noted that the parent amorphous com-
pound In,O; exhibits superconductivity with 7 lower than 0.3 K. Our results showed
that the critical temperature can be enhanced up to 4-5 K by increasing the carrier
density with wet electrochemical doping. In addition to the emergence of supercon-
ductivity, other properties of the ITO layers varied greatly upon doping by Na or Mg,
including the color of the films changing from transparent to dark brown with in-
creasing charge injection. Detailed analysis of resistive non-local four-probe meas-
urements showed that the highest 7: and a fairly uniform superconducting state are
achieved at a charging time near 1000 s with 0.1 mA/cm? cathodic current density
most likely due to a more homogeneous dopant distribution. The relatively high criti-
cal magnetic fields of about 1-2 T in sodium and magnesium doped ITO films corre-
spond to a short Ginzburg—Landau coherence length of nearly 13—18 nm.

The joint activities in the field of electrochromic metal oxides for transparent
superconducting electronics are supported by the NATO Science for Peace and Secu-
rity Programme, project G6082.
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It was found that the BigssoMnscoFeo 62 polycrystal, which consists of a bismuth ma-
trix and aBiMn inclusions, has a number of unusual properties [1]. The anomalous
temperature dependence of the magnetization can be associated with a reorientation
transition of the magnetic moments of Mn in the a-BiMn phase, caused by a change
in the sign of the magnetic anisotropy constant. In turn, the dependences p(T) in a
magnetic field are strongly anisotropic. A huge positive magnetoresistance MR(T) =
{[p(H) — p(0)]/p(0)}) is observed with a maximum value of 4500% for a magnetic
field of B = 14 T, when B is perpendicular to the transport current. One possible ex-
planation is a change in the overlap between the electron and hole Fermi surfaces un-
der the influence of a-BiMn phase magnetism, as well as the magnitude and direction
of the external magnetic field.

In addition, Dirac fermions existence may be taking place in BigsgMnjseoFeoeo.
Bigs 6oMns goFe 2. In a quantum limit all the carriers occupy only the lowest Landau
level (LL). To satisfy the quantum limit, i.e., when the difference between the zeroth
and first Landau levels, 4,; > kT , a very large magnetic field is needed. But in some
materials hosting Dirac fermions with linear energy dispersion, such as graphene,
pure bismuth [2], topological insulators etc., the quantum limit can be achieved in
low-field region. We perform the same analysis of our MR results and obtained the
same B*(T) = (1/2emv’r )(kgT + Er)’ dependence, which was previously observed in
systems with Dirac fermions [3]. This suggests the possibility of Dirac fermions ex-
istence in our sample.

[1] A. V. Terekhov, K. Rogacki, A. L. Solovjov et al., Low Temp. Phys. 44, 1153 (2018);
https://doi.org/10.1063/1.5060969

[2] Chuang-Han Hsu, Xiaoting Zhou, Tay-Rong Chang, Qiong Ma, Nuh Gedik, Arun Bansil, Su-
Yang Xu, Hsin Lin , and Liang Fu, PNAS 116, 13255 (2019);

https://doi.org/10.1073/pnas. 1900527116

[3] Yue Sun, Sunseng Pyon, and Tsuyoshi Tamegai, Phys. Rev. B 93, 104502 (2016);
https://doi.org/10.1103/PhysRevB.93.10450



https://doi.org/10.1063/1.5060969
https://doi.org/

37

CEKUIIA 4. DYHKIHIOHAJIBHI MATEPIAJIN
JJIA MEPEK EHEPT'OTPAHCIIOPTYBAHHA

OBSERVATION OF DYNAMIC STABILITY IN NONEQUILIBRIUM SYS-
TEMS BASED ON TITANIUM ALLOYS

Solntsev V.P."), Bagluk G.A., Solntseva T.O.,
Petrash K.M., Mamonova A.A., Molchanovska G.M.
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Omeliana Pritsaka., 3, Kyiv 03142, Ukraine
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The search for self-organizing inorganic systems is of fundamental importance
in connection with the development of hypersonic, thermonuclear and other types of
technology operating in extreme conditions. Materials based on them are able to dis-
sipate energy, self-restore their internal structural defects that accumulate during op-
eration, and thereby significantly increase not only their service life, but also their
functional properties [1, 2]. Such systems have been discovered [3, 4]. More complex
systems are of interest, so the composition of the VT-14 alloy was chosen as the ba-
sis, due to its low aluminum content (up to 4%). When a source of thermodynamic
instability (sulfur and selenium compounds) is introduced into the composition, alu-
minum should, by analogy with oxygen, form stable compounds with these elements
due to its greater thermodynamic affinity for these elements. The compositions were
sintered in a vacuum at temperatures significantly higher than the range of existence
of compounds based on selenium and sulfur.

X-ray microspectral analysis showed that the system retains its nonequilibrium,
as evidenced by the presence of titanium sulfides and selenides. X-ray phase analysis
showed that if in the system with sulfur there are only Ti,S and TiS compounds, then
in the composition with selenium, in addition to Ti1,Se and TiSe, the TiSe, compound
is also present. When sulfur is introduced in the form of molybdenum disulfide, a
significant amount of aluminum intermetallides is released, while when molybdenum
diselenide is introduced, only Ti3Al is present.

The obtained results indicate that compounds of the transition metals with sulfur
and selenium, being thermodynamic unstable compounds in complex systems, are
sources of excitability and the formation of nonequilibrium dynamically stable states,
and in essence they form self-organizing compositions.

1.Comuues B.I1. Teopemuueckue u sxcnepumenmanbhvie NPeOnoCyLIKU HAOTOOEHUs DIeMEHMO8 CamMoopaa-
Hu3ayuu 8 mexnoaozuu peazupyrowiux nopouikosoix cucmem/ B.I1.Commres, B.B.Ckopoxoxn // IlopomkoBas
Mmetamtyprus.—2012.— Ne11/12.-C.5-17.

2.Connues B.I1. Pazsumue pabom 6 obaracmu co30anus u3HOCOCMOUKUX MAMEPUANO8 KOHCIMPYKYUOHHO20
HazHavenus 0as kocmueckou mexnuxu // Tlopomk. meramnypr., 2014.— Ne3/4.— C. 30-38.

3.Comare B.I1. Ocobennocmu e3aumoodeiicmsus mumana c oucerenudamu Ilepexoonvix memannoe IVA
epynnul 6 obnacmu ux mepmoounamuyeckoi neycmouiyueocmu / B.I1. Comnues, B.B. Cxopoxoa, T.A. Conn-
tiera // Cop. po6i. ¢hu3. matepuait., Boin.20, 2011, — C. 65-72.

4. ConaueB B.IL.. @usuxo-xumuueckue npunyunst 6bl00pa UCTMOYHUKA HOCHMOAHHOU 8030y0uUMOCmu npu
CO30aHUU NOPOWKOBLIX Mamepuanog ¢ dnemenmamu camoopeanusayuu / B.I1. Connues, B.B. Ckopoxon,
T.A. Conrnesa // Cop. mpo6:. ¢u3. matepuan, — 2010. — Bem.19. — C. 112-121.
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[Tomyk HeOpraHIYHUX CHUCTEM, II0 CAMOOPTaHI3YIOThCS, Ma€ MPUHIMIIOBE 3HA-
YEeHHS y 3B'SI3KY 3 PO3BUTKOM TilE€P3BYKOBOI, TEPMOSACPHOI Ta IHIIUX BUIB TEXHIKH,
IO MPAIIOI0Th B eKCTPEMAIBHUX yMOBax. MaTepiaiau Ha iX OCHOBI 37]aTHI pO3CitOBa-
TH €HEpPrilo, caMe BIJHOBIIIOBATH CBOi BHYTPIIIHI CTPYKTYpHI A€PEKTH, 10 HAKOIH-
YyIOThCSI B TPOIIECl €KCIUTyaTallii, 1 TUM CaMUM ICTOTHO IiJIBUIIYBaTH HE TUIbKHU
TEepPMiH eKCIuTyaTallii, ajge 1 cBoi (yHKIioHanbHiI BiractuBocTi [1,2]. Taki cucremu
Oynu BusiieHi [3,4]. LlikaBi ckiagHilIl CHCTEMH, TOMY B SIKOCTI OCHOBU OyJi0 o0Opa-
HO cknaj cruiaBy BT-14, 1m0 3yMOBIE€HO HEBETMKUM BMICTOM Yy HbOMY alIFOMIHIIO (710
4 %). [Ipu BBeIcHH] B KOMITO3UIIIO JIPKEpEsia TePMOJMHAMIYHOT HECTIHKOCTI (CIOIYK
CIpKH Ta CeJICHY) aJIOMiHI MOBHMHEH 3a aHAJIOTIEI0 3 KUCHEM 3 IIUMU €JIE€MEHTaMH
YTBOPIOBATH CTIWKI CIIONYKH 3 OUTBIIIOI TEPMOJUHAMIYHOIO CIOPITHEHICTIO J0 IUX
eneMeHTiB. CrikaHHS KOMIO3ULIA MPOBOAWIOCA Y BaKyyMi IpH TemIeparypax, 1o
3HAYHO MEPEBUIYIOTh 00JacTh ICHYBaHHS CIIOJIYK Ha OCHOBI CEJICHY Ta CIPKU.

MiKpOpeHTTeHOCTIeKTpaIbHUN aHali3 MMOoKa3as, 0 cucTeMa 30epirae CBO He-
PIBHOBaXKHICTb, PO IO CBIAYATh HAsIBHICTH CyJb(i/IB Ta CEIEHIAIB TUTaHy. PeHtre-
HO(hA30BHI aHaI3 TTOKA3aB, 110 SKIIO B CUCTEMI 3 CIPKOIO € TUIbKU CIONyKH TiS 1
TiS, To B kommno3uii 3 ceneHom kpim TixSe 1 TiSe € 1 cnonyka TiSe,. [Ipu BBenenni
CIPKH Y BUTJISIL AUCYIb(DiTy MOTIONEHY CIIOCTEPIraeThesl BUILJICHHS IHTEPMETAII IIB
QIFOMIHIIO Y 3HAYHIM KUIBKOCTI, Y TOM 4Yac SK NMpU BBEJICHHI JUCETICHI Ty MOJIOACHY €
TiapKH T1AL

OTpumaHi pe3yJbTaTH CBIAYaTh, IO CIOIYKH MEPEXiTHUX METAIIB 3 CIPKOIO i
CEJICHOM, TaKi, 0 € TEPMOJUHAMIYHO HECTIMKUMH CHOJYKAMHU B CKJIAJHUX CHCTE-
Max, € JpKepeaaMu 30Yy/UTMBOCTI Ta YyTBOPEHHSI HEPIBHOBAXHUX JUHAMIYHO CTIMKUX
CTaHIB, a MO CyTi BOHH YTBOPIOIOTh KOMITO3MII11, III0 CAMOOPTaHi3yIOThCHA.

1.Connues B.I1. Teopemuueckue u saxcnepumenmanvhbvie npeonoCculIKU HAOI00EHUs INEeMEHMO8
camoopeanuzayuu ¢ mexroaocuupeazupyoujux nopouikossix cucmem/ B.I1.Connues,
B.B.Ckopoxon // ITopoukoBas metamuryprust.—2012.— Ne11/12.-C.5-17.

2.ConnneB B.I1. Passumue pabom 6 obracmu co30anus u3HOCOCMOUKUX MAMEPUATIO8 KOHCPYK-
YUOHHO20 Ha3HaueHus 015 Kocmuueckot mexnuxu // Tlopomik. metammypr., 2014.— Ne3/4.— C. 30—
38.
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Bimetallic copper—aluminium (Cu—Al) composites are widely used in the energy
transmission, telecommunications, and electronics industries. The production of Cu—
Al composites is based on a combination of several technologies, namely: composite
continuous casting of liquid aluminium on solid copper, multistage rolling, drawing,
and heat treatment. In manufacture of copper clad aluminium (CCA) wire the signifi-
cant problem arose of reliable welding of Cu—Al composite blanks before the opera-
tion of drawing the wire billets to a given diameter.

The complexity of reliable welding of Cu—Al composite blanks is associated
with the possibility of delaminating of the aluminium core and the copper cladding
layer (sheath), as well as the fact that when heated, aluminium and copper enter into a
chemical reaction with the formation of brittle intermetallic layers. The problem of
joining Cu—Al composites by fusion welding methods is associated with the for-
mation of brittle eutectic and intermetallic layers in the fusion zone, which predeter-
mines the low strength and ductility of the welded joints, and the impossibility of per-
forming the subsequent drawing operation. The most promising methods for joining
copper—aluminium composites are pressure welding methods.

The paper presents the results of investigations on pressure welding Cu—Al
composite billets 8 mm dia. with 0.6...0.8 mm thickness of the outer copper sheath.
Objective of the work is determination of the possibility of obtaining defect-free
(without cracks and rupture of the copper sheath) welded joints of Cu—Al composite
billets by the resistance butt welding (RBW). Regularities of the processes of heating,
deformation, formation of welded joint microstructure were established, in particular,
formation of intermetallic phases and eutectic interlayers in Cu—Al system under the
conditions of thermal and deformational impact at different modifications of RBW.

Developed RBW technology allows ensuring good metallurgical bond between
copper sheath and aluminium core, all the joints are covered by copper without any
delaminating. Welded joint properties are: tensile strength not less than 120 MPa, the
specific resistance is almost equal to the specific resistance of the Cu—Al billets itself.

The next stage of the research involves the multistage drawing of Cu—Al welded
blanks in industrial conditions to achieve the specified diameter of the CCA wire for
use in power transmission networks.
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National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Beresteisky Avenue 37, 03056 Kyiv, Ukraine
‘Ten.: +38 0930173611 E-mail: palchekovski2003@gmail.com

NiTi thin films are widely used in microelectromechanical systems (MEMS) as
a key component of microactuators, microsensors, microdrives, etc. due to their shape
memory effect, good corrosion resistance, and high-yield strength. The primary bene-
fits of NiTi thin films compared to bulk NiTi alloy include their rapid phase transition
and high cooling rate, resulting in higher operational frequency and reduced response
time. Typically, for synthesizing NiTi thin films, N1 and Ti targets are simultaneously
sputtered to achieve a preformed NiTi alloy. An alternative approach which provides
better control over NiTi chemical composition involves deposition of Ni/Ti layered
stacks followed by their thermal treatment. Additionally, phase composition and
properties of NiTi thin films may be tailored by their alloying with other elements
such as Ag or Cu [1, 2]. However, while numerous studies applied film alloying dur-
ing its deposition, the application of an additional intermediate Ag (Cu) layer in N1/Ti
stacks has not been reported yet.

Our study has showed that introduction of Ag(10 nm) and Cu(10 nm) layers in-
between the Ni and Ti plays a vital role on the thermally-induced diffusion reactions
in Ni(30 nm)/Ti(30 nm) stacks magnetron sputtered on Si(100) substrate. As follows
from the data of XRD and SIMS measurements, an incorporation of Ag results in the
formation of homogeneously distributed Ni3T1/NiT1, intermetallic phases after vacu-
um annealing at 400 °C. Furthermore, the Ag atoms segregate on the outer surface of
the films that should positively impact their corrosion resistance. It is assumed that
the presence of Ag layer inheres the amorphization between Ni and Ti at low temper-
atures, which is followed by the Ag solid-state dewetting promoting the anomalously
fast diffusion of N1 into Ti. For the case of Cu, the Ni-Ti reactive diffusion is not ob-
served due to the formation of NiCu substitutional solid solution at 300 °C. Even af-
ter 500 °C annealing, no NiTi intermetallics are formed in this system. Therefore, the
introduction of Ag layer into the Ni/Ti stacks can be useful for the synthesis of NiTi
intermetallics with shape memory effect and high corrosion resistance promising for
MEMS applications.

1. K.T. Oh, U.H. Joo, G.H. Park, C.J. Hwang and K.N. Kim, J. Biomed. Mater. Res. Part B Appl.
Biomater., 76, Ne 2: 306-314 (2006).
https://doi.org/10.1002/jbm.b.30369
2. H. Duand Y. Fu, Surface and Coatings Technology, 176, Ne 2: 182—187 (2004).
https://doi.org/10.1016/S0257-8972(03)00625-X
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BILIUB PO3MIPHUX E®EKTIB HA PATIAIINAHI BJACTUBOCTI
COEPUYHUX METAJIEBUX HAHOYACTHUHOK
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CrnekTpalibHE MEepEeHECEHHs BUIIPOMIHIOBaHHS MIXK YaCTMHKaMHU HIMPOKO 3aCTO-
COBY€ETBhCS y 0ararbox o0JacTsaX, 30KpeMa, JUlsl 30€peKeHHs eHeprii, B 0101HXKeHepli
Ta JUIs MOPCHKOTO JAMCTAHLINHOrO 30HAyBaHHSA. MeTajeBl HaHOYACTUHKU BIIPOBa-
JDKYIOTHCSl B MOTJIMHAIBHUM 1Iap TOHKOIUIIBKOBUX COHSYHHMX €JIEMEHTIB, 1110 CHpHUSIE
MIJIBUIICHHIO 1X e()eKTUBHOCTI, BHACTIAOK 30yHKEHHS JOKaIi30BaHOTO ITOBEPXHEBO-
ro miazMonHoro pesonancy (III1P). Tomy mocnimxeHHs paaiallifiHUX BIACTUBOCTEH
METaJIeBUX HAHOYACTUHOK, BOYJOBaHUX y TOHKOIUIIBKOBI COHSIYHI €JIEMEHTHU € aKTy-
JIBHOIO 33J1a4€I0.

[TokpaiiieHHs1 XapaKTepUCTUK TOHKOIUJIIBKOBUX COHSIYHUX €JIEMEHTIB MOXE BIJI-
OyBarwucs aBoma nuisixamu. [lo-niepie, yepe3 30UTbIIIEHHS PO3CISTHHS BHACIIIOK HOTO
nepeHanpasieHHs Briu0 HamiBnpoBigHuka. [lo-apyre, 30ymkenns [P conpusie no-
JATKOBOMY PO3CISIHHIO MaJarouux (OTOHIB 1 CTBOPIOE MOOIM3Y YaCTUHKU CUJIBHE JIO-
KaJIbHE €JIEKTPUYHE MOJIe, sIKe MPU3BOAUTH A0 AUCOIiallii EKCUTOHIB.

Jlist XxapakTepucTuku €(EeKTUBHOCTI PO3CISIHHS €JIEKTPOMAarHiTHOI €Heprii Ha-
HOYACTUHKaMHU BUKOPUCTOBYIOThH iX ajbOe0, 110 BU3HAYAETHCS BIJHOLICHHSIM E€HEp-
rii eJeKTPOMAarHiTHOTO MOJIA, PO3CIIOBAHOI HAHOYACTMHKAMM, O €Heprii majaroyoi

€JIEKTPOMArHITHOI XBHIII
-1

AL=|1+ Cas , (1)
JI€ BIJHOIIECHHS
3
Can =3(ﬁj me, @)
Csca 2\ o |0(|

¢ — WIBUAKICTH CBITJA; (0 — YacTOTa MaJalodoro eJIeKTPOMArHITHOTO BUITPOMIHIO-
BaHHS; O — IOJSPU30BHICTh HAHOYACTUHKHU.

[IpoBeaeH1 po3paxyHKH CBIIYaTh MPO JAOLUIbHICTh BIPOBAKEHHS B MOTJIMHA-
JBHUN MIAap TOHKOIUTIBKOBUX COHSYHUX €JIEMEHTIB BIJHOCHO BelUKHX (R ~ 50 HM)
HAaHOYACTUHOK cpibia, B skux AL — 1 B onTuyH1i 00J1aCT1 4acTOT.
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®I3UKO-XIMIYHI BJIACTUBOCTI JIETOBAHUX EBTEKTUYHHUX
CILVTABIB HIKEJIIO 3 KAPBIIOM HIOBIIO

L.II. JImutpieBa, T.C. YUepenona, T.B. IIpsaako, A.B. Hocenko
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Po3po6nieni B IM® HAH VYkpainu mpomMucioBi JuTi Ko0anbT-KapOiaH1 CIUIaBH
IUIsl eHepreTuyHoro MammHoOyAyBanHs cepii XTH, € kommno3uTtamu, B SKUX BUKOPH-
CTOBYETHCSI TIepeBara BHCOKOAMCIIEPCHOI CTaOLIbHOI CTPYKTYpH, IO YTBOPIOETHCA
BHACJIIOK €BTEKTMYHOI peakiii KpucTamizamii MK TBEPJIUM PO3UYHHOM JIETYIOUUX
eJeMEeHTIB B K0OanbTi Ta ¢azoro BTUleHHST — KapOigom NbC. 3Bakarouu Ha Te, 110
KOOaNbT 1 HIKEJIb B3a€EMHO PO3YMHIOIOTHCA, a niarpama tuiaBieHHs Ni—NbC wHae-
KUTh €BTEKTUYHOMY THITy, aKTyaJlbHUM BOadaeTbcsl 3aMiHa KOOAJIbTOBOI OCHOBH
crutaBiB XTH Ha cnopimHenuii 10 Matepiany TypOIHHOI JIONATKH HIKelIbh 0€3 BTpaTu
OCHOBHMX BjacTuBOCTel. [Ipu 3amiH1 HikeIeM KOOaJIbTy MOpPsi 3 BUCOKOTEMIIEpaTy-
PHUM KOMIO3UIIIHHUM KapOIAHUM 3MIIHEHHSM MPU CEpeNIHIX TEeMIepaTypax CIUIaB
JI0JIATKOBO 3MIITHIOBATUMETHCA Y' — (ha3010; BAXIJIMBE 3HAUYCHHSI MaTHUME TaKOX €KO-
HOMIYHA JIOUUIBHICTh PO3POOKH, OCKIJIbKH HIKEIh 3HAYHO JICIUEBIIUHN 32 KOOAJIBT.

O0'exTOM MOCHIKEHHS € JIeToBaH1 oHakoBUM 31 crutaBamMu XTH komrmiekcom
€JIEMEHTIB €BTEKTUYHI JIUTI CIJIaBU 3 KapOiJloM HI00110 HAa OCHOBI1 HIKEIIO Ta HIKEIIO
3 KOOAThbTOM HapiBHO. B pe3ynbpTaTi eKCrIepUMEHTATBHOTO JOCIIKEHHS BCTaHOBJIC-
HO OCHOBHI MapaMeTpy EBTEKTUYHOI KpHCTali3alli TakuxX crJiaBiB. Temmeparypa
nnaBiieHHs (coniayc) Ha piBH1 1300 °C. CtpykTypa CIUIaBiB Ma€ O3HAKH 3JIETKa 3a€B-
TEKTHUYHOI, BA3HAYAETHCS MPUCYTHICTIO MEPBUHHUX HEPO3BUHEHUX JCHAPUTIB KapOi-
Ay HI00II0 B €BTEKTHIIl, IO MPUTAMAaHHO CEpPIHHUM KOOAJIbTOBUM CIUIaBaM 3 KapOi-
nom Hio6it0 cepii XTH. B ¢dazoBomy ckinaai cmnaBiB, OTpUMaHUX B yMOBaxX Haj
HIBUJIKOI KpUCTali3allii, 10AaTKOBO 3 TBEPAUM PO3YMHOM JIETYIOUUX €JIEMEHTIB B Hi-
keni (y) 1 kapoigom HioOir0 (NbC) mpucyTHi MeTacTabinbHI (a3u, 30aradeHi XpoMom.
JlolaTkoBe JIeTyBaHHSI PEHIEM IMiJIBUIIYE TEMIEPAaTypy IUIABJICHHS HIKEJIEBUX CILJia-
BIB JI0 PIBHS CEpIiHOro KoOaabTOBOrO 3 KapO1JOM HI00110 €BTEKTUYHOIO KOMIIO3UTY
XTH 1 nomoBHto€e (azoBuii ckman ¢azamu, ki MICTITh peHid [1]. 3a Komrmuiekcom
BU3HAUYCHHUX (PI3UKO-XIMIYHHUX BJIACTUBOCTEH JOCIIIKEH1 JIUTI €BTEKTUYHI HIKEJEBl 3
Kap0110M HI001I0 CIJIaBU MEPCHEKTHUBHI AJI1 3aCTOCYBAaHHS B SIKOCTI albTePHATHBH
kobanbTOoBUM cruiaBam cepii XTH 115 3axucTy Bii BUCOKOTEMIEPATYPHOIO 3HOIIY-
BaHHs poOouux gonatok ['T/I.

1. G.P. Dmytriieva, T.S. Cherepova, T.V. Pryadko, T.A. Kosorucova, A.V. Nosenko,
Metallophysics and Advanced Technologies, 44, Ne. 7: 873 (2022). https://doi.org/10.15407/
mfint.44.07.0873
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FORMATION OF METAL-CARBON HETEROSTRUCTURES
USING CONCENTRATED SOLAR RADIATION
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Using metal-carbon composites, the temperatures of electron emission beginning can
be reduced to 500 K [1]. Elucidation of the mechanisms of this effect requires further study
of such systems, which is the subject of this work. The XPS method was used to measure
the work function values of the Ti-TEG composite and its initial components. Comparing
the experimentally obtained data, it can be argued that a mixture of hydrogenated Ti + 0.53
wt% TEG forms a composite whose emission properties differ significantly from those of a
simple mixture and its pure components (Table 1).

Table 1. Work function values of the Ti-TEG composite and its initial components.
Ti TEG Ti-TEG
4.8 eV 4.29 eV 3.8eV
By SEM and AFM methods, we have studied the changes in surface morphology of a
nanostructured material based on Ti and TEG during its vacuum annealing in a solar energy

concentrator. The results obtained show that this type of heat treatment leads to the for-
mation of a surface with a high aspect ratio of relief elements (Figs. 1, 2), which is one of

Fig. 1. SEM image of th the initial composite, hydrogenated Ti-TEG (c) after
pressing under a pressure of about 0.8 t/cm? and its metal (a) and carbon (b) components
separately.

. | )
Fig. 2. Atomic force microscopy of the surface of the Ti-TEG composite before (a) and af-
ter (b) annealing in a solar concentrator at a temperature of about 650 K.

It has been found that a short-term temperature increasing significantly and irreversi-
bly changes the structure of the composite and improves its emission properties. At the
same time, the electrical properties of the composite material under the influence of temper-
ature and solar radiation do not show significant changes during such treatment.

All the results obtained are important for the creation of low-temperature cathodes for
direct thermionic energy converters.

1. I. Ye. Galstian et al., Metallofiz. Noveishie Tekhnol., 42, No. 4: 451-470 (2020).
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Laser induced periodic surface structures (LIPSS) are (quasi-) periodic modula-
tions on surfaces of materials which are formed as a result of irradiation with appro-
priate parameters. For linearly polarized beam, they appear in the form of regular
gratings with period, which is slightly smaller than laser wavelength. This phenome-
non was first discovered a few years after creation of the first lasers, it has some
characteristic features of self-organization. Nowadays it is a contemporary field of
surface functionalization and of light-matter interaction research. On the one hand
LIPSS can be created on most of materials with a rather straightforward setup and in
a wide range of process parameters. On the other hand, this phenomenon is not thor-
oughly understood and result depends on many parameters of laser beam, material
and processing. This makes reproducibility and obtaining functional surface with
predetermined properties for practical applications often difficult. The abundance of
parameters involved although complicates fundamental studies of LIPSS. One of
promising application of LIPSS is as elements of SERS substrates. Unfortunately,
controlling properties like regularity of LIPSS on plasmonically active metals is more
difficult than on Mo, W or steel.

LIPSS is naturally a field built around application of lasers, and most research-
ers have corresponding skills and mindset. But for some practical results it can be
advantageous to turn to different methods, like mold casting or pressing (stamping).
Obtaining surface structures with morphologies similar to LIPSS but created in a dif-
ferent way can although be beneficial for LIPSS research.

In this work we studied our first attempt of making of LIPSS replicas by means
of straightforward mechanical pressing of Cu and Ag foils with molds in form of
LIPSS on surfaces of Mo and W foils. LIPSS were created by irradiation of foils with
linearly polarized 800 nm radiation of femtosecond Ti/sapphire laser. Then mold (Mo
or W) and sample (Ag or Cu) foils were placed between gauge blocks (Johansson
gauges) and pressed for around 30 seconds in a small manual hydraulic press. Result-
ing surface structures and molds before and after pressing were investigated by SEM
and AFM. Quasiperiodic surface structures were obtained, though their relief depth is
25-50% smaller than on initial structure. Surface structure of mold did not receive
noticeable damage in the process after a few repetitions. Technical complications of
this approach and ways of overcoming them were identified. To evaluate applicabil-
ity of such structures for SERS, Raman spectra of test substance (Rhodamine 6G) on
smooth and structured surfaces were taken.
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In this work was recorded and interpreted that as a result of hydrothermal treat-
ment of iron-containing solutions, along with the phase of crystalline hematite, the
phase of defective hematite is formed, which can significantly affect the manifesta-
tion of conductivity. The relationship between thermal induced reorganization of dif-
ferent hematite structures with different types of conductivity and the formation of
the intrinsic semiconductorness of hematite as a result of internal activation revealed.

Frequency measurements of electroconductivity at different temperatures (25—
175°C) were carried out for the synthesized ultrafine crystalline/defective a-Fe,O;. At
low temperatures of 25—75°C conductivity increases due to thermal activation of the
charge. In the range of 100-175°C, there is a decrease in electroconductivity, which
is characteristic of materials with metallic conductivity: the decrease in conductivity
with increasing temperature due to increased scattering of charge carriers.

Since the change of type in conductivity occurs near the Morin temperature, this
process can be described by considering a thermodynamic model of magnetic transi-
tions antiferromagnet (AF) — ferromagnet (F), for which the transition with chang-
ing magnetic properties occurs not through one activated state but through the so-
called unbound ions phase (UIP) in which individual spins have different orienta-
tions. The presence of a defective hematite structure increases the number of phase
states with different spin orientations, which makes magnetic transitions more effi-
cient. The processes of transformation of AF—UIP and UIP«<F are temperature in-
duced due to induced reorganization of different structures and with increasing tem-
perature the transition AF—UIP is initiated, followed by depletion of Car and Cypp
concentrations and increase of Cr concentration. As a result, the formation of intrinsic
semiconduction for hematite occurs due to the processes 2Fe*" + hv — Fe*" + Fe?* |
which leads to the formation of two types of charges for unalloyed hematite, which
make a major contribution to intrinsic conductivity. At low temperatures (25-75 °C)
the conductivity increases with increasing temperature, due to the transition AF—UIP
and growth Cyp. With further temperature increase, the process of magnetic transi-
tion UIP—F 1s initialized, as a result of which the concentration Cyp decreases. Start-
ing at 100°C, the competition of the two Cyjp inputs causes decrease in conductivity
over the entire frequency range. Also given the presence of a significant contribution
of defective hematite in the sample with increasing temperature, the mechanisms of
surface conductivity are initiated by the defective structure, which causes an increase
in the frequency of the dependent component of conductivity at temperatures of
100°C with increasing frequency.
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An actual research area in the materials science of functional materials for medi-
cal use is the search for hypoallergenic nickel-free alloys that are not inferior in their
properties to the widely known nitinol. Biocompatible elements of groups IV and V,
such as Ti, Zr, Hf, Nb, Ta [1] can serve as a promising basis. The presence of the
shape memory effect (SME) in the alloys of the Zr—Nb system was previously dis-
covered, and it was found that the martensitic transformation (MT) occurs in a wider
concentration range [2, 3] than was previously believed [4]. Similar behavior is also
possible in Zr—Ta alloys.

Alloys of the Zr-Ta system were investigated in the quenched state in the range
of tantalum content from 6 to 14 at.%.

Metallographic structure analysis of the samples and x-ray structural studies re-
vealed that the ZrosTac alloy consists of martensitic hcp a'-phase, the ZrggTa;g alloy is
a three-phase—orthorhombic a'"-phase, bcc B-phase and hexagonal w-phase, while
the composition of the ZrgsTa,4 alloy contains two phases—[-phase and w-phase. The
structural phase inhomogeneity of the samples is confirmed by the data of durometric
analysis of the microhardness of the phases present in the alloys.

Using the method of dependence of deflection on temperature, it was established
that only the ZrqsTas alloy exhibits the shape memory effect. According to calcula-
tions, the shape recovery coefficient for this alloy is 85%.

1. W. Tasaki, Y. Akiyama, T. Koyano, S. Miyazaki, H. Y. Kim, Journal of Alloys and Compounds,
V. 931: 167496 (2023)

https://doi.org/10.1016/j.jallcom.2022.167496

2. S.N. Kedrovsky, Yu.N. Koval’, and V.N. Slepchenko, Metallofiz. Noveishie Tekhnol., 36, No.
12: 1651 (2014) (in Russian)

https://doi.org/10.15407/mfint.36.12.1651

3. F. Okabe, H. Y. Kima, and S. Miyazaki, Scr. Mater., 162: 412 (2019)
https://doi.org/10.1016/j.scriptamat.2018.12.005

4. S. Banerjee, P. Mukhopadhyay, Phase Transformations. Examples From Titanium And Zirconi-
um Alloys (Pergamon Materials Series: 2007), 12, p 840.
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BpaxoByroun npiOHOCEpiiHUNM XapakTep BUPOOHHUIITBA aBiallliHOI Ta paKeTHO-
KOCMIYHOT TE€XHIKH, Ha ChOTOJHI IpobiieMa MOIIYKY BHCOKONPOAYKTUBHUX METOJIB
(bOpMOYTBOPEHHS CKIAIHONMPOQPUILHIX MOBEPXOHB JIeTallel Ta30TypOIHHUX Ta pakKe-
THUX JIBUTYHIB € aKTyaJibHOIO. OJHHUM 13 MEPCIEeKTUBHUX METO/IB (hOPMOYTBOPEHHS
€ eJIEKTPOEPO3iiHE pi3aHHS METaJIeBUM JPOTOM Ha BEpCTaTax 3 YUCIOBUM MPOTpam-
HUX KepyBaHHsSM. KOHKpETHUM MpPUKIAIOM iX BUKOPUCTAHHS € 3aMiHa KOMIUIEKTIB
IPOTSDKOK /171 0OpoOKHU Ma3iB B AUCKaX KoMIlpecopa Ta TypOiHH, (JOPMOYTBOPEHHS
npodiyist 3yOIliB 1IeCTepeHb, MUNIBOBUX 3’ €AHAHb TOIIO. ['0IOBHUM (akToOpoM, IO
710 CbOTO/IH1 CTPUMY€E PO3BUTOK LI1€i TEXHOJIOTIT € HEraTUBHHUI BILJIMB TOHKOIO ILIApYy,
KUl (HOpPMY€EThCS Ha TTIOBEPXHI pi3aHHs, HA €KCIUTyaTalliifHl XapaKTePUCTUK JIeTal.

OnHuM 13 YMHHMKIB MIABUIIEHHS HECYYOi 3/IaTHOCTI JeTajeil razoTypOiHHUX
JABUTYHIB MOX€E OyTH BUKOPUCTAaHHS ONTHMI30BAaHUX TEPMOMEXAHIYHUX OOPOOIISHB 1
Moau(DiKyBaHHS TTOBEPXHI BUPOOIB 337151 OJICP>KaHHS 3aJIaHUX CTPYKTYPHO-(Ha30BOTO
CTaHy Ta BJIACTHUBOCTEM.

Bigomo, mo ogHuM 13 e€eKTUBHMX METOMIB HeWTpasizalii aepexkTHoro mapy
MICHS €JEKTPOEPO31MHOr0 pi3aHHS € METOAM IHTEHCHUBHOI IJIACTUYHOI nedopmartii
MIOBEPXHI, Y TOMY YHCJIi METOJI BUCOKOYACTOTHOrO yaapHoro oopobieHus (BUYO)
yIbTPAa3BYKOBUM YJAPHUM IHCTPYMEHTOM. 32 YMOBU MOJU(DIKyBaHHS MOBEPXHI Jie-
Tajel 3 palioHaJIbHIMH PEKUMaMU CYTTEBO 3MEHIIIEHA MIOPCTKICTh TOBEPXHI, HAHO-
pO3MipHa 3€peHHA CTPYKTYypa MOBEPXHEBOr0 HIapy Ta 3aJMIIKOBI HAIIPYyKEHHS CTUC-
HEHHS B HbOMY CIPHSIOTH MiJBUIIECHHIO €KCIUTyaTaI[lfHMX XapaKTEepHUCTUK, a caMe
OIOpPY BTOMI, 3HOIIYBaHHIO Ta KOpo3ii. TakuM 4MHOM y JeSKUX BUMAAKaX iX BUKOPHU-
CTaHHsI 3a0e31euye MOXKIIMBICTh 3aMiHU METOAY (hOPMOYTBOPEHHS CKIATHOTIPOQ1Ih-
HUX TMOBEPXOHB JeTalieil ra30TypOiHHUX BUTYHIB Ha OUIBII MPOAYKTUBHY €JIEKTpOe-
pO3iiitHy 00pOOKYy.

B poboti mpoBeneHO IOCTIIKEHHSI €HEPreTUKH MPOIECY BHCOKOYACTOTHOTO
yAapHOTo 00pOOJIEHHS 3a IOMOMOTOI0 YIBTPa3BYKOBOI'O IHCTPYMEHTY 3 OJHHUM YJia-
pPHUM €JEMEHTOM 1 HOPMaJIbHUM JI0 MOBEPXHI NMPUKIAJEHHAM yAapiB. Excnepumen-
TaJbHO BUMIPSHO MaKCUMaJIbHY KIHETHYHY €HEprito (200 MIBUIKICTH) 1 4ACTOTY CTO-
XaCTUYHUX KOJIMBaHb OOMKIB MPU aMILTITYJaX KOJMBAHHA YJIbTPa3BYKOBOI'O KOHIIEH-
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TpaTopa B Jiana3oHi Bij 16 mo 28 mxm. [IpoBesieHO OLiHKY psiny mapameTpiB yaapy,
TaKUX K 4ac yJapy, MakCUMallbHa CUJjia yJapy, MaKCUMaJlbHE yIapHe HApyKEHHS,
HIUIBHICTh €HEepPrii Ta MUIbHICTh MOTYKHOCTI, 110 aKyMYJIIOIOThCA MpU yAapi y 30HI
KOHTAaKTY, Ta 3arajbHi MIIHHOCTI €HEeprii Ta MOTY>KHOCTI, IO MePeAaroThCs 3pa3Ky 3a
qac yJapHoi 0OpoOKH.

3a 101OMOTr0K0 BUCOKOYACTOTHOTO yJIapHOTO OOpOOJIEHHS YJIbTPa3ByKOBHM iH-
CTPYMEHTOM TIpoBelieHa Mopaudikaiis TOBEpXHI 3pa3KiB HikeneBoro cmuiaBy El-
698B/] (XH73MBTHO-B/l), oTpumMaHux 3a ABOX PEXUMIB €JIEKTPOEPO3IHHOTO pi3aH-
us (EEP). Anani3 ctany moBepXHEBUX IIapiB 3a TOMIOMOTOI0 PaCTPOBOi €IEKTPOHHOT
Mmikpockomnii (SEM), mikpopeHTreHo-criekTpanbHoro ananizy (EDX), peHTreHocTpy-
KTypHOro aHanizy (XRD) Ta HaHOIH€HTyBaHHs MoKa3as, 1o micis EEP BinOyBaeTh-
csl 3MiHa MEXaHIYHUX BJIACTUBOCTEH, MOB’s3aHa 13 TepmiunuM BruiBoM EEP 1 nery-
BAaHHSIM €JIEMEHTaMH JIATYHHOrO JpOTy (MIIII0 Ta IIMHKOM). BMicT jeryBajgbHUX
eJeMeHTIB 1 rubuHa iX nmpoHukHeHHs (10-20 MM Ta ~50 MKM y M’SIKOMY Ta KOPCT-
KOMY PEXUMi, BIAMOBIHO) KOPEIIOE 13 3MIHAMH 1HCTPYMEHTAJIbHOI TBEPAOCTI Ta MO-
ayns FOnra, BU3HA4eHHUX 32 KpUBUMU 1HACHTYBaHHSA. Moaudikallis moBEpxHi Bee 110
3MEHIIIEHHS MOPCTKOCTI Ra (BIAMOBIAHO y LIICTh pa3iB 1 BTpUYl AJIs OBEPXHI MICIS
M’SIKOTO Ta )KOpcTKoro pexumis EEP).

OTpumani pe3ynbTaTH JTOBOSATH JOLUIBHICTh 3aCTOCYBaHHS (iHIMIHOT MOAMI-
Kallil MOBEPXHi aBlallifHUX MaTepiaiB y SKOCTI CKJIaI0BOI YACTUHU KOMILIEKCHOTO
00poOJIeHHs, 10 yCYBAa€ HACHIIKH MIKPOJIETYBAaHHS Ta 3pOCTAHHS IMapaMeTpiB MIOPC-
TKOCTi. [lo3uTHBHI e(eKTH TMONATaIOTh Yy 3HM)KEHHI WMOBIPHOCT1 KOHIIEHTpAIlli Ha-
IpYyXeHb Ha €JIEeMEHTaX MIKpopenbedy Uu y MOBEPXHEBUX IApax, IO 32 YMOB €KC-
MIyartailii CupusiTuMe 3arno0iraHHI0/yYHEMOKIUBICHHIO MEePEIYacHOr0 pyHHYyBaHHS,
TOOTO 3a0€3meuyBaTuMe MiABUILEHUN pecypc eKcIutyaTanii MoAu(pIKOBaHUX BUPOOiB.
Pesynbratu mochimKeHb MOXKYTh OyTH BHKOPUCTAHI JyIsl BAKOHAHHS 33]71a4, CIIPSIMO-
BaHMX Ha B1I0y/NOBY YKpaiHU y BOEHHUU Ta MOBOEHHHM MEpio/in, 30Kpema, sl po3-
pOOJIEHHS aKTyaTbHUX aBiallliHUX TEXHOJIOTIH 1 MaTepiaiB.

Po6oty Buxkonano 3aBasku HOY (2022.01-0038) ta nintpumkun HAH Ykpainu
HayKOBO-TEXHIYHUX POOIT 32 MPIOPUTETHUM HanpsAMoM « TexHoiorii (30kpeMa KBaH-
TOB1) OJIepKaHHsI, 3’€THAHHS Ta JIIarHOCTUKY 1HHOBAIIMHUX MaTepiajliB 1 CHCTEM JIJIs
noTped CTpAaTEeTrIyHUX raixy3eil MPOMUCIOBOCTI, OOOPOHU Ta MEIULMHW» (KOHKYpCHA
tematuka 6541230: npoekt 0123U100898).
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TYHEJbHUA CTPYM KOHTAKTY Fe/MgO/Fe 3A YMOB JE®OPMAIIII

Bypaakos B.0.", IToropenos O.€., ®inaros O.B.!

! Inemumym memanoghisuxu im. I'.B. Kyporomosa HAH Yxpainu,
0ynve. Akademixka Beprnaocvroeo, 36, Kuis, Ykpaina

‘Ten.: +380935671384 E-mail: odinpwnzpacan@gmail.com

TyHenbHUI CTPyM Ma€ HENiHINHY 3a1€XHICTh BiJl HAIPYTH 1 HOro BEJIMYMHA 3a-
JISKHUTH BiJ TJIOMII KOHTAKTY Ta TOBIIMHU Oap'€pHOTO mapy. 3a JIOMOMOTO YCTaHO-
BKM ISl KiHETUYHOTO 1HAeHTyBaHHs YIIM-11 npuknananocs HaBantaxeHHs (P) mo
3a113HOTO0 30HAY (puc. 1), sikuif mMOCTynoBO 3aryinOJII0OBaBCs B 1Iap AlenekTpuka. e
MPUBOAMIIO 10 MOTO JIOKAJIbHOI Jedopmallii, B MPOIEC] IKOI peeCTpyBalv 3MIHY TY-
HEJBHOTO CTPYMY Ta BOJBT-aMIIEPHI XapaKTEPUCTUKH MiXK 30HJOM Ta HAITOPOIICHUM
mapom Fe (40 um).

Ile mO3BOIMIO MOCITIAWTH
CJIEKTPUYHI BIACTHBOCTI CHCTE-
Mu Fe/MgO/Fe 3a 3minu dizud-
HUX TIapaMeTpiB, TAKUX SK TUIO-
Ija KOHTaKTy Ta TOBIIHWHA JIie-
JEKTpUKa. 3a OTPUMAHUMH pe-
3yJbTaTaMU BUMIPIB MPOBITHOC-
Ti ans cucremu Fe/MgO/Fe Bu-
3HAYCHO BIAMOBIAHI KOe]iIieH-
TH Ta 3aKOHOMIPHOCTI, IO JaJId

3MOTy aHaJITUYHO pO3pPaxoBy-
BaTH Puc. 1. Cxema pocnimxenns koutakry Fe/MgO/Fe

BOJIbT-AMIIEPHI XapaKTEPUCTUKU Yy MIMPOKOMY JAlana3oHl TOBUIMHM J1€JIEKTpUKA Ta
1011 KOHTaKTy. Beranosneno, o omnip TyHensHoi cuctemu Fe/MgO/Fe mae nemo-
HOTOHHY 3aJIe)KHICTh BiJl TOBIIMHM Jl€JEKTPUKA Ta 3pOcTae MpuOIU3HO B 3 pas3u 3a
30uTBIIIeHHS TOBIMHYU MgO HamiBmiepion rpatku. 301IbIIICHHS IO KOHTAKTY MPH-
BOJIUTH JI0 JIIHIMHOTO 3MeHIeHHs onopy cuctemu Fe/MgO/Fe 31 30epekeHHsIM Beu-
YUHU TYCTHHHU CTPYMY Ta HAOJMKEHHIO €KCTIEPUMEHTAIBHOI BOJIBT-aMITEPHOT Xapak-
TEPUCTUKHU JIO JIIHINHOT 3aiexHocTi. 1{e moB’si3yBayin 3 BIJIMBOM Ha XapakTep Ipo-
BIJIHOCTI CHUCTEMU JIOKAJIbHUX 00JIaCTeM MPOBITHOCTI, 110 BUHUKAIOTH 32 PaXyHOK
ne(dEeKTIB Ta JTOMIIIOK.
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MATHETHI BJJACTUBOCTI ILTIBOK TOUCJIEPOBOI'O CTOITY
Fe:CrGa

10.B. Kyapsisues', B.O. I'oay6?, A.O. Ilepexoc!,
T.I'. Ka6anues!, ML.II. Meannuk!, B.YO. Tapenkos®

Inemumym memanoghizuxu im. I B.Kypoomoea HAH Yrpainu, 6ynvs. Axademixa Beprnadcvkozo,
36, UA-03142 Kuis. Yxpaina
Inemumym maenemusmy HAH ma MOH Ykpainu, 6ynve. Axademixa Beprnadcvkozo,
366, UA-03142 Kuis. Yxpaina
3 Donetsk Physical and Technical Institute of the N.A.S. of Ukraine, Nauki 46, 03028, Kyiv, Ukraine
E-mail: kudr@imp.kiev.ua

B po6oTi mocmimkeHo cTaTU4HI Ta TUHAMIYHI MarHeTHI BIACTUBOCTI aMOP(pHUX
1 BIOPSAKOBAaHUX 3a TUIIOM A2 KpucTaliyHuX IU1BOK ["oiiciepoBoro cromy Fe,CrGa,
SKHUX MOPIBHSHO 3 MAarHETHUMU BIIACTUBOCTAMU MacuBHOTO cromy Fe,CrGa 31 cTpyk-
Typoro Tuny A2. Ha BigMiHy Bij JiTepaTypHMX JaHHMX JJI MAacCHUBHOI'O CTOITY
Fe,CrGa aTomoBuii 6e31a7 B aMOp(PHOMY CTaH1 CTOMY HMPHUBOJUTH 10 3HAYHOT'O 3Me-
HIIIEHHSI HOr0 HaMarHeToBaHOCTI HacuTy. Biaman amopduux miiBok crony Fe,CrGa
3a Temrepatypu 1,=740 K cnpuunHioe iX kpucranizaiito 3 GopMyBaHHSIM PO3YIIO-
PSAIKOBAHOI CTPYKTYypU THIY A2 Ta BIIHOBJICHHS HAMarHETOBAHOCTI HACHUTY ILUIIBOK
JI0 BEJIMYMH, OJIU3BKUX O HAMAarHETOBAaHOCTI MACUBHOT'O CTOITY.
HocnimkenHs (pepomMarHeTHOro pe-
¢=90"~a &  amorphous | 30HaHcy (®MP) (nuB. puc.) nokasaimu,
110 sIK amMop(Hi, TaK 1 KPUCTAIIYHI TIiB-
ku crony Fe,CrGa y MarHeTtHoMmy Ta
KPUCTATIYHOMY acIeKTaX € HEOAHOPIA-
HUMHU. Buxonsunm 3 aHami3m CHEKTPIB
®OMP, 3po0ieHO BUCHOBOK, IO KPHCTa-
niyHi iBku crony Fe,CrGa mictars 00-
JacTi, CTPYKTYypa MOPSAKY B SIKUX OJIH3b-
ka 1o L2:- 1 Hg,CuTi-tumis. 11 BuCHOB-
K1 J0Ope KOpEIITh 3 PE3yJbTaTaMU
NEPIIONPUHIIUITHUX PO3PAXYHKIB MarHe-
THHUX BiactuBocten crony Fe,CrGa. Ta-
KOXX IIO0Ka3aHo, 1o mnpaswio Cruerepa—
[Toninra He BUKOHY€eThCs s ['olicaepo-
BUX CTOMIB 13 IHBEPCHOIO KPUCTAIIYHOIO
ctpykrypoto tuny Hg,CuTi.
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BATATOIIAPOBI ITPAJIEHTHI HIOKPUTTS 13 OKCUY AJTIOMIHIIO
TA QIOKCUJIHUX KOMIIO3UTHUX MATEPHUAJIIB

B.H. Kop:xuk!, IL.I. Cryxasak?, O.M. Bepauikosa’,
0.C. Kymnapsosa’, K.M. Jlenixina‘, P.3. 3o0Tnii’

!Haykoeo-0ocnionuii incmumym 3seaprosanvhux mextonozii imeni €.0. [lamona 6
npoginyii WYowceysan,
eyn. @enap, 233, pation Caowarns, m Xanusxcoy, nposinyia Yowceyszan, 311225, KHP
?Tepnoninocoruti nayionanvnutl mexuivnuil ynieepcumem imeni leana Ilynios,
eyn. Pycvka, 56, Tepruonine, 24600, Ykpaina
SInemumym enexmposeapiosanns im. €.0. Ilamona HAH Yxpainu,
eyn. Kasumupa Manesuua, 11, m. Kuig, 03150, Yxpaina
HTY YVpainu «Kuiscokuti nonimexniunuil incmumym imeni Izopa Cikopcbkoz2oy,
npocnekm bepecmeiicokuu, 37, m. Kuis, 03056, Ykpaina
"Ten.: +38 0442052563 E-mail: *omberdnikova@gmail.com

Excrmmyaranii BupoOiB B €KCTpeMaJbHUX YMOBaX MPHUAUISIOTH OCOOIMBY yBary
iX HaalMHOCTI Ta MOBroBiyHOCTI. PoOoTa mapa®oaiyHUX aHTEH MpPU MIHYCOBUX TEM-
neparypax Ta aTMOC(EepHHUX Omajax 3yMOBIIIOE CTBOPEHHsI cucTeMH 00irpiBy. Haii-
OUTbIl €(EKTUBHUM € BUKOPUCTAHHS IUIACKMX PE3UCTUBHUX EJIEKTPOHArpiBayiB 3a
pPaxyHOK CTBOPEHHS Ha THJIbHIM CTOPOHI aHTEHW OaratomapoBOro MOKPUTTS Ha OC-
HOBI HANMMJICHUX IIapiB 13 OKCHY ATIOMIHIIO Ta C(HOPMOBAHUX HACTYITHUX IIApiB 13
EMOKCUTHUX KOMIIO3UTIB.

[lepmnii Ta Apyruil mapu MOKPUTTS BUKOHAHI METOAOM BHCOKOIIBHUIKICHOTO
0ararokamMepHOro JETOHAIIMHOTO HAMWICHHS [l] 3 TOPOIIKY OKCHIY alOMIHIIO
Al Os: dpakuii 5...22 MM (1 map); 60...150 mxm (2 map). YV 1-my mapi ciiji o4iky-
Batu nopuctocti 10 1,0%, a B nipyromy — 6mau3bko 25%. [lopucricts 2-T0 mapy mif-
BUILUTh Are3iiiHy MILHICTh 3a PaXyHOK MeXaHI4HOi ckjafoBoi. Jlami ¢hopmyroTh
rap KOMIO3HTY, 10 MIiCTUTh enokcuauuit 38°s3yBau (EJ[-20), Al,O; nucnepcHicTio
10-20 mxwm 1 aepocui (Si0,) nucnepcHicTio 100 HM. JIJ1st 3a0e3neueHHs eNeKTPUIHOT
Ta MEXaHIYHOI MILHOCTI, 4-i map — Ha OCHOBI €MOKCHUJIHOTO KOMIIO3UTY, IO MiC-
tuth EJ[-20, okcua xpomy (Cr,O3) aucnepcHictio 5—10 MKM 1 3HEXHpeHy 0a3alibTo-
By TKaHuHY TOBUIMHOIO 200 MKkM. BkazaHi okcuau MeTaaiB NepCreKTUBHI MpHU HaHe-
CEHHI Ha aJIOMiHIEBY OCHOBY. Taki IIapu MaioTh BHUCOKY €JIEKTPUYHY MIIHICTh Ha
po0Oiil, TETIONPOBITHICTh Ta aAre31iHY MIIHICTh 32 PaXYHOK KPHUCTAIIYHOI CyMic-
HOCTI MK aJIOMIHIEBOIO OCHOBOIO Ta MaTepiajloM HAMWJICHOTO miapy. Y marepiaii
MOKPUTTS TPU HAIWJIEHHI BUHUKAIOTh HAHOCTPYKTYpH1 yTBOpeHHs. lle 3a0esneuye
IIMPOKUM KOMIUIEKC EKCIUTyaTal[liHUX XapaKTEpPUCTHK Ta TPILMHOCTIMKICTh HpPH
TEPMOIIUKIIOBaHHI. 3alpOIMIOHOBAHO MEXaHI3M 30LIbIICHHS EJICKTPUYHOI MIITHOCTI
MatepianiB. BctaHoBieHO 11 MiABUILEHHS Ha Mpo0id enokcukoMmo3utiB y 30-50 pa-
31B y OPIBHSHHI 3 BUX1JHUM, HEHAIOBHEHUM MaTepiaioM.

1. Kolisnichenko O.V., Tyurin Yu.N. and Tovbin R, Paton Welding Journal, No. 10, (2017) (in Ukrainian).
https://doi.org/10.15407/tpwj2017.10.03
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EJEKTPO®I3UYHI BJIACTUBOCTI I'lbPUIHUX HAHOKOMIIO3UTIB
I'PA®EHU/FeCo TA BYT'JIELEBI HAHOTPYBKH/FeCo

Jlicosa O.M."2, Maxno C.M.'3, 'ynsa I'.M.!, T'opoux ILIL!

! Inemumym ximii nosepxui im. O.0. Yytixa HAH Yxpainu,
eyn. I'enepana Haymosa, 17, Kuie 03164, Ykpaina, oksana.garkusha@gmail.com
2Incmumym memanogizuxu im. I'.B. Kyporomosea HAH Yipainu,
oyn. Akademika Beprnaocvroeo, 36, Kuie 03142, Vrpaina
S Kumaiicoko-yKpainCbKutl iHCmumym npoMuciogux mexHonozit Ho8imHix mamepianie
15-11 nosepx, Ne 777, 3axiona syauysa Yoicyneyaus, npocnekm Yowcyanuiu, paiion
Uocenwvxaii, m. Hinbo, npos. Yoceysan, Kumaii

Hanopo3mipHi MeTasieBi YaCTUHKA MOXYTh MaTH HE TUIbKHU MiABUIICHY KaTalli-
TUYHY aKTUBHICTh, CylepliapaMarHiTHy MOBEIIHKY Ta HAAIIACTUYHICTh, ajieé TaKOXK
HIDKYY TEMIIepaTypy Ta TEIUIOTY IIaBJICHHS MOPIBHSHO 3 MaTepiaiaMu MiKpOHHOTO
po3Mipy. YHIKaIbHI ONTHUYHI Ta TEIJI0(i3UYHI BJIACTUBOCTI Ipad)eHOBUX HAHOILIAC-
tuH (I'HII) Tta ByrneneBux Hanotpyook (BHT), a Takoxx 0coOnMBOCTI €lEKTPOHHOT
CTPYKTYPH OyJIM ITUPOKO JOCIIKEHI. Y IMO€IHAHHI 3 METaJIeBUMU HAaHOYACTHHKAMH
rioOpuaH1 KapOOHOBI CHUCTEMH BUKJIMKAIOTh 3HAYHUHN 1HTEpPEC 3 TOUKH 30py KaTalizy,
OlOMEeIUIIMHNA, ONTUKU Ta EHEPTeTUKH.

Mertoto gaHoi pobOTH € cHHTe3 MeTaneBuX HaHo4yacTMHOK FeCo, KOMMO3UTIB
Oararomaposi Byrienesl HaHoTpyOku/FeCo (BBHT/FeCo) ta rpadeHnoBl HaHOMIac-
tu/FeCo (I'HII/FeCo) 3 pi3HUM BMICTOM HAaHOYACTHHOK METaJiB Ta BCTAHOBJICHHS
BMICTY JJIsl ONTUMAJIBHOTO CITIBBITHOIIIEHHSI MAarHITHOI Ta JA1€JIEKTPUYHOT KOMIIOHEHT
KOMITO3HTIB.

Cunte3 nBox cepiii komno3utiB BBHT/FeCo ta I'HIT/FeCo npoBoaunu mero-
JIOM CITIBOCQ/KEHHS 3 PO3UYHMHY COJell 3aii3a, kobansTy Ta BoAHOI cycnensii BBHT
a6o I'HII. Kommo3uTu mociimkyBaid MEeToAaMHu €JIeKTPOHHOI Mikpockorii, POA Ta
KOMILJIEKCY €1eKTPOPI3UUHNUX METOIB [1].

Ck1aioBi KOMIUIEKCHOT JI€NIEKTPUYHOT TPOHUKHOCTI Ha "acToTi 9 I'T'11 3HauHO
BHUIII JJIsl HAHOYACTUHOK METajiB, HIXK JUIS iX KOMIIO3UTIB, III0 MOKE CBITUUTH TIPO
B32€EMO/IIF0 HAHOYACTHHOK METAIB 3 TIOBEPXHEIO BYTJICIICBOI MigKIaquHKn. Hu3bko-
JaCTOTHI XapaKTEPUCTHUKHU, 30KpeMa IMPOBIIHICTh Ta JieJICKTPUYHA MPOBIAHICTH Ta-
KO BHIII JIJII METAJIEBUX YACTUHOK uepe3 OUIbIy KOHIIEHTPALII0 METaJIeBOro KOM-
nonenTta. ['iopuani Hanokommnosut bBHT/FeCo ta I'HII/FeCo maroTh ogHakoBuit
MOPSIIOK BEJIMYUH €1eKTPOPI3UYHUX MOKA3HUKIB.

Kommo3utu ehekTUBHO B3aEMOJIIIOTH 3 €IEKTPOMArHITHUM BUIIPOMIHIOBAHHSM
HBUY-niana3zony 3a paxyHOK HassBHOCTI BUCOKOi MarHiTHOI MPOHUKHOCTI Ta MarHiT-
HUX BTpAT.

1. S.M. Makhno, O.M. Lisova, R.V. Mazurenko, P.P. Gorbyk, K.O. Ivanenko, M.T. Kartel &
Yu.l. Sementsov. Appl. Nanosci. (2023), https://doi.org/10.1007/s13204-023-02763-z
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KOMIIO3UTHI MATEPIAJIM TIOJIIMEP-BHT
JJIA EOEKTUBHUX ITOTJIMHAJIBHUX TIOKPUTTIB

Muxaiisiosa I.JO.!", Akumuyx M.M.!, IlleBuenxo M.S1.!,
Taacran I.E.!, Ilanko €.A.!, Jlens €.I'.!?

! Tnemumym memanogpizuxu im. I'.B. Kypoomosa HAH Yxpainu
oynveap Axademixka Beprnaocekoeo, 36, 03142, Kuis, Ykpaina
’Kuiscokutl axademivnutl ynieepcumenn,
oynveap Axademixka Bepnaocwvkoeo, 36, 03142, Kuis, Ykpaina
mihajlova.halina@gmail.com

HoBi HanpsiMu HaHOTEXHOJIOT1H aKTHBHO PO3BUBAIOTHCS, CIIUPAIOYNCH HA BHKO-
PUCTaHHSI KOMITO3UTHUX MOJIMEpHUX MartepianiB. Lle cTBoproe ymMOBH PO3BUTKY Ta
BIIPOBA/HKCHHSI HOBUX METOMIB Ta TEXHOJIOTiH, 30KpeMa B HAIPSMKY TMOTIMHAIOYUX
€JIEKTPOMArHiTHI XBWI MOKPHUTTIB. [Ipu mepexoal 10 HaHOMACIITAaOHUX CTPYKTYP
CIOCTEPIraloThCsl HOBI BIACTUBOCTI, SIKI HE MPUTAMaHHI MAKPOCKOMIYHUM CHCTEMaM,
10 BUKOPUCTOBYETHCS ISl PO3IIMPEHHS CIIEKTPY 3aCTOCYBaHb HAHOMATEPiaiB.

Bxitouennst Byrienesux HaHOTpYOok (BHT) B amopdHO-KpuCTaniyHy CTPYKTY-
py noJiiMepiB (PIKCY€ iX OpIEHTALIO, 3aXUIIAE B1Jl HEraTUBHOT'O BILIUBY OTOYYIOYOIrO
CEpEeIOBHUIIA 1 MOKE MEPEBECTH MOJIIMEP B MPOBIIHMM CTaH CTPUOKOM Ha § MOPSAKIB
BEJIMYMHU €JIEKTPONPOBIAHOCTI NIPH MEpKOJALIHHOMY niepexoi. KpiMm Toro, BiioMo,
mo aedopmairisi HaHOTPYOOK, 3MIHIOE Ti €EKTPOHHY CTPYKTYpPY W €JIEKTPOIMPOBII-
HICTh Ha JEKUIbKA MOPSJIKIB BEJIMYMH 1 IPUBOJUTD JI0 HEJIHIMHUX BOJBT-aMIIEPHUX
xapakTepuctuk. [Ipu moenHanHi 3a3Ha4eHUX (AKTOPIB MOXKHA 3a0€3MEUnTH HaIBU-
COKY YYTJIMBICTh KOMIIO3HUTY JI0 i AedopMaliiif, pi3HOTO pOAy BUIIPOMIHIOBAHb, TO-
0. HasiBHICTh €1€KTPOHIB MPOBITHOCTI B HAHOTPYOKax, sIKI BBEJIEHI B MOJIIMEp, a
TaKO)X HAHOIIOP B KOMIIO3UTI MOXE MPUBECTU O OLIBIN €()EKTUBHOTO MOTITMHAHHS
€JIEKTPOMArHITHOIO BUIPOMIHIOBAHHSI B IIMPOKOMY Jiala3oHI YacTOT 3a PaxyHOK
30yI>KeHHS! KOJIEKTUBHUX KOJMBAHb €JIEKTPOHIB y PO3TaTyX eHI CTOXaCTHYHINA Mpo-
BIJIHIN Mepexi, Ky (OpMYIOTh HAHOTPYOKH, Ta JUCHUIIALIIT €HEePrii ITUX KOJHUBaHb Ye-
pe3 3HAuHY EJIEKTPOH-(POHOHHY B3a€MOJIII0 Ta ii BIJBEJICHHS 3aBISKHU IiIBUIICHIN
TETUIONPOBITHOCTI KOMITO3HUTIB, II0 € BAXJIMBUM JJIsI CTBOPCHHS IUTIBKOBHX ITOTJIM-
HAIOUMX MaTepialiB.

Kommosutai matepianu nonimep—BHT 36epirators mepeBaru XiMiqHO iHEPTHOL
MOJIIMEPHOT MaTPHIll Ta JTOAATKOBO HAOyBalOTh O3HAK MIITHIIIIOTO Ta €JIEKTPOIPOBII-
HOTO BYTJICLIEBOI'O HAaNOBHIOBaYa. Y TaKWX KOMIIO3UTAaX MOXKHA OJHOYACHO paJuKa-
JLHO 3MIHIOBATH JCKIUJIbKA 13 BHINE3raJaHuX BIACTUBOCTEH MatepiamiB. Tomy goci-
JDKCHHS IPUPOJIA Ta MEXaHI3MIB MOTJIMHAIBLHOT 3IaTHOCTI 3a3HAYCHUX KOMITO3UTHHUX
MaTepiaiiB, a TAKOXK iX 3B 3Ky 31 CTPYKTYPHUMH OCOOJUBOCTSIMHU € BaXKIMBOIO 1 aK-
TyaJbHOIO 33/1aueto. B pamkax gaHoi poOOTH CTBOPEHO Ta YCIIIIHO BUIIPOOYBAHO Ha
noriauHanHs B [Y miama3oHi HOBI KOMIIO3UTHI MaTepiajd Ha OCHOBI CTOXaCTHUYHHUX
npoBigaux Mepex 3 BHT mist morped enepreTuku Ta 000poHHO1 chepH.
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OCOBJIMBOCTI YTBOPEHHA I POCTY KPUCTAJIIB OKCHUAY
HA ITOBEPXHI BOJIb®PAMOBHUX 3PA3KIB,
1O HAT'PIBAIOTBHCS EJIEKTPUYHUM CTPYMOM

OpJaoscebka C.IU

Ooecvruil HayionanbHull yHieepcumem imeri 1.1 Meunukoasa,

Ooeca, 6y /[sopsancvka 2, Yrpaina
Ten.: +38 096 9212316 E-mail: svetor25@gmail.com

Oxcunu BosibppamMy BOJIOAIIOTh YHIKAIBHUMHU BIACTHBOCTSIMH, 3aBASKU SKUM iX aK-
TUBHO BUKOPUCTOBYIOTh B SIKOCT1 KaTali3aTopiB, JJIsi BATOTOBJIEHHS PEHTIC€HIBCHKUX
TOMIHO(DOPHUX €KpaHiB, Ta30BUX CEHCOPIB, B CyYaCHUX TEXHOJIOTISIX BUPOOHUIITBA
€JIEKTPOXPOMHMX BiKOH. HalOi1bIl €KOHOMIYHUM Ta €KOJOTIYHO YHCTHUM METOJO0M
OTPUMAaHHS OKCHIB METAJIIB € KOHTPOJIbOBAHE BUCOKOTEMIIEpaTypHE OKUCHEHHS Me-
TaJEBOTO JIPOTY, IO HArpIBAE€THCS €IEKTPUYHUM CTPYMOM Yy T'a30BOMY CEpEIOBHIII
[1]. Byno BcTaHOBJIEHO, 110 B TaKHil ClIOCIO0 MOYXHA OTPUMYBATH PO3raly>KE€HI OKCH/I-
HI CTPYKTYpPHU, 3HAYHO 30UIBIIYIOUH iX TUTOMY MOBEPXHIO, 1 32 JOMOMOIOI0 TEMIIepa-
TYPHOT'O PEXUMY PETYyJIIOBAaTH BIACTHUBOCTI LIMX CTPYKTYp [2].

Merta pobotu nonsrae B JOCTIKEHHI (HI3UKO-XIMIYHUX MEXaHI3MIB Ta TeMIIepary-
PHUX PEKMMIB BUHUKHEHHSI OKCUJHUX KPUCTATIYHUX CTPYKTYp Ha MOBEPXHI BOJIb(]-
paMOBHUX JPOTHKIB, 1[0 HATPIBAIOTHCS EICKTPUIHUM CTPYMOM, 3aKOHOMIPHOCTEH po-
3BUTKY JICHIPUTHUX CTPYKTYp, BIUIMBY (POpMHU BOJIbPPAMOBHUX APOTHKIB HA HILIb-
HICTh 1 TEOMETPUYUHI PO3MIPHU OKCUHUX YTBOPEHD.

B pob6oti mpoBeneHo eKkcnepuMeHTalbHI 1 TeopeTnyHi ((pi3mko-mMaTeMaTHyHE
MO/ICJIFOBaHHS) JTOCIIIKEHHSI TEMIIEPATYPHUX PEKUMIB YTBOPEHHS 1 3pOCTaHHS KpH-
CTaJIiB TPUOKCUY BOJIb(paMy Ha MOBEPXHI OKUCICHUX BOJIHPPAMOBUX TPOTHUKIB Pi-
3HUX JI1aMETPiB, PE3yJIbTATH IKUX J0OpE y3rOIKYIOThCI MK COO0I0.

BuzHaueHo cepeHi TeMIiepaTypu 3pa3KiB 1 JOKaJIbHI TEMIEPATypH iX MOBEPXHI,
3a SIKUX YTBOPIOIOTHCS 1 3pOCTAIOTh KPUCTAIU TPUOKCUY Bosibdpamy. [JokazaHo, 110
Ha MOYATKOBINA CTajli KpUCTaIM MalOTh HUTKOMOAIOHY Ta IuiacTUHYaTy (OpMH, SIKi
3r0JI0M, 31 3pOCTaHHSM TeMIIEpaTypH Ta 4acy OKUCJICHHS, TOYMHAIOTh PO3POCTATUCh
B PO3Tally>KeH1 JEHIAPUTHI CTPYKTYpH. JleTanizoBaHO MeXaHi3MU PO3BUTKY JIE€HIPUT-
HUX CTPYKTYp. 3’5ICOBaHO BIUIMB TEMIIEpaTypH Ha TOBIIMHY OKCHIHUX ILTIBOK, PO3-
Mip 1 ¢popMy KpucCTaliB, iX (pakTasbHy PO3MIPHICTH, MIBUAKOCTI pocTy. BuBueHo
3aKOHOMIPHOCT! BIUIMBY (OpMH BOJb(PPaMOBUX IPOTUKIB (IIPSAMUX, BUTHYTHX) HA
0COOJIMBOCTI1 3POCTAHHS KPUCTATIYHUX CTPYKTYP (MUTOMY HIUTHHICTE, PO3MIpH).

1. S.G. Orlovskaya, M.S. Shkoropado, F.F. Karimova, Ukr. J. Phys., 56, No. 12. 1312 (2011).
2. S. G. Orlovskaya, Metallofiz. Noveishie Tekhnol., 42, No. 9: 1231 (2020) (in Ukrainian), DOI:
10.15407/mfint.42.09.1231.
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AJITE3IA IVIIBOK AIN 1O HIOBEPXHI KEPAMIKH ZERODUR

Pynenko E.M., Koporam LI.B., llorouskuii /L.IO., HoBuubka A.€.

Inemumym memanogizuxu im. I'. B. Kyporomosa HAH Ykpainu,
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VYHIKanpHUN KOMIUIEKC (PI3SUYHUX 1 XIMIYHUX BJIACTHUBOCTI HITPHAY AaJIOMIHIIO
(AIN) po6uTh 11e#t MaTepian npuBaOIMBUM JIJII BUKOPUCTAHHS B IIJIOMY Ps/Il HAIPs-
MKIB eJIeKTpOHIKH. AIN BiTHOCUTBCS 10 MICJIEKTPUUYHUX MartepiaiiB. Po3paxyHkoBa
mupuHa 3a0oponenoi 30U g AIN cranoButh 6,2-6,28 €B, a pyxiuBiCTh HOCIIB
CTpyMy He nepeBuiye 3Ha4eHb 1-10 cm?/(B-c), mo miarBepaKye BUCOKI 130MMiiHi
BJIACTUBOCTI 11boT0 Matepiany. TemtonpoBigHicTe AIN — 170-190 B1/(m-K). Bigno-
CHa JieJIeKTpUYHA MPOHUKHICTH (Ha yacTtoTi 1 MI'm) — 8,7-9. ®di3uuHi1 BIacTUBOCTI
wiiBku AIN cyTTeBO 3anexaTh Bij mapameTpiB 1 CIOCOOIB POCTY JaHHUX IUTIBOK.

BaxnnBoro xapakTeprCTHKOO I 3acTocyBaHHs 1iBok AIN € ix anresis g0 mif-
kiaakn. OCTaHHIM 4acoM IS BaXJIMBUX €ICKTPOHHUX MPHUIIAJIIB B SIKOCTI KOHCTPYK-
[IHHUX MaTeplaiiB 3aCTOCOBYEThCA Kepamika Zerodur, o0 Mae Ay’Ke HU3BKHMA KOe-
¢inienT Tepmignoro posmuperHs 0.05 £ 0.10x107° K (20°C-300°C).

Hamu mpoBeneHo excriepuMeHTanbHe JoCTiKeHH anare3ii miiBok AIN g0 miak-
nanok 3 kepamiku Zerodur. IlmiBku AIN Oynu cuHTe30BaHI METOAOM T'€IIKOHHO-
JIyTOBOTO 10HHO-TIa3MOBOro ocakeHHs [1]. Ilepen HaHeceHHs IUTIBOK MOBEPXHS
kepaMiku Zerodur oOpo0Jsiiachk B Miia3Mi re’dikoHHOro po3psay 10—15 xBunuH. s
HanujaeHHs: Al BUKOpUCTOBYBaBCs IJ1a3MOBO-AYTOBUI MpUCKOpIOBad. B peakuiiiHiii
Kamepi Oyno 3actocoBaHo abo uuctuil a3oT N, abo cymim aprony Ar Ta a3oty N.
Hamnpyra po3psany cknagana 40 B 1 70 B. Cunrte3 miiBok AIN B 000X BUMagKax TpH-
BaB 30 XBHWJIMH.

Jlnst Bumipy aaresii OyJio 3aCTOCOBAHO MEXaHIYHHM aare3iMeTp BIAPUBHOTO THUITY
NOVOTEST ALl-1. s po3mMpeHHs Aiana3oHy BUMIPIB OyJI0 BUTOTOBJIEHO CHELl-
anbH1 TpuOKku. OTpUMaHI 3HAYCHHS anre3ii CKIaM I 3pa3KiB B IUIa3Mi YHUCTOTO
azoty 16 Mlla, a ayis mnasmu cymimni raziB Ar 1 N aaresis Oysa BULIE I'paHUIIl BUMI-
py aaresimerpy (6inbie 20 MITa).

TakuMm yuHOM, MPOBEACHI TOCTIPKEHHS MMOKa3aIM, [0 BUKOPUCTAHHS T10pUTHUX
reJIIKOHHO-yTOBUX 10HHO-IJIa3MOBUX TE€XHOJIOT1H BIJKPUBAE MOXKIIUBICTh OTPUMATH
IJTIBKOBI MOKPHUTTS 13 BHUCOKOSKICHUMH XapaKTEPUCTHUKAMH aire3ii, 1o Jg03BOJIsE
CTBOPIOBAaTH BUPOOU BUCOKOTOYHOIO MpUIao0yAyBaHHS 13 MOKPAILIEHUMHU XapaKTe-
PUCTUKAMH TE€PMOCTAOUTBHOCTI 1 HAAIIHOCTI.

1. E. M. Rudenko et al., Prog. Phys. Met., 20, No. 3: 485 (2019) DOI:10.15407/ufm.20.03.485
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KIHETUKA BUCOKOTEMIIEPATYPHOI'O OKUCHEHHSA EBTEKTHUYHUX
JIMTUX CIIJIABIB HA OCHOBI HIKEJIIO 3 KAPBIIOM HIOBITO

I'.I1. Imurpiesa', T.C.YUepenosa!, T.B. IIpsaake’, FO.C. Cemenona?

! Inemumym memanoghizuxu im. I'.B. Kypoomosa HAH Yxpainu, Kuis, Ykpaina
’Leibniz Institute for Solid State and Materials Research Dresden
‘Ten.: +38 097 479 3616 E-mail: pryadko@imp.kiev.ua

JlJis CTBOPEHHSI HOBOT'O €BTEKTUYHOTO JIUTOTO CIUIABY IS 3aXHCTY BiJ 3HOIIY-
BaHHS POOOYMX JIOMATOK Tra30TypOIHHUX JBUTYHIB HOBOTO TOKOJIHHS IPOBEICHI
€KCIIEPUMEHTAJIbHI JOCTIIPKEHHSI BUCOKOTEMIIEPATYPHOTO OKMCHEHHS JTUTHX €BTEK-
TUYHHUX 3 KapOioM Hi001I0 JeroBaHUX CIUIaBIB HA OCHOBI HIKENIO Ta HIKEJOo 3 KoOa-
apToM HapiBHO N1/(Ni+Co) — NbC. Jlerytounmu enemMeHTaMu CIyTryBajd XpoOM, BO-
ab(pam, amoMiHIA Ta 3a1130. 3 METOIO MOKJIMBOCTI BUKOPUCTAHHSI TaKUX CILIABIB B
€HEPreTHYHOMY MAIIMHOOYYBaHHI JJIsi TTOPIBHSHHS BJIACTHUBOCTEH JOCIIIKEHO 1H-
TEHCHUBHICTh OKMCHEHHSI XapOCTIMKOr0 3HOCOCTIMKOIO MPOMHUCIOBOTO JIOMATKOBOTO
crtaBy BIKJI2 B THX K€ €KCIEPUMEHTAIIBHUX YMOBAX.

Busnaueno, 1o B ymoBax 50-roaMHHOTO MMKJIIYHOTO BiJiMay Ha MOBITPI B pe-
*uMl HarpiBy a0 temrepatypu 1100 °C, Butpumku Bapogosx 10 roguH Ta oxoso-
JOKEHHS 3 Y40, HAHO1IbIIa MBUAKICTH OKUCHEHHS JIUIS YCIX JOCIIKEHUX CIIJIaBIB
CTIOCTEpIraeThecsl BIPOAOBXK mepinx 7—10 roauH, mo 00yMOBIEHO MOYaTKOBHM OKH-
CHEHHSIM JI0 YTBOPEHHS 3aXMCHOI'O OKCHUJIHOTO IIapy, Ta BUKJIUKAHUM HUM YIOBLIb-
HEHHSM IIBHUJIKOCTI OKMCHEHHS 32 TapaOoIIuHUM 3aKOHOM.

Binxunenns BiAg mapaOoiiyHOrO 3aKOHY OKMCHEHHsA s cruiaBiB Ni-NbC Ta
BXXJI2, ocHOBOIO SIKMX € TUIbKH HiKEJb, BKa3ye Ha Te, 110 BTPATOK MacH, 00yMOBJIe-
HOIO BUTIAPOBYBaHHSIM XpOMY, MIPU OMHUCAHHI KIHETHUKU MPOLECY HE MOXKHA 3HEXTY-
BaTHU, a HEOOXITHO BPAXOBYBaTH HE TUIbKM KOHCTAHTY IIBHUIKOCTI MapabOJIidHOTO
okucieHHs Kp, a i KOHCTAHTY JIETIOUOCTI XpoMy K.

CrilikicTh 10 BUCOKOTemmnepaTypHoro okucHeHHs ciaBy (Ni+Co)-NbC B ymo-
Bax EKCIIEPUMEHTY JICI0 HMXKYa 3a TaKy JJIsS CIJIaBY 3 BUKIIIOYHO HIKEJIEBOIO OCHO-
BO10. IIIBUAKICTh OKMCHEHHS MIANOPSAKOBYETHCS MapaOOiuHOMY 3aKOHY, MPUCYT-
HICTh HI00110 y CKJIaJil CIIaBy MOKpallye aare3iro okcuaHoro mapy mpu 1100°C 1 e
COPUSATIMBUM JUIsI Kpaloi CTIMKOCTI 30BHIIIHIX OKCHU/IB MPOTH PO3KOJIIOBAHHS MpPU
OXOJIOJIKEHHI.

Ananmi3 nudy3iiHO-OKUCHIOBAIBLHUX TpolieciB nipu Temmnepatypi 1100°C Ha mo-
BITp1 CBITYHUTH MPO T€, IO MIABUIICHHS XapOCTIMKOCTI BiAOYBAETHCS B pe3yibTari
iHTeHcuDiKallii criikaHHs OKaJMHU Ta GopMmyBaHHs nudy3iitHoro 6ap'epHoro mapy 3
OKCHJIIB XpOMY, AJIFOMIHIIO Ta HIOO1H0 HA TOBEPXHI CILJIABIB.

PesynpTatn gochiaKeHHS KIHETUKHM BHUCOKOTEMIIEPATYPHOIO OKHCHEHHS JOBE-
JM, 110 CKJIaJHe TepMOOOPOOIEHHS 1 3HaYHUN BMICT JIETYIOUMX €JIEMEHTIB HE Halae
cyTTeBoi nepesaru crutaBy BXKJI2, esrextuunuii neropanuii komno3uT Ni(Ni+Co) —
NbC He mocTymaerhcsi 3a pIBHEM KapOCTIMKOCTI, 1110 1 BU3HAYAE HOTO MEPCIEKTHB-
HICTb JIJIsl BAKOPUCTAHHS y eHEPreTHYHOMY MaIlIMHOOY1yBaHHI.
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®PAKTAJIBHA IIPUPOJIA JOMEHHOI CTIHKH
3 BJIOXOBOIO TOYKOIO
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Inemumym memanogizuxu im. I'.B. Kyporomosa HAH Ykpainu,
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BuBuenns ¢i3nuHux BiracTHUBOCTeH ¢epomarHitHux HaHoaportiB (PH) sBise
OJIHY 13 aKkTyaJIbHUX 3aJ]a4 Cy4acHOro mMarepiasio3HaBcTBa. Cepell BKa3aHUX 00’ €KTIB
0COOJIMBY yBary NnpuBepTaroTh IHApUYHI OH, MarHiTHa CTPYKTypa SKUX Xapak-
TepusyeThesi omeHHoto cTikoio ([C) 3 bioxoBow Toukor. JlaHi HaHOCHUCTEMH,
3aBJISKM CBOIM YHIKaJbHUM SIKOCTSIM, € TIEPCIEKTUBHUMHU MaTepialaMu AJis 3aCTOCY-
BaHHS B PI3HOMaHITHUX HAHOTEXHOJOTIAX (MuB. orysia y [1]).

Baxxnusoro npobaemotro, sika BuHukae npu BuBueHH1 [IC 3 bioxoBoro Toukoro, €
BUOIp aleKBaTHOTO MIAXOAY A0 OMHCY ii MAarHiTHOI CTPYKTYpU. B 11bOMy KOHTEKCTI

CJIJT BIAMITHTH poOOTYy [2], B SIKiif BABYAETHCS PO3MOILI BEKTOPY HaMarHiyeHocti M
B nieHTpanbHii momuHil JIC. Came B 1iii o61acti JIC BinOyBaeThcst HAHOUIBIT Xapak-

TepHi TpaHchopMallii BekTopy M , siki BruiMBaroTh Ha BiactuBocTi @H. [Momanbii
JOCTIIPKEHHS TIOKa3aJIH, 1110 BKa3aHUM BUILE MiAX1J BiAMOBiAaE (pakTalbHIA Teome-
Tpii, AITOPUTM PO30YJIOBU SKOI MOB'A3aHUN 3 MArHITHOIO BUXPOBOIO KOMIPKOIO, SIKa
YTBOPIOETHCS HABKOJIO siipa biioxoBoi Touku [3]. [Ipy mpoMy Mae BpaxoBYBaTHCh

XapaKTepHHUI paalyc o OOMIHHOI B3aeMoOJii BeKTopiB M . BrmB moms po3marHivy-

BaHHS [WIHAPY MPU3BOIUTH /10 BIAMOBITHOT'O PO3MOJAUTY K, IO MICTATh M , Y BU-
IS/ [TApUHU KOHIICHTPOBAHUX JIAHLIOKKIB Y HeHTpanbpHii miomuni JC.

Buxoasun 13 nanoro ¢gopmanizmy Oysio BU3ZHAU€HO, 110 PO3MIpHICTH D ¢pakTa-
7y, SIKHH yTBOPIOEThCS, B ceHcl ['aycnopda—besukoBuya [4], 3anexuTh Bl paalycy
HAHOIPOTY d Ta IpH a >> & cknagae: D = In[27m] / Inm, ne m=a/28 . 3axaroun

Ha 1eil Bupas ta kpurepiid yrBopenHss JIC 13 biioxoBoro Toukoro B nuiiHapuuHux OH
[2], MO’KHA OTpUMATH OIIHKY 3BEpXy po3MipHOCTI ppakTtamny: D <1.75.

3a3naunmo, 1mo (ppakransHa npupoaa 0ynosu JC 3 bioxoBoro Toukorw oOrpyH-
TOBY€ 1HBApIaHTHICTh 3aCTOCYBaHHS YHCEIBHOIO MIAXOAY ‘“‘micromagnetic
simulation” 10 BUBYEHHS CTaTUYHUX Ta JUHAMIYHUX BJIACTUBOCTEH I1i€l HAHOCTPYK-
Typu B uuniHaApuYHUX OH pizHoro ximiyHoro cknany (aus. y [3]).

1. A.b. llleBuenko, M.YO. bapabami, A.B. Miuniueskuii, O.1. XoBaBko, Kearmosi mepmoounamiymi
ma cmpyKmypHi A8UWA 8 NPOMSANACHUX (DePOMACHIMHUX HAHOCUCTNEMAX HA OCHOBI Nepexionux me-
maunis Fe, Ni, saixi micmsamo maenimui conimonu (Kuis: 2022).

2. A.B. Shevchenko, M.Yu Barabash, Appl. Nanosci. 12, No. 5: 1747 (2022).
https://doi.org/10.1007/s13204-022-02397-7

3. A. Shevchenko, M. Barabash, Phys. B: Cond. Matt.(2023).
https://doi.org/10.1016/j.physb.2023.415117

4. C.B. Tepexos, ®pakransl 1 pusuka nonodus (Honeuk: Hudposas tunorpadus: 2011).
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CnnaBu 3 TepMONpPYKHUM MapTeHCUTHUM neperBopeHHsAM (TMII) maroTe mmpoxuit
CHEKTP BUKOPHUCTAHHS B SIKOCTI MPUCTPOIB PI3HOMAHITHOTO (DYHKIIIOHATIBHOTO MPU3HAYEHHS
[1]. TMII BUKOPUCTOBYIOTHCS TPU KOHCTPYIOBAaHHI CHJIOBHX Ta KEPYIOUMX MPHUCTPOIB IS
CTBOPEHHS MEXaHI3MIB Ta OKPEMHUX BY3JIiB, TOIIO. B TemepimmHiii 4ac crocTepiracTbCs po3-
mUpeHHst chepu X 3aCTOCYBaHHS B Pi3HUX TaTy3sIX MAIIMHOOYIYyBaHHS, pPOOOTOTEXHIKH,
aBTomatHili, B 6iosorii Ta MmequimHi. Cepen crasiB 3 nam’ sTTi0 Gopmu (CIID) Baknuse
Miciie 3aiimaroTh -criaBu Ha ocHOBI Miji: CuAl(Mn,Ni), CuZnAl, CuZnSn. Kpyr matepia-
JiB, B IKUX crioctepiraerbest TMII, 6e3mepepBHO pO3IIMPIOETHCS.

O06’exTamMu JocHipkeHb Oy BHOpaHi 0araTOKOMIIOHEHTH1 CIOJyKH Ha ocHOB1 Cu—
Al-Mn, Cu—Al-Mn—Fe 3 pi3HHUM BMICTOM JIETYIOUMX KOMIIOHEHTIB IMPHU JIEMI0 BIAMIHHUX
peXuMax OTpUMaHHS Ta TEPMOMEXaHIYHOI 00poOKu. JIo TOCHIIKYEMUX CIIOJIYK 3aCTOCOBY-
BaJIUCSl HACTYITHI MTUPOKOBXKUBAHI METOAM JTOCHIKEHb — CTPYKTYpHI mociikeHHs: XRD,
DSC, SEM; marniTHi METOJAMKUA — HU3BKOIMOJIHOBOI MarHiTHO1 CIPUHHSATIANBOCTI, CTATHY-
HOT HaMarHiueHocTi (BiOpaIitHuii MarHiToMeTp).

B npencraneniit po60oTi TpoBeACHO MOPIBHIIBHUI aHAII3 CTPYKTYPHOI Ta MarHiTHO1
noBeninku craBiB Cu—Al-Mn, Cu—Al-Mn(Fe) mig BmimBoM TepMidHOT i TEpMOMArHiTHOT
00poOku. BimmideHi KiHeTHYHI 0coOnMMBOCTI npu iHAYKyBanHi TMII B crmaBax, 1o moB's-
3aHO 3 JIOITyBaHHSAM PI3HOTO BMICTY 3aJii3a. Tako MpoBeAEHO MOPIBHSIBHUI aHalli3 Xapak-
TEPUCTUK MEXaHIYHOI 1 MarHiTHOT MOBEIIHKH TOCTIKYEMHX MOTPIHHUX Ta YETBEPHHUX CIIO-
ayk Cu—Al-Mn, Cu—Al-Mn—Fe.

BukopucroByroun Bucoki MexaniuHi nokasHuku Cu—Al-Mn—Fe cronyk B komOiHamii
3 BUCOKMMH CyleprnapaMartHiTHUMu nokazHukamu Cu—Al-Mn crnaBiB IITKOM BipOTiTHO
3aCTOCYBaHHS TAKUX HAHOCTPYKTYPOBAHUX KOMITO3HUIIIH B "cMapT" MpHUCTPOsIX, poOOTa IKUX
0a3yBaTUMETHCS OJHOYACHO HA CYKYITHOCTI MOKJIMBOCTEH aKTI0AaTOpa Ta ceHcopa. B mpomy
KOHTEKCTI HaMH 3alpOTIOHOBAHWIN HOBUN MIJXiJ A0 BUKOPUCTAHHS (PYHKITIOHATHHUX CILIa-
BiB TIIM (CII®) 3a3Ha4eHUX CUCTEM B SIKOCTI aIalITUBHUX MPHUCTPOIB 13 3MIHHOIO KOPCTKI-
CTIO [2], @ TAKOK B €JIE€MEHTaX MEPEMIIIEHb.

1. K.Oruyka, K. Cumuzy, 0. Cymsyku, FO. Cekurytu, LI, Tagaku, E. Xomma, C. Musinzaku, Cniasu ¢ s¢h¢hex-
mom namamu gopmet (g penakmiero A.M. I'tezepa), Metamryprus, Mocksa,1990.
2. Titerko A. M., lemuenxo JI. 1., Tpomenkos FO. M., Cynexenko B. K., badannu M.b Crnoci0 3MiHeHHS

JKOPCTKOCTI aJANTHBHUX KOHCTPYKILH 3 BUKOPUCTAHHIM MaTepialiB 3 maM’sITTi0 (JOPMHU MATEHTY Ha KOPUCHY
Mozeib # 131506 Bix 25.01.2019, 6ron. Ne 2/2019 (u201802345)



59

BILIMB HAJIIBUAKOTI'O T'APTYBAHHS TA TEPMIYHOI OBPOGKHU
HA ®A30BUU CKJIAL, CTPYKTYPHUU CTAH TA MEXAHIYHI
BJIACTHUBOCTI EBTEKTUYHOTI'O CIIVIABY CUCTEMM Al-Mg-Si

A.B. Ilapwk, T.B. IIpsaako, B.M. IlluBanwk, T.I1. Bragimiposa, B.I1. bes3, I.B. 3aropyabko
Inemumym memanogizuxu im. I'. B. Kyporomosa HAH Vkpainu, Kuis, Yxpaina
*Ten.: +380 93 0275214 E-mail: d826244@gmail.com

Ha nanwii gac icHye Benmmka morpeba B JIMTUX CIUTaBaX alfOMIHIIO 3 BUCOKMMH Iapa-
MEeTpaMH MIITHOCTI, OCKIJIbKH JINTTS € €KOHOMIYHO €(EKTHMBHUM CIIOCOOOM BHPOOHHUIITBA
MaTepiasiiB, SIKMM J03BOJIIE CYTTEBO 3HU3UTH BUTPATU NPHU OTPUMAHHI BUPOOIB PI3HOIO
NpU3HAYEHHS. Y 3B’S13KY 3 MOCTIHHUM 3POCTAHHSM BUMOT JI0 MaTepiaiiB TEXHIYHOTO MPHU3-
HAYCHHS (HaBaHTa)XCHHS, TEMIIEpaTypa, OKUCIIOBAIBHE CEpeIOBHUIIE, 3MEHIIICHHS TTUTOMO]
Baru Ta iH.) aKTyaJbHOIO € pO3p0OKa HOBHX BHCOKOMIIIHUX JIMBAPHUX CIUIABIB aTIOMIHIIO,
AK1 MMPU3HAYEH1 UIsl pOOOTH B PI3HUX TEMIEpaTypHUX 1HTEpBaJlax 1 3a BUTOTOBJIEHHSM PO3-
paxoBaHi Ha TPAJUIIHY TeXHOJIOT10. TpaauiiiiHi JIMBapHi aNIOMIHI€EB] CIJIaBU — 1€ €BTEK-
TUYHI CIUIaBU (HOJS €BTEKTHKHU B sIKMX € He MeHuow 3a 30 00.%), ctpykrypa 1 (a3oBuii
CKJIaJl SIKHUX YTBOPIOIOTHCS Oe3MmocepeHbo B mpolieci Kpucramizaiii. Jlomorrtucst ictToTHOTO
MOTIMIIICHHS XapaKTEPUCTUK MIITHOCTI MPOMHUCIOBUX CIUIABIB aFOMIHIIO 32 PaXyHOK JIMIIIE
HEBEJIMKUX MOAMDIKAIli CKIaxy Ta pekKUMiB TepMIYHOT 00poOKH BXke He BHaeThes. Hacry-
MTHUA KPOK PO3pOOKK HOBUX MaTepiajiiB MOJATAE B YCKIAIHEHHI 0a30BUX CILJIaBIB 3a paxy-
HOK iX JIEryBaHHS 1 3a0€31€4YEeHHs] BUCOKOr0 piBHS (P13MKO-MEXaHIYHUX BJIACTUBOCTEH CILIa-
BIB 32 paXxyHOK IOEJHAHHS PI3HUX MEXaHI3MIB 3MIIHEHHS (TBEPJ0-PO3YMHHOIO 1 JUCIIEp-
CIIfHOTO0), @ TaKOK BUKOPUCTAHHS HAJIIBUIKOTO TAPTYBAaHHS TaKUX JETOBAHUX CIUIABIB IS
3a0e3MeueHHs yJIbTPAJAUCIIEPCHOI BUXITHOI CTPYKTYPH 3 MiJIBUIIEHOK PO3YMHHICTIO KOM-
MMOHEHTIB B JIOMIHII.

Jlane nmocnimpKeHHsS MPUCBSiYEHE po3poOlli HOBUX BUCOKOMIIHUX JTMBAPHUX CIUIABIB,
KpHUCTaTi3allis SKUX BiOYBAa€ThCS HA OCHOBI €BTEKTUYHOTO NepeTBopeHHs LS a-Al+Mg)Si
notpiitHoi cucremun Al-Mg—Si nipu mocTiiiHii TemnepaTtypi 3 GOpMyBaHHSAM BiAMOBIIHOT
nBodazHoi cTpykTypu. Lli crijiaBu mo€HYIOTh BUCOKI MEXaHIYHI BIIACTUBOCTI 3 JIMBAPHUMHU
BIIACTUBOCTSIMU CIUIaBiB cuctemu Al-Si.

Buxopucrani metoau JICK, penTreniBchkoi audpakiiii Ta pacTpoBOi €JIEKTPOHHOT Mi-
KpOCKOMIi MOKa3ajd, MO MBUAKo3arapToBani metogom PFC crpiuku cinabosieroBaHoro
crutaBy Algs74Mgo6Si285Zn1 6Mno21 (AMS-1) npu ToBmmHI 25-30 MKM XapakTepH3yHOThCS
OJIHOCTaJIMHUM (XapakTepHUM JUIsl €BTEKTHKH) JIOBOJII BY3bKHM IHTEPBAJIOM ILJIABJIEHHS
(puc.l); sk 1 BUXIAHUIA cIUIaB MaroTh aBoGdasHuil ckiajn (o-Al+MgSi) ta Haaapiony (<1
MKM) 3€pEeHHY CTPYKTYpY EBTEKTHYHMX KOJIOHIM. MexaHiyHi BUIIPOOYBaHHS Ha PO3TAT
CTPIYOK y BHUXIJTHOMY CTaHI MPOJAEMOHCTpyBaiu (puc.2) iX BUCOKI MEXaHI4HI BJIACTUBOCTI
(002=348 MIla).
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BIIJIUB YJbTPA3BYKOBOI YIAPHOI OBPOBKH (Y3YO)

HA CTPYKTYPY TA MEXAHIYHI BJIACTUBOCTI

AJIIOMIHIEBUX CIIJIABIB.
Typuak T.B.'®, Mopmiok .M.}, T'anenxo O.C.!,
Backosa O.1.!, Kymnapnosa O.C.?

Unemumym memanogizuxu im. I'.B. Kypoomoea HAH YVipainu

2Inemumym enexmposeapioéanns im. €. O. Ilamona HAH Ykpainu
Ten.: +38 099 750 55 31 E-mail: turchakkyiv@gmail.com

YwucneHHi JOCTiKEHHS BIUTUBY IHTEHCUBHOI IIACTUYHOI AedopMalrii Ha BTOMY
AITIOMIHIEBUX CIUIaBIB CBIAYATh MPO TE€, IO ICHYIOTh KapJAUHAILHO pi3HI (I3UYHI Me-
XaHI3MH JIMCHIIALI] €Heprii Mpu peaizalii JUHAMIYHUX HE3PIBHOBAKEHUX IPOLECIB
3a paxyHOK yJapHO-KOJMBHOTO HaBaHTa)xxeHHs. Hamu Oyno po3risiHyToO BapiaHT ca-
MoOoOprasizaiiii 1e)opMOBaHOTO KpHCTalia, Ta MOKa3aHa MOXJIMBICTH TiIpOJAUHAMIY-
HOT (POPMO3MIHU KPUCTATIYHOTO Marepiany 0e3 ydacTi JUCIOKalliil Ta iHmux aedex-
TIB KpPUCTAJIIYHOI OYJJOBH 32 YMOB, KOJIM CUCTEMA 3HAXOJIUTHCS aJIeKO Bl TEPMOIU-
HaMiuHOT piBHOBar# [1].

Camoopranizailiss TpuBOAUTh A0 (HOPMYBaHHS CTPYKTYpH, sika cripusie nedop-
MaIliiHOMY TIPOIeCy, TOMY OyB MPOBEACHUI TOMIYK €KCIIEPUMEHTAIBHO JOCTYITHUX
METOIB Je(opMaIiiiHOTO BILUIMBY 3 METOO 301IBIIICHHS BTOMHOI JOBrOBIYHOCTI [2].
BusiBunocs, mo s rereporenHux criaBiB 2024-T351 1 D16CzAT imnysibcHe mif-
BaHTaXEHHs (yaapHO-KoJIvMBHE HaBaHTaxxkeHHS — Y KH) B mporieci cratuanoi gedo-
pMariii cripusie 30UIbIICHHIO MO0 BTOMHO1 JIOBIOBIYHOCTI 32 TIEBHOI BEJTMUUHU
nedopmallii B mpouect Jii IMITyJIbCY.

[TopiBHsIbHUN aHaNli3 BTOMHOI JOBrOBIYHOCTI, Ta aHaii3 TEM-300paxeHb
cruiaBiB aBialiiHoro criaBy 2024-T3, uo o6pobisises Y3YO 3a gBoMa pexumamu 3
PI3HOI0 THTEHCUBHICTIO OOPOOKH Ta MPOBENIEHI HAMH paHIIIe JOCIIIKEHHS BTOMHOT
JIOBrOBIYHICTH aBlamiitHux cruiaBiB J[16 1 2024-T3 micis nomnepeanboro aedopma-
IIHHOTO OOPOOJICHHS CTAaTUYHOKO AePOpPMAIli€l0 3 IMITYJIBCHUM TiBAaHTAXKCHHSIM Ta
Y3VYO noxkazanum, mo s craBy 2024-T3 BToMHa JOBrOBIYHICTH IEMOHCTPYE 00ep-
HEHO MPOMOpPLIiHY 3aiexXHICTh BiJ TpuBaiocTi Y3VO. Ile Moxe pe3yapTaToM TOTO,
o BB Y3YO Ha MOBEPXHIO METaly BUKJIUKAE TUIACTHYHY Je(pOopMalliio OBEPX-
HEBOI'O IIapy Ta 3MEHUIEHHS PO3MIpY 3€pHa, a WIKIAJIMBI 3aJUIIKOBI HAIPY>KEHHS
pO3TATy €(peKTUBHO YCyBaIOThHCS, IIPH L[bOMY B MPUIIOBEPXHEBOMY MIapi BiAOYyBa€Th-
csi popMyBaHHS CTHCKAIOUUX HAINPYKEHb, SIKI COPUSIIOTH MIABUIICHHIO MIKPOTBEPI0-
CT1 Ta BTOMHO{ MIITHOCTI.

Takox, Oyno 3’sCOBaHO, IO 3aCTOCYBaHHS CKJIAJIHOI KOMOIHOBaHOT 0OpoOKH,
10 BKJIIOYajna yiabTpa3BykoBe yaapHe oOpoOienHs (Y3VYO) micias YKH He nmpuso-
TUTH JI0 CYTTEBOI 3MiHM BTOMHOI JOBroBIYHOCTI crutaBy 2024-T351 B Toit yac sk oJ1-
Ha Y3YO 3011bl1y€e BTOMHY JOBIOBIYHICTB CTOITY. 3 4OI'0 MOKHA 3pOOUTH BUCHOBOK,
[0 OJTHOYACHE 3aCTOCYBaHHS KOMIUICKCHUX Je(OpMaIliiHUX BIUIMBIB CIIPUSE TPHUIII-

BHUJIIICHHIO PeJaKCaIliiHUX MPOIIECIB, K1 3MEHITYIOTh BTOMHY JIOBTOBIUHICTb.

1. E. Zasimchuk, N. Chausov, T. Turchak, Results in Materials, 6, (2020), 100090
https://doi.org/10.1016/j.rinma.2020.100090

2. O.E. Zasimchuk, M.G. Chausov, B.M. Mordyuk, O.I. Baskova, V.I. Zasimchuk,
T. V. Turchak, and O.S. Gatsenko, Progress in Physics of Metals,22, 4, 619-642 (2021)
http://dx.doi.org/10.15407/ufm.22.04.619
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MOJIYPETAHOBUM SiO,-BMICHU HAHOKOMITIO3UT
AK ITPO30PUUN JEMIIPEPHUUN MATEPIAJI
3 EGEKTUBHUM 3AXUCTOM BIJA Y®-B-BUITPOMIHIOBAHHSA

Boponuoga JI.O., baokina H.B., AuTonenko O.I, Kocanuyk JI.®., bposko O.0.

Inemumym ximii gucokomonexyasaprux cnoayk HAH Yxpainu,
48, Xapxiscvke wioce, Kuis, 02161, Yxpaina
Ten.: +38 067 967 2417 E-mail: la.voronzova@gmail.com

[Tpu po3poO11i CyuyacHOTO CKJIAJHOTO Ta PI3HOMAHITHOTO OOJIaJHAHHS BUHUKAE
noTpeda B CTBOPEHHI HOBUX MOJIIMEPHUX MaTepiaiiB, 10 MOEIHYIOTh B COO1 ICKUJIbKa
pi3HMX (PYHKLIOHAJBHUX BJIACTUBOCTEH. TakMMu CydyacHMMH MareplajlaMH MOXYTb
OyTH HaHOKOMITO3UTHU Ha OCHOBI nomiyperaHoBux (IIY) marpuip [1]. SIx HamoBHIO-
Bau MpuUBEpTaE yBary HaHopo3MmipHuil SiO, 3aBISIKM HETOKCUYHOCTI, 610CYMICHOCTI,
TEPMIYHIN CTIHKOCTI, BUCOKIM TBEPJOCT] Ta EKOHOMIYHIN JOIIBHOCTI.

JI7ist BU3HAYEHHS! ONTUMAJIBHOTO MOENHAHHS B KOMITO3ULIIMHOMY Martepiaii Ta-
KUX (PYHKIIOHAJIBHUX XapaKTEPUCTHUK, SIK MPO30PICTh, Miana3oH epekTuBHOro Y d-
eKpaHyBaHHA, JeMII(pyBaHHS Ta TEPMOCTaOUIbHICTh, nociimkeno [1Y marpuiio Ha
OCHOBI IOJIIETEPY Ta apOMaTUYHOrO J113011aHaTy 3a ii HarmoBHeHHd 1, 3, 5, 7 mac. 4.
HaHO-S10,, BUKOPHUCTOBYIOUH criocid ¢popmyBanns [1Y HaHoKoMIIO3HTA in Situ.

Merton cniektpodotomeTpii mokazas, 1o [IY Hanokommosuty, sk 1 I1Y marpu-
1151, IEMOHCTPYIOTh TOCUThH BUCOKHHA (~90 %) KoedillieHT MPOMyCKaHHS B Jiara3o0Hi
BUJIUMUX JTOBXHUH XBWIb. Pazom 3 Tum, ITY maTpuiis xapakrepusyerbes epeKTuBHUM
OsiokyBaHHsIM YD BunpomiHtoBaHHs 10 ~290 HM, a 115 HanoBHeHUX [IY cnoctepi-
raeTbcsi 0aTOXpOMHUM 3CyB (10 ~320 HM) CHEKTPIB MPOMYCKaHHs, TOOTO OJIOKYBaHHS
Y ®-B-unpomiHioBaHHsI. MeToOIOM JTUHAMIYHOTO MexaHiuHoro aHamizy (JAMA) Bu-
ABJICHO, 1110 Bci [1Y 3pa3ku maroTh BHCOKI 3HAYEHHS MEXaHIYHUX BTpar (tand) B 00-
JIACT1 CKJIyBaHHS, IO MIATBEPKY€E TIXHIO €(heKTUBHICTH SIK JIeMIepHUX MaTepialib.
[TomyperanoBi SiO,-BMICHI HAHOKOMITO3UTH MalOTh €(EKTHUBHY AeMIpepHy 37aT-
HICTh B jiana3oHi temmnepartyp Big —6 no 48 °C. IlokazaHo, 110 MOJyJib MPYKHOCTI
(£") xommo3uTa 3a BMIcTy 7 Mac.4. HaHO-S10; 3pocTae maiike B 1,5 pa3u nopiBHSHO 3
BuxigHoto [1Y Marpuriero, 1o Moxxe BKa3yBaTH Ha YTBOPEHHS JTOJAATKOBOI MPOCTOPO-
BOI CiTKM HaHoyacTHHKamu Si0;. MetonoM tepMorpasimeTpuunoro ananizy (TT'A)
BCTAHOBJICHO, 1110 BBeJACHHS HaHOpOo3MipHOTO S10, B [TY MaTpuilro miaBuIye TepMo-
CTaOlIBHICTh KOMITO3UTA, a 32 HOro BMICTY 5—7 Mac. 4. 00JacTh TeMIepaTyp eKCILTy-
aTallii Takoro Marepiainy 3pocrae maiixe Ha 30 °C.

3a pe3ynbTaramMu JOCIHIKEHb BUSBICHO, 1[0 ONTUMAJIbHE MOEAHAHHS 3a3Have-
HUX (YHKIIOHATBHUX XapaKTepUCTHK Mae ITY koMIo3uT 3a BMIicTy 7 Mac. 4. HaHO-
Si0,, mo BKa3ye, 30KpeMa, Ha MOXJIMBICTh HOTO 3aCTOCYBaHHSI SK MIKIIIAPOBOI ILJIiB-
KM J1JIs1 0araTorapoBoro ckijia B 001aJHaHH1 3 BIOpaIliiHUM HaBaHTAKCHHSIM.

1. P. Sikdar, T. M. Dip, A. K. Dhar, M. Bhattacharjee, M. S. Hoque, and S. B. Ali, J. Appl.
Polym. Sci., 139, No. 38: €52832 (2022). https://doi.org/10.1002/app.52832
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HAIIOBHIOBAUI VIS METAJIEBUX TA TIOJIIMEPHUX
HECYUYUX MATPHULb
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Onucano ocHOBHI AocATHEHHs 20 CTOJNITTS B rajgy3i CTBOPEHHS HaHOKOMIIO3U-
TiB, JIe¢ METAJIM Ta MOJIMEPHU € HECYUOI0 MaTPHULICIO JIs HAHOHAMOBHIOBauiB. BriacTu-
BOCTI Ta 3aCTOCYBaHHS MarepiaiiB 13 Cy4aCHUMH MIKpO- Ta HaHOHAIOBHIOBauYaMHU
MarTh HIUPOKUN CIEKTP 3aCTOCYBAHHS, SIKMI YaCTKOBO OMMCAHO B 3alPONOHOBaHIN
poOoTi. Taki HAHOKOMMO3UTH CTUMYJIOBATUMYTh MOJAJBIII TOCTIPKEHHS B ramys3i
HAaHOTEXHOJIOT1H, a caMe po3p0o0Ky CMHTE3Y HOBHUX HaHOMATEpialliB Ta CTBOPEHHS Ha
iX OCHOB1 HOBHUX HaHOKOMITO3HUTIB.

VY pocniiHUAIBKIN poOOTI OTPUMAHO HACTYIHI pe3yibTatd: 1. BusHaueHo ocHoO-
BHI BUJY HaHOHAMOBHIOBaYiB; 2. HaBejeHO OCHOBHI MepeBaru CTBOPEHHS CydyacHUX
KoMIT03MTiB; 3. HaBesieHO XapaKTepUCTUKH 3aJieKHOCTI MapaMeTpiB HAHOKOMIIO3U-
TiB; 4. BCcTaHOBIEHO, 110 HANOBHIOBAYl JO3BOJISIIOTH KOHTPOJIOBATH CTPYKTYPHHIA
CTaH PO3IUIaBy Ta CIPHUSAIOTH (POPMYBAHHIO JOJATKOBHUX IEHTPIB KpUCTami3arii; 5.
BcraHoBieHO, 1110 XapaKTepUCTUKH MOBEPXHI HAMIOBHIOBaYa CYTTEBO BIUIMBAIOTH HA
MEXaHIYH1 BIACTHBOCTI HAHOKOMITO3HTIB; 6. BCTaHOBIIEHO, 1110 BYTJIEIEBI HATOBHIO-
Baul MOXYTh OYTH HANCHUJIBHIIIUM IpadiTU3aTOPOM, 110 BAXKJIUBO IS YOPHOI MeTa-
nyprii; 7. BcraHOBI€HO, IO MEXaH14HI Ta (13MYHI BJACTUBOCTI HAHOKOMIIO3UTIB 3a-
JeXaTh BiJl TUIY HAHOHANOBHIOBAauYa, CTYIEHS TUCIEPCHOCTI Ta MOro KUIBKICHOTO
BMiCTYy; 8. BcTaHOBIIEHO, 1110 HAHOCTPYKTYPHI HAIOBHIOBAUl € MEPCIEKTUBHUMU IS
BUKOPUCTAHHS B KOMITO3UTaX.

3 orisAy Ha 1€ MOXHa 3pOOMTH BUCHOBOK, IO ISl TTOKPAIICHHS MEXaHIYHUX
BJIACTMBOCTEH KOMITO3UTIB HEOOX1IHO: * BUOpATH ONTHUMAaJIbHE CIIBBIAHOIICHHS (a3,
 miaiOpatu aucnepcHicth s HaHo- (1-100aM) Ta MmikponamoBHioBaya (100—
500HM); ¢ pIBHOMIpHUN pPO3MOJILJ HAMOBHIOBAYa B MATPHIl; * BUKJIIOYUTH a00 MiHi-
MI3yBaTH arjioMepailiro HamoBHIOBaYa MPU CTBOPEHHI KOMIIO3UTY; Ta 1HIII.
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B po6orti 3anmponoHoBane MOsICHEHHS (13MKO-XIMIYHUX MPOILIECIB, IO Bi0yBa-
IOThCS TIPU €JIEKTPOAYTOBOMY IJIA3MOXIMIYHOMY CHHTE31 BYIJICLIEBUX HaHOMAaTepia-
niB (BHM). HaBenena Ta posrisiHyTa cxema Jiii CHJI Ha 3apsIKeH1 YaCTUHKU Ta CXe-
Ma J1i CHJI Ha PyX 10HIB y €JIEKTPUYHIN 1y31 MPU HASBHOCTI MAarHiTHOrO MOJs IU1a3-
MOXIMIYHOT'O CUHTE3Y BYTJICIIEBUX HAHOMATEPIaiB.

BucHoOBKM HayKOBO-10CJaiIHOI podoTH: * Ha oCHOBI JiTepaTypHUX JaHUX Ta
BJIACHUX EKCIEPUMEHTAILHUX JOCIIKEHb MapoyTBOPEHHS rpadiTOBOI AYTH 3ampo-
MOHOBAHO MOJEJIb IPOLECIB (POPMYBaHHS BYTJIELIEBUX IPOAYKTIB CUHTE3Y.

* Mopenb 6a3yeTbcst Ha OCOOTMBOCTAX MOBEAIHKM YAaCTUHOK B €JIEKTPOMArHiT-
HOMY I10JI1 IPY HaJA3BUYATHO BUCOKUX IPaJleHTaX TUCKY Ta TEMIIEPATypH.

* OIHUM 13 TOJIOBHUX BUCHOBKIB MOYKHA BBaXXaTH TOM (PAKT, 110 MIKpO- Ta MaK-
POKUTBKOCTI BYTJICIICBUX HAaHOMATEPialliB YTBOPIOIOTHCS Ha CTaJlii BUHUKHEHHS 3apo-
JIKIB, TOOTO HAHOCTPYKTYPHUN MPOJIYKT CKIIAJIAETHCS 3 AJI€p P13HOI CTPYKTYPH.

* OOrpyHTOBAHO MOCIIIOBHICTh NIEPETBOPEHb, AKUX 3a3HAIOTh BUXITHI ByTJele-
BMICHI peareHTH npu (GopMyBaHHI BYIJIELIEBUX HAHOCTPYKTYPHUX MOJIU(IKALIIH.

* Po3pobieno kiacudikaniro ByrjaeneBux CTPYKTYp 1 POLECIB iX yTBOPEHHS.

* 3anpONOHOBAHO MOCIII0OBHICTh PIBHIB OpraHizallii Marepiaiy, sika BigoOpaxae
MeXaHi3M YTBOpPEHHs chepruuHux mMoJiekys Byriento C60 3 mapiB BYIJICIIO TP 3MiH1
temriepatypu Bix 12000 K 1o kiMHATHOI.

* ByruienieBi HaHOMartepiaiy, B TOMY YUCII QyJIIepeHOnoMi0H1, yTBOPIOIOTHCS B
napoBiii (a3l B pe3ynbTari B3aEMOAIT MK aTOMaMHU BYTJICIIIO.

3arpornoHoBaHa CXeMa CTPYKTYPHHUX MEPETBOPEHb BYIJIELIO HA PI3HUX PIBHAX
oprasizariii MaTepii, TUITIB IPOLECIB, IO BiIOYBaIOTHCS HA PI3HUX BUMIPHUX PIBHSIX.
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MOJIEKYJISIPHO-TUHAMIUHE MOJEJIOBAHHS
BIIJINBY TEMIIEPATYPU HA MIITHICTh KAPBIH-ITPAOEHOBUX
HAHOEJIEMEHTIB 3A YMOBH NOCTIMHOI HIBUJIAKOCTI JE®OPMAIIII

Korpeuko C.0."** , Opcsannikos O.B.!") | Koausomko €.B.!

! Inemumym memanogpizuxu im. I'B. Kypoomoea HAH Ykpainu,
03142, Kuis, bynveap ak. Beprnaocvkoeo 36, Ykpaina.
’Kuiscoxuii Hayionanvnuti Ynisepcumem im. Tapaca Illesuenxa,
01601, Kuis, éyn. Bonooumupcoxa 60, Ykpaina.

3 Hayionanvnuti mexuiunutl ynisepcumem Ykpainu
«Kuiscoxuu nonimexniunuu incmumym im. leopsi Cikopcokoeo,
03056, Kuis, np. Ilepemocu, 37, Ykpaina
“Ten.: +380 63 247 0595 E-mail: ovsjann@imp.kiev.ua

3abe3neueHHs HaAIMHOTO (PYHKITIOHYBAaHHS €JIEMEHTIB CTPEHHTPOHIKH TOTpeOye
BCTAHOBJICHHS 3aKOHOMIPHOCTEH 3MI1HM MIITHOCTI ITUX €JIEMEHTIB B IIUPOKOMY 1HTEp-
BaJIl Temreparyp Ta po3poOKy (i3MYHHX ySBIEHb IIOJI0 MEXaHI3MiB, SKi KOHTPOIIO-
I0Th MPOIIEC PO3PUBY aTOMHUX 3B’SI3KiB B YMOBAaX T€PMO-CHUIIOBOTO HABAHTAKEHHS.

Ha cporonni kap0Oin-rpadenoi HanoenemMentu (KI'H) matoTh mupoxi nepcrek-
THBH BUKOPUCTAHHS B SIKOCTI €JIEMEHTIB CTPEUHTPOHIKH, OCKUIBKU iX Aedopmarris
J03BOJISIE CYTTEBO 3MIiHIOBaTH IMPHUHY 3abopoHeHoi 30HM. Lle, 30kpema, cTBOprOE
MIEPCTICKTUBHU JIJIs IX BUKOPUCTAHHS HAaHOJIA3epax Ta 1HIIMX MPUCTPOSX ONTOEIEKTPO-
HIKH 13 peryJb0BaHOIO JIOBKUHOI XBHIII.

B nonoBini HaBeaeH1 pe3ysbTaTH MOJEKYISIPHO-AMHAMIYHOTO MOJICIIOBAHHS Jie-
dbopmariii po3Tsirom 1 pylHyBaHHS KapOiH-Tpa)eHOBOTO €eMEeHTa, SKUM CKIIaa€ThCs
13 1BOX rpad)eHOBUX JIMCTIB, 3 €JHAHUX JECSITUATOMHUM JIAHITIOKKOM 13 aTOMIB BYT-
nerro. MogentoBanHs ipoBoAwn JJ1s iHTepBary Temmeparyp 0K—2100K.

3a pesynbraramu MJI-MozentoOBaHHST BCTAHOBJIEHO HEMOHOTOHHMM Xapakrep
3MiHn TemneparypHoi uytauBocTi ['KH. 3mina “moBemiHku” TemmepaTypHOi 3ayiex-
HOCTI crioctepiraerbes mpu T ~ 1300-1400 K. Anani3 ricrorpaM po3nojuty KpuTud-
HOT BEJTMYMHM CWIIH F,. 3a K01 BiOYBa€ThCS pyWHHYBaHHSI, TIOKa3aB, 1110 MTOYHHAIOYH 3
T=1350K Ha ricTorpami B 00iacTi MajquxX 3HAUYEHb 3yCHJIb 3 SBISETHCSA APYTHil Mak-
CUMYM, BHCOTA SIKOTO 3pOCTAE 13 3pOCTAHHAM TeMIlepaTypu. Y BIJIMOBIAHOCTI 10 PO3-
poOiieHoi panime mMoaeni TepMO(IyKTyaliifHOro pyiHyBaHHs, 1€ 00yMOBJIEHO 3Mi-
HOIO0 MIKpOMEXaHI3MY PO3PUBY KOHTAaKTHOTO 3B’S3KY, a CaMe TepeX0/I0M Bl HU3BKO-
EHEPreTUYHOIO JI0 BUCOKOCHEPTreTUUHOro MikpomexaHismy. lleit mepexin cympoBo-
JDKYETBCS PI3KMM 3POCTAHHAM BEJIMYMHHU KPUTHYHOI (DIyKTyallii TOBXKHUHU KOHTAKT-
HOTO 3B’5I3Ky HEOOX1HOT 1J11 HIOTO PO3PUBY.

OneprkaHi pe3ysbTaTy JIO3BOJIMINA B PaMKax €IWHOTO ITJIXOAy OMHCATH aTOMic-
Tuky pyiinyBanHsa KI'H B mmpokoMy iHTepBaii TeMIeparyp, K B yMOBaxX MOCTIHHOTO
HABAaHTAXEHHS, TaK 1 MPU MOCTIHHIN mBUAKOCTI nedopmartii [1, 2].

1. S. Kotrechko, A. Timoshevskii, E. Kolyvoshko E, Yu. Matviychuk, N. Stetsenko, Nanoscale Res Lett 12:327
(2017). https://doi.org/10.1186/s11671-017-2099-4

2. S. Kotrechko, E. Kolyvoshko, N. Stetsenko, A. Timoshevskii, Journal Applied Nanoscience, Published online
11 August (2023). https://doi.org/10.1007/s13204-023-02925-z.
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BIVINB IIJIACTUYHOI JTE®OPMALII HA POBOTY BUXO1Y
BOJIbB®PAMOBOI'O KATOAY
TEPMOEMICIMHOI'O IIEPETBOPIOBAYA EHEPI'TI

Cmoubhik C.B.!", Makeesa I.M.!, Kosecauk B.M.!,
Bacuiabes M.O.!, Illepuenxo M.S.!, Jlens €.1.1

" Inemumym memanogpizuxu im. I'. B. Kypowomosea HAH Ykpainu,
0yb6. Akademixa Beprnaocvkoeo, 36, 03142, Kuis, Yxpaina
’Kuiscoruti Axademiunuti Yuieepcumem HAH ma MOH Yxpainu,
0ynv6. Akademixa Bepnaocvroeo, 36, 03142, Kuis, Ykpaina
“Ten.: +38 093 763 2535 E-mail: sviatsmol@gmail.com

Ha cporoani €auMHUM MNPakTUYHO AOUUIBHUM CIIOCOOOM MPSMOTO IEpPeTBO-
PEHHS Ha EJIEKTPOCHEPrit0 TEIIa BUCOKOTEMIIEPATYPHOTO IIUKITY 3rOPaHHS SACPHOTO
(y MaitOyTHROMY 1 TEPMOSZEPHOT0) a00 OPraHIYHOrO MajuBa € BOyAOBYBaHHS Oe3M0-
CEpelIHbO B OOOJIOHKHM IMeuel Ta rapsyux 30H PEAKTOPIB TEPMOEMICIHUX IMepeTBO-
proBauiB (TEII). IlepcnekTuBHMM MaTepiajioM ISl KaTOAIB BUCOKOTEMIIEPATypPHUX
TEIl € MmoHOKpHCTANIX BONIbGpaMy 3aBASKU iX Malliii MIBUIKOCTI CyOimMalii y noem-
HaHHI 3 BUCOKMMHU €MICIHHUMU BJIACTUBOCTSIMHU.

VY OGararpox BHIIaJIKaX, 30KpeMa y BHUIIQJKaX KOMITAKTHHX 1 MOOLIBHUX SI/Iep-
HUX JDKepesa eHeprii abo reHepyrouuXx EJIEKTPUKY 3aXHMCHUX OO0OJIOHOK MaiOyTHIX
TepMosiiepHUX peakTopiB, enekrpoau TEIl maroTe OyTw He TUIacKUMHU, a JTOBOJI
CKJIQJTHOI T€OMETPii, KOJIU eMITEp 1 KOJICKTOP €, HAIPHUKJIaJl, KOaKCIaIbHUMHU ITHJIIH/I-
pamu abo TOpamMu 3 HEBEIMKUM MDKEJIEKTPOJHUM IPOMIKKOM. Binomo, 1o aacopO-
[IHY 3IaTHICTh 1 BUCOKOTEMIIEPATYPHY MIIHICTh HUJIIHIPHYHUX €IEKTPOJIIB MOKHA
ICTOTHO MIJIBUIIUTH, SIKIIO 3aMICTh LMIIHJPIB, 110 BUTOUYIOTHCS 3 MOHOKpUCTAJIY-
HOTO MPYTKa, BUKOPUCTOBYBATH MUJIIHIPH, SIKI OTPUMaHI MJIACTUYHUM BUTUHOM IIEB-
HUM YMHOM KpucTajorpadiyHO OpPIEHTOBAHUX IUIACTHH 1 MOAAJIBIIUM €JIEKTPOHHO-
MPOMEHEBUM 3BApIOBAHHIM CTUKY MPHU iX HaKpydyBaHHI Ha MOBEPXHIO 33/I1aHO1 T€0-
MeETPIi.

VY 3B’s3KYy 3 BUIIIECKa3aHUM OYJIO IIPOBEACHO MOPIBHUIBHE JOCIIIKEHHS METO-
JIOM TIJIa3MOHHO1 CTIEKTPOCKoOIIii [1] 3MiHM €1eKTPOHHUX XapaKTEPUCTUK, B TOMY YH-
ci1i poOOTH BUXOY, 1e(OPMOBAHOTO 3a PAXyHOK IIJIACTUYHOTO BUTHHY 1 Heaedhopmo-
BaHOTro MOHOKpucTaniB W(110), mo BUTOTOBIIEHI 3 OJTHOTO 1 TOTO X MOHOKPUCTAJII4-
HOTO MpYyTKa Ta Mi/IIaBAJIUCh 32 OJJHAKOBUX YMOB TEPMIUHI/, TEPMOXIMIUHINA Ta HOH-
HIi 00poOkaMm. BcTaHOBIEHO, 110 MakKpOCKONIYHUM BUTMH MOHOKpucrany W(110)
IPU3BOAUTH J0 3MEHIIEHHS POOOTH BUXOAY 3 MOro OMyKJIOi MOBEpPXHI, fKa 3a3HAE
nedopmallii po3TAryBaHHsA. MakcuMmanbHa pI3HUI B poOOTax BUXOAY HenepopMmo-
BaHOTO 1 1€()OPMOBAHOTO MOHOKPHCTAJIIB CIIOCTEPITa€ThCs MICHS BCIX IMOCHITOBHO
peaTizoBaHUX TEPMIYHUX, TEPMOXIMIYHMX Ta HOHHOI 00po0oK 1 ckiraaae 0,2 eB, 1o
BAYKJIMBO MPUHAMATH J10 YBaru Mpu CTBOPEHHI TEPMOEMICIHHUX MEPETBOPIOBAYIB €HE-
prii 3 HEMJIACKUMHU €JIEKTPOIAMH.

1. V. A. Tinkov, M. A. Vasylyev, and G. G. Galstyan, Vacuum, 85: 677 (2011).
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3AXHCHI TA HOI'VIMHAIOUYI TIOKPUTTA BIA EJEKTPOMAI'HITHOI'O
BUITPOMIHIOBAHHS HA OCHOBI EHHOKCU/ITHUX BAT'TATOIIAPOBUX
KOMIIO3UTIB

B.H.Kopxuxk!, ILI.Cryxasak?, O.M. Bepanikosa’, O.B.Torocbko?,
JLILCryxask?, K.M.JIenigina’
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Po3po06reni 6araTomapoBi MOKPUTTS JI 3aXUCTY Bij €IEKTPOMArHITHOTO BH-
npomiHioBaHHs (EMB) Ha 0CHOBI €OKCUAHUX KOMITO3UTIB, IO MICTATh Pi3HI (PyHK-
[IOHAIBHI mapi. SIK TpaBUIIO BUKOPUCTAHHS MaTepiatiB JjIsl BY3bKOTO J1ala3oHy ya-
CTOT He e(eKTUBHE. AKTyalbHUM € PO3LIMPEHHS J1alla30Hy JJIA 3aXUCTY BIJ] €JIEKT-
POMAarHITHUX XBWJIb 32 PaXyHOK BHYTPIIIHHOMY PO3CIFOBaHHS Ta MOTJIMHAHHS iX Ma-
THITHOI Ta €JeKTPUYHOI CKJIAIOBUX MPU MIHIMAJILHOMY BIJOUTTI IIJISIXOM CTBOPECHHS
eTMOKCHIHOTO MOKPUTTS 3 PI3HUMH 3a CKJIaJJOM Ta MapepiaiiB mo mapax. [Ipu cTBo-
PEHH1 KOMIO3UTIB BUKOPUCTAHO MPUHITUI 3POCTAHHS MPOBITHOCTI IIapiB MO Mipi Ha-
OJIMKEHHS O TUIIBHOI CTOPOHM 3aXHWCHOI'O MOKPUTTS MPU PI3HUX MArHiTHUX Ta jie-
JEKTPUYHUX BIACTUBOCTSIX MaTepiamiB mapiB, (a3zoBO-CTPYKTYPHHX BIAMIHHOCTEH
Ha MexXI1 Moty (a3 sk B caMmoMy Martepiaji, Tak 1 Ha Mexi nmoainy ¢a3 mapis. B jo-
CJIIJDKEHHSIX BUKOPHUCTAHO EMOKCUAHY AiaHoBYy cmoiry mapku EJ[-20. Marepianu pi3-
HUX [IapiB MICTSATh KOMIOHEHTH Ta HAIIOBHIOBaYl HAHOPO3MIpPIB Ta OJIM3bKUX J0 Ha-
HOPO3MIpIB YaCTOK BUCOKOI OYMCTKM Uil AOCHipKeHHs B3aemojli 3 EMB. Yepry-
BaHHSM IIIapiB, IO TOTJIMHAIOTH, PO3CIIOI0TH, a00 BinOuBaroTh EMB nocsramu po3-
IIMPEHHS Jiana30Hy YacTOT HUIIXOM BHKOPUCTaHHS 0araTromapoBoro moKpurTs. Bu-
KOHAHHS MEPIIOro MIapy 3 JICJIEKTPUIHOTO MaTepialy OJM3bKUM 332 XBUIILOBHM OIIO-
POM 10 3HAYEHHS XBUJIHOBOI'O OIMOPY 30BHIIIHBOIO CEPEAOBHINA CYTTEBO 3MEHIIUTh
BinOuBanHss EMB nokputtsim B 1uiomy. BinOuBaHHs, MOTIMHAHHS Ta PO3CIFOBAHHS
€JIEKTPOMArHITHOI €HEprii peaizy€eThCs Ha MEXI1 MOAUTY IIapiB 3 Pi3HUM KoedirieH-
TOM BinOMBaHHA. Lle 3HaUHO po3UIMPIOE Alama3oH 4acTOT NpHU ekpaHyBaHHi EMB.
B3aemoist e1eKTpOMarHiTHOI €Heprii BiI0yBAETHCS TAKOXK 1 HA MEXI1 3 JUCTIEPCHUMHU
YacTKaM{ HAIlOBHIOBAUiB, [0 MAIOTh Pi3HY €JIEKTPOMArHIiTHY MPUPOY Ta €EeKTpUU-
HY TpoBiaHicTh. Po3pobnene nmokputts 3menmye EMB y 4-12 pa3 B giana3oni yac-
ToT 50 I'm...15 MI'm ipu #ioro ToBmuHi 70 1 Mm. [Ipu 30ubmenHi yacrotu EMB
CJI1JT O4IKYBAaTH MIJBUILEHHS €KPAHYIOUOi 3JaTHOCT1 MaTepiaiay MOKPUTTIB.


mailto:*omberdnikova@gmail.com

67

KOJIEKTUBHI 3bY /I KEHHA HAAITPOBIJHOI'O KOHAEHCATY
Y HAAITPOBITHOMY CTAHI HAHOKOMITIO3UTY MgB./(La,Sr)MnO3

Boascosa 0.0., Imurpenko B.JO., Tapenkos B.IO. ), Kpusopyuko B.M.

Joneyvxuii ghisuxo-mexniunui incmumym im. O.0. I'anxina HAH Yxpainu,
np. Hayku, 46, Kuis, Yxpaina
“E-mail: tarenko304@gmail.com

VY Garato30HHOMY HAAMNPOBIJHUKY ICHYIOTh KOJEKTHUBHI 30y/>K€HHS (a3u HaJ-
MPOBITHUX KOHJACHCATIB, Tak 3BaHi moau Jlerrerra [1]. ¥ HaHO-reTepO-CTpyKTypax
HaJIMPOBITHUK—()EPOMArHiTHUM MeTal B HACHIIOK e(eKTy OJU3bKOCTI (OpMYEThCS
0araTOKOMIIOHEHTHUN HAANPOBIIHUN CTaH — CYNEPIIO3HUILlisl CIIH-CUHIJIETHOrO 1
CIIH-TPUILJICTHOTO HAAMPOBIIHUX KOHJACHCATIB. PeecTpallis CrmiH-3aJeKHUX MOJ]
Jlerrerra € mpsAMUM J10Ka30M ICHYBaHHsI 0araTOKOMIIOHEHTHOTO HAJMPOBIAHOTO CTa-
HY y TaKUX T€TEPOCTPYKTypax [2].

VY po06oTi mpeAcTaBiIeHO pe3ysibTaTh €KCIIEPUMEHTAIbHUX JTOCHIIKEHb HAIIpPO-
BITHOTO CTaHy HAHOKOMIIO3UTY HaampoBigHUK MgB, Ta momnoBuHHMI epomarHiT-
Huit metain (La,Sr)MnOs. O0’eMHa KOHIIEHTpAIlil MAaHTaHITY B HAHOKOMITIO3UTI CKJIa-
nana 25%. JlocmiaKeHO TPaHCHOPTHI XapaKTEPUCTUKU KOHTAKTIB 3 aHAPIIBCHKUM
XapaKTepOM IMPOXOJKEHHS CTPyMY YTBOPEHHX HAHOKOMIIO3UTOM (1) 3 HEMarHiTHUM
MetasioM Ag Ta (i1) 3 mosoBuHHUM ¢epomardiTHuMm Metaiom (La,Ca)MnOs. dude-
peHITialIbHI XapaKTePUCTUKH MPOBiAHOCTI KOHTakTiB MgB,/(La,Sr)MnOs 3 Ag Ta 3
(La,Ca)MnOs neMoHCTpYBalu pi3Hi MEPIOUYHI OCOOJMBOCTI B 00JACTi HIUTMHHUX
€HEepriid HaAMPOBITHOTO CTaHy KOMIIO3UTY. L{1 0c00JIMBOCTI MPOBITHOCTI MU TOB'SI3Y-
€MO 3 HENpPY>XHUM 0araTopa3oBUM aHJPIIBCBKUM BIAOUTTSIM 3 BUIIPOMIHIOBaH-
HSM/TIOTJIMHAHHAM CIiH-3a1ekHUX MoA Jlerrerta. CroCTEpeKeHHs CHIH-3aJeKHUX
30ymkensb JlerreTra Hajgae J0MaTKOBI ySBICHHS 100 0COOIMBOCTEN 06araTo30HHOTO
HAJIMPOBIIHOTO CTaHy HaHOKoMIo3uTy MgB,/(La,Sr)MnOs 31 cymimimo CriH-
CHHIJIETHOTO Ta CHIH-TPUILIETHOTO HAMIPOBITHOTO KOHICHCATIB.

Po6ora wacTkoBO miaTpuMaHa €Bpornelcbkoro deepaiiclo akaaeMid Hayk 1
ryMaHITapHUX HayK y paMKax «EBpoOmeichbkoro (oHIy A MEepeMIleHUX BUCHUX)
(Grant No. EFDS-FL2-05).

1. A. J. Leggett, Progr. Theor. Phys. 36, No 5: 901 (1966). DOLI:
https://doi.org/10.1143/PTP.36.901.

2. F. S. Bergeret, A. F. Volkov, and K. B. Efetov, Rev. Mod. Phys. 77, No 4: 1321 (2005). DOI:
https://doi.org/10.1103/RevModPhys.77.1321.
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CTBOPEHHS KEPAMIYHUX KOMIIO3UTIB HA OCHOBI
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VY nauiii poOOTI ONMCAaHO EKCIIEPUMEHT, B PAMKaX SIKOTO METOJIOM MIPOJIi3y BYT-
JeBOJHIB OyJM OTpUMMaH1 cmipanenoAiOHi OaraTorpaHHi BYTJEIEBI HaHOTPYOKH
(CBBHT) miamerpom 30—60 M. Takox Oyyio pO3TJSHYTO CHHTE3 MPSIMHUX Oararor-
pannux ByrieneBux HaHOTpyOok (IIBBHT), micist woro CbBHT ta IIBBHT Bukopu-
croByBasiucs st 3D-npyky 3a Texnosnoriero CJP.

OcHoBHIi pe3yabTatu B raiaysi 3D-a1pyky: ¢ CTBOPEHO cXe€My TEXHOJIOTTYHUX
eTamniB BUTOTOBJICHHS 3D-kommno3utHoro BupoOy (BHC — kepamika); ¢ Po3pobieHo
TEXHOJIOT1H0 CUHTE3y OaraTocTiHHUX ByTJeneBux HaHOTpyOok (BBHT) pi3noi koHbiI-
rypartii (mpsiMoi Ta cripanenonionoi) mis 3D-apyky texHomorii CJP; « BctanoBneHo
yMOBH 151 ApyKy MexaHiuHoto cyMimmo bBBHT-ALO; qis 3D-nipunTepa 3a TeXHO-
noriero CJP;  PosrnsHyTo nponec crBopeHHs MexaHiunux cymimeit (BBHT—okcun
Metay) s 3D-npunTepiB TexHosorii CJP; ¢ BecraHoBieHo, 10 OCHOBHUM IIPaBH-
JIOM CTBOPEHHS BUCOKOsIKICHOTrO 3D-BupoOy B TexHosorii CJP 3 xommno3uty, apmo-
BaHoro bBHT, € cTBopeHHsI BUCOKOSIKICHOI OJHOPIAHOI MEXaHIYHOI CyMiIlli, BUTOTO-
BJICHOI IIJIIXOM PETEIBHOTO 3MIITyBaHHS MoapioHeHux kKoHriaomepaTiB BBHT 1 00-
poOJIEHOr0 OKCHAY MeTally — Hecyya KepamiuyHa Mmatpuls, ae bBBHT piBHOMIpHO
PO3MOJIUNICH] B CyMilIl. Y MEXaHI4YHIN CyMilIl po3Mip OKCHAY aJtOMIHIIO CTAHOBHTH
>100 um (=0,1 mxm), a BBHT wmatote giamerp <60 HM 1 JoBxHHY >925 HM; * Bcera-
HOBJICHO TIPSIMO MPOTOPIIHHY 3aI€KHICTh 30UTBIIEHHS MIITHOCTI Ha BUTHH B1J] BMIC-
Ty BBHT y 3D-xomno3utnomy Bupo6i (BBHT — oxcun merany) micns ioro 3D-
ApyKy Ta cmikanHs; * [IpoBeneHo mopiBHsUIbHUHM aHami3 MinHOCTI 3D-BUpOOIB 13
KOMITO3UTIB HA OCHOBI IpsiMUX OaraTocTiHHUX ByrieneBux HaHOTpyOok (IIBBHT) ta
cnipaJibHUX OaratocTiHHUX ByrieneBux HaHOTpyOok (CBBHT); ¢ Beranosneno, mo
KoMIio3uTH Ha ocHOBI npssMmux BBHT matore Ounbliry MIIHICTh, HIXK KOMITO3UTH Ha
ocaoBi CbBHT.
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PROXIMITY-COUPLED SPIN SINGLET-TRIPLET FREQUENCY
EVEN-ODD SUPERCONDUCTING CONDENSATES
IN MgB»/(La,Sr)MnO; NANOCOMPOSITE

Krivoruchko V.N.*?, Tarenkov V.Yu.

0.0. Galkin Donetsk Institute for Physics and Engineering, NAS of Ukraine,
Av. Nauki 46 Kyiv, Ukraine
“E-mail: krivoruc@gmail.com

We present the results of experimental investigations by the point contact (PC)
transport measurements the proximity induced multiband superconducting state of
nanocomposite MgB,/(La,Sr)MnOs: two-band superconductor (SC) MgB, and half-
metallic ferromagnet (hmF) Lag ¢7S1033:MnQOs. Superconducting state in the nanocom-
posite is associated with the superposition of singlet/triplet spin even/odd frequency
superconducting condensates. Suggesting that the interband coupling should be con-
nectable with the spin conservation law, two types of the PCs have been used: the
nanocomposite—hmF (Lag 7S1933MnO3 and Lag ¢7Cag33Mn0O3) PCs and the nanocom-
posite—nonmagnetic metal (Ag) PCs. Spin-dependent subharmonic structures have
been observed in the PCs’ differential conductance spectra. The oscillation period of
the conductance peaks for the nonmagnetic metal PC was the same as earlier ob-
served in MgB, by the Raman spectroscopy and by the PC transport measurements
and have been attributed its origin to the Leggett-like excitations. The oscillation pe-
riod we detected for the nanocomposite-hmF PCs was two times smaller. As a most
probable origin, we attribute this type of the conductance oscillations to inelastic
emission/absorption of the relative phase excitations between triplet condensates with
IS;| = 1 spin component. Thus, the binding energy between proximity induced triplet
condensates is weaker than the coupling between o- and n-‘parental’ condensates in
MgB2

Theory predicts, in the case of a disordered SC/hmF junction, spin-flip scatter-
ing at the SC-hmF interface induces a superconducting state that is characterized by a
mixed-symmetry (i) even-frequency even-momentum odd-spin (singlet), (i1) even-
frequency odd-momentum even-spin (triplet), and (iii) odd-frequency, Aja(wn) = -
Aod(-mn), even-momentum even-spin (triplet) pairing. The data obtained on the nano-
composite—hmF PCs indicate the dynamical coupling signature of even-frequency
and gapless odd-frequency triplet pair condensates. The hmF PCs transport character-
istics confirm high order coupling between the even and odd frequency Cooper pairs
in MgB,/hmF nanocomposite, and give convincing arguments of odd frequency pair-
ing states in the MgB,/(La,Sr)MnO3; nanocomposites.

This work is partly supported by the European Federation of Academies of Sci-
ences and Humanities within the framework of the “European Fund for Displaced
Scientists” (ALLEA project EFDS-FL2-05).
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3I'ACAIOYI JUITOJIBHO-OBMIHHI CIITHOBI XBHUJII
Y HAHOTPYHBII 3 JTEI'KOIVIOIUHHOI'O ®PEPOMAT'HETUKY

Kyaim B.B.!®

I Hayionanonuti mexniunuii ynisepcumem Yxpainu
"Kuiscokuii nonimexuiunuu incmumym imeni leops Cikopcokozo”,
03056, m. Kuis-56, bepecmeticoxuu npocnekm 37, Yxpaina
“Ten.: +38 044 204 8248 E-mail: kulish_volv@ukr.net

HanocucremMu 3 MarHiTOBOOPSAAKOBAaHUX MaTepialiB € MEPCHEKTUBHUMHU (PyHK-
I[IOHAJILHUMHU MaTepiajgaMu JJIsl CIIH-XBWJIHOBOI eleKTpoHiku. CIiHOBI XBUJI Yy Ta-
KHX Marepiajax € NePCIeKTUBHUMH JJIS 3aCTOCYBaHb, 30KpEeMa, Y HOBUX TIPHIIaax
nepeaadi Ta 00pooku iHdopmarii [1,2]. Tlpu mocmimkeHHI CIIHOBUX XBUJIb B HAHO-
CUCTEMax 3a3BUYall pO3IJIAIal0ThCs 130TPOIIHI JIETKOOCKOBI (pepomarneTuku. O1HOO-
ChOBI JIETKOIUJIONIMHHI (hePOMArHETUKN MAIOTh PSJl YHIKAIBHUX MAarHiTHUX BJIacCTH-
BOCTEH; MpOTe, CIIHOBI XBWJII B HAHOCHCTEMaX 3 TakuX (epOMAarHeTUKIB 3alivIla-
IOTHCSI MAJIOZIOCITIKCHUMHU.

B npe3enTartii 40oCIiKYIOTBCS TUMOIBHO-00MIHHI CITIHOB1 XBHJII y KOJIOBIM Ha-
HOTPYOIl 3 JIETKOIUIOIIMHHOIO (DEPOMArHeTUKy. 3anponoOHOBaHa MOJENb BPAXOBYE
MarHiTHy JUIOJb-TUTIONBHY B3a€EMOJIII0, OOMIHHY B3a€MOJII0, €eKTH aHI30TPOIii,
e(eKTH 3racaHHs Ta 3arajibHi rpaHnyHi ymMoBU. 3 piBHsAHHA Jlannay—Jlipmmmus ta
OJTHOTO 3 piBHAHb MakcBelljla OTPUMaHO PIBHSAHHSA ISl MarHiTHOTO MOTEHLIay 3a-
3HAQUYEHUX XBUJIb; PIBHSHHS PO3B'SI3aHO Ta OTPUMAHO 3aKOH AMCIEPCIi AJis BUMAAKY
MO3/IOBXHBO-paTialbHUX XBWIb. [lics HakiIagaHHS TPAaHUYHUX YMOB 3a3HAUYCHHM
3aKOH JUCHepcli JOMOBHEHO CIIBBIIHOIIEHHSIM MK KOMIIOHEHTaMH XBHJILOBOTO Be-
ktopy. [lokazaHo, o A1 TOHKOT HAHOTPYOKH 11€ CIIBBIHOILIEHHS BUPOJIKYETHCS B
KBa310JJHOBUMIPHUHN CIIEKTP 3HAYEHb MOMEPEUYHNX XBUIbOBUX YHCEIL.

JIist OTpUMaHUX CHEKTPATbHUX XapaKTePUCTUK MPEACTaBICHO TIpadidyHe Bino-
OpakeHHsI Ta 3pO0JIEHO YMCIIOBI OIIHKU. Pe3ynbTyroua 4acToTa CriHOBOI XBHIIl AJIs
TUIOBUX 3HAYEHb MMapaMeTPiB HAHOTPYOOK BiJIMOBI/Ia€ TUTIOBUM 3HAUYECHHSIM, SIKI CIIO-
CTEpIraloThCsl B €KCIIEPUMEHTAX, 1110 MIATBEPKYE OTpUMaHi pe3ysibratu. [IpoBeaeHo
MOPIBHSUILHUM aHaJi3 TUCIIEPCIHHOTO CITIBBIHOIICHHS, OTPUMAHOTO B IIPE3EHTaIlii, 3
aQHAJIOTTYHUM JUCIEPCIMHUM CHIBBIJHOIIEHHSM IS HAHOTPYOKU 3 JIETKOOCHOBOTO
dbepomarnetuky. [lokazaHo, 1Mo TUIKK 3aJI€KHOCTEH (K1 BIAMOBIMAIOTH PI3HUM TIO-
MepeyHrM MOoJaM) K IIMCHOT, Tak 1 YSIBHOI YaCTHH YaCTOTH CIIHOBOI XBHUJII BiJI T103-
JIOBXKHbOI KOMIIOHEHTH XBUJIbOBOTO BEKTOpa OJU3bKI A0 MapaboJIluHUX 1 CYTTEBO
BiJJaJIeH] ofHa BiA oaHoi. OTpuMaHi pe3yJbTaTh MOXKYTh OYTH 3aCTOCOBaHi, 30Kpe-
Ma, JIJIsi CTBOPEHHS HOBITHIX XBUJIEBOIIB JIJIsl CIIIHOBUX XBUJIb.

1. B. Flebus, S. M. Rezende, D. Grundler and A. Barman, J. Appl. Phys., 133: 160401(2023).
https://doi.org/10.1063/5.0153424

2. A. V. Chumak, P. Kabos, M. Wu, C. Abert, C. Adelmann et al., IEEE T. Magn. 58: 0800172 (2022).
https://doi.org/10.1109/TMAG.2022.3149664
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I'YMA JJI51 MACUBHHUX ITPY?KHUX EJIEMEHTIB, IO HPAINIOKOTH
3A EKCTPEMAJIBHUX YMOB EKCIIVIYATALII

Byaar A.®.!, JTucuus M.L!, Kaarankos €.B.%, Araiabuos I'.M.!
I Incmumym 2eomexniunoi mexanixu im. M.C. Ilonaxosa HAH Yipainu, 49005, m. [ninpo,
syn. Cimgpepononvcora, 2a, Yxpaina
2 Tninposcekuii depocasnutl azpapro-ekonomiunutl ynieepcumem, 49600, m. JJuinpo, eya. Cepais
Egpemosa, 25, Vrpaina

BunoOyTok ypaHoBHUX py B YKpaiHi 3A1MCHIOETbCS MIA3EMHUM criocoOoM. Bu-
IyCK Ta JOCTaBKa pyau 3 OJIOKIB — 3a JIOIIOMOT'OK Ba)KKMX TIPHUYUX BiOpariiiHUX
KUBWJIHHUKIB, MPYXKHA MIABICKA SIKUX CKJIAAAETHCA 3 MACHUBHUX T'YMOMETAJICBUX €JIe-
MEHTIB, fIKI MPaLOI0Th B €KCTPEMAIbHUX yMOBax. /{0 eKcTpeMalbHUX YMOB BiJHO-
CATBbCS 3HA4YHI TpUBAII CTalllOHApHI ITMKJIIYHI HaBaHTaXXEHHS Ta BIUIMB Y-
BUIPOMIHIOBaHHSI.

Bigomo [1], mo BIIMB 10HI3YyIOUOTI'0 BUIIPOMIHIOBAHHS IMPU3BOAUTH 0 3MiHHU
(b13MKO-MEXaHIYHUX XapaKTEPUCTUK T'ymMH. JlOCHiPKEHHsS BIUTMBY 10HI3YIOUOTO BH-
NPOMIHIOBaHHS HAa MEXaHIYHY MOBEIi- a, mm
HKY TYMOBHUX MarepialiB HaBEACHO Y |
[2]. MexaHiuHa MOBEAIHKA T'yMHU OIMU-
CY€ETbCSI TEOPIEI0 B’SA3KOMPY>KHOCTI 1
IHTeTpaJIbHUMHU omneparopamMu BombTe-
pa. ExcrieppuMeHTanbHO BCTaHOBJICHO,
10 10HI3yIOUe BUIPOMIHIOBAHHS CYT- 0
T€BO BIUIMBAE HA JUHAMIYHUN MO _ . _

.. Puc. 3anexHiCTh aMIUTITYyId KOJNMBaHb BiOPOKOHBe-
3(.3}’B.y, KO.C(1)IIJ;1€H".F ’HHCHPaull’ AOBI'O- €pa BiJ dacy ekcroryarariii (1 — 6e3 onpomiHeHHs; 2
BIYHICTb 1 MCXaHI3M PYHMHYBAHHA T'Y-  — nosaskopcrkoro y-BunpominroBanns 20 Mpan)
MOBHUX €JIEMEHTIB TpU CYMICHIN mii
paziallii Ta HUKIIYHOTO HaBaHTaXeHHs. TOMy akTyaJlbHUM € CTBOPEHHS pajlaliiHoO-
CTIMKUX TYM, IO MaIOTh MIABUIIECHY CTAOUIBHICTh (PI3UKO-MEXAaHIUYHUX MMapaMETPIB Yy
MpoIieci eKCITyararli BiopaiitHux MaIiuH.

VY Iucruryti reorexniunoi mexaniku iM. M.C. [TonskoBa HAH Ykpainu po3po-
OJieHa Ta BUITPOOyBaHa HOBA ryma Jijisi pOOOTH MPY>KHUX JIAHOK BiOpaIliiHUX MAaIWH,
AK1 MPaIOITh B €KCTPEMAJIbHUX YMOBaX eKCIUTyartarii (CyMmicHIM i pajaialiiftHoro
BIUTMBY Ta ITUKJIIYHOTO HaBaHTaxeHHs) [3].

JloBrotpuBasi BUIPoOyBaHHS JIOBEJH, 1110 3MiHA aMIUTITYId KOJIMBAaHb BIOPOKO-
uBeepa micna 25000 rogun podotu cknagae 10—12 % (auB. pUCYHOK) TpU aMILTITY/ i

konuBaHb 10,5-12,5 MM (BimHOCHMI 3¢yB 110 0,4) Ta 9actoTi KomuBaHb 10—12 I'm.
[Ipuknagnass  MexaHWKa  yOpyroHacleACTBeHHbIX cpenq /  A.D. bymar, B.W. Isipaa,
E.JI 3sarunbsckumii, A.C. Kobem. — T. 1, Mexanuka qeopMUpOBaHUS U pa3pymICHUS 3JIAaCTOMEPOB.
— Kues: HaykoBa gymka, 2011. — 568 c.

A.F. Bulat, V.I. Dirda, V.G. Karnaukhov, G.M. Agal’tsov, Effect of lonizing Radiation on the Me-
chanical Behavior of Rubber Materials, [Int. Appl. Mech., 57, 379-385 (2021).
DOI: 10.1007/s10778-021-01089-z

[Tatent 144510 Ykpainu. I'ymoBa cymin jJiss BUTOTOBJIECHHS PaJiallifHOCTIMKUX TyM, IO Mpalo-
I0Th B ekcTpemanbHUX ymoBax / A.®. bynar, B.l. dupnma, €.B.Kanrankos, M.I. Jlucums,
I".'M. AransnoB (Ykpaina), 3assin. 02.03.2020; ITpiopiter 13.10.2020.
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JOCJIIIZKEHHSA BIIVIMBY BIAITAJIY HA JE®EKTHY CTPYKTYPY
YUCTOI'O 3AJI3A, IKE OIPOMIHEHO HEUTPOHAMMU

O.P.I'oxmaw, H.I'.KaniBeusn, T.C.CoBkoBa

1lis0ennoykpaincbKuti HAYiOHATLHUL Neda202TYHULL YHIBepCUmem
imeni K. J[. Yuuncovkozo
65020 Ooeca, Yrpaina, m. Odeca, eyn. Cmaponopmogpanxiscoka, 26.
Ten.: +38 0955833753 E-mail: natasha.kanivets0902@gmail.com

MO>XIHUBICTh TIPOJOBKEHHS MPOSKTHOTO TEPMIHY EKCILTyaTallii aTOMHUX peak-
TOpiB Boj0-BojsiHOrO TUNy (BBEP) moB'sa3ana 3 BupilieHHsSIM 3a/1ad OOTpYHTYBaHHS
HAJIMHOCT] eKCIUTyaTallisd KOPIyCiB peakTopiB MpH J03aX ONPOMIHEHHS, 110 NEPEBU-
IIyIOTh MPOEKTHI, Ta, Y pa3i HEOOX1AHOCTI, BIIHOBJICHHS iX BiacTUBOCTeH. Bimomi
pe3yibTaTh 0araTOpiYHUX JOCIIKeHb 0araTboX aBTOPIB I10JI0 CIIOCOOY BITHOBJIEH-
HS MEXaHIYHHUX BIIACTUBOCTEN KopiyciB peakTopiB BBEP-440 min ThckoM muisxom
Bunany ix mpu temmneparypi 450 ... 460°C. Onnak, nis peakropie BBEP-1000, siki
CTaHOBJISITh OCHOBY aTOMHOI €HEPreTUKH Y KpaiHW, MOXKIIMBICTh BiJHOBJICHHS OIPO-
MIHEHHOI KOPIIYCHOI CTajl Ha ChOTOJIHINIHIA JIeHh HE BMBUEHA y MOBHOMY 00Cs31,
30KpeMa, He po3po0JIeH] TeMIepaTypHO-9acoBl PeKUMU Biamany. Tak, OTpUMaHO HH-
3Ky eKCIEpPUMEHTAIbHUX JIaHWX 3 JIOCTIKEeHb 3pa3KiB-cBifKkiB. [Ipote, Opakye
KOMIT FOTEpPHOTO MOJICTIOBAHHS BiAMally OMPOMIHCHHHMX CTaJlel MO0 BU3HAYCHHS
ONTUMAJILHOTO MOEHAHHS TEeMIIEpaTypH 1 TPUBAIOCTI MpoIeaypu Bianary. Metogom
KJIACTEPHOI IMHAMIKM BHUBYAETHCS BIUIMB BIANAy Ha €BOJIOLII0 AeEKTHUX KIlacTe-
piB, IO YTBOPUJIUCH Y KOoMepuiiiHO ynucTtomy 3aimi3l C < 30 ppm), ke Oyyo onpomi-
HEHO y Oenbriickkomy peaktopi BR2 mpu temmnepatypi 300°C "eittponamu 31 uiak-
com 1,39x1077 mma/c (9x10'7 u/m*/c, E > 1 MeB) no no3u 0,10 mma (6,5 x10'° u/m?, E
> 1MeB). MaiicTep-piBHSIHHS KJIaCTEPHOI AWMHAMIKH I BIANATY 3aIUCYETHCS SIK
cucTeMa 3BHYaHUX Iu(epeHIliaJbHUX PIBHSIHB BIJIHOCHO YMCEIBHOI IIUIBHOCTI 130-
nroBaHWX BakaHciit (V) Ta mikaromamx By3miB (SIA) Tta ix kmactepiB (VC) Ta
(SIAC), y HabmmkenHi, mo MoOuTpHUMH € uie V Ta SIA.

[cToTHUI BIUIMB BiJNany Ha 3arajbHy uncesibHY MUIBHICTD K SIAC, Ngiac, Tak
1 VC, Nyc, cnioctepiraBes nipu temmneparypax Buie 400°C 1 yacax Ouibline 2 roauH.
BusiBieHO HEMOHOTOHHY 3aJI€KHICTh 3MEHIIIEHHS Nsiac Bl TpUBaAJIOCTI Bianamy. s
MakcuMabHOi Temmeparypu Bignary 5S00°C Oyno BusIBICHO, MO HaOUIbIIE 3HU-
KeHHSI Nsiac CIOCTEPIraeThCA MpH Yacl Bianany 18 rogux.

Bignan mano BrmmBae Ha cepennio kKuibkicTh SIA 1 VC y knacrepax, ngsia 1 iy,
st remneparyp Huxde 400°C. Tlpu migBuiieHHi Temneparypu Bianany Buile 450°C
nsia 1 nyc PI3KO 3pocTaroTh. OHOYACHE 3MEHIIEHHSI 3arajbHOi IIIIBHOCTI Ta 3011b-
IIEHHS CePeAHBOI KUTBKOCTI MOHOMEPIB Y KJIacTepaxX CBIIYUTH MPO TE, III0 BHACTITOK
BiAnmany npu temneparypax Buie 450°C ta vaci Bianany 6insiie 2 rogus SIAC 1 VC
nocsratloTh cramii OctBasibna. MeToj Biamany BUSBUBCA HaWeEKTUBHIIINM IS
3MEHIIICHHS 1HyKOBAHOTO OMPOMIHEHHSIM 30LIBIICHHS MEXI TEKY4YOCTl1 IIPH TeMIle-
patypi Bignany 500°C 1 yaci Bianaxy npoTsarom He 24, sik odikyBajocs, a 18 roauH.
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HOBITHI HIOPOIIKOBI MATHITOIIEJEKTPUKHN HA OCHOBI
HAHOKPUCTAJIIYHUX CIIJIABIB 13 HEMEHTHOIO 3B’S13KOIO

Baiitamok B.C.'", Hocenko A.B.2, €gaam LK.,
Kupuabuyk B.B.2, Cemupra O.M.?

I Incmumym npoénem mamepianosnascmea im. I. M. @panyesuyva HAHY,
eyn. Omenana lpiyaxa (Kporcuoicanoscokoeo), 3, Yrpaina
“E-mail: baytalyuk@ukr.net
2 Incmumym memanocghisuxu im. I B. Kypoomosa HAHY,

m. Kuis, 6ynve. Beprnaocvkozco, 36, Vkpaina

Metonamu nmopoikoBoi Metanyprii (0e3 onepauii mpecyBaHHs1) Oyiau oTpuUMaHi
TOPOiJanbHI OCEP/si Ha OCHOBI MOPOIIKIB METAJICBOTO HAHOKPUCTAIIYHOTO CILIABY
MM-11H cknany Fe73S1,6B7Cu;Nb; 13 3B's13k010 Ha OCHOBI MOpTJIaH[ eMEHTYy M-
500. Taki ocepas BOJOAIIOTH MOCTAaTHHOI MIIHICTIO, TEMIIEPATYPOCTIAKICTIO 0
300°C, a TakoX BIAMIHHMMHM MarfiTHUMH BJIACTHUBOCTAMH. L[i KOMITO3UTH MOXKYTh
3aMIHUTH OCEpAsl ISl CUJIOBOI €JIEKTPOHIKM Ha OCHOBI IMOPOLIKIB KapOOHIIBHOTO 3a-
7i3a, anbcudepy 4YM ENEeKTPOTEXHIYHOT BHCOKOKPEMHICTOI CTalll, OCKUIBKA MAaroTh
HUKY1 BTPaTU Ta CTAOUIBHIII YAaCTOTHI XapaKTEPUCTHKU. TaKoXK TaKl KOMIIO3UTH
MOXXYTh 3HAXOJIUTHU 3aCTOCYBaHHsS B MpUJaJax 13 MiJBUIIEHUMU TEMIIEpaTypaMu
eKCIUTyaTallii, HalmpuKiIaJl B KOHIEHTPATOpaXx MArHIiTHOIO MOTOKY IHAYKIIMHUX Ha-
rpiBauiB. A ockinbku Taki MMK (MaraitToM'siki KOMIIO3UTH) HE MOTPeOYIOTh onepartii
IpPECYBaHHsA, TO 1€ 3HAYHO CIIPOLIY€ MPOIEC iX BUPOOHMIITBA @ TAKOXK PO3LIUPIOE
acopTUMEHT (pOpM Ta po3MipiB TAKHUX KOMIIO3HUTIB.
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CEKIIISI 6. HOBI METOJU JTOCJIUKEHHS 1 ATECTAILT
MATEPIAJIIB JUISI EHEPTETUKHA

®OPMYBAHHS KPUTEPIIB OLIIHKU MPUJATHOCTI
10 3ACTOCYBAHHA ITPUCA/THUX MATEPIAJIIB 3 HIKEJIEBUX
CIVIABIB Y AAUTUBHUX TEXHOJIOI'TAX 3D-HAIIJTABJIEHHSA

SIpopunun O.B. !, Yepn’sakos M.O!, Bosocaros I.P.!, Xpymos I'. /1.,
Ilecros B.A.!, Hakoneunuii O.0.!, Yeps’sikosa JI.B.!, Boponin C.0.!,
Yuruaeitunk C.JL2, Kongpatiok C.€.5, Keaesuax H.IL3, Kamenesa C.A.4,
3yokosa B.T.*

'IE3 im. €.0. Hamona HAH Ykpainu, m. Kuis, eyn. K. Manesuua 11, Yrpaina
2AT «Momop Ciuy, m. 3anopisxcacs, npocn. Momopobyodienuxie 15, Ykpaina
SOTIMC HAH Yipainu, m. Kuis, 6ynv6. Axademixa Bepnaocwvrozo 34/1, Ykpaina
* T « YxpHIcneycmanoy, m. 3anopiocxcs, eyn. Hampiomuuna 74-a, Yxpaina
“Ten.: +38 0442052156. E-mail: yarovytsyn@ukr.net

[IpoGnema mporHo3yBaHHS TEXHOJIOTTYHOI MIIHOCTI, MEXaHIYHUX XapaKTEPUCTHK
Ta (OpMyBaHHS KPUTEPIiB MPHUIATHOCTI CIUIABIB HA HIKEJIEBI OCHOBI IS aJIMTUBHHX
TEXHOJIOT1# 3 D-HaruiaBieHHs] Ha ChOTOIHIIIHIN JeHb 3aIUIIAETHCS HEAOCTATHBO BUBYE-
HO0. 30KpeMa TOMY, 110 MEXaHIYHI XapaKTepUCTUKH Y HAIUIABICHOMY METalll MOXYTb
CYTTEBO BIPI3HATUCH BiJl IOBIIKOBHX JaHMUX BiAMOBIIHUX HIKEJEBUX CIUIABIB, OTpUMa-
HUX 32 TPAIUIINHUMH TEXHOJOTIIMU. 3alIpOIIOHOBAHO HOBHM MiJIXi/, KU 103BOJISIE HA
0a3l aHamizy pe3ysbTaTiB MEXaHIYHHX BUMPOOYBaHb 0araToIIApOBOTO HAIUIABIEHOTO
MeTaly Ha CTaTU4YHMM Ta yaapHui 3arud npu 20°C, cratuynuil postsar npu 20, 1000 ta
1100°C, 3pa3ku st IKMX BHUPI3aHl €JIEeKTPOEPO31MHOI0 PI3KOI0 31 3BapHOI 3arOTOBKHU
«BEpPTUKaIbHA CTIHKa» BUCOTOIO 30-35 MM, OBXKUHOIO 65-85 MM Ta TOBHIMHOIO 4—7
MM 1 BUIIPOOYBaH1 y CTPYKTYpHOMY CTaHl «as built», oliHIOBaTH MPUAATHICTH CIUIABIB
Ha HIKEJIEBI OCHOBI JI0 3aCTOCYBAaHHS y TEXHOJOTIIX 3D-HAIUIaBJICHHS, Ta YTOUHIOBATH
BILTUB JIOMIIIOK KHUCHIO Ta a30Ty Ha yAapHY BSI3KICTh Ta BUCOKOTEMIIEPATypHY IIaCTHY-
HICTh TAKOT'O HAIUJIABJICHOTO METAIy.

3anponoHOBaHy METOJUKY BepH(pikOoBaHO Ha 14 BHUax MPUCAJAHOTO MaTepialy y
BUIJIS/IL IPOTY Ta MOPOLIKY 13 PI3HUM BMICTOM KHCHIO Ta a30Ty. 3aroTOBKH Oararoiia-
POBOTO HAIUIABIIEHOTO METaly OTPUMYBAJIMCH CIIOCOOAMU MIKPOILIIa3MOBOTO MOPOIIIKO-
Boro Ta apronoayrosoro (TIG) nHamnaBneHHs. 3a KpUTEPISIMH MaKCUMAIBHOTO KyTa 3a-
TUHY JIO YTBOPEHHS TPIIIUHU 3, moka3zHuka yaapHoi B’ si3kocTi KCU, BennuuHu KpUTHY-
HOI pyHHIBHOI nedopmartii € HarIaBICHUN MeTal nojiiaeHo Ha 3 rpymnu. [lepmra rpyma —
xapocriiiki (Hastelloy C22, Inconel 625, 211648) ta nedopmonani (Inconel 718) Hike-
JIEBI CIUIABH, sIKi 32 yMOBH OOMEKEHHs BMICTY KHCHIO Ta a30Ty (Cumpop, Ceppyy <0,020—
0,025 Bar. %) MaroTh BUCOKI IOKa3HUKH AedopMariitnoi 3nataocti npu 1000-1100°C (e
= 6,8-60,8%). [pyra rpyma — sxapowmimHi cmiaBu Inconel 738LC, KC6K, XKC6YVY,
KC32, narutaBineHuit MeTall IKUX Ma€e CyTTEBO BHIII (OB 1000 *c = 345-386,5 MIla, oB 1100
«c = 183,5-256 MIla) moka3HUKH MIITHOCTI MPH BHCOKHX TEMIIEpaTypax, MpoTe Xapak-
TEPU3YETHCS 3HAYHO MEHIOK naedopmariiinoro 3xatHicTio (¢ < 0,7 % mpu 1000-
1100°C). do TpeTboi rpynu BigHECEHO xapoMmilHi criaBu Inconel 939 ta Rene 80 uepes
iX Jemio BULLY Yy MOPIBHSIHHI 13 IpYroro Ipynoro nedopmMauiiiny 3aatHicts (€ < 1,2-2 %
npu 1000-1100°C).
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THE INFLUENCE OF TEMPERATURE REGIMES OF ULTRASONIC
IMPACT TREATMENT ON ELASTIC, TEXTURE AND MECHANICAL
PROPERTIES OF Cu-37Zn BRASS ALLOY PLATES
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36 Academician Vernadsky blvd., UA-03142, Kyiv, Ukraine;,
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SWolfson School of Mechanical and Manufacturing Engineering,
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As a continuation of a previous study [1] in the present one the changes in elastic
and mechanical properties, texture evolution of Cu—37Zn thin plates after room (air-
UIT) and cryogenic (cryo-UIT) temperature ultrasonic impact treatment (UIT) were
examined. The investigation of plates aims to balance the contributions of both the
static and dynamic UIT components to the resulting deformation of the entire materi-
al volume. The quantitative data of Debay temperature (7)), elastic (E), shear (G),
and bulk (B) moduli, Poisson ratio (1), hardness HV, Milman’s plasticity parameter
Oy, yield/ultimate strength (6 ,/0;) of the processed samples were obtained using pre-
cise bulk US velocities (v;;) measurements conducted with pulse-echo method on an
automated apparatus, along with the mass densities (p) of the samples. XRD, EBSD,
TEM, SAED analyses were used to characterize crystallographic texture and micro-
structure evolutions. It is shown that 20s of air-UIT result in the increase in 7p, E, G,
HV, o4, os and a decrease in 1, B, du, the longer duration causes higher effects. The
20s of cryo-UIT lead to less changes remaining similar trend. Slightly lower harden-
ing after cryo-UIT is accompanied by higher residual plasticity than after air-UIT
possibly attributed to the temperature dependent stacking fault energy and contribu-
tions from twinning-induced and twinning-related plasticity to the cryo-deformation
of Cu—Zn. It is established that cryo-UIT for 20s forms the copper-type texture while
after 20s air-UIT the brass-type one is formed. The latter usually forms at higher lev-
els of deformation, so air-UIT leads to higher deformation degrees than cryo-UIT.
The lower intensity of diffraction peaks A/} after cryo-UIT brought about higher
texture dispersion owing to the strain-induced formation of higher quantity of crystal-
lites of much lower size which is confirmed by XRD peaks broadening analysis, and

EBSD/TEM observations.
1. 3amopoxensr O.l., Mopaiok b.H., Muxaiinosckuii B.A., I'ankina A.A, Jlopaieako M.O.
EBomorniss TeKCTypu Ta 3MiHU MPYKHUX mapaMeTpiB cmiaBy Cu—37%Zn micis yabTpa3By-
KOBOi Ta IMITyJIbCHOI MIBHAKICHOI ymapHux oOpoOok, Martepiamu koHbepenii «CydacHi
npobaemu (Hi3UKU METalliB 1 MeTaIiuHuX cuctem» (25-27 tpaBus 2021 p.). — Kuis, YkpaiHa,
2021.-C. 33.
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YHI®IKOBAHUM AHAJII3 TEMIIEPATYPHHUX 3AJIEXKHOCTEM
TEIVIOITPOBIJHOCTI BHHOPAJAKOBAHUX TA PO3YHHOPAJAKOBAHUX
TBEPAUX TIJI

I'opoarenko 10.B., KpuBuikos O.1., Pomannosa O.0., Kopoawk O.0.

DizuKo-mexuHiuHut incmumym Huzbkux memnepamyp im. b.1. Bepkina HAH Ykpainu,
np-m Hayxu, 47, Xapkie 61103, YVxpaina
Ten.: +38 057 343 1400 E-mail:horbatenko@ilt. kharkov.ua

TennonpoBigHICTs MaTEPiajiB YACTO 3aJEKUTh BiJ CTPYKTYpH Ta TUITY BIOPSII-
KyBaHHsI aTOMIB B MaTepiajl. 3a XapakTepoM TeMIIepaTypHHUX 3aJI€KHOCTEN TEIIION-
POBIAHOCTI, IX YMOBHO HNOJAUISAIOTh Ha KPUCTAIOMOAIOH] Ta ckionoaioH1. [{nst kpuc-
tasjonoi6Hoi noBeaiHkU K(T) xapakTepHOIO 03HAKOIO € HASBHICTH JA3BOHOMO1I0HOTO
MaKCUMYMY TEIUIONPOBIAHOCTI B HU3bKOTEMIIEpATypHiil 00J1acT1, Miciis SKOro BiJpa-
3y 3K CIIOCTEPITa€ThCs EKCIIOHCHIIATbHE 3MEHIIIEHHS TETTOTPOBITHOCTI 31 30UThIIICH-
HSM TeMIepaTypH, IO IJABHO MEPEXOAUTh B OOEPHEHO NPONOPILINHE 3MEHIIECHHS
TETUIONPOBITHOCTI. 3/1iBa BiJi MAKCUMyMY TEILJIONPOBIAHOCTI TEMIIEpaTypHI 3aIexK-
HocTl k(T) € mponopuiifHUMH BIAMOBIAHO O PI3HOMAHITHUX MEXaHI3MIB PO3CISTHHS
Ha AedeKkTax KpUCTAIIYHOI IpaTKu Matepiany. s HEBOOPSAAKOBAaHUX CUCTEM (aMo-
pdHI, OpieHTAIIHHO HEBMOPSAIKOBAaHI KPUCTAIH, CKJIO TOIIO) TEIUIONPOBITHICTE Jie-
MOHCTpPY€ CKJIOTOIIOHY MOBEAIHKY: 1l 3HAUYEHHsI, SIK MPABUIIO, HU3bKE — KOJIH TEM-
nepaTypa IiJIBUILYETHCS Bl HAHIKYMX TeMIlepaTyp, criovyarky kpusa K(7) mokasye
KBa/IpaTUYHY 3aJICKHICTh BiJ] TEMIEpaTypH (Bl HAHMKIUX Temmepatyp 1 10 = 2 K),
NOTIM B Aiana3oHi temmnepatyp <~ 5+10 K BuHUMKae miaTto TEmiIonpoBIAHOCTI, MICIHs
AKOTO croctepiraetbest 3poctanus k(7T).

Ha npukinazai peyoBUH 3 KJIATPATHOK CTPYKTYPOIO — ra30BUX TipaTiB, TEPMO-
€JIEKTPUYHUX KIIATPATIB Ta CKYTEPYAMTIB [l] — mpoBeneHO aHall3 TeMmepaTypHUX
3aJIEKHOCTEHN TEIJIONPOBITHOCT 3 KPUCTAJO- Ta CKIONoAi0HOI0 moBeninkor «(T).
[Tokazano, 110 0OMABa BUMAKK MOXYTh OyTH OMKCaHl B paMKax y3arajlbHeHOi Teopii
TeTIONPOBITHOCTI [2], 30KpeMa, 1o B OyAb-SKOMY TBEPIAOMY TiJll TEIUIOTPAHCIOPT
3IIACHIOETHCS JABOMA HUIAXaMH — KBAa3WYaCTHMHKOBHUM TEIJIONEPEHOC Ta XBUIIbOBE
TYHEIIOBaHHSI KOJMBATBHUX 30y IKCHb.

1. A. I. Krivchikov, Y. V. Horbatenko, O. A. Korolyuk, O. O. Romantsova, O. O. Kryvchikov, D.
Szewczyk, A. Jezowski, ranpasnena oo opyxy é Acta Materialia.

2. M. Simoncelli, N. Marzari, F.Mauri. Nature Physics 15, No. 8: 809-813 (2019). DOI:
https://doi.org/10.1038/s41567-019-0520-x.

Hany po6oty BukoHaHo 3a miaTpumMka HOJY B pamkax npoekty “KBaHTOBE TyHEIIOBAaHHS KOJIU-
BaJIbHUX 30Yy/KE€Hb B TEIUIONPOBIAHOCTI KPUCTATIUHUX Ta aMOp(HUX MaTepiaiiB 1 KOMIO3MTIB”
(peectp. Ne 2020.02/0094).
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MEXAHIYHI BUITPOBYBAHHSA HA ITOB3YUYICTb OPIEHTOBAHOI'O
IHOJIMEPHOI'O IHKAIICYJIAHTY COHAYHUX MOAYJIIB

Kucawk B.B.*, llluBanwok B.M., Korpeuko C.O.

Inemumym memanogisuxu im. I B. Kypoiomosea,
Hayionanvna akademisn nayk Ykpainu,
oynweap akademixa Bepnaocwvkoeo, 03142 Kuis. Yxpaina
“E-mail: viktor.kislyuk@gmail.com

BurnpoOyBaHHs Ha MOB3y4YiCTh, sIKI mepeadavyaroTb MOOYJOBY €KCIIEPUMEHTalb-
HUX 3aJICKHOCTEH Yacy JKUTTS BiJ MPUKJIAJCHOTO MEXaHIYHOTO HAaBaHTAXXECHHS, € e(ek-
TUBHHUM 3aCO00M TECTYBAaHHsI CTaHy XIMIYHMX 3B’S3KiB, 11O BiAMOBIJAIOTH 3a MIIHICTh
Matepiany. OmHaK ICHye Iijla HU3Ka (PaKTOpiB, SAKI MEPEIIKOKAIOTh O€3MOCEePEIHBO
3aCTOCYBaTH TaKWi METOJ M0 TOJIMEpPHUX MarepiaiiB TaKUX SK CIHIBIOJIMEp €THUJICH
BiHUI anerat (EBA), mo € 00’€KkToM 1bOTO AOCIIDKEHHS, Yepe3 Horo cruenudidHy
B’ s3KO-TIpY>kHY Tipupoay [1]. HasgBHICTE 3HAYHOI B’S3K01 KOMITOHEHTH YCKJIQTHIOE TIPO-
[EC aHali3y eKCIEPUMEHTAIbHUX PE3YJbTaTiB, OCOOJIMBO SIKIO HAETHCS MPO 3HAXO-
JDKEHHSI KUIbKICHMX €HEpreTHYHUX IapameTpiB, 3a SIKUMU MOXKHA OIHIOBAaTH TEPMiH
ciyk0u marepiany. ToMy BaXJIMBUM 3aBJIaHHSM € BiJIIYKaHHS METOJY BUOKPEMJICHHS
B’A3KO1 Ta MPY>KHOT KOMIIOHEHT. 3 I[I€I0 METOIO 3pa30K JJIsl BUIPOOYBaHHs (raHTENEerno-
ni6Ho1 popmu) monepeaHbo 1eHOPMYETHCS 1 BATPUMYETHCS TIPH CTAJIOMY 3HAUEHHI ITi€T
nedopmariii 10 MOBHOI pelakcallii MeXaHiYHOTO HaBaHTaxeHHs. Lle gae 3Mory BUKITIO-
YHUTH BIUIUB B’SI3K0T KOMIIOHEHTH.

byno 3HalifeHo, 110 BUTSITHYTHUI TaKUM YMHOM 3Pa30K MPOSIBISE OCOOIMBOCTI
MOPIBHSHO 3 XapaKTePUCTUKaMU 3pa3Ka, sIKUid BUIPOOOBYBABCS OJipa3y MICHs BYJIKaHi-
3airii. 30kpema, crocTepiraiy 3pocTtanHs Moyist pykHocTi 10 0.5 ['Tla nmopiBHsHO 3 1
Mlla nns BuXimHOTO 3pa3ka 0e3 MOIMEpPeAHHOTO0 BUTATYBAHHA. 3aJEXKHICTh JOrapupmy
qacy >KUTTS TOB3Y4OCTI BiJ] 30BHIIIHBOI'O0 MEXaHIYHOTO HABAHTAXKEHHS JJI TIOTIEPEIHBO
nehopMOBaHOTO 3pa3ka € CYTTEBO HENIHIMHOIO 3 IBOMAa XapaKTepHUMHU AUISTHKAMHU, KO-
KHY 3 KX MOXHa almpOKCHMYBATH 3 JOMOMOTOIO JBOX THITIB JIHIMHUX 3aJICKHOCTEH,
o 0a3yrThCs Ha HACTYNMHUX (eHOMEHoJoriyHuX migxonax: 1. Moxemns Xypkona; 2.
Mopnens Kay3mana—E#punra. O6uaBi 11 anpokcumariii 1ar0Th OJU3bKI 3HAYEHHS €HEp-
il akTUBaIlii, SKi 3HAXOAAThCA B Aiama3oni 0.92 + 1.65 eB, mo B nekiibka pas3iB HIKYE,
HIXK 3HAYCHHsI eHeprii aucorriaiii KoBaaeHTHOTro 3B’ 13ky —C—C— OCHOBHOTO IMOJIMEPHO-
ro jaHIrora. Ha ocHOBI anmpoKCHUMAaIiHUX MMapaMeTpiB 3HAWICHO BEIMYMHY TOBEpXHE-
BOI €HEPTii PO3MOBCIOIKEHHS TPilMEY, SKka ctanoButh 0.01 JIx/M?, mo Biamosinae 3Ha-
YEHHIO, OOYMCIIEHOMY 13 3aCTOCyBaHHSAM Kputepito ['pidiTca myisi poO3MOBCIOIKEHHS
TpiuHu. KpiM Toro, BUMIpoOyBaHHS Ha MOB3YYICTh 32 YMOB OJJHOYACHOTO yibTpadio-
neroBoro (Y®) BUNMPOMIHIOBAHHS BUSBUJIM aHI30TPOIII0 MEXaHIYHOT MIITHOCTI, TOA1 SIK
MOB3YYICTh 3a BiACYTHOCTI Y® He 3aiekana BiJ Opi€HTalli 3pa3ka, 10 MOSCHIOEThCS
HASIBHICTIO alleTaTHUX TPYTI, SIK1 MPOSIBJISIIOTH XpOMOGOPHI BIIACTUBOCTI Yepe3 HASIBHICTh
B HUX KpaTHOTO 3B’513Ky C=0O, poJib SIKOTO MPOSIBISETHCS MO-PI3SHOMY 3aJIEKHO Bl YMOB
OCBITJICHHS Ta OpI€HTAIII] 3pa3Ka.

1. V.V. Kislyuk, V.M. Shyvaniuk, V.V. Trachevskij, S.M. Ostapyuk, Yu.A. Polushkin, S.V.
Kotrechko, J Mater Sci, 57:21117 (2022) https://doi.org/10.1007/s10853-022-07900-7
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BU3HAYEHHSA CTAHY EJJEMEHTIB EHEPI'ETUYHOI'O OBJIATHAHHA
MATHITOMETPUYHUMU METOJAMUA

I'pysesuu A.B."2,Ckupra 10.B.23,I'epacumuyk 1.B.%,
Kpuseus C.B.2", lepeua J1.0. >

"Tpuninecoxa TEC. 08720, m. Yrpaiuka, Yxpaina
’Incmumym maznemusmy HAH Yrpainu ma MOH Yxpainu. 03142 Kuis, 6ynve.
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03142, Kuig-142, 6yn. Akaod. Bepnaocvkoeo, 34/1, Ykpaina.
“Ten.: +38 0501710238 E-mail: resega@ukr.net

Ha mpaxTuili BUKOPUCTOBYETHCS PsAZl Cy4aCHUX HEPYWHIBHUX METOJIB JJISI BU-
3HAYEHHS TEXHIYHOT'O CTaHy €HEePreTUYHOro 00JIaIHaHHS, a JJI1 OLIHKU MIKPOCTPYK-
Typu ¥ MEXaHIYHUX BJIACTUBOCTEH — pPYyHHIBHI METOIU KOHTPOIIO. AKTYaJbHUM €
3aBJaHHS PO3POOKH OOIPYHTOBAHMX MATHITHUX METO[(IB OIIIHKM TEXHIYHOTO CTaHy,
peai3oBaHUX 3 BUKOPHUCTAHHSIM ICHYIOUOTO MAarHiTOMETPUYHOrO ycTarkyBaHHA. Lli
METOJY MOXYTh OyTH JOJaTKOBUM IHCTPYMEHTOM JJIsl 3MEHIICHHS BUTpAT Ha poOOTH
3 JIarHOCTYBaHHS Ta CHPUATHA BHUPINIEHHIO 3aBJaHHS BHU3HAYEHHS HAampy>KEeHO-
1e(hOpMOBAHOTO CTaHy Ta 3MIHM MIKPOCTPYKTYpPH B MPOIIECI EKCILTyarailii 6e3 oxep-
’KaHHS BUPI30K HA KOHTPOJIbHUX JUISTHKAX.

Ha ocnogi eexry bapkrayseHna po3po6iieHa opuriHajibHa MOJAENb PUIIaay, s
OTOCEPEAKOBAHOTO BU3HAYECHHS 3MIH MIKPOCTPYKTYpU Ta MEXaHIYHUX HAINPYKCHb,
10 BUHUKAIOTh y TpyOax KOTIIB MiJl 4ac eKkcrutyaraiii. OCHOBHA YacTHHA CUCTEMU —
JATYHK, SKUW CKJIAa€ThCA 3 €JMEKTPOMArHiTy, sKui 3a0e3rnedyye moTpioOHe HaMarHi-
YyBaHHS 1 MPUHAMaIbHOI KOTYIIKY, Ha K1 HAaBOIUTHCS cUrHail mymiB bapkraysena.
Ha enekrpomarHit moJa€eTbcsi MUIKOMOAI0HA HAMpyra YacTOTOIO JACKIIbKa repil, 1o
3a0e3neyuye JiHIMHY 3MiHY MarHiTHOTO MOJisl y 3a/laHoMy Jiana3oHi. L{g nampyra Ta-
KOX MoJaeThesl Ha oAl 3 KaHamB AL nis oundpoByBanua. Curnan 3 npuitmanib-
HOT KOTYIIKHA TIOJA€ThCS Ha MIJCHIIOBAY, 3 BUXOJY SKOTO BIH MOCTYIA€ HAa THIIHMA
ka"an ALIT. Omudposani nani 3 06ox kanaiaiB ALl nepenaroThcs Ha MEPCOHATIBHUIN
komn toTep. CurHai BiJ TeHepaTopa MponopIiiiHui iHAYKLil MarHiTHOro mojs. Cur-
HaJ 3 NPUUMAJIbHOI KOTYIIKUA CKJIQa€ThCs 3 1HAYKOBAHOT'O CUTHANy T€Heparopa Ta
mymiB bapkraysena, siki MalOTh OUTbII BUCOKI YacTOTU. i iX po3aiiay BUKOPUCTO-
BYETHCS (PUIBTP HMKYMX YACTOT — yCcepeAaHeHHs y pyxomomy BikHi. [llupuna BikHa
NiA0MPAETHCS TOCHIIHUM HUIIXOM. OTpUMaHuil ycepeJHEHUN CUTHAJI, BIAHIMAETHCS
BiJl TIOYATKOBOT'O CUTHAIIy, PI3HMIIS BIJAMOBiNae CUTHAIY Bia 1rymiB bapkraysena.
JI71st X 1IymiB TakoK Y pyXOMOMY BIKHI 3HAXOJUTHCS JAUCTIEPCid, sIKa MOXKE CIyTy-
BaTH MIpOIO iX IHTEHCUBHOCTI. Po3mosin iHTeHcuBHOCTI IiTyMiB bapkray3eHa B3qoBxk
KpUBOi HaMarHi4yBaHHS 3MIHIOETbCS MIPU TEPMIUHIN abo mMexaHiuHii 00pooiii depo-
MarHiTHOTO 3pa3Ka 1 MO€ CIIyI'yBaTH JJIA SIKICHOI OLIHKH 3MIHM MOTO MEXaHIYHUX
BJIACTUBOCTEH y mporieci excruryaraiii. [Ipunag anpo6osano Ha mignpuemctBax [TAT
«LlenTpenepro».
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CEKUIIA 7. TEOPETUYHI TA YUCEJIBHI METO/IU
PIBUYHOTI'O TA XIMIYHOI'O MATEPIAJIO3HABCTBA

HEPEHECEHHA MIZKBY3J1I0BUX ATOMIB
TP YIAPHIN JEDOPMAILII IOBEPXHI METAJIY

KapaceBcbknii A.L., Haymyk A.IO.

Inemumym memanogizuxu im. I'.B. Kyporomosa HAH Ykpainu,
03142, Kuis, 6ynveap Axademixka Bepraocvkozco, 36, Ykpaina
‘Ten.: +38 097 696 3621 E-mail: artem.naumuk@gmail.com

VY cepii poOIT OyJi0 BUSIBIEHO 3HAYHE 30UIBIICHHS IBUJIKOCTI MacONEPEHOCY MiXK-
BY3JIOBUX aTOMIB B METaJl NPH yJAapHOMY HaBaHTAXKEHHI Ha Woro mopepxHo. [Ipu
bOMY yJIapHa B3a€MOJIisl MOXKE MaTH PI3HY MPUPOY — MEXAHIUHI YJapH, IMITYJIbCH
Ja3epHOr0 BUIIPOMIHIOBAHHSI, ICKPOB1 PO3psaH 1 T.I. [[JIs1 TEOPETUYHOTO OMHUCY aHO-
MaJbHOTO MaCONEPEHOCY MPOIIOHYBABCA PsAJ Mojeliel, HalOLIbI po3pO0JIECHOI0 Cce-
pel SIKUX € IUclIoKalliiHa Mojenb. B pamkax 1iei Mojeni nepeadadaeThes, o0 Mix-
BY3JIOBUU aTOM 3aXOIUTIOETHCS JUCIIOKAIIEI0 1 TPAHCIIOPTYETHCS HEIO Ha MaKpPOCKO-
MIYHI BiZICTaH1 BrIKM0 KpUcTaa.

VY nmaniii poOOTI aHOMAalIbHE TIEPEHECEHHS MIKBY3JOBHX aTOMIB TOB'SI3YETHCS 3
YTBOPEHHSIM B KpHUCTaJl aeopMaliiiHoi XBUJII MO30BXKHIX aTOMHUX 3CyBiB. [loka-
3aHO, 10 MOBEPXHEBU yAap MPU3BOIUTH A0 (POpMyBaHHS B CEpPEIOBHUII XBUIIl He-
OJTHOPITHMX aTOMHHX 3CYBIB, SIKa MOIIUPIOETHCS BIJ MOBEPXHI B IIMOMHY KpUCTaia.
[Ipu npomy, BHACIIIOK 3MIHA MI>KATOMHOI1 BIJICTaH1 Ha PpoHTI AedopmaliiiHol XBUII
KpHUCTaja 3MIHIOETHCS penbed) TMOTSHININHOT eHepril i MIXKBY3JI0BUX aTOMIB. 3poc-
Ta€ BHECOK B €HEPril0 MIKBY3JOBUX aTOMIB KOPOTKOA110UO1 (MIO3UTUBHOI) CKJIaI0BOI
MOTEHLIaTy B3a€MO/Iii aTOMIB MaTpHIIl Ta MIXKBY3J0BHX aroMmiB. Kpim Toro, MixBy3-
J0B1 aToMu Ha GpoHTI AedopMalliifHOI XBUIJII OTPUMYIOTh JOJAATKOBUM IMITYJIBC, 11O
CIpHSIE MOJOJAHHIO aTOMaMU MIKBY3JIOBUX MOTEHUIMHUX Oap'epiB 1 MPOCYBAHHIO 1X
BIUIMO KpUCTaIy.
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CTATUCTUYHA OIIIHKA HEPIBHOCTEM NOBEPXHI AJIIOMIHIIO

bonnap €.A.
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[ToBepxHs MarepiaiiB BIJIrpae BU3HAYaJIbHY pOJib B (DOPMYBAHHI KOHTAKTY
JBOX MOBEPXOHb 4epe3 KUl BiAOyBa€ThCs TEIJIOBA, EIEKTPUYHA, MEXaHIYHA B3a€-
MOJIisl. 3HaUEHHS IIOPCTKOCT1 MOBEPXHI MaTepialliB BILUIUBAE HA JIOBFOBIYHICTH PO-
00TH BY3JiB, arperariB MallluH,II0 TPYThCSA MPU MEXAHIYHOMY KOHTAaKTl, BTpaTH
€Heprii Ha eJEKTPUYHMIA OIip MPHU EJICKTPUYHOMY KOHTAKTI, HA BIABIA 1 mepeaady
TeIIa IPH TEIUIOBOMY KOHTaKTi. 3rifHo [1], AB1 MOBEPXHI 3aBXKIU KOHTAKTYIOTh Ha
OKpeMHX MajuX IUIOmax — (haKTHYHIA IJIOINII KOHTAKTYy, SIKa CKIAJA€e MPUOIH3HO
0,1-10% (uactime 0,5-2,5%) BiJl HOMIHAJILHOT TOBEPXHI KOHTAKTY, IPU YOMY, BHA-
CIIIJOK XBHJISICTOCTI MOBEPXOHb, Il TUIOIIMHUA KOHTAKTIB PO3TAIIOBaHI HA OKPEMHUX
UJISTHKAX.

B naniit poOoTi BUBYaBCS BILIMB HA IIOPCTKICTh MOBEPXH1 atOMiHIIO (AS) npu
noJTipyBaHHI Ha (IHIITHOMY €Tall PI3HUMH TUIIaMU a0pa3uBHUX MACT — 1) eIeKTpo-
kopyHa0BUM (M10-M5) 1 2) anmazaum (ACM 1/0) abpa3uBamu. 3a JOMOMOTOIO OII-
TUYHOTO MPOPIIOMETPY OTPUMAHO BUCOTHHM NPO(1iIh HEPIBHOCTEN MOBEPXHI allt0-
MiHit0. /{71 MOPIBHSHHS CTAaTUCTUYHHUX XapaKTEPUCTUK TMOIIPYBaHHS MOBEPXHI Opa-
JUCh 3 PIBHUMH CEPEIHIMH apHU(PMETUUHUMH 3HaUYE€HHSIMHU mopcTkocTi (0,05Mkm).
[To emmnipuyHuM qaHuM noOynoBai ['aycoBi ¢yHKIIIT HIUIBHOCTI IMOBIPHOCTI HEpi-
BHOCTEU mpodiito. Po3moain mpodino moBepXHi altOMiHil0, OTpUMaHUN Bl MOJTi-
pyBaHHS aJMa3HUM a0pa3uBOM € CUMETPUYHHM, a PO3MOJLI, OTPUMAHUN BiJ TOJi-
pPYBaHHSIM €JEKTPOKOPYHIOBUM a0pa3suBOM € aCUMETPUYHHUM 3 NEepeBaKaHHSIM BH-
CTYIIIB 1 € KOMOiHaIi€l0 AeKiIbKOX ["aycoBux QyHkiii. Po3noninu pisHATbCS cepe-
JTHIMHM 3HAYCHHSMU TPO(UIIO 1 cepeIHhOKBAIpaTUUYHUMK BiaxuiaeHHsMH. 1106 mo-
CATHYTU Oa)kaHOro e(eKTy BiJ MOJIpyBaHHSA NOBEPXHI MaTepialliB NOTPIOHO MiI0u-
paTu HE TUIbKU 3€PHUCTICTD, aJie i TUII OJIPyBaIbHUX IMACT.

Po6ora akTyanbHa 1151 BABYEHHSI OCOOIMBOCTEN eNeKTPO(DI3UYHMX, TEIUIOBHX 1
MEXaHIYHUX XapaKTEPUCTHK MK JIBOMA MOBEPXHIMH MaTepialiB, 10 KOHTaKTYIOTb.

1. H.O. Sirenko and L.M. Soltys, Physics and chemistry of solid state, 11, No.2: 423 (2010)
(in Ukrainian).
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Cy4acHUM TPEHJOM y BUPOOHMIITBI HAJMIPOBITHUX MaTepiaiiB 3 BUCOKOIO 3/1aT-
HICTIO TIEPEHOCHUTH CTPYM € 3aCTOCYBaHHS HAHOTEXHOJOTIYHUX MIAXOAIB, IO J103BO-
JIsil€e CTBOPIOBATH BCEPEIMHI HAJIMPOBIAHUKA IITYYHY JAe(EKTHY HAHOCTPYKTYpY, sIKa
3/1aTHA 3a0€3MEUUTH CUJILHUM MIHIHT a0PUKOCOBCHKUX BUXOPIB 1, BIJINMOBIAHO, O€3/11-
CUNAaTUBHE MPOTIKaHHS HAIUTUHHOTO cTpyMmy [1,2].

B naniit po6oti uncenbuumu Metogamu y naketri Wolfram Mathematica po3mis-
HYTO CTIAKICTh 3aMHIHTOBAHOTO CTaHy BUXOPY AOPHKOCOBA Y HAAMPOBITHUKY JPYTO-
ro poay 31 CTOBMYACTUMU JedeKTaMu B IMOINEPEYHOMY 10 OCi Je(PeKTy MarHiTHOMY
noni. [nsxom miHIMI3alli PyHKIIOHATY €HEprii BUXOpY, OTPUMaHO PIBHOBAXKHY (o-
pMy TIpY>KHOI BUXpOBOi HUTKK. OOpaxoBaHO 1 Bizyasi30BaHO (GOpMY BUXPOBOT HUTKH
Ta 3aJI€XKHICTh NOJIOKEHHS KIHIIB BUXOPY Ha IMOBEPXHI1 3pa3Ky BiJ I'YCTUHU MEiCCHe-
piBCcbKOTO CcTpyMy. [lokazaHo, mo mpw TEBHOMY KPUTUYHOMY 3HAYEHHI TyCTHHH
CTpyMy 3MiHa (h)OPMU BUXPOBOi HUTKH B1I0YyBA€THCSI CTPUOKOM, a TAKOXK MEPEXi] HU-
TKH y BUIbHUN (HE3aliHIHTOBaHMI) CTaH.

B poGoti 3HalineHo 3a1eKHOCTI BEJIMUMH 3MIMICHHS KIHIIIB BUXOPIB Ta €HEprii
BUXOPY BiJl TYCTHHH CTPYyMY, & TAaKOX KPUTHUYHOI TYCTHHU CTPYMY BiJl TOBIIIMHY HaJ-
MpoBiHOI TacTuHu. [lokazaHo, 10 Mpu 3pOCTaHHI TOBIIMHM 3pa3Ky KpUTUYHA TyC-
THUHA CTpyMy crnagae. Po3B’s3aHO HecTalllOHApHE PIBHAHHS JUHAMIKM BUXPOBOi HUT-
KH. 3 BUIJISIY PO3B’SI3KIB IIOTO PIBHSHHS 3PO0JICHO BUCHOBOK MPO ICHYBaHHS Xapak-
TEPHOTO Yacy, 3a sSIKMM BiOyBa€ThbCs JACHIHIHT BUXOPY 3 JIHIAHOTO Je(eKTy y more-
peyHOMYy MarHiTHOMY mojii. OTpumaHi pe3yiabTaTH SAKICHO y3TOKYIOThCA 13 BiJIIMOBI-
JTHUMU JJAHUMH €KCIIEpUMEHTIB [3].

1. Kwok W.-K., Welp U., Glatz A. [et. al.], Rep. Prog. Phys. 79, 116501 (2016).

2. Maiorov B., Baily S. A., Zhou H. [et. al.], Nat. Mater. 8, 398 (2009).

3. Smith A.W.,, Jaeger H. M., Rosenbaum T. F., Kwok W. K. [et. al.], Phys. Rev. B 63, 064514
(2001).
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TEPMOJU® Y311 HUI MEXAHI3M ®OPMYBAHHSI
AMOP®HOI'O CTAHY METAJIEBOI'O PO3IIVIABY

KapaceBcbknii A.lL., Haymyk A.JO.
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Haii0inpm nmommpeHuM crnocoOoM oJep:kaHHs aMOp(HUX METalliB € TapTyBaHHS
posmuiaBy. HeoOxiHOIO yMOBOIO yTBOpeHHs aMmop(dHOi (a3u Mmpu rapTyBaHHI MeTa-
JIEBOTO PO3IUIABY € BHUCOKA HIBUAKICTH OXOJIOJUKEHHS pPO3IUJIaBy, fKa OCSTAE€ThCS
[UIIXOM HAHECEHHS TOHKOTO Iapy pO3IUIaBy Ha XOJOJHY METaJeBy MOBEPXHIO.
[IIBusiKEe 0XOJIOIKEHHS PO3IUIaBY BUMAarae CTBOPEHHsI 3HAUHOTO I'pajieHTa TeMIiepa-
TypY B PO3ILIaBi, KA 1 BIUIMBAE HA CTaH po3IuiaBy. [[iist onmcy po3ruiaBy BHKOpHC-
TOBYETHCS IIPKOBA MOJIENb piauHH, 3anpornoHoBana f.1. dpenkenem, B kil BBaXka-
€TBCS, 10 PIAMHA € KOHJCHCOBAaHE CEPEJOBUINE 3 POZUMHEHUMH B HIH <«JIIPKaAMU»,
TOOTO MOPOKHUHAMH, B SIKI MOXKYTh MEPEXOIUTH CyCiHI aTOMU piauHu. Taka crpo-
IIIeHa MOJIeJb PIIUHM JT03BOJISE, TPUHAWMHI SKICHO, OTTMCATH BECh KOMILJIEKC i TpaH-
CHOPTHHUX 1 TEPMOJMHAMIYHUX BJIACTUBOCTEN — BEJIMKHUI KoediieHT camoaudys3ii
aTOMIB, HU3BKY B'SI3KICTh PIAMHH, 30UIBIICHHS 00'eMY MpU HE3MIHHIM MI>XKaTOMHOMIN
BIJICTaHl IpH IJIABJIEHHI KpHUCTalla, caMoau(]y3it0 aTOMIB B OJHOKOMIIOHEHTHIN pi-
JMH1, 0COOIMBOCTI CTUCIMBOCTI PIIMHY MPU BUCOKOMY THCKY Ta 1HIIIE.

BcranosineHo, 1o B 1moJji rpajieHTa TeMIepaTypd B pO3IUlaBl BUHHMKAE MOTIK Ji-
POK, CIIpSMOBaHUH J0 MOBEPXHI PO3IIIABY, IO MPU3BOAUTH /10 BUXOIY JIPOK 3 PO3M-
JIABJICHOTO MIAPY 1 3HAYHOI'O0 3MEHIIEHHS KUIBKOCT1 BUTBHUX MICIb JIJIsl TU(y31iiHOTO
pPYXy aTOMIB pO3ILIaBy, IO MPU3BOJUTH A0 3MEHIIEHHS KoediuieHTa qudys3ii, 3poc-
TaHHSI B'SI3KOCTI Ta 3MEHIIIEHHS MMUTOMOTO 00’€MY CepeloBHINa, TOOTO, B PE3ybTaTi
TepMoan(Py31iHOTO TIpOIeCy BiOYBAETHCSA CYTTEBE MEPETBOPEHHS MIKPOCTPYKTYpHU
CepeIOBHINA, BJIACTUBOCTI SIKOTO Oe3MepepBHO HAOMMKAIOTHCS 10 BIACTUBOCTEH
TBep101 amopdHOi (a3u. BrauB TOBIIMHY 1Iapy pO3IUIaBy Ha PO3MOJILUT TEMIIEPATypu
B PO3ILIaBl MpUBEIE 10 po3MIpHUX e(deKTiB amop@izanii (KpUTUYHOI TOBIIMHU IIApY
PO3IUIaBY, KPUTUYHOI IIBUIKOCTI OXOJIOJKEHHS PO3IUIaBy, YTBOPEHHS HEOAHOPIAHOT
MaKpOCTPYKTYPH IIPH 301JIbILIEHH] TOBIIMHU PO3IIABIEHOTO 1Iapy).
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BIIVIUB PO3IIOALTY ATOMIB Mg I Ti
3A OKTAEAPUYHUMMU ITO3NLISAMU
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Kepamika Ha ocroBi Mg,TiO4 (MTO) 3HaxonuTh MUPOKE 3aCTOCYBAHHS y MPHU
BUTOTOBJICHHI BOTHETPUBKUX MaTepiaiiB Ta COHIE3aXUCHUX MOKPUTTIB [1], eHepros-
Oepirarounx €JIEeMEeHTIB, €JIEKTPO/AIB B I0HHO-MarHi€BUX OaTapesx, BUKOPUCTOBY€ETHCS
y BUCOKOTOYHUX IMPHUJIaIaX KBAHTOBOI €JIEKTPOHIKH ISl BATOTOBJICHHS PE30HATOPIB,
CEHCOPIB, PUIBTPIB Ta aHTEH, LIO MPALIOIOTH HA MIKPOXBUJILOBUX YaCTOTAX.

KyG6iynuit MTO (opTOoTUTaHAT MarHit0) Mae CTPYKTYypY 3BOPOTHOI IIMHUHENI, B
AKIA aTOMHM TUTaHy 3aiMalOTh OKTaeIpUYHI MO3MIli, & ATOMU MArHito — sIK TeTpae.-
PUYHI, TaK 1 OKTaeIpHUYHI MO3uIlii. PO3mo/1ia aToMiB MarHiro Ta aTOMiB TUTaHY 3a OK-
TaeIPUYHUMHM TO3UIIIMH BIIOYBAETHCS CTATUCTUYHUM IIUISIXOM: 3 PIBHOIO IMOBIPHI-
CTIO 8 aTOMIB MarHiro i 8 aTOMiB TUTaHy MOXYTbh 3aliMaTH OyAb-sIKy 3 16 oxTaeapuy-
Hux no3utlii MTO, enemenTapHa KOMipKa sSIKOTo cKiaagaeTbes 3 56 aromiB. Iliarpar-
Ka, siKa BIJIMOBIAA€ MOAIOHUM OKTACAPUYHUM MO3UIIISM, MOPYIIY€E IPOCTOPOBY CUMeE-
TPIIO KpUCTasa, MPUBOJAYM, (PAKTUUHO, J0 MOSBU HEYNOPSAKOBAHOIO CTaHy Bcepe-
IUHI KPUCTAJIIYHOI I'PATKH, SIKAa BIANOBIIAE TETPACAPIYHUM MO3UIIISIM MarHito Ta Mij-
rpaTiii aTOMIB KHCHIO.

Merta poOoTH MojsArae y BUBUYEHHI BIUIUBY po3moauty atomiB Mg Ta Ti 3a okTa-
€PUYHUMHU TO3ULISIMH Ha BJIACTHBOCTI KPUCTAIIYHUX IPATKH, MMapaMeTpu 30HHOI
cTpykTypu Ta (izuuni xapakrepuctuku MTO. Jlns MoaentoBaHHs KPUCTAIIYHOI rpa-
TKU BUKopuctoByBaiucs: mporpaMui komruieken QE (Quantum ESPRESSO) [2] Ta
JIEH31MHUN KOMITIEKC porpamMHoro 3abesneuenns VASP [3].

[Tokazano, 1o mupuHa 3a00poHeHoi 3050 MTO 3anexuTh BiJ pO3MOAUTY aTo-
MIB MO OKTa3pHUYECKUM MO3MIIISIM 1 3pOCTa€ 31 3HIKEHHSAM BUIHHOI €HEprii eJ1eMeH-
TapHOi KOMIpKU. HallO1bIll HU3PKOMY CTaHY €HEprii KPUCTAIIYHUX TPATKH BIIOBI-
nae kpucraa MTO 3 TeTparoHalnbHOIO CUMETPIER0. 31 3pOCTAHHSAM TEMIIEPATYPHU KpH-
ctam MTO 3 TeTparoHajabHOIO CUMETPIEIO Mepexonarh a0 kyoiuaux MTO Buaci-
JIOK CTaTUCTUYHOTO PO3YNOpsAKyBaHHA atroMiB T1 Ta Mg 3a oKTaeIpuYHUMH MO3UILI-
SMU. 3aJI0BUTbHE Y3TOJKEHHSI 3 €KCIIEPUMEHTAIIbHUM 3HAYCHHSIM ONTHYHOI IHUPHHH
3a060poHeHo1 30HU KyOiuHOro MTO oTpuMaHO po3paxyHKamMu, BAKOHAaHUMHU 3 T10pH-
nauM noreniaiomM GAUPBE.

1. H. Sun, Y. Tao, and J. Zhang, Journal of Alloys and Compounds, 84: 156527 (2020).
https://doi.org/10.1016/j.jallcom.2020.156527

2. P. Giannozzi et al, J. Phys.: Cond. Matter, 29: 465901 (2017). doi:10.1088/1361-648X/aa8f79
3. G. Kresse and J. Furthmdiller, Phys. Rev. B, 54: 11169 (1996). doi:10.1103/PhysRevB.54.11169
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MOJIEJIOBAHHSA ®A30BUX IIEPETBOPEHD
Y BUCOKOEHTPOIIIMHUX CILIABAX NiTiCoCuZrHf

Meabuuk O.b., IllleBuenko A.b., Oailinuk O.B.

Inemumym memanoghizuxu im. I'.B. Kyporomosa HAH Ykpainu,
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E—mail: mel@imp.kiev.ua

CnnaBu Ha ocHoB1 Ni—T1 3 edekToM nam’aTi GopMH, IIUPOKO BUKOPUCTOBYIOTHCH,
SK €TaCTOKAIOPHYHI MaTepiaau I OXOJOKYIOUNX CHCTEM, OCKUTBKH BOHHU BOJIOMI-
I0Th BEJIUKUM TerioBuM edexroM (>20 xJx/kI') 1 Manor MexaHIYHOK POOOTOIO IS
Horo akrusaii. binapai Ni—Ti Mal0oTh BUCOKI €1aCTOKaJIOPUYHI BJIACTUBOCTI, SIKI MO-
KYTh MOKPAIyBaTUCA IUISTXOM PO3POOKH OaraTOKOMITIOHEHTHUX CHCTEM Ha iX OCHOBI .
OaHUM 3 YMHHUKIB MOIIYKY TaKMX MarepiaiiB Moxke OyTH OUIbIINM CTPUOOK €HTPOITI,
akuit xapaktepauit ais BucokoeHTponiiiHux criasiB (BEC). ¥ BEC NiTiCoCuZrHf
OyJI0 eKCTIEpMMEHTANIbHO BUSIBJICHO MapTEHCUTHI IEPETBOPEHHS 3 €1aCTOKATIOPUYHUM
edeKToM, SIKi CYyImPOBOKYIOThCS mam aTTi0 dopmu [1]. st ux maTepiaiiB BaxKIIn-
BUM HaIIPSIMKOM TIOJIIMIIIEHHS BIACTUBOCTEHN € OMTHUMI3allisl CKJIaTy, SKUH BIUIMBAE HA
($ha30By OJTHOPIJHICTH Ta CTAOUIBHICTh CUCTEMHU.

VY sxocti BEC sik mpaBuiio po3risgaloThbesi 0araTOKOMIIOHEHTHI CHCTeMH (>5), siKi
MOXYTb nepedyBaTu y (popmi TBEpAUX PO3UUHIB, IHTEPMETANiAIB a00 CTEKON 13 OJH-
3bKUM JI0 €KBIaTOMHOro ckiagoMm. bararokommnonentHuii BEC Oyne mepeOyBaTtu y
ctaHi ogHodazHoro TBepAoro po3unHy (TP) 3 eHeprieto HUXKUOIO 3a BIANMOBIIHI Oara-
To(a3H1 reTePOreHHl CUCTEMH 33 PaxyHOK 3POCTaHHS €HTPOIli, [0 BUKJIMKAE 3MEH-
IIEHHs BinbHOT eHeprii 1160ca, ska XapakTepu3ye TEpPMOAUHAMIUHY CTabiIbHICTh CUC-
temu. TP nmepebyBatume B cTaHi cTaOlIbHOI PIBHOBAru, SIKIIO BIH Ma€ HalMEHIy Bi-
neHy eHepriro [166ca.

Kommno3umii mis Bucokoentponiinux cmiaris (BEC), mo mictars Ni, Ti,
Co, Cu, Zr, Hf enemMeHTH pO3MIISIIATUCh 3 BUKOPUCTAHHSM TEPMOAMHAMIYHOTO TIif-
XOJly B paMKax HamiBeMiipuuHoi Teopii Miegemu [2]. Po3paxoBaHo ckiiajau CIUIaBiB 3
MiHIMaIBHOIO BibHOI eHepriero [160ca, ski OyayTs nepedysaru y Gopmi ogHOda3-
HUX CTIMKUX TBEpPAMX PO34uMHIB. BcTaHOBIEHO, 1m0 cTexioMeTpis oaHO(a3HUX CTiH-
KUX TBEPAUX PO3UYMHIB OyJ€ CYTTEBO BIJIPI3HSIOTHCS EKBIMOJIAPHOI, a €KBIaTOMHI
BEC 6ynyte Oararodazuumu. OliHEHO mapaMeTpyd MapTEHCUTHUX MEPETBOPEHb Ta
OTPUMAHO iX KOPEJSIII0 3 €KCIePUMEHTAIbHUMU AaHUMHU. OTpuUMaHi pe3ysibTaTu
BUKOPUCTAaHI JUIsl IHTEpIPETALlll e1aCTOKaJOPUYHOTO ePeKTy B cUCTeMax, 10 AOCIi-
JUKYBIIUCh

1 G.S. Firstov, T.A. Kosorukova, Yu.N. Koval, V.V. Odnosum, Mater. Today Proc 2S S499
(2015). DOI: https://doi.org/10.1016/j.matpr.2015.07.335.

2 A.B. Melnick, V. K. Soolshenko, K. H. Levchuk, Metallofiz. Noveishie Tekhnol. 42, No. 10:
1397 (2020). DOI https://doi.org/10.15407/mfint.42.10.13970673.
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Theoretical and experimental approaches have been employed for studying the
lattice site occupation effect on the electronic structure and some physical properties
of CoMnCrAl Heusler alloy (HA). Among possible variants of the ordered stoichio-
metric CoMnCrAl HA lattice site occupation by Co, Mn, Cr, and Al atoms the first-
principle calculations have be performed for 3 nonequivalent ones (marked by us as
Type 1, Type 2, and Type 3, respectively). CoMnCrAl HA with atomic order of the
1 type is half-metallic ferromagnet (FM) with resulting magnetic moment of
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Mp1=0.9999 up/f.u. and spin-polarization de-
gree of Fermi electrons P1=100 %, for atomic
orders of 2" and 3" types the mtot and P are
equal to mp=1.0186 up/fu., P,=89 % and
Mo3=6.8673 up/fu., Ps=77 %, respectively.
Changes in the order type on the way
T1—T2—T3 lead to changes in D(E) (see
Fig. 1), cause a decrease in the spatial elec-
tron density, weakening of the covalent
chemical interatomic bonds, lead to a de-
crease in the cohesion energy E.,n, and hence
to loss of the thermodynamic stability of
CoMnCrAl alloy. Despite various high-
temperature heat treatments only B2- and A2-
types of atomic order have been obtained in
bulk and film CoMnCrAl alloy samples. Ex-
perimentally it was found that bulk B2-type
ordered CoMnCrAl alloy demonstrates sig-
nificantly lower magnetization
[M(300K)=0.442 up/fu.] and spin-
polarization degree of Fermi electrons [P =

30%] than theoretically predicted. More disordered crystalline CoMnCrAl films with
A2-type of atomic order practically are non-FM at 7=300 K with P=0.
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B simepniii enepreruini 1S OLIHKK PajlialliiHOTO OKPUXYECHHS METAITy KOPITYCY
peakTopa BUKOPUCTOBYETHCS 3CYB KPUTHYHOI TEMIEPATYPH KPUXKOCTI, TOOTO pi3HU-
I MDK 3HaYCHHSIMH KPUTHYHHUX TeMIlepatyp Juist onpomiHeHoro (7xr) Ta HeompoMmi-
HeHoro (Tx;) metaiy, siIKi BU3HA4YarOThCSA MPH yJapHUX BUINPOOyBaHHAX. BenmunnHa
Txr (Tx;) BU3HAYAETHCA HA TEMIIEpPATYpHIN 3alexHOCTI yaapHOi B’s3kocTi KCV sk
TOYKA MEPETUHYy ii 3 kpurepiaabHuM piBHEM KCVy,. B SIKOCTI Takoro piBHS BUKOPHUC-
TOBYIOTbCS PI3HI 3Hau€HHs eHeprii pyhnyBanus: 41/x [1], 28 Ix [2], 56/1x [3]. B
VYkpaini 3 uiero meroro BukopuctoByerbes [IHAE I'-7-002-86 [4], B sikomy kputepi-
anpHul piBeHb KCVy, 3poctae mpu 30UIbIIEHHI TPAHUII TEKY4YOCT1 Gpo. 3 (Hi3UUHOT
TOUYKH 30py II€ MO’KHA TIOSICHUTH THM, [0 BEIMYWHA G, AA€ BKIAJ Yy BEIUYHHY PO-
00TU pyilHyBaHHS, TOMY MPU OJHAKOBUX PIBHSIX KPUXKOCMI METAIy, 301UIbIIICHHS HO-
ro MILIHOCTI OOYMOBIIIOE 3pOCTaHHA POOOTH pyHHYBaHHS [5], TOMy MOpPOroBUi pi-
BeHb KCVy, TOBUHEH BU3HAYATUCS TAKUM YHMHOM, 1100 OJTHO3HAYHO XapaKTeprU3yBaTH
pPIBEHb KPUXKOCTI MeTally. B SKOCTI Mipu KPUXKOCTI METaJly JOLIBHO BUKOPUCTATH
BEJIMYMHY 3aiduIIkoBoi aedopmamii. B poboti 3ampomoHoBaHuil  (izMuHO-
OoOrpyHTOBaHMI KpuTepi Bu3HAaueHHS Txr (Tx;) Tpu BUNPOOYBaHHSX Ha YJApHY
B’s3KiCTh. [loka3aHo, 110 B nepuioMy HaOIMKEHH1 KPUTEPId CTaloCTI BETUYUHU JIO-
KaJIbHOI TUTACTUYHOT iehopmariii B OKOJI1 KOHIICHTPATOpa HAMPY>KEHb MOXKE BUKOPH-
CTOBYBATHCS MIPU KOPUTYBaHH1 MOporoBoro piBHsI KCVy, B 3al1€KHOCTI Bijl BEIUUYUHU
TPaHMUII TEKY4OCTI Gy, MeTairy. OTpruMaHa HaOIMKEeHA aHATIITUYIHA 3aJICKHICTh PIBHS
KCVy, BiI BENIMYUHM Gy, KOpmycHoro Metany jis peaktropiB BBEP-1000, sika 1o3Bo-
nsie mporHo3yBaTH piBeHb KCVy, 3 ypaXyBaHHSIM MIITHOCTI METANy Gy 2. T€OpEeTHYHO
OOTpYHTOBAHO, 1110 J0JIATKOBUM YMHHUKOM, SIKMM BIUIMBae Ha piBeHb KCVy ynapHOi
B’A3KOCTI1 € BEJIMYMHA KPUXKOI MIITHOCTI MeTaly Ryc.

1. Standard Practice for Design of Surveillance Programs for Light-Water Moderated Nuclear
Power Reactor Vessels, ASTM E185-16 (2016).

2. K. Wallin. A simple theoretical Charpy-V — Klc correlation for irradiation embrittlement //
Innovative Approaches to Irradiation Damage and Fracture Analysis, PVP. — (1989)

3. B. Tanguy, J. Besson, R. Piques, A. Pineau, Engng Fract. Mech., 72: 49 (2005). DOI:
https://doi.org/10.1016/j.engfracmech.2004.03.010.

4. Hopmbl pacuera Ha IPOYHOCTh 00OPY/JOBaHUS U TPYOOIPOBOOB ATOMHBIX SHEpreTHye-
ckux ycraHoBok, [IHAD I'-7-002-86.
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OTpumanHsa KapOiHOBUX JAHIIIOXKKIB, 110 MICTATH Outhil HibXK 6000 atomiB, cra-
JIO «TIIPOPUBHOIOY» TMOJIEI0 Y PO3BUTKY TEXHOJIOTIT IILOTO YHIKAJIBHOT'O OJIHOBUMIPHO-
ro HaHooO'ekta. [To cyTi 11e mepeTBOpuUIIO KapOiH 3 00'€KTa TEOPETUYHOTO aHAJI3Y Ha
HAHOOO'€KT, 110 MA€ BEJIMKI MEPCIEKTUBU MPAKTUUYHOTO 3aCTOCYBaHHSI.

[cHyBaHHS B Aiarpamax po3TsryBaHb KapOiHIB 00J1acTi, B AKii HE ICHYIOTh piB-
HOBa)XHI CTaHU (30HM HECTaOUIBbHOCTI), 1 3aJIEKHICTh PO3MIpY Li€i 00JIacTi BiJ YyuCia
aTOMIB y JIAHITIOKKY € OJIHI€I0 3 0araThOX YHIKaJbHUX BJIACTUBOCTEH KapOiHy [1],
AKe, 30KpeMa, Ma€e KJII0YOBE 3HAUEHHS ISl CTEUTPOHIKU. Y 3B'SI3KY 3 [IMM BU3HAYEH-
HS MIIIHOCTI KapOiHy Ta OTpUMAaHHS Horo AedopMalliiiHUX XapaKTepUCTHK Y HIHPO-
KOMY IHTE€pBaJli 3HaYeHb AeopMalliii Ma€e MepuIopsIHE 3HAYSHHS SIK 711 pO3YMIHHS
BJIACTUBOCTEH I[HOTO HAHOOO'€KTA, TaK 1 JJIsi MPOTHO3YBAaHHHS MOJIMBOCTEH HOTO
MPaKTUYHOTO BUKOPUCTAHHS.

VY poborax [1,2] Oynu eKCepuMEHTaIbHO Ta TEOPETUYHO BU3HAYEHI OCHOBHI
MEXaHIYH1 XapaKTEPUCTUKU KOPOTKUX (IO MICTATH KUIbKa JIECATKIB aTOMiB) KapOi-
HOBUX JIAHLIOKKIB. Y J0mM0BiJII BUKIaJieHO pe3ysibTati DFT — po3paxyHKiB HECKiH-
YEeHHUX JIAHITIOKKIB 13 «KyMYJIEH» Ta «IOJIiiH» CTpyKTypamu. [lokazaHo, 1o Kiacu-
YHUW MAX1A 10 PO3B’si3aHHS 1€l TpoOJieMH, SIKUM MOJsrae y BUKOPUCTaHHI Mepio-
JUYHAX YMOB JJI OTHOATOMHOT KOMIPKHU (KyMyJIeH) Ta ABOATOMHOI KOMIPKH (TIOJITH)
JT03BOJISIE BU3HAYUTH JIUILIE MOJYJIb IPYHOCTI Ta OI[IHUTH BEIMYMHY MaKCUMAaJIbHO-
ro onopy aegopmaruii. [Ipy nboMy, B TpUHLIMII, HEMOXIJIMBO OOYAYBaTH CIAJA0uy
riiky nedopmaiiiiHoi KpUBOi 1 BUSHAUYUTH MapaMeTpH 30HM HECTaOUTbHOCTI JIAHITIO-
KKa, sIKa Ma€ BU3HAYAIbHUN BIUIMB Ha 3aKOHOMIPHOCTI PO3PUBY JIAHITIOXKKA Ta HOTO
JIOBTOBIYHICTh B YMOBaX TEPMOCHJIOBOTO HABAHTAKEHHSI.

1.  Timoshevskii A., Kotrechko S., Matviychuk Yu. Atomic structure and mechanical
properties of carbyne. / Phys. Rev. B 91: 45434- 10, (2015).

2.  Mikhailovskij 1., Sadanov E., Kotrechko S., Ksenofontov V., Mazilova T.
Measurement of the inherent strength of carbon atomic chains. Physical review B 87, 045410
(2013).
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The Resonant Inelastic X-ray Scattering (RIXS) technique has become a popular
and powerful tool for studying elemental excitations in solids. It allows to investigate
crystallographic, magnetic, charge and orbital structures and excitations with syn-
chrotron light, which complements more traditional and widespread methods such as
non-resonant x-ray scattering and neutron scattering. RIXS spectra are convolution of
initial and final states, they depend on a lot of parameters, and their interpretation re-
quires theoretical investigation [1-3].

We report on the implementation of RIXS spectra calculations in PY-LMTO
code. Our implementation is based on fully relativistic Dirac self-consistent band
structure calculations and uses one-electron Bloch wave function obtained using PY-
LMTO code. Our RIXS code works with noncollinear magnetic structure and allows
to calculate contributions from interband transitions between valence states with dif-
ferent symmetry (e. g. © and e,). It also allows to get both RIXS and optical joint
DOS spectra and analyze how photoelectric matrix elements affect them as well as to
study the angular and polarization dependence of the x-ray scattering cross section.

Due to use of one-electron Bloch wave functions currently it is not possible to
describe collective excitations (excitons, magnons, etc.). To overcome this limitation,
one should use the matrix elements obtained by use of any many-particle calculations
using, e. g., GW approximation or Bethe—Salpeter approach and so on. The electric
dipolar approximation used could be invalid for heavy elements at K absorption edge.

MgB, behaves as a conventional metal, so the RIXS spectra calculated at B K
absorption edge are in agreement with experimental data obtained in [4].

1. M. Altarelli, Resonant X-ray Scattering: A Theoretical Introduction. In: E. Beaurepaire,
H. Bulou,, F. Scheurer,, J. P. Kappler, Magnetism: A Synchrotron Radiation Approach. Lecture
Notes in Physics, 697. Springer, Berlin, Heidelberg (2006). https://doi.org/10.1007/3-540-33242-
18

2. L. J. P. Ament, M. van Veenendaal, T. P. Devereaux, J. P. Hill and J. van den Brink, Rev. Mod.
Phys. 83: 705-767 (2011). https://doi.org/10.1103/RevModPhys.83.705.

3. M. van Veenendaal, Theory of Inelastic Scattering and Absorption of X-rays, Cambridge Univer-
sity Press (2015). https://doi.org/10.1017/CBO9781139520010

4. Andrei Sokolov, Ernst Z. Kurmaev, S Leitch, Alexander Moewes, Jens Kortus, Larisa D. Finkel-
stein, N. A. Skorikov, Chijin Xiao and Akira Hirose, Journal of Physics: Condensed Matter, 15,
2081-2089 (2003), https://doi.org/10.1088/0953-8984/15/12/325
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Nanostructures of copper and gold are very promising for use in nanoelectronics
and plasmonics. Previously, we obtained ordered nanostructures of gold and copper
on various surfaces [1]. The patterns of growth of hexagonal structures and their
symmetry indicate the electronic structure's leading role in their formation process.
Another quite intriguing result was obtaining of highly defective monolayer gold
flakes with free-hanging edges. Such structures were observed only for gold, which
can be explained by the unique property of gold clusters to maintain two-
dimensionality at sizes up to 14 atoms [2]. At the same time, the experimental obtain-
ing of larger flakes can be explained by the deposition mechanism: part of the prima-
ry flow particles does not immediately stick on the substrate but is reflected, forming
a secondary flow. Particles of the primary and secondary flows can stick together,
thus forming highly defective flakes. Of course, this form will not be the most ener-
getically advantageous, but it may be the closest possible under specific obtaining
conditions, similar to how it happens with amorphous metal alloys.

The features of the atomic and electronic structure of ideal and defective thin
films, as well as 2D clusters of copper and gold, were investigated within the frame-
work of the density functional theory. It was found that the introduction of point de-
fects into the gold monolayer affects the DOS curve in the same way as the increase
in the number of monolayers in the slab. Thus, defects can have a kind of "bulking"
effect on the DOS curve. The curve shapes of the perfect monolayer and samples
with defects are mainly determined by the components associated with the axis per-
pendicular to a slab surface [3]. It is shown that the location of topological neighbors
in the sample, the variability of atomic positions, and the corresponding sets of bonds
are the determining factors in the formation of the Cu and Au slabs DOS curves. The
presence of a long-range effect of the atoms of the third coordination sphere on the
electronic structure of (110) plane gold monolayers is shown. It was found that the
zigzag and lacy shapes of the gold single-layer ribbon edges are more energetically
beneficial than the straight edge.

1. L. Karbivska, V. Karbivskii, A. Romansky, O. Kuznetsova, P. Teselko, V. Artemyuk, “2019
IEEE 39th International Conference on Electronics and Nanotechnology” (ELNANO), p. 214-219
(2019). https://doi.org/10.1109/ELNANO.2019.8783939

2. H. Hakkinen, Chem. Soc. Rev., 37: 18471859 (2008). https://doi.org/10.1039/B717686B

3. V. Karbivskii, A. Romansky, L. Karbivska, S. Shulyma, Applied Nanoscience., 12: 781-794
(2022). https://doi.org/10.1007/s13204-021-01733-7
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CyyacHi TeIIoBI MalllMHU XapaKTEpU3yIOThCA 3HAUYHUMHU BTpaTaMHu 4epe3 He-
MO>KJIMBICTh BUKOPUCTAHHS TEIJIa BUCOKOTEMIIEPATYPHOTO MKy 3rOpPaHHS MalnBa,
HACJIJIKOM 4OI'0 € TaKOK 3HayHE TEIJIOBE 3a0pyAHEHHS HAaBKOJMIIHBOTO CEPEIOBH-
ma. IIpaktnuno eauHum criocoooM 30utbiieHHs KK/ saepuux (y MaidOyTHhOMY
TEPMOSIICPHUX) 1 TETUIOBUX €JIEKTPOCTAHINM Ta 3HM)KEHHS PIBHA 1X IIKIJIMBUX BU-
KHUJIIB € BUKOPUCTAHHS MpsAMUX TepMoeMiciiiHux neperBoproBayiB (TEII) temmoBoi
€HEprii Ha eJICKTPUYHY IUIAXOM iX BOYJOBYBaHHs O€3M0CepeHbO B 00OJIOHKH Meden
Ta raps4i 30Hu peaktopiB. Ha xanb, pecypc TEII 3 enekrpogamu Ha OCHOBI Tyroriia-
BKMX METaJIIB 0OMEXYETHCS MPOLIECAMU BUIIAPOBYBAaHHS Ta PO3IyXaHHS MaTepialiB.
YacTkoBO BUPIIIUTH 111 TPOOJIEMHU JI03BOJISIE BUKOPUCTAHHS Ui Katoay 1 anoay TEIT
MOHOKPHUCTAIIB 3 OJHIET 1 TI€l )X PEYOBHHH, A€ 3 PI3HUMH KpHUCTaIOrpadiuHUMU
MJIONIMHAMH, 1110 BUXOJSTH HA POOOUl MOBEPXHI PI3HUX €IEKTPOIIB. Y 3B’SI3KY 3 IIUM
METOJIOM TUIA3MOHHOI CHEKTPOCKOMii OyI0 JOCTIIKEHO eJIEeKTPOHHI BJIACTUBOCTI, Y
T.4. poboty Buxoxy, rpaneii (100) i (110) MoHOKpHCTaTy BONb(PpaMy B 3a1€KHOCTI
BiJl PI3HMUX THUIIIB 1X TEPMOXIMIYHOI Ta HOHHOT 0OPOOOK.

OneprkaHi pe3yJIbTaTU CBIYATh, 110 3aBISKH MIA00PY PEXKUMY TEPMOXIMIYHOL
Ta MOHHOI 00poOKu moBepxHi MoHOKpucTaiaiB W(100) i W(110) moxxna BapitoBatu
PI3HMIIIO Y iX pobOTax BUXOAY B IMpokomy aiana3zoHi 3HaueHb (0,39 eB). Takox
MPOBEJCHO TOCIIIHKEHHS 3MIHH €JIEKTPOHHUX XapaKTEePUCTUK Heae(OpMOBAHOTO Ta
maacTuuHo nedopmoBanHoro MoHokpuctamiz W(110), mo miggaBanuch OJHAKOBUM
o0pobkaM. BcraHoBIeHO, 10 MAaKpOCKOMIYHUN BUTHH MPU3BOAWTH 10 3MEHIICHHS
poOOTH BUXOAY 3 OMYKJIOi MOBEPXHI 3pa3Ka, ska 3a3Hae naedopmarlii po3TAryBaHHS.
MakcuMmainbHa pi3HULSI B poOOTaX BUXOAY HenepopMOBaHOTO 1 1ehOPMOBAHOTO MO-
HOKPHUCTATIB CIIOCTEPIra€ThCA MICTS BCIX MOCTIIOBHO PEANi30BAHUX TEPMOXIMIYHUX
Ta oHHOT 00p0oOOK. L1 pe3yapTaT BKa3ylOTh Ha MOKJIMBICTh MPAKTUYHOT pearizaiii
orrcanoi Butie koHcTpykilii TEIT 3 enekrpomamu 3 ofHOTO MaTepiay.
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Industrial paraffin wax (PW) is considered a cheap, corrosion-stable phase
change material (PCM) for thermal energy storage. Admixtures of nanoparticles in
the PW contribute to the enhancement of PCM thermal conductivity but often affect
negatively its caloric properties, however, sometimes there is an opposite effect.

According to the data previously obtained by authors, the fullerene Cqp admix-
tures in hydrocarbons contribute to a modification of the base liquid internal structure
and a change in its caloric properties. Consequently, the effect of Cg on the PW
(53°C melting point) phase transitions enthalpy difference was studied experimental-
ly to confirm the hypothesis about the Cgo effect on the caloric properties. For this
purpose, aggregative stable PW/Cgy composite PCM was prepared as a saturated mo-
lecular solution (Cg content 0.000746 g/g). Several PCM samples with various Ce
content (obtained by diluting the saturated solution) were explored in terms of the
effective heat capacity and enthalpy of diffuse phase transitions over the 27-65°C
temperature range. The study of caloric properties was performed by a method of
monotonic heating in a specially designed calorimeter. The main advantage of the
proposed set-up is the possibility to examine the effect of a small content of Cg in
PW on the dynamics of the phase transformations in the large-mass samples 70—80 g.

It was obtained, that the presence of Cgp in PW contributed to a decrease in the
phase transitions enthalpy difference in the range 40-60°C during heating by 7.8 % at
0.000124 g/g of Cgp and by 21.8 % at 0.000746 g/g of Ceo vs. this value for pure PW.
This effect is due to the transformation of the PW/Cg crystalline phases to an amor-
phous one and then to liquid requires more energy than the same transformation in
pure PW due to the numerous rotator phase transitions in alkanes. In contrast, when
PW/Cgy samples are cooled, the C¢p admixtures contribute to the formation of a crys-
talline structure from supercooled liquid, thereby increasing the phase transition en-
thalpy difference vs. pure PW. The increase in this value by 16.3% and 26.4% was
recorded at the Cgy content in PW of 0.000124 g/g and 0.000746 g/g, respectively.

The results obtained indicate the defining influence of Cgp on the PW structure
in the liquid and solid states. The Cg presence in PW reduces the enthalpy hysteresis
in the heating—cooling cycle—a key parameter that affects the efficiency of PCM for
thermal energy storage. At Ceo content of 0.000746 g/g, the difference between melt-
ing and solidification enthalpy in the range of 30-60°C was minimal (256.3 and
252.2 J/g, respectively). Whereas, at 0.000247 g/g of Cep, it was 268.8 and 243.8 J/g,
and for pure PW it was 285.1 and 202.8 J/g. This positive effect may be due to vari-
ous structural transformations in pure PW and PW/Cg during the melting—
solidification cycles. Such a result is of great importance for thermal energy storage
unit efficiency.
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30epiraHHsi TEIJIOBOI €Heprii y BUIVISAI MNPHUXOBAaHOI TEIJIOTH IJIABJIEH-
HsI/3aTBEPAIHHS MaTpialliB € MEPCIEKTUBHUM, OCKUIBKM MOXKE 3a0€3MEeYUTH BUCOKY
HIUIBHICTh 1i HakONMWYeHHS. BaxauBoi mnepeBaror0 Takoro crnocol0y € Mpui-
OM/BHJIaua TEIJIOTH IPH MOCTIHHIN (a00 OIM3BKiNM /10 mocTiitHo1) Temmeparypi. Ilep-
CIIEKTUBHHUM € BUKOPHUCTaHHS MatepiaiiB 3 pazoBum nepexogom (MDII) 3 remnepa-
Tporo ¢azoBoro nepexony Bix -20°C mo + 10°C mns 30epiranHas X0JIOAy MPH TPaHC-
MOPTYBaHHI MPOJYKTiB, 0c00IMBO MopeM. Taki M®II moxHa iHTerpyBaTu B TEIIOI-
30JISI1I0 OTOPOXKYIOUM KOHCTPYKLIN mad Ta KOHTEHHEPIB, y SKUX MPOAYKT 30epira-
€THCS/TPAHCTIOPTYETHCS IJIS1 MIJIBUIIIEHHS TEIJIOBO1 OyhepHOi 31aTHOCTI 130711111

Ax MOII y pi3HUX AOCTIIKEHHSIX 3aCTOCOBYBAJIMCS BojAa (TeMmIiepaTypa IiaB-
JeHHA t,, = —0,5...0,5°C), pozuunu coneit (¢,, = —33...-2°C), napadiau (¢,, = —
12...11°C). Ha punky npesacrapieni komepiiiitni M®II pist HU3pKoTEeMIEepaTpHOTO
30epiranns, Hanpukiaa Rubitherm GmbH (cknan skux npuxoBaHuUM Bij MOKYMIs).

Opnnak, y cyyacHUX MyOJIKaIisix Majao po3TsAacThbCsi BUKOPUCTAHHS BOJIHOTO
po3unHy mnponiieHraikoiao (Boga/Ill"). [IponineHriaikons HE TOKCUYHUM, HE KOPO-
31i{HO aKTUBHHM, JO3BOJICHUI /1T BUKOPUCTAHHS 3 XapUuOBUMHU MPOIYKTaMu (HaIpH-
KJ1aJ, K XoJoaoHocii). Temneparpa oro 3amep3anus —60°C, 3a pi3HUX KOHILIEHTpa-
i y BOAl MOXKHa minidpatu HeoOXigHy TemmepaTpy (asoBoro nmepxoxy. Boma/IIl
M0 TEPMOAKYMYJIIOIOUI 3/TaTHOCTI (TETUIOEMHICTD Ta TEIUIOTa (Pa30BOTO MEPEXOY) €
xopomuM M®II. TIpoTe, BiH Mae HU3KY HENOTIKIB, /Il OM'SIKIIEHHS Y YCYHEHHS
SAKUX TIAHYIOTHCSA TIOJIANBII TOCHTIIKEeHHs aBTOpiB. [lo-mepiie, 1ocuTh Bemuka B's3-
KICTh NPU TEMIEparypax, OJU3bKUX 0 3aMEpP3aHHs, MOTIPIIY€E TEMJIONEPEHOC B PiI-
kiii ¢azi. TemmonpoBianicTs mpomnieHraikono He Bucokas (0.218 Bt/(m'K) mpu
20°C). o-apyre, nns Bona/IIl” xapaTkpHO CHIIbHE TIEPEOXOJIOIKEHHS TIEpe]l 3aTBep-
JIeBaHHSIM. 3a3HayeHl €(EeKTH HEraTUBHO MO3HAYAIOThCS HA KIHETHI[l MPOLECY MpH-
oMy Ta Biggaui Termmota MOM Boga/llT .

ABTOpaMu BHUCYBA€THCS TIOTE3a MPO T€, IO J0OABKM HAHOYACTUHOK OKCHIIB
MetaniB (Hampukman, Al,O3;) mo Boma/Ill" cnpusTHMYTh HITBUINECHHIO TETUIONPOBIJI-
HOCTI ¥ OyayTh BUKOHYBAaTH POJIb IIEHTPIB KpHUCTaji3arii mpu (Ha3zoBoMy MHepexo/il
pinmHa—TBepae Tino. OMHAK, TOAATKOBA CKIAAHICTh MOKE BUHUKHYTH 3 KOJIOTTHOIO
ctabuibHIcTIO Takoro MO®II, 1o 1 naaHyeTbCcsl BUBYUTH €KCIIEpUMEHTaIbHO. Jpyra
rinoresa MoJjsirae y ToMy, 110 NPUCYTHICTh METAJIIYHOr0 BOJIOKHA (Miab abo aitoMmi-
Hii) y Boxa/II" Oyjae cpusTH MABUINEHHIO TEIUIONPOBIAHOCTI. O HAK BIUIMB MeTa-
JIEBOTO BOJIOKHA Ha TeMIIepaTpy KpHUCTami3alii Ta XiMi4YHa CyMICHICTb MaTepiaiB
BHMArae rojiajbIiioro eKCrepuMeHTaIbHOTO BUBUCHHS.
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The use of expanded graphite (EG) as filler for industrial paraffin wax (PW) is a
promising approach to the creation of the phase change materials (PCMs) of new
generation for thermal energy storage. The choice of a rational concentration of EG
in PW is not a trivial task. This concentration depends on the preparation technique
and should be optimal between thermal conductivity enhancement and caloric proper-
ties deterioration. The effect of the EG matrix on the density and thermal conductivi-
ty of PW is studied experimentally. Composite PCMs PW/EG (EG content up to
6.5 wt. %) were prepared within the original technique and inherent in high pores fill
factor. This technique includes component deaeration before impregnation of the EG
matrix of the molten PW

Density measurements for the samples as pellets were performed by the gravi-
metric method. The real EG density (without pores) in composite PCM was assumed
2.20 g sm™ and used for pores filling factor calculation. Thermal conductivity meas-
urements for the solid samples were performed using a precision devise Hot Disk
TPS 2500 S with sensor All Kapton (d=2 mm)3. .

088 %7: ----- i~ ﬂ.;;’;_"_’g_’_"' S """ o] Experiment I =25°C ' :
0.86 | — .| T Fitted 2sk| o =3s%c|
ogal o 2 | o =astC) L
; OF o =5°CL L
v 0821 | o =65°C|
S 080 L 2 oo0}-C0 L i 5
o S L
<078} g 085 P
0.76 | E:‘ 0.80 ol
= 1 :
0_74 - 0,75 b ’ _ i é
0.72 | 004 005 0.06 ‘ Ia _ 3 ; :
0 1 2 3 4 5 6 00 0 1 2 3 4 5 6
w, wt. % w, wt. %

Fig. 1. Concentration dependence of the density (left) and thermal conductivity (right) for PW/EG;
inset: concentration dependence of pores filling factor

It was concluded (Fig. 1) that 4 wt. % is a rational content of EG in PCM, which
was prepared by the proposed technique. A higher content of EG will provide a lower
pores filling factor, as a result, a lover PW portion will be involved in the phase tran-
sition and overall thermal storage capacity can deteriorate. A lower content of EG
inherent a low thermal conductivity and stability of the composite PCM. The last
technological characteristic is important for practical application, as it prevents the
PW leakage from thermal energy storage units and shrinkage during solidification.
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[actutyt Meranodizuku im. I'.B. KypaiomoBa HAH Ykpainu
VYkpaina, 03142, Kuis, 6ynsBap Akanemika Bepnaacwkoro, 36
Tenedon:

mupexitis: + (380) 44 4241005

yueHuii cekpetap: + (380) 44 4243110

dakc: + (380) 44 4242561

Email: metall@imp.kiev.ua

["onmoBa opranizariifinoro komitety — K.¢.-M.H. Bitamiit ber3

Ju3zaiin: Anactac Pomancekuii, SIna [TaBarok
[TinroroBka 36ipHuka: ["anuna MuxainoBa

Texniyna niarpumka MixaapoaHoi koHpepentiii DMIE-2023:
Mukona Axumuyk, Oner boniko, Jmutpo Ilakyina, Ipuna 3aropyibko,
Bikrop bBypnakos, Onexcanap Craciok, Cepriit Keaposcbkuid,
Onekcanpapa backosa, Okcana Conparenko, Jleauc Opummu.

Caiit xoH(epenuii: https://www.imp.kiev.ua/fmie/
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