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VY 306ipui npeacraBiaeHo Te3W aonoBiged ydacHukiB I MixHapogHoi KoHpepeHiii
«DyHKIIIOHATBHI MaTepianu 11 iHHoBal1iHOI eHepretuku. ®MIE-2021». HaBegeno
OCHOBHI pe€3yJbTaTH EKCIEPUMEHTAJbHUX 1 TEOPETUYHUX AOCHIIKEHb OyJOBHU Ta
BIIACTUBOCTEHN (PYHKIIIOHATIBHUX MaTepialliB, caMOOpraHizalii ix CTpyKTypH, po3poo-
KM METOJ1B OJIEp>KaHHSI METAJIIB, CILJIaBiB, KEPaMiKH, KOMIIO3UTIB 1 HAMIBIPOBIIHUKO-
BUX CHCTEM, B TOMY YHCJIl Y HAHOCTPYKTYPOBAaHOMY CTaHi, BYIJeleBUX HaHOMATepi-
aJIiB, IJIIBOK, TOKPUTTIB 1 MOBEPXHEBUX CUCTEM, a TAKOX METOMIB JIIarHOCTUKHU, aTeC-
Talli Ta MOJIETIOBaHHS (YHKLIOHATBHUX MaTepiajiB sl IHHOBAI[IHHOT €eHEPIeTUKU.
Jlnst daxiBuiB y ramxy3i MaTepialo3HAaBCTBA, €IEKTPOXiMIi, €JEKTPOHIKH, HAHOEIEKT-
POMEXaHIKM Ta €EHEPreTUYHOI TEXHIKU; MOKe OYTH KOPUCHOIO BUKIIaJayaM, acIipaH-
TaM 1 CTyJIEHTaM 3a CICLIAJIIBHICTIO «IpUKIagHa (i3ukay, «MaTepiaio3HaABCTBOY,
«HaHOMaTrepiaJi Ta HAHOTEXHOJIOT1i», MpPEeICTaBHUKAM JIepKaBHUX 1 KOMEPLIHHUX
KOMIIaH1{, OPIEHTOBAHUX HAa CYYacCHY, BIIHOBJIIOBAJIbHY Ta €KOJOTIYHO YHUCTY €HEp-
TeTHUKY.

TEMATHUKA KOH®EPEHIIIT ®MIE-2020

+¢ HoBiTHI yHKIIIOHAIBHI MaTepialin JUIs IHHOBAIlIT TPaIUIIIHHIX EHEPTOKOMILIICKCIB

¢ Marepianu Jiist po3MOAICHOT Ta aBTOHOMHOT, Y T.4., BiTHOBIIIOBaHO1, CHEPTCTUKH

+¢ [HHOBaIIiiHI eHeproedekTHBHI (YHKIIOHAIBHI MaTepiald Ha OCHOBI HAJIPOBII-
HUX 1 MATHITHUX CTPYKTYD

¢ OyHKITIOHAEHI MaTepiau I IHHOBALIMHUX MEPEX CHEPrOTPaHCIIOPTYBAHHSI

+¢ [HHOBaIiIHI QyHKITIOHAIBHI HAHOMATEPiaTH

¢ HoBi MeTOIM AOCTIIKEHHS Ta aTecTallii MaTepiajliB iIHHOBALIMHOT EHEPreTHKU

¢ TeopeTnyHi Ta YnceIbHI METOAH (DI3UYHOTO Ta XIMIYHOTO MarTepiajio3HAaBCTBA Y
chepi eHepreTHKH

¢ Heopranivni Ta opraHiddi Matepiaji, y T.4., KHBI OpraHi3Mu, JIUIl CHEPTeTUKA Ta
€KOJIOT'11

+¢ [IpoGiemMu Ta EPCIIEKTUBH YTHITI3AIIIT TeIIa
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BUKOPUCTAHHS AJIIOMIHIEBOI'O CIIVIABY
Y HOBITHIX AAEPHUX YCTAHOBKAX

Binonix €.1., Kyxouskuii O.B.

epoicasnuti Haykoeo-mexHiuHull yeHmp 3 A0epHoi ma padiayitinoi beznexu
03142, Kuis, Ykpaina, éyn. Bacuna Cmyca, 35-37
Ten.: +38 044 422-49-55 E-mail: ei_beloded@sstc.ua

Po3BHUTOK eHEpreTHKH, 30KpeMa SAepHOi, CYNPOBOKYETHCS BUHAXO0JIAMU HOBHUX Ma-
TepialliB, HOBUX IpoleciB 00poOKM MarepiaiiB. Alle 1HKOJIM CKJIaJa€eThCs Tak, L0 MaTepia-
7Y, CIUIaBH, sIKI 100pe cebe 3apeKOMEeHAYyBalld MaiKe CTONITTS TOMY, 3HaXOIATh «IpyTre
JMXaHHS» Y CYYaCHHUX MPOEKTaX Ta HOBITHIX SICPHUX YCTAaHOBKAX.

CrarTs npucBsueHa J00pe BiJOMOMY 1 IIUPOKO MOIIMPEHOMY Y JTOCIHITHUIILKHUX SIJIEP-
HUX ycTaHOBKax anmoMmiHieBomy cruiapy CAB-1. 3 cepenunu XX CTONITTS 3 IILOTO CILJIABY
BHUTOTOBJISTUCH €JIEMEHTH KOPIYCIB JTOCTITHUIIPKUX SIICPHUX PEAKTOPIB 1 IHIIHUX TOCIITHU-
IBKUX YCTAaHOBOK; €JIEMEHTU KaHaJliB, TPYOONpPOBO/IB, TEINIOBUAIAIOUMUX €IEMEHTIB (TBe-
JiB) Ta TermoBuAUIAI0UMX 301pok (TB3) simepHuX ycTaHOBOK.

[Ticnsa iHTeHCMBHOTO OyAIBHULITBA AOCTITHUIIbKUX YcTaHOBOK y CPCP B 50-70x pokax
MUHYJIOTO CTOJITTS, Y Mi3HIII Yachu B OCHOBHOMY J0OYJOBYBaJIUCh CTapi MPOEKTH, a BUKO-
puctanus cmiaBy CAB-1 Oyno oOmexeHo BUpoOHUIITBOM enemeHTIB TB3 ans nocrayanHs
SIEPHOTO TaJIMBa Ha JTOCHTITHHUIIBLKI peakTopHu KpaiH, mo Ooynu y ckiaaai CPCP ta CxigHoro
omoky. IIpore, Ha mouatky 2000x y HamionansHOMY HayKoBOMY IIEHTpP1 «XapKiBChbKHM (]i-
3uko-TexHiuHni 1HCTUTYT» (HHL[ XDTI) BuHMKIA 1€ BUKOPUCTAHHS HAsSBHOTO MPHUCKO-
proBaya €JICKTPOHIB y HOBITHIN SAEpHIN JOCTITHUIBKIA YCTAHOBIN - MIAKPUTHYHIN 301pIT,
AKa KEpYEThCS JIHIMHUM TPHUCKOPIOBAYEM EJIEKTPOHIB. flepHa MIIKPUTHYHA YCTaHOBKA
(AITY) HHIL X®TI € yHikanpHOIO IHHOBAIIIHHOIO YCTAHOBKOIO 32 TEXHIYHUMHU XapaKTepHC-
TUKaMH Ta BUKOPUCTaHMMH MaTepiaiaMu. [IpoexkTyBaHHS Ta BUPOOHUIITBO YCTAaHOBKU CTa-
JIU pe3yJbTaTOM BUKOPUCTAHHS CyYaCHUX MIAXO/IB Ta MaTepialliB MIJITXOM MOETHAHHS JIOC-
BiJIy CHEIIaNiCTiB OaraTbox MiAMPUEMCTB JeKUIbKOX KpaiH. Cepen iHIIOro, Ipy poOOTI Hax
npoektoMm SIIY cramu y Haromi DOCBiA BUKOPHUCTAHHSI, JOCTIHKEHI MIIHICHI, HEUTPOHHO-
($i3udHI 1 aKTHBAIIIHHI XapaKTEPUCTHKU aTIOMIHIEBOTO CIIABY Ta TEXHOJIOTISI BUTOTOBJICHHS
BHPOOIB 3 HHOTO.

AmtominieBuii criaB CAB-1 € OCHOBHUM KOHCTPYKIIIHHUM MaTepiajioM €JIeMEHTIB ak-
tuBHOI 300U SITY. 3 HBOTO 3p00IIEHI, 30KpEMa, KOPITyC Ta JHUIIE 6aKy, OMopHa IUUTa, KO-
pryc HEWTpoHHO-yTBOpIotouoi mimeni (HYM), enemeHnTH mepeBaHTaKyBajlbHOI MaIlWHHU,
TOJIOBKH 1 XBOCTOBUKH iMiTaTopiB TB3 Ta iHIIMX €IeMEHTIB aKTUBHOI 30HH, a TAKOX OOJIH-
mroBaHHs OaceifHiB 30epiranuss BTB3 Ta BiamparpoBanux wmimeHeil. AktuBHa 30Ha AITY
«/Ixepeno HeiTpoHiB» Habupaetbes 3 TB3 tumy BBP-M2, ocCHOBHMM KOHCTPYKIIHHUM
MaTepiaJioM SKO1 € TAKOK ATFOMiHIEBUMN CIUIAB.

Excrutyaraniiini mapameTpu yCTaHOBKU 100pe MIAXOAATh Ui BUKOPUCTAHHS Y SIKOCTI
KOHCTpyKIIiitHOro mMarepiany cmiaB CAB-1. Temnepatypa ekcrnyararnii exementis SAITY 3i
crtaBy CAB-1 € 1ocuTh HU3BKOIO, 1110 3a0€3Meuye BIICYTHICTh iX OKPUXUYCHHS ITiJT 4ac eKC-
ruryaTamii. Bucoki excrutyaramiiini i pecypcHi xapakrepuctuku CAB-1 min niero ompowi-
HEHHSI, XapaKTEePHOTO ISl SACPHUX ITOCTIAHHUIIBKAX YCTAaHOBOK, MIATBEPIKEHI Oararopid-
HUM MPAKTUYHUM JOCBIZIOM BUKOPUCTaHHS Ha peakTopax BBP-M.
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BILIUB TEMIEPATYPU KAPEOHI3AIII HA EJEKTPOIIPOBIJTHICTD
BYI'JIEHEBUX MATEPIAJIIB

IBaniuox H.S1., IBanivok O.M.", Pauiii B.1., Mana3iok B.I.

lpuxapnamcokuii Hayionanvrutl yHigepcumem imeni Bacuns Cmeganuxka,
eyn. Illesuenka, 57, leano-@panxiscovk, 76018, Vrpaina
“Ten.: +38 095 493 9423 E-mail: iomm@ukr.net

OnHuM 13 BaXIIMBUX KPUTEPIiB BiAOOPY €NEKTPOAHUX MaTEplalliB € iX eJEeKTPO-
NPOBIAHICTH. Y 1IbOMY BHIIAJIKY JI0 yBaru OEpeThCs K XapaKTEPUCTHKA CaMOTO eJIeK-
TPOJIHOTO MaTepially, Tak 1 €JIeKTPoJia B IIOMY, KOJIM MOBa HJe MPO KOMITO3UIIIH1
€JIEKTPOJIH, IO CKIIAJAIOTHCS 3 ACKUTBKOX (POpPM BYTJIEII0, eNeKTPONPOBITHOT J00aB-
KU Ta 3B’s3yt0uoro komnoHeHrty [1]. O0’ekramMu JOCHIIPKEHHS CIYTYBajll BYIJICIIEBI
HaHonopucti Marepianu (BHM), otpumani kapOoHizalieto pociaruHHoi 6iomacu (000-
JIOHOK TLJTO/I1B BOJIOCBKUX TOPiXiB) B niama3oHi Temneparyp 400-1000°C.

JI1s1 BUBYECHHSI TEMIIEPATYPHUX 3aJISKHOCTEH enekTponpoBinHocti BHM Buko-
PUCTOBYBAJIM METOJ IMIIETAHCHOT CIIEKTPOCKOITii. J[oCiKeHHsT IPOBOIMIKCH 32 JI0-
nomororo komiiekcy AUTOLAB PGSTATI100/FRA-2 dipmu “ECO CHEMIE” (Hi-
nepianau). Po3paxyHku 3Ha4€Hb MUTOMUX OMOPIB Ta MOBHOI MUTOMOI €JIEKTPOIPO-
BIAHOCTI (0* ) MarepiaiiB 3IMCHIOBAIKCS 3TiJHO METOIUKH, 3aIPOIOHOBAHOI aBTO-
pamu [2]. Ti cyTs monsrae B excTpamomAIii MiHiiHOT AUISHKH 4aCTOTHOI 3a/1€KHOCTI
MOBHOI €JIEKTPONPOBITHOCTI /10 ii MEPETUHY 3 BICCIO ¢*, IO Ja€ MOXJIUBICTH BU3HA-
YUTH 3HAYCHHS MTUTOMO1 €JIEKTPOIPOBITHOCTI MaTepiaiy.

Sk mokazanu pe3yiabTaTh JOCTIKEHb, BEIUYWHA MOBHOI €JIEKTPOIPOBITHOCTI
BHM 3anexuth Biff OMOPY OKPEMHUX YACTHHOK, iX PO3MIpiB 1 KUIBKOCTI, IOPUCTOCTI
MaTepiay 1 XIMIYHOTO CKJIaJly MOBEpXHI. 3a HEBUCOKHUX TeMIeparyp KapOoHizarlii
(t<700°C) BeauuMHA MUTOMOI CJIEKTPOII-
poBinHocti He mepesumye 1,1 Omt-m
(puc. 1), OCKIIbKY 3a TaKUX YMOB HE Bi0Yy- 2001
Ba€ThCA ITHTEHCHUBHOTO PO3KJIAJaHHS Opra- - o
HIYHOT OCHOBH BHUXIJIHOi CHPOBUHHU Ta ii 1MO-
BHE BHTOpaHHS, SK HACHIIOK (HOpMyBaHHS
ckiagHoro kapkacy BHM e HezaBepuieHuM )
[1]. 36utbmIeHHs TeMIiepatypu KapOoHi3a- 0{ o—o—0 @
1ii BUXITHOI CHPOBHUHU IPHU3BOAUTH IO 400 600 , 800 1000
3MeHIIeHHs TuToMoro onmopy BHM OGinbre Le
HIXK Ha 8 MOPSIIKIB Ta 3pOCTAHHS EJIEKTPO- : : :
IPOBIHOCTI MaTepiany, MaKcuManbHe 3Ha-  NPOBIAHOCTI BHM Bin TeMiepatypu
yeras skoi 210 Omt-m™t mocsraethest 3a KapOoHi3arlii.
temneparypu 1000°C.

Puc. 1. 3anexHICTh MOBHOI €JIeKTPO-

1. M. M. Kuzyshyn, B. K. Ostafiychuk, I. M. Budzulyak, B.l. Rachiy, R. V. lInytskyy,
L. O. Moroz, Physics and Chemistry of Solid State, 15, No. 3: 497 (2014) (in Ukrainian).
2. M. H. Abdullah, A. N. Yusoff, Journal of Alloys and Compounds, 233, No. 1-2: 129 (1996).
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PROSPECTS FOR PLASMA-EROSION PRODUCTION OF NANOFLUIDS
FOR THERMAL, NUCLEAR AND HELIOTHERMAL POWER
ENGINEERING

Zakharchenko S.M.!, Shydlovska N.A.%, Perekos A.Q.%()

!Institute of Electrodynamics National Academy of Sciences of Ukrainge, 56
Pr. Peremohy, UA-03057 Kyiv, Ukraine
2G.V. Kurdyumov Institute for Metal Physics National Academy of Sciences of
Ukraine, 36 Academician Vernadsky Blvd., UA-03142 Kyiv, Ukraine,
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From the numerous scientific works of scientists from the United States, Europe,
Japan and other industrialized countries, as well as representatives of scientific
schools of academicians of the National Academy of Sciences of Ukraine
A.A. Halatov, A.A. Dolinsky and B.l. Bondarenko follows that nanofluids with an
aqueous dispersion medium have significantly higher values of thermal conductivity,
heat transfer, and critical heat flux compared with distilled water. Such their proper-
ties significantly improve convective heat transfer in thermal, heliothermal and nu-
clear energy units, increasing the efficiency of their operation.

One of the factors holding back the widespread use of nanofluids in energy is
their high cost, caused by insufficient development of high-performance and high
technological methods of their production. Plasma-erosion production of nanodis-
persed particles of metals and alloys in water is a further development of the spark-
erosion method. Both of those methods are single-stage, high technological, envi-
ronmental friendly, highly productive and provide low production costs.

Unlike the spark-erosion method, the plasma-erosion method characterized by
tens to hundreds of times less energy and duration of discharge pulses in a layer of
metal granules immersed in water, which stops the evolution of most plasma channels
between them in the prespark stage of the streamer or leader. This provides a signifi-
cant reduction in the proportion of micro-sized erosion particles and narrowing their
size distribution in the range of tens to hundreds of nanometers. Such dimensions of
the dispersed phase provide aggregative and sedimentation stability of nanofluids
based on metal and their oxides hydrosols up to 6 months without addition of special
stabilizers.

The reverse side of reducing the energy of discharge pulses is to reduce the
productivity of plasma-erosion particles. To retention it necessary to increase the rep-
etition frequency of discharge pulses in proportion to the decrease their energy. At
the present stage of development of power electronics, this is achieved by using in the
discharge circuit high-frequency fully controlled bipolar transistors with isolated gate
and quasi-resonant modes of their operation.
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STRUCTURE AND OPTICAL PROPERTIES OF ALN/ALCUFE/ALN
SANDWICH FILMS PREPARED BY HELICON-ARC
ION-PLASMA METHOD

S. Polishchuk, 1. Korotash, D. Polotskiy, E. Rudenko, Z. Tsybrii*

G.V. Kurdyumov Institute for Metal Physics of the N.A.S. of Ukraine, 36 Academician
Vernadsky Boulevard, UA-03142 Kyiv, Ukraine
*V. Lashkaryov Institute of Semiconductor Physics, NAS of Ukraine, 41, pr. Nauky,
03028 Kyiv, Ukraine

Solar selective absorbers for thermal energy applications can be prepared using
films of quasicrystalline AlCuFe alloys which exhibit high solar absorptance and low
thermal emittance. The absorbers layers were deposited onto a silicon substrate using
the helicon-arc ion-plasma method. Moreover, AIN layers were used as dielectric an-
ti-reflective coatings, which are necessary for the required optical properties. Optical
properties of the deposited AIN/AICuFe/AIN heterostructures were investigated in
the wavelength range of 0.4-25 um. The initial amorphous-crystalline structure of the
Al-Cu-Fe layer was transformed into quasicrystalline one through post-processing
annealing. The effect of various processing parameters on the structure and optical
properties of the deposited sandwich films is considered. Prerequisites to achieve op-
timal structure and properties of the heterostructures were found.

Keywords: thin films; quasicrystal; aluminum nitride; reflectance; helicon-arc ion-
plasma method
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EFFECT OF STRUCTURE SELF-ORGANIZATION OF ALUMINIUM AL-
LOYS D16 AND 2024-T3 UNDER IMPACT-OSCILLATORY LOADING ON
ITS FATIGUE LIFE

Zasimchuk E. 1, N.Chausov, 2, Baskova O.!, Turchak T. 1™

Ynemumym memanogpizuxu im. I'. B. Kyporomosa HAH Ypainu, Kuis, Ykpaina
2 Hayionanvruii yuieepcumem 6iopecypcis i npupoookopucmysanna Ykpainu, Kuis, Yxpaina, E-
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Today it is known in thermodynamic systems far from equilibrium changing in the conditions of ac-
tion of the external energetic field, in which these systems are located, to contribute to self-organization.
The self-organization leads to formation of structure which promotes to deformation process that is MBs
and SBs. This structural transformation occurs only in the process of loading. The structure after removal
of the load may be subjected to relaxation transformations, especially when destructive methods of struc-
tural research are used (for example, TEM) [1]. Deformation structure formation at dynamic load was
studied in heterogeneous aircraft alloys hardened by particles of other phases — AlCu (so-called © -
phase) and CuAl,Mg (so-called S - phase). It was shown that the fatigue life of alloy 2024-T3 can be in-
creased due to preliminary static deformation with pulsed loading, which leads to a sharp decrease in the
concentration of S-phase particles and an increase in the concentration of ® -phase particles. A statistical
quantitative analysis of the TEM image of the alloys at various mechanical treatment indicated, that an
increase in the fatigue life of the aviation alloy 2024-T3 is achieved by a preliminary dynamic loading
with an impulsive load, which leads to the creation of the most efficient phase composition. Thus, the
phase composition of the alloy 2024-T3 during plastic deformation is substantially changed. This is due
to the fact that plastic deformation, which occurs far from thermodynamic equilibrium, is accompanied
by synergistic structure formation, when dislocation slip becomes impossible. In the multiphase alloy
2024-T3 this occurs at the early stages of plastic deformation. Under these conditions an alternative
mechanism of plastic flow is realized, this is due to the self-organization of the structure in the form of
channels of a hydrodynamic flow with a liquid-like structure inside. Changing the parameters of the ex-
ternal mechanical field (impulsive loading) contributes to the formation of this structure. This structure,
saturated of vacancy defects, contributes to dissolution of particles under any external energy influences.
It is must be taken into account when predicting the mechanical stability of heterogeneous alloys im-
portant for the technology. The mechanical properties of alloy D16, as in alloy 2024-T3 depend on the
concentration of reinforcing phases © and S. We have experimentally proved that increasing the load fre-
quency from 15 Hz to 110 Hz and the transition from hard load mode, leads to a slight reduction in the
number of cycles to destruction of the alloy. It is also shown that long-term exposure of alloy samples for
6-7 months after shock-vibration load has a positive effect on increasing the fatigue life of the alloy. It
was shown that with sudden changes in the external mechanical field (impulsive load) in conditions dis-
tant from equilibrium (plastic deformation), a significant softening of the material and an increase in
plasticity are observed. This is due to the formation of MBs and SBs, despite the increase in external
stress. The study of the internal structure of MBs and SBs showed the localization of vacancy defects in
them. It was concluded that the localization of plastic mass transfer in the bands is due to the creation of
a liquid-like amorphous structure, which supports the hydrodynamic flow of crystalline material in them.
The possibility of channel formation in metals with using analytical calculations and computer simulation
[1, and others] is considered and proved. Based on these results, it was concluded that dislocation slip is
not the only possible mechanism of plastic deformation of crystalline materials, and plastic form change
in an external mechanical field may take place without the participation of dislocations. The main reason
for this is that plastic deformation occurs far from thermodynamic equilibrium, where the laws of nonlin-
ear physics work.
1. E. Zasimchuk, O. Baskova, O. Gatsenko, and T. Turchak, J. Mater. Eng. Performance, 27, 8

(2018) cc.4183-4196. https://doi.org/10.1007/s11665-018-3515-3
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OCOBJIMBOCTI JE®OPMAIIAHOIO 3MIITHEHHA TETEPOT'EHHOT'O
CILTABY AJIFOMIHIIO 2024-T351 3 METOIO 35LJIBIIIEHHSI BTOMHOI
JOBI'OBIYHOCTI
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T.Typuak’, O. M'anenko!
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[eTeporeHHi criaBu aTOMiHII0 3HAWIUIN MUPOKE MPAKTHIHE 3aCTOCYBAHHS TOMY 110, BUPOOH 3 HUX
MaloTh MOPIBHAHO Majy Bary IpH JOCTaTHbO BUCOKIM MIIIHOCTI, sika 3a0e3Meuy€eThes NPUCYTHICTIO 3MIL-
HIo04MX (ha3. Taki BIacTUBOCTI BaXXJIMBI B aBlalliifHIN Tarysi, € BUPILIAIbHOIO € CIIPOMOXKHICTh MaTepi-
aJly TPOTUCTOSTH BTOMHHUM HaBaHTaXeHHsAM. Haxanmb, HamaraHHs 0araTboX JOCHITHUKIB 30UTHIIUTH
BTOMHY JIOBIOBIYHICTh aBlallliHUX CILIaBIB AIOMIHIIO IUIIXOM JIeQOpMAaIiifHOTO BIUIMBY Ha MaTepial
BIPOJIOBK 0arathbOX pOKiB HE Maiy ycmixy. [IpyunHa 1pOro nonirae B ToMy, o0 OyAb-sKe 30UTbIICHHS
MIIHOCTI NPUCKOPIOE peJlaKcalliiiHi 3MiHU CTPYKTYPH Matepiaiy, 1[0 HEraTUBHO BIUIMBAE HA BTOMHY JI0-
BroBiuHiCTh. Hamu Oyno 3acTOCOBaHO JWHAMIYHE HABAHTAXKCHHS 3 IMITyJIbCHUM ITiBAHTAKECHHIM
(YKH), sixe B yMOBax BiJJIaJICHOCT] B1Jl pIBHOBAark BUKJIMKAE CAMOOPTraHi3allilo CTPYKTYpHU Y BUIIISAL Ka-
HaJIB TiApoauHaMivHOi Teuli. [le crpusie 3pocTaHHI0 BTOMHOT IOBMOBIYHOCTI TIPH ieopMaltii Matepiary
BIPOJIOBXK [ii IMITyJIbCy B 1HTepBaii 2.5 — 5,5% nns BuBueHoro Hamu ciuiaBy 2024-T351 npu BunpoOy-
BaHHI Ha BTOMY B iHTepBaii Hanpyr 400—440 MIla. BpaxoBytoun Te, 1110 BTOMHI TPIIIMHUA BUHUKAIOTh B
MIPUTIOBEPXHEBIN TUISHIN 3pa3kiB abo neraneil, OyB BUKOPHCTAHUN METOJ| yIbTPa3ByKOBOI yIapHOi 00-
pooku (Y3VO), skuii BUKIMKA€E 3MIITHEHHS JIMIIEC B TPUIIOBEPXHEBIH TUIAHIN, Ta KOMIUIEKCHA 00poOKa
(YKH + Y3YO). PesynbTar Haxkasb, OyB HETAaTUBHUIA: BTOMHA JIOBTOBIYHICTh MPU YaCTOTI HABAHTAKCH-
Hi 15 ' 3HMBWIacs y opiBHAHHI 3 BUXigHUM cTanoM mipu 410 MITa Bix 18137 nukmiB 1o 16542 nukom,
a ipu 440 MIla — Bix 22087 mukiiB y BuxigHomy ctasi 10 15503 mukmiB micas o6podku. TEM — nocmi-
JDKEHHS 3pa3KiB, MOKA3aJl0 3HAYHUN PO3BUTOK PENAKCAI[ITHOTO CTPYKTYPOYTBOPEHHS B CIUIABI MICIs 3a-
CTOCOBaHOT 00pOOKH. AJjie SKIIO 32 PIBHUX YMOB, 3aCTOCYBATH JIUILE METOJ| YIbTPa3BYKOBOI yaapHOI
06po6ku (Y3YO) 6e3 monepeanporo nedopmartiiinoro Brpydans Y KH Ha BTOMHY JI0BroBiYHICTh CILIa-
By 2024-T351, To B TakoMy BHUMNAJAKY IPH Omax = 425 MIla BromMHa 10BroBiuHICTh cruiaBy 2024-T351
npu yactoti 15 'y mix BrumBoM Y3YO Moske 3poctaTtu Bij 8882 1ukiiB (HaiOiIblIa BTOMHA JOBIOBIY-
HICTh BUXIJHOTO CIIaBY B 00paHuX yMoBax) 10 12456 nukimiB. Perenbuuii aHami3 npuuray BBy Y KH
Ha BTOMHY JOBroBi4HICTH ciuiaBy 2024-T3, TEM-cTpykTypu cruiaBy miciis pyHHYBaHHS P BTOMHOMY
HABAaHTA)KEHHI 3pa3KiB 3 BUXIHOIO CTPYKTYpOIO (KUIbKICTh IUKIIB A0 pyiHyBaHHsA 17004 1mukimiB) Ta 3
CTpYKTYypoto micis npouenypu mnonepeanboro YKH 3 nedopmartito €imp = 2,95% (KUIbKICTh HUKIIB 10
pyiinyBanHs 28767 1ukiiB) 3 ypaxyBaHusaM Mopgosnoriunoi pisuuii O - Al:Cu i S - CuAlLMg das: O -
¢asza Mana BUTJIS BUTATHYTOTO B OJIHOMY HAMpPAMKY MPSMOKYTHHKA, ITUPUHA SKOTO 3ajexkana Bij opie-
HTaIlii 10 BIIHOIIEHHIO A0 miomuHu Gonbru; S — dasza mana BUrIAg Kyii (200 Kpanku Mpu MEHIIOMY
30inbienHi). [IpoBenenHi po3paxyHKu KUTbKOCTI BioOpakeHb 000X ¢a3 Ha 100 — 300 monsix 30py moka-
3a1y, 110 ToMepeaHbo mpoBeaeHa mpouenypa Y KH 3paskiB cmiaBy crpusic 3MEHIIEHHIO KUTBKOCTI Yac-
TOK O - (a3u 1 3611bIIeHHI0 YacToK S — a3u. Tooto, YKH 3pa3kiB crinaBy cripusie 3MEHIIEHHIO KUTbKO-
cTi yacTok O - (a3u 1 361IbLIeHHI0 YyacToK S - ¢das3u. Lleit nanpsamoxk BBy YKH, crioctepirases i npu
MEHIIIi{ YacTOTI BTOMHOTO HaBaHTaxeHHs [1]. BcTanoBneHo, o edextu 301IblIeHHs: BTOMHOT JI0OBIOBi-
YHOCTI CIJIaBY 32 paXyHOK MOMEPEIHHOT0 YAaPHO-KOIMBAILHOTO HABAHTAKEHHS PI3HOT IHTEHCUBHOCTI, B
Hepuly 4epry MoB’si3aHi 31 3MiHOK (PI3MKO-MEXaHIYHHMX BIIACTMBOCTEH MOBEPXHEBUX ILIAPIB CILIABY, I0-
JIOBHUM YMHOM — 31 3MiHOIO ()a30BOTO CKJIaay. TakuM YMHOM, 3aCTOCOBaHA JUisl 301TBIICHHS BTOMHOI
JOBTOBIYHOCTI AeopmaliiiiHa o0poOka TOBHHHA HE TUTBKHM BiAMOBiATH €KCIIEPUMEHTAIbHO MiITBEp-
JDKEHOMY PEXUMY, a i He OyTH CKJIaJHO0, TOOTO He TMOBUHHA 00’ €HYBaTH JIEKITbKa PI3HUX PEKHMIB,
IO CIpHSE peTaKcalifHoMy CTPYKTYPOYTBOPEHHIO.
1. E. Zasimchuk, L. Markashova, A. Baskova, T. Turchak, N. Chausov, V. Hutsaylyuk, V. Berezin,
J. Mater. Eng. Perform. 22, No/ 7: 3421 ( 2013)
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3BAPIOBAHHSA MOHOKPUCTAJIIB KAPOMIIHUX HIKEJTEBUX
CIIJIABIB SIK IHHOBAHIi EHEPITETUYHUX I'A3OBUX TYPBIH
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Pob6ora nmoB’si3aHa 3 BCE3pOCTalOYMM BUKOPUCTAHHSM ra30BUX TYpOIH y CKiIaal
EHepreTUYHNX YCTAaHOBOK €NEKTPOCTAHI[IH, Ta30MepeKayyounx arperariB CHIOBHX
KOpaOeIbHUX JABUTYHIB Ta HEOOXITHICTIO MIABUIIEHHS 1X MOTY>KHOCTI, ()yHKIIIOHAJIb-
HUX MapaMeTpiB, 30UTbIIEHHSI TEPMIYHOI Ta €KCIUTyaTaliiHoi e(EeKTUBHOCTI, €KOJIO-
riYHOCTI. BupilieHHs1 TakuX 3aMuTIB B TEXHIYHOMY IUJIaH1 MOB’SI3YIOTh 3 IMiJIBUILIECH-
HSIM TeMIlepaTypu poboyoro Tijia (ra3y) Ha BXOJ1 A0 TypOIHU 32 paXyHOK PO3pOOKH
Ta BIPOBA/KEHHS HOBUX CXEM, KOHCTPYKIII, TEXHOJIOTI Ta MaTepialiB, 30KpeMa 3
BUKOPHUCTAaHHSM 1 BJIOCKOHAJICHHSIM BHCOKOJICTOBAaHUX JKapOMIIHUX HIKEJIEBUX CILIa-
BiB (JKHC) 3 MOHOKpHUCTaIIYHOIO CTPYKTYPOIO Ta 13 3aCTOCYBAaHHSIM 3BapIOBAHHS.

Bukonanuii B IE3 im. €.0. [Tarona HAHY komIuieke TeoOpeTHIHO-TIPUKIATHUX
JOCJTIJDKEHb JI03BOJIMB BCTAHOBHUTH (I3WYHI YMOBHU 30€pEKEHHS MOHOKPHUCTATIYHOT
CTPYKTYpPH TIpH 3BaproBaHHI MOoHOKpucTaiiB mpomucioBux XKHC Ta cnocobu ix pea-
Ji3arii. 3anpornoHoBaHa KOHCTPYKIIIS OXOJIOKYBaHOI 3BapHOT poOOUYO0i JomaTKu 3i
CKJIQJHOIO CUCTEMOIO BHYTPIIIHIX KaHaliB. OKpeMi eIeMEeHTH JIOMATKH, 110 BUPOIIIE-
Hi IIJIIXOM BHCOKOTPAJIEHTHOI CHPSIMOBAHOI KpHCTalli3allii, 3BaplOIOThCI MDK CO-
0010. 3acTOCyBaHHS TaKO1 KOHCTPYKIIIT 3HAYHO CIIPOIIYE TEXHOJIOTIIO Ta 37CIIEBIIOE
BUTOTOBJICHHS MOHOKPUCTATIYHHUX JIOMATOK 3 ONTUMAJIBLHOI TEOMETPIEI0 OXOIOIKY-
BaJbHUX KaHaJIB. 3pocTae e()EeKTUBHICTh OXOJOKEHHS 1 MOMJIMBICTD ITiIBUIIICHHS
TEMIIEpaTypH Ta3y Ha BXOJ1 B TypOiHy, IO BiAIOBinae TeHJEHIl cTBopeHHs ['TY
notyxHicTio 1000 MBT; TemmniepaTtypa ra3y npu nibomy moxe gocsrata 1800 °C.

B IE3 im. €.0. [latona HAHY npoBoasiThcsi poOOTH MO TEXHOJOT1i CTBOPEHHS
MOHOKPHUCTAJIIYHOTO POOOYOro Kojieca TypOiH TUIY «OJiHT». 3ampornoHOBaHA KOHCT-
PYKIIis, SIKa CKJIAIA€ThCS 13 OKPEMHUX €JIEMEHTIB (JIOMAaToOK) BiAMOBIAHOT reoMeTpii,
OTPUMAHUX MIJISXOM BHCOKOTPAII€EHTHOI CHPSIMOBAHOI KpHUCTaTi3allii, 3BaprOBaHUX
MDK COOOI0 €JEeKTPOHHMM NMPOMEHEM. 30HA 3BApHOTO ILIBY MPU LIbOMY BHHECEHA 3a
MEX1 MaKCUMaJIbHUX TeMIIEPATyYpHUX Ta MEXaHIYHWX HaBaHTaxeHb. EdexT mocsra-
€THCS 32 PAXYHOK BHKJIIOUYEHHS 13 KOHCTPYKIIii HAOUTBIN Bpa3IMBOTO 1 METAIOEMHO-
o MEXaHIYHOTO (3aMKOBOTO) 3’ €JIHAHHS JOMaTKu 3 JUCKOM. IIpu po3poOIll KOHCTPY-
KITii Kojeca TUIy «OJICK» BHPINIYIOTHCS MUTAHHS MPUHIUIIAIBLHOT TEXHOJOTI] 3Ba-
proBanHsa JKHC B MOHOKpHUCTaIIYHOMY 1 MOJIKPUCTATIYHOMY MO€THAHHI.

BukoHaHi 3Bapku MaKeTHUX 3pa3KiB THUIY «CKJaJIeHa JIOMaTkKa», «OJIHT» Ta
«Omick». Pe3ynbTaTu X BUBYEHHS MIATBEPAXKYIOTH JAOLUUIBHICTh MOAANIBIIOTO PO3BU-
TKY IMX 1HHOBAILIHHUX TEXHOJOTIM CHUIBHO 3 pO3pOOHUKAMU, BUPOOHUKAMH Ta €KC-
ITyaTaliiHUKaMU ra30BUX TYpOiH B IUIaHI KOHCTPYKTOPCHKOI, TEXHOJIOT1YHOI AOPO-
OKU Ta MPOMUCIOBOTO OCBOEHHS.
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New composite phase change materials (PCMs) consisting of paraffin wax (PW)
and stearic acid (SA) together with aluminum (Al) or copper (Cu) metal wool with
average fiber diameter 30 and 45 um correspondently, have been considered for
thermal energy storage applications. Metal wool armored PCM samples (4 pellets for
each PCM type) with diameter 23...25 mm and thickness 3.5...6.0 mm (Fig.1) were
prepared for thermal conductivity measurement.

Fig. 1 - Image of samples for thermal conductivity measurement (from left to right): PW,
PW+AI, PW+Cu, SA, SA+AIl, SA+Cu

The metal wool fraction in PCM samples varied in the range 0.0274...0.0296
kg-kg? (0.00930...0.01006 m3-m=3) for PW+Al, 0.0605...0.0906 kg-kg? (0.00643 -
0.00992 m®m3) for PW+Cu, 0.0214...0.0270 kg-kg' (0.00758...0.00960 m3-m3)
for SA+Al, 0.0718...0.0902 kg-kg? (0.00809...0.01035 m3-m) for SA+Cu.

Thermal conductivity measurements for the samples were performed using a
precision devise Hot Disk TPS 2500 S (according to standards I1ISO 22007-2) with
sensor All Kapton (d=2 mm) meant for isotropic samples. Instrumental uncertainty
does not exceed 5%. Since the prepared composite PCMs have anisotropy of thermal
conductivity, the measurements were performed for various combinations of the
samples of the same PCM type (two samples for one measurement). The obtained
values of thermal conductivity were averaged for each PCM type.

The following values of thermal conductivity were obtained (W-m?-K):
0.256+0.0030 for PW, 0.455+0.034 for PW+AIl, 0.32840.086 for PW+Cu,
0.450+0.063 for SA+Al and 0.419+0.066 for SA+Cu (where magnitude after “+” is
standard deviation c). An interesting result for industrial expediency was obtained:
the lower mass fraction of Al wool in PCM in comparison with the mass fraction of
Cu (additionally taking into account lower thermal conductivity and lower cost of Al
in comparison with Cu), gives a higher increase in thermal conductivity of PW+Al
and SA+Al in comparison with PW+Cu and SA+Cu. The obtained effects are re-
quired further study and investigation of long-term composite PCMs stability.

Acknowledgments: National Research Foundation of Ukraine, project No. 2020.02/0125
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BILJIUB TUCKY HA KIHETUYHI HAPAMETPH MPOLIECY B3AEMO/IIT
BO/IHIO 3 NIOJIIKPUCTAJIITYHUM TUTAHOM

Ipsaaxo T.B.

Tnemumym memanoghizuxu im. I'.B. Kyporomosa HAH Ykpainu,
Kuis-142, 6ynveap Bepnadcvkoeo, 36, Ykpaina
*Ten.: +38 097 479 3616 E-mail: pryadko@imp.kiev.ua

[Napunu TuTaHy Ta CriaBiB Ha MOr0 OCHOBI 3aMarOTh OJHE 3 YIJIBHUX MICIh NIPU BU-
KOPHCTaH1 y B1JIHOBJIIOBaHIM BOJHEBIN eHepreTull. lle 3ymMoBiIeHe THM, 110 TUTAH € OCHO-
BOIO 0aratbOx KOHCTPYKLIMHUX MaTepialliB, Uil sIKUX HE BUKIIOUEHA MOKJIMBICTH POOOTH Y
BOJHEBOMY CEPEIOBUIIII, Ta YTBOPIOE TJIPUJIU 3 BEJIMKOIO BOJHEBOIO EMHICTIO, IO BU3HAYAE
Horo, SIK OJIMH 3 HAOUIbII MEPCHEeKTUBHUX MaTepiajiB Il BAKOPUCTAHHS y SIKOCTI aKyMy-
naTOpiB BOAHIO. OCHOBHMMH THapaMeTpamu, L0 XapaKTepHU3yIOTh TIAPUIM € PIBHOBAXKHI
TUCK, TEMIIepaTypa Ta KOHILIEHTpAIlisl BOAHIO 1 IX B3a€EMO3B’SI30K.

BrnuB THCKY Ha KiHETHKY MOTJIMHAHHS BOJHIO TIOJIKPUCTATIYHUM THTaHOM BHBUYEHO
Ha 3pa3kax, OIepKaHUX eJIEKTPOIyTOBUM IEpeIiaBoM, Y pexkKUMi HarpiBy, a Takox y 1300a-
pHO-130TepMIYHHMX yMoBax npu tuckax ~0.05; 0.1; 0.5; 1.0; 3.9 MI]a.

Bnponosx 9 roaun rigpyBanns npu tucky 0.05 1 0.1 MIIa ta remnepartypi 550-570°C
JOCATTH MaKCUMAaJIbHOT JUIsl TATaHY €MHOCT1 HE BJIajoch. EKcTpamnonsiiero 3anexXHoCT] 3Mi-
HU TUCKY A(Pmeop=Pexen)=F(7) 1m0 3Hauens, siki 6 Bignosiganun Cy= 4 mac. % (H/Me=2), Bu-
3HA4Y€HO, 1110 IPOIEC HABOJHEHH HEO0OX1AHO OyJio O MpoaoBXKUTH 11e Ha 136 roa. npu Tuc-
Ky 0.05 MlIla, ta va 30 roa. — npu 0.1 MlITa.

CyTTeBe 3HWKEHHS TemIeparypu modaTky riapyBanus (225°C) Oyio 3adikcoBaHO
npu HaBojHioBaHHI npu 1.0 MIla. Ane gocarnysmm Cy=0.4 mac. %, NOTJIMHAHHS MPUIH-
HUJIOCH 1 TUTBKY MPHU MiJABUINEHHI TemmepaTypu 10 440°C BogHEeBa €MHICTD 3pa3ka Jocsria
4.14 mac.%. AHanoriuHuii XapakTep MOTIMHAHHS OyJI0 BCTAHOBJICHO 1 MMiJl Yac T1ApyBaHHS
npu 3.9 Mlla. Takoxx MOXHA TOBOPUTH MPO CYTTEBY PI3HUIIO y MOBEMIHII 3pa3KiB MpU
oxonomkenH1. [Tpu Tuckax no 0.5 MIlIa i npu 3HKMXKEH] TeMIEpaTypu 3pa3Ku MPOIOBKYBAIN
NOTJIMHATH BOJEHB. [Iicis 3HATTS TUCKY Ta BUIyYEHHS 3pa3KiB 3 PEakTOpy Ha MOBITPS BU-
SIBJICHO HE3HAYH1 BTPATH BOJHIO. 3HAYHHUX BTPAT 3a3HAIU 3pa3KH, 1110 OyJIM HAaBOJHEHHI NMPU
1.0 ta 3.9 MIla: ~10 i 15% Bix MOrMMHYTOTO MPH 0XOJOKEeHHI Ta 1ie 15 ta 20% npu 3HAT-
Ti THCKY BIJITOBITHO.

BupaxyBaBmu Mo4aTkoBy MIBHJKICTh IOTJIMHAHHS JJIs KOKHOTO EKCIEPUMEHTY,
BCTAHOBJICHO 3aJICKHICTh PO3YMHHOCTI BOJHIO Ha MOYATKOBOMY €Talli BiJl TUCKY Ta TeMIIe-
parypu: (I(C)lam%] _, ,,00 4%.7622 ). IIponopuilinicTs C, ~,/P, CBIIYATH MpPO TE, WO 3aKOH

A Plamm.] T[K]
CiBepTca BUKOHYETHCS 10 THCKiB Y 3.9 MIla.

[TincymoBytouH yce BUIe3a3HAYECHE, MOKHA CTBEPHKYBATH, 1110 T1APyBaHHIM IpHU TH-
ckax < 0.1 MIIa ta Temneparypax < 600°C He BHA€ThCS AOCITTH MaKCUMaJIbHOI KOHLIEHT-
partii Bognto (7iH>) 3a 4ac, 10 3aJI0BOJIbHSAB OM BUMOTH IIPOMHMCIIOBOCTI. Y TOM e 4ac, Ti-
apyBaHHs npu THckax > 1.0 MIla nae 3Mory nocsArtu BOJHEBOI €MHOCTI CKJIaay AUTIAPUIY
3a IPUAHATHUM Yac Ta MpHU HU3BKUX Temmneparypax. OnHak, MPOIYKTH TiIpyBaHHS HE CTa-
OUTBHI 1 BTpATH BOJHIO MIPH 3HATTI TEMIIEPATypU Ta TUCKY MOXKYTbh OyTu cyTTeBuMuU. OTXeE,
y MeXax JOCITIDKEHUX TEXHOJOTIYHUX YMOB, HAHMKpPAIIUM JUIsI HACHYEHHS TUTAaHy Ta HOTO
CIUIaBIB € PeXHUM MpoBeaeHHs riapysanss npu ~ 0.5 MIla ta ~ 450-500°C, skwuii 10o3BoIIsAE
OTPUMATH CTIWKI MPOAYKTH TiApyBaHHS HaWOULIbIIOI €MHOCTI 3a MPUMHATHUN 4ac Ta 3a
OJIMH LIUKJI HAarpiBy.
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BOJIHEBI TEXHOJIOT'Ii: ICTOPISI, CYUACHUI CTAH, TPOBJIEMU,
MEPCIIEKTUBHU B CBITI TA YKPATHI

IHIuBanok B.M.

Inemumym memanogizuxu im. I'.B. Kyporomosa HAH Vkpainu,
03142, m. Kuis, 6ynveap Axademixa Beprnaocvrozo 36, Ykpaina
“Ten.: +38 044 424 6427 E-mail: shyva@imp.kiev.com

HesBakaroum Ha Te, 110 BOJICHb Ta HOTO BIACTHBOCTI BIJIOMI II[e 3 MOMEHTY HOTO
BinkpuTTs [lapanenscom [1] B 15 cTOMITTI 1 BIH JOCUTH TUPOKO BUKOPUCTOBYETHCS B
PI3HUX Tally3aX IPOMHUCIOBOCTI, B T.4. HapTONEpepoOHiid, METaTypriiHii, XIMIUHIMH,
XapYOBi TOIO, JIMIIIE OCTAHHI JECATHIITTS IIEH €IEMEHT PO3TIIAIA€ThCS K MepCre-
KTUBHHH €HEPTOHOCIH 3 TOYKHU 30PY aIbTCPHATHBY TPATUIIHHUM BHKOTTHUM TaJIUBaM
(nadTi, KaM’THOMY BYTLULIIO0, TOPIOYOMY CIIAHITIO, IPUPOJHOMY Ta3y, HOro riaparam
Ta TOpdy) B 3B’A3KY 13 MOCTIMHUM 3POCTAHHSIM CIOKMBAHHS €HEPrOHOCIIB, 1X HEPIB-
HOMIPHOT'O PO3MOJILTY 1 HU3bKOIO €KOJIOTTYHICTIO TEXHOJIOTTYHOTO JIAHIIIOTA.

Sk mokasye JI0CBiJl, BAKOPUCTAHHS BOJHIO B IKOCTI €HEPrOHOCIS Ma€ CBOI Iepe-
Baru ta Henoxiku. Cepen mepeBar BapTo BUOKPEMUTH MOTO €KOJIOTTYHICTh, HAaWBHIIA
NUTOMA TEIJIOTa 3TOPSHHA cepell YCiX TpaAHIIHUX €HEeProHociiB [2], MmHpoKuii
CIIEKTp MEPBUHHUX PECYPCIB 1 iX PO3MO/LI, MOKIIUBICT OTPUMAHHS 3aBASKH BiTHOB-
JIOBAJILHUM JIXKEpeJsiaM €Heprii HaBiTh Majiol MOTY>KHOCTI Ta 3alacaHHs Ha MalOyTHE.

Brim, icHYIOTB JiesiKi (paKTOpH, sIKi 3aBaXKalOTh IIBUIKOMY PO3BUTKY 1 BTUICHHIO
BOJHEBUX TEXHOJIOT1H B pi3Hi cepu xutts. [lo-mepiie, 11e BUCOKE CITIBBITHOIIIECHHS
00’eMHOi €EMHOCT1 BOJIHIO JIO BaroBoi; Mo-JIpyre — HOro HaJI3BUYalHYy aKTHUBHICTH Ta
PYHHIBHHMI BIUIMB Ha BC1l KOHCTPYKIIIHHI Ta (YHKIIIOHAJIBHI MaTepialiv, 10 TPOSIBIS-
€TBCS PI3HUMH HUIIXaMH [3]: OKpUXUYEHHs, pO3TPICKYBaHHs, PO3AYTTS, PO3IIAPyBaH-
Hs1, riepdopaliis TOIIO; MO-TPETE — HEOOXITHICTh PO30yI0BH HOBOI a00 mepedy10BH
iCHYI04YO0i1 1HPPACTPYKTYPH MiJ HOBUM €HEPTrOHOCIH, 1m0 MoTpedye KojocanbHuX (Bi-
HAHCOBUX BKJIQJICHb.

B nmaniit momoBiai OyayTh OCBITIICHI Aeski (aKTH 3 iCTOpil BOAHEBUX TEXHOJIO-
Tiif, iX CKJIaJ0B1 YaCTUHH, POOJIEMH, Cy4aCHUI CTaH BOJHEBUX TEXHOJOT1H B YKpai-
Hi 1 CBIT1 13 HABEJICHHAM IPHUKJIAIIB BAAJIOTO BIPOBAKEHHS, Ta MEPCIIEKTUBUA BHKO-
pPUCTaHHS B MalOyTHHOMY.

1. https://uk.wikipedia.org/wiki/Boaenb

2. B. 1. Capanuyk, M. O. Inpsmos, B. B. Omoscekuit, B. C. bineupkuii. Ximist 1 pizuka roprounx
konanuH. — Jlonenpk: Cxigauii BugaBanumii gim, 2008. — 600 c.

3. Konaues b.A. Bogopoanas xpynkocTs MeTajuioB, - MockBa: Meramnyprus, 1985. — 216
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HEPEBAI'M HAHOMATEPIAJIIB HA OCHOBI JIPYACTOI'O I'PA®EHY

O.I1. Pyaakosa®, Oa.]1. 3on0orapenxo®, H.E.Axanosa™®, A.I1. Momutkin®,
An.JI. 3onorapenxo®, JI.B. Illyp @, M.T. Ta6ayaaun®, M. Cyaranrazuna®),
H.A. I'appmmiox®, O.]1. 3onorapenxo®, M.B. Yum6aii¥, I.B. 3aropyanko®

@) Incmumym npobnem mamepianosnaécmea imeni Opanyeeuua HAH Yrpainu,
Bynuys Kpowcuorcanoscokoeo 3, Kuis 03142, Yrpaina, A.D.Zolotarenko@gmail.com
@ Incmumym ximii nosepxni im. Qyiiko HAH Ypainu,

Bynuys I'enepana Haymosa, 17, Kuis 03164, Yrpaina, O.D.Zolotarenko@gmail.com
©) Incmumym ¢hizuxu memanie imeni Kypoomoea HAH Yipainu,

Bynuys axaoemixa Bepnaocvroeo 36, Kuie 03142, Ykpaina, Zagorylko@ukr.net
#) Kasaxcokoi-bpumancekuii mexuiunuil ynisepcumem (KBTY)

0. 71, np. ano-®@apabi, Anmamu, 050040, Kazaxcman, Nazym@physics.kz
®) Hayionanvna nanomexnonoziuna nabopamopis, KasHY im. Anv-Dapabi
0. 71, np. ano-@apabi, Anmamu, 050040, Kazaxcmar.

Sk BIIOMO, ICTOTHUMM HEIOJIIKaMU MaTepialiB Ha OCHOBI TpadeHy €
3MCHIIICHHS aKTUBHUX TIOBEPXOHb, ITOJOBXKCHHS MUIAXY IEPCHECCHHS IOHIB 1
MOBIJIbHA KIHETHKA MEPEHOCY 10HIB, BUKJIWKaHI cCaMOIepeynakoBKow 2D nucTiB mi
yac CKJIAJIaHHS €JEeKTPOJIB IpPU CTBOPEHHI BHCOKOC(PEKTUBHHX MPUCTPOIB
HAaKONMMYEHHS €Heprii 3 OJHOYACHO MAaKCHUMAaJbHOIO €HEpPri€lo 1 MIUIbHICTIO
MOTY>KHOCTI, & TAKOXK TPUBAJIUM TEPMIHOM CITY>KOH.
VYHikanpHI IepeBaru HaHoMaTepialiB Ha OCHOBI Jipyactoro rpadeny (HG) Bu-
IUTMBAIOTH 3 HAsIBHOCTI OTBOPIB B Oa3uCHIiM miomuHi rpadeny. [ipku He TUIBKH CIIo-
TBOPIOIOTH F€OMETPit0 rpad)€HOBUX HAHOJIUCTIB, ajie BOHU TaKOXK MOCIA0IIOI0Th CUITY
Ban-nep-Baansca Mk HUMU. TakuM 4YMHOM, TIepeBard HaHOMaTepiajiB Ha OCHOBI
HG nns EES (electrochemical energy storage -EES devices) MoxyTh OyTH HaCTYIIHI:
(1) Marepianu Ha ocHOBI HG 3 BEenMKOIO IJIOIICI0 MOBEPXHI 1 BETUKOIO KUIBKICTIO
AKTUBHHX IIEHTPIB 37]aTHI CTUMYIIIOBATH EJIEKTPOXIMIUHI peakilii, 3Ha4HO 301Tb-
IIYIOYX MATOMY IIUTBHICTD €HEpPTii.

(2) OTBOpHU, yTBOpEHI B nHcTax rpadena, 3a0e3nedyoTh JOCTATHIO MOMEPEYHy IUIO-
Iy KaHaJiB 75 10HHOT T y3ii, HABITH B CHJIBHO CTUCIIH QopMi, III0 TPU3BOIUTH
70 CTIPUATINBOI KIHETHKHU 10HIB 1 3a0e3reuye miaBUIleHy 00'€eMHY HIUIBHICTH
EHeprii.

(3) OTBOpPH B HaHOMATEpiaNax 3py4Hi ISl PO3MIMIEHHS PI3HUX YaCTHHOK, 110 OEpyTh
y4acTh B €NEKTPOXIMIYHUX PEAKIIIAX, 1 CHPHUSIIOTH BIIMIHHIN UKIIYHIN pOOOTI.

(4) CnoTBOpeHHS TeoMeTpii TUCTIB rpadeHy, BUKIUKAHI YTBOPEHHSM JIPOK, MOXKYTh
€(EeKTHBHO MOJIETIIUTH 1X NMeperaKyBaHHS.

(5) Hanonopu nHanuisitoTh MaTepiaiin Ha ocHOB1I HG kpaiiioro 31aTHICTIO TEPEHOCUTH
3apsii B MOPIBHAHHI 3 MaTepiajJaMu Ha OCHOBI rpad)eHy, 10 J03BOJISI€ BUTOTOBIIS-
TH TOBCTI €JIEKTPOAH 3 BUCOKOIO 00'€MHOIO TYCTUHOIO €HEPrii / MOTYKHOCTI.

TakuMm 4MHOM Ha BiAMIHY B1Jl HAHOJIMCTIB Ha OCHOBI IpadeHy, HaHOMaTeplalu
Ha ocHOBI HG MOXyThb 3ampoOIlOHYyBaTH YHUCJIEHHI KOHCTPYKTHUBHI MEpeBaru s
MPUCTPOiB 30epiranus enekTpuyHoi eHeprii EES.
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T'PA®EH, JETOBAHUHI I MOJU®IKOBAHUN ®YHKIIIOHAJTbHUMHU
T'PYIIAMM B JITIA-IOHHUX BATAPESX I CYIIEPKOHJIEHCATOPAX
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[Ipu po6oTi 3 MaTepiaiaMu Ha OCHOBI rpadeHy OJHIEIO 3 HAWBAXIIMBIIINX 3a7a4
€ TOJOJIaHHA TIpollecy TepenakyBaHHs (arperaiiii) JucTiB rpadeHa B X0l
BUpoOHUIITBa 00'eMHMX 3D-cTpyKTYyp peasibHHX MaTepialiB, IO 3aCTOCOBYIOTHCA,
30KpeMa, 1 JUIsl CTBOPEHHS EJIGKTPOJIIB Il CYNEPKOHIEHCATOPIB. 3OUTBIICHHS
BiJICTaH1 MK JIMCTaMU TpadeHa 3 MEeTOI0 3MEHIIICHHsI CUIT TshKiHHS Ban-nep-Baasnbca,
IO MPU3BOJATH J0 iX MEPEmaKyBaHHS, € OCHOBOIO BCIX CTpaTeril JOCATHEHHS I€l
METH.

VYHiBepCAIBHOIO CTpaTeri€lo Ui 3HAYHOTO IMIJABHINCHHS IPOJYKTHBHOCTI
pi3HMX  cucTeM 30epiraHHs  €Heprii, Takux K JITIA-l0HHI  OaTapei,
cynepkoHaeHcatopu 1 iH. € BBeneHHs atomiB N, O, S, | B rparky rpadena
(JteryBaHHsI) 1 MPUILETUICHHS 110 11€1 TpaTKU pi3HUX (DYHKIIOHATBHUX XIMIYHUX TPYII
(pynxmionamizaiiss). Taka moaudikamis rpadeHa MoKe MPU3BOJUTH IO TOSIBU Tak
3BaHUX CHHEPreTUYHUX e(eKTiB, 3aBASKA SKHM B OTPUMAaHHX MaTepiaiax
30epiraroThCsi TEpeBaru BHUXITHOTO rpadeHy 1 3'IBISIOTbCA HOBI  (QYHKIN 1
BJIACTUBOCTI, 1 TUM CaMHM TOJIMNIIYETHCA €(PEKTUBHICTh 1 MOXIMBOCTI 3apsmy/
pO3psiy, MUIBHICTh €HEPTii/MOTYKHOCTI 1 TEPMIH CITY>KOHU ITUX CUCTEM.

Sk mpokaszamu  JOCHIKEHHS, TMPOBIAHICT  OJEPKYBAaHUX  MaTepialiB
3MIHIOETBCS 3 N-THITY JJIS a30T-JeTOBaHUX rpad)eHIiB Ha P-TUI B pa3i JETyBaHHS
O6opoM. Y BCiX BHINAIKax MpU JIETyBaHHI T'padeHy MOCATAETHCS BEIUKA CTYIIHBb
JIETYBaHHS a30TOM, B TIOpPIBHSHHI 3 Oopom. B rpatmi meroBanoro 6opom rpadeny:
BCs, BC,0, BCO; icHyroTh pi3Hi KoH(DIryparlii 3B's3kiB aToma 00py.

Sk 1 y BUMAAKYy 3 JIETYBaHHSIM TpadeHa a30ToM, pi3HI KOH(Irypailii 3B'sI3KiB
BIIPOBA/IP)KEHOT0 aroMa Oopy B rpadeHi mo pi3HOMY 3MIHIOIOTh BJIACTHUBOCTI B-
neroBaHoro rpadeny. Y jeroBaHux OopoMm rpadeHax 30UTbIIYETHCS 3HAYEHHS
MMATOMOI EMHOCTI 1 TIOTY>KHOCTI €JIEKTPOJIiB Y TIOPIBHSIHHI 3 HEJIETOBAaHUM TpadeHoM,
a TAaKOX 30UIBIIYETHCS OIIP TEPMIYHOMY OKUCIICHHIO JIETOBAHUX 00pOM rpadeHis.
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CTPYKTYPHI KPUTEPII MIITHOCTI TA TPIHIMHOCTIMKOCTI
3'€AHAHD ITPU 3BAPIOBAHHI 1111 BOAOIO II1{ BININBOM
3OBHIINIHBOT O EJIEKTPOMATI'HITHOTI' O I1OJISA

C.IO.MakcumoB, O.M BeaniKOBa*, 0.0.1lIpunaunko, T.O. AlekceeHko,
€. B. ITonoBenbknii, FO.A.lllenearok

Incmumym enexkmpo3zeaprogannus im. €.0.1lamona HAH Ykpainu
*Ten.: +38 0442052563 E-mail: *omberdnikova@gmail.com

Oco0nuBICTIO OTPUMAHHS 3BapHUX 3’ €IHAHb i1 BOJIOIO € BIUIUB HABKOJIUIITHBO-
ro BOJAHOTO CEepeIOBHUIIA Ha MPOIIECH IJIABJICHHS Ta KpUCTaiizaiii Mmerany. Jlis iHTe-
HcudiKallli mpoieciB aerasaiii MeTany, NOAPIOHEHHS! CTPYKTYpPH, MiJABUILECHHS 3Ha-
YeHb MOKA3HHUKIB MIITHOCTI 1 TUIACTUYHOCTI IIBIB MPOTOHYETHCS BUKOPUCTOBYBATH
30BHIIIHIN enekTpoMarHiTHuil BIuB (3EB) Ha po3muiaB 3BaproBasibHOT BaHHU. Tou-
HICTh MOJICTIOBAHHS €JIEKTPOJMHAMIYHUX 3YyCHJIb 1 TIEPEMIIICHh B PO3IJIaBl BaHHU
ICTOTHO 3aJIe)KUTh B1J] TOTO, HACKUTLKHM TTOBHO BPaxoBaH1 OCOOJIMBOCTI €JIEKTPOMArHi-
THHX 1 rigpoaunHaMiynux moiB [1, 2]. Ha ocHOBI I[bOr0 CTa€ MOXJIMBUM BH3HAYCHHS
ontuMaibHuX nmapameTpiB 3EB 1 po3paxynku iHaykTopa. [Ipu nboMy HalOUIBIT CYT-
TEBE 3HAUYECHHSI Ma€ JieTajbHE BUBUEHHS BIUIMBY CTPYKTYpPHO-(a30BOr0 CKJIaay Ta
KOHKPETHHUX TTapaMeTpiB CTPYKTYpPH, 110 (OPMYIOTHCS B METaJIl IIIBIB Ta 30HU TEPMi-
gHOoro BIMBY (3TB), Ha MIITHICT Ta TPIITUHOCTIHKICTD IUX 3’ €/THAHD.

Mertoro pobotu Oyio BCTaHOBIEHHS 3aKOHOMIPHOCTEH BILTUBY OCOOJIMBOCTEM
CTPYKTYPHO-()a30BOr0 CKJIaAy METally 3BapHHUX 3'€IHaHb HU3BKOJIETOBAHOI CTajll Ha
MIIIHICTh 1 TPIIIMHOCTIMKICTh 3BApHUX 3’ €JIHAHb MPU 3BAPIOBaHHI IiJ] BOJOKO Mij
BIUTMBOM 30BHIIITHBOTO €JIEKTPOMATHITHOTO TTOJIS.

JlocmiPKeHHsSI MIKpOCTPYKTYPH 3BapHUX 3’ €JIHaHb MPOBOIWIN METOJIaMH CBIT-
JIOBO1 MIKPOCKOIIii, a 0COOJIMBOCTI CYOCTPYKTYPH Ta PO3MOJILIT AUCIOKAIIHHOT TyCTH-
HU Yy METalll 3BapHUX 3'€THAHHSIX BUBYAIU JOCTIDKEHHAM TOHKHX (OJIBI METOIOM
TpaHCcMiciiHOT enexkTpoHHoi Mikpockorii (TEM, JEM-200CX ¢ipmu JEOL, SAnownis).
BcranoBneHo, 1m0 mpu 3BaproBaHHI i BOAOK HU3bKOEeroBaHoi ctaii 091 2C metan
3BapHUX IBIB Ma€ (EPUTHY CTPYKTYpPY 32 HAIBHOCTI HEMETAJICBHX BKIIOUYEHB. Y
3TB dopmyernes OeiiniTHO-hepuTHa cTpykTypa. [Ipu 3actocyBanni 3EB y merani
mBiB Ta 3TB cTpykTypa moapiOHIOETHCS TIPH PIBHOMIPHOMY PiBHI MIKpPOTBEPIOCTI Ta
BiJICYTHOCTI BEJIMKUX HEMETAJIEBUX BKIIOUCHD Y HATUIABICHOMY METaTI.

BcranoBneno, 1m0 piBHOMIpHHMI pO3MOAUT TYCTHHH JHCIOKamin (p =
(1...3)x10%° cm?) B metani 3TB 3BapHUX 3’€JHAHb IIPU MOAPIOHEHH]I PEKOBOT CTpY-
KTypu OeiiHiTy, (hopMyBaHHI CyOCTPYKTYypH Ta HaSBHOCTI HAHOYACTHHOK KapOiTHHUX
(a3, pIBHOMIPHO PO3MOAUICHUX MO 00’€MY HUKHBOTO OCHHITY, 3a0€3Meuyl0Th BUCO-
KUl piBeHb BIACTUBOCTEHN MIIIHOCTI Ta TPIIIMHOCTIMKICTH 1UX 3’€nHaHb. [Ipu 3Bapro-

BaHHI1 1] BOJAOIO 1€ peanizyeTbes npu 3actocyBanHi 3EB.
1.Ilerpymenko E. U., Drnekmponnoe mooeruposanue, Ne5: 27 (1983).

2. Makcumos C.I1O., Ilpumunko E.A., Koxyxaps B.U., PeoxoB P.H., Aémomam. Ceapxa, Nell: 20
(2004).
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OCOBJIMBOCTI KIHETUKHU IIJIACTUHYHOI JIE®GOPMAIIIL METACTA-
BLJIBHOI CTAJII B IHTEPBAJII TEMIIEPATYP BIJI -269°C 1O 700°C

Boakos 10.M., Bopobiios €.B., /Ipo3nos O.B., Hosorpyacskmnii JI.C.

Inemumym npoonem miynocmi imeni I'.C.Ilucapenxa HAH Yxpainu
syn. Tumipsazescoka 2, 01014 Kuis, Ykpaina
Ten. 097 489 14 94 E-mail: volkov@ipp.kiev.ua

Sk Bimomo, ruiactuyHa Aedopmallisi KpUCTAIIYHUX TLT HA MIKPOPIBHI € mepe-
pPUBYACTOIO BHACHINOK crnenudiku pyxy auciokaiiil. [Ipore, Ha MakpopiBHI KpuBi
nehopMyBaHHS IEPEBAXKHOI OLIBIIOCTI METAJIB Y 3BUYAMHUX MaciuTabax iX 3amucy €
rIagkuMu. Ta B yMOBaxX rIMOOKOTO OXOJIOKEHHS TIacTU4YHa Aedopmaiiist 61UIbIIOCTI
METaJiB Ta CIIaBIB BTpaya€ CTIMKICTh BHACIHIJIOK SBHUINA HU3HKOTEMIIEPATYPHOI He-
CTaOUTBHOCTI 1 TPOSABIIAETHCS Y BUTIISII1 CTPUOKOMO110HOT AeopMallii.

Ha Bigminy Bix nporo, edext [lopreBena-Jle Illaren’e, sikuii Takox 0OyMOB-
JII0€ MAKpPOCKOMIYHY HECTIMKICTh MIaCTUYHOI nedopmalili mpuTaMaHHUi JIUIIE OK-
pEMUM METaJIeBUM MaTepiajiaM B NEBHUX TeMIlepaTypHUX ymoBax. O6uaBa edexTu
NPOSIBIIIIOTHCS TIPH PI3HUX BUAAX Je(opMyBaHHS 1 CYTTEBO 3aj]€XaTh BiJ YMOB Ha-
BaHTAXCHHS, HAIIPYKEHOTO CTaHY, KOHCTPYKTHUBHO-TEXHOJIOTTYHUX YUHHUKIB, Ta iH.
30kpeMa, 3a J1aHOi TeMIlepaTypu — BiJ IIBUIKOCTI Je(opMyBaHHS, KOPCTKOCTI BU-
npoOyBaJIbHOI MAIlIMHK, HASIBHOCTI KOHIIEHTPATOPIB HANPY>KEHb, MONEPEIHbOT 1e]o-
pMaiiii, po3MipiB 3pa3ka TOIIO.

B 000x Bumagkax po3BHTOK IUIACTHYHOI JedopMalrii XxapakTepru3yeThCs JTHC-
KPETHICTIO K y 4Yaci, Tak i B 00 emi Tina, mo aepopmyerbes. CTpubku nedopmartii
BiIOYBAIOThLCS 3 BEJIMKOIO IIBUIKICTIO. AJie B OCHOBI 000X €(eKTiB JexkaTh pi3Hi (i-
3WYHI MEXaHI3MH: IIe¢ TepMOMEXaHIYHa HeCTaOUIbHICTh, BUKIMKAHA JIOKATBHUMHU PO-
3irpiBaMu B yMOBax JyKe MaJioi TeIJIOEMHOCTI METaly 3a KPIOTeHHUX TeMIeparyp 1
nedopMaliiifHe CTapiHHs, K B3aEMOJIISI PYXJIUBUX JUCIOKAIlIM 3 aTOMaMH JIOMIIIIOK.

Mertoro nanoi poOoTH Oylo BH3HAYEHHS XapakTepy PI3HUX BHIIIB HECTAOLIb-
HOCTI TutacTuyHO1 aedopMaiiii metactabinproi ctami 12X18H10T 3a pisHux Temrie-
paTyp 1 MBUAKOCTEH AedOpMyBaHHS MPHU CTaTUIHOMY po3Tszi. JlocmimkerHs Oynu
MPOBENICHI HA 5-TH KPAaTHHUX 3pa3Kax JiaMeTpoM poOo4oi YacTHHHU 3 MM 3a TeMmIepa-
Typu -269°C Ta B iHTepBani Temmepatyp Binm 500°C mo 700°C. B momoBini HaBeneHi
3aJIEKHOCTI MEXaHIYHUX XapaKTePUCTUK CTajll BijJf TeMIEpaTypy ¥ MBHIKOCTI Aedo-
pMyBaHHS, MIOKAa3aHO BIUTMB JOCIIPKYBaHUX SBHIIl. 30KpeMa, 3a3HAUYCHO, 110 MPHUIY-
meHHsT eexTy HecTabUTbHOCTI miacTuyHOoi Aedopmarii 3a Temmneparypu -269°C
HUISIXOM 30UIbIIEHHS! MIBUAKOCTI Je(OpMyBaHHS MPHU3BOJIUTH 0 PI3KOr0 3HEMIII-
HEHHsI CTajl, a B 3aJIeKHOCTI Bl piBHA ii HarpiBy B Jiana3oHi Temmnepatyp Big 500°C
10 700°C xapakTep HECTAOLILHOCTI MIACTUYHOI AedopMaliii MOCTYIIOBO 3MIHIOETHCSI.
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ELECTROCHEMICAL CHARACTERISTICS OF ORGANIC
LITHIUM BATTERY

Hrubiak A.B.", Moklyak V.V., Ostafyichuk B.K., ChelyadynV.L.
G.V. Kurdyumov Institute for Metal Physics, N.A.S. of Ukraine, Kyiv, Ukraine
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In work shows a new approach to improving the peformance of organic lithium
battery by using of simple amino acids and natural polypeptides based on them as an
active component of the cathode composition. The cathode composition was prepared
by homogenizing the organic component, a conductive additive (Super P) and a solu-
tion of PVDF binder (N-methylpyrrolidone) in a mass ratio (20+77) : (75+18) : 5 and
the following coating on a commercial graphite foil collector with next drying in vac-
uum. The testing of organic lithium battery were carried out in prototypes of
Swagelok type in CR2032 format. Li-foil (500 um) and 1M LiBF4 solution in v-
butyrolactone were used as anode and electrolyte.
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Fig. 1. Discharge profiles and CVA curves (inset) of organic lithium battery
with cathodes based on amino acids and naturals polipeptides

Discharge profiles of organic lithium batteries at a specific current of 10 mA/g
shows different electrochemical activity depending on the type of cathode component
(Fig. 1). For organic lithium battery with a cathode based on a natural polypeptides,
the discharge profile has S-shaped with the formation of a potential plateau in the
range of 2.1-1.8 V. There is a decrease of tension with an insignificant accumulated
of charge in the range of 3.5-2.1V. In the range of 1.8-1.5 V there is a change in the
slope of the discharge curve, which causes a more rapid decrease of potential. The
final specific capacity at 1.0 V about 2750 mA-h/g (in terms of the weight of the bi-
opolymer), which is significantly higher than all available types of cathodes. The dis-
charge profiles of organic lithium batteries with a cathodes based on the amino acids,
like aspartate and glycine, have a more inclined shape. For glycine the discharge pro-



file changes the angle of inclination at a lower voltage than is observed for aspartate.
The specific capacity of the discharge based on aspartate and glycine up to 1.0V are
1300 mA-h/g and 800 mA-h/g, respectively. Cyclic voltammograms (CVA) of organ-
ic lithium batteries shows different appearance, which indicates different mechanisms
of current-forming processes at discharge (Fig. 1 - inset). For lithium battery based on
the natural polipeptide, the CVA curve has a shape close to rectangular, while main-
taining a slight asymmetry. The broadened redox peaks were fixed that indicates on
distributions in a wide range of electrochemical reactions with the participation of
polypeptides due to a variety of guest positions for lithium ions in their structure and
a variable composition of radicals of the main peptide chain. In this case, the highly
developed lateral surface of the biopolymer will ensure the occurrence of redox rea-
tions and effective surface adsorption of lithium ions, which ensures the high final
specific capacity of the discharge. In the case of CVA curve for lithium battery with
aspartate we has a rectangular shape with local infletions of about 3.9V on the dis-
charge part, which, however, does not affect the formation of capacity during dis-
charge in the voltage range of 3.5-2.1 V. For prototype battery with glycine, the
CVA curve also has a rectangular form, which corresponding to the capacity accumu-
lation of charge and does not have any redox maxima. The difference in the spesific
capacity of glycine and aspartate in organic batteries is associated with different
mechanisms of surface interactions of compounds with lithium ions at the discharge.
Aspartate is characterized by interaction with lithium ions both through a terminal
carboxylic group and by the formation of groups (-COOLi) in the radical (-CHa-
COOH), which allows to double the specific discharge capacity compared to glycine,
for which characterized by only the course of current-forming interactions at the C-
terminal bonds. CVA studies of organic lithium batteries for 100 cycles show
predicted perfect cycling capacity with Coulomb efficiency for glycine and aspartate
about Q=98%, and polypeptides Q=88%.
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®YHKIIOHAJIBALISI HAHOKOMITO3UTIB J1JIS1 ATBTEPHATUBHOI
EHEPI'ETUKHU
€.I'. Jlens, I'.10. MuxaiinoBa, I.€. I'ancrsan, M.O. Pyab, M.M. AAxkumuyk
Inemumym memanoghizuxu im. I'. B. Kyporomosea HAH Ykpainu
Yrpaina, 03142, Kuis, 6ynveap Axademixa Bepraocvkoeo, 36

['0710BHUM HEMOMIKOM TPaaULIHHOTO TEPMOEMICIHOIO MEPEeTBOPEHHS €HEprii i
noTped Sk HA3eMHO1, TaK 1 KOCMIYHOI €HEPreTHUKU € HEOOX1THICTh HArpiBy KaToIy J0 BUCO-
KHX TEeMIIepaTyp, 3a SIKUX BiI0yBa€ThCsl IHTEHCUBHE BUIIAPOBYBAaHHS HaBITh TYTOIJIaBKHX
metaniB. YUepes e TEIIu 3 BUCOKOIO T'yCTUHOIO MOTY>KHOCTI Ta pOOOYMMU TeMIlepaTypaMu
Buie 1400°C, moci He 3HAWIUIMA MKUPOKOTO 3aCTOCYBaHHA. BucokoTeMmiiepaTypHi Jkepena
TETUIa € MEHIII TEXHOJOTIYHUMH 1 JOCTYITHUMH TSI BUKOPHCTAHHS, HIXX HU3BKOTEMIIEPATY-
pHi. Tomy mpencTaBisieThbCS AKTYaJbHUM PO3BUTOK MPSMUX EMICIHHMX NEpeTBOPHOBaYiB
TEIUIOBOI Ta NMPOMEHMCTOI €HEprii B eNIEeKTpUYHY B Aiama3oHi poOouux temmeparyp 300—
600°C. Taki TemnepaTypu MOXKyTh OyTH JIETKO AOCATHYTI IPU HArpiBaHHI MaTepiaiiB HEBe-
JUKUMH KOHIIGHTPAaTOpaMHU COHSYHOTO BHIIPOMiHIOBaHHS. Peanizamis imei mpsiMoro meper-
BOPCHHSI COHSYHOI €HEeprii B €JNEKTPUYHY EMICIHHHUM CIIOCOOOM 3a HHM3BKHX TEMIIEpaTyp
MOJKE CTAaTH PEaJbHICTIO, SKIIO BUKOPHUCTOBYBATH B SKOCTI KaTOJiB METaJl—HAHOBYTJICIICBI
KOMIIO3UTH.

JlociKeHO eNeKTPOIPOBIIHI BJIACTUBOCTI CUCTEMHU MOPOIIKOBUi Ti—Oararormaposi
ByrienieBl HaHOTpYyOkH (BBHT) B mporiecax BCTaHOBJICHHS MiXK 11 KOMIIOHEHTaMH €JIEKTPH-
YHUX KOHTAKTIB 3a Jedopmalii cTuckanHs. CrocTepiraerbcsi yTBOPEHHS! KOMIIO3UTIB, SIKE
CYNPOBOIKY€ETHCS 3pOCTAHHSAM €JIEKTPONPOBITHOCTI MaTepiany OUTbIIe HIXK Yy 5 pasiB mopi-
BHSIHO 3 BHXIJIHUMH KOMITOHEHTaMH Tpu HaOmwkeHHi koHieHTpaiii BBHT go 15 mac. %.
Leit edekT 0OYMOBIICHO TTEPEHOCOM €JIEKTPOHIB 3 yacTHHOK Metany g0 BBHT. Iloka3zano,
10 BUKOPUCTAHHSI KOMITIO3UTIB METaJI—BYTJIELIeBl HAHOCTPYKTYPH BIJIKPUBAE LUISIX IO CTBO-
PEHHS «XOJIOTHUX» KaTOMIB TepMoeMiciiiHuX neperBoproBauiB (TEII), sxi 3M0KyTh mpaliro-
BaTW BiJA HU3bKOTeMIlepaTypHuX mkepen eHeprii. Karog 3 kommosuty Ti—
tepmoposmmpennit rpadit (TPI') 3a onmpominenns TEII koHIIEHTpOBaHUM COHSYHUM CBIT-
JIOM J03BOJIUB BIEpIIE CIIOCTEpIiraiy Hampyry i MOCTIHHUK cTpyM 3a Temmeparyp 170—
350°C, 1o mo 9 pasiB HIkU1 32 poboui Temreparypu Tpaauiiiinux TEII, Burorosnenux 3
TYTOIUTaBKUX MeTaliB. [Ipu boMy CTpyM criOCTEpiraBcsi B 3aMKHEHOMY €JIEKTPUYHOMY KO-
71 0e3 MpHKIadaHHSA J0JaTKOBOI 30BHINIHLOI pi3HMIN MoTeHIianiB. CyTTEBY poJb Bimirpa-
I0Th 3MiHH MOp(}OoJI0oTii TOBEPXHI KOMITO3UTHOTO 3pa3Ka ITiI JI€F0 KOHIICHTPOBAHOTO COHSY-
HOTO BUIIPOMIHIOBAHHS Ha €Tall MOMepeHhOrO BiiNaly 3pa3KiB 3a TeMrepaTyp nonasn 270—
310°C. Ilig yac Bignmasly Ha TMOBEPXHI METAJEBMX YACTHHOK KOMIIO3uTy 3 #oro TPI'-
KOMITOHEHTH YTBOPIOIOTHCS BYTJICIIEBI HAHOCTPYKTYPH Y BHIJISIII OKPEMO PO3TAIIOBAHHUX
MWITHAPUIHUX HAPOCTIB 3 miamerpoM 20—80 HM, SKi MOXKYTh 3a0€3MEUUTH TPU TOATBIIIHA
eKCIUTyaTallii KaToay CyTTeBE 30UIbIIEHHS BHECKY BiJl aBTOCIIEKTPOHHOI eMicii, B OCHOBI
AKOI JIKUTh HE3aJICKHHUN BiJl TEMIIEpaTypHu MeXaHi3M TyHeloBaHHs. BcraHoBieHi MexaHi-
3Mu reHepauii ctpymy 1 Harpyru y TEII 3 KOMIO3UTHUM KaToAOM JI03BOIHIN C(HOpMYyITO-
BaTu (Hi3MUHI MPUHLIUIN MOOYIOBH «XOJOTHHUX» €IEKTPOIB I MPSAMUX eMICIHHUX THepeT-
BOPIOBaUiB KOHIICHTPOBAHOI COHAYHOI €HEeprii B eNEeKTPUYHY.
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JOSEPHSON JUNCTIONS VS SQUIDS FOR ULTRA-SENSITIVE AND
ULTRA-EFFECTIVE MAGNETIC FIELD DETECTORS
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Developing a nanoscale magnetic sensing technique applicable to individual
molecules or magnetic nanoparticles could enable revolutionary advances in all
spheres of life. Unfortunately, in the case of nanoSQUIDs, a transition to the 100 nm
scale and below has revealed some challenges difficult to confront. In this case, the
SQUID loop may not satisfy the assumption to be thicker than the penetration depth
and the critical current of the loop will approach that of the junctions, implying no
distinction between a single Josephson device and a dc SQUID with two junctions. If
so, it is quite possible to use a single junction as a nanometer-scale ultra-sensitive and
ultra-efficient magnetic field detector.

In the talk, I present studies of quantum-matter heterostructures based on a fer-
romagnet/normal metal (Al/Ni and Al/NigFezo) multilayer proximitized by Nb super-
conducting electrodes to form a novel Josephson weak-link device highly sensitive to
magnetic fields [1,2]. The device is a single Josephson junction, which manifests
quasi-sinusoidal critical current oscillations resembling a SQUID response. Another
striking feature of our devices involving N/F multilayers is the background Josephson
current on which the oscillations are superposed. In general, the background current
increases (relative to the amplitude of the oscillations) with the number of NF peri-
ods.

| argue that the SQUID-like oscillations in the critical current vs magnetic field
dependences arise due to the dephasing accumulated by an electron (or a hole) during
its chaotic motion across the weak link. The peculiarity of the (FN), multilayers is
that the diffusion coefficient for the charge transport perpendicular to the metallic
layers is much smaller than being parallel to them. As a result, for a relatively large
weak link, the current in the central part of the weak link is strongly suppressed rela-
tive to the edges. A more precise analysis of the scattering processes shows that the
near-edge contribution is exponentially decaying but much weaker than that from the
bulk. It leads to the localization of the supercurrent to the edges. The background cur-
rent may appear due to the difference in transmission eigenvalues for two edges of
the weak link, leading to the asymmetric Josephson effect.

1. I. P. Nevirkovets, M. A. Belogolovskii, and J. B. Ketterson, Phys. Rev. Appl., 14, No. 1: 014092
(2020). DOI: 10.1103/PhysRevApplied.14.014092.

2. I. P. Nevirkovets, M. A. Belogolovskii, O. A. Mukhanov, and J. B. Ketterson, IEEE Trans. Appl.
Supercond. 31, No. 5: 1800205 (2021). DOI: 10.1109/TASC.2021.3056039.
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Development of novel superconducting metals with design composition, micro-
structure, and improving performances is a multidisciplinary topic of high importance
for scientists and technologists. In comparison to traditional materials, unconvention-
al superconductors host a rich diversity of phenomena, including pseudogap, d-wave
pairing symmetry, or multi-band superconductivity strongly influencing spectroscop-
ic data. In particular, it concerns point-contact experiments, a simple but powerful
tool for studying metallic materials. Using this technique, we need to be sure that the
main features in detected differential conductance G (V) originate from intrinsic
properties of the superconductors. In the contribution, we discuss the physical origins
of two most common anomalies in G(V) curves, conductance dips at voltages V
slightly exceeding expected gap value and unusually strong peaks at V = 0.

We attribute the above-gap conductance dips to an inhomogeneous supercon-
ducting state, conditionally divided it into two parts with different gap values and a
semitransparent interface between them. For a quantitative description of the con-
ductance dips and their evolution with temperature, we proposed an extension of the
conventional theory, the main element of which is a non-equilibrium-driven super-
conducting-to-normal transition in a sheath formed at the superconductor surface and
the following crossover from coherent to sequential charge transmission. Our main
conclusions were confirmed by experiments with a NiCu interlayer proximitized to
NbN superconductor.

For interpreting anomalous zero-bias peaks, we assume that studied samples
have been formed by two junctions in series: a point normal tip -polycrystalline su-
perconductor contact and a Josephson-like device between two grains inside the su-
perconductor. Charge transport in the latter part includes multiple Andreev scattering
processes between superconducting electrodes which manifest themselves in the so-
called “subharmonic gap structure” with V-*2behavior at small voltage biases.

Our results provide an important step towards better understanding and engi-
neering of the charge and energy transport across superconducting multilayers using
as a building block for superconducting electronics devices.

The study was carried out within the Fundamental Research Programme funded
by the Ministry of Education and Science of Ukraine, Project No. 0120U102059.
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3 BIAKPUTTSAM LUIMX KJIACIB HOBUX HAJAMPOBIIHUKIB, HANPHUKIIAJ MHIKTHIB,
BUHUKJIA 3aJ]la4a BUZHAUYCHHS MPUPOJN HAAMPOBITHOCTI Y IIUX CIOJIyKax. 3HAYHO PO-
3MIUPUTH PO3YMIHHS HAJMPOBITHUX MPOIIECIB, 110 BUHUKAIOTh y IIUX CIOJyKaX, J0-
3BOJISIFOTh TEMITEPATYPHI 3aJISKHOCTI KOMIUIEKCHOT mpoBinHocti o(T)=o1+joz. Po3-
MIpH MOHOKPHUCTAJIIYHUX HAJIPOBIIHUKIB piiko nepeBuinye 1mMm. ExcriepumenTanb-
HE JOCJIIJPKCHHSI KOMIUIEKCHOI MPOBITHOCTI TAKUX HEBEIMKHUX 00’ EKTIB € CKJIATHOIO
HAyKOBO-TEXHIYHOIO 33a7aueio. B poOOTi po3risgaeThcs METOIMKA BU3HAYEHHS KOM-
IJICKCHOT MPOBIIHOCTI 32 JIOTIOMOT'0I0 METOTY, 10 6a3yEThCSl HA BUKOPUCTaHH1 BUCO-
KO TOOPOTHOI0 KOAKCiaJIbHOT'O PEe30HATOpa, Y MIKPOXBUIIBOBE IOJE SKOTO BHECEHO
HAJIPOBITHUN MOHOKpHUCTaI. 31 3MIHU TeMIEpaTypHUX 3alIeKHOCTEN 100poTHOCTI Q

Ta pGSOHaHCHOI yacToTu F Takoro kKoMOIHOBaHOI'O PE30HATOpPpa MOXHA BU3HAYUTH
1

QTy)

1 2r .
o) Ta AX = ZA(D’ ne I' — reomerpuuHuii dakTop, w — pe30HAHCHA YacToTa. 3

noBepxHeBuil imnenanc AZg = AR + AjXs 3a nonomororo BupasiB AR = I'(

wp ,0 . .
BUKOPUCTaHHSIM BUpa3y Zg = P (i + j) y HabnmxkeHl 01<<0p MOXKHa OTpUMa-

TH TeMIIEPaTypHY 3aJCKHICTh MPOBiAHOCTI. J{JI1 oTprMaHHS TOOPOTHOCTI Ta pe30Ha-
HCHOI 9acCTOTH pe30HaTopa OyJI0 MPOBEICHO aHajl3 aMILIITYHO-4aCTOTHOI XapaKTe-
PUCTHKU KOMIUIEKCHOTO KoedilieHTa BIAOUTTS S11 MeToaoM aHamizy rpadika [Imiz-
ta [1] pe3oHaTOpy 3 HAANPOBITHUM 3pa3koM. BuMiproBaHHS IMIICIaHCY MLTIMETPO-
BUX 3pa3KiB BUMarae 3aCTOCYBaHHS e€JIeKTpOMardiTHuX nouis 3 yactoramu >300 [T,
3 JIOBKMHOIO XBUJII MEHIIIE HIK 1X po3Mipu. [IpuBeseHa Metoanka, 3 BUKOPUCTAHHIM
BHUCOKO JIOOPOTHOTO KOAKCIaIbHOTO PE30HATOPY 31 3pa3KoM, [0 3HAXOIUTHCS Y My4-
HOCT1 MIKPOXBHJIBOBOTO TIOJIS, TO3BOJISIE OTPUMYBATH 3aJICKHOCTI 3MIHH IMIIEJIAHCY
MOHOKPHCTAJIIB MUTIMETPOBUX po3MipiB Ha yactoTax ~10I T,

Po6ora Gyna nmpoBenena B pamkax BukoHaHHs mpoekty 2020.02 / 0408, o ¢inaHcy-
eThcsi HarionanbarM OHIOM AOCTIKEHDb YKPATHH.

1. D. Kajfez, "Q Factor Measurements, Analog and Digital,”" Oxford, 1999
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JlocniaKeHO TPaHCIOPTHI 1 CHEKTPOCKOMIYHI XapaKTEPUCTUKU KOMIIO3UTIB Haj-
npoBinHuk MgB; - manranit Lag7CagsMnO3z (LCMO). OcoOMuBICTIO KOMITO3UTY €
Te, o MgB> 11e mopomiok 3 po3mipamu rpanyn 1-5 pm, a LCMO — HaHOmOpoIIok 3
po3mipom gactuHOK 10-30 nm. B mporieci BUTOTOBIICHHS 3pa3KiB HAHOYACTUHKH Ma-
HTaHITY 00ropTaloTh MikpoyacTUHKH MgB» 1 Bxke npu 00’ eMHO1 KoHIIeHTpaii ~ 20%
PO3pUBAIOTh NMEPKONAIMHNN KinacTep st MgBo. 1le no3Bossie, 3MIHIOIOYN KOHIIEHT-
paito LCMO oTrpumaTii KOMMIO3UT 00’€MHI TPAHCIOPTHI XapaKTEPUCTHKU SKOTO
0OyMOBJIEHI TIPOXO/DKEHHSIM CTpyMy 1Mo JaHmoxkam —LCMO-MgB,—-LCMO-
MgB.— . 3aBasku edexty Omm3bkocTi ManTaHiT LCMO nepexoauTs y HaAIpOBIAHUN
CTaH 3 TPUILJIETHOIO CUMETPIEI0 MapaMeTpy MOPSAIKY 1 HAAMPOBITHOK HIUTUHOIO Ay
[1]. Takox y HAaHOKOMIIO3UTI MOXYTh C(HOpMYBaTHCS YMOBHU, KOJIHM AHIPIiBCHKUIMA
3B’SI3aHUN CTaH EJICKTPOH-JIpKa TPaHCHOPMYEThCS y crieludidHe TOmooriuHe 30y-
JoKeHHs 3 eHepriero depMi - Tak 3BaHul pepmioHn Maitopana. B pesynbprarti pu Ha-
npyrax eV < Ay ckpi3b AHIPIiBCHKUN KOHTakT 3 ¢epmioHoM MaiiopaHa MOXYTb
IIPOXOJAUTH HOCII 3apsAny TUIbKU 3 eHepriero depmi. s HOCIB 3apsay 3 OLIBIIOIO
EHEpri€cl0  Mpolec  NPOXO/DKEHHS  MOXIJIMBO  TUIBKHM 3 BHUIIPOMIHIOBaH-
HsAM/NOTIMHAHHAM (DOHOHIB, €V = 2Ay + nhQpn. Lle BimoOpaxaerbes y NpoBITHOCTI
KOHTAKTy BIAMOBITHUMH OCOOJHMBOCTSAMHU [2]. B po00OTi MeTOjlaMH KOHTAKTHOI CITeK-
TPOCKOITii BUBYAIHUCS XapaKTEPUCTUKU MPOBIIHOCTI KOHTAKTY KOMIIO3UTY 3 HOpMa-
apHUM MeTajoMm MgB»:(20%)LCMO - Ag. IIpu eV = 0 B IpoBiTHOCTI KOHTAKTY CIIO-
cTepiraBcs MiK, a B 00JacTi eHeprid HaampoBiaHOI miTuHU eV < 2Ay MPOSIBISUIUCH
OCOOJIMBOCTI, HASIBHICTh SIKUX, 3 HAHOUIBIIIOK BIPOTITHICTIO, € TPOSBOM HASBHOCTI
dbepmioniB Maiiopana y HAHOKOMITO3HTI.

Po6ora minrpumana L{imeoBoI0 mporpamoro ¢pyHIaMeHTanbHuX gochimkerr HAH
VYkpainn «llepcnextuBHI QyHIaMeHTaIbHI JOCTIHKEHHS Ta 1HHOBAIIHHI PO3POOKU
HaHOMAaTepialliB 1 HAHOTEXHOJIOTIN JUIsl TOTPEO MPOMHUCIOBOCTI, OXOPOHH 3/I0POB’S Ta
citbcbKoro rocmoaapcTBay (poekt Nel7/21-H).

1. V.N. Krivoruchko and V.Yu. Tarenkov, Phys. Rev. B 86, 104502 (2012).
DOI:10.1103/PhysRevB.86.104502.

2. N. Dai and Q.-F. Sun, Phys. Rev. B 99, 085436 (2019). DOI:10.1103/PhysRevB.99.085436.
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Ferrites of such 3d metals as nickel, cobalt, zinc are widely used in modern technolo-
gies. In particular, Ni - Zn ferrites are widely used as photocatalysts, in electrical devices,
microwave devices, chemical sensors [1]. These materials are popular due to their high re-
sistivity, high Curie temperature, low current loss, etc. On the other hand, cobalt ferrite is a
well-known hard magnetic material with high coercive force and moderate saturation mag-
netization. These properties, along with their high physical and chemical stability, make
CoFe204 nanoparticles suitable for magnetic recording applications such as audio and video
recordings, high-density digital discs, photocatalysts. When nickel or zinc is incorporated
into the CoFe204 lattices; it can occupy both octahedral and tetrahedral sites. As a result, the
distribution of these cations over the sublattices has a significant effect on the magnetic and
photocatalytic properties [2, 3].

In addition, the binary and ternary compositions of ferrites of several metals showed
improved magnetic characteristics compared to the individual components. A variety of fer-
rite production technologies are currently in use. The use of hydrophase chemical synthesis
methods is the basis for obtaining ferrites with a given set of properties. The aim of this
work is to study the effect of the composition of ferrites on their properties.

The crystal microstructure of the samples was elucidated using X-ray and X-ray dif-
fraction methods. Structural characteristics were determined using X-ray phase and X-ray
structural analysis. The magnetic characteristics were determined from the hysteresis loops.
EPR spectra were obtained using a Radiopan SE / X-2543 radio spectrometer. To character-
ize the EPR signals, the signal intensity and signal width, resonance frequency were used.
Composition-property diagrams for Co-Mn-Zn ferrites were performed using the simplex
method using the STATISTICA 12 program.

It has been found that it is the arrangement of cations along the sublattices and the
nature of the bivalent cation that directly determines the magnetic and photocatalytic behav-
ior of spinel ferrites. The highest degree of destruction of 4-nitrophenol was observed for
nickel-cobalt ferrites, which is associated with redox potentials. The effect of the mutual in-
fluence of the content of various cations on the saturation magnetization and coercive force
has been determined. The most influencing factor is the content of cobalt cations. Low val-
ues of coercive force for Ni-Zn and Co-Zn ferrites and high values for the whole series of
Co-Ni ferrites are established. An increase in the content of cobalt cations leads to an in-
crease in the saturation magnetization for Co-Ni ferrites. The saturation magnetization val-
ues are consistent with the values of the magnetic moments of the cations.

1. K. Pubby, S. B. Narang Influence of grain size and porosity on X-band properties of Mn-Zr sub-
stituted Ni-Co ferrites. Materials Letters, 244, 2019, 186-191.

2. J. S. Ghodake, T. J Shinde, R. P., Patil, S. B. Patil, S. S. Suryavanshi, Initial permeability of Zn—
Ni—Co ferrite. Journal of Magnetism and Magnetic Materials, 378, 2015,436-439.

3. K.Thanigai Arul, E. Manikandan, R. Ladchumananandasivam, M.Maaza, (). Novel polyvinyl
alcohol polymer based nanostructure with ferrites co-doped with nickel and cobalt ions for magne-
to-sensor application. Polymer International, 65(12), 2016, 1482-1485.
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HEJITHIAHI XAPAKTEPUCTUKH MoRe PE3OHATOPA
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OnuuMu 3 HaWOLIBIT po3nOBCIOKeHUX enemenTiB HBY npuctpoiB € pe3ona-
topu. OCHOBHA YacCTHHA BTPAT €HEPTii B MIKPOCMY)KKOBHX PE30HATOpaX Bi0yBa€Th-
Csl Y CTPYMOHECYYHX METAJICBUX MOBEPXHAX. SMCHITUTHU JIaHUW BUJ BTPAT MOXHA 3a
paxyHOK BUKOPUCTaHHS HAJANPOBITHUX MaTepiajiB Ha 3aMiHy TPAAUIIIHO BUKOPHC-
TOBYBaHUM HOpMaJIbHUM MeTanaMm. [Ipu BHOOpI HAANPOBIIHOTO MaTepiayly CIIiJ
BpPaxOBYBaTH TaKi XapaKTCPUCTHUKH, K 3HAYCHHS TEMIICPATypH MEPEX0y B HAIIIPO-
BITHUM CTaH [¢, MUTOMUMN OMIp MaTepialy B HOPMAJILHOMY CTaHI1 pn, IO 3T1IHO TEOpii
BKIII moB’s13aH1 3 BEIUYUHOIO TTOBEpXHEBOTO onopy Rs. /[ cTabuibHOCTI mapameT-
PiB pe30HATOPY, HANIPHUKJIIA] JJIT BUKOPUCTAHb Y METPOJIOT1I, CTIUKICTh MaTepiaiay 10
30BHIIIHBOTO BIUIMBY arMoc(hepu Ta IHIIWX YMHHHKIB AyXe BaxumBa. OgHUM 3
takux matepiaiiB € cruiaB MoRe (Mo(52%)-Re(48%)), o Mae BUCOKY CTIHKICTh 10
OKHUCJICHHSI, Ta TMPU LIbOMY BUCOKE 3HaueHHS [.=9K 1 HM3bKE 3HAUYEHHS pn. B naHiii
po0OOTI TpencTaBiIeH] pPe3yAbTaTH MIKPOXBUIBOBHUX JOCTIIKEHb HAAMPOBIIIHOTO
MIKPOCMY>KKOBOTO pPe30HATOpa, KUK OyJI0 BUTOTOBJICHOTO 3 TOHKHMX IUTIBOK MORe,
IPUYOMY TOBIIMHA IUTIBKM MIKPOCMYXKKH jopiBHIoBaia 100 HM, a IUIBKH
«3emissHoi» 1iomuHn 300 HM. OCHOBHUM OOMEXYHOUHUM (DAKTOPOM IPU BUKOPHC-
TaHHI HAAMPOBIIHUX PE30HATOPIB € BEIMYHMHA IMOTYKHOCTI BX1JTHOTO CUTHAIY, SIKUM
MOKE TMPONMYCTUTH uepe3 cede pe3oHaTop 0e3 BHHUKHEHHS TapMOHIYHHUX CIIOTBO-
penb. Tomy po0OoTa mpuCBsiYEHA JOCIIHKEHHIO aMIUTITYy/THO-4YaCTOTHUX XapaKTepHC-
TUK BHECEHUX BTPAT PE30HATOpPA Y Jlialla30H1 BXITHUX MOTYKHOCTEH Bix 23,8 nbm mo
-16,7 nbm. BusBneHo, 1m0 30UIBIICHHS TOTYKHOCTI BX1IHOTO CUTHAJTy MPU3BOIUTH
710 3CyBYy YacTOTH Ta CIIOTBOPEHHS (JOPMU PE30HAHCHOI KpUBOi. AHANI3 pE3ynbTaTiB
BUMIpIB TIOKa3aB HASIBHICTh JBOX JUISHOK CJIa0KOi (MPOTOPIIHHOT TOBHOMY CTPYMY
la B pesonaropi) Ta cunbHOi (~ 15%) HeMiHIMHOCTEN Ha 3aIEKHOCTIX 3MiH HOBEPXHE-
BOTO 0o1opy ARs Ta peaktaHcyAXs. OCKIIbKHA OJTHOYACHO CTIOCTEPIraJoch OIHM3bKE 10
OJIMHUII 3HaueHHs mapameTpy =AXdARs, To TUISHKH 31 CIaOKO¥O HEMIHIHHICTIO
MO>KHA TIOB’513aTH 3 POHUKHEHHSIM MArHITHOTO TIOTOKY Y CIaOKi 3B’SI3KH, a TUISTHKA
3 CHWJIBHOIO HENIHIWHICTIO — TOJMAJbIIMM pPO3IrpiBOM IWUX CIa0KUX 3B S3KIB.
CtpyktypHi gochimkendass MoRe mmiBok, mo Oyiau MpoBeAeHI 3 BUKOPHCTAHHIM
€JIEKTPOHHOI MPOCBIUYIOUOi MIKPOCKOMIi, MIATBEPAWIN HASIBHICTh 3EPHUCTOT
CTPYKTYpHU LIMX MaTepiaiB.

Po6oTy BHKOHAaHO B paMKax TeMHU «3aCTOCYBaHHS pajialliiHUX TEXHOJOTIH
JUIsL CTBOPEHHSI HOBITHIX BUCOKOE(EKTHBHUX MaTepiaiiB HaamnposinHukoBoi HBY
€JIEKTPOHIKH.
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UNCONVENTIONAL SUPERCONDUCTIVITY OF SUPERCONDUCTOR —
HALF-METALLIC MANGANITE NANOSTRUCTURES:
FROM SPINTRONICS TO MAJORANA-LIKE QUASIPARTICLES

Krivoruchko V.N.

Donetsk Institute for Physics and Technology, NAS of Ukraine, Kyiv, Ukraine,
E-mail: krivoruc@gmail.com

Superconductive spintronics is among the most attractive subjects of spin-
electronics. However, superconductors realizing spin-triplet p-wave pairing are not
common in nature; Sr,RuQ4 being the only such candidate, so far. That is why artifi-
cial materials demonstrating equal-spin triplet superconductivity have attracted spe-
cial interest as functional materials for superconductive spintronics. Today, this inter-
est notably increases due to their fundamental attractiveness as promising materials
where topological superconducting phase with specific quasiparticle excitations can
be realized, and these nanostructures may yield novel technological application, as
well.

In this report, we present the results of experimental and theoretical investiga-
tions of artificial materials on the base of half-metallic manganites — singlet s- or d-
wave superconductors nanostructures, performed in DonPhTI NAN Ukraine. The ex-
perimental data obtained give conclusive evidence of long-range superconducting
proximity effect and can be qualitatively and quantitatively understood within the
scenario of p-wave spin-triplet superconductivity induced in these nanostructures due
to the proximity effect [1-7]. The experimental evidence supporting theoretical rea-
soning that the superconductor—half-metallic manganites nanostructures can be prom-
ising artificial materials with topologically nontrivial superconductivity is also pro-
duced.

The work is partly supported by the NAS of Ukraine targeted fundamental re-
search program “Promising basic research and innovative development of nano-
materials and nanotechnologies for industry, health and agriculture” (Project No.
17/21-H).

1. V.N. Krivoruchko and V.Yu. Tarenkov, Phys. Rev. B, 75: 214508 (2007).
DOI:10.1103/PhysRevB.75.214508.

2. V.N. Krivoruchko and V.Yu. Tarenkov, Phys. Rev. B, 78: 054522 (2008).
DOI:10.1103/PhysRevB.78.054522.

3. V.N. Krivoruchko and V.Yu. Tarenkov, Phys. Rev. B, 86: 104502 (2012).
DOI:10.1103/PhysRevB.86.104502.

4. V.N. Krivoruchko, A.I. Dyachenko, and V.Y. Tarenkov, Low Temp. Phys., 39: 211 (2013).
https://doi.org/10.1063/1.4795172.

5. V.N. Krivoruchko, A.I. D’yachenko, and V.Yu. Tarenkov, Low Temp. Phys., 40: 1147 (2014).
6. V.N. Krivoruchko and V.Yu. Tarenkov, Low. Temp. Phys., 45: 476 (2019).
https://doi.org/10.1063/1.5097355.

7. A. 1. D’yachenko, V. Yu. Tarenkov, and V. N. Krivoruchko, Low. Temp. Phys. 45: 1156 (2019).
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Cy4acHUM Ta TMEPCICKTHBHUM HAINPSMKOM EJCKTPOHIKH € HaJIPOBITHUKOBI
KBAaHTOB1 CTPYKTYpPH, Ha OCHOBI SIKHX MOJKJIMBA MOOY0Ba IIBHJKOI JIOTIKH Ta KBaH-
TOBUX OOYMCITIOBAIBHUX CUCTEM, MPOAYKTHUBHICTH SKMX 3HAYHO TEPEBHINYE Cy4dacHi
KOMIT I0TepH. Pi3HUI €Heprii MKk KBaHTOBUMH DPIBHSAMU TAaKUX MPHUCTPOIB JyXkKe
mana. ToMy HaBITh HEBEJMKI TEIUIOB1 30yIKEHHS JIETKO PYHHYIOTH 11l cucteMu. Ls
OCOOJIMBICTb, OKpIM 3aCTOCYBaHHS T'PAaHMYHO HHU3BKHUX TeMmriepatyp (MOPSIKY
~10 MK), BuMarae Takox TemmeparypHOi pO3B’SI3KM 30BHIIIHIX BUMIPIOBAIBHUX
NPWIAIiB, 0 3HAXOAATHCS NMPU KIMHATHIN TeMmreparypi, 3 HHU3bKOTEMIIEPATYPHOIO
KBaHTOBOIO CHCTEMOI0. {15 Takoi po3B’sI3KM BUKOPUCTOBYIOTh KPUOTEHHI ITiJICHITIO-
Baui. KpioreHHwmii mijicuiIroBay, KpiM TeMIepaTypHOi po3B’sI3KH, TIOBUHEH TaKOXK ITiJI-
CUJIIOBATH CJa0Ki CUTHAJIM, MaTU BUCOKIM BXIJIHUM OTIp Ta He3HAYHE BUIALUICHHS TETl-
70Boi MOTykHOCTI. Cy4acHlI MIKpPOCXEMH MaloTh TpaHUYHY TeMIepaTtypy poOOTH
-50°C, sxa HegocTaTHs JUIs MOOYA0BH KPIOTEHHHUX MiACUIIOBadiB. TOMY y SIKOCTI OC-
HOBHOT'O €JIEMEHTY KPHOTE€HHOTO IiICUII0Ba4a BUKOPUCTOBYIOTh TpaH3ucTOpH. Bis-
CYTHICTh XapaKTEPUCTUK TPAH3UCTOPIB 3 MATUMU CTPyMaMU 3CYyBY MPU KPUOTEHHUX
TEMIIepaTypax HE JalTh MOXJIMBOCTI CTBOPIOBATH MIJACHIIOBAYl 3 ONTHMAJIbHUMH
napamerpaMu. B po6oTi pO3TIIIHYTO TPH THIHM TPAH3UCTOPIB - OJIUH 3BUYANHUHN Kpe-
muieBuii, Ta 7182 HEMT (High Electron Mobily Transistor) tpan3ucropu i3 06actio
JIBOBUMIPHOTO eneKTpoHHOro ra3y (2DEG), 1o Mae BUCOKY pyXJIUBICTh €JIEKTPOHIB.
[IpoBeneHo MOPIBHSHHA BXIAHUX Ta BUXITHUX BOJBT-AaMIEPHUX XapPaKTEPUCTHK
(BAX) tpan3uctopiB npu kiMHaTHUX Ta Kpiorenaux (77K) Temneparypax, 3 MaaumMu
BXiTHUMH cUTHaaMu nopsaky 0,1-+1,0 MKA, Ta BU3Ha4eHO KOeQIli€HTH MiICHUIICH-
HS 32 CTpyMOM h,qg. [loka3zaHo mamiHHS TiACWICHHS 31 3MIHOIO TEMIIEpaTypu Bin
h,15(300K) =330 m0 hy,15(77K) =0,6 3Buuaiinoro tpansuctop BC-547 npn-tumy.
Hns HEMT Ttpansuctopy npn-tuny BF-640, oTpumani 3Ha4YeHHS MiICHUICHHS
h,15(300K)=400, ta h,,5(77K) = 100. Bxigauii omip 36insmuscs 3 350 Om 1o 420
Owm. [Ins Tpetsoro tpanzuctopy npn-tumy - HEMT BFP-760 orpumano mincuineHHs
h,1£(300K) = 500 Ta h,;5(77K) = 707. Bxiguuii omip Tako) 30UIBIIUBCS Bil
1000 Om nmo 1400 Om. 3 BuMipssaux BAX TpaH3WCTOpIB BU3HAYEHO pOOOYl TOUKU
U1 TIOOY/OBH KPHOTEHHUX TMiacuiroBadiB. OTXe, 3 JTOCIIIPKEHHX TPaH3UCTOPIB
HEMT tpansuctop BFP-760 € HaitOimbI1 MepCceKTUBHUM JJIsl BUKOPUCTAHHS HOTO B
SIKOCT1 0a30BOT0 €JIEMEHTY KPUOT€HHOT0 mijcuitoBayda. [{s poborta Oyna npoBeneHa B
paMkax BukoHaHHs mpoekTy Ne 0121U110046, mo ¢inancyetbest MiHicTEpCTBOM
ocBiTH 1 Hayku Ykpainu Ta npoekty SPS G5796 pamkax Ilporpamu «Hayka 3apamm
mupy Ta o6esmexn» (SPS) HATO.
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Discovering the high-temperature superconductivity triggered intensive research
and fundamentally altered the basic knowledge of metallic materials at low tempera-
tures. However, even today, after 35 years of comprehensive scientific activities, un-
derstanding the superconducting mechanism of complex conducting compounds re-
mains an extremely important challenge._Notably, material complexity makes theo-
retical modeling difficult, rich physical phenomena do not allow us to distinguish
main causes from side ones, and insufficient theoretical methods leave theoretical
calculations doubtable. Moreover, the major challenge remains the lack of successful-
ly realistic guiding principles to search for new high-T. superconductors.

In our opinion, we should look for them by studying more simple metallic sys-
tems, in particular, molybdenum-based compounds where alloying can stabilize a rel-
atively high-T. phase and therefore to create novel superconducting materials. The
most direct evidence for the complex electronic structure of a superconductor is the
measurement of its energy gaps by junction techniques, tunneling, and point-contact
spectroscopies. In this talk, we present and compare our experimental data proving
the two-band/two-gap nature of the Mo-Re compounds and propose to apply com-
plementary measurements of current fluctuations to refine the data obtained from the
differential conductance spectra. We have developed a unified approach to interpret-
ing findings of the two methodologies, which have been applied to molybdenum-
rhenium alloys with predominant and nearly equal Mo content. The second band was
shown to entail an additional peak or shoulder in the measured conductance spectra,
which can be described by the sum of two weighted single-band curves. Though the
model includes seven independent fit parameters, namely, two energy gaps, two bar-
rier scattering strengths, two Dynes parameters for each band, and the contribution of
an individual band to the total output characteristic, the values obtained for the two
gaps are reliable enough. The study performed may provide clues as to which options
will lead to the discovery of new metal compounds with higher T¢’s.

This work was carried out within the framework of the project 2020.02/0408
funded by the National Research Foundation of Ukraine.
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TRANSPORT CHARACTERISTICS OF SUPERCONDUCTING
MORE-SI(W)-MORE JUNCTIONS UNDER MICROWAVE IRRADIATION
V.E.Shaternik, A.P.Shapovalov, A.Yu. Suvorov
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The method of forming the studied MoRe-Si(W)-MoRe
heterostructures with hybrid barriers was implemented
on a complex of vacuum equipment based on two vacu- 03

um universal posts VUP-5M (produced by SELMI, the S i

former Sumy Electron Microscopes Plant, Sumy). For E -

the deposition of MoRe films by the magnetron meth- o ’

od, a molybdenum-rhenium target was made from a foil H ™Sp,

0.5 mm thick, which had a composition of 48% Re and __:'\\‘;;’3

52% Mo. For the deposition of a silicon layer with tung- P

sten nanoclusters, a complex target was used, which K 12 A 13
consists of a single-crystal silicon wafer and tungsten Fig. 1. I- \V characteristics of the

wires located on it; details of the method for creating
heterostructures are given in [1, 2]. The forma-tion of W
nanoclusters with a size of about 15x50x50nm? inside a
silicon layer with a thickness of about 15 nm and their
large size distribution is confirmed by the results of ex-
perimental studies of a model Si (W) layer of greater

MoRe-Si (W) -MoRe heterostructure
with an nw content of ~ 9 at% and a
barrier thickness of 15 nm, which is
exposed to microwave radiation with a
frequency of 18 GHz at various power
levels, curves (1) - (5), respectively, P1
<P, <.... <Ps. To avoid a match curves
(21)-(5) are shifted a little.

thickness using an electron transmission microscope [1],
as well as the results of experimental studies of Si (W) layer using an atomic force microscope
[2] in the contactless mode.

The experimentally measured | — V characteristics of Josephson junctions MoRe-Si (W) -
MoRe in the presence of external microwave irradiation with a frequency of 18 GHz are shown
in Fig. 1; accordingly, the irradiation power here is P; <P <.... <Ps.

It was found that with an increase in the power of the applied external microwave radiation
on the |-V characteristics of the MoRe-Si(W)-MoRe junctions, characteristic tilted current steps
appear, indicating the appearance of phase-slip centers of the superconducting order parameter
in the junctions under study. The estimates made within the framework of the Tikhonov-
Feigelman theoretical model indicate that in the studied junctions during charge transport, a
nonequilibrium occupation of Andreev energy levels in W clusters occurs, as a result of which
the admittance of these junctions (response to microwave radiation) changes with a change in
the frequency of external electromagnetic microwave radiation in such a way thus, the observed
experimental dependence ln/lmo(V?6/V?emax) changes from the dependence Im/Imo(V26/V26max)

~consta at 11 GHz to a dependence with a maximum at 18 GHz.

The work was performed within the framework of the topics ‘Quantum transport in hybrid
superconducting nanostructures and ion-plasma condensates and their electromagnetic proper-
ties’

1. V. E. Shaternik, A.P. Shapovalov, T.A. Prikhna, O.Y. Suvorov, M.A. Skorik, V.l. Bond-
archuk,V.E.  Moshchil, IEEE Trans. on Appl. Supercond. 27: 1 (2016).
DOI: 10.1109/TASC.2016.2636255

2. V. E. Shaternik, A. P. Shapovalov and O. Yu. Suvorov, Low Temp. Phys., 43, Ne 7:
(2017). DOI: https://doi.org/10.1063/1.4995640
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TRANSPORT PROPERTIES OF SUPERCONDUCTING
MAGNESIUM DIBORIDE SAMPLES

A.V. Shaternik?, T.A. Prikhna!, M. Eisterer?, V.V. Kovylaev, V.E. Shaternik*®
V. Bakul Institute for Superhard Materials, K |_v,Ui<ra|ne )
2 Atominstitut Vienna University of Technology, Vienna, Austria
3 Institute for Problems of Materials Sciences, Kyiv, Ukraine
4 G.V.Kurdyumov |nstitute for Metal Physics, Kyiv, Ukraine
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Electrical products from superconducting MgB:
can be fabricated using relatively cheap and widely
used synthesis technologies. In superconducting
products synthesized on the basis of high-temperature
cuprate superconductors, the factor limiting the criti-
cal superconducting current density in them is the
barriers that form at the grain boundaries; magnesium
diboride is free from this drawback. The features of
the implementation of pinning in the fabricated sam-
ples of magnesium diboride are discussed in this re-
port. Thin films of magnesium diboride MgB. were
deposited on sapphire substrates with a size of
8x8x0.2 mm? and orientation (0001) in an Ar atmos-
phere at a pressure of about 1 Pa by magnetron sput-
tering of magnesium diboride MgB: targets. Samples
of superconducting materials based on MgB. were
obtained by synthesis at high pressures and tempera-
tures (2 GPa, 600-1050°C) from a stoichiometric
mixture of magnesium and boron powders with the
addition of alloying additives in an amount of 10
wt%. The superconducting characteristics of the sam-
ples under study are shown in Fig.1.To analyze the
peculiarities of the pinning of Abrikosov vortices in
the samples under study, we plotted the dependence
of the pinning force on the applied magnetic field and
analyzed them within the framework of the Dew-
Hughes model [1]. In the considered case of thin
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Fig. 1. Dependences of the critical cur-
rent density, jc, on the magnetic field B
for thin films (a) , bulk samples (b).

MgB: films, the grain size in them is commensurate with the thickness of the investigated
film; as a result, the grain boundaries cross the film through and through, which ensures ef-
ficient pinning of Abrikosov vortices at these grain boundaries and, accordingly, a relatively
high value of the density of the superconducting critical current in these films. In the case of
massive samples with the same grain sizes, the grain boundaries often do not cross the sam-
ple through and through, as a result of which the vortices can more easily be depinned from
such grain boundaries due to their high elasticity and tendency to stretch, to form loops and,
as a result, depinning. This behavior of vortices makes it possible to qualitatively explain
the fact that, with approximately the same microstructure, the investigated superconducting
thin films of MgB: have a relatively large pinning force of Abrikosov vortices and, as a re-
sult, an order of magnitude larger Jc than the bulk samples under study.

1. D. Dew-Hughes, Philos. Mag. B, 55: 459 (1987).



-28-
COMPARATIVE ANALYSIS OF THE TEMPERATURE DEPENDENCE OF
RESISTIVITY, EXCESS CONDUCTIVITY, PSEUDOGAP AND THERMOE-
LECTRIC POWER IN YBa2Cus07-s POLYCRYSTALS.

Solovjov A. L., Stepanov V. B., Kolesnichenko Yu. A.

B. Verkin Institute for Low Temperature Physics and Engineering of NAS
of Ukraine, 47 Nauky Ave., Kharkov, 61103, Ukraine
“Ten.: +38 057 341 0930 E-mail:solovjov@ilt.kharkov.ua

A correct understanding of the superconducting (SC) pairing mechanism is
very important for the search for new compounds that could be superconducting at
room temperature. The use of such compounds in industry could significantly reduce
energy consumption. A correct understanding of thermoelectric power (TEP) S(T) in
high-T. superconductors (HTSCs) may shed more light on the SC pairing mecha-
nism. But surprisingly, after 35 years since the HTSCs discovery, there is still no
consensus on the mechanism that governs the thermoelectric power in these com-
pounds. To clarify the issue, a comparative analysis of the temperature dependence of
resistivity p(T), excess conductivity c'(T), pseudogap (PG) A*(T), and S(T), meas-
ured on textured YBa,Cus07.; (YBCO) polycrystals with different charge carrier den-
sity n;, depending on the level of doping with oxygen, modified by annealing, has
been carried out. In total three samples were studied: optimally doped (OD) S1 (T,
=90 K), S2 (T =84 K) and S3 (T =80 K). An increase in p(T) as well as some fea-
tures revealed on o'(T) and A*(T) indicated an increase in defects in the samples in
the course of annealing. Interestingly, no much additional information can be ob-
tained from these results. But the S(T), which was analyzed in two stages, did it. At
the first stage, the TEP was analyzed within the framework of ‘Two band model with
modified linear T-term’ widely spread in the literature [1]. It was shown that the
model describes S(T) well but only above the PG opening temperature T*>>T,, at
which S(T) sharply changes its slope. The result seems reasonable, since at T<T* the
Fermi surface is rearranged. Ultimately, it was shown that in strongly correlated elec-
tron systems, such as HTSCs, TEP is of electronic origin: S/T~(Ce/T)(1/n«), where
C. Is the electronic specific heat and e is the charge of the electron [2]. In Ref. [2] it
was shown that there are three regimes of S/T vs log T dependence in HTSCs when
the normalized charge carrier density p passes through the quantum critical point
(QCP) p*. In accordance with [2] S1 (p=p*) exhibits a perfect, almost flat log (1/T)
dependence from ~ 280 K down to T¢. For S2 (p<p*) S/T is nonlinear at high T, but
becomes logarithmically divergent below T*. For S3 (p<p*) S/T is nonlinear in the
whole temperature range of interest and undergoes a large increase at low tempera-
ture. Thus, our TEP measurements revealed three different regimes of quantum criti-
cality, which suggests that p* is a QCP, below which some order sets in, causing the

reconstruction of the Fermi surface [2].

1. E. Altin , D. M. Gokhfeld, F. Kurt and Z. D. Yakinci, J Mater Sci: Mater Electron 24, 5075
(2013). DOI: 10.1007/s10854-013-1526-2

2. R. Daou, O. Cyr-Choinicre, F. Laliberté, et al., Phys. Rev. B 79, 180505(R) (2009) (in English).
DOI: 10.1103/PhysRevB.79.180505
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B naniii poboTi 3anmporoHoBaHa HEJIHIMHA KBAHTOBOMEXAHIYHA Teopis ePeKTy
OJIU3BKOCTI B T1IOpUAHIN CTPYKTYpl «(hepomMartHiTHUi Metai—HaanpoBinHuk» (GMM-
HIT). B HynpoBoMY HaOvKkeHHI €pEeKTHBHOTO caMOy3ropkeHoro mojist [1] orpumano
BUpa3M I PE30HAHCHUX YaCTOT, CIIOHTAHHOI 1 1HayKoBaHOi mimH HIT 1 ®MM sk
¢Gynkuii mposzopocti 6ap’epy (I1b) I' 1 BennuuH 0OMiIHHOI (PepOMarHiTHOI B3a€EMOAILT
J(0) enexTpoHiB B MeTai.

Ha pucynky npencraBieHo 3al1eXHICTh 1HAYKOBaHOI B @MM mrimuaun A, mpu

temrepatypi T = 0 K 3 koHCTaHTOO eneKTpoH-(poHOHHOT B3aemoii 4, =0.175 1 yac-
: 2 :

totoro [lebas @, = 423 K Bin I1b I =‘B‘ Ps s pisaux 3nauens J(0), ne py ¢ - Ty-

CTHHA eJeKTpOoHHUX cTaHiB MM i

HIT na piBai ®@epmi, BIAIOBITHO, B‘-

FMM-Sn 1
3r / 2 y MOJYJIb  TYHEJIBHOTO  MAaTPUYHOIO
3 enementy. [ns waanposimauka IIb

2 . .
'y =|B[ py = 0.2 K Bixnosinae cron-

& 02K TaHHIl mummHl A = 6.57 K. Ilpu I' =
1l N ] 0 K maemo A = 6.6 K juis HIT Sn. Ha
T=0K PUCYHKY HABEJICHO 3aJICKHOCTI HIUTH-
| | HU A, sk ¢yskuii BIT T's mis J(0)= 0
0 6 12 (xpuBa 1) 16 K (kpuBi 2 1 3 ipu 6 = 1,
I, K -1). Takum umHOM, 3i 3pocTanHsM [1b

IHIYKOBaHa IIIJJUHA CIIOYaTKy 3pOC-

Ta€, a MOTIM HACHYYEThCSI TIPU BUCOKMX 3HaueHHsX ['g. Lle o3Hauae, mo momambIie

3poctanfs 00’ emy HIT gwacTuamM Ti0puaHOT CTPYKTYpH BXKE C1aOKO BIUIMBAE HA €EeKT
O0mm3bpKOCTI. TakoX Ha MOYATKOBINM AUIsHIN 3pocTaHHs A, @M 0OMIH TpHUTHIYYE
HAJIPOBITHICTh, MPUYOMY IIITUHU JUIS CIIHIB 6 = 1 1 6 = -1 CyTT€BO BiAPI3HAIOTHCH,
1[0 MOB’SI3aHO 3 ACUMETPUYHUM OOMIHHHM 3CYBOM €HEPIeTHUYHHUX 30H €JIEKTPOHIB 3
BI/IMOBIIHUMU CITIHAMHU.

1. E.E. Zubov and E.S. Zhitlukhina, Effective field approach to transition-metal oxide systems:
Magnetism, transport and spectral properties (Vinnytsia: Vasyl’ Stus DonNU: 2019, ISBN 978-
966-949-157-2).



-30-

BOJHEBA EHEPI'ETUKA: ITPOBJIEMHU TA IEPCIIEKTUBU
dexTsapenko B.A., CasBakin [I.I'., bongapuyk B.I., llluBaniok B.M.,
IIpsako T.B., Cracwk O.0.

Inemumym memanogizuxu im. I'.B. Kyporomosa HAH Vxpainu, Kuis, Ykpaina
Ten.: +38 044 424 12 20 E-mail: Devova@i.ua

Temmnu nepexody BiJl TPATUIIMHUX JKEpET €Heprii 10 BOJAHEBOI €HEPIeTUKH Tallb-
MYIOThCSl poOIeMamMu, K1 OB’ s13aH1 3 0e3MeYHUM 30epiraHHsAIM Ta TPAHCIIOPTYBAaHHSIM BO-
JTHIO. 3/IaTHICTh BOJHIO B3a€EMOJIATH MPAKTUYHO 3 yCiMa MarepiajlaMHi paHillie BBakKallach
MPUKJIAJI0OM HETraTUBHOI'O BIUIMBY 30BHIIIHBOTO CEPEJOBHINA HAa MEXaHIYHI BJIACTHBOCTI
KOHCTPYKLIMHUX MaTtepiaiiB, U0 MPOSBISIIOCH B iX MepequyacHoMy pyiHyBaHHI. Lle ranb-
MyBaJIO po3po0Ky e(heKTUBHUX TEXHOJIOTTUHUX PIIIEHb B XIMIYHIM, €HEPreTUUHIA Ta 1HIINX
rays3sx, CIpsMOBaHMX Ha BUKOPUCTAHHS BOJHIO B SIKOCTI JDKepera eHeprii.

Bonens € eneMeHTOM, SKUH XapakTepHU3Ye€TbCs YHIKaJIbHUMHU (i3UKO-XIMIYHUMU
BJIACTHBOCTSIMH, 1 IO TOTO K, IMUPOKO PO3MOBCIOKCHUM Y CBiTi. Bo/ieHb, Marouu 31aTHICTh
70 WBHIKOT qudy3ii y TBepAUX Tijax 1 OyAy4yd aKTUBHHM MO BIAHOUIEHHIO JO OLIBIIOCTI
MaTepialliB Ta CHOJYK, SIK JIEryBaJbHUHN €JIEMEHT Ma€ YHIKalbHI BIIACTUBOCTI HE TUIBKH PO3-
YUHATUCS B KPUCTAIIYHUX IpaTkax Ta opMyBaTH HOBI (pa3u, aje 1 IpaKTUYHO MOBHICTIO
BHUBOJIUTHUCS 3 MaTepiajiiB MpU 3MiHI TEPMIYHHUX Ta OapuUYHUX yMOB. J[aHi 0COOIMBOCTI BO-
HIO TIOKJIQJICHO B OCHOBY 0araTtbOX TEXHOJIOT1H OOpOOKM MaTepiaiiB 3 METOI KEPOBAHOTO
BIUTMBY Ha iX CTPYKTYpPY, (pi3MUHI Ta MEXaHIYHI XapaKTEPUCTHUKH. 3IaTHICTh BOAHIO 10 00e-
pHEHO1 B3aeMoii 3 MaTepiajgamu (TOOTO, THMYACOBO HACHUYYBATH iX J0 MEBHUX KOHIIEHTpa-
i 1 MOTIM JIETKO BHXOAWTH) OyJI0 BHKOPHUCTAHO K Oa3uWcC MPU CTBOPEHHI MaTepialliB-
aKyMYJISITOPIB BOJHIO, IIUPOKO BIJOMHUMHU MPEICTABHUKAMU SIKUX € TBEP/l CIOIYKH — MeTa-
neBi rigpuan. Cepea iCHYIOUMX METOMAIB 30epiraHHs, Ha JaHWK 4dac 30epiraHHS BOJHIO Y
3B’SI3aHOMY CTaHi (MeTaJieBl TIAPHUAM) BBAKAETHCS HAMOUIBII TEepCHeKTUBHUN. OCKIIbKH
JTaHUW METO/I, y TIOPIBHSHHI 31 30€piraHHsIM y Ta30M01I0HOMY Ta PiIKOMY CTaHi, Ma€e HalOi-
JBITY KIJTBKICTh 3a11aca€MOT0 BOJHIO Ha OJMHUIII0 Macu KOHTEIHepa, a TaKoX € Haiibe3re-
YHIIINM.

Po3BUTOK BOJHEBUX TEXHOJOTIH, B TOMY YHCIi, 3aCTOCYBAaHHS BOJHEBHUX KEpeI
€HepTii y TpaHCIOPTHIiH cdepi, MOCTIHHO MOTpeOye HOBUX MaTepialiB-aKyMyJIsTOPIB BOJIHIO
3 BUCOKOIO BOJIHEBOIO EMHICTIO, M’ IKUMH T€pMOOAPHUUYHUMH YMOBAMH Ta MPUCKOPEHOIO Ki-
HETHUKOO TIOTJIMHAHHS W BHJUJICHHS Tra3y, 10 00yMOBJICHO HEOOXiJHICTIO MIBUAKOI Tepe3a-
PSIKK BOJHEBOTO aKyMyJIATOpa Ta 30UIbIIEHHS Yacy poOOTH TPAHCIIOPTHOTO 3ac00y Ha Ofl-
HIN 3apsari.

Han3BuuaiiHo BaXJIMBOIO MaTepialo3HABYOIO 33JaU€l0 € CTBOPEHHS HOBHUX Marepia-
TiB-COpOEHTIB BOJHIO 3 MOKPAIICHUMH XapaKTepUCTHKaMu. BpaxoByrouu, 110 32 OCHOBHU-
MU MOKa3HUKAMU OJHUMH 3 HAHOUIBII MEePCIEKTUBHUX TAKUX MaTepialliB € CIUIaBH 31 CTPY-
KTyporo iHTepMeraniaiB tTuny AB i AB2 (da3a JlaBeca) Ta rerepodasHi criaBu, 10 CKJa-
JAIOThCS 3 1HTepMeTaniay Ta chiBicHyrouoro 3 HuM OLIK-TBepmoro po3uuHy, CTBOpEHHS
TaKHX CIUIaBIB Ha OCHOBI THUTaHY a00 yJIOCKOHAJICHHS BXKE ICHYIOUMX KOMITO3HIIiH, MOTpe-
Oye BH3HAUEHHS 3arajlbHUX BUMOT JI0 iX XIMIYHOTO CKJaJly Ta IMOB’S3aHUX 3 HUM (a3oBO-
CTPYKTYPHHX CTaHIB, a TaKOX PO3pOOKH METOIB BIUIMBY Ha IIi MaTepiaiu JUIs aKTHUBALil
MPOIECIB 1X B3a€EMOJII 3 BOJHEM 3 METOI0 KEPOBAHOTO MOKPAIIEHHS BOJHEBOCOPOIIIHIX
BJIacTUBOCTEH. BupimmenHs Bka3zaHoi mpobieMH Ma€ CyTTeBE HAyKOBE 3HAYEHHS, OJTHOYACHO
Oyay4M HaJI3BUYAHO BAYKIMBHUM ISl IIUPOKOTO MPAKTHYHOTO BUKOPUCTAHHS PO3POOICHUX
MaTepiaiiB.
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®) Hayionanvua nanomexnonoziuna nabopamopis, KasHY im. Ano-Dapabi
0. 71, np. anv-@apabi, Armamu, 050040, Kazaxcman.

JIJIsi CTBOpEHHS Ail0YOr0 HAKONMWYyBadya BOJHIO OYyJIO BHTOTOBJIEHO OajoH
BHCOKOT'O THUCKY 3 JIOPATIOMiHiI0 eMHicTIO 45 cmP,

BuroTtoBnenuii 0aqoH BHCOKOTO THCKY 3 IOPATIOMIHIIO Ma€ PO3BUHEHY
pajiaTOpHy CHCTEMY, IO MOKpAIly€e€ TEII000MIH 3 HAaBKOJHWIIHIM CEpPEIOBHILEM B
mpolieci eKCIuTyaTallii; 0aJoH BHCOKOTO THCKY BHUTOYEHHW 3 MIOPATIOMIHIIO, IO
pobuTh Horo moHasn jerkuM (6anoH BaxuTh 70 rpamis, mopiBHsAHO 3 240 rpamamu
0aJIOHy 3 HEepKaB1IOYOi CTaJl TIET K EMHOCTI).

CrutaB MeTaso Tiapuay, SIK HOCIS BOJIHIO BHIUIABIISUIM y BUTJISII 3UTKIB (Maca
onHoro 3nutka ~100 r). 3nUTKM cIIaBy MOApIOHIOBA M, a OTPUMAHHMA MOPOIIOK
(po3mip yacTuHOK MeHIie 10 MM) 3aBaHTaXYBIM y AIOPATIOMIHIEBUM KOHTEHHED
HAKOMHWYyBaya, ¥ 3aKpUBaJd 3aBaHTAXyBaJbHUU INTyLEp KOHTeHHepa. KiabKicThb
3aBAaHTAXEHOT'0 Yy KOHTEWHep Martepiany crtanHoBwina 0,12 kr, mo BiamoBimae
MILTFHOCTI 3aCHITKH 3 T/cM°.

Marepian akTuByBamu 0e3IOCEPEHBO Y KOHTelHepi, HarpiBanuam 1o 300°C y
TUHAMIYHOMY BaKyyMi TpOTAroM 1 TOAWHM, ¥ OXOJOJKCHHSIM JI0 KIMHAaTHOI
TEMIIEPaTypu Ta HACTYIIHUM BUTPUMYBAHHSM Yy BOJHI mijg Tuckom 50 Oap mpu
mukiIigyEoMy HarpiBali 10 200°C Ta OXOJIOJKEHHI 10 KIMHATHOI TeMIIEpaTypH.
[Ticas TprOXPa30BOTO MOBTOPEHHS OCTAaHHBOI oOmeparii BUMIPIOBAIH OOOPOTHY
BogHEeMHICTh Matepiany (Pyz = 10...100 6ap; T = 20...220°C), sxa cknana 122
HeM®/r (4,68 H/ABs), 110 BianoBizae eMHOCTI HaKONUuyBaya 3a BogHeM 20 JITpis.

BucHoBku: ePo3BuHEHa pajiaTOpHa cUCTeMa [MOKpallye TEmIoOOMIH 3
HABKOJIMIITHIM CEPENOBUINEM B TMpoIeci eKcruryararii; eHakonmudyBad BOJHIO
BUTOYEHUN 3 JIOPATIOMIHIIO, 1 1Ie pOOUTH HOro moHan Jierkum (0asoH BaxuTh 70
rpamiB, nopiBHsSHO 3 240 rpamamu OaJIOHy 3 HEp>KaBilOUOi CTajl Ti€l K €MHOCTI);
eMaHOMETp KpiM CBO€1 OCHOBHO1 (PYHKII11 BUCTYIIA€, B SIKOCTI 3aIO01KHOTO KJIanaHa,
10 301IBIITYE piBEHBb O€3MEKU HaKOMHWYyBada BOJIHIO; ® [[fopanmtoMiHi€EBH OaoH Mae
BUIIlY TEIUIOMPOBIIHICTh, IO OCOOJIMBO BAaXIMBO MpPH IMpolecax TiApyBaHHS W
JETiIpyBaHHs HAKOMUIyBada BOIHIO.
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The development of deposition technologies for the growth of optically transparent
high-quality oxide thin films opens the doors for their applications as realistic materials for
transparent electronics (TE) and photovoltaics (PV). The synthesis of semiconductors with
p- and n- type conductivity having a band gap greater than 3.1 eV is an urgent task to create
effective TE and PV devices. Zinc oxide is the wide direct band gap (Eg =3.3 eV) n-type
semiconductor material which can be used in TE as passive (conductive contacts, resistors)
and as active (material for p-n junction) element. However, the achievement of p-type con-
ductivity in ZnO is a main challenge on the way of creating an effective ZnO-based TE and
PV devices. Using the p-type NiO (Eg =3.5 eV) or p-type MoOz (Eg =3.3 eV) for creating
p-n- heterojunction with ZnO is the feasible solution of mentioned above problem. Hence,
the development of technology for deposition of quality oxides films for TE and PV is im-
portant and actual task of present materials science.

The structure of the all deposited films was investigated using a DRON-4M diffrac-
tometer, equipped with a scanning and recording the computer system of the diffraction
pattern using the Bragg-Brentano focusing with monochromatic Cu-K, radiation. The ele-
mental analysis were carried out by ZEISS EVO 50 XVP SEM using energy dispersive X-
ray spectroscopy (EDX) furnished INCA 450 (OXFORD Instruments). XPS valence-band
and core-level spectra were acquired with the UHV-Analysis-System (SPECS, Germany).
The sample transmission spectra were recorded on a computerized monochromator LO-
MO12 or 4802 UV/VIS double beam spectrophotometer (Unico). A thickness and spectral
dependences of the film optical constants were determined by MSE on a setup SE-2100
from SEMILAB. The Raman measurements were carried out in a quasi-backscattering ge-
ometry at room temperature using the Horiba Jobin-Yvon T64000 triple spectrometer. PL
spectra were excited using a He-Cd laser with the photon energy hv =3.81 eV. The surface
morphology of deposited films was studied using atomic force microscope (AFM).

Our report is devoted to the investigation of the materials science aspects for the
growth of high-quality ZnO, NiO and MoOQz thin films on Si, SiC and glass wafers by using
reactive magnetron sputtering (MS), the reactive ion-beam sputtering (RIBS) and atmos-
pheric pressure metalorganic chemical vapor deposition (APMOCVD) techniques. The re-
search results covered the influences of the key technological parameters and approaches on
the characteristics of oxide thin films will be presented and discussed with application of
advanced research methods.
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AnroMiHIl 3mimeHi JiTieBi ¢eputr 3aranbHoro ckiaany LigsAlxFessxOs
(0.0<x<1.0) Oynu orpumaHi ABOMa CIIOCOOAMU: 30JIb-TeJIb aBTOCIHATIOBAHHS 1 Kepa-
MIYHUM METOJIOM MOJIBIHHOTO crikaHHsA. CUHTE30BaHI MaTepiajid JOCTIIKYBaIUCS
MeTo/laMu X-IIpoMeHeBOi audpakiiii, MeccOayepiBCbKO1 CIEKTPOCKOMIi, IMIIEJTAHCHOT
criekTpockorii B aianazoni yactoT 0.011'y — 5T, siki JOMOBHIOBAIKCS HE3AJIEHKHUMHU

BUMIiprOBaHHsAMH 3a joromororw LCR HI-

Tester (HIOKI 3532-50) [1, 2].

15,0M MarsiTHi BJIACTHBOCTI CHHTE30Ba-
HUX 3pa3kiB OyJiM OTpUMaHI Ha OCHOBI
KPUBUX IE€pEMarHiuyBaHHs 1 TeMIepary-
oM PHUX 3aJIe)KHOCTEH HaMarHiueHOCTI Ha-
cuyeHHsa. CTPYKTypHI Ta MarHiTHi Bjac-
TUBOCTI Oynu monoBHeH1 manumMu SIMP i
EITP cnektpockorii (puc). [Tokazano, o
0 1000 2000 3000 4000 5000 6000 7000 3pa3Ku, OTpI/IMaHi XIMIYHUM CTIOCOOOM
Field G BOJIOJIIFOTH BHIINOI0 OJHOPIMTHICTIO PO3-
MOJIUTY €JIeMEHTIB 3a 00’ €MOM, XOPOIIOIO
MOBTOPIOBAHICTIO PE3YIbTATy, BUCOKOI KPUCTATIYHICTIO, MAaJIUM PO3MIPOM KpHUCTa-
JITIB Ta JJOCKOHAIOK cTexioMeTpiero. [loka3aHo, 110 MarHiTHI BIACTHBOCTI CHHTE30-
BaHUX CHCTEM B OCHOBHOMY BH3HAYAIOTHCS PO3IMOJILIOM €JIEMEHTIB 3a MirpaTkaMu
mmiHeni. Tak, MpUCyTHICT, HEMAarHITHOTO €JIEMEHTY B OKTACIPUYHINA MIATPaTIIl 3Me-
HIITy€ 3HAYCHHS] HAMArHi9YeHOCTI HACHYEHHS CUCTEMH B IIJIOMY, 1 HABITaKH, 3aMIIICH-
HS HEMAarHiTHOTO €JIEMEHTY B TETpaIiArparKy 30UIbIIye 3arajibHy HaMarHI4eHICTh
cuctemMu. TakuM YUHOM, CEJICKTUBHE 3MIIICHHS Ja€ MOKJIMBICTh BIUTUBATH HA MarHi-
THI1 XapaKTePUCTUKH MIMTIHETLHOTO (QEepuTy.
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1. Kaykan, L. S., Sijo, A. K., Mazurenko, J. S., & Zywczak, A. Applied Nanoscience (2021). DOI:
10.1007/s13204-021-01691-0

2. Kaykan, L., Sijo, A. K., Zywczak, A., Mazurenko, J., & Bandura, K. Applied Nanoscience, 10,
No. 12: 4577-4583 (2020). DOI: 10.1007/s13204-020-01413-y.
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AQUEOUS SUPERCAPACITORS BASED ON NITROGEN-DOPED MI-
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The control of morphology and surface properties of activated carbons allow to in-
crease energy and power densities of electrochemical capacitors (EC) with electrical
double layer charge accumulation mechanism. Novel methods of carbon preparation,
activation and treatment provide a controllable pore size distribution. The formation
of nitrogen-containing functional groups on carbon surface causes the increasing of
the pore walls wettability in aqueous electrolyte and also promotes pseudocapa-
citance response through Faradaic reactions.

Activated carbon (HC sample) was prepared from hemp hurd via carbonization at
600°C (correspond to temperature of hemicellulose and cellulose decomposition) and
chemical activation. Weight ratio of KOH, carbon and water at activation was 1:1:1;
the dried mixture was annealed in argon stream at 900°C. The obtained powders were
mixed with HNO3 as a nitrogen source under the stirring at 70°C in N flow (HC-N
sample). The additional thermal treatment of nitrogen-doped carbon was performed at
400°C for 1 hour (HC-NO sample).

The correlation between structural and
morphological parameters of obtained car-
bons and capacitive characteristics of EC
has been realized. The nitrogen adsorption /
desorption isotherms (77 K) for all obtained
samples have H4-type hysteresis loops that
correspond to micro- and mesopores pre-
sence. The calculated BET specific surface
area values are 856, 1105, and 1275 m?/g for o

1.0 1

j(charge)=90 mA/g
j(discharge)=80 mA/g

Voltage, V
o o o
T ? d

o
N
1

HC, HC-N and HC-NO samples, res- ' 6 ' 560 ' 10'00 ' 15'00
pectively. The calculation of pore size distri- Time, s

bution (slit-like pores approximation) was carried out by NLDFT method. The ana-
lysis of D and G bands integral intensities ratio of Raman spectra allow to estimate
the average sizes of graphite crystallites (in (002) plane) which form the turbostratic
carbon. The average lateral size of graphite clusters are about 6.6, 6.0 and 5.9 nm for
HC, HC-N and HC-NO samples, respectively. The electrochemical performance was
tested using a coin cells (6 M KOH aqueous electrolyte) in galvanostatic charge/ dis-
charge method (Fig.). The values of specific capacitance were 108, 150 and 115 F/g
for electrodes based on HC, HC-N and HC-NO carbons at current efficiencies in a
range of 95-100 % after 100 cycles. The best performance of HC-N sample is caused
by pseudocapacitance and electron-donor properties of nitrogen surface functionali-
ties. The removing of nitrogen-containing groups after annealing of HC-NO sample
leads to capacitance decreasing at respectively highest specific surface area.
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The constantly grown world’s population steadily increases the energy
consumption and the alternative energy has the potential to become the least-
expensive source of energy. Solar cells’ (SCs) technologies are among the most
promising trends of alternative energy. One of the key components of any SC device
Is the metal contacts, which greatly determine their efficiency, stability, and cost.

The thin-film single- and hetero-junction silicon SCs are favorable due of their
minimum material utilization and potentially increased efficiencies [1]. There is also
a need for the contacts miniaturization in the flexible SCs that recently becomes so
popular. However, such SCs are not compatible with traditional contacts manufac-
tured by screen-printing of Ag-based paste and requires a development of a new thin-
film contacts. Aiming to decrease the geometrical sizes of contacts, which limits the
SCs fill factor, as well as to reduce the high-cost Ag application, an alternative con-
tacts” materials and their fabrication techniques are considered [2]. The utilization of
multi-layered thin-film contacts with a Cu conductive layer is a promising approach
to reduce both cost and size of the SC device, while maintaining high electrical con-
ductivity.

The long-term stability and corrosion resistance of such multi-layered thin films
could be enhanced by applying the post-fabrication ion irradiation. Our recent stud-
ies [3] show that irradiation with 400-2000 eV Ar* ions and fluences of 10%-
10" ion-cm™2 allows to modify the structural properties and chemical composition of
Ni/Cu/Cr/Si(100) stack. It has been revealed that the low-energy ion bombardment
with certain parameters can enhance the film oxidation resistance, as well as decrease
the amount of O and C impurities left in the stack after deposition. Furthermore, our
latest studies indicated that the application of ion pre-irradiation significantly pro-
motes the adhesion and wear-resistance properties of thin films subjected to anneal-
Ing in vacuum as compared to the samples after similar heat treatment without pre-
irradiation. These findings are of interest in terms of enhancing the long-term proper-
ties of metal thin-film contacts for the novel silicon SCs by applying ion beam pre-

irradiation.

1. S. Roy, M.S. Baruah, S. Sahu, and B.B. Nayak, Materials Today: Proceedings (2021).

2. A. Rehman, and S.H. Lee, Crystalline silicon solar cells with nickel/copper contacts, Solar Cells-
New Approaches and Reviews (2015).

3. 1.O. Kruhlov, I.A. Vladymyrskyi, O. Dubikovskyi, S.I. Sidorenko, T. Ebisu, K. Kato, O. Sakata,
T. Ishikawa, Y. Iguchi, G.A. Langer, Z. Erdélyi and S.M. Voloshko, Materials Research Express, 6
(2019): 1264313.
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OpHuM 3 MepcreKTUBHUX HAMPSIMKIB MaTepiaio3HABCTBA € (POPMYBAaHHS PI3HUX
KOMITO3HUTIB, IO MICTAThH ByrjieneBi HaHoTpyOoku (BHT) 3 meroro migBuieHHS iX
TEIJIO- 1 EJIEKTPONMPOBIMHOCTI, a TaKOX XIMIYHOI Ta TEPMIYHOI CTaOUIBHOCTI,
MIITHOCTI 1 TPUOOJIOTTYHUX XapaKTEPUCTHUK.

Mertoro nanoi pobotu 6yno ¢popmyBanHs 3D-BUpoOiB 3 KOMIIO3UTIB HA OCHOBI
Al;,O3 i BHT npu Bukopuctanni Texuosnorii 3D-apyky CJP.

Byrnens-kepamidHi KOMITO3UTH OyJIM OTpUMaHi K MEXaHIYHUM 3MIIlyBaHHSIM
(B TutaneTapHoMy KyiboBoMmy MiMHI) mopomkiB AlpOz 1 BHT B pisHux BaroBux
nponopuisgx (1%, 2%, 3%, 4% 1 5% wmac. BHT), Tak 1 cuHTE€30M BYTrIeNEeBUX
HaHOTPYOOK B o00cs3i mopomky AlpOsz, 1mo 3a0e3nedyBajio OLIBIT PIBHOMIPHUMA
po3moain Tpyook B oOcsa3i. Taki Byrielb-KepaMiduHi KOMIIO3UTH JTOOpE MiIXOMSTh
JUISl BUKOpUCTaHHS B TexHosorii 3D-npyky CJP.

[Ipu yrpumanni YHT 5°mac.% Choctepiraiiacs BenuKa KUIBKICTh IY4KiB
HAHOTPYOOK, PO3MOAUICHMX MK YaCTHHKAMH OKCHAY amtoMiHito. [Ipu HH3bKOMY
Bmicti BHT (1-2mac.%) B KOMIO3HUTI €JNEKTPOMPOBIAHICTS TPAKTUYHO HE
3MIHIOETBCS 1 CTaHOBUTH Omm3pko 5x108°Om/cm. 36inbmenns smicty BHT 1o
5°Mac.% NpU3BOIMTE J0 PI3KOTo 30UIBIIEHHS eNeKTponpoBigHocTi 10 3 X 10™* OM/cm
11e OUIbINe HIXK Ha 4 TOPSAIKH, B TOPiBHAHHI 3 uncTuM AlOs.

Hpyk 3D-BupoO6iB 3 KOMIO3HITITHUX MaTepianiB Ha ocHOBI AlpO3 1 ByrieneBux
HAaHOTYpYOOK mpoxoawiia mpu BuKopucTtaHHi TexHosorii 3D-npyky CJP. Cnikanus
3D-Bupo6iB NPOBOAMIN HpH TeMIepaTypHoMy inTepsani 700-1800°C.

VY Takux crnedeHux 3paszkax 3aiKCOBAHO PI3KUM MIAHOM MIIHOCTI HA BUTHUH B
3anexHocTi Big kuibkocTi BHT B kommo3uTi. Taki marepianu y Burisaal 2D- ta 3D-
BUPOOIB 3HAXOJATh 3aCTOCYBaHHS B aBlaIlliHIA 1 KOCMIYHIA TEXHIIl, XIMIYHOMY
MalMHOOYIYyBaHHI, a TaKOX Yy CTBOPEHHI IHAMBIAYaJIbHOTO OpOHE3aXUCTy
(OpoHEXXMIETH) 1 B IHIITUX 00IACTSX.
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NiTi alloy thin-film compositions are one of the most well-known
representatives of functional materials with shape memory effect. Exceptional
chemical resistance, biocompatibility, superelasticity (~ 8%), very high work output
(~ 6 J/m3 determine their high practical potential as functional elements of
microelectromechanical systems, as well as in biomedicine, robotics, aerospace and
defense industries.

The application of NiTi thin-film materials remains limited, primarily due to the
need of annealing at elevated temperatures (above 450 °C) in order to form a
crystalline austenitic B2-NiTi structure with shape memory, while after deposition the
material has an amorphous structure. Performing the high-temperature annealing is
undesirable because it is accompanied by significant grain growth, increased surface
roughness and the development of oxidation processes. To avoid the stage of high-
temperature annealing, the B2-NiTi austenitic phase can be obtained by depositing
the film on a heated (usually up to 400-600 °C) substrate. However, due to the
chemical instability of the substrate, such approach can induce interphacial reactions.

To ensure the low-temperature formation of the austenitic B2-NiTi phase,
alternative approaches examined in our previous studies can be proposed: (a)
initiation of grain boundary diffusion by increasing the number of internal interfaces
and, consequently, enlarging the mechanical stresses in system [1]; (b) acceleration of
diffusion processes due to the introduction of additional intermediate layers of Ag
and Au alloying elements [2]; (c) increasing the number of crystallization centers of
B2-NiTi phase by varying the annealing atmosphere (Ar, N2, Ar + Ha, N2 + Hp) [3].

Combination of the proposed approaches allows to obtain an austenitic phase
with the shape memory effect based on Ni-Ti at lower heat treatment temperatures,
which is of high relevance in terms of preventing the undesired structural changes of

the functional elements.

1. BB atmMocdepu Bianany Ha MarHiTHI BIACTMBOCTI HAaHOPO3MIpHUX IUTiBOK ctomy FePt / 1.O.
Kpyrnos, B.B. Morusnko, [.A. Bnagumupcekuii, FO.M. Makoron, M.O. Bacuibes, C.I. CunopeHnko,
C.M. Bomnomko // Meranodizuka 1 HOBiTHI TexHosjorii.- 2019.- 41.- 157.

2. Synchrotron analysis of structure transformations in V and V/Ag thin films / A.K. Orlov, I.O.
Kruhlov, O.V. Shamis, I.A. Vladymyrskyi, I.E. Kotenko, S.M. Voloshko, S.I. Sidorenko, T. Ebisu,
K. Kato, H. Tajiri, O. Sakata, T. Ishikawa // Vacuum. — 2018. — 150. — P. 186-195.

3. Diffusion of Au and its influence on the coercivity of [FePt/Au/FePt]2x thin films during
annealing in different atmospheres / A.K. Orlov, O.0. Zhabynska, I.A. Vladymyrskyi, S.M.
Voloshko, S.I. Sidoren
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This research is devoted to the analysis of the physical, mechanical and electri-
cal properties of the polychlortrifluoroethylene (PCTFE) - nanodispersed graphite
(TEG) and PCTFE - modified TEG systems.

Nanoscale filler was obtained by ultrasonic dispersion of thermally expanded
graphite. For the functionalization of carbon nanoplates the dispersed TEG was modi-
fied with silicon dioxide (SiO2) by adding a hydrosol to the mixture of dispersed TEG
and ethyl alcohol, followed by ultrasonication and drying.

The method of preliminary determination of the percolation threshold is devel-
oped and described. The inversion of the mechanical properties of composites during
the transition through the percolation threshold was investigated.

It is established that the modification of the nanofiller increases the intermo-
lecular interaction of the filler-matrix. Depending on the concentration of the filler,
the structure of the matrix and the system as a whole demonstrates dynamic transfor-
mations in the size of the heterogeneity of the structure.

Ultrasonic studies of composites in the megahertz frequency range have shown
that the smallest size of structure inhomogeneity is achieved in the range of concen-
trations of percolation development, and the change in the size of system structure
inhomogeneity is associated with the transition from inhomogeneity as the size of
crystallites activated by nanofiller at low concentrations associated with coagulation
of nanoparticles at concentrations exceeding the percolation threshold.

Using the two-contact method in the kilohertz frequency range it has been
shown that the modification of the surface of conducting carbon nanoplates with ul-
tradispersed dielectric silicon dioxide (SiO) (30%) leads to a nontrivial effect - an
increase in the electrical conductivity of the PCTFE - 2.5% TEG/30% SiO, compo-
site by more than two orders of magnitude in comparison with the PCTFE - TEG
composites, containing unmodified carbon nanoplates. Last fact is obviously associ-
ated with the manifestation of the relaxation components of the electrical conductivi-
ty of the TRG/SIO, and PCTFE/SIO; interphase layers.

Thus, the offered methods for improving the physical, mechanical and electric
properties of PCTFE - TRG and PCTFE-TRG/SiO, composites by means of dispers-
ing and modifying the surface of TRG with ultradispersed dielectric - SiO, have
shown themselves to be effective and make it possible to obtain new high-tech mate-
rials for instrumentation and electrical engineering.
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The traditional technology for obtaining dispersion-hardened alloys is mechanochemical
synthesis. The main disadvantages of this method, despite the uniform distribution of the inert hard-
ener, include an increased content of interstitial impurities, a decrease in plasticity and other physi-
cal and mechanical mumproperties. When solid-phase sintering, which is used to obtain such mate-
rials, the composition retains the effect of the heredity of the powder system, as in the production of
any powder materials. The IPM NASU has developed a new technology for the consolidation of
powder pressing, based on reaction sintering [1]. It makes it possible to distribute nano-dispersed
inclusions uniformly on the crystallite surface. At the same time, due to the high crystallization rate
during reaction synthesis, the powder system loses its heredity as such. Thanks to the development
of new theoretical concepts within the framework of a synergistic approach and experimental study
of the thermokinetics of exothermic reactions [2, 3], reaction sintering has become a controllable
technology. A distinctive feature of reaction sintering is a high crystallization rate when the temper-
ature rises due to isothermal heating. It can be indirectly established by the rate of temperature rise
during an exothermic flash, which is more than 20,000 K / s. Actually, in this case, the material
loses the hereditary structural defects of the powder body, which leads to an increase in plasticity,
impact strength and, above all, fatigue strength. This is a consequence of irreversible processes dur-
ing the reaction of the components. Yttrium oxide is introduced by chemical deposition on the sur-
face of nickel particles.

During reaction crystallization, yttrium oxide nanoparticles do not have time to coagulate
and are located in the entire volume of the intermetallic compound, part of which decomposes and
passes into a solid solution. During cold rolling, nano-dispersed inclusions of an inert oxide located
on the surface of particles of the nickel solid solution line up along the direction of deformation and
become initiators of deformation aging. The intermetallic compound is precipitated as fibers with a
length-to-cross-section ratio of 10 to 50. The material acquires high technological plasticity. Thus,
the degree of reduction without intermediate annealing is sometimes more than 90% and the de-
formed material under tension has an elongation of 22%. The study of fatigue strength during tests
N = 10" cycles showed that its value is 0.6-0.7 of the yield stress of the material. This is due to the
formation of intermetallic fibers during the decomposition of the solid solution. The degree of re-
duction before the appearance of cracks of the quenched nickel-molybdenum alloy in the concentra-
tion range of the equilibrium existence of NisMo-NisMo intermetallic compounds was 50%. The
effect of increased technological plasticity is apparently due to the specific nature of the directional
strain-induced aging. A significant amount of fatigue strength is associated with the fibrous struc-
ture of the material.

1. Connuen B.II. Pa3zpaGoTka aucnepcHO-YIPOUYHEHHOI'O MOPOIIKOBOIO CILIaBa Ha OCHOBE
HUXpOMaA U TCXHOJIOTUH U3T'OTOBJICHHUA U3 HECTO MAKCTa MeETalJINYecKOM TCHJ'IO3aH_II/ITHOI7I KOHCTPYK-
uun [Teker] / B.UIL. Connues, U.A. T'ycapoBa, I.A. ®pomnoe u ap. // TlopomkoBa meramypris,
Nel1/12. — Kwuis. — 2018. — C. 23-32.

2. COJ’IHL[GB B.IL TepMOKI/IHeTI/IKa PCAKIIMOHHBIX MPOUCCCOB, MHUIHUUPOBAHHBIX KOHTAKTHBIM
IUIaBJICHUEM B MOPOIMIKOBBIX MECTAJNIMYCCKUX CMECAX Ha OCHOBC HUKEIIA C AJITIOMUHUCM / B.II. Cox-
Hies, B.B. Ckopoxon, K.M. Ilerpam, T.A. Connnea // Anresust paciuiaBoB u 1maiika MaTepualioB,
2014.- Ne 47.- C. 25-34.

3. COJ'IHI_ICB B.H., TeOpeTI/IquKI/Ie 1 SKCIICPUMCHTAJIBHBIC MIPEATIOCBIIIKN Ha6JIIO)IeHI/IH JJIEME-
HTOB CaMOOPIaHU3alMK B TEXHOJOTHU Pearupyrommx nopomkossix cucteM / Connnes B.II., B.B.
Ckopoxox B.B. //TTopomkoBas meramryprus.- 2012.- Ne 11/12.- C. 5 17
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[IpoGnema noTemiHHA KJIIMaTy, 3 OJHOTrO OOKy, 1 n1ediuuT eHeprii, 3 1HIIOTO
BUMAararoTh MaKCUMaJIbHO IIBUIKOTO BIPOBAKCHHS Halile(EKTUBHIIINX BHJIIB BUPO-
OHUIITBA BIJTHOBIIIOBAHOI eHeprii (3eyieHo1 eHepreTuku). JlJis BUKOHAHHA IUX, 0€3
nepeOUIbIIIeHHS, TPAHII03HUX IPOEKTIB HEOOX1IHI Smart-MaTepiaiu, Kl J03BOJISIOTh
MaKCHMaJIbHO €(PEKTHBHO BHKOPHCTOBYBATH MPHUPOIHI BJIACTMBOCTI PEUYOBHHH, PO
SIKi JTFOJM JJOHEJIaBHA HaBITh HE 30T yBaKCh [1]. JIo TaKUX peUYOBHUH HAJIekKaTh ay-
KCETHYH1 MaTepiaju, 0 XapaKTepHU3YIOThCS CYTTEBO HEIIHIMHUMHU MEXaHIYHUMU
BJIACTUBOCTSAMHU, SIKI 3HAYHO 3MIHIOIOTHCS TPHU 30UTbIICHHI Ae(EKTHOCTI MaTepiaiy,
30KpeMa B Ipolieci YTBOPEHHs HaHO a00 MIKPO KOHTAKTIB 3 HUX, HAHECEHUX Ha He-
ayKCeTUYH1 MoBepxHi. Ha chorogHi ckiiaJlHO MPOTHO3YBAaTH iX €BOJIIOIIIO B Yaci B
MOJII MEXaHIYHUX HAMNpPYXEHb Yepe3 MPaKTUYHY BIJICYTHICTh 3HaHb IPO IMOBEIIHKY
nedexTiB B aykceTHaHUX Matepianax [2]. Ille ckianHimmM cTae 3aBIaHHS TPOTHO3Y-
BaHHsI iX MOBEIIHKH Y 30BHIIIHIX MEXaHIYHHUX TMOJISAX, SKIIO B HUX MOPS 13 ayKCETH-
YHUMU HamnpsMKaMM 3 BiJ'€MHMMM 3HadeHHsAMH KoediuieHTiB Ilyaccona vjj e “3Bu-
JaitHi HanpsMKu”, B skux v; >0 [2].
B niboMy nmociimkeHH1 IpeacTaBiIeHI pe3yabTaTH BUBUCHHS MTOBEIIHKU JUCIIO-
KaI[IfHUX TIEPETUHIB 1 TUCTOKAIIHHUX aTMOC(hep B YaCTKOBO ayKCETUYHUX 1HIII, Oe-
puIii, TIOKCHII KPEMHIIO Ta MOKAa3aHO, 110
® JIOCHTIIPKYyBaHi IeeKTHI MiJICUCTEeMH B YMOBaxX €HEPreTHYHOi ab0 Opie€HTaIlIiHOT
3a00pOHU Ha iX PyX B KpHCTaJl MOXKYTh MEPEMIIIATUCH MiA0ap’ €PHO;

® 3pOCTaHHS WMOBIPHOCTI TYHEJIIOBAHHS MEPETUHIB HA AUCIOKAIisIX B In y HampsMm-
Kax, ae v >0,5 no3Bois€ BBaKATH 111 HANPSMH KaHaJaMH peakcallii Hanpy»KeHb
B IIbOMY MeETaJIi.

1. M. Papancekuii, B. banasiok, M. I'yHbKko. SIBullle ayKCETUUHOCTI B TBEPIUX T1ax. YepHiBLi:
Hpyx Apr, 2016. — C.116 —121.

2. M. D. Raransky, A. V. Oliynych-Lysyuk, R. Yu Tashchuk, O. Yu. Tashchuk, O. V. Lysyuk.
“Peculiarities of Deformation in Crystals of In in a Wide Temperature Range”. Metallophysics. The

Latest Technologies. 2018, 40: 11: 1453-63. (in Ukrainian) DOI: 10.15407/mfint.40.11.1453
https://mfint.imp.kiev.ua/ua/abstract/v40/i11/1453.htm
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TI-BMICHUM ENNOKCUYPETAH SIK 3AXUCHE OIITUYHO ITPO30PE
MHNOKPUTTA 3 EGEKTUBHUM BJIOKYBAHHSAM YJIbTPA®IOJIETOBO-
'O BUITPOMIHIOBAHHSA

JL.O. Boponuosa, JI.M. flmenko, B.1. llltomnens, H.B. baokina, H.B. SIposa

Incmumym ximii eucoxomonexyaapuux cnoayk HAH Ykpainu, 48, Xapkiscoke woce,

Kuis, 02161, Ykpaina
Ten.: +38 067 967 2417 E-mail: la.voronzova@gmail.com

PoGota cripsimoBana Ha po3pOOKY MPO30PUX MOJTIMEPHUX KOMIIO3UTIB, 3AATHUX
3aXUIIaTH MaTepiajau Ta BUpoOU, 0COOIUBO Ti, 110 BUKOPUCTOBYIOTHCSI Ha BIIKPUTO-
My MOBITp1, BiJ HeratuBHoOi ii ynbTpadionetoBoro (Y®d) BUNPOMIHIOBaHHS, SKE
BIJTMBA€E Ha iX e(peKTUBHUM TEPMiH ekcrutyaramii. s ¢opmyBaHHS MOJIMEPHOI Ma-
TpUIIl BUKOPUCTaHO enokcuyperaHoBi oniromepu (EYO). 3aBasku cunbHOMy Y O-
NOTJIMHAHHIO aX J0 BUAMMOI 00JacTi, BUCOKIM ONTHUYHIN MPO30POCTI Ta TepMOCTaOi-
JBHOCTI SIK HamoBHIOBau npuBeptae ypary T10;. CHHTE3 BUXIIHOTO Ta TUTAHOBMIC-
aux EYO 3pilicHOBaNIM 32 METOAMKOIO, OnucaHoro B [1]. TuTaHOKCHIHMI HAITOBHIO-
Bau (opMyBaiH iN SitU 30J1b-TeIb METOIOM 3a PEAKIIIEI0 TIAPOIII3-KOHISHCAIIs 13011~
POTIOKCUTY TUTAHY B CEPEIOBHIII MOJTIOKCUIIPOIIJICHTIIIKOIIO, BMICT SKOTO B Tepe-
paxyHnky Ha TiO; cranoBus 0,005 Ta 0,02 mac. %. 3a3Buuail Takuii METOJ] IPUBOIUTD
10 dhopmyBanas amopdaoro TiO2 3 MPaKTUYHO BiACYTHHOIO (POTOKATATITHYHOKO aK-
TUBHICTIO [2] 4yepe3 HasBHICTh e(PEKTIB, AKI MPUCKOPIOIOTH €JIEKTPOHHO-AIPKOBY pe-
KOMOIHAIIi0, 0 CIPHUSATUME CIIOBUIBHEHHIO JECTPYKTUBHUX 3MIH IOJIMEPHOI Mat-
puiti micas TpuBaigoro Y® onpomiHeHHs. MeTOIOM IMTUPOKOKYTOBOTO PO3CISIHHS pe-
HTT'CHIBCHKHUX MPOMEHIB BHUSBJICHO, IO OTPUMAaHI IUTIBKA €MOKCHUYPETaHY SK BUXII-
Horo (EY), tak i tutanoBmicHoro (TI-EY) amopdHi, ockinbku Ha audpakTorpamax
BIJICYTHI ITIKH, XapakTepHi 11 kpuctaniuaux da3 TiOs.

Meton criekTpodoTOMETpii IMOKa3aB, 10 B Jialla30HI BUAUMMX JOBKHH XBHIIb
3pa3ku EY 1o cyti npo3opi, nuire cirado norauHaroTh Mixk (400 1 500) HM, Ta 1eMOH-
cTpyroTh eextuBHe Y D-mornuuanus 1o 300 HM, a st TI-EY xapakTtepHe 3MmimieH-
H Y®-nornuHaHHSA 10 OUTHIIKMX AOBXKHUH XBWib. [licna BunpoOyBaHb npotsarom 30
mi0 B KITIMAaTHYHIN Kamepi 3a ekcTtpeManbHuX yMOB (t = 60 + 10 °C, BimHOCHA BOJIO-
rictb 95 %, YO®-BunpominioBanHs A = 240 HM) CHOCTEpITA€ThCS ACSKE 3HUKCHHS
nponyckanas B giana3oni 400+550 vM, ske mis TI-EY wmenmie mopiBasiHO 3 EV.
TepmorpaBiMeTpUIHUI METOJI TIOKa3aB Kpaily cTidkicte TI-EY mo tepmomecTpykitii
y nopiBHsHHI 3 EVY sk 10, Tak 1 micisa ctapiHHA B KIIIMATHYHIA Kamepi.

OTtxe, cuHTe30BaHi TI-BMICHI €TOKCHYpETaHU MOXKHA PO3IJISJIATH SIK MEPCIICK-
TUBHI KOMMO3UIIIT 1711 (GOPMYBaHHS 3aXMCHOTO ONTUYHO MPO30POr0 MOKPUTTS 3 ede-

KTUBHUM OJIOKYBaHHSIM Y D-BUITPOMIHIOBAHHSI.

1. JI. M. fAmenxko, JI. O. Boponrosa, O. O. BpoBko, Croci6é odepatcants komno3uyii 0ist 3aXucHo20
onmuuno nposopoeco nokpummst (ITatent 122605. 2020) https://iprop-ua.com/inv/pdf/lr103sx0-pub-
description.pdf.

2. M. A. Henderson, Surface Science Reports, 66, No. 67: 185 (2011). DOI:
https://doi.org/10.1016/j.surfrep.2011.01.001.
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OKCHUJI TPAG®EHY - HOBUM BYTJIEIIEBUIA MATEPIAJI

H.A. Tapuaok™®, I'.I1. MpuxoaskoY, M.T. Kaprean®, Ou.J. 3omorapenko,
H.E.Axanosa™>, JI.B. Illyp @, M.T. I'aéaysmmn®, I.B. 3aropyaskoe®, O.I1.
Pynaxosa®, M.Cyaranrasuna®, A.J1. 3onorapenko®, O./1.3010Tapenxo®

D Inemumym ximii nosepxui im. Yytixo HAH Yrpainu,

Bynuys I'enepana Haymosa, 17, Kuis 03164, Ykpaina, O.D.Zolotarenko@gmail.com
@ Incmumym npobnem mamepianosnascmea imeni Ppanyesuva HAH Yrpainu,
Bynuys Kpowcusicanoscvroeo 3, Kuie 03142, Yrpaina, A.D.Zolotarenko@gmail.com
©) Incmumym izsuxu memanie imeni Kyporomoea HAH Yipainu,

Bynuys axaoemixa Bepnaocvkoeo 36, Kuise 03142, Ykpaina, Zagorylko@ukr.net
) Kasaxcokoi-6pumancoxuti mexniunuii ynisepcumem (KBTY)

0. 71, np. ane-@apabi, Anmamu, 050040, Kazaxcman, Nazym@physics.kz
®) Hayionanvua nanomexnonoziuna nabopamopis, KasHY im. Ano-Dapabi
0. 71, np. anv-@apabi, Armamu, 050040, Kazaxcman.

Oxcun rpadeHy - 1€ HOBHM BYIVICIICBHH Marepiall 3 BHCOKOI aKTHBHOIO
MUTOMOIO TOBEPXHEI0, YTBOPEHUN IapaMu Trpadeny, Kpai SKUX MOKPHUTI MIUPOKUM
niana3oHoM (YHKI[IOHATBHUX KHCHEBMIiCHUX Tpyil. Lli rpynmu pa3oMm 3 BakaHCISIMH
ByTJIeII0 Ta JAepeKkraMu, OTPUMAaHUMU B TIPOLIEC] OKHUCIEHHS, MPOSIBISIIOTH
BJIACTUBOCT] XIMIYHO aKTMBHHUX IIEHTPIB y KAaTAIITHYHHX PEAKIIAX Ta y B3a€EMOJIIT 3
PI3HUMH HAHOYACTHUHKAMHU.

Oxcun rpadena (GO) akTUBHO BUBYABCS MPOTITOM OCTaHHIX JIECATU POKIB IS
BUKOPHUCTAHHS B HAWPI3HOMAHITHINIKUX Taly3sX. Hakomu4yeHo BENHUKY KUIBKICTh
¢dakTiB, MO MIATBEPKYIOTh BUCOKI XapaKTEPUCTUKHU I[LOTO MaTepiany. AJje, Mepi
HIK HOro MoOKHa OyJe aKTUBHO 3aCTOCOBYBATH B PEATbHUX yMOBax, HEOOXIITHO
JOJTIATKOBO JOCIIIUTH I1e KUTbKa BOXKJIUBUX (DAKTiB:

HesBakaroum Ha Te, MO 3aJIMINAETHCS 0arato CKIATHUX MHTaHb, MOYATKOBi
0aratoo0ilsarodi pe3yabTaTH B PI3HUX OOJACTSIX CBIMYATh MPO 3HAYHHWMA MOTEHITIAT
noximHux rpadeny B Oiomenuyaux gociimkeHHsx. GO - me, mo cyTi, HOBa ¢dopMa
OKHUCJICHOTO BYTJEIo (a0o rpadiTy), sKka MIMPOKO BHUBYAIACS 1 BUKOPHUCTOBYBAJacs
MPOTATOM OCTAaHHBOTO CTOJNITTA. Maiike BCl chepu BUKOPHUCTAHHS AKTUBOBAHOTO
BT (KaramizaTopu Ta HOCIi KaramizaTtopiB, copOIlisi ra3iB Ta pPO3YMHEHUX
pEYOBHH, e€NeKTponu Ta Oartapei, HOCIi TmpemapariB TOIIO) MOXYTh OyTH
BJIOCKOHaJIeH] 3a fonomoror GO.

HasBricte B VYkpaini rpaditroBux  MiHepaniB  poOuTh  YKpaiHy
KOHKYPEHTOCTIPOMOKHOIO 13 BIPOBAKEHHS TpadEeHBMICHUX TMPOIYKTIB Y
MIPOMHUCIIOBE BUKOPUCTAHHSI.

OcHoBHa yBara B OIS/ 30CEpeKeHa Ha XIMil OKcuay rpadeny, Woro CUHTE3I,
XIMIYHIA CTPYKTYpl, (PI3UKO-XIMIYHUX BJIACTUBOCTAX Ta MOXJIMBHUX 3aCTOCYBAHHSX,
OCKUIbKM BIH Ma€ BEJIMKE HAYKOBE 3HAYEHHS SIK (OopMa OKHUCJIEHOTO BYTJELIO Ta
TEXHOJIOTIYHY I[IHHICTh SIK TMONEPEJHUK I PI3HUX MNOXIJHUX TpadeHy Ta
KOMIIO3UTIB.
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CAMOOPI'AHIBAIIISI BAKAHCIMHUX JE®EKTIB B
EHEPTETUYHOMY HOJII
0. 3acumuyk, B. 3acumuyk, T. Typuak
Inemumym memanogizuxu im. I'. B. Kyporomosa HAH Ykpainu
zasimchuk34@ukr.net

Camoopranizailisi B TepMOJUHAMIYHUX CHCTEMax MOXKJIMBA MPHU BIAIAJICHOCTI CUTE-
MU Bl TEPMOAMHAMIYHOI PIBHOBArM Ta CYNPOBODKYETHCS 3MEHILIEHHAM €HTPOIIIi CUCTEMH.
VY BUMAAKy KPUCTAIYHOTO MaTepiaiy, SKUW TUIACTUYHO Ae(OpMYy€EThCs, CTPYKTYpHA CaMo-
oprasizaniss BiAOyBa€eTbCS 3a JABOMA CIIEHAPIAMH: CaMOOpPraHizaiisi CTPYKTYpH BChOTO
00’eMy 3paska, kil acTuIHo aedopmyeThes (1) 1 camoopranizaiiisi OKpEMUX YaCTHUH CH-
ctemMu (3paszka) (2). Y apyromy BUNAAKY A7 KPUCTAIIYHOTO MaTepiayly e AepeKTu Horo
KpUCTaJIIYHO1 OYyJIOBU: JAUCIIOKAIIll, BaKaHCIi Ta 1HII. Y TEpIIOMYy BUIAIKy HaWOIbII BaX-
JUBOIO 1 €KCIEPUMEHTAJIBHO MiITBEP/KEHOI0 € CaMOOpraHizailis CTPYKTypH KpHUCTaly y
BUTJIsAA1 KaHamiB TigpoauHamiunoi Tedil (I'K), konu mucnokariiauii mexanizMm nedopmartii
CTa€ HEMOXIIMBUM 4Yepe3 YTBOPECHHS peNlaKCalliiHOI CTPYKTYpH, SIKa TEPEHIKODKAE PyXy
auciiokauid. B Takux Bumaakax 3amo0iraHHsi pyHHYBaHHIO CTa€ MOKJIMBUM JIMILIE TP 3MiH1
MexaHI3My nedopMaliii  BiJ AUCIOKAIIHHOTO KOB3aHHS JI0 JIOKAJI30BaHUX B €JIEMEHTaxX
CMYTOBOi CTPYKTYpH KaHajnax rigpoaunamivunoi tedii (['K). [Inactuyna Teuis B TakuX KaHa-
JaxX MOJKJIMBA JIMLIE MPU HAABHOCTI B HUX PIAMHOMNOIOHOI CTPYKTYpH, SIKa 3a0€3Medy€eThCs
MPUCYTHICTIO TIIBHUINEHOI KOHIICHTPAIIIl BaKaHCIH, sKa 3aBXKIU CYMPOBOIKYE TUCTOKAIIIN-
He KoB3aHHs. [Ipu BiACYTHOCTI AUCHOKAIlii 1 IHIIUX AedEeKTIB y BUXITHOMY CTaH1 (Hampu-
KJ1a/l, B HAHOKPHCTAJIaX) YTBOPEHHS BAKaHCIM MOXKJIMBO MPU HEOIHOPITHOCTI aTOMHUX KO-
JWBaHb, MPO IO BIepIiie 3ragaHo B pooOoti [1]. B it poboTi Bhepiie BBEICHO MOHATTS
aTOM- BaKaHCIMHHMX CTaHIB. TakuM 4YMHOM, MPHU 3MiHI MeXaHI3My Jaedopmariii ctae HeOOXi-
HOIO y3TOJDKEHa MOBE/IIHKA BaKaHCIH, sKa IpU X caMooprasizailii Moxe 3a0e3Me4nTH yTBO-
penns 3apoakiB ['K. Po3risiHeMo TeopeTHuHO MOXIIUBICTH IIBOTO Tpolecy. Bukopucraemo
PIBHSIHHSI, 3alIPONIOHOBAHE Y [2], Al po3MOJUTY TYCTHHHM BaKaHCI n MO TPhOXBUMIPHOMY
3pa3Ky y CTaI[lOHApHOMY BHUIMAJKY 3 ypaxyBaHHSIM B3a€MOJIii Mk BakaHCIsIMU. {75 eskux
BUJIIB €HEPTii MapHOi B3a€MO/Iii BaKaHCIH MOKHA OJIep KaTH pe3yJIbTar:

Af+p,f =0, n1e N~ C+f; C, p— koncranru. (1)

MoskHa IpecTaBuTH Py BUTIAi: Ky, +K,, + K, =p,, (2),

ne k;, k,, K, — Jesiki KOHCTaHTH.
Toni Mu Maemo pitneHHs: f = Acosk,xcosk,ycosk,z (3).
baunmo, o ipu p, >0, Mu MaeMO BIIOPSIIKOBAHI OCIIMIIIOKOYI PIIICHHS, a TIPH Je-

SKUX TUCKPETHUX 3HAYCHHSIX MapaMeTpiB — a 3HAUUTh, NP JCSKUX JUCKPETHHUX ], ICHYIOTh
Taki k,, k,, k;, 1o pimenss (3) icHye MpH HyJIbOBUX TPAaHUYHUX YMOBaX, TOOTO, BIOPSIIKO-

BaHI OCIWJIIOIOYI PIlIEHHS HE 33/1al0ThCsl TPAHUYHUMH YMOBaMH, TOOTO MU MaEMO CaMOOp-
TaHi3aIlio.

B namiit po6oTi MU mokasanu, 110 caMOOpTaHi3allisi MOXKe BiAOyBaTUCS TITbKU IS
BaKaHCI{, SKI PO3TalIOBaHI MOOIM3Y MOBEPXHI 3pa3Ky, TOMY IMOOJIH3y MOBEPXHI MOXKYThb
YTBOPIOBATHUCS AUISTHKY 3 BaKaHCIH, sIKI MOXKYTh OyTH 3apO/IKaMH TiAPOIMHAMIYHUX KaHAJIB
Ta MIKPOTPILIUH.

1. V.E.Panin, V.E.Yegorushkin, Yu.A.Hon, T.F.Yelsukova, lzvestiya VUZov Fizika, 12:5 (1982)
(in Russian).
2. O.B. Onmniiinuk, B.A. Tatapenko, Jlomos.Har. Akaa.mayk Ykp.,Ne3 (2019)
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EJEKTPOITPOBITHICTbD HAHOKOMIIO3UTIB HA OCHOBI
BYTJIEHEBUX HAHOTPYBOK
I'.1O. Muxaiinosa, €.I'. Jlens, [.€. I'anctsan, M.M. Sxkumuyk, M.M. IlleBueHko,
O.10. I'epacumoB
Inemumym memanogizuxu im. I'. B. Kyporomosa HAH Ykpainu
Ykpaina, 03142, Kuig
oynveap Akademixa Bepnaocwvkoeo, 36

B nanuit yac 3pocrtae iHTEpeC 10 HAHOCTPYKTYPOBAHUX MaTepialiB 1 pEUYOBUH Y
HaHoAucTiepcHOMY cTaHi. Cepen HUX Bce OUTBII MOMITHE MicCIe 3aiMarOTh BYTJICLIEBI
MaTepialid, Kl IPOTArOM TPUBAJIOT0 Yacy MpUBAOIIOIOTH IHTEPEC AOCIIHUKIB CBOi-
MU YHIKaJbHUMHU BJIIACTUBOCTSIMH, TTOB'SI3aHUMH 3 MOXKJIUBICTIO HOTO aTOMIB YTBOPIO-
BaTH Pi3HI a/IOTpoIHi Gopmu [1].

BnactuBocTi MacuBy ByTJElEBUX HAHOTPYOOK abo maTepiaiy, L0 MICTHUTh
BHT Binpi3HS10ThCA BiJl BIACTUBOCTEH 1HAMBIIYaTbHUX HAHOTPYOOK (OJHOIIAPOBHUX
abo Oaratomaposux). MacuB BHT, Ha BiAMiHY BiJ IHIUBIIyaJIbHUX HAHOTPYOOK,
MOJKE€ HE TIPOBOJUTH CICKTPUIHHIA CTpyM. Lle moB’si3aH0 3 THM, 1O 3B’SI3KU MiX CY-
CIIHIMU HAaHOTPYOKaMH € BaH-J€P-BaaJlbCOBUMHU.

Oco0MBOCTI METAJIOMAaTPUYHUX KOMITO3UTIB, 3MmintHeHnx BHT, oOGymoBneHi
HACTymHUMHU (aKTOpaMu: BIAMIHHOCT1 y BiacTuBocTsIX BHT; BakkicTh po3uerieHHs
aryioMepariB 1 piBHOMipHOTro po3noainy BHT y merani; mpobiema KoMIaKTyBaHHS
cymimi mopomky metany Ta BHT; mupoka Bapiariiss BiTHOIICHHS JTOBXWHHU JI0 Jlia-
meTpy BHT; MOXIUBICTE XIMIYHUX pEaKIii MK ByTJIElleM Ta METajoM, IO MPUBO-
JIATh 0 YTBOPEHHSI KapOiIiB.

Cuctemu, 10 MICTATh YACTUHKHU Miai Ta MOAU(DIKOBaHI HAHOTPYOKaMU MarOTh
rapHi XapakTEPUCTUKHU JIJI1 BUKOPUCTAHHS B MPHJIAIOO0Y/IIBHIA Ta €HEPreTHYHIN Ta-
Ty3sX.

Bbyno mocmimkeno enexrpomnpoBigHi BiaactuBocTi cuctemu Cu-BHT y mporre-
caX HABaHTAKCHHSA-PO3BAHTAKEHHS, SKI CIPHUSAIOTH BCTAHOBICHHIO KOHTAKTIB MIX
CYCITHIMH YaCTUHKAMH Ta 30UIBIICHHIO iX ILIOIII, IO 3MIHIOE OPIEHTAIlIIO Ta TE€OMeE-
tpito BHT, BinmoBiaHO, 1 BJIACTHBOCTI.

Bcranosneno, mo 36unbmenHs konnentpanii BHT no 17 mac. % Tta 30 mac. %
CIpHsiE 3DOCTAHHIO €JIEKTPOMPOBITHOCTI B 2 pa3u, MOPIBHIHO 3 BUXITHUMH KOMIIO-
HEHTaMH, 110 TOB’S3aHO 3 MIEPEHOCOM EJIEKTPOHIB 3 MeTalmiyHuX JacTHHOK g0 BHT.
[Tpu HacTymHOMY 301IBIIIEHH] KOHIIEHTPAITI] CIIOCTEPIraeThes ii maiHHS,.

1. Olga A. Shenderova, Dieter M. Gruen Ultrananocrystalline diamond synthesis, properties,
Norwich, New York, U.S.A.: William Andrew Publishing.— 2012. — 617 p.
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POJIb HAHOYACTHUHOK, YTBOPEHUX ITPU CTAPIHHI CIIJIABIB 3A-
JIIBA I MIJI, HA EOEKTHU NAM'STI ®OPMU 1 HAAIIPYKHOCTI
JI. Jlemuenko'™), A. Tirenko?, T. bukanos!, O. Titenko!, M. ba6aunn®, C. I'yceitnos®

'Hayionanvruti mexniunuii ynisepcumem Yxpainu «Kuiecokutl nonimexniunutl in-

cmumym im. I.Cikopcbkoeoy, Kuis, Ykpaina
2[ncmumym maznemusmy HAH ma MOH Ykpainu, Kuis, Yxpaina

343epbatioacancekutl Oepacasnuli ynisepcumem wagmu ma npomuciosocmi, baxy,

Aszepbaiioncan,  “lesyademch@gmail.com

[lepcneKTHBHIM HampsiMOM MaTepialo3HaBCTBA € PO3- 1800 -
poOKa IHTENEeKTyaJbHUX MarepiajliB 3 (YHKIIOHAJb-
HUMH BIIACTHBOCTSIMH, JIO SIKUX BIIHOCATHCS e(heKTH
nam'sti popmu (EIND) 1 nanmpyxnocti (HII). Ilinu-
LIEHUH 1HTepec 10 «pO3yMHUX» MarepiaiiB (Smart ma-
terials) 0oGymMoBIIEHHIT MOKJIMBOCTSIMH PI3HOMAHITHOTO
X BUKOPUCTAHHS SK aKTyaTOpIB MIKPOJIATUYUKIB Ta Mi-
KpONpUBOAIB, AeMIiiepiB Aisi raciHHg BiOpamiil ma-
IIMH 1 MEXaHi3MiB, CHJIOBUX BHKOHABYHX MeXxaHi3Max
pi3Hux mpuctpoiB Ta iHmI. Illupoke 3acrocyBaHHSIM
TaKUX MaTepiaitiB B a€pPOKOCMIYHOMY 1 aBTOMOOUTHHO-
MY KOMIUIEKCI, B TIPHJIaJI0- 1 MAITHHOOYAyBaHH]1, €JIeK-
TPOHILli, OlIOMEIUIIMHI J03BOJISE 3aMaTH IM NplopUTe- Puc. 1. [udpakrorpama crmasy CUuAIMn
THE Miclie B iepapXii HallOLIbII 3aTpeOyBaHUX Marepi- Micist TepMOOOPOOKH: 3arapTyBaHHs i Bidnany.
amiB. [lomyk HOBUX (YHKITIOHATHPHUX KOMITO3HUITIHHUX

MaTtepiaixiB Ha OCHOBI CILIaBIB 3ajli3a Ta Miji, siki Mmorau O nposBisatu ETI® 1 HIT B mmpokomy TeM-
NepaTypHOMY IHTEpBaJli, IPEJCTABIISIE BEIUKUNA 1IHTEpECY 3B 53Ky 3 IX YHIKaJIbHUMHU BIACTHBOCTS-
MH, B TOMY YHCII — (i3UKO-MeXaHIYHUMU. BUIIeHHS: HAHOPO3MIPHUX YAaCTHHOK PI3HOTO XIMIYHO-
ro CKJaay, po3Mipy i 00'€MHOT A0JIi IPU CTApIHHI € MEPCIEKTUBHUM ITiJIX0JI0M JI0 CTBOPEHHS HOBO-
ro Kjiacy HaaMinHuX ¢yHKiioHaasHux MarepianiB 3 EII® Ta HIT Ha ocHOBI MpUpOIHUX HAHOKOM-
no3utiB [1-3]. HaHOYacTUHKH, IKi YTBOPIOIOTHCS MPU AUCTIEPCIHHOMY TBEpAiHHI He 3a3Hat0Th MII,
ajyie 3a paxyHOK Bapiairii iX XIMI9YHOTO CKJIaay, po3Mipy Ta 00'€éMHOI J0JIi MOKHA KEpyBaTH MeXa-
HIYHUMHU 1 (PYHKIIOHAJIBHUMU BJIACTUBOCTSIMM HAHOKOMITO3UTIB. 3 MeToro ynpasiinHsa HII ta EIID
B IIMPOKOMY IHTEpBaJli TEMIIEpaTyp, MPEACTABISLIO IHTEpEeC BUBYCHHS BIUIMBY HaHOYACTHUHOK, X
PO3MipiB 1 KUIBKOCTI Ha e€(eKTH HEMpPY>KHO1 MOBEIIHKA HAHOKOMIIO3UTY, KU YTBOPIOETHCS B pe-
3ynbTarti crapinas craiiB 3aiiza (FeNiCoTi) i migi (CUAIMN).

[ToBHA 0GOPOTHICTH Ta Maiuit Temueparypuuii ricrepesuc AT=A—Ms (Ms— Temneparypa mnoua-
TKy npsimoro MII npu oxonokeHi, Ar— Temmneparypa kinusg odepuenoro MIT mpu HarpiBi) B ciuia-
Bax 3ai3a 1 MiJll IOCATalThCs 32 paXyHOK CTBOPEHHS HAHOKOMIIO3UTHO1 CTPYKTYPH IPU CTApEHHI
BUCOKOTeMIepaTypHoi (a3u Ta MaritHoro BnopsakyBaHHs. Hanouactunku (CoNi)sTi abo
Cu2AIMN, siki yTBOPIOKOTHCS HPH THCIEPCITHOMY TBEpAiHHI ayCTEHITHOI MaTpUIli CIUIaBiB 3amiza
a0o0 Miai 30epiratoTb KOrepeHTHICTh 3 IpaTKoro MapTeHcuTy npu MII, mo BinoOpaxkaeTbes y mif-
BUIIEHHI PIBHS MIIHICHUX BJIACTUBOCTEH HAHOKOMIIO3UTY Ta rajibMyBaHHI pellakcaliifHuX mpore-
ciB. B 1oil ke yac, HaHOYaCTUHKHU a3y BUIUIEHHS CIPHUIIOTh 3MEHIICHHIO IIMPUHU TeMIIepaTyp-
Horo ricrepe3ucy MII i 3MiHI0I0Th JleopMaltito MaTepiany 3 IHBapiaHTHOIO I'PATKOIO BiJl KOB3aHHS
10 ABIAHUKYBAHHS.

1. A. Titenko, L. Demchenko, M. Babanli, et al., Metallofiz. Noveishie Tekhnol., 42, No. 4: 531 (2020).

2. A. Titenko, L. Demchenko, A. Ye. Perekos, M. B. Babanli, A. Yu. Gerasimov et al., Powder Metall. Met.
Ceram., 59: 271 (2020).

3. A.Titenko, L. Demchenko, L. Kozlova, M. Babanli, T. Z. Ren, Ya. Titenko, Appl. Nanosci., 10: 3097 (2020).
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METHODS FOR PREDICTING THE HEAT CAPACITY OF TECHNICALLY
IMPORTANT LIQUIDS

Zhelezny V.P.%, Ivchenko D.A.X®), Hlek Ya.0.!, Khanchych K.Yu.?

!0dessa national academy of food technology, Kanatna str. 112, Odessa, Ukraine
2Odessa I.1. Mechnikov national university, Dvoryanska str. 2, Odessa, Ukraine
“Ten.: +38 096 719 17 18, E-mail: dmitriy.ivchenko@gmail.com

The problem of providing the energy industry with reliable data on the thermo-
physical properties of technically important liquids and nanofluids cannot be solved
using only experimental or theoretical methods. Therefore, the aim of the further de-
velopment of models for predicting the thermophysical properties of complex ther-
modynamic systems is actual.

The report provides a critical analysis of the existing methods for calculating
the thermophysical properties. It is shown that they do not take into account the fun-
damental differences between the properties of liquids and gas or solid phases of sub-
stances. Moreover, the change in the structure of the liquid phase of substances in a
wide temperature range is also ignored.

In order to develop a new fluctuation model for predicting the thermophysical
properties, the authors propose to analyze changes in such fundamental properties of
liquids as fluctuations of thermodynamic functions. The report provides a detailed
analysis of the temperature dependences of density fluctuations for pure substances of
various classes. It is shown that the dependences of fluctuations of density and heat
capacity on the reduced temperature (t=1-T/T¢) in logarithmic coordinates for most
substances have three distinct sections: 1 - the vicinity of the critical point, where all
substances behave similarly; 2 - a regular area, where the individual properties of a
substance are determined by the potential of intermolecular interaction; 3 - a region in
a wide vicinity of the triple point, where significant deviations from thermodynamic
similarity are observed (due to the increasing role of van der Waals interaction be-
tween molecules in the formation of short-range order in the liquid phase).

Conclusions. It is established that the thermodynamic similarity of substances
can be based on the equidistant character of the temperature dependences of their
density fluctuations. It is proposed to use the temperature dependences of the density
fluctuations as a basis for the development of a universal method for predicting the
heat capacity of various substances on the boiling line.

Acknowledgments: National Research Foundation of Ukraine, project No. 2020.02/0125
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EXPERIMENTAL SETUP FOR MEASURING THE MELTING ENTHALPY
OF PARAFFIN/NANOPARTICLES PHASE CHANGE MATERIALS
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Odessa national academy of food technology, Kanatna str. 112, Odessa, Ukraine
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The temperature and enthalpy of melting also as thermal conductivity are the
most important properties that determine the expediency of thermal storage materials
with phase transition (PCM) in industry. The nano-structurization of PCM is one of
the prospective ways for mentioned properties enhancement. The description of a
new experimental setup for measuring the melting enthalpy of composite paraffin
wax PCM (including PCM containing nanoparticles) is presented in the study — Fig.1.

The measured values of ther-
mal energy spent on the PCM heat- e

ing and melting also as the melted N \":xxs 9
PCM mass were used for melting g % 10
enthalpy evaluation. The compen- 6. -

sating method was used for obtain- 5= R8s > J,.”
ing the consumption thermal energy , = SR : /12
values. The voltage drop for heater & - 13
10 and standard resistor 12 were 3 é 7 :
measured. The measuring cell tem- 5 - 5
perature was controlled by absolute s H
copper-constantan thermocouple 6. 1~ - | =

The electric parameters were rec- ’;\ o ]

orded by high-precision multimeter e N

14. The analytical balance was used
for cell, container and PCM mass
measurements. The vacuum cham-

&~ I

ber (5-7-102 mm Hg) and shield 5 @) g 17 16 15 14
were used for convective and irra- Fig. 1 Schematic diagram of the setup:
diative heat loss minimization. 1 — platen; 2 — container for melted PCM,;

The melting enthalpy of paraf- 3 — holder; 4 — measuring cell; 5 — shield; 6 —
fin wax containing both the fuller-  thermocouple; 7 — teflon piston; 8 — vacuum
ene Cg and multi-wall carbon hood; 9 - test sample; 10 - heater; 11 — vacuum
nanotubes has been measured. For seal; 12 — standard resistor; 13 - power supply;
uncertainty minimization, all meas- 14 — multimeter; 15 — air valve; 16 — thermo-
urements were performed multiply couple pressure transmitter; 17 — vacuum
using various amounts of PCM. pump; 18 — Dewar vessel with t=0 °C

Acknowledgments: National Research Foundation of Ukraine, project No. 2020.02/0125
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NOVEL APPROACH TO ANALYSIS OF PV
ENCAPSULANT MATERIAL PROPERTIES
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The producers of the photovoltaic (PV) modules guarantee their stable perfor-
mance for 25 years with no more than 20% reduction. Actually, the property deterio-
ration is more dramatic. The prediction leaves aside the UV- (ultraviolet) and ther-
momechanical load-induced degradation of the encapsulant material which is eth-
ylene vinyl acetate (EVA) in ca. 80% cases. However, EVA is not a perfect solution,
and the search keeps on for more appropriate laminants with oxygen- and moisture-
blocking fillers etc. Hence, the development of the appropriate techniques for their
rating is the actual objective. One of the possible reason of the EVA degradation is
the loss of its integrity, in particular, as a consequence of the temperature expansion
mismatch at the interfaces of glass-encapsulant-active PV element under UV. This is
the material mechanical strength and its durability against environment impacts that
we concentrate upon as a crucial point. There are two distinct peculiarities of these
materials to be kept in mind while analyzing their mechanical properties: i) true
stress- true strain must be considered rather than engineering notation; ii) Poisson co-
efficient is dependent on the strain. The former is characteristic for large defor-
mations with true and engineering strains differing by the orders of magnitude. The
latter is attributed to the variability of the Poisson coefficient relating to the tensional
elongation, which transforms substantially the stress-strain representation (curve 2,
fig.1). 'H NMR spectra are analyzed in correlation with the stress and strain for the
EVA samples under UV and mechanical tension.

60

S=8pexp(-2v,€) Fig.1. Various representations of the stress vs strain
1\ based on: the true strain er (1,2) and engineering
@ 404 T L . | strain € (3) in comparison with reference [4] (curve
% / =g &=l 4). er is calculated with Poisson coefficient taken as:
. S = Spexp(—2¢,) 1 — vre the constant reference value of 0.48; 2 —
© 50 / measured value. The cross-section area S is calculat-
/ So = todlo | ed for each curve with t, L, d being thickness, base
_/ length and width, respectively.
—3
0 Inset. The sample shape.
0 600 900
: (aT) [%]

1. Ch. Hirschl, M. Biebl-Rydlo, M. DeBiasio, W. Miihleisen, L. Neumaier, W. Scherf, G. Oreski,
G. Eder, B. Chernev, W. Schwab, M. Kraft, Sol. En. Mater. & Solar Cells, 11,: 203 (2013),
https://doi.org/10.1016/j.s0lmat.2013.04.022.
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INJMIASMOHHA CIHHEKTPOCKOIIIA PI3HUX CTAHIB IIOBEPXHI
MOHOKPHUCTAJIIB W(110)
BacuabeB M. O., Jlens €.1'., MakeeBa 1. M., Koaecuuk B. M., ITatoka B.I.
IlleBuenko M.S1., Cmoabnuk C.B.
Inemumym memanogizuxku im. I'. B. Kyporomosa HAH Yxpainu,6ynve. Akademika-
Bepnaocwvroeco, 36, 03142, Kuis, Yxpaiua
“Ten.: +38 044 4242520E-mail: kolwen@ukr.net

Ha cphoronHi 3HayHa yacTka €JIEKTPOEHEPTii MOKe BUPOOISATHCS NMPSMUM IEPETBO-
PEHHSM TEIJIOBOi €HEeprii Ha eJIeKTPUUHY 3a JOMOMOIOI0 TEPMOEMICIHUX MepeTBOPIOBAYiB
(TEIT). OnHuM 13 cnioco6iB mosinieHHs: TexHiyHuX Xapakrepuctuk TEIL mo mpaitorors
MPHU BUCOKHUX TEMIIEpaTypax, € BAKOPUCTAHHS KaTOAY i aHOIY OJTHAKOBOTO XiMIYHOTO CKJIa-
Ty, aJie 3 PI3HOI0 pOOOTOI0 BUXOY €JIEKTPOHIB 3 iX MOBEPXOHb. ToMy Jyisi cTaO1IbHOT pOOO-
T enekTpoau TEII BUTOTOBISIIOTh 3 MOHOKPHUCTAJIIB OJJHOTO M TOTO % TYTOMJIABKOTO MeTa-
7y, aje 3 pi3HOI0 OpIEHTAII€I0 X POOOUYMX MOBEPXOHBb BITHOCHO KpUCTANOrpadiyHuX ILUIO0-
muH. Bigomo, mo 6arato BaJIMBUX BIIACTUBOCTEH METalliB BU3HAYAIOTHCS CTPYKTYPOIO i
(b13MKO-XIMIYHUM CTAHOM iX MOBEPXHEBHMX LIApiB. 3 1HIIOrNO OOKY, XapaKTepUCTUKH TLIa3-
MOHIB Ha/I3BUYAIHO YyTJIMB1 0 (P13MKO-XIMIYHOTO CTaHy METaJIeBUX MOBEPXOHb. Po3ymiH-
HSl MeXaH13My 30yKeHHsSI 00'€MHUX 1 TOBEPXHEBUX IJIa3MOHIB B1JIKpUBA€E HOBI MOXKJIMBOCTI
BUKOPHUCTAHHS BTOPUHHOI €JIEKTPOHHOI eMicii Juisi aHami3y (i3UKO-XIMIYHOTO CTaHy MOBEp-
XH1 MarepiaiiB, [0 BUKOPUCTOBYIOTHCS B PI3HUX Tally3sX TEXHIKH, 30KpeMa 1 B 1HHOBAIiii-
Hill eHepreTulll. Y 3B’s3Ky 3 LIUM, O€3yMOBHO, € aKTyaJbHUM BUBYEHHS BJIACTMBOCTEH IO-
PI3HOMY OPIEHTOBAHMX MOBEPXOHb MOHOKPUCTAJIB TYTOIUIABKUX METANIB, Yy TOMY YUCIi BO-
nb(pamy, TICHA PI3HUX PEKUMIB TEPMOOOPOOKH 3a JTOMOMOTOI METOY IJIa3MOHHOI CIeK-
TPOCKOIII.

B naniit po6oTi popMyBaHHS TUTa3MOHIB Y CIIEKTpaxX BTOPUHHOI €JIEKTPOHHOI eMicii
JOCITIJIKEHO I BOX 3pa3kiB MoHOKpucTaimy W(110) micas cxXigyacToro HarpiBy B Jisima-
30mi 1000—2800 K y Bakyymi se ripme 5-10~" ITa. ¥ nepmomy 3pasky W (110)-1 micns
IIUKJIIYHOTO BiNATy MpH BUCOKHX TemIiepaTypax (moHan 2500 K) moBepxHs Oyia 30arade-
Ha BYIJICIIEM 3a paxyHOK cerperariii Horo 3 00’eMy, a y apyromy 3pazky W (110)-2, skwuii
BIJIMAJIIOBABCSI TIPH MEHIIUX TeMIIepaTypax 1 TPUBAIOCTI Bimaly, KOHIICHTpAIlis BYTJICITIO
Ha TIOBEPXHI Ta y MPUIIOBEPXHEBOMY IIapi OyJia MpakTUIHO OJHaKoBa. J[Ji1 MaTepisiiB, 1Mo
BUKOPUCTOBYIOThCS s enekTpoaiB TEIl Hap3BuYailHO BaXKJIMBO 3HATH 3MiHY pOOOTH BH-
XOJly €JIEKTPOHIB 3 MOBEPXHI B Pe3yJibTaTi Pi3HUX TEIUIOBUX, HOHHUX Ta Ta30BHX BILUIUBIB,
TOMY €HEprii MOBEPXHEBUX 1 00’€MHUX IJIa3MOHIB BHUMIPSIIMCS y TaKHUX CTaHaX IMOBEPXHI
3pa3KiB: a) MOYaTKOBUA, 0) micns Bignany npu temmnepatypi 1973 K, B) micis excrno3uiii B
aTOMapHO-YUCTOMY KHUCHI, T') TICJIsl OYMCTKU ToBepXxHi HoHamu Ar' 3 erepriero 700 eB. Bei
BHUMIPIOBAaHHS BUKOHAHI 3a JIOTIOMOT0I0 HA/IBUCOKOBAKYYMHOT'O HU3bKOCHEPTreTUUHOTO elie-
KTPOHHOT'O CIIEKTPOMETpa, 110 00IaIHAHUN YOTUPHbOXCITOUHUM HamiBCHEPHUUHUM €HEeproa-
HaJIi3aTOpOM, a TaKOXK CJICKTPOHHOIO Ta 10HHO rapmaTtamu [1].

Po3paxoBaHo ycepenHeHi 3HAUCHHsI €HEprii MOBEpXHEBHUX 1 00’€MHHX IIJIa3MOHIB Ta
iX BIJHOIIEHHS, KOHIICHTPAI[IO €JEKTPOHIB MPOBIAHOCTI, M0 OEpyTh Y4acTh y IJIa3MOBHUX
KOJINBAHHAX, OJIEP’KAHO 3HAYCHHS POOOTH BHUXOJy EJIEKTPOHIB 3 MOBEpXHI 000X 3pas3KiB
monokpuctaxy W (110). ITokazano, mo po6ora Buxoay enekTpoHiB mis 3pazka W(110)-2,
MOBEPXHsI IKOT0 30aradeHa ByTJeIieM, Mae OLTbIi 3Ha4eHHs B opiBHsaHHI 3 W(110)-1.

1. M. A. Vasil'ev, S. D. Gorodetsky, Vacuum, 37: 723 (1987). DOI: https://doi.org/10.1016/0042-
207X(87)90261-2.
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He 3Bakaroum Ha 3HaAYHI YCIiXU PO3BUTKY TexHoJOTiH 3D-HaruiaBieHHs, s
HUX 3aJMIIAETHCA aAKTyaJIbHOIO MpobiieMa 3a0e3NeueHHs] TEXHOJOT1YyHO1 MIIHOCTI
BUPOOY SIK 3 TOUKU 30py BUOOPY 0a30BOr0 XIMIYHOTO CKJIaay MPUCATHOTO MaTepiary
TaK 1 HASBHOCTI B HbOMY JIOMIIIIOK KHCHIO Ta a30Ty.

Metonom EDX-ananizy mis npucaguux mopoikis IN625 ta Hastelloy C22 3
BIIMIHHUM cepeaHboBaroBuM BMicToM [O] Ta [N] BUKOHAHO MOPIBHSAIBHUN aHai3
PO3IOALTY IUX JIOMIIIOK Ha TMTOBEPXHI Ta B MOIMEPEYHOMY Tepepi3i 4acTOK. AHAJIOTI-
YHO MOMNEPEIHIM JOCTIKEHHSIM TOPOIIKY kapoMilHoro cruiaBy XKC32 BCTaHOBIEHO
HAsSBHICTh 3HAYHOTO TPAJIEHTY MPUIIOBEPXHEBOT KOHIICHTpAIIll KUCHIO Ta a30Ty IIO-
PIBHSIHO 3 BHYTPIIITHIMH 00’ €MaMH JUCIIEPCHOI YaCTKH.

Jlns sxapoctiiikux cruiaBiB Ha Hikenesidd (IN625, Hastelloy C22, YC40) ta ko-
oanpsToBii (Ultimate, Stellite 6, Stellite 12) ocHoBax HUIIXOM BU3HAYEHHS CEPEIHBO-
BaroBoro Tra3oBMicTy aomimok kucHio [O]<0.16 Bar. % Tta a3zoty [N]<0.13 Bar. % 3a
METOJUKOIO BIIHOBHOTO IIJIABJICHHS B MOTOIII Ta3y-HOCISA JTOCIIKEHO 3aKOHOMIPHOC-
Ti 1X Mepexoy 3 MPUCATHUX MOPOIIKIB Y BIIMOBIAHUI HAIUIABICHUN MeTal MIPH MiK-
POILIa3MOBOMY MOPOIIKOBOMY HAIIABIECHHI Ta BIUIMBY Ha HOTO KOPOTKOYACHI MeXa-
HiuHi BmactuBocTi ipu 20, 1000, 1100°C.

BcranoBneHo, 110 30UTBIIEHHS BMICTY KUCHIO Ta @30Ty Y BUXITHOMY IMpHUCA-
HOMY TOPOIIKY >KapOCTIMKUX HIKEIEBUX CIUIABIB MOHA iX onTuMansHuil BMIicT [O],
[N] < 0.025 Bar. %, B mepity 4depry, Opu3BOAUTH /10 3HWKEHHS y 2.5-4 pa3u mokas-
HUKIB pyWHIBHOT AedopMarrii €;19occ TIPU BUMPOOYBAHHSIX BiJIITOBITHOTO HAILJIABIICHO-
ro MeTally Ha CTaTUYHUN po3Tar npu temrneparypax 1000 ta 1100°C. Ananoriuni pe-
3YJIBTATH 31 3HUKEHHS 3HAYEHB €]100°c CTIOCTEPITAIOTHCS 1 IJIs1 IPUCATHUX TOPOIIKIB
Ha K0OaNbTOBIM OCHOBI. OTpuUMaHi pe3yibTaTH CBIIYATh MPO MOXKJIUBICTh 3HAYHOTO
MIJBUILEHHS OMIPHOCTI MPOTH YTBOPEHHS TPILIUMH MOBTOPHOTO HArPiBY B yMOBaXx Io-
CHIIOBHOTO Mepediry 3BaproBaAIbHUX TepMmoaedopMaliiHUX LUKIIB B mpoueci ¢op-
MyBaHHsSI 0araTonapoBOTO HAIUIABICHHS IS PO3TVITHYTHUX THITIB HAIUTABICHOTO MeE-
Tajgy HUIIXOM OOMEKEHHSI B HhbOMY BMICTY KHCHIO 1 a30TY, B IIEPIIYy Yepry — 3a paxy-
HOK BUKOPUCTAHHSI BIMIOBITHUX MPUCATHUX MOPOIIKIB 31 3HM)KEHUM 1X BMICTOM.
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JloOpe BijlomMoO, 10 CIUIaBM HA OCHOBI ITUPKOHIIO XapaKTEPU3YIOThCS HaTHU3b-
KAM TIEpEpi3OM PO3CISHHS TEIUIOBHX HEUTPOHIB 3 BHCOKOK TEIUIOTOK TOIUICHHS
IIMPOKO BUKOPUCTOBYIOTHCS TPHU BUTOTOBJICHHI KOHCTPYKIII OOOJIOHOK IaTMBHHUX
€JIEMEHTIB Il BXKE ICHYIOUMX PEaKTOpiB Ha JIerkid Ta Baxkidl Bojil. LlupkonieBi
CIUTABM BUKOPUCTOBYBATUMYTBCS Y HOBUX PEaKTOpax IMPH MiABUIICHUX TEMIIEPaTy-
pax TEIJIOBUALUTBHUX €JIEMEHTIB 3 METOI0 3a0€3IICUCHHS TTIOBHOT'O BUTOPSIHHS SIJICPHO-
ro majguBa. 3a BAXKJIUBICTIO MPAKTUYHOCTI 3aCTOCYBaHb IIUX CIUIABIB JOCHIPKCHHS 1X
HE BTpava€ CBOEI aKTyaJIbHOCTI Ha ChOTOJCHHS. BaXXJTMBUMH TIPH I[bOMY TOCTaIOTh
3a/1a4i 11010 BUSIBJICHHSI 0COOJMMBOCTEH (POpMyBaHHS Ta €BOJIIOIT Ae()EKTHOT CTPYK-
TYpH y TaKUX CIJIaBaX 3a PI3HUX PEXKUMIB OTIPOMIHEHHS, 110 CIIPUUYUHSE 3MIHY X (]i-
3UKO-MEXaHIYHUX BIACTUBOCTEH.

[IpoBeneno nocmikeHHs MpoleciB (GOpMyBaHHS Ta PO3BUHEHHSA AePEKTHOI
CTPYKTYpH y OiHapHUX cruiaBax Zr-Nb, onmpoMiHIOBaHUX HEUTpOHAMU 3a JI0MIOMOTOIO0
YUCJIOBOTO MOJICJIIOBAHHS IIIAXOM KOMOIHYBaHHS METOJIB KJIACTEPHOI TWHAMIKH,
MIBUIKICHOT Teopii Ta ¢a3zoBoro mois. TyT MpoBOAUTHCS PO3BUHEHHS Ta 3aCTOCYBaH-
HSl TIOJIOKEHBb TeOpli MIBHAKOCTEH peakIii s JOCHIDKEHHS IWHAMIKU KJIacTepiB
ne(deKTIB Ha MaJIUX 033X, XapaKTepHUX mJis ¢GopMmyBaHHS JIePEKTHOI CTPYKTYpPH.
[ToOynoBaHO AMHAMIYHY MOJIETh KJIACTEPHOT TUHAMIKY 3 YpaXyBaHHSM BIUTUBY KOH-
HeHTparii Hi06ir0 Ta po3mipy mpernumitaTiB. [IpoBeaeHo aHami3 1030BUX 3aJEKHOC-
TEW KOHIIEHTpAIlii KIacTepiB Me(eKTiB Ta CTATUCTUYHHI aHaJI3 KIACTEPIB 3a pPO3Mi-
pamu. BcTaHOBIEHO 3a71€)KHOCTI MIBUAKOCTI iX POCTY 3 KIACTEPiB CEPETHHOTO PO3Mi-
Py BiJ mapaMeTpiB OMPOMIHEHHS Ta MIKpOCTPYKTypHu. Ha BenuKux mo3ax mpoBeAeHO
JETAIBHUAN aHaji3 pOCTY AUCIOKAIIMHUX MeTeNb Ta AedopMalliil mpu paaiaiiHOMy
pocti. BusiBieHo BIUIMB KOHIIEHTpaIlii HIOOII0 Ha XapakTep PO3BUHEHOI JePEKTHOT
CTPYKTYpH, PO3MIpy MHPEIHIIITATIB, BCTAHOBJICHO PO3MOJUI IMETENb 3a pO3MipamMu B
3€pHI 3aJIe’KHO BiJl BIIJJAJICHOCTI BiJl MEX1 3€pHA T4 MOXKIIUBICTh OJJHOYACHOTO ICHY-
BaHHS MIKBY3JIOBUX Ta BAaKaHCIMHUX METETh y MPU3MATHYHUX TUIOMIMHAX, TPOBEICHO
OIIHKY 3MIITHCHHS, 1HAYKOBAHOTO PO3BHHEHOIO CTPYKTyporo nedekriB. [IpoBemeHo
MOJICTIOBAHHSI €BOJIIOLIT MIKPOCTPYKTYpH METOJ0M (ha30BOTO MOJIE Ha OCHOBI Tep-
MoauHamiuHoro minxony CALPHAD, koMOiHOBaHOTO 3 TEOpi€l0 MIBUIAKOCTEH peak-
1 3 METOIO JOCHIIPKEHHS BIUIMBY JMCIIOKAIlIM HEBIAMOBITHOCTI Ta HEPIBHOBAKHUX
BAKAHCIM Ha CTIMKICTh MPEUMMITATIB HI00110. J[OCHIIKEHO BIIUB PEXKUMIB OMPOMI-
HEHHS Ha CTIHKICTh MPEIHUITITATIB Ta 3MIHA KOHIIEHTpallii HI00110 B HUX.
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Ni-Al alloys exhibit a martensitic diffusionless phase transformation from the B2 type aus-
tenitic phase to tetragonal L1o. This is experimentally observed only in NixAll - x (x =
0.62-0.69) nickel-enriched compositions. In this case, in oss  om  iSAbEC
addition to pure Ni layers, Al-Ni layers are formed in the B e R )
alloy. Many authors were using molecular dynamics

method for studying the mechanisms of martensitic trans-
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formation [1]. These studies discovered that it is Bain TET Teema e / .
transformation, it is reversible, demonstrates temperature  So=| ST a ‘:’ p o
hysteresis and is influenced on the applied stresses. The il S A @ A+ o
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possibility of the simplest possible in terms of symmetry ..t &+ ™"
Bain transformation in Ni-Al assumes its high reversibil- Y
ity, since the initial and final phases are closer by sym- Fig. 1. Dependences of the formation
metry when compare for example with those of NiTi enthalpies of model structures of their
(B2-> R - B19') and ZrCu (B2-> B19+Cm). However, tetragonality

the experimental studies reveal that the Ni-Al alloy in this concentration interval is subject
to decomposition into a number of high-symmetry crystalline phases. The reason for this is
that the ordering of Ni atoms in the Al layers is energy advantageous. The target of the pre-
sent work is to demonstrate that it is possible to block the Ni ordering process, and create
the alloys with reversible B2- L1, transformation on the basis of Al-Ni system. The calcula-
tions have been performed using the Vienna ab-initio simulation package VASP 5.4.4 [2].
All calculations were performed for the temperature T=0. A number of model fcc structures
NiwsAlsnNin (2x2x2) SQS type [3], which simulate Ni disordering in Al layers, was used to
model the atomic structure of the alloys and estimate the enthalpies of their formation. To
verify the validity of the simulation results, we have also used the model structures of larger
size (3x3x2) containing 72 atoms in a unit cell. A comparison of the obtained results is
shown in Fig. 1. The lattice tetragonality parameters are determined experimentally for the
Ni66AI34 samples that were prepared under the different cooling rates: 600, 1200 and 4x10*
K s, It was found that increasing cooling rate results in the formation of new phases. Using
SQS structures, we have modelled the atomic structure of the alloys that were obtained ex-
perimentally at high cooling rate. The calculation results have shown that in those model
structures of 65-66 at. % Ni concentration there exist 2 types of local short-range order —
namely, B2 and L1,. Formation energy of those SQS structures is energetically more advan-
tageous than the NisAl alloys formation energy. This is demonstrated also at the Fig. 1,
which shows the dependences of the formation enthalpies of the model structures on the de-
gree of their tetragonality. The atomic structure of structures A and B modeling the austenit-
ic and martensitic phases, respectively, has been investigated. Diffractograms of these phas-
es are calculated theoretically. It was found that the partial replacement of Al by Ti atoms
blocks the Ni ordering in the Al layers and promotes the formation of a local short-range

order of B2 type as in the NiTi intermetallic.

1. G P PurjaPunand YMishin, J. Phys.: Condens. Matter 22 (2010) 395403
2. G. Kresse and J. Furthmiiller, Phys. Rev. B 54, 11 169 (1996).

3. A.vande Walle, et al., Calphad Journal 42, 13 (2013).
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The boson sampling scheme is a non-universal quantum computer which is used to
calculate permanents of matrices [1-2]. The algorithm was considered in the case of
photodetection by the continuous wave method, taking into account the dead time of
detectors. This imperfect detection method is used in order to be able to distinguish
adjacent numbers of photons. The probability of the distribution of the registration
photon number at the output is related to the permanent. We investigate whether it is
possible to express the permanent from the corresponding formulas for the considered
realistic photodetection and what type of dependencies between continuous wave de-
tection method and ideal photodetection does it provide. We believe that the obtained
result will make it possible to implement boson sampling for calculating the perma-
nent of much larger orders than it is possible now.

1. S. Scheel, Permanents in linear optical networks, Acta Physica Slovaca 58, 675 (2008).
2. S. Aaronson,and A. Arkhipov, The computational complexity of linear optics, Theory of Compu-
ting, 9, 143-252 (2013).
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VY po6oTi OTpUMaHO MPOCTI MOJIEIbHO-HE3aJIekKH1 OI[IHKM MaKCHUMaJIbHOTO 3Ha-
YEeHHsSI HaIpPY>KEHOCTI MAarHiTHOrO MOJisA, 10 BUHUKAE Yy 1HQIIAIIAHOMY Ta MOCTIH-
¢GsiiiHOMY MarHiToreHesl, 3 ypaxyBaHHSIM 3BOPOTHOI peakiii Ta epekrty LlIBiHrepa.
3a IUMU OI[IHKAMH, BEJIMYMHA MArHITHOTO MOJIsI BUSBIAETHCA JTOCUTh HU3BKOIO IS
KOCMOJIOT1YHO 3HAUYyIIUX MPOCTOPOBUX MacIITabiB. Jlemio Bl 0OMeXeHHs Ha Mar-
HITHE T10JI€ OTPUMAHO 3a MPUMYIIECHHS, 0 JEIKUH HEBIJOMHIN MEXaHI3M MPUTHIYYE
edexkr llIBinrepa y panubomy BcecBiTi.
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The main focus of this work is boson sampling [1, 2] — a non-universal
guantum algorithm designed to solve a specific computational problem of matrices
permanets. The permanent is similar to the determinant, but surprisingly more
computationally complex, so there are no classical algorithms that can solve this
problem at an acceptable rate available today. The experimental scheme for boson
sampling requires single-photon sources, a multiport linear interferometer and single-
photon detectors. Though, it has a major drawback — the difficulty of discriminating
adjacent photon numbers during the detection event. We suggest a theoretical result
that allows us to obtain correct values of permanent in the context of using realistic
arrays of on/off detectors. We believe that the adaptation of the boson sampling
algorithm may be useful for further boson sampling research.

[1] S. Scheel, Permanents in linear optical networks, Acta Physica Slovaca 58, 675 (2008).
[2] S. Aaronson,and A. Arkhipov, The computational complexity of linear optics, Theory of
Computing, 9, 143-252 (2013).
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Ti-Ni is a well-known shape memory alloy (SMA). It is currently used primarily
for medical purposes. However the scope is wider, including energy conversion and
energy harvesting systems. Particularly, there is renewed interest to the Stirling’s en-
gine based on Ti-Ni SMA [1]. Interest to the nanostructured Ti-Ni increases as well.
For example, Ti-Ni nanopowder is used as hydrogen storage material [2]. More com-
plex structures like core-shell Ni@Ti, Ni@TiO; and NiO@TiO, nanoparticles can
occur as a side product during Ti-Ni nanopowder obtaining [3]. These structures are
promising for their application for fuel cells, solar cells and photocatalysis for hydro-
gen generation.

As was shown in [4,5] several kinds of na-
nosized particles are formed during spark erosion
of Ti-Ni-based alloys in liquid argon. The mor- shell
phology, composition, and fine structure of the -
nanosized particles were investigated by trans-
mission electron microscopy (TEM), high-
resolution (HRTEM) and energy-filtered
(EFTEM) transmission electron microscopy and
energy-dispersive X-ray spectroscopy (EDX) 20—
analysis. It was found that the finest particles (5-  Fig- 1 “Core-shell” particle: Ni-rich
20 nm) consist of TiO and NiO. While some of ~ ¢ore shell - TiO
the particles of several tens and even hundreds of nanometers have a “core-shell”
structure (Fig. 1). It has been revealed that both core and shell have FCC structure.
The Ni-rich core of that particles has the composition close to the eutectic between
the Ni and NisTi. The composition of shell is close to TiO. The formation mechanism
of the “core-shell” particles by spark erosion method, technological opportunities of
enlarging their output as well as their use for energy conversion and sustainability

applications are discussed.

1. P. Kumar, et al. Applied Energy 251, 113277 (2019) DOI: 10.1016/j.apenergy.2019.05.080.

2. T. Nobuki, et al. International Journal of Hydrogen Energy 44, 21 (2019) DOI:
10.1016/j.ijhydene.2019.02.203.

3. M. Arzi, et al. Appl. Phys. A 124, 625 (2018) DOI: 10.1007/s00339-018-2050-2

4. G.E. Monastyrsky Nanoscale Research Letters 10, 503 (2015) DOI:10.1186/s11671-015-1212-9.
5. G.E. Monastyrsky, V.I. Kolomytsev, Yu.N. Koval, P. Oshan, G. Wang, O. M. Ivanova,

N.I. Danilenko Metallofiz. Noveishie Tekhnol., 33, No. 3: 289 (2011) (in Russian).
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A novel schematic solution of a spectral beam splitting hybrid photovoltaic-
thermal (PV/T) collector that utilizes direct absorption of solar energy has been pro-
posed — Fig. 1. This study evaluates the initial feasibility of the proposed scheme to
achieve high-grade efficiency of spectral splitting during generation of thermal ener-
gy simultaneously with electricity.

The solutions of fullerene Cep in tetralin with the mass fraction up to 0.0010
kg-kg? were chosen as a working fluid. This solution was chosen by the following
reasons: 1) high absorbance value at low mass fraction of Cg in the wavelengths
range 350...650 nm with the pikes located between 340 and 420 nm (whereas the
spectral response of crystalline silicon solar cells is between 850 and 950 nm); 2) low
saturated vapor pressure values at high temperatures; 3) excellent colloidal stability.

The mathematical model for the air | glass
numerical experiment using CFD ——1_ heat transfer
software package for the simulation “infrarediranspa | 3" Wg’h y
has been build and worked out. Geo- rentsilicone __Wec amsorpion
metric model of the PV/T collector is silicon PV cell
presented in Fig. 2. A series of numer-
ical experiments varying the geometric
parameters, flow rate, and Cg mass
fraction were performed. As a result
the optimal PV/T collector solution
and its working regimes were found.

copper adsorber -

hermal insulation

Fig. 1 - schematic diagram of the splitting
PV/T collector

Fig. 2 — Geometric model of the splitting PV/T collector
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The transient heat transfer in a cylinder energy storage capsule (ESC) filled with
phase change materials (PCMs) has been experimentally investigated. As PCM mate-
rials have been taken: paraffin wax (PW) of industrial grade with melting temperature
53.5 °C and PW containing 0.936 g-kg™* of fullerene Cgo (mass fraction was chosen
taken into account the formation of a saturated solution of Cgo in melted PW).

The previous experimental study of PW containing 0.936 g-kg?® of Cg
(PW+Cgo) showed a significant increase in solid phase thermal conductivity (up to 80
% in comparison with pure PW) and insignificant influence on solid and liquid phase
density also as liquid phase viscosity. Thus the experimental investigations of the
transient heat transfer in ESC containing PW+Cg as PCM are actual for estimation of
PW+Cg as PCM industrial expediency.

The experimental cell was considered as a model of ESC. The cell was produced
from copper and has 12 mm in diameter and 120 mm in height. Two thermocouples
were installed in half of the ESC height: an absolute in the ESC center and a differen-
tial near the ESC wall. The experiment was conducted at constant ESC wall tempera-
ture boundary conditions in the way that solid-liquid phase transition could be regis-
tered. The two modes have been experimentally investigated: 1)ESC filled with PCM
samples was heated at forced convection from 0 °C after dipped it into 70 °C water;
2)ESC was cooled from 70 °C after dipped into melting ice. The obtained time de-
pendence of the temperature in the ESC center |s presented |n Flg 1.

As we can see ' ! o PW
from Fig. 1, the “ . PW4C
PW+Cg has a slight- %
ly higher heating rate .
In comparison with Cooling

PW. For the final in-
terpretation of the re-
sults obtained, the
measurement of the
caloric properties, al-
so as liquid phase

thermal conductivity 0 2 4 6 8 30 32 34 36 38 40
for PW and PW+Ce _ 7, min _

is going to be per- Fig.1—Time dependence of the temperature of PCM in cen-
formed by authors. ter of the ESC at heating and cooling modes

Acknowledgments: National Research Foundation of Ukraine, project No. 2020.02/0125
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