Hamionansna Akagemis Hayk Y KpaiHuu
[HCTUTYT bi3UKHN
[acTutyT Metanodizuku im. I'.B.KypatomoBa
[HcTHUTYT IpOOIeM peecTpartii iHpopmarrii
Ykropojchka gabopaTopisi MaTepialiiB ONTOCIECKTPOHIKH
Ta potoHiku [HCTUTYTY MpobiaeM peecTparii iHpopMmarii
VY KropoJchKuii HalllOHAJIBHUHN YHIBEPCUTET

IlIko1a-koHdepeHiss MOJIOAUX BUYEHUX

CYYACHE MATEPIAJIO3HABCTBO: ®I3UKA, XIMISI, TEXHOJIOT'Ti
(CM®XT - 2019)

Yxropoa Bogorpaii Ykpaina,
27 - 31 TpaBus 2019p.
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PEJIKOJIET' I

I'OJIOBHUU PEJAKTOP 3ACTYIIHUKU I'OJIOBHOI'O PEJAKTOPA
Haymoseyv A.T. Kprouun A.A. Yeapos B.M.

YJIEHU PEILAKHIﬁHOT PAIN
becnanos C.A., Manvuescoxuii 1.A., [lon M.M. Py6iw B.M.

Hpykyetbes 3a pimeHHsM Oprkomitetry CM®XT-2019 1 Buenoi pamu Inctutyry mpobiiem
peectparii iHpopmartii HAH Vkpaiau

Marepianu Ikonu-koHdepenuii monoaux BueHNX «CydacHe MaTepialio3HaBCTBO: (i3HKa,
ximist, Texuomorii (CM®OXT — 2019)» — Vxkropoa: @OII Cabor A.M., Ykpaina — 270 c.

Marepianu BioOpaXkaroTh 3MICT JIEKIIHA BITYM3HSHUX Ta €BPONEHCHKUX HAYKOBIIB y Taly3i
¢b13uky, XiMii Ta TexHOJOTrii HOBUX (YHKI[IOHATBHUX MaTepianiB Ta AONOBiAeH KOH(epeHIi 3a
pe3yabTatamMu GyHIAMEHTAIBHUX Ta MPHUKIAAHUX HAYKOBO-IOCITITHUX POOIT 3 aKTyaJbHUX MMUTaHb
B 00J1aCTi Cy4acHOTO MaTepiajo3HABCTBA 3a PI3HUMH HAlpsSMKaMU: METalld, CIUIaBU, Kepamika i
KOMITO3HITIHI MaTepialid; HaIIBIPOBITHUKOBI, JIEICKTPUYHI, MAarHITHI Ta CKJIOMOI0HI MaTepialiu;
HAaHOCHCTEMH, HaHOMaTepiald, HAHOTEXHOJOril; pO3MIpHI eQeKTH, caMoopraHizamis 1
MOJIETIIOBaHHSI HAHOCTPYKTYp; IUIIBKH, MOKPUTTS 1 MOBEPXHEBI HAHOCUCTEMHU; O10(yHKIIIOHATIBHI
HaHoMaTepiajii, HAHOCUCTEMHU B 010JI0T1i Ta METUIIMHI; MOJIMEPH, CYPaMOJIEKYISIpHI CTPYKTYpH,
KOJIOIHI ~ CHCTEMHM, aeporeiii; TEXHOJOTis, JIarHOCTUKa Ta 3acTOCYBaHHS  MarepialiB
PI3HOMAaHITHOTO IPU3HAYEHHS.

BunanHs po3paxoBaHO Ha HAyKOBMX IpalliBHUKIB, 1H)KEHEPIB, BUKJIA/1a4yiB BY31B, aCHIPaHTIB 1
CTYJICHTIB BIATMOBIIHUX CIIEI1aTbHOCTEH.

© IMIPIHAHY
ISBN 978-966-02-8903-1 © Oprkomiter «CM®DXT —2019»



Opranizaniiiunii Komirer

I'osioBa:

Haymogenp A.I'. (KuiB, Ykpaina)
3acTynmHMKH roJI0BH:

Kprounn A.A. (Kuis, Ykpaina)
VYBapos B.M. (KuiB, Ykpaina)
Buenwuii cekperap:

Py6im B.M. (Vxropoa, Ykpaina)

benses 0O.€., becnaioB C.A., bponin M.C., Boeomin B.M., Bucouancekuii .M.,
I'matuenxoC.JI., I'piasoB b.B., Kaprens M.T., Komicapenko C.B., Komeuko B.I'., Kyuyk-Snenko
C.JI., Manbuescekuii LA., Ilexuso B.L, IlerpoB B.B,, IToxogenko B.Jl., Paryns A.B., ®ipcroB
C.A., Yexyn B.O.

IIporpamumii oprkomirer:
Kprouun A.A., Maromniu B., Pizak B.M., Py6im B.M., Ctyaensk LII., YBapos B.M.

JlokaabHMii Oprkomirer:
Py6im B.M., Makap JLL., [Ton M.M., fcinko T.IL.
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National Academy of Sciences of Ukraine
Institute of Physics
G.V.Kurdyumov Institute for Metal Physics
Institute for Information Recording
Uzhgorod laboratory of optoelectronics and photonics materials of the Institute for
Information Recording
Technical center
Uzhgorod National University

School-conference of young scientists

MODERN MATERIAL SCIENCE: PHYSICS, CHEMISTRY, TECHNOLOGY
(MMSPCT — 2019)

Uzhgorod Vodogray Ukraine,
27 - 31 May 2019

PROGRAM & MATERIALS
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EDITORIAL BOARD

EDITOR-IN CHIF DEPUTY EDITOR-IN CHIF
Naumovets' A.H. Kryuchyn A.4., Uvarov V.M.

EDITORIAL BOARD MEMBERS
Bespalov S.A., Malchevskii I.A., Pop V.V., Rubish V.M.

Published by the decision of the Organizing Committee of MMSPCT — 2019 and the Academic
Council of the Institute for Information Recording NAS of Ukraine

Materials of the School-conference of young scientists «Modern material science: physics,
chemistry, technology (MMSPCT — 2019)» — Uzhgorod: PE Sabov A.M. , Ukraine — 270 p.

The materials represent contents of invited lectures by leading Ukrainian and European
scientists in the field of physics, chemistry and technology of new functional materials and
conference’s reports based on the results of fundamental and applied works in the field of modern
material science on different directions: metals, alloys, ceramics and compositional materials;
semiconductor, dielectric, magnetic and glassy materials; nanosystems, nanomaterials,
nanotechnologies; dimensional effects, self-organization and modeling of nanostructures; films,
coatings and surface nanosystems; biofunctional nanomaterials, nanosystems in biology and
medicine; polymers, supramolecular structures, airgels, colloidal systems; technologies, diagnostics
and applications of materials.

The edition is designed for scientists, engineers, higher school lecturers, post-graduates and
students of corresponding specialities.

© IMIPIHAHY
ISBN 978-966-02-8903-1 © Oprkomiter «CM®DXT —2019»
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Organizing committee:

Chairmen:

Naumovets' A.H. (Kiev, Ukraine)
Co-Chairmens:

Kryuchyn A.A. (Kiev, Ukraine)
Uvarov V.M. (Kiev, Ukraine)
Secretary:

Rubish V.M. (Uzhgorod, Ukraine)

Beljaev A.E., Bespalov S.A., Brodin M.S., Chekhun V.F., Firstov S.A., Gnatchenko S. L.,
Grinyov B.V., Kartel M.T., Komisarenko S.V., Koshechko V.G., Kuchuk-Yatsenko S.I.,
Malchevskii I.A., Pekhnyo V.1., Petrov V.V., Pokhodenko V.D., Ragulya A.V., Voevodin V.M.,
Vysochanskii Yu.M.

Program committee:
Kryuchyn A.A., Matolin V., Rizak V.M., Rubish V.M., Studenyak I.P., Uvarov V.M.

Local Organizing Committee:
Rubish V.M, Makar L.I., Pop M.M., Yasinko T.I.
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HannonansHast AkaneMust HAyK Y KpauHbl
Nuctutyt Pusuku
HNuctutyt Mmetamtodusuku uM. I'.B.Kyparomora
WNuctutyT npobiiem peructpanuu nHdopmanuu
VYxropojickas 1a00paTopusi MaTEPUAIIOB ONTOAIEKTPOHUKHU
u ¢hoToHuku MucTUTyTa pobieM peructpaiui HHGopMaIuu
VYKropoACKuil HallMOHAJIBHBIA YHUBEPCUTET

IIko1a-kKoHpepeH U MOJIOABIX YUYEHBIX

COBPEMEHHOE MATEPUAJIOBEJIEHUE: ®U3UKA, XM,
TEXHOJIOT' MU
(CM®XT — 2019)

Yxropox Boporpaii Ykpauna,
27 - 31 mas 2019 1.

ITPOI'PAMMA U
MATEPUAJIBI KOH®EPEHIINN
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2019
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PEJIKOJIEI'MSI

['JTABHBIN PEJJAKTOP 3AMECTUTEJIN T''TABHOI'O PEJAKTOPA
Haymosey A.T'. Kprouun A.A. Yeapos B.M.

YJIEHBI PEJAKIIMOHHOI'O COBETA
becnanoe C.A., Manvuesckuu U.A., Ilon M.M. Pyouw B.M.

[Ty6mukyercs no pemennto Oprkomutera CMOXT — 2019 u Yuenoro coBera MHcTHTyTa Mpobiaem
peructpanuu nHpopmannun HAH Ykpaunbt

Martepuarbl [kompI-KOH(bepeHIH MOJIOIBIX YUEHBIX «CoBpeMeHHOe
MatepuaioBeneHue: Qusuka, xumus, texHojoruun (CMDPXT - 2019)» — VYxkropon:
®OII CaboB A.M., Ykpauna — 270 c.

Martepuansl 0TOOpa)karoT COJEp’KaHUE JIEKIMI OTEYECTBEHHBIX U EBPOIEWCKHX YUYEHBIX B
obnacth (QU3MKH, XUMHH M TEXHOJIOTMH HOBBIX (DYHKIIMOHAJIBHBIX MATEPHAIOB W JOKJIAJIOB
KOH(pepeHIIMH 1Mo pe3yiabTaTaM (yHIAMEHTAIbHBIX W MPHUKIAIHBIX HAYyYHO-HCCIEI0BATEIbCKUX
paboT MO aKkTyaJbHBIM BOIPOCAM B O0JIACTH COBPEMEHHOTO MAaTEpPUATIOBEJCHHS IO Pa3IUYHBIM
HalpaBJIEHUAM:  METAJUIbl,  CIUIaBbl, KepaMMKa W  KOMIIO3MIIMOHHBIE  MaTEpUAIIbI;
MOJTYITPOBOJIHUKOBBIC,  JAUAJIEKTPUYECKHE, MAarHUTHbIE U CTEKJI000pa3Hble  MaTepualbl,
HAHOCHCTEMBI, HaHOMATE€pPHAJIbl, HAHOTEXHOJOTHH; pa3MepHbie 3(h(EeKTsl, camoopraHuzalus u
MOJICTMPOBAHUE HAHOCTPYKTYp; IUICHKH, TOKPBITUSI W  TOBEPXHOCTHBIE HAHOCUCTEMBI;
OMo(YHKIIMOHAIFHBIE HAaHOMAaTEpHUalbl, HAHOCUCTEMBl B OWOJOTHMH W MEIUIMHE; TMOJIUMEPHI,
CyIpaMOJIEKYJISIPHBIE CTPYKTYPbI, KOJJIOUAHBIE CUCTEMBI, a3pOreiu; TEXHOJIOTHS, TUarHOCTUKA U

IIPUMEHEHNUE MaTEPUATIOB PA3JIMYHOIO HA3HAUYCHMUS.
N3nanune paccuntano Ha HAYYHBIX PaOOTHUKOB, MHKEHEPOB, MPETIOjaBaTeiel By30B,
ACIUPAHTOB U CTYIEHTOB COOTBETCTBYIOIIUX CIEIUATbHOCTEMH.

© IITPI HAHY
ISBN 978-966-02-8903-1 © Oprkomiter «CM®XT —2019»
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Oprasnu3anMoHHbIA KOMHTET

IIpencenarein:

Haymosen A.I'. (Kues, Ykpauna)
3amecTHTeNIM NpeAceaaTe s :
Kprounn A.A. (Kue, YkpanHa)
VYBapoB B.M. (Kues, Ykpaunna)
Y4yeHblil ceKpeTapb:

Py6umr B.M. (Vkropoa, YkpanHa)

benses A.E., becniasioB C.A., bpoaun M.C., Boesoaun B.M., Beicouanckuii H0.M.,
I'matuenko C.JI., I'puneB b.B., Kaprens M.T., Komucapenko C.B., Komeuko B.I".,
Kyuyk-Auenko C.JI., Mansuesckuiit U.A., [lexuso B.U., Ilerpos B.B,, [loxonenko B./1.,
Paryns A.B., @upctoB C.A., Uexyn B.®.

IIporpamMHbIii OPrKOMHUTET:
Kprouun A.A., Maronus B., Puzak B.M., Pyoumr B.M., Crynensik .I1., YBapos B.H.

JlokaJIbHBI OPTKOMMTET:
Py6um B.M., Maxkap JL.U., [Ton M.M., fcunko T.N.

11
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Henins, 26 TpaBus 2019

10%-19% - Peectpanis yuacuukis llIkonu-kongepenuii monoanx BueHux «CyyacHe
MaTepiajo3HaBcTBO: (izuka, Ximist, Texnosoriiy (CM®PXT - 2019)

13%- 14% — 06in

19%- 20% — Beueps

Iloneninok, 27 tpaBus 2019

00_ 00 -
87-9" — CHimaHok
9. 15% Peectpanis yuacuukis llIkonu-kongepenuii monoanx BueHux «CyyacHe

MaTtepiajio3HaBCcTBO: (izuka, Ximist, Texnomaoriny (CM®PXT — 2019)
13%- 14% — 06in

15%-15% — Binkpurra lkonu-kongpepenuii monoanx BueHux «CyyacHe
MaTepiajio3HaBCcTBO: (pizuka, Ximist, Texnosoriin (CM®PXT - 2019)

3anpouieni Jekuii

I'onoByrounii: Ctynensik LII.

15%- 16*° — «IIpsmuii J1a3epHnii 3anuc MiKpopeIbeGHAUX CTPYKTYP Ha
XaJbKOTeHITHOMY CKJIi HA CTAHIIII JIA3ePHOI0 3aNKCy JUCKIB-OPUTIHAJIBY,
ynen-kopecnonoenm HAHY Kprouun A.A.

16%- 16" — Ilepepsa

16%-17% - «Hanopo3MmipHi cucTemu: gociia:keHHs i po3podku B HanionaabHii
akaJeMii HayKk YKpaiHm»
ynen-kopecnonoenm HAHY YBapos B.M.

17%- 18% — «Baacrusocti Ti-BMicHHX oTOKATANI3aTOPIB HA OCHOBI HEPIKABIIOUOI
cTaJI»

Camxak O.B., bpaxnuk JI.B., ['onuapos B.B., 3axuranos B.O., AzimoB @.A.

18%- 18% — «Obtaining the nanosized ZnMoO, by non-traditional methods»

Sachuk O.V., Zazhigalov V.A., Diyuk O.A.

19%- 20% — Beueps

14%0- 19% _ CrenaoBi 1onoBiai

14
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BiBTopok, 28 TpaBus 2019

g%0- 9% _ CHiZaHOK

3anpouena Jekuis

lNonoByrounii: Kprounn A.A.

9%.10%—  «JlocaigKeHHS KOJHBHOTO CIIEKTPY CKJIAXHHX KPHCTAIIB B KOHIENil
HAJANPOCTOPOBOI cHMeTpil»,
npoghecop Heooaa LI.

10% - 10® — Tlepepsa

YcHi nonosiai

I'onoByrounii: bapa6am M.IO.

10%° - 10*° — «Epoxy-composites with active microfillers, capable of thermo-hardening
and thermo-plasticization after hard heating (200-300 ° C)»
Starokadomsky D.

10% - 11%° — «Utilizing High-Quality Trapped Modes In All-Dielectric Metamaterials
To Enhancement Of Quantum Dots Luminescence»
Domina K.L., Khardikov V.V.

11%° - 11% — «Non-stoichiometric defects, dielectric and magnetic properties of
Bigglag1FeO3 ; multiferroics»
Liedienov N.A., Wei Ziyu, Mengyun Yuan, Tatarchuk D.D., Didenko Y.V.,
Makoed I.1., Gudimenko A.l., Pashchenko A.V.

11%° - 12% _ Tlepepsa Ha kaBy

l'onoyrounii: Baaikos I'.T'.

12%-12% — «Composite Materials with Immobilized Bioactive Compounds on
Inorganic Matrices (clays, nanosilica)»
Paientko V.V.

1220 _ 12 _ «binapHi cymimi ioHHa piguHa — AMMeTHICYILQOKCH/ SIK NepCHeKTHBHI
CHCTEMH /1JIsl PO3YUHEHHS 1EeJTI0JI031
barpak A.C., Kanyrin O.M.

12%° —13% _ «Bunsinme cnekaromeii 106aBKu MgO Ha cTPpYKTYpHbIE H OITHYECKHE
CBOMCTBA MPO3PAYHOIl KEePAMUKH UTTPUH-ATIOMUHMEBOI0 I'PaHaTa
(Y3A5012)»
bana6anoB A.E., Bopona 1.0., lo6potBopchka M.B., Kpasuenko JI.YO., I.
Matolinova, Mareituenko I1.B., [Tapxomenko C.B., SIBennkuii P.I1.

13% - 14%° — 06in

Ycui nonosini

lNonoByrounii: becnasos C.A.

14%°- 14— 3'exnanns NOJIIMepPHHUX MaTepiajiB 3 JerKOIJIABKUMH METALJIAMM»
KoBanbuyk M.O., FOpxxenko M.B., Jlemuenko B.JI., Komicauk P.B.

14%° 14— «CTpyKTypa Ta aHTUMIKPOOHI BJIACTUBOCTI CPi0JIOBMiCHUX
HAHOKOMIIO3HMTIB HA OCHOBI 0iOPO3KJIAHOI0 MOJIMEPY MOTITAKTHIY»
Hemuenko B.JI., FOpxxenko M.B., Kobuniacekuii C.M.

14% - 15% _ «CTpyKTypa Ta BJACTHBOCTI TEPMITHHUX JIaTyHel»
1O.10. Kuryu, B.B. [Tacemko

15%° — 15% — «BaiacTuBocTi THiGPUAHMX KOMIO3HTIB MPHPOAHMI MiHepa/moiaHiTiny
Cunnopko M.C., Snumma M.M.

15
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Plangarat®

152 - 16 — «IIpupoaa MarHiToe1eKTPHYHOI B3a€MOJII y KpHUCTaJIax
DMAAl(l_X)Cr(X)S»

Cemaxk C., Kanyctsnuk. B., EmismieBcrkuii 1O.

16% - 16%° — Tlepepsa Ha KaBy

lNonoByrounii: Pyoim B.M.

16%° — 16" — «PenaxcauiiiHi mpomecH y HAHOCHCTEMAX»

Honronomnosa JI.A., Jlukax B.O., Cupkin €.C..

16" - 17%° - «lllupoko3onnuii HaniBnpoBiguukoBuii kpucran T1,Cdlg —
NnepcrneKTUBHUI MaTepiaJ 1Jisl 1eTeKTOPIiB ?KOPCTKOr0 BUNPOMiHIOBAHHS:
30HHA CTPYKTYPpA i IIIIBLHOCTI €JIEKTPOHHUX CTAHIBY
Jlyxnwit 1.B., Xmwxkyn O.10., bekenvoB B.JI., [1apaciok O.B.

17 - 17° - «BnuB po3mipHuX e)eKTiB Ha TEPMOXPOMHI BJIACTHBOCTI MiKPO- i
HAHOKOMIIO3MTIiB Ha ocHOBI kpucTajais DEACC»

Yopni#i 0. B., Kanyctanuk B. b., Cemak C. L.

17%° - 17%° = «JloctinzKkeHHsI IPOLECY HAHECEHHST MPOBYTIIELEBOro MOKPHTTS HA
AUCIEPCHI MaTepiau y eJIEKTPOTEPMIYHOMY ICEBA03PiIKEHOMY LIAPD»
Cimeiiko K.B. IBaukin f1.0.

1740 -18% «3acTocyBaHHs MOJeJIbHUX JIMITHUX MeMOPaH AJIs TOCTIAKeHHs il
KOMIIOHEHTIB (hapMIipenapartiB»
bynsanaceka JI.B., Bamenko O.B., Kacsaa H.O., JIucenpkuii JI.M.

18% - 18 — «Numeric modeling of the dynamic and thermodynamic properties of
palladium and nickel clusters and nanoparticles»

Laptev D.V., Terentyev D., Dubinko V.I., Irwin K.

18% - 18% - «Komnosuuiiinuii MaTepia;n Ha ocHoBi cTadiizoBanoro xiokcnaa
HUPKOHII0 i MAHTaHITA HEOAMMA 3 HAVTMIIKOBUM MapraHuemM)
Hosoxanbska A.O., Axkumos I'.41., KoBanxenko JI.JIL.

19%°-20% - Beueps

9% 19% _ Crenpnosi 1onosini

16
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Wednesday, 29" ofMay, 2019

8%0-9% _  Breakfast
Satellite conference of the project ACCELERATE of H2020 program
Chairman: Rizak V.M.
Invited lectures:
9% 9% _  «THE UZHHOROD NATIONAL UNIVERSITY IS THE FIRST
CERIC's REGIONAL OUTPOST IN THE FRAMEWORK OF
ACCELERATE»

M. Girod' & V. Matolin? S. Baghdadi’, V. Rizak®

'CERIC-ERIC, S.S. 14 - Km 163,5 in AREA Science Park , 34149 - Trieste (Basovizza),
Italy

“Department of Surface and Plasma Science, Charles University in Prague,

V Holesovickach 2, 18000 Prague 8, Czech Republic3

$Uzhhorod National University, Pidhirna st., 46, 88000 Uzhhorod, Ukraine

9% 10 - «"HORIZON 2020 IS A REAL OPPORTUNITY FOR SELF-
REALIZATION FOR YOUNG SCIENTISTS OF UKRAINE»
Tayisiya Symochko
Head of the National Contact Point of the EU Framework Program for Research and
Innovation "Horizon 2020" at UzhNU

10%°- 10— «MECHANISM OF INTERACTION OF ADENINE MOLECULES
WITH TiO, SURFACE»
V. Matolin* & A. Barta?, G. Kukucska®, J. Koltai® N. Popovych?,

S.Berchal, N. Tsud®, T. Duchon?!, K. Veltruska®, V. Rizak?
! Department of Surface and Plasma Science, Charles University in Prague,
V Holesovickach 2, 18000 Prague 8, Czech Republic
2 Uzhhorod National University, Pidhirna st., 46, 88000 Uzhhorod, Ukraine
3 Department of Biological Physics, ELTE Eétvés Lordnd University, Pazmdny Péter sétany
1/A, 1117 Budapest, Hungary

10%*- 11° — cROTATIONAL MAGNETOCALORIC EFFECT - A NEW METHOD
OFCOOLING»
Karol Flachbart
Institute of experimental physics, Slovak Academy of Sciences, SAS, Watsonova 1935/47, 040
01 Kosice, Slovak Republic

11°-11%_— «DEVELOPMENT OF CATALYTIC SYSTEMS FOR HYDROGEN
ECONOMY»
Miroslava Kozejova', Vitalij Latyshev', H. You? and Vladimir

Komanicky'*
YInstitute of Physics, Faculty of Science, Safarik University, Kosice, 04001, Slovakia
Materials Science Division, Argonne Natioanl Laboratory, Argonne, 1L, 60439, USA

11%°- 12— «(FORMATION OF THE SPACE CHARGE REGION IN
CHALCOGENIDE FILMS UNDER ELECTRON IRRADIATION»
Feher A.%, Shylenko O.*, Komanicky V.}, Bilanych B.V.2 Rizak V.M.2,

Bilanych V.S.?
"Institute of Physics, Faculty of Science, Safarik University, Kosice, 04001, Slovakia
2Uzhhorod National University, Uzhhorod 88000, Ukraine

12%-12%° _ (TECHNOLOGICAL FEATURES OF OBTAINING OPTICALLY
PERFECT NANOCOMPOSITE FILM STRUCTURES ON THE BASIS
OF BACTERIORHODOPSIN»
Korposh S. O.%, Trikur I. 1.2, Sichka M.Y 2, Tsoma I. Y 2, Rizak V. M.2

17



The University of Nottingham, United Kingdom, University Park, Nottingham NG7 2RD;
2 Uzhgorod National University, Ukraine, 88000, Uzhhorod, Voloshina Str., 54;

12%0- 13" _ «(PRESSURE-INDUCED STRUCTURAL CHANGES IN LIKB,0-
CRYSTALS: SYNCHROTRON EXPERIMENT AND AB INITIO
CALCULATIONS»

Dubrovinsky L.}, Chobal 1.2, Pakhomova A.%, Chobal O.%, Simonova D.?,

Kurnosov A.}, Adamiv V.*, Rizak V.2

'Bayerisches Geoinstitut, University Bayreuth, D-95440 Bayreuth, Germany
2Uzhhorod National University, Uzhhorod 88000, Ukraine

*Deutsches Elektronen-Synchrotron DESY, D-22603 Hamburg, Germany
*Vlokh Institute of Physical Optics, Lviv 79005, Ukraine

13%-14% — Lunch

Invited lecture

Chairman: Bespalov S.A.

14%-15° — «Amorphous chalcogenide films in nanophotonics and nanoplasmonics»,
professor Rubish V.M.

15%°-19%  Excursion

19%°-20%° _ Dinner

9%°.19% _  poster section

18
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Yetrep, 30 TpaBus 2019

82°-9% _ Cuinanox

3anpouena Jekuis

lNonoByrounii: Pyoim B.M.

9%.10" -  «CyuacHi mepcieKTHBHi TeXHO.IOTI CHHTe3y MaTepiatiB KOMGIHOBAHHMH
npouecamMmm,
npodecop Kuryn H0.1O.

10%°-10%° — Tlepepsa

YcHi nonosiai

lNosoByrounii: ManabueBcbkuii [.A.

10%° - 10 — «Kom6inoBaHa TexHOJIOTIsI: 1a3epHe moBepxHeBe 3MinHenHst i CBC»
10.1O. Kuryn, A.C. KonecHU4eHKO

10%-11% - «CTpyKTypa i BJaCTUBOCTI TEPMITHUX OPOH3»
10.10. XKuryn, B.1O. Tana6ipuyk, B.B. [Ton

11%° - 11% — «Structural components and strength of ceramics based on zirconium
dioxide»
Brychevskyi M.M.

11%° - 12% _ Tlepepsa Ha kaBy

INonoBytrounii: ZAKuryn 1HO.1O.

129 -12% — «Cunre3 Marniruux PIAMH Ha OCHOBI MArHETHTY, FeMUMTAOIHY | aHTHTLIA
CD340 Ta pociigkeHHd iX BJIACTHBOCTEH»
[TerpanoBchka A.JI., A6pamoB M.B., Onanamyk H.M., [laBnoBceka O.D.,
Kycsk H.B., I'opoux I1.I1., Jlyk’ssHoBa H.1O., Uexyn B.®.

12%° — 12" — «Ocob.mBoCTi ONTHYHOTO NPONYCKAHHS PiIKOKPHUCTATIYHHUX JUCIIEPCii
aHi30MeTPUMYHMX HAHOYACTHHOK)
CamoiinnoO.M.

12% — 13% _ «The third sound as a generator of non-stationary thermal emf»
A.M. Konstantinov, S.I. Shevchenko

13% - 14% — 06in

Ycni nonosini

['onoByrounii: bapadam M.IO.

14%- 14 - «OcobamBocri €JIEKTPUYHHUX, TEPMOEJIEKTPUYHHUX | MATHITHUX
BjacTuBocTeii pepomarnitHux HaHokoMmno3uTiB Co/Al,O3; Ta Co/SiO,,
OTPUMAHUX IiJ] Ti€K0 30BHINIHBOT0 MATHITHOTO TOJIS»
baitbapa O.€., Paguenko M.B., byraitoa M.E., Ilerpocsn JL.I., Cteapmax
S.A., Kpymunceska JLA.

147 — 14" — «CTpyKTypa NOBepXHEeBHUX IIAPIB JONATOK aBialliiHOI0 ABUI'YHA MiCJIA
Jia3epHoi 00poOKM»
Kymr O. B., I'ipxxon B. B.

14% - 15%° — (Jlocaimxenns BILUIMBY napameTpiB pexumy 3D 1pyKy Ha cTPyKTYypy Ta
MexaHiyHi Bi1actuBocTi 3D Mozaesiel i3 moyiakTuay»
Macrouok O.I1., FOpxxenko M.B.

15% - 15%° — «ITosriMepHi KOMIIO3UTHI MaTepiaau AJis1 3BapIOBAHHA 3aKJIAHUM
HArpiBaJIbHUM €JIeMEeHTOM KOHCTPYKIUIiil 3 miacTmMace»
Konichuk P.B.

15%° - 16" — Tlepepsa Ha kaBy
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YcHi nonosini

lonoyrounii: IBannubku B.I1.

16% - 16 - «/l:xepesio Oe3kpanelbLHUX BUCOKOIOHI30BaHUX MOTOKIB MJIa3MH NAapiB
TBepaoga3zHuX MaTepiajiB»
I'maakoBebkuii B. B., bopucenko A. T

16%° — 16" — «3acTocyBaHHsI IPUHIMIIB PETHKY.ISIPHOI XiMii [UIst pO3poGKH
BHCOKOEHEPreTUHYHUX MaTepialiB 3 HUI3bKUM BMICTOM a30Ty»
Kagepin C.B.

16" - 17%° — «ITixBuumennst 3H0co- Ta KoOpo3iiiHoi TpuBKOCTi THTaHY Grade 2 ra3oBuM
a30TyBaHHAM))
JlaBpuchp C.M., lllnsaxerka X.C.

17%° - 17%° — «Anxcop6uist Cr(VI) i3 BogHAX PO3YHHIB KOMIO3HTAMH
rJIAYKOHIT/MOJIiaHiIiH»
Hecrepiecrka C.11., Makoron B.M., Auumun M. M.

17%° - 18" — «Role of alkyl side chain length in molecular alignment during wet-
coating of phenylene vinylene oligomers»
A. Stankevich

18— 18% — «Bmums cepeI0BHILA TA IBUAKOCTI PO3roTaHHS NMOTEHIlialy HA
(popMyBaHHS HAHOCTPYKTYP MOJiaHiTiHy Ha Al-eekTpoab»
Bnajg X.1., Smumua M.M.

18%° - 18" — «Busnauenns KoedilieHTY TeMIepaTyponpoBiAHOCTI MaTepiaJiB 3a
JAOIIOMOI'0K0 MeTO/1a MOAYJIAUINHOI OIS PUMeETPiD»
Minaiinosa I. A., Marsm 1.€.

18* —19%_ «Amnauis (poHOHHOI KOMIIOHEHTH B CHIEKTPAX AMXPOI3MY OAHOBiCHO
ne¢opMOBAHOT0 KPEMHIiI0»
1.€. Matsam, I.A. MiHaiinosa.

19%°-20% - Beueps

9% 19% _ Crenpnosi xonosini
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II'aTauus, 31 TpaBus 2019

82°-9% _  Cuinanox

3anpouena Jekuis

lNonoByrounii: Pyoim B. M.

9% - 10— «Nature of ferroelectricity and pressure induced semiconductor to metal
transition in Sn,P,Sg type crystals»,
Correspondent Member NAS of Ukraine Yu. Vysochanskii
(V. Haborets, K. Rushchanskii, M. Medulych, K. Glazyrin, Yu. Vysochanskii)

10%°-10” - Mepepsa

YcHi nonosiai

lNonoByrounii: Bucouancskuii FO.M.

10%° - 10”° — «ApmyBaHHsI MaTepiay Ha OCHOBI KyGiuHOr0 HiTpHAY GOpy
MiKPOBOJIOKHAMM OKCHUIY AJIOMIiHiI0»
Pymsnuena 1O. FO., Typkesuu B.3., bynuis B. M.

10% - 11%° — «OuinoBanHs mepioay 3apoxKeHHs] BTOMHOI TPIllMHA HA MOBEPXHi 0ci
KOJIiICHOI MapH 3aJ1i3HUYHOT0 BATOHA»
Pynascekuit J1.B., Kantok 10.1., Illedep M.C.

11%° - 11%° _ «KBaHTOBO-XiMi4He MoIe/I0BaHHS KBa3ikpucradiB cucremu Al-Cu-Fe»
Kagepin C.B.

11%°-12° - «Bnaue eK30MOAU(PIKOBAHUX CPepPUYHUX KAPOOHOBUX HAHOYACTOK HA
MaKpoO(QiZHYHi XapaKTepUCTUKH PO3YUHIB)»
bepesnuiibkuit S.0., [Tonynkin €.B., I[Tunascekuii B.C.

12%° — 12?° _ «Effect of high energy electron irradiation on structure and optical
properties of TiO, films»
Myroniuk D.V., levtushenko A.l., Maslyuk V.T., Strelchuk V.V., Kolomys
O.F., Timofeeva I.l., Brus V.V.

12%0-13%_ 3akpuTTsa mK0JIU-KOHGepeHnuii mosoaux BueHux «CyyacHe
Marepiajio3HaBCTBO: (izuka, Ximis, Texnomaoriny (CM®PXT — 2019)
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CrenaoBi nonosiai

3J'leKTp0IH/IHaMI/IKa METAJUIANIJIECKTPUICCKHUX ITOBECPXHOCTHBIX CJI0EB
Bnaiikos I'.I"., bapaoam M.I0O., Konecanuenko A.A., Ce3onenko A.I1O., JIuteun P.B.,
Ps6oB JI.B., Mapteiauyk B.E.

BB B-nuK/I0IeKCTPUHY TA HOT0 MOXITHUX HA POTOKATATITHYHY
Aerpajanio METHJIOPAHKY B MPUCYTHOCTI TIOKCHAY TUTAHY
Bapaanum FO. B., Koounincekuii C. M., Ko6pina JI. B., Ps6os C. B.

Influence of the constant magnetic field on the structure and properties of
epoxy composites
Bardadym Yu., Sporyagin E., Naumenko O.

Modeling of the refractive properties in TI3NbSe,: an approach based on

the generalized single-oscillator model
Bokotey O.V., Slivka A.G.

Optoelectronic properties of TlsVY,(Y=S, Se) chalcogenide crystals
Bokotey O.V., Slivka A.G.

Structure, characterization, and theoretical analysis of corderoite-type

nanomaterials
Bokotey O.V., Slivka A.G.

Longitudinal magnetization dynamics in antiferromagnets: Spin Green

functions approach
Boliasova O.0., Krivoruchko V.N.

Structural components and strength of ceramics based on zirconium
dioxide
Brychevskyi M.M.

3acTocyBaHHS MOJEJbHUX JiliAHUX MeMOPaH JJIs TOCJIIKeHH il

KOMIIOHEHTIB (papMnpenapariB
byasuceka JI.B., Bamenko O.B., Kacsu H.O., JIucenbkuii JI.M.

Po3paxyHKH 30HHOI CTPYKTYPH Ta ONTHYHHMX BJIACTHBOCTEH KPUCTAIA
CU7SiS5|
Bakyabuak B.B., bnenkan [I.1., Crynensik LII.

EnexTpuyHi BJIacCTHBOCTI KepaMiYHUX BAPUCTOPIB HA OCHOBi OKCHIY

0J1I0Ba
T'amouos O.B.

EnexTpu4Hi BJIacTHBOCTI KepaMiYHUX BAPUCTOPIiB HA OCHOBI OKCHIY
TUTAHY
I'anonos O.B.

High-temperature structural examination of EuCo,5Gag 503 material by

using X-ray synchrotron powder diffraction
Hreb V., Vasylechko L.
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Phase (x, T) and (p, T) diagrams of TlIn(S;_.Se,), polycrystal in the

compositional range 0 <x <0.15
Huranych P., Guranich P.P., Rosul R. R., Gomonnai O. O., Rubish V. M.,
Gomonnai A. V., Slivka A.G.

Evolution of laser-induced damage in doped (Ge4Sego)100xBix film
Horvat H., Rigo I., Rizak V.M.

AHOMAJIbHE 3POCTAHHSA TEIUIONMPOBIIHOCTI B MOJIEKYJISIPHUX KPUCTAJIAX 3i

CKJIATHOK0 CTPYKTYPOIO
Top6arenko H0.B., Pomanmosa O.0., Kpisunkos O. 1., Kopomtok O. O.

EnexrpoximMiuHi mnapamMerpn aMopQHHUX CIUIABIB HA OCHOBI 3aJ1i3a Y BOJHUX

PO34YHHAX CYJb(ATHOI KUCIOTH
I'epiuk O.M., I'vaa T.I'., 3aBeproxa O., [Tanasx H.JI.

CTpykTypa Ta aHTUMIKPOOHi BJIACTHBOCTI CPi0JIOBMiCHUX HAHOKOMIIO3UTIB

neKTUH—AJ—XiT03aH
demuenko B.JL., Ps6oB C.B., Kpyk A.C., Mockanenko O.B., Koounincekuii C.M.

CuHTe3 | BJIACTHBOCTI NOJTIAKPWIAT-KPEMHEe3eMHHUX NIPOTOHONPOBITHUX

MeMOpaH isl NAJIMBHUX €JIEMEHTIB
AKuraiijao M.

Po3po0ka MeTaieBUX HAHOMIAPYBATHUX (POJIBT TA IX BUKOPUCTAHHSA IS

TBepA0(PA3HOTO0 3’ €AHAHHS KAPOMIIIHUX HiKeJIeBUX CILUIABIB
3sxop 1.B., 3aBeprannmii M.C., AnTinin €.B.

The properties of Ni-rich NiO films deposited by layer-by-layer growth
method at magnetron sputtering

levtushenko A., Khyzhun O., Karpyna V., Olifan O., Tkach V., Lytvyn P., Kolomys O.,
Strelchuk V., Baturin V., Karpenko O.

YnopsiioueHrne HAHOO0ObEKTOB TEMILJIAHTHBIM CHHTE30M
Braiikos I'.I'., bapa6am M.1O., UBaukun A.A., Konecanuenko A.A., Cezonenko A.I1O.,
JIuteun P.B., Ps60B JI.B., Mapteinuyk B.E.

Computer integreted technologies in nanosystem modelling
Ivanytska G.M., Kovtunenko V.S., Meshko P.O., Ryaboschuk M.M.

Onep:xaHHsI HAHOPO3MIPHHUX IUIIBOK METAJIIB 3 KOHTPOJIbOBAHOIO

TOBIIMHOIO
I'opsar 10.A., dAypxotr M.O., Kimt E.I., Kupunenko B.K., Ononko B.B., Ilicak P.II.,
Tapnait A.A.

Po3po0ka Ta qoc/aizKeHHs OJTIMEePHUX NOKPUTTIB 3 MPOrHO30BAHUMH

JIKYyBaJIbHUMHU BJIACTHUBOCTAMH
Kupuako A.I'., I'ynzenko H.B., Konosanosa O.10., I'ynzenko O.1.

Structure and properties of vacuum arc VN/MoN multilayer coatings
Klimenko 1.O., Belous V.A., Bortnitskaya M.A., Kolodiy I.V., Vasilenko R.L., Kuprin A.S.,
Ovcharenko V.D., Gilewicz A., Warcholinski B.

Structural hierarchy and luminescence of ceramics based on magnesium

aluminate
Klymkovych N., Hadzaman 1., Popovych V.
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Ccy4aChg,

MarsiTHi HAHOKOMIIO3UTH HA OCHOBI AKTHBOBAHOI'0 BYTiJLIs,
IMIIPErHOBAHOTI0 3MIUTHUM IOJIieTUJIEHIMIHOM Ta HOHAMHU METAJIB!

aHTHOAKTepiaIbHI Ta afcopOUiiHi BJIACTHUBOCTI
Koouaincskuii C.M., bapgaaum 10.B., Ko6pina JI.B., Ps6os C.B.

BruiuB po3mipHux e)eKTiB Ha MOJISIPU30BHICTH MeTAIeBOI HAHO000JIOHKH
KoBajab A.Q., CmupnoBa H.A., Koporyn A.B.

3’enHaHHA MOJIMEPHUX MaTepiajiB 3 JIerKOIVIABKUMH MeTAaJIaMuU
KoBaabuyk M.O., IOpxenko M.B., Jlemuenko B.JI.

The third sound as a generator of non-stationary thermal emf
Konstantinov A.M., Shevchenko S. I.

BruiMB HAHOYACTHHOK CPi0JIa HA CNIEKTPH €J1eKTPOH-(POTOHHOI eMicii

IMOBEPXOHb .]'Iy)KHO-I‘aJIO.l.IIHHX KpI/ICTaJIiB
Kopoaesnu H.O., KonomisoB O.M., Ky3sma B.B.

Enexrponni Ta agcopOuiiini BjaacTuBOCTI KiaacrepiB ZnO JieropaHux

aToMaMH 0JIAarOPOJIHUX METAJIIB
Kosasienko M., bosrupa O., JI3ikoBcrkuii B., bosrupa P.

Hogi cki1iokepamMiuHi okcHaHI MaTepiaau 11l QyHKIUIOHAJbHUX NOKPUTTIB

IUIIBKOBUX HAIPiBHUX €JIEMEHTIB
Kosoaciwok T.M., Jlemimka L. A., I'pumosa I'.A., Kimumkis O.1.

MarHiTHi BJJacTHBOCTI ()ePOMATHITHUX KJIACTEPIB PO3TAILIOBAHUX B
TOHKOMY IMJIiHIAPI
Kpugpuikos O.

JocaigkeHHsi BINIMBY YMOB iMMOOLTi3anii 0J1irOHYKJI€0TH/IIB HA CEHCOPHIiH
NMOBEPXHI CIEKTPOMETPA MOBEPXHEBOI'0 IJIA3MOHHOI0 PE30HAHCY HA
¢popmyBanns Binryky IHK-cencopa

Kyuepos A.L., Paukos O.E.

BusHaveHHsI IPYKHUX | NPYKHbOONTHYHUX KOHCTAHT Ta Koe(inieHTIB
eKCTHHKIIT cTexkos cucrteM As-Sb-S(Se) meTogom Mmanaebmram-
OpPLLIIIOEHIBCHLKOI0 PO3CIIOBAaHHS CBIiTJIA

Kynax C.

Thermal diffusivity and phase transitions in (Pb.Sn;.),P2(Se,Si.y)s crystals
Liubachko V., A Oleaga., Salazar A., Vysochanskii Yu.

Dielectric and electric properties of 6CB liquid crystal with
Me,GeSsl (Me=Ag, Cu) nanoparticles
Luchynets M.M., Poberezhets S.1., Pogodin A.l., Studenyak I.P., Kovalchuk O.V.

BB KOHIIEHTPALil BOAHIO HA €JIEKTPUYHI BJIACTHUBOCTI KEPpaMidHUX

NAJUBHHUX KOMIpOK
Jlucynenko H.O., Mokiituyk B.M.

Marepianau cucremu ZrQ; — Y,03; — CeO,, criiiki 10 HU3bKOTEMIIEPATYPHOL
aerpajaauii BJacTUBOCTe
Mapek L. O.
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Ccy4aChg,

Relaxation of mechanichal stress and strain in chalcogenide glasses
Minkovitch V.V., Horvat A.A.

HanortexHoJiorii Hegaexkoro Mail0yTHLOr0 — BiJl J1a3epiB 10 ramma-ja3epiB
Momkoaa LIO., 3asus T.M., Cumynuk B.M.

Inelastic properties of multiwalled carbon nanotubes, colouring agents and

polyethylene, polyvinil chloride, porous polystrene
Onanko Y.A., Charny D.V., Onanko A.P., Kulish M.P., Dmitrenko O.P.,
Pinchuk-Rugal T.M., Aleksandrov M.A.

CuHTe3 MArHITHHX PiAMH HA OCHOBi MarHeTUTY, reMUMTAOIHY i aHTUTIJIA

CD340 Ta pocaig:KkeHHd IX BJIaCTHBOCTEM
[TerpanoBcrka A.JI., AGpamoB M.B., Onanamyk H.M., [TaBnoscbka O.D., Kycsax H.B.,
Top6ux ILIL., JIyk’ssnoBa H.}O., Yexyn B.®.

CuHTe3 MaTepiaJiiB 3 BU3HAYEHOK CTPYKTYPOIO B Pe3yJIbTATi B3a€EMOil

JlazepHUX QakeiB
Kury 10.1O., Onauko .1, Onauko L.1. (mo:1.)

Concentrated suspensions formed from clay minerals/nanosilica as the base

of children's toothpaste
Paientko V.V., Krasevec-Lyubchenko I.P., Skliarova I.A., E Skwarek.

Enexrpuuni B1acruBocti MonokpucraiiB Cu;SiSsl, Ag;SiSsl Ta TBepaux
po3unHiB Ha ix ocHOBi (CU;,AQy)7SiSsl
Horoain A.L, JIlyauneur M.M., Ctynensik B.1., Koxan O.I1.

CunTe3, BUPOIYBAHHS TAa BUBYEHHSI CTPYKTYPHHUX MapaMeTPiB KPUCTAJIIB
TBepaux po3unHib (Cu; ,Agy),GeSesl
Horoain A.lL, fimxoBuit O.0., Koxan O.I1., Crygensik LII.

MikpopaMaHIBCHKI JOCJII/I2KEHHSI CTEKOJI i aMOP(HUX IJIIBOK B

cucremi As-Sb-S
Capuun €.3., Ilon M.M., Ononko B.B., Makap JLI., 'onom6 P.M., I'opsar F0.A.,
Hypkot M.O.

Oc00,1UBOCTI ONTHYHOTO MPOIYCKAHHS PIIKOKPUCTAIIYHUX
aucnepciid CeO,
CamoiiioB O.M.

Mexaniuni Bracrusocti kpuctaaiB (Cu;SiSsl);00.x(Ag7SiSs1)y
Cky0ennu K.B., IToronin A.l., binanuyu B.C., Cryaensik LII.

Quantum dots in biomedical applications: theoretical viewpoint
Bokotey O.V., Slyvka V.A., Bokotey O.0., Slivka A.G.

MiKpOCTPYKTYypHE NPOCKTYBAHHA KOMIIO3UTIB CHCTEMH

A|203 -Z2r0, - Y,05 - CeO,

CmupnoBa-3amkoBa ML.IO., Py6an O.K., buxos O.I, Mapnentok 1.C., Mocina T.B.,
Menax JI.M., lynnix O.B.
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Ccy4aChg,

Po3paxoBaHi BeJJMUMHM 3MiHH BiJILHOI eHeprii riopuan3anii 80-ocHoBHHX
OJIITOHYKJICOTH/IIB TA €eKCIIEPUMEHTAJIbHI Pe3yJbTATH CIIEKTPOMETPil

NMOBEPXHEBOI0 MJIA3MOHHOI0 PE30HAHCY
CoooaeBckuii M.C., Kyudepos A.l., PaukoB O.E.

BaacTtuBocTi ri0puaHuX KOMIIO3UTIB NPUPOJIHUI MiHepaJ/moTiaHLIiH
Cunopko M.C., 3axapuyk L.b., Aunmmn M.M.

Diagnostics of the technical state of the exploited oil pipelines
Shtoyko 1.

JlocaigaxeHHs pouecy HAaHEeCeHHs! MiPOBYIJeNeBUX MOKPHUTTIB y
€JIEKTPOTEePMIiYHOMY ICEBA03PilKeHOMY 1Iapi
Cimeiiko K.B., Isauxin 4.0.

I10310B:KHI eJIEKTPOMATHITHI XBHJII y IJIa3Mi, JIa3ePHUX IIy4YKAaX Ta

HAHOCUCTEMAX
Copoxonya A.M., Mimak A.A., 3asup T.M, Cumynuk B.M.

Sb-doped Sn,P,S¢ photorefractive crystals in dynamic interferometry
Tsyhyka M., Grabar A.

CrpykrypHi ¢a30Bi nepexoau B OpraHivHMX KPUCTATIAX
Tpoubkmnii €.M., Jlukax B.O., Cupkin €.C.

OnepskaHHsI KOMIIO3UTY 3aJ1i30-ByIJIelleBl HAHOTPYOKH
Ymakona JI.M., Cemennon 1O.1., Kaprear M.T., Maxuo C.M.

Kopo3iiiHa TpUBKICTH CTPIYKOBHX aMOP(HUX CIIABIB HAa 0CHOBI Fe
Xpymuk X.1., Jlanunsak M.-O.M., Jlonmauak M.M., IBamko C.I1., boituummn JI.M.

Jiarpamu cTaHy cMCTeM HA OCHOBI OKCHAIB PiIKICHO3eMeIbHUX eJIEMEeHTIB

SIK OCHOBA CTBOPEHHSI HOBUX MaTepiaJiB
Yyninosuu O. B.

3aKOHOMIPHOCTI BILIMBY XOJIOJHOTO i30CTATUYHOIO NMPECYBAHHS HA

BJIACTHBOCTI TBepaoro ciiiapy BK8
Ilepemer B.I., AximoB I'.4., Auapees 1.B., Pomanenko FO.M.,Conosiiosa T.O.

TemnepatypHi i 4aCTOTHI 32J1€2KHOCTI AieJIEKTPHYHUX BJIACTHBOCTEH

CTeKOoJI B cucTemMax Ag-As-S(Se)
IInak O.I.

TepMoonTuyeckue CBOMCTBA CTEKJI000PA3HBIX CIJIABOB CHCTEMBbI AS-S
HInaxk U.NA.

Po3paxyHoK npo@ijiiB po3noaily eJIeKTPOHHHMX CTAHIB B 00J1aCTI Kpalo

BJIACHOTO MOTJIMHAHHSA cTeKoJa Ag—AsS-Se
Hlnak O.1.

HIBuakicHnid MeTox (POPMYBAHHS MACHBIB HAHOYACTHHOK METAJIIB
Acinko T.I., Ynx P.B., [Ton M.M., Ilicak P.I1., Ononko B.B., Kupunenko B.K.

Kinernka ¢a3oBux neperBopeHb B aMopdHHUX ITiBKaX cucTeMu As,S;-SbSI
Acinko T.I., Ynuypa L1, Tapuaii A.A., Ononko B.B., Motpynunu B.B., Ko3ycenok O.B.
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Ipsamuii 1a3epHUH 3an1MC MIKpOpeJabeHUX CTPYKTYP HA
XaJIbKOT€HITHOMY CKJIi HA CTAHIIII JIA3€PHOI0 3aNUCY IUCKIB-
OpuUriHaJiB

Kprouun A.A., bensk €. B., Manbko /I.10O.

Incmumym npobnem peecmpayii inpopmayii HAH Ykpainu
eyn. M. llInaxa, 2, 03113 Kuis, Yxpaina

OO6macTh 3aCTOCYBaHHS MPSMOTO JIA3€PHOTO 3alUCy Habarato ImpIna, Hik
TUIBKH 3amuc 1HPOpMaIlii Ha ONTUYHI TUCKU. TEeXHOJIOTIS MPSIMOTO Ja3epHOI0 3aInuCy
JT03BOJISIE BUTOTOBJIATH IIMPOKUH HAOIp MalorabapuTHUX IUIOCKUX MIKpOpelbepHUX
ONTUYHUX E€JEMEHTIB JUIsi cucTeM (OKYCYBaHHS JIA3€pHOTO BUIIPOMIHIOBAHHS,
NEePETBOPEHHSA ONTHUYHUX 300pakeHb Ta odTaisMoiorii [1-3]. BurorosnenHs
MIKPOONTUYHHUX E€JIEMEHTIB 13 3aCTOCYBaHHSM IMPSIMOTO Ja3epHOro 3amucy Oyso
3anponoHoBaHo Outbiie 20 pokiB TOMy 1 I8 TEXHOJOTIS BUSBHWIACH JOCUTH
e(DEeKTUBHOIO, PO3IIMPIOIOTECA 00JacTi 11 3acTOCyBaHHS, BOHA TOCTIHHO
BJIOCKOHATIOETHCS B TOMY YHCII 3a PAaxXyHOK BHUKOPHUCTaHHS (PeMTaceKyHIHUX
Ja3epiB Ui €KCIIOHYBaHHS IIapiB (OTOUYTIMBUX MarepiaiiB. BuUkopucTaHHsA i
MPSMOTO JIA3€pHOTO 3amucy (EMTACEKyHIHMX JIa3€pHUX IMIYJbCIB JO3BOJISIE
ctBoptoBatd 3 D cTpykTypu, B TOMY 4ucil (DOTOHHI KpuCTalu. Y TEXHOJOTIL
MPSMOTO J1a3€pHOTO 3aMHCy MIKPOONTHYHHX CJIEMEHTIB BOHH PEECTPYIOTHCS 5K
0e3nepepBHI MIKPOPEIbePHI CTPYKTYpH 3a JIOMOMOTOI0 MPOrPAMOBAHOTO 3aIMKCY
Ja3epHUM MPOMEHEM Y 1mapi (OTOUyTIUBOrO MaTepiany. MeToa mpsMoro Ji1a3epHoro
3anucy AUGPAKIIAHUX ONTUYHUX €JIEMEHTIB Ma€ CYTTEBI NEpeBard Inepej 1HIIUMU
TEXHOJIOTIsIMU  (OpMYyBaHHS (Ha30BUX ONTUYHUX E€JIEMEHTIB 3aBISKH TOYHOMY
KOHTPOJIb TIapaMmeTpiB mporecy (OpMyBaHHS €JIEMEHTIB, THYYKOCTI MpPOIIECY
BHUT'OTOBJICHHI MIKpPOONTHYHUX elleMeHTIB [3,4]. [lpsmuii na3epHuii 3anuc 103BOJISIE
3MIMCHIOBATH BUTOTOBJICHHS MUGPAKIIHHUX ONTUYHUX CJIEMEHTIB 3 JIOBUIBHUM
penbedHUM TIpodisieM, SIKUM HEOOXITHUM IJIsi CTBOPEHHS CKJIAAHUX ONTHUMI30BAHUX
CTPYKTYp, pPO3paxOBaHHX METOJaMU KOMITHOTEPHOTO mpoektyBaHHs [1-3].
JudpakuiifHi ONTUYHI €JE€MEHTH OTPUMAHI MPSIMHUM Ja3€pHUM 3alKMCOM IIHUPOKO
BUKOPHCTOBYIOTHCS ISl CTBOPEHHSI ONTHYHUX €JIEMEHTIB (DOKYCYBaHHSI ONTHYHOTO
BHUIPOMIHIOBaHHS Ta BUTOTOBJICHHS ONTHYHHUX 3-D CTPYKTYyp pi3HOTO MpU3HAYCHHS
[5].

Ha xapakTepuCTHKU CHUCTEM TPSIMOTO JIA3ePHOTO 3aMKCy 3HAYHWNA BIUIUB Ma€
BUOIp POTOUYTIMBUX MaTepiaiiB. MIKpOONITUYHI €IEMEHTH MOXYTh (popMyBaTucs y
mapi gorouyTauBoro matepiany abo ¢GOTOUYTIMBHI — Marepian Micis 3amucy
BUKOPUCTOBYETHCS SIK MacKa JJIsI CEJICKTUBHOTO TPABJICHHS MaTepiany MiAKIaaKd. Y
MpSMOMY JIa3epHOMY 3amwuci i GOpMyBaHHS AUPPAKIIAHAX ONTHYHUX EJIEMEHTIB
IITUPOKO BUKOPUCTOBYIOTHCA HEOpPraHiuHi (JOTOPE3UCTH HA OCHOBI XalbKOTEHITHUX
HaMIBOPOBIMHUKIB  [6-8]. JludpakiiiiHi  ONTUYHI  €IEMEHTH  (POPMYIOTHCS
OesnocepeHbO Yy IMIapl HeopraHiuHoro ¢orope3ucra 0e3 OO0poOKHM MOBEPXHI
npo3opoi  migkimagkn. OJHUMH 3 TIepeBar BHUKOPUCTAHHS  XaJbKOTCHITHHMX
HaIIBIPOBITHUKIB Y BUPOOHHUILTBI MIKPOONTUYHUX €JIEMEHTIB ILISAXOM MPSAMOIO
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Ja3epHOTO 3alHiCy € BHUCOKHM MOKAa3HUK 3aJIOMJICHHS 1 UIMPOKUN CIEKTpaTIbHUN
Jiara3oH MPO30POCTI TaKWX MaTepianiB. [HTepec 10 BUKOPUCTAHHS HEOPTaHIYHHUX
PE3UCTIB  MOB'SI3aHUNA TaKOX 3 TUM, L0 HA XaJIbKOTCHIIHMX HAMiBIPOBITHUKAX
MiKpopelibepHEe 300pa’KeHHS IPSIMUM JIA3€PHUM 3aMTMCOM MOXKHA OTPUMATH PI3HUMU
METOJIaMH: JIOKaJIbHUM BHUMApOBYBAaHHS MaTepialy MOMIMHAIOYOro IIapy, BHACIIIOK
3MiHU 00’€My MaTepiaidy B 30HI OPOMiIHEHHS, ()OTO-CTPYKTYPHUMU MEPETBOPECHHS 3
NOJANBIIUM  CEJIEKTUBHUM  XIMIYHUM  TpPaBJICHHSAM  Imapy  (oTope3ucry.
Mikpopenbedni 300pakeHHST Ha XaJIbKOTEHITHUX HAMiBIPOBIIHUKOBUX ILIIBKaxX
MOXYTh (DOpMYBaTUCS MiJ I€I0 JA3epHUX IMIYJIbCIB Pi3HOT TpuBanocTi. Poro-
CTPYKTYpHI TIEPETBOPEHHS B XalbKOTCHIJHUX HAMIBIPOBIIHUKAX JIO3BOJSIIOTH
CTBOPIOBATH OaratopiBHEBI MiKpopeabehHI 300paKeHHS, K1 JO3BOJISSIIOTH OTPUMATH
IUIOCKI BHCOKOE(EKTHBHI (POKYCyrodi MIKpOEIeMEeHTH. BuMoOrn g0 TOYHOCTI
BUTOTOBJICHHSI MIKPOONTHYHUX €JIEMEHTIB 3HAYHO 3pPOCIM 32 OCTaHHI POKU 1 iX
BUTOTOBJICHHSI BUMArae rnepexoy A0 CyOMIKpOHHOTO Ta HAHOPO3MIPHOTO Jiana3oHiB
PO3MIpIB €JIEMEHTIB ONTHUYHUX CTPYKTYp. OcoOimBa yBara npuauvis€TbCs CTBOPEHHIO
0aratopiBHEBUX MIKPOpPEIbe(HUX CTPYKTYp, KUIBKICTh PIBHIB MOXE CKJIaJaTu
JeKiIbKa JecATKIB. Jla3epHMM NPOMEHEM MOXYTh CTBOPIOBATHCS MIKPOONTHYHI
€JIEMEHTH 3a/aHol KOH(irypamii 3a JONOMOTOK AaMIUTITyJHOI KOMII'FOTEPHO
KOHTPOJIbOBAHOT MOJYJIALII J1a3epHOTo mpoMeHs. L{upKynsipHI ckaHyBajibHI Ja3epHi
CUCTEMM 3alluCy, SAKUMHU € Ja3epHl PEKOpAEpH TUCKIB-OPHUTIHATIB, IO3BOJISIOTH
dbopmyBaT audpakiiiiHi ONTHYHI €IEMEHTH Ha BeNUKiN miomi. JIJis CTBOpEHHS JiH3
Openenst, AUPPAKIIAHIX ONTUYHUX EJIEMEHTIB 1 MIKPOONTHYHUX EJIEMEHTIB
METOJIOM TMPSMOTO JIA3€PHOTO 3alHucy MOXYTh BHUKOPHUCTOBYBATHCS CTaHIApTHI
CTaHLIi JIA3€pHOrO 3aIMCy JUCKIB-OpUTIHANIB 3 MOAU(IKOBAHOK CHUCTEMOIO
KepyBaHHs Ja3epHUM MpoMeHeM. [IpoBeieHHI AOCHIIKEHHS TMOKa3ald MOKa3aiu
MOKJIUBICTh 3alUC MIKpOpENbePHUX 300pa’k€Hb HAa Ha IUIIBKaX XaJbKOIEHIJHUX
HaIIBIPOBITHUKIB y peXUMI (DOTO-CTPYKTYPHUX TIEPETBOPEHb.

4. BucHoBKH.

1. Tlpssmuii  na3epHUid  3amuc  JIO3BOJISIE  3M1MCHIOBATH  BUTOTOBJICHHS
OaratopiBHEBUX AUQPPAKIIAHUX ONTUYHUX EJIIEMEHTIB 3 JOBUIBHUM peabehHUM
npodinem.

2. CrannmapTHi na3epHi pekopaepu JTUCKIB-OpUTIHATIB MOXYTh
BUKOPUCTOBYBATHUCS SIK HMPKYJISIPHI CKaHYIOU1 Ja3epHl CUCTEMH MPSMOTO JIa3€pPHOIO
3anucy AUQPaKIifHUX ONTUYHUX €JIEMEHTIB 1 MIKPOONITHYHUX €JIEMEHTIB Ha IIapax
(hoTOpE3UCTIB.

3. VY mpsMomy nazepHOMY 3amuci Ay GpopMmyBaHHS TUGPAKIIHHIX ONTHUYHUX
€JIEMEHTIB €(EKTUBHO MOXYTh BUKOPHUCTOBYIOTHCSI HEOPraHiuHi (OTOPE3UCTH Ha
OCHOBI XaJIBKOTCHIJIHUX HAIMBIPOBIIHUKIB, SKi MalTh BHCOKHHA ITOKa3HHK
3QJIOMJICHHS, IHUPOKUN CIEKTPadbHUN Jlama3oH MPo30pocTi 1 (PopMyBaHHS
300pakeHb Ha SKUX 3A1MCHIOETHCA 32 PaXyHOK P13HUX (DOTOTHAYKOBAHUX MPOIIECIB.

1. Gale, M. T. (1994). Fabrication of continuous-relief micro-optical elements by direct
laser writing in photoresists. Optical Engineering, 33(11), 3556. doi:10.1117/12.179892
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HaHopo3MipHi cucTeMu: 10Cai:KeHHs i po3podoku B HanioHaabHil
aKkajeMii HayK YKpaiHu

YBapos B.M.

Tnemumym memanoghizuxu im.. I'.B.Kyporomosa HAH Ykpainu, Kuis, Yxpaina

HaBeneno pe3ynbraTty BuUKOHaHMX B HamoHansHIN akageMii HAyk YKpaiHu HAyKOBO-
JAOCTITHUX POOIT II0JI0 CTBOPEHHS Ta IOCIIKEHHS CTPYKTYPH 1 BIACTHBOCTEH
MOBEPXHEBUX 1 OaraTomapoBUX TBEPAOTUILHUX HAHOCTPYKTYP, PyJIepeHOBMICHUX
MarepiajiiB 1 HAHOTPYOOK, rpa)eHOBUX 1 CYNyTHIX MaTepiajiiB, HAHOYaCTUHOK 1
HAHOIOPOIIIKIB, HAHOMAaTEPiaTiB JJIsI MEAUKO-0107I0TTYHOTO 3aCTOCYBaHHS,
00rOBOPIOIOTHCS KaTAIITUYHI HAHOCUCTEMH, HAHOKPUCTAJIIYH1 CIIaBH,
HaHOKOMITO3UTH Pi3HOI IPUPOJIU, CKIIaly Ta 3aCTOCyBaHHs. [IpuBeneHo BiomMocTi
PO MPUKJIIAHE BUKOPUCTAHHS HAYKOBUX pOo3p000K. BiU3HaueHO MOMXKITMBI IIUISIXU
PO3BUTKY HAHOTEXHOJIOT1H Ta HAYKH PO HAHOPO3MIpPHI cuctemMu B HarioHabHii
akasieMii HayK YKpaiHu.
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JlocaigsKeHHsI KOJIMBHOTO CHIEKTPY CKJIAJHUX KPUCTAJIIB B KOHLEIIil
HAJANPOCTOPOBOI CHMeETPil

He6oJa 1.1.

Voaiceopoocoxuti nayionanvhuil yrisepcumem, 54 Borowuna eyn., 88000 Yaceopoo, Yrpaina

Onuc Ta BUBYEHHS CKIAJHMX KPUCTANMIUYHUX YTBOPEHb, SIKI MICTATH 3HAUHY
KUIBKICTh CKBIBAJICHTHHX aTOMIB Ta BaKaHCIH, M0 PO3MIIIEHI B 0OararoaTOMHHUX
KpuctanorpapiyHux opOiTax, 3py4dHO 3AIHCHIOBATH 0a3ylOuucCh Ha 171€i HaATPaTKH.
Jlist onucy CKIAIHUX KPHUCTAIB, SIK MPUPOJHUX HAATPATOK, 3 BUKOPUCTAHHSIM
JESKUX HEr€OMETPUYHMX XapaKTEPUCTHK, 3PYYHO BHUKOPHUCTOBYBATH KOHIIEHIIIIO
HAJIIPOCTOPOBOI CUMETPIi, 3anpornoHoBany A. SAuHepom 1 T. Anccenom [1].

BBeneHHss B cUMETpiMHUN pO3TJIA] J0JATKOBUX (DI3UUHUX IapaMeTpiB 3a
JOTIOMOTOI0  MOAYJISALINMHUX  (YHKIIA B (3+d)—-MipHOMY ©0a3uci J03BOJIsE
pO3IUIAIaTh  CKJIaJHI  KPUCTaJl4HI CHCTEMH SIK  “‘MacoBO-30ypeHuil”  CTaH
npoTOKpHUcTaly [2-4].

BusHauuBmm (3+d) —MipHI HAANpPOCTOPU 1 MOTUBHU KOMIPKH, MOXKE OyTH
noOyJoBaHAa TIOBHA CYKYMHICTh BEKTOPIB MOJYJAIII, MAacCOBUX MOJIYJAIIIHHUX
GyHKIIM Ta BUMUCAHI JUHAMIYHI MATPHUI[l OCHOBHOTO CTaHY KOJIUBHOI CHCTEMH
IPOTOKPUCTATY Ta BUKOPHUCTABIIM BU3HAYEHUM MeEXaHI3M TpaHcQopMaIiiiHIX
NEPETBOPEHb JJISl y3araJlbHEHOI AMHAMIYHOI MaTpHULI CKJIAJHOTO KPHUCTaldy BIIACHI
3HAYEHHS SKOi JO3BOJISIOTH MOOYAyBaTH 3aKOHU JUCIEpCli (POHOHHOTO CHEKTpY.
MeTtoauka BU3HAUEHHS CHJIOBUX MOCTIHHUX PEai3yeThCs IIISTXOM MOPIBHIHHS X0y
TEOPETUYHOTO PO3PAaXOBAHUX JUCHEPCIMHUX KPUBUX (POHOHHOTO CHEKTPY 13
3HAYEHHSIMHU EKCIIEPUMEHTAIBHUX JaHUX Ta pO3paxyHKaMd IHIIUX aBTOPIB.

V3aranpHeHa ~ OWHaMiyHa ~ MaTpuls  Moxe ~Oyth  cpopMoBaHa B
€KBIIUCTAHTHOMY a00 HEEKBIJUCTAHTHOMY HAOIMXKEHH1 JJIi CUJIOBHX IMOCTIHHUX.
[Ipu exBiguCTaHTHOMY HAOJIMKEHHI YHIBEpPCAJIbHE CHJIOBE IIOJIE MOJEIIOEThCS
3aJJaHHSM OJHAKOBUX CHJIOBHX TOCTIMHUX JUIsl aTOMIB, IO 3HAXOASThCS Ha
OJIHaKOBUX Binansax. [Ipu HeeKBiIMCTaHTHOMY HAOJMKEHH1 yHIBEpCAJIbHE CHIIOBE
1mosie MOJAU(IKYETHCS COPTOM B3aEMOJIIFOUUX aTOMIB.

3anpomnoHoBaHa CXeMa TEHE3HMCY CTPYKTYpHOTO YCKIJIAIHEHHS KpHUCTajiB
KyOiuHOT CHHTOHIT 3 (2ax2ax2a)—Haarparkoro Tuny BaTiO,, xpucranis
TeTparoHanbHOI CHHIOHIi 3 (2ax 2ax4c)—Haarpatkoro tumy BaSrTi,O,, ta
nepoBchKiTHHX ~ TBepamx posummis  twmiz (A Al )BO,, A(B,.B)O, i
(Al A )B, B )0, ((A,A")=BaSr, Pb, Li, Na, (B,B")=Ti, Zr,Nb, Ta,Sc),
nipoxjopiB tuny A,;B,XsY 3 eneMeHTapHOI0 KOMIPKOIO KpucTaiiB tumy 1n,Mn,O; o
3a7a€Thcsl 0A3MCOM B TPAHEIEHTPOBaHOI KyOiuHOW Komipi (4ax4ax(0) B aHaNOTIUHIN
KOMIpII MOXKYTb O1TH onucaHi cynepioHH1 croyiyku tuity CugPSsBr.

3 BpaxyBaHHIM 30ypeHb CHIIOBOTO TOJISI T MACOBUX XapaKTEPUCTHUK, CUCTEMA
PIBHSIHb pPyXY CKJIAJHOTO KPHUCTaly B CYNEPHO3UIINHIA MOJENl Ma€ HEHYJbOBI
PO3B’S3KHU P PIBHOCTI HYJIEBl BU3HAYHMKA!
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Mechanism of interaction of adenine molecules with TiO, surface

V. Matolin®, A. Barta, G. Kukucska®, J. Koltai®, N. Popovych?, S.Bercha®, N. Tsud®, T. Duchon?,
K. Veltruska', V. Rizak?

! Department of Surface and Plasma Science, Charles University in Prague,
V Holesovickach 2, 18000 Prague 8, Czech Republic
2 Uzhhorod National University, Pidhirna st., 46, 88000 Uzhhorod, Ukraine
3 Department of Biological Physics, ELTE Eétvés Lorand University, Pazmany Péter sétany 1/A,
1117 Budapest, Hungary

In recent years, there has been increasing interest in the adsorption of organic
molecules on crystalline substrates. This interest is driven by both the fundamental
aspiration to investigate the elementary processes involved in the adsorption,
diffusion and self-assembly of molecules on the surfaces and by the considerable
diversity of practical applications of these systems. Among the various available
substrates, metal oxides play a remarkable role, and titanium dioxide is often
considered as a model surface. The popularity of titanium dioxide arises from wide
range of practical applications, which range from catalysis, coatings, and the
fabrication of sensors to usage in the optoelectronic and medical industries. Adenine
Is a part of many natural bioactive compounds, important intracellular intermediates
and pharmaceuticals. Nitrogenous bases are the building blocks of the genetic code.
By combining biotechnology and materials science we are given tremendous
opportunities to create new materials and integrated components.

In this review, we will focus on the adsorption of a relatively large organic
molecule, adenine, on vacuum-prepared single-crystalline TiO,(110) surface. The
thermal evaporation of adenine at 110°C took place in the preparation chamber
(pressure 1x107" torrs). The compositions and structures of the TiO,(110) surface
have been investigated by synchrotron radiation photoelectron
spectroscopies(SRPES) and low-energy electron spectroscopy (LEED). NEXAFS
spectra were taken at the C and N K-edges using the carbon and nitrogen KVV Auger
yields, at normal (NI, 90°), grazing (GlI, 10°) incidence and magic (MA, 55°) angle of
the photon beam with respect to the surface. In the NEXAFS spectrum, there is an
angular dependence of the m'/c  intensity ratio, so the adenine(not multilayer).
molecular plane is not randomly oriented on the TiO,(110) surface

The C 1s, N 1s, and O 1s core levels were acquired with photon energies of

410, 475, and 630 eV.

The well-established methodology of preparing TiO,(110) single crystal
surfaces is based on ultra-high vacuum cyclic sputtering with Ar*.(0.59 keV, 5-10
min) and annealing at 650-700 °C (30 min). In these processes, the crystals are
reduced by introducing oxygen vacancies(This procedure typically leaves a
percentage of bridging oxygen vacancies on the surface up to ~5-10%) with new
states located in the intrinsic band gap. The concentration of vacancies can be tuned
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by appropriately controlling the annealing temperature and the duration of sputtering
time.

We also calculated the TiO,(110) surface introducing oxygen vacancy, relaxed
with an adenine molecule. The present calculation was carried out on the ab inito

density functional theory (DFT) level as implemented in the FHI-AIMS code. Result
show in Figure 1.

4
[ |

T i i i s e 2

Fig 1. Orientation of adenine molecule on TiO»(110) surface, result of
theoretical calculation with FHI-AIMS.

Deconvolution the result of calculation we can say if one adenine molecule is
placed on TiO,(110) surface ( with area of approximately 25A*25A, equals to 100
unit cells) with an oxygen vacancy the molecule is oriented with the molecular plane
perpendicular to the surface.
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Formation of the space charge region in chalcogenide
films under electron irradiation

Feher A.%, Shylenko O.%, Komanicky V.%, Bilanych B.V.?, Rizak V.M.2, Bilanych V.S.?
YFaculty of Science, Safarik University, Kosice, Slovakia,
2Uzhgorod National University, Uzhgorod, Ukraine
vbilanych@gmail.com

The features of the interaction of the electron beam with As-Se films have been studied. The
kinetics of the formation of electron-induced surface relief in the dose range of
9.3*10°% -9.3*10 uC.cm™ is established. The parameters of the interaction of As-Se films with an
electron beam are calculated. It is shown that the observed point of inversion of the shape of the
electronically induced relief can be caused by the crossover of the surface potential. On the films
As-Se realized the process of manufacturing the image element by the method of dry electronic
lithography.

For the studies, amorphous As-Se films

e-beam with a thickness of 4 um were prepared. These

30 keV films were obtained by the method of thermal

evaporation in a vacuum of a glass of a similar

SE\ BSE chemi_cal composition. The films were
- — deposited at a rate of 10 nm/s on sapphire
4.4 e\ A substrates.

The films were irradiated with a scanning
electron microscope (SEM) Tescan, model
VEGA. Accelerating voltage 30 kV, spot size
B = 064 um, electron beam current
| =60 nA.

It was found that the kinetics of surface
= AR, relief formation for As-Se films in the range
e o © from 9.3 * 102 to 9.3 * 107 uCcm? is

RY characterized by three areas of radiation doses
7.5 pm S in which a relief of various shapes is formed

with a continuous increase in the point dose of
Substrate irradiation.

Fig.l. Schematic diagram of space charge 1). In the range ¢ <1.2 mCcm® (t <65 ps)
region formed during interaction of primary uqder the action of _the electron beam, cones
electron beam with As-Se films. (SE-secondary ~ With a Gaussian profile are formed;

electrons, BSE—backscattered electrons). 2). 1.2 mC.cm™ <G <46.5 mC.cm™ (65 pus <t
<2.5 ms) - the dose range in which the height

h; of the formed cones of the Gaussian type

remains practically unchanged,;
3). 46.5 mC.cm™ <G <9.3 * 10* mC.cm™ (2.5 ms <t <5 s) is the range of doses in which craters of
the same type are formed with depth h,. Charge model has been used to explain various phenomena
during electron beam interaction with studied films and parameters of this model are determined.

The R value of the interaction region for the As-Se film was calculated by the Kanaya and

Okayama formula (6.2 — 6.5 um). The surface charge Q was determined for As-Se films. It is shown
that the surface of As-Se films is being negatively charged upon irradiation to some potential.
Therefore the primary electrons are decelerated in the created field and their actual energy at the
surface decreases from the primary value Eq= 30 keV. The residual surface potential equals about -
6.5 kV in the region of formation of a small crater in the As-Se films at 5 um a distance from the
center of the previous irradiated region.

+

+

+

+
1.3 pm
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Amorphous chalcogenide films in nanophotonics and nanoplasmonics
Rubish V.M.

Institute for Information Recording, NAS of Ukraine, 4, Zamkovi skhody St., 88000
Uzhgorod, Ukraine

The properties of amorphous chalcogenide films can can easily be modified by
illumination with light from their absorption edge and can be restored following by
thermal annealing. It opens up new possibilities of their practical applications, such
as optical storage drives with high-density recording, fast and durable photosensitive
drums for photocopying and photoresists for lithography, the elements of infrared
laser equipment, photonic crystals, holograms and elements of integrated optics,
electronic switches, etc. Significant attention has been recently paid to the possibility
of using amorphous chalcogenides in nanophotonics and nanoplasmonics.

In chalcogenide films of certain compositions there is a photoplastic effect, which
Is accompanied by a giant mass transfer (mass-transport) of film material in a more or
less illuminated area (depending on the chalcogenide films composition and the
exposure conditions), which, in its turn, leads to the formation of a surface relief of
submicron amplitude. The topographical surface changes which are obtained by using
this method are limited by the lateral size due to the light diffraction phenomenon,
which does not allow manufactiring of nanosized information elements.

One of the ways to overcome the diffraction barrier can by use of near field of
metallic nanoparticles (NPs) integrated into chalcogenide films — the formation of
peculiar plasmon nanostructures. This field appear under illumination of such
structure with light of a certain wavelength due to excitation of collective oscillations
of free electrons in the NPs (surface plasmon resonance). The spatial distribution of
this field can be controlled by appropriate changes in the size and geometry of
nanoparticles. Thus, considerably more complex surface relief than by conventional
interference lithography cam be formed due to the interference of the light field of
such plasmons and the change of the wavelength or polarization of the irradiating
light.

The present report is devoted to investigation influence of near-field illumination
on the formation of surface reliefs in chalcogenide films with integrated noble metall
(Ag, Au) nanoparticles under the appropriate excitation of surface plasmon resonance
by means of laser radiation.

The processes of photoinduced mass transfer in amorphous films of arsenic,
antimony and germanium chalcogenides were investigated. It was established that the
efficiency of light-induced lateral mass transfer and their direction depend on
composition of chalcogenide films. It is shown that the direction of lateral mass
transfer of a film material in the formation of surface reliefs, and, respectively, and
the shape of relief, can be modified by the combination of recording beams
polarizations and the beam of additional illumination. The rate of formation of a
surface relief lattice depends on the chemical composition of the film, the power of
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the recording laser, and its amplitude is limited only by the thickness of the output
film.

The phenomenon of high temperature photoinduced mass-transfer in
chalcogenide films was found, whose speeds are an order of magnitude higher than
the values achieved at present, are promising for practical use in nanolithography,
information recording systems, nanoplasmonics and nanophotonics.

On the basis of noble metall films, plasmon-active structures were obtained.
Nanostructures various morphology (shape and dimensions of metallic nanoparticles,
the distance between them and so on) of gold and silver films in the thickness of 2-25
nm were achieved by thermal processing, using atomic force microscope and
colloidal lithography. The ordered arrays of noble metallic nanoparticles and arrays
of randomly distributed Au(Ag)NPs were integrated into photosensitive amorphous
chalcogenide films. The resulting photosensitive nanostructures was shown to be
sensitive to band gap laser illumination and simultaneously excite surface plasmon
resonance.

The changes of surface thopography of “Au(Ag) nanoparticles/chalcogenide
films” composities were investigated “in situ and real time”. It is shown that the rate
of surface relief formation in such plasmonic structures is much higher (2-3 times)
than in nominally pure (without metallic nanoparticles) chalcogenide films.
Investigation of the evolution of surface relief in real-time by scanning probe
microscopy methods showed that the changes in the topography of chalcogenide film
free surface reflects the surface plasmons distribution.

It is shown that near-field illumination leads to nanostructurization of an
amorphous film, and the shape of the resulting relief depends on the nanoparticles
morphology and the polarization of the illumination light.

So, the topography of the surface of chalcogenide films and “Au(Ag)
nanoparticles/chalcogenide film” composities can be changed by changing the
chemical composition and thickness of the chalcogenide films, the nanoparticles
morphology, the combination of the polarization of the recording beams and the
beam of additional illumination, intensity and time of exposure.

38



\ CM®XT — 2019

CyuacHi nepcrneKTHBHI TeXHOJIOTil CHHTE3y MaTepiaJjiiB
KOMOIHOBAHMMM MPOIIECAMHU

AKurva 1O 10.

Vorceopoocvkuii nayionanbruil yHigepcumem
88000, Vrpaina,m. Yoceopoo, eya. Iliocipna 46
e-mail: yuzhiguts@gmail.com

AKTyaJbHicTh TeMH. HallakTyalbHIIIO MPOOIEMOI0 CHOTOJIECHHS Y TEXHII €
HE TIJIBKM CTBOPEHHS HOBHUX MaTepiaiiB, aje 1 TMOKpAalleHHs BIIACTUBOCTEH
TpaIULIHHUX Ta yIOCKOHAJIEHHS TEXHOJIOTiHM iX BUTOTOBIEHHS. JleTajqbHe BUBUCHHS
BKa3aHO1 MpoOJeMU J03BOJSIE CTBEPIKYBaTH, L0 BOHA MOXXe OYyTH YCHIIIHO
BUpIIIIEHA 3a JOMOMOIOK0 BHKOPHUCTAHHS CIELIAIbHO CHUHTE30BaHUX CIUIABIB,
OTPMMAaHHUX 3a JOMOMOTOI0 KOMOIHOBAaHMX TIPOLIECIB, 3aCHOBAaHUX Ha TOpPIHHI
€K30TE€PMIUHUX MOPOIIKOBUX CyMillIEH.

[li w™meTtoau MJO3BOJIAIOT, CHUHTE3YBATH Hamepen 3aJaHy CTPYKTypy 13
BU3HAYCHUMH BIIACTUBOCTSIMU CIUIAaB1 Npu (OpMYBaHHI BUIIMBKH, BUKOPUCTOBYBATH
CUHTE30BaHMI MaTepiall Il EeKCTPEHOTO PEMOHTY BHPOOIB, BiJIHOBJICHHS
MOBEPXHEBUX INAPIB JeTallel, Ta 3aCTOCYBaHHS CUHTE30BAHOTO CIUIABY ISl €KOHOMIT
JUTBA Y TPATUIIMHUX TEXHOJIOTISX 3 BHUKOPHUCTAHHSAM €K30TEPMIUYHUX JIUBAPHUX
JIOJaTKIB.

Po3po06eHi MeToau BIAPI3HSIOTHCS Bl TPATUIIMHUX TEXHOJIOTIN IIJI0OI0 HU3KOIO
OUYEBMJIHHUX TMEpeBar: BIICYTHICTh NOTPEOM y MOTYKHUX JDKEpenax eJIeKTPOEHEeprii;
MOJKJIUBICTh 3aCTOCYBaHHs MPOCTOTO, JCIIEBOTO JIMBAPHOTO OOIaTHAHHS; BHCOKOIO
MPOJIYKTUBHICTIO TIPOLIeCy (Yac CHUHTE3Y CIUIaBy Moke TpuBaTu Bil 30 CeKyHI 10
JEKUTBKOX XBWJIMH); MOKJIMBICTh BUKOPHCTAaHHS BTOPMHHHMX B1IXOiB BUPOOHHUIITBA,
a came wiMBa TpadiTOBUX EJIEKTPOIIB, AITIOMIHIEBOI a00 MAarHi€BOi CTPYXKH,
3aJ113HO1 OKaJWHU, IMyC'ep — MUy 3 (DUIBTPIB MPOMUCIOBUX 1I€X1B IIPU BUTOTOBJICHHI
MaprasiieBuX CIiaBiB. Bce 11e BUKIIMKaN0 HarajibHy NOTpeOy Y MPOBENCHHI BKa3aHUX
y poOOTi JOCIIIKEHb.

I1i MeToau MOYKHA YCHIITHO 3aCTOCOBYBATHCS 1 JIJI1 €KOHOMII MeTaly Ha 3aBoJiax
KPYIHOCEPIMHOIO 1 MAacoBOIO0 BUPOOHHULTBA JAeTalled Ta 1HCTpyMEHTY. CTBOpPEHHS
MarepialliB Ha OCHOBI CaMOPO3MOBCIOIKYBAIBHOTO BUCOKOTEMIIEPATYPHOT'O CUHTE3Y
(CBC) Ta xomb6OinoBanux (MeranorepMis+CBC) mpolieciB, a TakoX JOCIHIKEHHS
BIUIMBY HOBUX TEXHOJOTIYHUX CHOCOOIB OTPUMYBAHHS METAly Ha MIKPOCTPYKTYpY,
XIMIYHUM CKJIaJl, MEXaHIYHI BJIACTUBOCTI BUTOTOBJICHUX BWJIMBKIB HaOyJIM BEJTUKOTO
MPAKTHYHOTO 3HAYEHHS. IX BUKOPHUCTAHHS Yy BKE iCHYIOUHX METOaX BHTOTOBJIEHHS
BWJIMBKIB, HAITPHUKJIA/ Y TEXHOJIOT1] OTPUMYBAHHS CTAJICBUX BUJIMBKIB 3 TEPMITHUMU
JUBAPHUMU JI0JIATKAMH, CYTTEBO MiABUIIYIOTh €(PEKTUBHICTH BUPOOHHUIITBA.

Mera nociigxeHHsA.I 0I0BHOIO METOIO AOCHKEHHS OyJI0 MPOrHO3YBaHHS
CTPYKTYpH Ta (Pa30oBOTO CKJIaTy CHUHTE30BAHMX CIUIABIB, BCTAHOBJICHHS BIUIMBY
KOMOIHOBAaHMX TEXHOJIOTi Ha  BIACTUBOCTI  MaTepiaiB Ta BU3HAYCHHSA
HAaHONTUMANBHIIINX Tally3eid BUKOPUCTAHHS IuX cruiaBl. Kpim pobora HampaiieHa
Ha JIOCHIIPKEHHSI CUHTE30BaHUX MarepiajiB, a caMe TEPMITHUX YaBYHIB, JIETOBAaHUX
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KOHCTPYKUIMHUX 1 HEPXKaBIIOUMX CTajied, MIBUIKOPI3aNbHUX CTajiel, TBEPANX
CILJIaBiB 1 KapOiocTanei, KOJIbOPOBUX CIUIABIB Ta 1H.

Teopernuna yacTuHa. BpaxoByroun HEOOXiAHICTh MPOTHO3YBAaHHS CTPYKTYPH,
¢$azoBOr0 CKJIaay BIACTHBOCTEH CHHTE30BAHUX CIUIABIB, aBTOPH PO3pPOOHIH
NpUHIUTH (OPMYBaHHS CHHTE30BAaHHMX CIUIAaBIB Ta METOJWKH Ha OCHOBI SIKHX
BCTAHOBJIIOBAJIUCS aJia0aTUYHI TEMIIEpaTypy TOPIHHS €K30TEPMIYHHN IIMXT Ta
YIOCKOHAIMIM METOAM TEOMETPUYHOI TEePMOIWMHAMIKH I ONTHMI3arii i
MPOTHO3YBaHHS Hamepe] 3aaH01 CTPYKTYpH Ta (pa3oBOro CKiamy.

1. Teoperuuni ocHoBu peakuii cuurte3y. [Ipu opranizaimii mporuecy CHUHTE3Y
YOpPHHUX CIUIaBiB BHUKOPHCTOBYIOTHCSI TEPMITHI peakilii 3acHOBaHI Ha OKHCIEHI
amroMiHio 1 BigHoBneHHi 3amiza: Fe,O, + Al > Fe+ Al,O,, a6o merano Tepmiuni

peakiiii B3aeMOAIl OKCHIIB METaJiB 3 OKHCHIOBaueM Ta KJIACH4YHI peakii
«0e3kucHeBoroy» ropinusa — CBC.

JIsist oTpuMyBaHHSI HEOOXIJTHOTO CKJIay CTajil abo 4aByHa y HIMXTY BBOJMIIUCH
JIOMIIIKYU BYTJIEIIO, JETYIOUUX €JIEMEHTIB ((PepooMIIIKK) 1 GIIrocH.

[IpoBeneHi MIKpOIUIABIICHHS BUSBWIM 3aKOHOMIPHOCTI 3aCBO€HHS TEPMITHUM
MeTajoM BYyTJIEItO (Y BUTIIAL CPiOIsicTOro rpadiTy) Ta 1HIIMX JIETYIOUUX €JIEMEHTIB,
10 HEOOX1AHO 1T OTPUMAHHS MOTPIOHOTO XIMIYHOTO CKJIaTy TEPMITHOI CTalll MpU
PO3paxyHKy €K30TE€pMIYHUX IIMXT Ta CHUHTE31 CcIulaBiB. Jlesdke 3HIDKEHHs
3aCBOIOBAHOCTI BYIJIEII0 TEPMITHOIO CTaL0 B 2 10 4% HOro BMICTY y HIMXTI
BUKIIMKAHO THM, IO 13 3pOCTAaHHSIM MPHUCAIKUA BYTJICIIO 3aCBOIOBAHICTh HA MOYATKY
3HM)KYETHCSI — YaCTUHA BYIJICLIO Y IIMXTI HE BCTUIa€ PO3UYMHUTHUCA Y PIAKIN cTami 1
nonagae y uuiakoBy ¢azy. llomanbiiie 3pocTaHHS NPUCAAKA BYTJICHIO ITABUILYE
PIAKOTEKYYICTh CTaJl 1 MOKPAIIy€e YMOBH JIJIsl 3aCBOEHHS KapOOHY 3 IIUXTH.

Metoauka Bu3HaveHHsi (a30BOro CKJIaly CHHTE30BAHHUX CIUVIaBi 3a
JAOTIIOMOI0K) METO/AIB reoMeTpHYHOI TepMmoanHaMmiku. [IpoGrema BcTaHOBIEHHS
peaTbHUX BHYTPIIMIHIX TEMIEPaTyp TOPIHHA EK30TEPMIYHUX CYyMIIIeH Mojsrae y
TOMy, IO ajiabaTu4yHi TemrepaTypu ropiHHs csaraoth 2400-3500 K, a mpu
BUKOPUCTaHHI Y KOMOIHOBAaHUX €K30TEPMIUYHUX PEAKINSAX OKCUAIB XxpoMy — 6300 K,
IO TMepeBUlIye sICKpaBiCHY TemnepaTypy noBepxHi CoHus. /[li1s BHU3HaueHHs
peanbHOi HAA3BUYAWHO BHCOKOi TEMIEpAaTypu TOPIHHS HEMOXXIJIUBO BUKOPHUCTATH
MIPOMETPUYHI Ta TEJEBI31MHI JUHAMIYHI TEPMOMETPUYHI METOJU 13-32 MOMJIMBOCTI
BU3HAYEHHS TUIBKM TEMIEPATYpPH MOBEPXHI, 1[0 BUIPOMIHIOE TEIJIO, HEMOKJIUBO
TaKOXX 3aCTOCYBaHHS TEPMOMETPUYHMX KOHTAKTHUX METOMIIB i3-3a pyHHYBaHHS
TEPMOJIATYUKIB Ta y 3B 53Ky 13 3MIHAMM TMOJOKEHHS (DPOHTY TOPIHHSA y MPOCTOP1 Ta
JTUHAMIYHUMU 3MiHaMH TEMIIEpaTypH y 3pa3Ky.

Came ToMy METOM T€OMETPUYHOI TEPMOJUHAMIKM € HAMOUTbII JOUITBHUMU JJIs
BCTAaHOBJIEHHSI (pa3oBoro ckiany cmiaBy. [loTpiOHO BpaxoByBaTH Tako, L0 Ha
JlaHUH Yac BOHU IHTEHCUBHO PO3BUBAIOTHCS 1 yTOUHIOIOTHCSI.

Po3pobitoBani aBTOpaMu METOJIUKH T€OMETPUYHOI TEPMOJIUHAMIKU JTO3BOJISIOTH
YITKO BKa3yBaTW (Pa3oBMil CKJIaJ CIUIaBY y 3aJ€KHOCTI Bl XIMIYHOIO CKJIaTy
KOMITOHEHTIB peakinii Ta Temrepatypu. OTpuMaHi aBTopaMu JaHi MiATBEPKYIOTHCS
€KCIIEPUMEHTAIILHUMHU JIOCIIJKEHHSIMHU 3 BCTAHOBJICHHS (ha30BOTO CKJIaly BUKOHAHI
y pob6orax [1,2].
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ExcnepumentajibHayacTuHa. EKCniepuMeHTalbHI  JTOCHIDKEHHS  aBTOPIB
BUKJIMKAH1 HEOOXITHICTIO MIATBEPKEHHS KOMIUIEKCY TEOPETUUYHUX JOCIIKEHb. Ls
poboTa 3aiiicHIOBanacs Il CHHTE3y TEPMITHUX CTaJIeM Ta 4aBYHIB PI3HHUX KJIACiB,
JIETOBAHUX CTaJei Ta 4YaBYHIB, IHCTPYMEHTAJbHUX MarepiajiB (BHCOKOBYIJICIICBUX,
MIBUAKOPI3aIbHUX Ta BHCOKOJIETOBAaHUX CTajiei), JIUTUX TBEpPAMX CIUIaBIB Ta
KapOiocTajei, KOJbOPOBUX CIUIABIB (MiTHUX, aJlFOMIHIEBUX Ta 1H.).

BpaxoByroun maHi gociipkeHHs Oyiao po3poOJieHO 1 31HCHEHO OTpUMaHHS
PI3HUX MapoK BYTJICLIEBUX CTalled B pe3yjbTaTi aJlOMIHOTEPMIYHOTO BiJIHOBJICHHS
3aJ1i3HO1 OKAJIMHU 13 BBEJICHHSM B TEPMIT JOJATKOBO BYTJIEIIO 1 (E€pOCIUIaBIB.

Ha ocHoOBI criemianbHUX CIJIaBIB €K30TEPMIUYHUX HIMXT OTPUMAHO TEPMITHI CTali
200J1-35TJ1, 30I'CJI, 32XO06JI40XJI, 20X5MJI (i3  mepaiTo-(GepuTHOIO
cTpyktyporo) 1 20X5TJI, 40X9C2JI (i3 MapTEeHCUTHOIO CTPYKTYypoio) [2,3].

3a pe3ynbTaTd NPAKTHYHUX JaHUX BCTAHOBJICHO, IO BBeAeHHS Oinbiie 20%
JOMIIIOK Y TEPMITHY CYMIII MPU3BOAUTH 0 MPUIUHEHHS PO3AUICHHS TEPMITHOTO
CIUTaBy 1 IMIJAKy B YMOBax Ja0OpAaTOPHUX TEPMITHUX MIKPOIUIABICHb MpPH Maci
muxTty 710 300 r. IIpu Maci ekzotepmiunoil mmxTy Bif 0,5 10 50 Kr BMICT JOMIIIIOK Y
H1l MOHa noBectu 70 25...30%.

JlaHi aHai3y MEXaHIYHHMX BJIACTMBOCTEH J103BOJISIOTH 3POOHMTH BHCHOBOK, IIO
TEPMITHA CTaJIb HE MOCTYIAETHCSA 3a IIMMU MapaMeTpaMmH JMBapHIN, a 3a yJapHOIO
B’s3kicTio Ha 20% Kpamia, 0 MOB’S3aHO 13 JOJATKOBUM JIOPO3KHCICHHSM 1
MIKPOJIETYBaHHSM QJIFOMIHIEM.

JlonaBaHHs TEPMITHOI CTajl A0 3BUYAMHOI PI3KO 3MEHUIYE PO3MIp 3€pHa Y
autoMy ctaHl. [To miit ke mpuuuHiI MeTan y MiJJ0AaTKOBIM 30H1 CTaleBUX BUJIMBKIB
OTPUMAHHUX 13 BUKOPUCTAHHSIM TEXHOJOTIi TEPMITHUX JIMBAPHUX JOJATKIB BUCOKOIO
TEMIIEPATypPHOTIO TPAJIEHTY OTPUMYETbCS OLIbII JIPIOHO3EPHUCTHM, HIK MpH
BUKOPUCTaHHI OpJIMHAPHOI TEXHOJOTI1 [3].

Bucokuit nmporneHTHUN BMICT JOMIMIOK 1 (hepOCIUIaBiB HAAMIPHO '"3aX0J0KyE"
€K30TEePMIUHy peaKIlif0 1 TOJl PO3PAaxXOBaHWM CKJaJ IIUXTH BHCOKOJIETOBAHOL
TEPMITHOT CTajdi, HE JI03BOJISIE OTPUMATH ONTUMAJbHY TEMIIEpATypy TOPIHHA
€K30TEPMIYHOT CYMIIIIi.

Y 1poMy BHUMAAKy HEOOXIJIHO BUKOPUCTOBYBATH IHINE, BIJMIHHE BiJl
BUIIEONTMCAHOTO, HAMPABIICHHS CUHTE3Y JIETOBAHHUX CTaJICH.

BoHo monsirae y oTpuMaHH1 3aIaHOTO XIMIYHOTO CKJIaJy CIJIaBY HE BBEJICHHSAM
MEBHOI KUTBKOCTI ()epOCIIaBIB, a CKIAJAAHHAM CHELIaIbHOI €K30T€PMIYHOI IIUXTH, Y
CKJIaJ,  SKOi  BXOAATh  OKCHAM  JISTYIOUMX  €JEMEHTIB  (HampuKiIam,
Cr,0,,CrO,, NiO, CuO, V,0O, Ta iH.) i 3ai3Ha OKaJWHA BiHOBJIIOBAHI ATFOMIHIEM Y
X0/l aTFOMIHOTEPMIYHOTO Mporiecy. Jisi oTpuMaHHs TEPMITHOIO BUCOKOJIETOBAaHOTO
MeTajgy JaHuUM CIocOoOOM po3poOjieHa METOJMKAa BIAMOBIIHUX PO3PAXYHKIB 1
TexHoJjoris cunredy. Hanpuknaa, Takum unHoM cuHTe3oBaHa crainb 12X18H10T Ha
ocHoBi okcuaiB Fe, Ni, Cr [2,3].

TuTan BBOAUBCS y CKJIaJ €K30TEPMIUHOT IUXTH He Y BUrysiai 110, a y Burisiai

deporurany (30%-HOro), MO TMOB’S3aHO 13 CIA0OI0 BITHOBHICTIO THTAHY 3 HMOTO
okcuiB amominiem. Cxian mmxtu: Cr,0, — 17 2%; Fe,O, — 50%; NiO - 6,6%; Al
— 26,2%.
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Byrnens 1 TMTaH mpu BBEAEHHI iX Yy METAJIOTEPMIUHY IIHUXTY IEPEBOASTDH
PEaKIlito CHHTE3Y 3 KJIacy METaJOTEePMIYHUX Y KJIaC KOMOIHOBaHHUX, TOOTO TaKUX, 1110
CKJIaJIaloThC 3 (ha3u MPOBEJICHHS METAJIOTEPMIUHOI peakiii 1 ¢a3u MpoBeISHHS
peakuii CBC.Ximiunuii aHai3 B3IpIiB CHHTE30BAHOTO METajly II0Ka3aB IOraHy
BIJIHOBHICTb XPOMY 3 HOTO OKCH/IIB.

[Ipu mpoBeseHHI TEPMITHUX IIJIABOK 3a 3alpOINOHOBAHMM CHOCOOOM HEOOX1JTHO
BpaxyBaTh "aKTUBHICTH' €JEMEHTIB, $KI CKJIAal0Th METAJIOTEPMIYHY IIUXTY.
['oBOpsiuM PO HEPIBHOMIPHICTh PO3MOJUTY €JIEMEHTIB y 3JIMBKaX, OTPUMAaHUX
TIOMIHOTEPMIYHUM BiTHOBJICHHSAM OKCHJIIB, HE MOXKHA HE BKA3aTH Ha MOCIII0OBHICTh
B3a€MOII IMX OKCHIIB 13 aJiOMiHIEM. Y TOYaTKOBHM TepioJ MPOXOAUTH
BIJTHOBJICHHSI TaKHWX JETKOBIJHOBHUX ejaeMeHTIiB K Fe, Ni Ta iH., a Ba)XKKOBIJHOBHI
OKCHJIU TEPEXOAATh y NUTAKOBUM posmiaB. [licis, TepMiTHUN MeTan, 1o BMIIIYE
HAJTMIIKOBUM alfOMiHIN, TPOXOSYM Yepes3 1iap UKy, BIAHOBIIOE 1 BAXKKOBITHOBHI
OKCHUJIH.

Tak, pu cunTesi cram 12X18H10T, cioyatky mpoXoauTh BiTHOBICHHSI OKCHIIB
HIKEJTIO 1 3ai3a, a micisg xpomy. [{lum oOymoBiIeHO HeOCTaTHRO BUCOKUI BMICT Cr 'y
OTpUMaHIi TEpMITHIH JieroBaHii craii. J[Jis mokparieHHs: MOBHOTH BiTHOBJICHHS BCIX
OKCHJIIB, HEOOXIJTHO MPOBOJAUTH €K30TEPMIUHI IUJIABKU 3 OUIBII KPYMHUMHU MacaMu
ITUXTH.

[TponoBxytoun naHy poOOTy Oyiau MPOBEIEHI Y JAOCIIIHO-IIPOMHUCIOBUX YMOBaX
EKCIICPUMEHTH 13 BHKOPHCTAHHS BHINEOMHCAHUX CKJIAMIB MIUXT IS TEPMITHHX
JUMBApHUX JOAATKIB BUJIMBKIB 3 JIETOBaHUX cTanieil [3].

[Ipu mpoBeneHHI HACTYMHUX EKCIIEPUMEHTAIFHUX MIKPOIUIABJICHh CHHTE30BaHO
YOTHUPH TUITM BUCOKOJIETOBAHUX YaBYHIB — HIXapiB, aHAJIOT1B POMUCIOBUX YaBYHIB
(tumy 1, II, III 1 cnewianbHOro). XiMIiYHMM CKJIaJ OTPUMAHUX CIUIaBIB MOKA3aHUM Y
Tabn. 1, MATBEpAXKye MPAaBWIBHICTh pPE3yJbTaTiB po3paxyHKy muxtu [4,5]. Ilpu
[bOMY PEaKIlisi CHHTE3Yy MPOBOJMIACS SK Y KOKIJIBHOMY THIIl peakTopa, Tak 1 3
rpadiTOBUM OOJMITIOBAHHIM JIJII BCTAHOBJICHHS BIUIMBY PEKHMMY TEIUIOBIIBOJY Ha
MEXaHIYH1 BJIACTUBOCTI HixapaiB (Tabm. 2). Bukopuctanus rpadiToBOrO THUTIIA
MPUBOAUTH 10 HE3HAYHOTO MIABUIICHHS MIIHOCTI HiXapay. Y IJIOMYy X, YMOBHU
MIKpPOIUJIaBJIEHh BCTAHOBIIIOIOTH HACTUIBKM 1HTEHCHBHHM PEXHUM OXOJIOKCHHS
CIUTIaBy, 110 B MPUHIIUII, BIUIUB OOJIUIFOBAHHS PEAKTOpa IMePecTae JOMIHYBaTH.

Tabauya 1. XiMiuHUM cKIa] TepMITHUX HixapaiB (% 3a Macoro)

CunHTe30BaHUM BwmicT neryrounx enemMeHTiB
HiXapn C Si Mn Ni Cr Mo S P
Tum I 3,2-35 (0,4-0,7/0,3-05|4-45| 2-25 — <0,05 | <0,05
Tum 11 2,7-3,2 |0,4-0,7|10,305|4-47| 2-25 — <0,05 | <0,05
Tum 111 1-15 |0,4-0,7|1030,5|445|14-1,6 — <0,05 | <0,05
Cmnas 3-2-1 3,2-35 (04-0,7(12-20(335|152,0|0,8-1,0| <0,15 | <0,40

Bci BuMBKHY 3 HIXapAiB HE MaJM 30BHILIHIX O3HAK YCAIKOBOI pPAKOBHHH,
pO3pi3Ka BUIMBOK 1 MaKpoaHai3 miATBEPAWIU 11 pe3ysbTatu. JIikBamii XiMiYHOTO
CKJIaJly 32 00’ €MOM BUJIMBKIB HE BUSBJICHO.
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Tabnuys 2. MexaHiuHi BIaCTUBOCTI TEPMITHUX HIXapHiB

(O] HB Gu
Tun yaByHiB Crnoci6 nuTBa
Mlla

I B kokisb 270-320 | 570-640 | 470-890
B rpaditoBuii Turein 280-320 600-670 | 490-710
11 B kokinb 380-450 | 590-630 | 560-770

111 B rpaditoBuii THrens — 370-410 —

CmuaB 3-2-1 | B rpaditoBuii Turein — 490-560 —

CuHTe30BaHl TEpMITHI 3HOCOCTIMKI UYaBYHH — HIXap[d, BIJHOCATBCA JO

XPOMOHIKEJIEBUX MapTeHCUTHUX 4YaBYyHIB. IMOBipHICTh rpadituzariii BUIUBKIB 3
HiXapJy NpU CHHTE31 CIIaBy AJTIOMIHOTEPMIYHUM ILISXOM 3HAYHO 3MEHIIYETHCS Y
3B'SI3KY 13 3HAQUHUM TIpPAJIEHTOM TEMIEpaTyp 1 BHCOKMMHU IIBUAKOCTSIMHU
TETIOBIIBOTY.

MikpoCTpyKTYpHHI aHali3 MOKa3aB, 1[0 B TEPMITHUX YaBYHAX 3MICT LIEMEHTUTY
ckianae He menie 50%, o nae mikpotBepAicTs Big 1000 1o 1050 HV.

JoOpe BiJIoMO, 110 3HOCOCTIWKICTh YaBYHIB TpU aOpa3uBHOMY 3HOIIYBaHHI
3aJIeKUTh BI1J] MIKPOTBEPJOCTi, (HOPMH, PO3TAIlyBaHHS 1 KUIBKOCTI CTPYKTYPHUX
cknagoBux. OcHoBHMMH  (azamMu B CTPYKTypl HiXapaiB (K IOKa3aB
PEHTIEHOCIIEKTpAIbHUN  aHali3), 1[0 HAWIHTCHCHUBHINIE  BIUIMBAlOTh  Ha
3HOCOCTIMKICTh, € HEMEHTHUT 1 OIbII 3HOCOCTIMKI KapOiau Cr, Mo i iH.

MeronamMu peHTI€HOCTPYKTYPHOI'O aHaji3y B CTPYKTYpl IMX YaBYHIB BHUSBIICHO,
kpim kap6inis Fe,C i (Fe,Cr),C, xap6imu (Fe,Cr),C, i iH., mo 3abesmeuye
mikpotBepaict — 15 T'Tla. MikpotBepaicts kap06iniB (Fe,Cr),C no HV 10,0-10,5
I'Ma, (Fe,Cr),C, i (Fe,Cr),,C, —14,5-17,5TTla.

HeoOxigHo BiA3HAYWTH, TaKOX 1 T, 10 MEXaHIYHI BJIACTUBOCTI TEPMITHOTO
HIXaply BHIIE, HDK BIAMOBIAHI BJIACTUBOCTI XPOMOHIKEJIEBOTO IMPOMUCIOBOIO
YyaByHa, y 3B'SI3Ky 13 JOJATKOBUM MIKPOJIETYBaHHSIM aJIIOMIHIEM, IO OOOB'SI3KOBO
BXOJIUTh JIO CKJIaAy IMMUXTH. Pa3oMm i3 TMM y JI€TOBaHWX TEPMITHUX YaByHaX MpHU
30UIbIIIEHH] BMICTY Maprasiio [4,5], He3Bakaloud Ha BUCOKI TeMIEpaTypu CHUHTE3Y,
CIOCTEPITa€THCS MOTIPIIEHHS PIIKOTEKYYOCT] P 30€peKEeHH] yCaIKu B Mexax 1,6—
2,2 %. [Ins moniniieHHs JTUBApHUX BJIACTUBOCTEM 1 AKOCTI BUJIMBKIB 3 TEPMITHOIO
Hixapy MeTajoTepMiuHuii peakTop HarpiBaau g0 150-200 °C.

CuHTe30BaH1 4YaBYHM TOTAHO OOpOOIAIOTHCS pizanHsM [5]. Hixapau cxuibH1
HaBiTh TP 00poOIIl HITiyBaHHSIM 70 YTBOPEHHS MiKpoTpimuH. [le mpuBoauTs 10
HEOOX1THOCTI BHUKOPUCTAHHS JJi BWIMBKIB HH3bKOTEMIIEPATypHOTO BIJAMYCKY 3
BUTPUMKOIO 4—6 roj1. a0 HOpMaTi3allli 1 HACTYITHOTO BIAMYCKY.

Y mnponoBkeHHs JaHOi pPOOOTHM BAAJIOCA YCHIIIHO MPOBECTH TOEIHAHHS
Merajorepmiynux Ta CBC-mpoueciB ajii OTpUMaHHA BOJIbPPAMOKOOATHTOBUX
TBEpJUX CIUIABIB 32 CXEMOIO PEaAKIiH:

AO—->A+BO 1 A+C—>AC,
ne A, B, C — enementu cunredy; O — okucioBad (KuceHb Ta 1H.); AC — npoayKTu
peakuii (kapOiau, cuminuay Ta id.); BO — muak.
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Ccy4aChg,

Po3pobrmena Ha 06a3i BKa3aHOi CXEMH TEXHOJIOTiS JIO3BOJIMJIA BHUTOTOBUTH
"HeTpamuuitHUM" criocoOoM KpiM JuTHX TBepaux cruiaBiB (tunmy BK3, BK4, BK6,
BK8, BKI15 [6-8], MIKpOCTpyKTypy OJHOTO 3 HHX IOKa3aHO Ha pwuc. 1, a),
mBuKopizanbHi ctaii (P9, POMS, P12) ta iH.

Bnepimie cuaTe3oBaHo 1 Tak 3BaHi "kapOimocTanii" — Marepiall, aHaJIor TBEPJIOTO
BOJI(PaMOKOOAIBTOBOTO CIUIABY Y CTPYKTYP1 SIKOTO M’SIKMM 1 IJIACTUYHUN KOOAIBT
3aMIHEHO Ha MIBUJIKOPI3aJibHY CTajlb, MIKPOCTPYKTYypa OJIHOTO 3 THUIIIB KapOigocTai
noka3aHa Ha puc. 1, 6 [7].

JlochipkeHHsT MIKPOCTPYKTYPH Ta MEXaHIYHUX BIACTUBOCTEH OTPUMaHUX
CIUIaBIB JJO3BOJIAIOTh HABECTH HACTYIIHI pe3yJIbTaTH, HaNpuKiIad, ans craii P18: 6an
sepHa 10, TBepaicts HRC65, 6p=2600 MlIla, TemiocTiiikicts 640 °C.

FoTalre T ada 10N Ly IV 8

Bl

Puc. 1. MikpocTpykTypa: a) TBeporo cruiasy BK4i, 6) kap6inoctani B(P18)151 3
3B’SI3KOI0 Y BUTJISI MIBUAKOpi3ainbHOT cTai P18 — 15% 1 kap6iaiB Bonbppamy W,C (apibHi
rino0ymsipHoi hopmu cBiTii BKiroueHHs) Ta WC (kpymnHi rpandacti) — 85%, x250

Jloka3zoMm yHiBepCaJdbHOCTI "KOMOIHOBaHMX'" TEXHOJIOTIH CTaja0 BHUPILICHHS
BUPOOHHMYOT MTPOOJIEMHU — CHHTE3y BHUCOKOMNEPETPITUX MiAHMX cruiaBiB OpoH3 BpAXK
10-4 ta BpOILIC 5-5-5 B TexHONOrii TEPMITHUX JHBAPHUX JOAATKIB BHUCOKOTO
TEMIIEpaTypHOTO TpajieHTy [8,9].

Po3paxoBanuii ckiiag METAJIOTEPMIYHOI MIUXTH JJISI MIJHUX CIUIABIB BPaxOBYE
KOe(IIieHTH aKTUBHOCTI OKPEMUX KOMITOHEHTIB PEaKIlii, 10 JO3BOJMIO BCTAHOBUTU
aniabaTuuHy TeMreparypy TOPIHHS CYMIIIi 1 MPOBECTH KOPEKIIII0 XIMIYHOTO CKJIaay
IIUXTH 32 PaXyHOK BBEJICHHS MJIMBA CTPYXKHU OPOH3H BIAMOBIIHOTO CKJIAIY.

Jist  oTpUMaHMX METaJoTepMi€l0 1 KOMOIHOBAaHMMHU CHOCOOaMHU  B3IpIIiB,
JTOCHIKYBIUCh MIKPOCTPYKTYypa, Oall 3epHa, MEXaHI4HI BIACTUBOCTI (TBEPAICTH,
MIIHICTb Ta MOPHUCTICTB).

TeopeTnuHO pO3paxoBaHO, a y HACTYIMHOMY ampoOOBaHO y J1abOpaTOpHUX Ta
JOCTITHO-TIPOMHUCIIOBUX YMOBaxX JBa CKJIaAW €K30TEPMIYHMX IIMXT OIS MiTHUX
CIUIaBIB.

[leit cknan eK30TEepMIYHOI CyMIIl BIJHOCUTHCS 10 KOMIIO3UIIIM, TOPIHHS SIKUX
reHepy€e PIAKUI po3IuUlaB, a TOW, y CBOIO Yepry, MEpeMilllyIouHCh 13 CILUIAaBOM Y
MOPOKHMHI JOAATKy INiepefae HoMy BENIMKY KUIbKICTh TermioTH. Ilpu 1mpomy
YTBOPEHHUM PIIKUIA TEPMITHUN CIUIAB TOBHHEH OyTH aHAJOTIYHUM 32 XIMIYHUM
CKJIQJIOM CIUIaBy 3anutomMy y (opmy. Ek3oTepMmiuHa mmxTa CKIAAA€ThCS 13 TaKHX
KOMITOHEHTIB: aJIOMIHII0, IIMHKY, 0JioBa, okcuay Mial (CuO) Ta CBUHIIEBOTO CYypUKY
(Pb,O,). Peakuis B3aemoxii 3anucyeThest GOpMyIamMu:
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3CuO + 2A1 = Al,0,+3Cu Ta 3Pb,0, +8AL =4A1,0,+9Pb.

VY nocnigHo-IpOMUCIIOBUX YMOBax Oyia arnpoOoBaHa TEXHOJOTIS €K30TEPMIYHUX
JOJIaTKIB 3 BHUCOKUM TEMIIEpAaTypHUM TpaJlEHTOM JJIsi OpOH30BUX BIIJIMBKIB. [[Ba
TUMH €K30TEPMIYHUX CYMIIICH JJIs JTMBAPHUX JOJATKIB BUMPOOYyBaHI Ha BUJIMBKOBI
,kopmyc kpana” P6.010401-b macoro 2,55 xr 3 bpOLIC 5-5-5 TOCT 613-79 Ta
,kopmyc” macoto 3,75 kr 3 6ponsu bp AXK 10-4.

Ex3orepmiuHa cywmim BCTaBIsIaCh y TOPOKHUHY JOAATKY Y  BHIJISIAL
METaJOTepMIYHOTO CTepKHs. Maca nomatky BuiuBka 0,4 kr i 0,7 KT BiAOBITHO.

[Ipu BUKOpHCTaHHI JAaHOTO THUITy CyMIlllli B PE3yJIbTaTi BUCOKOI TeMIepaTypH ii
TOPIHHS MPOXOJIUTH PO3ITPIB CYCIMHIX O €K30TEPMIUHOI IIUXTU IapiB OpoH3H 1
3allOBHEHHS TEPETPITUM PIAKUM PO3IUIABOM YCaAKOBOi pakoBuHU. HeOesmeky
HAJJIMIIKOBOI'O TEPErpiBy CIUIaBYy 30HM IMiJi JOJATKOM BHJIMBKA Ta 3MiHY HOTO
(b13UKO-MEXaHIYHUX  BJIACTUBOCTEHM BAAOCA 3amoOIrTH  3aBIASKH  II3HIIIOMY
CIPALIOBAHHIO METAJIOTEPMIYHOTO 3apsiay (mpubiu3Ho yepe3 1—-1,5 XBUIUMHU micis
3aKIHYEHHS 3aJIMBKH CIUIaBy y (OpMy), 110 BU3HAYWIO PO3IrPiB BEPXHHOI YaCTUHU
JOIaTKY BHJIMBKA TICJIS MOYATKy KPUCTATI3aIlIMHUX MPOLeciB y 30H1 111 HUM. CKiaf
1i€i Metanotepmiunoi muxtu s 6ponsu bpOLIC 5-5-5 TTOCT 813-79 BuzHauaBcs 3
TEPMOXIMIYHOTO PO3paxyHKy: Sn — 4,19% (rpanynboBanuii), a Takox Al — 16,52%;
CuO — 70,54% (mopomkoBuit). AgiabatnyHa TeMIieparypa TOpiHHS €K30TepPMIYHOI
cymimn cknana 3300 K.

B pe3ynbrari MeTaJOTEpMIYHOI peakilii — BIJIHOBJCHHS CBUHIIO, MIiJl Ta
OKHCJICHHSI aTIOMIHII0, BUAISETHCA 3HaUHA KIJIBKICTh TEIUIA, KA JJO3BOJISIE OTPUMATH
OpOH30BHI CIUIaB 13 3HAYHUM IeperpiBoM. J[Jis 3MEHIIEHHS TeMIEepaTypu TOpPIHHS
IIUXTH y i1 CKJIaJ BBOAWIM JOJATKOBY CTpYKKY OponH3u bpOLIC 5-5-5 y KUIbKOCTI
100% (Bix Macu), 110 "mTy4HOo" 301JIbIITy€E BUX1]T CIIJIABY 3 IIMXTH.

Takum YuHOM, BIAJIOCS 3aMTOOITTH HAUTUIIIKOBOT'O BUIIATY JOPOTUX KOMIIOHCHTIB
€K30TEPMIYHOT IIUXTH OPOH30BOTO CIUIABY 1 3HU3UTU Macy OPOH30BOTO CIUIABY, IO
171e Ha TuBapHUi 1oaaTok (Ha 60%).

TexHosO0Tis BUTOTOBJICHHS METAJOTEPMIYHUX CTEPKHIB TOJIsATaNa y MOJaBaHHI
no mmxtu 4,5% mnynbeBepbakenity, 0,2% cynbdanony ta 5,5% Boau 3 HACTYITHOIO
CyIKoro 1pu temmeparypi 150...200°C.

[HIIMM TIEPCTIEKTUBHUM HAMNPSIMOM BUKOPHCTaHHS PO3POOICHHX €K30TEPMITHHX
CKJIQIB IIMXTH, Y OCHOBY SIKHX IOKJIAJCHO TMPHUHIIUI OJHOYACHOTO BiJHOBJICHHS
JEKUTbKOX CIOJIYK, € po3po0OKa TeXHOIOr1i TepMiTHOI miaBku [9,10].

Ils TexHOJIOTiIS Ja€ MOXIJIHMBICTh BUTOTOBIIATH Y BAXKOAOCTYITHUX paiOHaXx,
HECTEI[iali30BaHUX CUTFCHKOTOCMONAPCHKUX I11€XaX Ta HaBITh MOJHOBHX YMOBAX,
BWJIMBKM 3 MIJHMX CIUIaBIB TpPH BIACYTHOCTI '"3BHYAMHOrO IUIaBMIIBHOTO”
oOnaHaHHS Ta JHKEPEN eIeKTPOCHEPrii.

Y pesynbTaTi TOPIHHS CHEIadbHOI METAJTOTEPMIYHOI MIMXTH B PEAKTOPI
YTBOPIOETHCS PIAKUN BUCOKONEPETPITUN MIJAHUN CIUIaB, KU y HACTYMHOMY IiCIIs
BJIOBJIFOBAHHSI IIJIAKY, 3JIMBAETHCSA Y POPMY BUIIMBKA.

HacTynHuM KpokoM y LbOMY Hampsmi OyJl0 CHHTE3 BUCOKOMIIIHMX YaBYHIB Ha
OCHOBI  KJacM4YHOi  TepMmiTHOI  peakii.  JlomaTKoBUMH  IHTpEII€EHTaMU
METAJIOTEPMIYHOI IIMUXTH OYIM BYTJellb, OKCHAM HIKENI0, XpOMYy, MOJIOAEHY Ta
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HAJIMIIKOBUI MOPOLIKONOMIOHUM atoMiHIi (KpIM 3a1i3HOI OKaJIMHH Ta OCHOBHOTO
amtoMiHito) [11,12].

[Ile omuum HamnpsmoM BukopuctanHa CBC cuHTE3y € TBepAOCIIaBHE
HaIUIaBJICHHS MarepiajgiB  Ha cTajeBl a0o uyaByHHI mnoBepxHi. Oco0iMBO
NEPCHEKTUBHUMH 3 I[i€] TOYKU 30pYy BUIJISAAIOTH TEXHOJIOTI, 1[0 MOEAHYIOTh Yy cO01
Ja3epHe MOBEPXHEBE 3MIIHEHHS 13 HaruiaBieHHsM 3a jaonomoroio CBC. Ilpukian
TAKOI'0 BUKOPHCTAHHS KOMIUIEKCHMX TEXHOJIOT1H HaBeAcHuUH Hikue [13,14].

3aMicTh CBITJIONOTIMHAIOUOT (papbu Oyno BHUKOPUCTAHO cyMiml mMmopomkiB Ti
(68%), Byrmemro y Bumi caxi (18%) 1 Fe (14% 3a macor), sSIKy HAaHOCWUJIM Ha
noBepxHio cTani Mapok Cramp 10 1 Cranp 20 3 HACTymHHM MiACYITyBaHHSIM Ha
MOBITPi, yTBOPIOtouM map ToBuIrHO0 80, 200 a6o 500 MxM.

TepMoxiMqui PO3paxyHKH TOKa3ajd, M0 y TaKid CyMIilll MPaKTHYHO BeCh Ti
B3a€MOJIIE€ 32 paXyHOK O€3KMCHEBOTO TOpIHHSA 3 ByrJelneM, yrBoproroun kapoia TiC.
Hapnmumok Byriemioo 1 JyKe HEBelIMKa KUIbKICTh THUTaHy JIETYIOTh 3ali3o0,
YTBOPIOIOYM PIKY CTallb €BTEKTOIMHOTO CKJIaay, fKa B YMOBax IIBHJKOTO
OXOJIOJKEHHS TIEPETBOPIOETHCS Y TPOCTUT B IIapax TOBIIUHOIO 80 MKM.

i mrapu mignamoBanuck npomeHeM CO,- abo aproHoBOro jiazepa 6e3nepepBHOI
il 3 TMO3M0BXKHHOI Hakaukoio tumy "Kapmamon" mnortyxksictio 850 Bt mnpu
mineHOCTI moTykHocti 15-20 Brm? (mpu miamerpi "mmimu" 0,3-2,0 Mm).
[IBuaKicTh CKaHyBaHHS 3MiHIOBajacs y Mexax 10-20 mvecl. YV omimid musoi
JAOCTIDKEHb I JOJATKOBOTO 3aXMCTy HAIUIaBJICHOI TMOBEPXHI BiJl OKHUCIIECHHS
BUKOPHUCTOBYBAIH (HOKYCYIOUM HACagKy 3 MOJKIIHMBICTIO JOJATKOBOTO OOJXyBaHHS
MOBEpXHI 1HepTHUMHU Ta ManoaktuBHUMHU Tazamu (Ar, CO,, N, Ta in.). Ilicms
MIPOBE/ICHHS CKCIIEPUMEHTY BHUMIPIOBAIM MaKpO- 1 MIKPOTBEPIICTh Y JIETOBAHOMY
mapi, 30HI TEPMIYHOTO BIUIMBY 1 OCHOBHOMY MeTaii. Ha pwuc. 2 moka3zaHa THIIOBa
MIKPOCTPYKTYpa MeTay 3MIIIHEHOTO II1apy, OTPUMAHOTO MPH MILTBHOCTI IOTYKHOCTI
17 Brm? miameTtpi "msamu" — 0,4 MM, IIBHAKOCTI CKaHyBaHHS 12 mMm-c? Ta
BUTpaTax aprony (mmst 3axucry Ti Bin oxucimenns mositpsam) — 0,5 m-c”. ToBumma
neroBaHoro mapy ~500 mxwm. Ieit map cknagaetses 3 ~50 % vactunok TiC 1 ~50%
(mo o0'eMy) MeTaniyHOi 3B'SI3KM — IHCTPYMEHTAJIbHOI BYTJIEIEBOI CTalll TUMY Y8.
JIBoMa BepTUKAJIbHUMH CTPUIKaMu MokaszaHo (puc. 2), mo aBi yactuaku TiC mix gac
CBOTO CHUHTE3y "mponajuiu" cTaib 1 MIMOOKO BKOPEHUIIUCS Y 3B'SI3KYy 3 BHUCOKUM
JIOKaJIBHUM BUJIJICHHSM TeIIa.

BuaHo Takox, 1mo B 30HI 1HTEHCHBHOTO TEIJIOBOTO BIUIMBY MIKPOCTPYKTYypa
cTaji HaOyna Ayxke JIpiOHOT CTOBMYACTOl OYJOBU 3 HEBEIUKUM HAXWJIOM TOHKHX
NEHAPUTIB (SIKI Maii’keé HE MalTh TUIOK) y CTOPOHY, MNPOTWIEXKHY HANpIMy
CKaHyBaHHS MpOMeHeM Jiazepa. HaxuieHow CBITIOK CTPUIKOIO (3BEpXy) MOKa3aHO
HaIlpaBJICHHS, B3JIOBXK SKOT'0 BUMIPIOBAJIaCh MIKPOTBEPAICTh AJIMa3HOIO MIPaMioL0.

Ak mokazanu MpOBEACH! JOCTIIKEHHS, MIKPOTBepAicTh KapOimaiB TiC maiike y
JIECSITKH Pa3iB BUIIA TBEPIOCTI CTaI.

Takum unHOM, y AaHiit poOoTi Braiocs opra"izyBatu CBC-mpoiiec y mopiBHSIHO
TOHKOMY TIapi 3a paxyHOK BukopuctanHs TtexHosorii JIII3 omgHowacHo jyist
BUPIIIEHHSI JBOX 3aBJaHb. /A HarpiBaHHs, OIUIABJICHHS 1 HaBYTJIEIbOBYBaHHS
3aji3a; JUIsl OIJIaBJICHHA YacTHMHOK T1 1 Horo "ropiHHA" y ByTJell 13 yTBOPEHHSIM
kap6iaiB TiC.
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Puc. 2. MikpocTpyKkTypa 3MIITHEHOT0 Iapy 3 HamiBoriaBIeHUMH yacTuHKaMu TiC micis
koMOiHoBaHoro ii 3MitHeHHs JII13 1 CBC. TpaBieHHsS BUKOHYBAJIOCh HIiTaJleM

AniabaTudHa TeMriiepaTypa OE3KHCHEBOTO TOpPiHHS ekBiaToMHOI cymimn Ti-C
nopiaoe 3200 K. daktuuyHa Temmeparypa TropiHHS BuOpaHOi cymimi 68%Ti
+18%C+14%Fe (% y MacoBux wyactkax) mnepeBuinye 1850 K, mo 3abesmeuye
YTBOPEHHSI Ha TOBEPXHI CTajll TBEPJO-piIKOro mutikepa pos3miaB—TiC 3 BeIUKUM
1HTEpBAJIOM JIKBIAYC-CONIYC. YTBOPEHHS LUTIKEpPa 3aMiCTh OJHO(A3HOTO PO3ILIABY
MO3UTUBHO BIUIMBA€E Ha SKICTh MOBEPXHI 3MIIHEHOrO IIapy Micias HOro MmOBHOTO
TBEPJIHHSA 1 OXOJIOJPKCHHs, a TaK0oXX Ha YTPUMYBaHHSA IIbOTO IIapy HaBITh Ha
HaXWJIEHUX TUIOLIMHAX.

BaxxnuBo BIAMITUTH, IO MNpU BKa3aHOMY OE€3KHCHEBOMY TOpIHHI HISKHX
HEMETAIIYHUX (a3 1 iX BKIIIOUEHb HE YTBOPIOETHCS. 3BAPIOBAHHS 3MILIHEHOTO LIapy 3
OCHOBHMM METaJOM AaBTOMAaTUYHO OTPUMYETbCA '"METANypridiHO", BUKIIOYAIOUU
HEOOX1AHICTh Malku abo0 IHIIMX CHOCOOIB 3'€HAHHS OJIHOTO CIUIAaBY (HAMPUKIA],
IHCTPYMEHTAJILHOT0) 3 ITHITUMU (HAMPUKIIaa 3 OCHOBOIO PI31Is).

KopoTkuii ornsin TEeXHOJOrid CHUHTE3y MarepialiB Ta IX 3aCTOCYBaHHS Jae
MOJIUBICTh CYJUTH MpO HaOmmx4i MailOyTHI nepcrnekTtuBu 3actocyBaHHs CBC 1
KOMOIHOBaHUX TporieciB. He3Baxkatoun Ha MIABUINEHY IIHY KOMIIOHEHTIB IIMXTH
PO3IIIIHYTI TEXHOJIOT1T MatOTh HEaOUsIK] MepeBaru: BIICYTHICTh CKIIATHOTO JIOPOTOTo
oOnagHaHHs (TUTABWIBHUX T€Ued, MOTYKHUX JDKEped eJIeKTpOeHeprii), IOBHa
ABTOHOMHICTh TE€XHOJIOTIYHOTO Tpoliecy (1[0 TEXHOJIOTII0 MOXKHA BHKOPUCTOBYBATHU
Ha PYXOMHUX PEMOHTHHX IIaTQopmax, y IepecyBHUX MaCTEPHX 1 HABITh MOJbOBUX
YMOBaxX), BHUCOKAa MPOJYKTUBHICTh Ta IIBHUIAKOAIS (Yac CHUHTE3Y CIUIaBY CKJIAJa€e
JeKUIbKa XBWJIMH). Bee 1ie CBIIYMTh MPO MOXIIMBICTD iX IIUPOKOTO 3aCTOCYBaHHS B
Hail pI3HOMaHITHUX YMOBaX.

BucnoBku. IIpeacraBneHi  pe3ynabTaTH  MPOBEACHUX  TEOPETUYHUX 1
€KCIIEPUMEHTAJIbHUX POOIT CTOCYIOTbCS CHUHTE3Y MarepialiB KOMOIHOBaHUMU
TEXHOJIOT1sIMM 3acHOoBaHMMHM Ha MetanoTepmii 1 CBC. Ha ocHOBi po3poOieHux
METOJIMK PO3pPaxyHKy BCTAHOBJIEHO CKJIaa{ IIMXT Ta CHHTE30BAHO PI3HUX THIIIB
cruiaBiB. BusiBneHo 0c00JMBOCTI MPOBEACHHS METAJIOTEPMIYHUX IUIABJICHHS,
JOCIIKEHO MEXaHIUHI BIACTHBOCTI 1 CTPYKTypa OTPUMAHHX CIUIaBiB, BCTAHOBIICHO
KOe(ILIEHTH 3aCBOIOBAHOCTI JIETYIOUMX €JEMEHTIB y METaJOTepPMIUHUX 1
KOMOIHOBaHUX Tmporecax. Po3poOiieH0 TEXHOJIOTII0 TEPMITHOTO 3BaprOBaHHS 1
HaIJIaBJICHHS Ha JIeTalbhb BUCOKOTBEpAMX MOBepxoHb, a cymimienus JII13 1 CBC y
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OJIHIA ormepariii J03BOJISIE PO3B’S3aTH NUIMKA KOMIUIEKC TEXHIYHUX TPOOIeM TIo
OTPUMaHHIO MaTepialiB TUITY KapOiloCTajl 1 TBEpUX CIIJIaBIB HA MTOBEPXHI METay.

IlepciekTHBH MOJAJBIION0 BHUKOPUCTAHHS KOMOIHOBAHMX TEXHOJIOTIH
CHHTE3y Ta CHUHTE30BAHMX JMTHX CIUIaBiB. TeopeTuuHi, eKCliepuMEHTaJIbHI Ta
JOCJTITHO-TIPOMHUCIIOBI pOOOTH BHKOHAHI aBTOpPaMU JO3BOJISIOTH BHUPIMIMTH LTy
HU3KY Mpo0JIeM, TTOB’SI3aHUX 13 CTBOPEHHSM MaTepialliB MEBHOTO (PYHKIIIOHAIBHOTO
NpU3HAYEHHS! Ta HOBITHIX TEXHOJOTIM iX CHMHTE3y Yy HeTpaauiiiiHux ymoBax. Lle
J03BOJIUTH YCYHYTH PSIJT HAUOLTBIITUX TEXHIYHUX TIPOOJIEM, IO CTPUMYIOTH PO3BHTOK
1 BUKOPHUCTaHHSI KOMOIHOBAHUX MPOIIECIB Y MPAKTUKY MPOMHCIOBOTO BUPOOHHUIITBA.
VY HaOmK4ii epcrneKkTUBl He0OX1aHO:

1. HeoOximHO pPO3pOOWTH THIOBI TEXHOJIOTIYHI TMPOIECH 3aCHOBaHI Ha
KOMOIHOBaHHUX TIPOIECax CHHTE3y MaTepiaiB.

2. Po3mmpuTti mpakTUKy 3aCTOCYBaHHS PO3POOJIECHUX TEXHOJOTIH ISl TUBAPHUX 1
3BapIOBAJIbHUX BUPOOHUIITB Ta 1H.

3. Po3pobutu Tunose 06s1aJHaHHS JUIsl CHHTE3y BKa3aHUX MaTepiaiB.

4. Po3poOUTH METOJMKY 3aCTOCYBaHHsS CHHTE30BaHUX CIUIABIB JJIs JIKBiAaIli
EKCTpEeMaJbHUX aBApIMHUX CUTYAlllI 32 PaXyHOK PEMOHTY Ha PyXOMUX 3aJII3HUYHHUX
miaTpopMax; Ha MOPCHKUX IUIaBaIbHUX OO ’€KTax K Ha IMOBEpPXHI, TakK 1 i
MOBEPXHEI0 BOJM; JUUIi KOCMIYHMX amapariB, IO 3a3HAIM MIKpOpyHHAIINA mija Yac
MOJIbOTY; MPU HEOOXITHOCTI BUKOHAHHS PEMOHTHHUX POOIT Ha OypOBHX YCTaHOBKax
Ta B yMOBax TEpPUTOPId 3a MOJSPHUM KpyroM abo W I1HIIMX BIJJAJICHHUX BIA
€HEPronoCcTadyaHHs TEPUTOPISX.

5. Po3mmpeHHsl CeKTpy CUHTE30BAaHUX CIUIABIB Ta BCTAHOBJIEHHS 1X CTPYKTYPH 1
($a30BOTO CKJIATy JJIsT ONTHMAIBHOTO BUKOPHUCTAHHSI.

6. IligBuiieHHsT €(QEKTUBHOCTI BUKOPUCTAHHS JIa3€PHOTO IOBEPXHEBOTO
3MIIHEHHS Ta KOMOIHOBaHUX MPOILIECIB CUHTE3Y CIUIABIB.

7. BcTaHOBIEHHS HAWAOIIIBHINIUX Tady3ed BHUKOPUCTAHHS CHHTE30BaHUX
Marepiais.
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Nature of ferroelectricity and pressure induced semiconductor to
metal transition in Sn,P,S¢ type crystals

Haborets V., Rushchanskii K.?, Medulych M.}, Glazyrin K.2, Vysochanskii Yu.!

YInstitute for Solid State Physics and Chemistry, Uzhgorod National University,
54 Voloshyn St., 88000 Uzhgorod, Ukraine
2 Peter Griinberg Institut, Quanten-Theorie der Materialien, Forschungszentrum Jiilich GmbH and
JARA, 52425 Jiilich, Germany
¥ Photon Science, Deutsches Elektronen-Synchrotron, Notkestrasse 85, D-22603 Hamburg,
Germany

The Sn,P,Sg semiconductor at normal pressure undergoes second order phase
transition between paraelectric (P2,/c) and ferroelectric (Pc) phases. As pressure is
raising above 0.6 GPa this transition becomes first order and above 1.5 GPa the
paraelectric phase is stable in ground state [1,2]. At further compression, above 38
GPa, the Sn,P,S¢ compound undergoes semiconductor - metal transition. For
Sn,P,Ses semiconductor with more covalent P-Se bonding the semiconductor - metal
transition occurs at lower pressure, above 20 GPa, whereas in the case of Pb,P,Sg the
metallic state can be reached above 50 GPa [3]. In these compounds pressure induced
semiconductor - metal transitions are caused by the structural transformation to the
new phase, as follows from drastically changed phonon spectra observed in the
Raman scattering [3].

Sn,P.S, - Berry Phase Polarization
©
©
:
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angle with 0a ~12.2°
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:
)

L

Fig. 1. Orientation of calculated spontaneous polarization vector in monoclinic
symmetry plane of the ferroelectric phase.

The electron band structure and phonon spectra of Sn,P,Sg crystal have been
theoretically investigated within GGA approximation of Density Functional Theory
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(DFT) and were compared with the available experimental data. For better accuracy
of determination of the band-gap values the bunch of more fitted for the task meta-
GGA functionals were used. Determined by Berry phases method orientation of the
spontaneous polarization vector (Fig. 1) at normal pressure agrees with
experimentally observed one and it is close to 16 pC cm™ in the ferroelectric phase of
Sn,P,Se. The most significant contribution to the accuracy of calculated value of
spontaneous polarization is being contributed by taking into the account the semi-
core electrons in the pseupotentials of phosphorus, while for tin and sulfur their
influence is minimal. That fact can reveal the very important role of deeper than
valence electrons in the nature of P - P bonds in paraelectric and feroelectric phases
of Sn,P,Se. The calculated pressure dependence of lattice parameters, ionic and
electronic contributions into spontaneous polarization, clearly demonstrates the
tricritical point presence near 0.6 GPa in accordance with the experimental data [1,2].

Sn,P.,S, - Equations of State

— VINET EoS
440 - - - Birch-Murnaghan EoS

Volume, A3
w
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T
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280

0 5 10 15 20 25 30 35 40 45
Pressure, GPa

Fig. 2. Pressure dependence of monoclinic elementary unit cell volume.

To investigate pressure-induced changes in crystal structure of the Sn,P,S¢ at the
transition from semiconducting to metallic phase we performed high pressure x-ray
diffraction experiments on the PETRA IIl P02.2 beamline at DESY, Hamburg.
Monocrystalline samples were loaded into diamond anvil cell. Pressure was varied in
the range from ambient to 55 GPa. We found significant changes in the diffraction
pattern at the metal - insulator transition near 37.8 GPa. Detailed analysis of the
diffraction patterns revealed conservation of monoclinic symmetry P2,/c in the entire
pressure interval of the paraelectric semiconducting phase. The pressure dependence
of the unit cell volume was fitted with the Birch — Murnagham and VINET equations
of states in the range of pressures from ambient to 20 GPa. First equation of states
better satisfies the experimental points of V(P) dependence (Fig. 2). However, at
higher pressures we observe deviation of experimental data from the extrapolated
curves of the equation of states. This points on the increase of the non-linear effects
related to electronic subsystem when the band gap is narrowed and on possible
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structural transformations due to rearrangements in the chemical bonds. In the same
range of pressures, we observed evidence of weak structural twinning and suggest the
nucleation of the new metallic phase as the precursors to the bulk first order structural
transition around 37.8 GPa. We also found a coexistence of the metallic and
semiconducting phases at pressures above 37.8 GPa.

While the crystal structure can be reliably solved at all pressures below 37.8 GPa,
at higher pressures the quality of reflections of the measured diffraction patterns
decreases. This leads to uncertainty in the determination of the structure in the
metallic phase. However, as the most probable candidates the dense packed
orthorhombic phase with six coordinated phosphorous atoms (Fig. 3) might be
considered. All structure solutions obtained from XRD experiments have P atoms on
the empty octahedral sites, no matter of the symmetry, either as P - Sn,S, or as P - S¢
octahedrons.

Fig. 3. High pressure metallic phase structure of Sn,P,Sg compound with six
coordinated phosphorous atoms (P - Sg).

The structural optimizations within DFT calculations and with ab initio
Molecular Dynamics (MD) methods also predict lower enthalpy for low-volume
orthorhombic structure above 37.8 GPa for which the atoms of phosphorus are
coordinated by six sulphur atoms. In both methods of calculations the periodic
boundary conditions were applied to minimize computational expenses. For geometry
optimization within DFT the Broyden—Fletcher—Goldfarb—Shanno (BFGS) algorithm
with variable cell was used. Ab initio MD simulations were carried with pressure
driving from 0 to 200 GPa at different temperatures up to the 1100 K. The variable
unit cell was described as a (Constant temperature, constant pressure) NVT ensemble
in Nosé¢ thermostat and Parrinello barostat, and for wavefunction extrapolation
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method the alternating first and second order scheme was used. For both DFT and ab
initio MD calculations the norm conserving pseudopotentials with GGA-PBE-for-
Solids functional were used. By doing so we were able to use optimized unit cell
geometries in calculations of phonon dispersions and densities of state using Linear
response method, or density functional perturbation theory (DFPT). We were testing
different transitional unit cell geometries obtained using both ab initio MD and DFT
on stability of their phonon properties. Thus, with the help of phonon properties
investigation we were able to filter out mechanically unstable candidates on phase
transition.

Acknowledgment. The research leading to this result has been supported by the project
CALIPSOplus under the Grant Agreement 730872 from the EU Framework Programme for
Research and Innovation HORIZON 2020.
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Biausinue cnekaromieii 7106aBkn MgO Ha CTPYKTYpHBIE H ONTHYECKHE
CBOIiCTBA MPO3PavHOii KePAMHKH HTTPHIi-aTIOMHIHHEBOT0 IPAaHATA
(Y3As01)

Baiaa6anos A.E.", Bopona n.0.4 JloGpoTBopckast M.B., KpaBuenko JLIO.}, Mareituenko I1.B.,
[Tapxomenko C.B., sIBeuxuii P.IL.}, Matolinova 1.2

1HHcmumym moHokpucmannos HAH Yxpaunwl, Xapvkos, Yxkpauna,
2Charles University, Prague, Czech Republic

Kepamuka wurtpuii-antomunueBoro rpaHata (YAGQG) sBiseTcss HE TOJBKO
MEPCIIEKTUBHBIM MaTEPUATIOM JI1 KBAHTOBOW 3JIEKTPOHMKU W JIA3€PHOM TEXHHUKHU
[1,2], HO ¥ TpPUBJIEKATEIBHBIM MOJIETLHBIM OOBEKTOM COBPEMEHHOU (PU3MKU
TBEPAOIO TeNa JAJISI U3YUEHHUS IPOLIECCOB YIUIOTHEHUS U 3BOJIFOLUNA MUKPOCTPYKTYPbI
MHOTOKOMITOHEHTHBIX MOJMKPUCTAIITUYECKUX CUCTEM npu CIIEKaHUHU.
JIByXBaJI€EHTHBII HOH Mg2+, WHKOPIIOPUPOBAHHBIM B CTPYKTYpy YAG, MOXKeT
BBICTYIIaTh Kak CIeKawliel go0aBkoi [3], Tak W KOMIIEHCATOPOM 3apsiia aJis
npeoOpa3oBaHusl BAJICHTHOTO COCTOSIHUS  HEKOTOPBIX  JIETUPYIOIIMX  HOHOB,
HampuMep, xpoma [4], 9To AenaeT ero NepcrneKTUBHON (yHKIIMOHATBLHOW M00aBKOU
st kepamukd Y AG. B manHo# paboTe MCCIe0BaHO BIUSHHE CIIEKAIOIEH 100aBKU
MgO Ha mnpouecchl KOHCOJMUIALUM, MHKPOCTPYKTYPY M ONTHYECKHE CBOWCTBA
npo3payHoil kepamuku Y AG.

YcranoBneHo, yro npumech MgO yBenmuuuBaeT IUDPy3MOHHYIO aKTUBHOCTH
MEX3EPEHHBIX TpaHMl], CHOCOOCTBYS  YIUIOTHEHUIO KepamuKku. [lomydeHsl
3aBUCHMOCTH Pa3MEpPOB KPUCTAIUIMYECKHUX 3epeH oT KoHueHTpauuu MgO. [loka3zaHo,
yT0 g06aBka MgO crnocoOCTBYET poCTy 3€pEH MPHU CIEKaHUU: CPEAHUM pa3Mep 3epHa
Bo3pacTtaet ¢ 14 no 20 MkmM ¢ yBennueHueM konrdectsa MgO ot 0.03 go 0.15 mac.%.
Pacnipenenenrie 3epeH 1O pa3MepaM CTaHOBUTCS LIMpE, U KEpamuka C
koHreHTparmeir MgO 0.15 mac.% coaep>KUT 3HaUYNTEIHHOE KOJIMYECTBO OCTATOUHBIX
MOp ¥ BTOPUYHBIX (Da3 BJIOJIb TPAHUIILI 3epHA U BHYTpH ero oobema (Puc.1).

Mg 0.03 wt.% Mg 0.06 wt.% Mg0lwt% Mg 0.15 wt.%

Puc.1.COM-cHUMKH MUKPOCTPYKTYpHI kepamuku Y AG
¢ no6askoi 0.03-0.15 mac.% MgO.

[Io naHHBIM PEHTIEHOCTPYKTYPHOTO aHaliM3a BCE IOJIYYEHHbIE KEpPaMUKH

ABJISIIOTCA OJHO(GA3HBIMU M HMEIOT CTPYKTypy rpaHaTa. ONTHYECKOE KayecTBO
MOJYYEHHBIX KEPAMHUK CUJIBHO 3aBHCEIO0 OT UX MHUKPOCTPYKTYphl. Kepamuka YAG
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(0.03 1 0.06 mac.% MgO) ¢ HeOONBIIUM KOJIUYECTBOM IOP U BKIIOUEHUN BTOPUYHON
¢da3pl MMeeT MPO3PaYHOCTh, OJM3KYI0 K TEOPETHUECKOMY Mpeneny MpOImyCKaHus,
onpenensieMmomy otpakenuem dpenens — okoso 80%, B oTinuue ot kepamuku (0.1 u
0.15 wmac.% MgO) koropas pgemMoHCcTpupyeT mpo3padHoctb 75% wu 47%
COOTBETCTBEHHO.
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Oc001MBOCTI €JIEKTPUYHUX, TEPMOECJIEKTPUYHUX | MATHITHUX
BiaactuBocTeit ®MHK Co/Al,O3; Ta Co/Si0,, oTpUMaHUX i Ji€l0
30BHIIIHBOI0 MAarHITHOTO MOJIA

Baiidapa O.€., Paguenko M.B., byraitoBa M.E., Ilerpocsu JII.,
Cremsmax SI.A.Y, Kpymmuceka JILA.*

Tncmumym npoonem mamepianoznascmea im. I.M. @panyesuua, Hayionanvha akademis HayK
Vrpainu, eyn. Kpacuosicanoscvkozo 3, Kuis, Ykpaina. e-mail: baibaraoleksii@gmail.com
1IHcmumym enekmpossapiroeanns im. E.O.Ilamona, Hayionanvna akademis nayk Yxpainu, 8yn.
Anmonosuua, 68, Kuis, Yxpaina.

Cepen MarHiTHUX MaTepiajliB 0coOiMBe MicIe 3aiiMaroTh (pepomarHiTHI
HaHokomno3utu (PMHK), mo mnpeacrapisioTh cO00I0 MarHiTHI HaHOYACTHHKH
(HY), po3niofinexi B AieIEKTPUYHIA MaTPHILL.

Otpumanas ®MHK i gi€ro 30BHIITHBOTO TEXHOJOTTYHOTO MArHiTHOTO ITOJIS
MOKe HaJlatu 3Mory BiuuBatu Ha Gopmy HY y mporeci dopmyBanHs. AHI30TPOITHI
3a gopmoro (Hechepuuni) HY mMoxyTh OyTH KOPUCHUMH JIsl MAarHiTHOTO 3aIucCy.
Marepian, sSKui MICTHUTh BUTATHYTI a00 TUIOCKI YAaCTHWHKH, JICTIIE ITiIIa€ThCs
MarHiTHOMY TEKCTYpPYBaHHIO, TOOTO BIOPSIKYBaHHIO HaNpsIMKIB MarHiTHUX Bicei
JaCTHUHOK.

@®epoMarHiTHI HAHOKOMIIO3UTH 3 (epOMarHiTHUMH HaHodacTUHKamu Co B
aienektpuyanx wmatpuigix Al,Os; 1 SiO, BUpOIIEHI METOAOM JABYXTIr€IbHOTO
€JIEKTPOHHO-TIPOMEHEBOT'O PO3MIICHHS y BUTJISIII TOHKUX TUIIBOK TOBIIMHOIO Bif 0,8
10 3 mxM Ha momikopoBux minknagkax. Jms @MHK Co/Al,O; 6yB mpoBeneHwmit
€KCIIEPUMEHT M0 OCA/PKEHHIO IUIBOK T1J JI€I0 30BHIIIHBOTO TEXHOJIOTTYHOIO
MarHiTHOTO oISt Hieen = 700 E, sike nmpukiiagamm napajienbHo 1 MepIeHANKYISPHO 10
opieHTaIlli TUIOMIMHKM 3pa3ka (IUIOMIMHM JIETKOTO HaMmarHiuyyBaHHs). Enextpuudi,
MarHiTHI Ta TEPMOEJEKTPUYHI BJIACTHBOCTI JOCIIDKEHI B 00JacTi Temmeparyp 5 +
290 K 1 B MaraiTHHUX mmoJistx 10 SKE.

CkaHyroua eJeKTpoHHa Mikpockomiss mokaszama, 1mo gt @PMHK Co/Al,Os
cnoctepiratorbest HU Co 3 posmipamu 10-20 am, a 8 ®PMHK Co/Si0, HY Co - 3
po3Mmipamu 7-13 am. 3 poctom konteHTpaiii Co posmipu HY 3pocratots.

Jocnipxeni teMnepaTypHi 3aiexxHocti nuroMmoro onopy ®MHK 3 pisaumu
matpuisimu (puc.1). B xoopaunarax In(p/pr) o (UT)Y* B miamasomi temmeparyp
95 - 290 K myis 060X MaTpuilb TUTOMUI OMIp JIIHIMHHUK 1 TIOSICHIOETHCS CTPUOKOBUM
MEXaHI3MOM TIEPEHECEHHsI EJIEKTPOHIB 31 3MIHHOIO JOBXKHUHOIO CTpUOKa TIO
JIOKaTi30BaHUM cTaHaMm (MOTiBcbkuit mexanizMm). [lms 3paskie @MHK Co/Al,Os,
BHUPOIICHUX B MarHiTHOMY TIOJIi, CIIOCTEPIraiocs 3MEHIICHHS MOPOTY MEPKOJISAIII 70
27 at.% Co (6e3 nii MarHiTHOTO TOJIS MPY BUpOIyBaHHI - 43 at.%), 110 MOB'A3aHO 31
3HIDKCHHSIM TYHETbHUX 0ap'epiB Mixk HaHOouacTuHKamu Co.
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Puc.1. TemnepatypHi 3anexxHocTti matomoro onopy st Co/Al,Oz(a) Ta Co/Si04(6) mpu
pizaux koHmeHTpamnisx Co. Ha BcTaBkax mokasasi 111 3aJIEKHOCTI B MOTIBChKHX
KOOpIMHATaX.

Hamu Bnepiie OyB BusiBlieHUN e€(EKT TIraHTChKOI MO3UTHUBHOI TEPMOEPC B
marHiTHOoMy momi aiias GMHK Co/Al,O; npu konnentparnisax Co HuKYe Topora
MEPKOJISIii. 3ampornoHOBAaHUNA MEXaHI3M BHUHUKHEHHS TIFaHTCHKOI MO3WTHUBHOI
TEpMOEpPC B MarHiTHOMY TOJIi B yMOBaX CTPUOKOBOTO TUITY MPOBIIHOCTI €JIEKTPOHIB
[0 HEMar”HiTHUM I[eHTpaM JoKami3allli, 3acHOBaHMN Ha e(eKTI 3MEHIICHHS
PO3CitOBaHHS €JCKTPOHIB MarHiTHUMU IIEHTPAMH 3aBISIKU TapaieIbHOMY HAMPSMKY
MarHiTHUX MOMEHTIB €JEKTPOHIB 1 IMX IEHTPIB NpPH BKIIOYCHHI MAarHiTHOTO
moJist [1].

Jis matpumi SiO, BUsIBIIEHa HEraTHBHA MAarHiTOTEPMOEpC, SKy MOXHa
MOSICHUTU XIMIYHOIO B3aemoiero Co 1 SiO,. Ilpu 1poMy CTBOPIOETBCS CyMIII
HaHOPO3MIpHHUX (DEPOMArHITHUX CHWIIIUAIB KoOanbTy 1 aHTU(depomarHitHoro CoO,
[0 MOXX€ BHUKJIMKATH TMPOCTOPOBI (uiyKTyarii iX MarHiTHUX MOMEHTIB, SKi
MPU3BOJISATH 70 301JIbIIIEHHS PO3CIFOBaHHS €JIEKTPOHIB.

3a pomomororo MarHiTHHX Xxapakrepuctuk OMHK 3 pi3HUME MaTpuisgMu
BHU3HAYCHA TeMIIepaTypa Mepexoly B cTaH crmiHoBoro ckia. [ns matpuii Si0, BoHa
3pymiena B Oik Bucokux temmeparyp (50 K). Ha Bimminy Bim Co/Al, O3 ®MHK
Co/Si0, mnpomeMOHCTpYBaB 3HAYHO MEHIITY KOEPIWUTHUBHOI CHIYy, IO TaKOX €
pPE3yNbTaTOM BIUTUBY CWIIUAHUX (pa3 xoOaneTy 1 aHTHdepomarHiTHoro CoO. s
®MHK Co/Al,O; BusABIEHO, O TEMIEpaTypa IEepeXoay y CTaH CIIHOBOro ckia Tgg
HIDKYA JIJIS TUTIBOK, BUPOIIEHUX B TEXHOJIOTIYHOMY MarHiTHOMY ITOJIi.

1. G.V.Lashkarev, M.V.Radchenko et al., Phys. Stat. Sol. (b), 254, 1700153 (2017)
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binapHi cymimni ioHHa pigfMHa — IMMETHJICYIb(OKCH K
NMEePCHEeKTUBHI CHCTEMH JIJI PO3YUHEHHS HEJII0JI03H

Barpak A.C., Kanyria O.M.

Xapxiscokuu nayionanvuuu ynisepcumem imeni B.H. Kapa3sina,
mauoan Ceoboou, 4, Xapkis, Ykpaina

[Ticas mepioi myOJikalii CTOCOBHO HITpaTy €THJIaMOHiIo, AaToBaHoro e XIX
cromtrsM, ionHi pigwan (IP, B aHriomoBHiN miTeparypi room temperature ionic
liquids (RTILS)) HaOynu cBO€l MOMYJISPHOCTI JIMIIE MPOTATOM OCTAHHIX JIBOX
JECATUNITh. 3aBISKM TOEIHAHHIO HU3KU YHIKAJIbHUX BIACTUBOCTEH, cepel SKHUX
MOXHA Ha3BaTH IMOPIBHAHO HEBUCOKI TEMIEpAaTypH IUJIABJIEHHS Yy TOE€JHAHHI 3
TEPMIYHOIO CTIMKICTIO, HEXTOBHO MaJldii THUCK HACHYEHOI TapH, UIUPOKE
CIICKTPOXIMIUYHE BIKHO, HETOKCHYHICTh, Heroprouicte [1, 2] 1oHHI piguHH
MpUBEPHYIU 10 cebe MWIbHY yBary JocCHiHUKIB. CTpIMKO 3pociia KUIbKICTh
myOJiKaIii, MPUCBSIYEHUX X 3aCTOCYBAHHIO y PI3HUX cepax HAyKH W TEXHIKHU: Bijl
notped aHamiTHuHOI XiMmii [3, 4], enekTpoocakeHas MeTamiB [5, 6], 10 yJacri sk y
SIKOCTI KaTtajizaTopa [7] Tak i peakIiiHOTro cepeoBHIIa B OpraHidHoMy cuHTe3i [1].

[lepcieKTUBHUM HaNpsIMKOM, y TOMY YHUCJl y TEpMiHaX «3€JIEHOI» XIMii, €
BHUBUYCHHS PO3YMHHOI 37aTHOCTI [P mo BigHOmEeHHIO 0 OiomomimMepiB [8], 30kpema
LEII0J03M, K OJHOIO 3 HAWMOUIMPEHIINX MPUpOAHUX noiiMepiB. CKIaIHICTh
nepepoOKH LENI0NI03H, SIK BIIOMO, MOJIATAE y TOMY, IO L€ MPUPOTHUI MONIMep HE
PO3UYMHSIETHCSA HI Y BOJI, HI B OpPraHiyHUX pPO3YMHHUKAX. BUKOpHCTaHHS cymiliei
10HHa piAMHA — MOJIEKYJSIpHUN po3uuHHUK (MP) gemo po3mmproe MOKIUBOCTI
cUCTEeM y TopiBHSHHI 3 yucTuMU [P. bepyun 10 yBaru BiTHOCHO BHCOKY B’sI3KiCTh [P
[9], cuctemu IP+MP y cymimn 3 nemomno3oro (1) xapakTepu3yroThCs HUKUYOKO
B’sI3KiCTIO, HIxK [P+11.

B po0oTi BHUKOHAHO OTJISAJ OCTAaHHIX JOCSATHEHB, IO CTOCYIOTHCS CIPOO
PO3UMHEHHSI LENION03M Yy 3MimaHux po3unHHukax [P+MP. Haseneno mnepenik
OCTaHHIX JOCJIPKEHb CTOCOBHO BHBUEHHS OCOOJMBOCTEM B3a€EMOJII Yy TaKUX
CHUCTEMax Ta PO3YMiHHS CaMOTO MPOIIECY PO3UMHEHHS, MPOTE JOMOKU JIETAIBHO HE
BHUBYEHO Xapakrtep B3aeMoii Mixk [P, MP Ta nemonozoro. Haitbinbury epexkTuBHICTD
y JaHOMY TIMTaHHI MpoJeMOHCTpyBaB aumeTwicyibpokcun (AMCO) sk
CIIBPO3YMHHHUK.

CdopmynboBaHO OCHOBHI TEHJACHII MO0 MAaKCUMAaJIbHOI €()EeKTUBHOCTI
PO3YMHEHHS ICNIOJO3M Yy 3alieKHOCTI Bix aHioHy I[P, noexuHu OOKOBOTrO
BYTJIEBOJITHEBOTO JaHIfora kaTioHy Ta mnpomnopii [IP:MP. Haseneno pesymnbraTi,
OTpHMaHl pI3HHMH METOJaMH, BIJI JaHUX IOJ0 PEOJOrii TaKuX CHCTEM
(IP+MP+menrono3a) # 110 MOJEKYJSIPHOTO  MOJICTIOBAHHS — B3a€EMOIN  MIX
KOMITOHEHTaMH CYMIIIII.

HaBeneHo mopiBHSIHHS PO3YMHHOCTI 11eJt01031 y cyMimax [P+MP Tta unctux IP.
byno BusiBneno, mo cmiBpo3uuHHUK (MP) mniaBumye edextuBHicts [P npu
po3uuHeHHi nenmosnosu [10].
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3a pesynbratamu orisay Bubpano I[P, mo y xomOinamii 3 JMCO €
HANTMepCIEKTUBHIIUMH JJI1 PO3YMHEHHsS Metono3u. HaBeneHo cTHCTi BUKIAIKU
moao ¢izuko-ximii OiHapHUX cymimer IP+IMCO s po3mmpeHHs KoJja
iHpopMallii CTOCOBHO PO3YMIHHS TMPOIECY PO3UYMHEHHS Ta TPOTHO3YBaHHS
e(hEeKTUBHOCTI TAKOT'O MPOIIECY.

1. Sudhan S. P. N., Ahmed R. N., Kiyani H. and Mansoor S. S. lonic liquid 1-butyl-3-
methylimidazolium bromide: A green reaction media for the efficient synthesis of 3-
methyl-1,4-diphenyl-1,4,5,7-tetrahydro-pyrazolo[3,4-d]pyrimidine-6-ones/thiones using
phthalimide-n-sulfonic acid as catalyst. Journal of Saudi Chemical Society. 2016. P.

2. Bester-Roga¢ M., Hunger J., Stoppa A. and Buchner R. 1-ethyl-3-methylimidazolium
ethylsulfate in water, acetonitrile, and dichloromethane: Molar conductivities and
association constants. Journal of Chemical & Engineering Data. 2011. Vol. 56, Ne 4. P.
1261-1267.

3. Liu J.-f, Jiang G.-b., Liu J.-f. and Jonsson J. A. Application of ionic liquids in
analytical chemistry. TrAC Trends in Analytical Chemistry. 2005. Vol. 24, Ne 1. P. 20-
217.

4. Pandey S. Analytical applications of room-temperature ionic liquids: A review of recent
efforts. Analytica Chimica Acta. 2006. Vol. 556, Ne 1. P. 38-45.

5. Abbott A. P. and McKenzie K. J. Application of ionic liquids to the electrodeposition of
metals. Physical Chemistry Chemical Physics. 2006. Vol. 8, Ne 37. P. 4265-4279.

6. Ismail A. S. Electrodeposition of aluminium—copper alloy from 1-butyl-1-
methylpyrrolidinium bis(trifluoromethylsulfonyl) imide ionic liquid. Egyptian Journal
of Petroleum. P.

7. Karthikeyan P., Aswar S. A., Muskawar P. N., Sythana S. K., Bhagat P. R., Kumar S. S.
and Satvat P. S. A novel l-amino acid ionic liquid for quick and highly efficient
synthesis of oxime derivatives — an environmental benign approach. Arabian Journal of
Chemistry. P.

8. Prasad K. and Sharma M. Green solvents for the dissolution and processing of
biopolymers. Current Opinion in Green and Sustainable Chemistry. 2019. Vol. 18, P.
72-78.

9. Xu A, Cao L., Wang B. and Ma J. Dissolution behavior of cellulose in il + dmso
solvent: Effect of alkyl length in imidazolium cation on cellulose dissolution. Advances
in Materials Science and Engineering. 2015. Vol. 2015, P. 4.

10. Kasprzak D., Krystkowiak E., Stepniak 1. and Galinski M. Dissolution of cellulose in
novel carboxylate-based ionic liquids and dimethyl sulfoxide mixed solvents. European
Polymer Journal. 2019. Vol. 113, P. 89-97.
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3ajiexxHOoCTi MAKPOQI3MYHNX XAPAKTEPUCTUK €TAHOJIbHUX PO3YMHIB
BiJl KOHLEHTpauii chepuUHUX KAPOOHOBUX HAHOKJIACTEPIB

Bepesunubkuii H.O.l’z, [TomynKiH €.B.1, ITunsgBceKMi B.C.l, Herpecko L3

1I;Ltcmumym bioopeaniunoi ximii ma nagpmoximii im. B.I1. Kyxaps HAH Ykpainu,
Ykpaina, 02094 Kuis, eyn. Mypmancoka, 1;
zHauiOHaﬂbHuﬁ yHisepcumem «Kueso-Mozunsancvka akademisiy
Ykpaina, 04655 Kuis, éyn. I pueopis Cxosopoou, 2;
SHayionansnuii asiayitinuii VHigepcumem
Ykpaina, 03058 Kuis, npocnexm Kocmonaema Komaposa, 1

Buxopuctanss eraHosy B SKOCTI KOMIOHEHTY MOTOPHHUX MaJHUB CTA€ BCE OLIBII
aKTyaJlbHUM B 3B’SI3Ky 3 MIJABHUIICHHAM €KOJIOTIYHUX BHUMOI Ta HEOOXIJIHICTIO
3MCHIIICHHS] TAapHUKOBOTO edeKTy, aje eTaHOJbHI TMaJuBa MalwTh JCsKi
HE3a/I0BUTbHIM  €KCIUTyaTalliiiHl XapaKTepUCTUKU. PaHime OyiM BCTaHOBIIEHI
MOKJIMBOCTI TOKpPAUIEHHS EKCIUTyaTallliHUX BJIACTUBOCTEN CYMIIIEBUX €TaHOJ
BMICHUX TaJIUB 3@ pPaxyHOK BBEAEHHSA MIKpOJ03 c(epuyHuX KapOOHOBHUX
HaHOKJIACTEPiB pi3HOI OyA0BH [1].

Jlo nmx 00’€KTiB BiTHOCTATHCS ChepuUHI ByIrieleBi cTpykrypu (carbon nano
onions - CNOSs), ski CKIaAalOThCsA 3 MOPOKHUCTOTO cepuuHoro sapa (Gyiepeny,
OTOYEHOTO KOHIEHTPUYHUMH TpadeHOBUMHU IIapamMu (BEIUKUMU (yJepeHaMu) 3i
30uThIIeHHSIM JaiameTpa. CaMe TOMy iX Ha3WMBaIOTh «HAHO-IIUOYJCIO», «IIHOYyIIe
noAiOHMM  Byrjenem», OaraTomlapoBUMHu  ¢yliepeHaMu, OararomapoBUMH
cheprHuHUMU BYTJICIICBUMH Ki1actepamu [2].

Cunre3 cepuyHux KapOOHOBHX HAHOYACTOK MPOBOIUTHCS BHCOKOYACTOTHUM

PO3PSAHO-IMITYIHCHUM METOJIOM, KM CTBOPIOE HEPIBHOBAXKHY IIJIa3My 33 PaxyHOK
BHCOKOi YacTOTH TPSIMYBAaHHS KOPOTKUX BHCOKOBOJIETHHUX IMITYJIBCIB-PO3PSIIB Y
KUIOTepIIEBOMY [1alla30Hy B CEPEJOBUINI BYTJIEBOAHEBUX Ta3iB. llpu 1pomy
3a0€3MeUYeHHs] BEJIMKUX TPAJIEHTIB TEMIlepaTyp 1 THUCKIB (HEOOXITHUX YMOB
HAHOBYTJICIIEBOTO CHHTE3Y) PEai3yeThCsl B pe3yJbTaTl BUCOKOI IIBUAKOCTI BBEICHHS
eHeprii B JIa3MEHHI KaHaJlu.

HepiBHOBakHa 11a3Ma, sIKa TEHEPYETHCS PO3PAIAMHU 3 KUIOTEPIIEBOIO YaCTOTOIO
MOBTOPEHHSI, T03BOJISIE 3aTy4YaTH 0 MPOLECy CHHTE3Yy JOCHTh BEIHKI 00’€MHU rasy,
TOOTO 3/1HCHIOBaTH 00 €MHY [0 (HaKauyBaHHsI €HEPrii) Ha ra3oBe cepenonuiie. B
SAKOCTI BUXIJIHOI CHPOBHUHHM JJiIsi OJEpXaHHS HAHOBYTJCIEBUX MaTepialliB
BUKOpUCcTOBYBayin ByrieBoaHeBuid ra3 [3]. CunrezoBani CNOS Oymu  XiMmiuHO
MoandiKOBaHi, EKCTparoBaHi Ta ¢pakiiiiioBadi MeToI0M (iTbTparii.

Metoro pobotu  Oya0  JOCHIIKEHHS 3MIHM  IMOKa3HWKa  3aJIOMJICHHS,
MTOBEPXHEBOI'0 HATATY Ta HECYYOi 3/IaTHOCTI €TAHOJIBHOTO PO3UMHY B 3aJICKHOCTI Bij
BMICTY CMHTE30BaHMUX c(hepuyHUX KapOOHOBUX HAHOKIIACTEPIB.
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[Toxa3HUK 3a7OMJIEHHS BHMIipIOBaBCs pedpaMeTpUuyHO, TOBEPXHEBUI HATAT — 3a
metonoM II.A. PeGingmepa, Hecyya 3[aTHICTb — Ha YOTHPbOX KYJIBKOBOMY

TpuboMeTpi.

3a pesynpTaTamMu poOOTH BCTAHOBIICHO, IO 3AJIEKHOCTI MAlOTh HEMOHOTOHHHIA
XapakTep: B 00JacTi MajJuX KOHIIGHTpAIllil  CIIOCTEpIra€TbCcsi 3MEHIICHHS
MOBEPXHEBOTO HATATY 1 30UTBIIIEHHS] HECYYOi 3JaTHOCTI Ta MOKa3HUKA 3aJIOMJICHHS, a
U MepeBUIIeHHI MOporoBoi koHueHnTparii 0,01 % mac. 3anexHOCTI 3MIHIOIOTHCS Ha
npoTwiexkHi. [[fo iHBepcil0 3alle)KHOCTEH MOXKHA TOSICHUTH TEPETBOPEHHIMHU
Ha/IMOJIEKYJISIPHOT OyZOBM PO3UMHY: IMOPYIICHHSIM CITKM BOJHEBUX 3B’SI3KIB Ta
YTBOPEHHSM CYNpPaMOJIEKYJISIPHUX TOMEHIB i/l BIULTMBOM BBEJACHUX HAHOYACTOK.
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Man. 1. KoHueHnTpariiiina 3aj1eKHiCTh MOKa3HUKA pepakilii eTaHOIHHOTO PO3UYHHY BiT
BMICTY CpepUUHUX KapOOHOBUX HAHOKJIACTEPIB
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Maut. 2. 3MiHa AMHAMIYHOI MIITHOCTI €TaHOJy NMPH BBEACHHI MiKPO103 CHHTE30BaHUX
KapOOHOBHX HAHOKJIACTEPiB
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Maun. 3. 3MiHa TOBEpPXHEBOTO HATATY €TAHOJY B 3aJIEKHOCTI B KOHIIEHTpAIlil
chepuIHUX HAHOPO3MIpHUX KapOOHOBHUX KiacTepiB. 1 — po3unH etanoiry 3 CNOS moitHo
BUTOTOBJICHHUI; 2 — po3unH etanony 3 CNOS yepe3 100y BUTpUMKH

BcranoBiieHo cuMOaTHUII HEMOHOTOHHHH XapakTep 3MiHU (I3UKO-XIMIYHUX

BJIACTUBOCTEN (MOKa3HUK pedpakiiii, MOBEpXHEBUU HATAT, JUHAMIYHA MIIHICTb)
€TaHOJIbHUX PO3YMHIB BiJ KOHIIEHTpaIlli B HUX HAHOPO3MIPHUX MOJICHEPUIHUX
KapOoHOBUX KiacTepiB. [loka3aHO BUHUKHEHHS €KCTPEMYMIB Ha ITUX 3aJIEKHOCTSIX
MPU HATHU3bKUX KOHIICHTpAI[iSIX HAHOYACTUHOK B OOJIACTI OJIMHUIIL—IECATKIB ppm.
BusiBneHi 3aleXHOCTI TMOSICHEHO MepedyqoBOK HAJIMOJEKYJSAPHOI CTPYKTYpHU
PO3YMHY ITi]T BILTABOM HAaHOKJIACTEPIB.

1.

2.

Santiago, D., Rodriguez-Calero, G. G., Palkar, A., “Platinum electrodeposition on
unsupported carbon nano-onions,” Langmuir 49 (2012): 17202-10.

laitmait O. O. IlominmmeHHS eKCIUTyaTalliIiHUX BJIIACTHBOCTEH €TAaHOJIBHUX MOTOPHHUX
NajauB MiKpoJo3aMu KapOoHoBUX cepoinanbHux HaHokiactepis / O. O. Iaiipai, B. C.
[Munsscekuii, €. B. [Monynkin. // Science-based technologies. — 2016. — Ne29. — C. 3-8.
benwiit H.M., borycnasckuii JI.3., 3enunckas I''M. u ap. CTpyKTypHO-€HEPTreTUYECKUE
ACITeKThI CHHTE3a YTIIEPOIHBIX HaHOMaTepuaIoB BBICOKOBOJIbTHBIMH
ANEKTPOPA3PSIAHBIMU  METOaMH // XHUMHUYECKas TEXHOJIOTHSI HEOPraHMYeCKUX |
OpraHMYECKHX BEIIECTB, TeopeTrueckue ocHoBbI, 2013, T. 56, Ne. 7, C. 98-104.

64


http://ctj.isuct.ru/?q=ejournal/term/2/_/taxonomy%3Aterm%3A1
http://ctj.isuct.ru/?q=ejournal/term/2/_/taxonomy%3Aterm%3A1

Cy4aCHeg,

@\‘ CM®XT - 2019

1y S
o s
€Pianganas”

BauB cepenoBuina, MIBUAKOCTI PO3rOPTAHHS MOTEHIIAy HA
MOpP(}0JI0TiI0 HAHOATrPeraTiB MoJiaHuTiHy Ha Al-ejekTpoai

Baaja X.1., Auumua M.M., Pemetnsax O.B.

Kageopa izuunoi ma xonoionoi ximii,
JIvsiscokuil HayionanvHul yHieepcumem imeni leana @panka
eyi. Kupuna i Meghoois, 6, 79005 Jlvsis, Ykpaina,
e-mail: kristinavliad1998@gmail.com

Bukopucranus aktuBHHX MeTamiiB sk oT Fe, Ni, CU Ta iH., SIK eJIeKTPOIiB I
EJIEKTPOXIMIYHOTO CUHTE3y HaHOCTPYKTypoBaHoro nojianuiiny (ITAH), € akTyanbHUM
MUTaHHAM HaHOXiMii enekTporpoBiaHux noyiMmepiB (EIIII) [1]. ITomanuniH BaKIuBU
npenactaBauk EINI 1 #ioro akTMBHO AOCHIKYIOTH SIK MOKJIMBHM KOMITIOHEHT 3aXHCHUX
MOKPUTH TSI aHTUKOPO31MHOTO 3aXHCTy OaraThOX METalliB Ta CIUIaBiB, HAIMPUKIIA]
AMIOMIHIO Ta CIIaBiB HA HOT0 OCHOBI. L{ikaBuM Mosxe OyTu BukopuctanHs Al B skocTi
enektpona (Al-emektpon) mis QopmyBanHs HaHOCTpyKTypoBaHoro IIAH. Cepen
METO/IIB €JIEKTPOXIMIYHUX CHHTE31B [IAH HalOUIbII MONYJISPHUM € MOTEHL10/MHA-
MIYHUI MeTOJT (HMKJIIYHA BOJIGTAMIIEPOMETPIsl) OKUCHEHHS aHUTIHY (AH) B KUCJIOTHUX
pO3UrHaX, B OCHOBHOMY, HeOpraHiyHux KUcIoT, sk ot HCl un H,SO,4 [1].

Ocamxenns [TAH Ha Al-enexTpoan MpOBOIMIM MOTEHIIOMMHAMIYHIM METOJIOM 3
0,25 M Bognoro pozuuny AH B 1,0 M H,SO, B mexax -200-1200 MB BrpogoBx pi3HOro
YuClia IUKIIB 1 32 PI3HUX MIBUIKOCTEN po3ropTaHHs noteHiiams (20, 25, 50 1 75 mB/e).
Mopdoororiro twriBok [TAH Ha moBepxHi Al-enekTposa, JOCTIHKYBaIM 3a JIOIMOMOTO
pacTpoBOro €JIEKTPOHHOTO MIKPOCKOIa-MiKpOoaHai3aTopa (PEMMA-102-02).
BcranoBnieHo, 110 3a MIBUAKOCTI po3ropTaHHs mnoreHuiany 20 MB/c  yTBOpIOIOTHCS
riactrHYacTi (puc. 1, a), 3a 25 MB/c — ctpmwkuenozioHi (puc. 1, 6), 3a 50 MB/c 3amMkHyTI
(i)i6p1/m;1pHi (puc. 1, 8 ), a 3a mBuaKocTi 75 MB/c — miBkoBi (puc. 1, 2) crpykrypu [TAH.

~

Puc. 1 — PEM-300paxennst Al-enextpona 3 utiBkamu [TAH. KonnenTpariii pedoBus, M: AH —
0,25, H,SO,4 — 1,0. llIBuakicTs po3ropTanHs noTeHiiany, mB/c: a — 20; 6 — 25, ¢ — 50, 2 — 75.
3oubmennas x10 000

3MeHIIICHHS IIBUIKOCTI PO3rOpTaHHs MoTeHiiany Al-emekTpona MpuU3BOAUTE 10
30UTBIIICHHST Yacy €JIEKTPOXIMIYHOTO OKHUCHEHHSI aHUTHY 1 BIAMOBIIHO 10 (popMyBaHHS
YITKO OKPECICHUX, TEOMETPUYHO MPABWIILHUX HAHOCTPYKTYP MOMIAHUTIHY.

1. Kyntuii, M. Auumuan, I'. 3o03ynsa, O. Jobposeupka, O. Pemernsik / 3a penakuiero O.

Kyntoro ta O. Pemernska. Monorpagis. — JIsBiB: BumaBuuntso HamionamsHOro
yHiBepcuTeTy “JIbBiBChKa momitexHika”, 2019. — 271c. (B apymi).
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:xepesio 0e3xkpanebHUX BUCOKOIOHI30BAHMX MOTOKIB IJIa3MHU MapiB
TBepaAo(pa3sHUX MaTepiaiB

I'nagkoBcbkuii B. B., bopucenko A. T'.

Tnemumym sdepuux docnioxncens HAH Yrpainu, Kuig

®opMyBaHHSA (PYHKI[IOHATHHUX METAJIEBUX IUIIBOK [JI1 MOTped HAHO- OMTO- 1
MIKPOCJICKTPOHIKA BHMAara€ BUKOPHCTAHHS JDKepel Oe3KparelbHbIX TUIa3MOBHUX
MOTOKIB PI3HUX TBepAOda3HUX MaTepiaiiB. Y IMIHUPOKO BHKOPHUCTOBYBAHOMY
JyTOBOMY O3PSl B Mapax marepiaiay KaTojaa, HasBHI (I3WYHI MPOLECH € TaKUMH,
0 poOJIsATh HEMUHYYOIO MPHUCYTHICTh B CTBOPIOBAHUX IMOTOKAaX IMIJIa3MHU KparuimHO-
KJacTepHoi ¢asu Marepiany karoaa [1-3]. JocmipkeHHS CBig4aTh, IO Il MOTOKH
MICTSTh KpaIuli KaTOJHOTO Marepially, po3MIpH SKUX CTAaHOBJSATH BiJ OJUHHIL O
JIECSATKIB MIKPOH. 30Kpema, IUIa3MOBI MOTOKH, SKI CTBOPIOIOTHCS 3a JOIMOMOTOIO
BaKyyMHOI JIyTH 3 KaTOJIOM 13 TUTaHy, MICTITh Kparut jaiametpom a0 20 mikpod. [Ipu
[[bOMY, YacTKa Kparelyb JAlaMeTpOM TMOHaJ 2 MIKPOHHU B 3arajlLHOMYy MacOIEepeHOCI
nepepuirye 90% [2]. Tomy Taki TNOTOKA BHUSIBISIOTHCA HENPUAATHUMU IS
BUPILIEHHSI pALY TEXHOJOTIYHUX 3aBJaHb 1 JIOAATKOBO BHUMArarmTh pPO3POOKH Ta
BUKOPUCTAaHHA PI3HUX METOJIB iXHBOI (UIbTpalii, a00 po3poOKH albTEePHATUBHHUX
METO/I1B TeHepalii Oe3KpaneabHUX MOTOKIB MJIa3MH.

@dinpTpalis NOTOKIB HE 3aBXK/IU CHpUsE MOBHOMY BUJAJIECHHIO KparelbHoi (a3u,
ajie 3aBXXJM MPU3BOJIUTH /10 3HAYHOTO MOCJIA0JICHHSI IHTEHCUBHOCTI MOTOKIB TUIa3MHU
Ha Buxoal 3 uux mkepen [3]. Pazom 3 TuMm, Oe3kparenbHl IMOTOKH IIIa3MU
TBep0a3HUX MaTepialiB 37aTHUI Te€HEepyBaTH HECAMOCTIMHHUI TyroBHMl po3psia 3
BUITAPOBYBAHUM aHOIHUM €JIEKTPo0M [4]. BunapoByBaHHS MOKe 31HCHIOBATHUCS 3
JIOTIOMOTOI0  €JIEKTPOHIB, IO EMITYIOThCS 3 PO3KAPEHOr0 KaTroay, abo 3 I1HIIMX
JOKeped.

B poGoTti mpencraBieHi pe3yiabTaTH IOCTIIKEHb HOBOI Moaudikaliii mpxepena
MOTOKIB IJIa3MHU PI3HUX METATIB Ha OCHOBI HECAMOCTIMHOTO BaKyyMHOI'O JyTrOBOIO
po3psiAy 3 MIABUIIEHUMHU CTpyMaMU O3PSy, HaBEIECHI OCHOBHI XapaKTEPUCTUKH
JIyTOBUX PO3PSAIB B Tapax pi3HUX poOOYMX MaTepialiB Ta OCHOBHI MapameTpu
CTBOPIOBAHUX IMOTOKIB Mia3Mu MetanmiB. [lokazaHo, 1o po3psn 3 po3KapeHUM
KaToJOM Ma€ cTabuibHy AUQY31HHY NPUB'S3KY Ha aHOAl PO3psAy, sika 0OYMOBIIIOE
BHUITAPOBYBAHHS MaTepially aHoJa 3 IMMPOKOI 30HU. SIK CBigYaTh EKCIEPUMEHTH,
PEXUM JIOKAJIBHOTO BUIIAPOBYBaHHS poO0OYOro MaTepiaily 3 MOBEPXHI aHOJIAa B IbLOMY
TUI PO3pPsLy TPAKTUYHO BiACYTHINA, ab0 TpHHANMHI #oro peamizaiis IyxXe
ycknagHeHa. Jlms pi3HUX poOOuYMxX MaTepialliB MOKa3aHOo, IO IIeH po3psia TaKOX
JI03BOJISIE PETYIIOBATH HAMPABJICHY CHEPriio Ta JOJII0 10HIB B CTBOPIOBAHUX MOTOKAaX
MJ1a3MHU, 10 MOXKE OyTH BHUKOPHCTAHO SIK JIOJAATKOBI 3aCO0M KEPYBAaHHS IMPOIIECAMHU
3apOKEHHSI 1 POCTY OCAQ/KYBAaHUX IUTIBOK 3 METOIO IIUIECTIPSIMOBAHOTO BILIMBY Ha
iXHI BIACTUBOCTI Ta CTPYKTYpY [5]. Ilpu 1bOMy, IHTEHCHUBHICTh MOTOKY IJIa3MU Ha
BHUXO/Ii 3 JDKepea MPaKTHYHO 3aTUIIAETHCSI HE3MIHHOIO.

BiazHaueHi Buiie 0COOIMBOCTI BaKYYMHOI'O JIyTOBOTO PO3PSAY B Mapax mMaTepiairy
aHoja CBIAYaTh SIK MPO JOILUIBHICTh 1 aKTyaJlbHICTh BUBYEHHS HOTO BJIACTHBOCTEM,
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TaK 1 PO HEOOXITHICTh PO3POOKHM 1 BUBUECHHS PI3HUX KOHCTPYKLIN JKEpel IUIa3MH,
110 CTBOPIOIOTHCS HAa HOTO OCHOBI.

Ha pucynky |1 HaBemeHo ¢(oTo oTpuMaHOi 3a  JOMOMOTOI0  ILBOTO
eKCIIEPUMEHTAJIBHOTO MPUCTPOI0 TUTAHOBOI IUIIBKU. BpaxoByrouw BiAKIageHi 1O
OCAX PO3MIpHI BEIMYMHU MOKHA CKa3zaTH, IO 1€ (OTO CBIMYUTH MPO MOBHY
BIZICYTHICTb Kpamelsb B MOTOIL IUIa3MHU, IO OCA/PKYETbCs. MOXKHa TaKoX TOBOPHUTHU
npo Te, 10 MiHIMallbHA TOBIIMHA OTPUMYBAaHUX CYLIJIBHHUX IUTIBOK HE MEPEBUILYE
7 wuMm. Takum 4YHHOM, HaBeIEHI pe3ydbTaTH MAOCHIKEHb TOKa3yloTh, IO
BUKOPHCTOBYBaHE JDKEpENO IUIa3MU  JO3BOJIIE CTBOPIOBATH BHCOKOI1OHI30BaHI
Oe3kparmenpHl IUIa3MOBI MOTOKH Ta JI03BOJISIE KEPYBAaTH 3HAUCHHSM KOe]illieHTa
10HI3a11i{ MTOTOKY B IOCHUTh ITUPOKHX MEXKaX.

Puc. 1. ®oTo MiKpOIIISHKY MMOBEPXHI TUTIBKA

=

Kimblin C. W. // J. Appl. Phys. —1973. — Vol. 44, Ne 7. — P. 3074-3081.

2. AkcenoB U.N., Konosanos U.U., Kynpssuesa E.E. u ap. // KT®. —1984. — T. 54, Brin.
8. —C. 1530-1533.

3. Anders A. Cathodic Arcs: From Fractal Spots to Energetic Condensation. — New York:
Springer, 2008, ISBN 978-0-387-79107-4

4. Borisenko A.G., Saenko V.A., Rudnitsky V.A. // IEEE Trans Plasma Science. -1999
August. — Vol.27, No.4. —P. 877-881.

5. I'yceBa ML.B. // CopocoBckuit oOpazoBaTenbHbIi xypHal.- 1998. - Ne10. —C. 106-112.
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Utilizing high-quality trapped modes in all-dielectric metamaterials to
enhancement of quantum dots luminescence

Domina K.}, Khardikov V.2

School Of Radiophysics, Biomedical Electronics and Computer Systems,
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
k.domina@karazin.ua, *khav77@gmail.com

Metasurfaces are resonant 2D periodic structures with period smaller than
wavelength of incident electromagnetic wave. Recently, these structures attract
growing interest which related to the prospects for their practical applications [1. In
the all-dielectric metasurfaces each particle behaves as an open dielectric resonator
sustaining a set of eigenmodes associated with strong displacement (polarization). A
resonance in the metasufrace arises due to electromagnetic coupling between the
incident wave field and a particular eigenmode.

The resonance of metasurfaces is associated with increased intensity of near
field. This effect opens prospects to design highly desirable tunable sub-wavelength
metasurfaces that can provide more efficient employment of materials which exhibit
pronounced nonlinear characteristics or properties of gain media. In particular,
recently it was shown that metasurfaces could be used to enhancement of quantum
dot luminescence [2].

Further we study a particular class of all-dielectric metasurfaces which allow
obtaining the strongest resonant response due to the excitation of so-called ‘trapped
modes’ [3]. Such modes appear in metamaterials provided that their unit cell
possesses certain structural asymmetry. In the case of metasurfaces composed of
nanodisks, trapped mode is the TEq;q mode of the cylindrical resonator. The disc
displacement current of such mode flows in a round way thus the optimal design of
introduced asymmetry should be sought by selecting a suitable coaxial-sector notch
(see Fig.1a). In this study we analyze the efficiency of the QD layer luminescence
enhancement via its coupling with disk metasurface in trapped-mode regime. Fig.1b
represents the geometry of the structure under study. Parameters of QD layer are
chosen in accordance with those used in the paper [2]. Such choice allows comparing

b
(a) (b) "
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Fig.1. Geometry of periodic cells of metasurface (a) and gain metasurface under study (b).
r=187.5 nm, a=90°, 6=r4/2, a=50nm, h4=220nm, Hqp=250nm, Hg;,=250nm
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theoretical results with experimental one. To model of PbS QDs the uniform gain
media with frequency dependent negative conductivity is used:
o, (1+iwr)

o(@)= 1+ ait” + 2iwr — 0’t’ (1)
Here -, characterizes the inversion population level, o, is the center frequency of the
emission spectrum, and = is a time constant used to incorporate its width. The fitting
procedure yields o —-s00 S/m, ,=141.10° s (corresponding to a center
wavelength of QD emission of 1334 nm), and r=18.62-10" s. In order to take into

account an effect of saturation, the coefficient 1/(1+1/1,) is added to (1), where

| =\E\2 and 1_ is saturation intensity. The geometrical parameters of the metasurface

are chosen in such way as to provide trapped mode excitation at the frequency of
QDs emission. Results of modeling of the metasurface coated with the QDs layer are
represented on Fig.2. Therefore, it can be concluded that using trapped mode
resonance provides a huge luminescence enhancement. Accounting the effect of
saturation does not change qualitative character of QD layer luminescence and
provides good quantitative characteristics with respect to experiments. Thus these
results are prospective to develop the light amplifier and generator.

570 18 =
© 4 — — QDs layer /8N Metasurface coated ©
=60 — emission \ with QDs: - =
E - \ — 1 =1x10%wW] [~ 0.8 €
2 50 ] / \ TPATTVI T 5
(0] o / \ 1)(10 8
£ 40 — / . —5a0° 068
S0 ] d \ 2x10° L =

- / \ @
9 i / \ — 0,4 @
§20 N 7/ ’ : N I §
8, O0— — 0,2 2
€ A T £
1D T : I ' 0,0 =

1,20 1.28 1,30 1.3% 1,40 1,45 1,50
Wavelength A, um
Fig.2. Wavelength dependences of luminescence enhancement of Pbs QDs layer coating the
resonant all-dielectric metasurface (see Fig. 1) for different value of saturation intensity

1. Engheta, N., & Ziolkowski, R. W. (Eds.). (2006). Metamaterials: physics and engineering
explorations. John Wiley & Sons.

2. Staude, 1., Khardikov, V. V., Fofang, N. T., Liu, S., Decker, M., Neshev, D. N., ... &
Kivshar, Y. S. (2015). Shaping photoluminescence spectra with magnetoelectric
resonances in all-dielectric nanoparticles. ACS Photonics, 2(2), 172-177..

3. Prosvirnin, S., & Zouhdi, S. (2002). Resonances of closed modes in thin arrays of
complex particles. In Advances in Electromagnetics of Complex Media and
Metamaterials (pp. 281-290). Springer, Dordrecht.
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CTpykTypa Ta aHTUMIKPOOHI BJIACTUBOCTI CPiOJIOBMiCHMX
HAHOKOMIIO3HMTIB HA OCHOBI 010PO3KJIATHOT0 MOJIIMEPY MOJIIJIAKTHLY

JleMYeHKO B..JI.l’z, KOpxenko M.B.l’z, Ko6unincekuii C.M.2

1IHcmumym enekmposseapioeanus im. €.0. [lamona HAH Ykpainu
eyn. Kasumupa Manesuua, 11, m. Kuis, 03680, Vrpaina
2IHcmumym Ximii eucoxomonexynsapuux cnoayk HAH Ykpainu
02160, Ykpaina, m. Kuis, Xapxiecvke wioce, 48
e-mail: dvaleriyl@ukr.net

Jlns  CTBOpEeHHS aHTHUMIKPOOHHMX IIperapariB 13 HaHOYaCTHHKaMU cpidya
BUKOPHUCTOBYIOTh MOJIIMEPHI MaTPHIIl HA OCHOBI P13HUX IMOJIMEPIB K CHHTETHYHOTO,
TaKk 1 MPUPOJHOTO TMOXO/PKEHHS. Y JaHOMY KOHTEKCTI, Oe3lepedyHo, HalOLIbII
OPUJATHUMH € TOJIMEpPU NPHUPOJHOTO TOXOKEHHS, HANpPUKIAA MOdi(MOJoYHa
KHCIIOTA), sIKa € O10pO3KJIAHUM MOJIIMEPOM, 10 BUPOOIISIETHCSI OaKTEplaTbHAUM OPOIIHHIM
OpraHiYHUX CyOCTaHIIIH, TAKUX SIK I[yKPOBHIl Oypsik a00 KyKYpyA3SHUNA KPOXMaJlb.

Metoro poboTu Oysl0 BHBYEHHS OCOOJIMBOCTEM CTPYKTYpHOI Oprasizaumii Ta
AHTUMIKPOOHOT aKTHUBHOCTI HAHOKOMIIO3HMTIB Ha OCHOBI MOJUIAKTHAY, XITO3aHy M
HAaHOYACTHHOK Cpi0ja, OTPUMAHUX HOBUM METOJOM — TEPMOXIMIYHUM B1JHOBJICHHS
10H1B cpi0JIa B MOJIMEPHUX TUTIBKAX.

f, BIJH. O1.

10 20 30 40 50
26, rpan.

Puc. 1. [llupokokyTOBi peHTreHiBChKI TudpakTorpaMu nomaimaktuay (1),
MoJIIaKTU Y, TiaaaHoro temmepatypi 100 °C (2), monimaktua-xitozan-4%Ag, miyiaHoro
temriepatypi 60 °C (3), 150 °C (4), 160 °C (5) 1 170 °C npotsarom 5 xB.

MeTooM pPEHTTeHOCTPYKTYPHOTO aHalli3y IOKa3aHO, 110 BBEICHHS MalbMITATy
cpibyia Ta a30TOBMICHOTO TONIMEPY — XITO3aHy (SIKHii € BIJHOBHHKOM 10HIB Cpi0ia) 110
MOJIJIAKTHIHOI MATpUIll 3 TOAAJBIINM HArpiBaHHSIM TaKWX 3pa3KiB MPHUBOAUTH JI0
(dhopmyBaHHS CpiOIOBMICHUX HAHOKOMITO3UTIB. BUsIBIIEHO, 1110 ONITHMasbHA TEMIIEpaTypa
BiTHOBJICHHS cTaHOBUTH 160 °C 3a TpUBAJIOCTI BIAHOBJICHHS 5 XB.

[TokazaHo, 1m0 OTpuMaH1 CpiOJOBMICHI HAHOKOMIO3UTH JIEMOHCTPYIOTh BHCOKY
AHTUMIKPOOHY aKTHUBHICTh OO IITaMiB S. aureus ta E. coli.
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ABTOKOJMBAHHA Y HAHOCUCTEMAX

JloJronoJjiosa I[.A.l, JInkax B.O.z, Cupkin cct

1Xap7<iecb7<uii HayioHanbHull yHieepcumem imeni B. H. Kapasina, matioan Ceoboou 4, m. Xapkis
e-mail: d.a.dolgopolova@gmail.com
2Hauioyaﬂblmﬁ MexHIYHUL YHigepcumem «XapKieCbKuti NONTMEXHIYHUL IHCIMUmMymy,
eyn.Kupnuuosa 2, Xapkie
3®isuko-mexuiunuii iHcmumym HuzbKkux memnepamyp im. b.1. Bepkina
Hayionanvnoi akademii nayk Yrpainu, [lpocnexm Hayku, 47, Xapxis

Bynb-sika aBTOKOMMBaIbHA CUCTEMA MAE TIJIO, 10 KOJTMBAETHCS, HKEPEIO eHEPTii
Ta JIAHITIOT 3BOPOTHOTO 3B'S3Ky. AMIUTITYJa Ta IMEpiojJ aBTOKOJWBAaHb HE 3aJIeKaTh
BiJl TTOYAaTKOBUX YMOB, & BU3HAYAIOTHCS TUIBKHA TApaMEeTPaMU CHCTEMH, TIPH ITLOMY
KOJIMBAHHS € HE3aTyXalounMH. ABTOKOJMBAIbHI CUCTEMH € CYTTEBO HETIHIMHUMHA 32
CBO€10 TIpupooro [1].

[IpukinanaMu aBTOKOJUBAIBHUX CHCTEM € TeoTepMalibHI Tei3epHu, CUCTEMHU 3
TEPMOPETYJIALIEI0, OUTTS Ceplisi, 3eMJIETPYCH, CKPUIl KPEWIu IO JOMII, MY3U4YHI
IHCTPYMEHTH, XOJUKH TOJMHHUKA, Mparop, 1mo Maioputh Ha BiTpi, RC-maHIor 3
penaKcaliiHUMH KOJIMBAHHIMU.

VY naniii poOOTI PO3TISAAETHCS MPUKIAJL ABTOKOJIMBAHb y HAHOCUCTEMAX 3
TOYKOBUM KOHTAKTOM, 3aHYPEHHMM B €IEKTPOJIT. 3a paxyHOK MPUCYTHOCTI
CJIEKTPOJITY TOYKOBUH KOHTAKT MOXE PO3UYMHSATHCA 1 B CHCTEMI CIIOCTEPIraeThCs
e(eKT NUKITIYHOTO MEPEMUKAHHS 31 3MIHOIO OTIOPY HAHOKOHTAKTa Ha MOPSIKH [2].

AHani3 mnoka3ye, 10 B TOYKOBOMY KOHTAaKTI MpPU HOrO PO3UYMHEHHI MOXKE
BUHHUKATH CJCKTPUYHUN JYTOBUH po3psiaA. Po3rismaroThCsi yMOBHM BHHHKHEHHS
aBTOKOJIUBAHb B 1111 CUCTEMI.

Po3riissHyTO MakpOCKOIMIYHUM aHAJIOT €JIEKTPUYHOI JYyTrd B JIAHIIO31 TOYKOBOTO
KOHTakKTy - 11¢ RC-JaHIfor 3 HEOHOBOIO JIAaMIIOI0, B SIKIM BUHUKAIOTH peJIaKCalliiHi
konuBaHHs (Puc.l). 3oBHimHIN omip R y HaHOCHCTEMI BUHHMKA€E 1032 KOHTAKTOM.
€muicte C BHHHMKaEe B 00JacTi HAHOKOHTakTa. HeoHoBa namma € aHaloroM
€JIEKTPUYHOI JYTU B TOUKOBOMY KOHTAKTI.

R

E c—/——

Neon
Lamp

R

Puc.1 Cxema 3 HEOHOBOIO JIAMIIOK)

Y cxemi 0e3 HEOHOBOI JaMIKM TPH MIAKIIOYEHHI M0 JKEpesia >KUBJICHHS
KOHJIEHCATOpP MOYHE 3apsHKaTHCs Ta oro Hampyra Oyze 3pocTaTd MOHOTOHHO, TTOKU
HE JIOCSITHE HaIpyTy JpKkepena. [lpu BiAKIFOYeHH1 BiJ JyKepera )KUBJICHHs HapyTa Ha
KOHJEHCATOPl TaK CaMO MOHOTOHHO OyJe NajaTth 10 HyJS 3a EKCIOHEHLIMHUM
3aKOHOM.

[TopymieHHsT MOHOTOHHOCTI Ta BHHHUKHEHHS peJIaKCalliiHUX  KOJIMBAaHb
BiIOYBa€ThCS TIPU TMIAKIIOYEHHI HEOHOBOI JamIid, OO0 BOHA Ma€ HENiHIAHY
XapaKTepUCTUKy Ta BHOCHUTh HEOOXIJHY HEJIHIMHICTD B CHCTeMy. Y JiaMiii
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3aMajloeThCs Iyra, Py bOMY BUHUKAIOTH KOJMBAHHS 3apsly Ta MOCIIAOBHI 3pUBH
Ta MAKOMH CTPyMY Ha KOHJIEHCATOPI.

VY Takiii cuCTeMl MOXJIWBI 2 TMPUHIMIIOBO PI3HUX PEKUMU TOPIHHS: PEKUM
CTIMKOTO TOPIHHS Ta PEKUM BUHUKHEHHS pelaKcaliiHuX KOJIWBaHb.

[lpu manmomy 30BHIIIHBOMY omopi R oapasy micisa mpuenHaHHS JIaMOu 0
KOHJIEHCATOpa BOHA 3aIajIUThCs, 1 MICIS I[bOTO HANpyTa Ha JIaMIIi Ta CTPyM 4yepes3 Hel
MOYHYTh 3MEHIIYBAaTUCS. 3MEHIIEHHS Hampyru Oyle TpuBaTh, HOKH He Oyne
JOCATHYTO CTIMKOTO CTaHy pIBHOBaru, B SKOMY CXeMa 1 3aJIMIIUThCI. B 1mpomy
BUIAJKy BiAOyIeTbCS 3pUB CTPyMy uepe3 KOHACHCAaTop, 1 KoHAeHcaTop Oyae
BUCTYIIATH B POJIi pO3PUBY JAHIIOTA, TOOTO CTPYM Uepe3 HhOTO TEKTH He Oy7e.

[Ipu omopi Oinblle KPUTUYHOTO XapaKTEPUCTHKA JIHIMHOI YaCTHMHU CXEMH
NoTparuisie Ha HECTaOLIbHY CHAJA04y YacTUHY XapaKTePUCTUKU JaMIH, M0
OpU3BOAUTH 1O BHUHHUKHEHHS pelakcaliiHux KoiuBaHb. [licas  mepuioro
3aranioBaHHg a00 TaciHHS HEOHOBOI JIAMIM B CXE€Mi BCTAaHOBUTHCS MEPiOAMYHHIA
npouec. Ilpm 1poMy KoIMBaHHA OyayTh CKIagaTHCS 3 JIBOX IIPOLECIB, WIO
YepryloThCs: 3apsA/UKEHHIO KOHJEHcaTopa 4epe3 Omip IpH MOoTaleHid jgammi Ta
PO3PSAIKEHHIO KOHJIEHCATOPa Yepe3 Najlalouyy HEOHOBY JIAMITY.

3py4HO aHali3yBaTH TaKuUW KOJUBAJIbHUW MPOIEC 3a JONOMOIoO (ha30BOro
noptpety (Puc. 2).

él“ qf q ‘
Puc.2. ®a3o0Bwuii nporiec y cucteMi 3 HEOHOBOIO JIAMIIOIO.
Je — 3apsJ1 KOHJIEHCATOPA NP TaCiHHI JIaMITH, a (s — IIPH 3arlajJeHHI.

Ha Puc.2 @da3oBuii mnopTper BKa3aHO CTpuIKamu; S-noaiOHa KpuBa —
XapaKTepUCTHKa HEOHOBOI JIaMIIH; MpsiMa JIiHIS — XapaKTepUCTUKa 3apsay-po3psary
KOHJIEHCATOopa.

1. A. A. Augponos, A. A. Burr, C. D. Xaiikun, Teopust konebanuii (Hayka, Mockga,
1981).

2. A. P. Pospelov, A. I. Pilipenko, G. V. Kamarchuk, V. V. Fisun, I. K. Yanson, E.
Faulques, J. Phys. Chem. C, 2015. 119(1): p. 632-639.
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3acTocyBaHHS METOAIB PETUKYJISPHOI XiMil 1JIs po3poOKH
BHCOKOCHEPreTHYHUX MaTepiajiiB 3 HU3bKUM BMICTOM a30Ty

Kagepin C.B.

3anopisbkuti HayioHANbHUL YHI6epcumem, M. 3anopixcacs, yauysa Kykoecvkoeo, 66,
serhiikavierin@gmail.com

PerukynsapHa Ximis BBaxkaeThcs 3acHOBaHOIO y 2007 polll KOMaHAOK XiMiKa
O. M. 4ri [1]. CyTe uporo po3auly Ximii mojsirae y moOyAoBI OpraHiuHux abo
METal0-OpraHIYHUX KPHUCTATIB 3 BHUKOPUCTAHHSIM KOOPJIMHALIMHUX KOMIUIEKCIB
(Metan-opraniyHux abo OpraHiyHUX) Ta OpraHiuHuX JiranaiB. IlepeBaramu Takoro
MiX0AY € MOXKJIMBICTh Mail’ke TOBITbHO KOHTPOJIIOBATH T'YCTUHY Ta MUTOMY IUIOILY
MOBEPXHI OTPUMAHUX CTPYKTYP BUKOPUCTOBYIOUH Pi3HI KOMOiHAILIl KOOPAUHAIIHHUX
KOMILJIEKCIB Ta JIITaH/IB.

3 caMoro moYaTKy pO3BHUTKY PETHUKYJISPHOI XiMIi CHHTE30BaHI CTPYKTYpH
(MOF, COF, ZIF) posrasganucs JuIle K MaTepian Jis CeJIEKTUBHOI ajcopOiii abo
¢dinbTpaiii razis (nepeBaxHo H, abo CO;), abo sk katami3arop, SIKIIO y CUHTE31 Oyiau
3aCTOCOBaHI1 JITaH/IU 3 KAaTATITUYHUMH (PYHKI[IOHATBHUMH TPYTIaMH.

3a ocTaHHI JACKUIbKa POKIB TaKOX 3’SBUJIOCS OaraTto JOCHiKeHb [2, 3]
HAIPaBJICHUX HA BHUKOPUCTAHHS JAaHUX METOJIB s OTPUMAHHS MaTepialiB 3
BHUCOKOIO E€HTaJIbIi€l0 3ropaHHs. Cepel JOCHIKEHUX PEUYOBMH MOYKHA BUIUIMTU
JOMIHYIO4Y OCOOJMBICTP — BHCOKa TEIUIOTAa pO3Maay y HHUX JOCSTaeThCs 3a
JOTIOMOTOI0 BKJIFOUEHHS JI0 CKJIaJy 3HAuYHOTO YHClia HITpO- Ta a3ifo- rpym. Taki
(yHKLIOHAIBHI TPYNU HaJeXaTh 10 Kiacy (QYHKIIOHAIBHUX TPYyN BIIOMHUX SIK
ekcio30opu, TOOTO MIABUINYIOTH YYTJIUBICTH OTPUMAHOTO MaTepiaixy A0
30BHIIIHIX BIUIMBIB, TAKUX SIK HArpiB a00 MEXaHIYHH MIOK.

VY naHomy JOCIHIIKEHHI MEPEBIPAETHCS MPUIYILIEHHS PO MOKIIMBICTH CUHTE3Y
aHAJOTIYHUX 3a BJIACTHBOCTSIMHU PEUYOBHUH, Y SKMX JKEPEIOM €HEprii € Hampy»KeHi
notpiiHi 3B s13ku C=C Ta npucyTHi y rpatii ioau [ClO,4]".

EdexTuBHICTh TIepeniueHUX MNPUHIMMIB OyJia AOCHIKEHA 3a JIOMOMOTOI0
nporpamuoro cepegosuiiia MOPAC2016 na npuknaai ctpykrypu NC4ClO,4 (Puc. 1).
Jlnst mpuBeneHoi pedoBuHU Oynu po3paxoBani eHeprii 3B’s3kiB C=C ta N-C, ski €

piBaumu 1,73 eB Ta 3,9 ¢B (167“—>K Ta 377KA—>K) BIJIMOBIIHO. byna oliHeHa
MOJIb MOJIb

SHTAJIBIIIS PEAKITIT 32 MIISTXOM:
2(NC,Clo,) = 8(CO) + Cl, + N, + 678.5x/Ix
Ta y IPUCYTHOCTI KUCHIO:

2(NC,ClO,) + 80, > 8(CO,) + Cl, + N, + 1669k /x

73


mailto:serhiikavierin@gmail.com

\ CM®XT — 2019

Puc. 1. Exemenrtapna komipka NC,4ClO,.
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450

350

Kxan/monb

250

150
1,1 1,6 2,1 2,6

Bincrans C-C

Puc. 2. I'padik 3amexHOCTI eHeprii cucTeMu y Tpolieci po3puBy 3B’ 513Ky C=C.

Ha ocHOBI mpoBeNEeHUX PO3PAXyHKIB BBAXKAETHCS PAIIOHATBHUM OLIBII
JIETATBHUI aHali3 BIACTUBOCTEN €HEPreTUYHUX KOBAJCHTHUX OPTaHIYHUX KapKaciB 3
noTpiiiHuMH 3B’ s13kaMu C=C y SIKOCTI OCHOBHOT'O JIKE€pEa eHeprii.

1. Hani M. El-Kaderi, Joseph R. Hunt et.al. Designed Synthesis of 3D Covalent Organic
Frameworks. SCIENCE. 2007. Vol. 316. P. 268-272.

2. Zhaoqi Guo, Yu Wang, Xuemin Liu, Cong Zhang. Auxiliary ligand-directed synthesis of
3D energetic coordination polymer from discrete complex: enhanced energy density,
thermal stability and energy performance. CrystEngComm, 2019, 21, 462.

3. Yongxing Tang, Chunlin He, Lauren A. Mitchell. Potassium 4,4’-Bis(dinitromethyl)-
3,3’-azofurazanate: A Highly Energetic 3D Metal-Organic Framework as a Promising
Primary Explosive.Angew. Chem. 2016, 128, 5655 —5657.
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KBaHToBO-XiMiuHe Moe0BaHHs kBa3ikpucTtajiB cuctemu Al-Cu-Fe

Kagepin C.B.

3anopizekuii HayioHaIbHUL YHI6epcumem, M. 3anopidicacs, synuys KyKkoecvkoeo, 66,
serhiikavierin@gmail.com

KBazikpuctaniuyni matepianu Oynu BIepiie oTpuMani y jaboparopii B 1984
poui JI. IlleXTMaHOM, Ta CKOIMXHYIM HAyKOBE CYCHLIBCTBO. IX XapaKTepHOIO
OCOOJIMBICTIO € JIOKaJIbHa aTOMHa CTPYKTypa, sika reHepye nudpakuiiiHy KapTHHY
3icTaBlieHy 3 MiKiB 0-(PYHKIIII, Ta € HECYMICHOIO 3 MOHATTSAM TPaHCIAIIIHOI CUMETPii,
Ha sSIKoMYy OyJa moOyaoBaHa kpucrtaiorpadist 10 TUX Mip.

Uucnenni audpakiiiHi JOCIIKCHHS JIO3BOJMIIM 3pOOUTH BHUCHOBKH IIPO
TPy  CUMETPii CHCTEM TaKoro THUIy, Ta Kilacu(pikyBaTH iX, BHIUIMBIIN
MOJIITOHAJIBHI Ta 1KOCAeIPUYHI KBa3ikpucTaidiyHi cuctemu. O/HaK, 3a pe3yJbTaTaMu
TU(GPaKIIMHOTO €KCIEPUMEHTY HE MOXJIMBO 3pOOMTH BHUCHOBKHU MIOJ0 KOHKPETHOI
JIOKaJIbHOI aTOMHOT KOHGIrypalii Ta MIATBEPAUTH YU CIPOCTYBATH KOPEKTHICThH
MoOyJOBaHUX MAaTEMAaTHUYHUX MOJIETICH.

VY npencraBlieHOMY JOCHIJDKEHHI OYyJIM BUKOPUCTaHI METOIU KBAHTOBO-
XIMIYHOTO  MOJICIIOBaHHSA JUIsl BU3HAYEHHS JIOKAJIbHOI aTOMHOI  OyJ0BH
ikocaenpuvHOi kBazikpuctaniunoi ¢azu cuctemu Al-Cu-Fe 3i ckmamom 61m3pKuM 10
Alg, 7CU,s5 oF€11 4, TaKOXK BiZjoMa 5K  (ha3a.

Cnuparouuch Ha OPUHITUMIIM OMKCaH1 y cTaTTi [1] 32 JOMOMOTroI0 MPOTrPaMHOTO
cepenoBuiia MOPAC2016 6ynu noOyaoBaH1 Ta mpoaHani30BaHl HACTYIHI KJIACTEpHI
MOJIENL:

— ikocaeapuuHi kiacrepu Al Ta Aljs, aHami3 reoMmeTpii SKHMX ITOKa3aB
CXWIbHICTh Alj; 10 mepexoay y craH, OUIbIn cXOXuil Ha Aljz 3 aTomMoM B IEHTpI
1Kocaepa Ta BaKaHCI€0 Ha MOBepxHi (puc. 1);

— kiacrep AlgFe, npuBenenuii y ctatti [2] y SIKOCTI nepiioi 000JIOHKH 3aili3a
y cTpykTypi anpokcumanta Al-Cu-Fe (puc. 2);

— JIofIeKaeAp 3 aTOMIB AJIOMIHIIO 3 aTOMOM 3aiiza y neHTpi AlyFe (puc. 3),
mo OyB moOylOBaHWI 3 METOIO OTPUMaHHS OOOJIOHKHU (KOOPAMHAIINHOI cdepH)
3aJ1i3a; CTPYKTypa BUSBUJIACS HECTAOUIBHOIO.

All3 All2

Puc. 1. Ixkocaenpuuni kaactepu Aly, Ta Algs.
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Puc. 2. Knactepu AlgFe.

Puc. 3. Kimactep AlygFe.

[Ticns ananmizy nanux excrepuMmeHty [3] y cykymHOCTI 3 iHopMaIti€ro 3i cTarTi
[1] Oymmu 3poGieHi HACTYHHI BHCHOBKM IIOJAO TPABWI MOOYIOBH OOOJOHOK
1KOCaeIPUYHUX KIIACTEPIB:
— KBazikpucran CKIaga€eThCsl 3 OJIHAKOBUX KJIACTEPIB, KOXKEH 3 SKUX Mae
Takli 3K BJIACTUBOCTI (XIMIYHMM CKJIaJ, €JIEKTPOHHI BIJIACTUBOCTI,
CHUMETpIs), SIK 1 BCSI CUCTEMA.
— Kracrepu ckinagaroThCs 3 KOHIEHTPUUHUX 000JIOHOK, KOKHA 3 SIKUX Ma€
TUI cuMeTpii |y
— EkBiBajieHTHI MO3UI1I B 000JIOHIII 3alHATI OJHAKOBUMHU aTOMAaMH.
AHam3 JOCHIKEHUX KIACcTepIiB IOKa3aB CXMJIBHICTh AaTOMIB aFOMIHIIO
YTBOPIOBaTH 3B’A3KM 32 JONOMOIOK  S-Ta sp’-ribpumrnx  opGitameii  Ta
HEXapaKTEePHUU JJIs1 MeTaliB po3noain 3apsiaiB (-0,4 e...+0,6 e).

1. Puyraimond F., Quiquandon M., Gratias D. Atomic structure of the (Al, Si)CuFe cubic
approximant phase. ActaCrystallographica Section A Foundations of Crystallography.
2002. Ne58. P. 391-403.

2. Polozhentsev O. E., Bryleva M. A., Kravtsova A. N., Kochkina V. K., Soldatov A. V.
Icosahedral Phase Formation in an Al-Cu—Fe Quasicrystal. Bulletin of the Russian
Academy of Sciences. Physics. 2015. Vol. 79 No. 9. P. 1173-1179.

3. Abe E., Takakura H., Tsai A. Ho arrangement in the Zn6Mg3Ho icosahedral quasicrystal
studied by atomic-resolution Z-contrast STEM. Journal of Electron Microscopy. 2001.
vol. 50(3). P. 187-195.
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IosiiMepHi KOMNIO3UIIHI MaTepiaJM I/ 3BaAPIOBAHHSA 3aAKJIaTHUM
HArpiBaJIbHUM €JIEMEHTOM KOHCTPYKIII# 3 miacTMac

Koaichuk P.B., Opxenko M.B., Kopab M.I'., Mactouok O.I1., byitnosa €.0.

Biooin 3eaproseanns niacmmac , Incmumym enekmpo3zeapiosannsi im. €.0. Ilamona HAH
Ykpainu, Yxpaina, Kuie 03680, eyn. Kazumupa Manesuua

B naniit po6oTi po3po0seHO HOBITHIM 3aKIaJHUN HarpiBaJIbHUN €JIEMEHT Ha
OCHOBI1 €JIEKTPOIMPOBITHOTO MOJIMEPHOrO KOMIIO3UTY, SKHUH, B CBOIO uepry, OyB
chopMOBaHHMI 3 TOJIETUJIEHY BHCOKOI TYCTMHM Ta PI3HOI KOHIIEHTpalii
€JICKTPOTIPOBIAHOTO  BYIJICLIEBOIO HAHOHAMOBHIOBada. [LlinboBHM  HampsMKOM
3aCTOCYBaHHS  BUIIEBKA3aHUX HArpiBaJlbHUX €JIEMEHTIB € aBTOMOOuIe- 1
aBlaOyaqyBaHHS JUIsl 3 €IHAHHSA JAeTaliell y BaKKOJOCTYMHHX MICISIX, Y BUIAAKaX,
KOJIM HEMOJKJIMBO 3I1MCHUTU HarpiBaHHs I[OBEPXOHb, IO 3BapIOIOTHCS, IHIIUMU
croco0amu.

JInst OIIHKM €JIEKTPONPOBIAHUX BJIACTUBOCTEM B PpOOOTI JOCIHIIKyBajiacs
IHTEHCUBHICTh HAarpiBaHHS KOMIIO3UTIB B 3aJIEKHOCTI B NPHUKIAJAHHS PI3HHUX
3HaueHb Hanpyru. OTpuMaHi 3HA4YEHHS BHUKOPUCTOBYBAIU K  IHIUKATOP
MaKCUMaJIbHOI TEMIEPaTypH, SIKOT MOXKHA JIOCSATHYTHU NP MPUKIAJaHH] BU3HAYEHOTO
3HAYEHHs HaNpyrd 10 KOMIIO3UTIB pi3HOro ckiaay. llpoBeneHo nociimkeHHs
CJIEKTPUYHUX Ta TEIUIO(MI3MYHUX BJIACTUBOCTEW 3pa3KiB 3 BUBUCHHSIM iX TEIUIOBOI
e()EeKTUBHOCTI B SKOCTI HarpiBaJbHUX €JEMEHTIB B 3aJIC)KHOCT1 BiJl CITIBBIIHOIIECHHS
MOJIIMEPHOTO MaTepially/HanmoBHIOBaua. Sk pe3ynpTaT, B MPOIECI HarpiBaHHA
BusBIeHO HasBHICTH PTC — edekry, sSKkuii mpu3BOAUTH A0 30UIBIICHHS OMOPY
KOMIO3UTY TpU MiABUINECHHI HOTrOo TeMIepaTypyd Ta HETaTHMBHO BIUIMBAE€ Ha HOTO
€JIEKTPONPOBIHICTh, 1, BIAMOBIAHO, 3AaTHICTb JO 3BaplOBaHHSI. BuUKOHaHO
eKCIIEpUMEHTaJIbHE 3BApIOBAHHS HAMOUIBINI THUMOBHX 3BapHUX 3 €IHAHDb 3
MOJAJIBIIMMU  MEXaHIYHUMHU BUOPOOYBaHHSAMU 1 JOCHIIKEHHS MOP(OJIOTIYHOI
CTPYKTYpH 3pyHHOBaHUX 3’€IHaHb. BCTaHOBJIEHO, 110 MIPU HAITyCTKOBOMY 3’ €JTHaHHI1
pYHHYBaHHS BIJIOYBA€THCS MO OCHOBHOMY Marepiaiy, [0 TOBOPUTH MPO YTBOPEHHS
SKICHOTO 3BapHOTO 3’ €THAHHS.

B wmaiibyTHbOMy po3po0JeHI TMOMIMEpHI KOMIIO3UTHI MaTepiaii MOXKYTh
BUKOPUCTOBYBATHUCS HE JIUIIIE K 3aKJIa/IHI HArpiBaJbHI €JIEMEHTHU JIJIsl 3BapIOBaHHS, a
M SK OCHOBa JyIsl eyeKTporpoBigHoro ¢guramenty st 3D npyky ¢yHKIIOHATBHUX
BUPOOIB.
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OuiHBaHHA NEePioay 3apPOJAKeHHsI BTOMHOI TPIillIMHU HA MOBEPXHI OCi
KOJIICHOI MapH 32JIi3HUYHOI0 BATOHA

Kaniwok FO.1., Pynascekuii /[.B., llledpep M.C.

Disuxo-mexaniunuu incmumym im. I'.B. Kapnenka HAH Yxpainu, Jlveie, Yxpaina

3HauHe MeEXaHIYHE HABaHTAXXEHHS Ha OCl KOJICHOI Mapu 3ali3HUYHOTO
TPAHCIIOPTY HEPIAKO MPU3BOIUTH 1O 3apOPKEHHS MOBEPXHEBHX TOCTPOKIHIIEBUX
aedekTiB. Taki TpIIMHONOMAIOHI AE€PEKTH UYacTO MOXKYTh 3apoKyBaTHCS 3a
HAsIBHOCT1 PI13HOTO THITY TJIAJKUX MIKPOPAKOBUH Ha TOIIKO/DKEHHUX IISHKAX OCI.
Bucoka koHIeHTpallis Ta UUKIIYHA 3MiHA MEXaHIYHUX HaMpyXeHb Ha TaKHX
OUITHKaX € TPUYMHOI0 3apOUKEHHS Ta PO3BUTKY BTOMHHMX TpIIIMH. TpHBaNicTh
nepiogy N; 3apomkeHHs BTOMHOi TPINIMHH Yy TaKOMYy BHUMAAKYy HEPIIKO MOXKeE
CTAHOBUTH 3HAYHY YaCTHUHY JOBIOBIYHOCTI (3aJUIIKOBOI JIOBITOBIYHOCTI) OC1 KOJIICHOT
napu. Tomy mnpoOsieMa OLIHIOBaHHA MEPIOAY 3apPOJKEHHS BTOMHOI TPILIMHU €
KJIIOYOBOIO Il BU3HAUYEHHS 3aJMILIKOBOTO pecypcy oci B IijgoMmy. B pobGorti
3alpONIOHOBAHO PO3PaXyHKOBY METOJMKY OILIIHIOBAHHS MEpIOAy 3apOKECHHS
BTOMHOI TPIIIMHU OUIS BEPUIMHU TOBEPXHEBOI MIKpOpakoBUHHU. i1 11bOTO OYII0
PO3IJISHYTO 3a/auyy MpO BU3HAYECHS MEPIOy 3apO/JKEHHS BTOMHOI TPIIIMHMU Ois
BEPIIMHU MIKPOKOHIIEHTpATOpa HAINpy>KE€Hb y BUIJISAI MIKPOPAKOBUHHU Ha IOBEPXHI
oci KoJiicHO1 ap# (puc. 1).

) M

g Ty
g =1 g |

A T

R R
a o
Puc. 1. Cxema HaBaHTa)X€HHS KOJICHOI apu (yist KoJii mupunoto 1520 Mm) 13
MOBEPXHEBOIO MIKPOPAKOBHUHOKO B CEpeIMHHOMY Tiepepisi A-4 oci (a) Ta cuioBa cxema
HABaHTA)XCHHS YaCTUHU OCI 13 MOBEPXHEBOKO MIKPOPAKOBUHOIO (0).

st copollleHHsT pO3paxyHKIB BBaXkaiw, 10 (opMa MIKPOPAKOBUHH €
OJIM3BKOI0 JI0 CIUTIOCHYTOrO TiBcdepoina paaiycoM [g 13 JAESIKAM CTaldM Ta
JOCTaTHRO MAJUM PajJiyCcOM 3a0KpYTJEHHS B3J0BXK KOHTYpYy HOT0O BEpIIMHU P, a
TpIIMHA 3apOJPKYEThCA OIS TAKOro MIKPOKOHIIEHTPATOpa HAIpPY>KE€Hb OJHUM
cTtpuOkoM Ta HaOyBae (opmy miBIKUCKOBOI. KoedillieHT 1HTEHCHBHOCTI HAMpPYKEHb
TS TAKO1 TPITMHK BU3HAYAIH 3a opmyiioro [1]

Ko =4M -1, 3V -bF (1)
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e M — 3runnamii MomenT; F| — neska Oe3po3mipHa mompaBkoBa (pyHkuig. OTpumani
TabauyHi1 naHi QyHkuii F; anpokcumyBaan 13 J0CTaTHHOK TOYHICTIO MapadoigyHOIO
3aJICKHICTIO Y miama3oni b/ro = 0,1...1,0.

Fa(e,m) = (—1,0368¢2 +1,083% + 0, 2840) - n2 + (1,1278 —1,8659 + 0, 2680) - 1| —
—0,3918¢ +0,6596¢ + 0,3876, (2)
ne €=b/a, n=b/r,.
3ruHaneHuii Moment M ~ 2,8-10* MH-M y cepenniii sactuni oci (puc. 1, a)

PO3paxoByBaJH ISl MAKCUMAJILHO JOIYCTUMOTO HABaHTa)KCHHS BaroHa 3a BiJOMOIO
dhopmyIioro onopy martepianis [2]:

M=P-(b-L). (3)

Po3paxoBanuii mepion 3apoKEHHS MIKPOTPIIIMHM B KUIBKOCTI ITUKJIIB
HaBaHTAKEHHS—PO3BaHTAXEHHS (OJWH 00epT OcCl) y 30H1 MepeapyrMHYBaHHS OCi
komicHoi mapu cranoBus N = 1,9-10° muxiB, mo Bixmosimae = 6 000 kM mpobiry
3aJII3HUYHOro BaroHa. Po3paxyHku Oynu mpoBeleH] 3a TAaKUX BUXIJHUX JTAHUX: TUCK
KOMCHOI mapu Ha peiiku P = 245 kH, posmipu MmikpopaxoBuuu Fo= 1102 M Ta
p=110°m.

OTxe, NpOBEAECHI pPO3pAaXyHKH TOKa3aldM, II0 TOPIBHAHO HEBEIMKI 3a
po3MipaMu TIOBEpPXHEB1 pakoBHHM (paaiyc A0 1 MM) Ha oOCl KOJICHOI mapu 3a
MOpIBHSAHO Manuid TpoOir BaroHa (= 6 000 kM) MOXYTh NEPETBOPUTUCH Y
TOCTPOKIHLIEB] TPIIIMHOMOAIOHI JAePeKTH, $AKI MEepPEeHIIOBIIA Y CTaJll0 pPOCTY
MaricTpaJibHOi BTOMHOT TPIIIMHU MOKYTh ITPU3BECTH JI0 IOBHOTO PYyITHYBaHHS OCI.

1. Mypakamu FO. CnipaBoyHUK 110 KO3(p(ULIMEHTaM WHTEHCUBHOCTU HAIPSHKEHUI: B

2-x 1. [lep. ¢ aarn. mox pea. M.: Mup, 1990. T. 2. 1016 c.
2. benses H. M. ConporuBnenne matepuanoB. M.: Hayka, 1976. 608 c.
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Kom0OiHoBaHa TexHOJI0TIA: Ja3epHe noBepxHeBe 3MinHeHHs1 | CBC

Kuryn 10.10., Koaecunuenko A.C.

JIBH3 « Yaiceopoocvkuil Hayionanvrutl yHieepcumemy, 88000, Yoceopoo, Ykpaina

[Tpu JIII3 BaksMBOI0O MPOOJIEMOIO € 3HUKEHHS BTpPAT MPOMEHUCTOI €HEeprii 3a
paxyHOK 1ii BIZOMTTS OOpOOJIOBAHOIO IIOBEPXHEID MeETally. Y IIPOBEICHOMY
JTOCIIDKEHHI, Yy PpoJli CBITJIomoriauHaro4oi (apou Oyna BHUKOpHUCTaHA CYMIII
nopomikiB Ti (68%), Byriento y Bumi caxi (18%) 1 Fe (14% mno wmaci). Cymim
3MouyBaiacs po3unHoM 2% JaTekcy y O€H3WHI, HaHOCWJIacs Ha MOBEPXHIO CTall
mapku 10 120 1 miacymryBaizacs Ha MOBITP1, YTBOpIOtouH miap ToBumuHo0 80, 200 ab6o
500 MKM.

TepmoxiMiuHI pO3paxyHKH TOKa3ajiu, MO y TaKiid CyMiln MpaKkTUYHO Bech i
B3a€MOJII€ 32 paxXyHOK O€3KHMCHEBOTO TOpIHHS 3 Byrienem, yreoprotoun kap6in TiC.
Hagmumok Byrmemto 1 JgyKe HEBEIMKAa KIIbKICTh THUTaHY JIETYIOTh 3ali30,
YTBOPIOIOYH PIKy CTaJlb €BTEKTOIMHOTO CKJIady, sIKa B YMOBax IIBHJIKOTO
OXOJIOJIPKEHHS TIEPETBOPIOETHCS Y TPOCTHUT B IIAPaX TOBIIUHOIO 80 MKM.

i mapu mignamoBaauck mpomeHem CO2-mazepa OesnepepBHOI i 3
MO3J0BXKHKOI0 Hakaukoro Tumy "Kapmamon" motyxknictio 850 BT mpu muiiibpHOCTI
noTykHocTi 15-20 Br'm-2 (npu miamerpt "mmsimu"  0,3-1,0 MM). MIBHUIKICTH
CKaHyBaHHsI 3MiHIOBajacs y Mexkax 10-20 mm-c-1. [Ticng npoBeneHHs eKCIEPUMEHTY
BUMIpPIOBAjaCh Makpo- 1 MIKPOTBEPIICTh y JIETOBAHOMY IIapi, 30HI TEPMIYHOTO
BIUTMBY 1 OCHOBHOMY METAJII.

Ha puc. nmokazano mnomepeuHuid po3pi3 Mikpouwtida. B 30HI 1HTEHCHBHOIO
TETJIOBOTO BIUIMBY MIKPOCTPYKTYpa cTalli Ha0yna Ayke IpiOHY CTOBMYACTY OY/IOBY 3
HEBEJIMKUM HaXWJIOM TOHKHMX JEHIPUTIB (SIKI Mail’ke HE MalTh T'JIOK) Y CTOPOHY,
MPOTHJICKHY HAMPSMKY CKaHyBaHHS ITPOMEHEM Jia3epa.

V¥ naniBnporasieHiid 30H1 BuAHO BucokotBepai (~HV2000) kapo6iau TiC, siki
3aitMaroTh 10 50% 00'eMy Bchoro mmapy kapOijgocrtaii. CBITIOK CTPUIKOK MOKa3aHO
HaIpaBJICHHS, B3/I0BX SIKOT'O PO3TAIIOBAHO JIYHKH BiJl 1HIEHTOPa MIKPOTBEPIOMIpa.

Takum unHOM, y naHiit poOoTi Baanocs opranizyBatu CBC-mipoiiec y mopiBHSHO
TOHKOMY IIapi 3a paxyHOK BuKopucTaHHs TtexHosorii JIII3 omgHouacHo jyis
BHPIIICHHS JBOX 3a/Ja4: JJIs HarpiBy, ormaBneHHﬂ 1 HABYTJICIILOBYBAHHS 3aj1i3a; JJIS
oruiaBlieHHs YacTUHOK Ti 1 fioro "ropinua" y Byrueni 3 yrBopeHHsM kap6iiB TiC.

[Is peaxiiisi CUIBLHO €K30TEPMIUYHA 1 CYNPOBOKYETHCS BEIMKUM 3HUKEHHAM
BiJIbHOI eHeprii [106ca (1) ta (2) [1-3].

AG°=-183,0246+0,01008 T x/Ix-monb-1 (mpu T=298-1155K); (1)
AG°=-186,9709+0,01325-T xx-monb-1 (mpu T=1155-2000 K). 2

AniabaTuyHa TemrepaTypa O€3KHMCHEBOTO TOpiHHS ekBiaToMHOI cymimn Ti-C
nopiBaioe 3200 K. ®aktuuHa Temmeparypa ropiHHs BuOpanoi cymimi 68%Ti
+18%C+14%Fe (% y MacoBux dacTtkax) mnepeBuirye 1850 K, mo 3abe3neuye
YTBOPEHHSI Ha MOBEpPXHI CTall TBEpJO-piKoro muiikepa posmia-TiC 3 BelIUKUM
1HTEpBAJIOM JIKBIAYC-CONIIYC. YTBOPEHHS MUTIKEpPa 3aMiCTh OHO(A3HOTO PO3ILIABY
MO3WTHUBHO BIUIMBAE€ Ha SAKICTh MOBEPXHI 3MIIHEHOTO Iapy MICis HOro MOBHOTO
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TBEPAIHHS 1 OXOJO/UKEHHs, a TaKOX Ha YTPUMYBaHHS LbOTO IIapy HaBITh Ha
HaXWJICHUX IUIOMMHAX. BaXIMBO BiIMITUTH, IO NMPU BKa3aHOMY OE3KHCHEBOMY
TOpIHHI HIAKUX HEMeTalluyHuX (a3 1 iX BKIIOYEHb HE YTBOPIOETHCS.

200 um
I |

Puc. MikpocTpyKkTypa momnepedyHoro po3pizy Mikpornurida craji micias KoMOIHOBaHOTO
i 3minaenHs JIII3 1 CBC (TpaBieHHs BUKOHYBAJIOCH HITAJIEM)

3amina yactunm 3amiza y CBC-cyMiri GpepoxpoMom pi3Ko MiJIBUIILYE KOPO3IHHY
CTIHKICTh OTpUMaHOi KapOigocTaii 1 3MEHIIy€e ii OKHCIIOBAJIbHE 3HOIITYBaHHS Y
MpoIIeci eKCILTyaTaIlli.

BucnoBku

1. Cymimenns JIII3 1 CBC y onuiii omepaiiii 103BOJISi€ BUPIMIMTH AN
KOMILJIEKC TEXHIYHHUX 3aJad MO OTPUMAHHIO BUCOKOTBEPAMX MaTepialliB THUILY
KapO10CcTall 1 TBEPAUX CILJIABIB HA MOBEPXHI METAIY.

2. HoBuii KOMIUIEKCHHH TEXHOJIOTIYHUN TIPOILEC JO3BOJISIE HAPOIIyBaTH
3HOLIEHI TOBEPXHI JeTaleil MallliH, anaparis 1 IpuiaaiB Ha BUCOTY 0,5 MM.

1. Kuryn, 1O. IO. Texnomorii oTpuMaHHS Ta OCOOJMBOCTI CIUJIaBIB CHHTE30BAaHUX
koMOiHoBanuMu mporecamu [Tekcr] / FO0. FO0. Kuryn, B. ®. Jlazap. — VYxropon :
Bunasauurso «IuBazop», 2014. — 388 c.

2. Xuryn, FO. 0. Metoauka po3paxyHKy CKIaAy €K30TEPMIYHHMX IMUXT HAa OCHOBI
tepmoximiuHoro anamizy [Tekcr] / FO. XKuryn, B. Ilupokos / MammuHO3HaBCTBO. —
2005. — Ne 4. — C. 48 - 50.

3. Zhiguts, Yu. Special grey and white termite cast irons [Tekct] / Yu. Zhiguts, V. Lazar //
British Journal of Science, Education and Culture, “London University Press”. — 2014.
—Ne 2 (6). — V. 1.—P. 201 - 207.
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CTpykTypa moBepXHeBUX IIAPIB JIONMATOK aABialliHHOIO ABUT'YHA IIiCJIs
JIa3epHoi 00po0KHU

Ky O.B., I'ipxon B.B.

3anopisbkuti HayioHanbHUU YHI6epcumem, M. 3anopidxcacs, eyauys Kykoecvkoeo, 66,
olyakushh@gmail.com, vgirzhon@gmail.com

3 50-X poOKIB MHUHYJIOIO CTOpiYYs THUTaH Ta HOro CIUIAaBU MOYAM IIUPOKO
BUKOPUCTOBYBaTH B aBiamiiHiIK mpomucioBocTi. [lepexii Ha THUTaHOBI CIUIaBU B
TypOOOyayBaHHI TOB'S3aHUM 3 YHIKAIBHUM KOMILICKCOM  (DI3MKO-MEXaHIYHUX
BJIACTHBOCTEHN IIUX CIUIaBiB. [IpoTe pa3oM 3 MO3UTUBHUMH XapaKTEPUCTHKAMU TUTAHOBI
CILJIaBH MAIOTh BJIACTHUBOCTI, SIKI OOMEXYIOTh 1X 3aCTOCYBAHHS B IKOCTI KOHCTPYKITIMHUX
MarepiajiB: HU3bKI 3HAYEHHA TBEPAOCTI Ta 3HOCOCTIMKOCTI. Y 3B'I3Ky 3 MM
aKTyaJIbHIM Ha ChOTOJHI € BUKOPUCTAHHS HOBHUX METOJIB TIOBEPXHEBOTO 3MIITHEHHS,
AKl JT03BOJIMUIM O MIJABUINUTH EKCIUTyaTalliiiHI XapaKTEpPUCTUKUA IOBEPXHI TOTOBUX
BUpoOIB. OJHUM 3 TaKuUX METOMIB € Ja3epHa 00poOKa, sika JO3BOJIIE OTPUMATH
CTPYKTYPY MOBEPXHEBHUX IIIaPiB Y BUCOKOHEPIBHOBAKHUX yMOBax [1].

Tomy Meroro poOOTH € BUBYEHHS (Pa30BOrO CKJIaay IOBEPXHEBHUX ILApIB
peabHOI TUTAHOBOI JIONATKU Ta30TypOIHHOrO JBUTYHA 31 ciuiaBy BT3-1 micna nazepHoi
00poOKH.

3a 00’exkt pmocmipkeHHss Oyno oOpano cmmaB BT3-1 —  aBodazuwmii
(0+B)-xapomilHKH CIJIaB MAPTEHCUTHOTO KJIACy, KU IIUPOKO BUKOPUCTOBYETHCS IS
BUT'OTOBJICHHSI JIOTTIATOK aBlaIliiHUX JBUTYHIB.

3rigHo 3 JU(PPAKTOMETPUYHMMHU JAHUMH Yy BHUXIJHOMY CTaHi cIuilaB OyB
nBodazHUM: TBEpAUA po3uMH Ha oOcHOBI o-Ti 3 mepiomamu ['IIY rpaTtku
a = 0,2951 um, ¢ = 0,4682 um Ta TBepaui po3unH Ha ocHOBI B-Ti 3 mepiogom OLIK
rpatku a = 0,3306 HM.

[Ticns nazepunoro omnaieHHs (JIO) B armocdept aprony audpaxiiiiifi
MaKCUMYMHU BIJ] TPAaTKU 0-(Pa3u CTaliy ACIO WHUPHIMMHU, 110 MOXE CBIJUUTH SIK MPO
MiABUILEHHS CTYNEHsS JIMCHEPCHOCTI 3pa3KiB, TaK 1 MPO BUHUKHEHHS BHYTPILIHIX
HanpyXeHb y rpartui. BinoOpaxeHns Bij rpatku B-¢as3u He crioctepiraiocs. OCKUIbKY 3
— (-TIEPETBOPEHHSI B MPOIIECI MBUAKOTO OXOJIOKEHHS PO3IUIaBy BiAOYIOCS TMOBHICTIO
Ta HPOXOJIAIIO TIEPEBAKHO 32 MAPTEHCHUTHHM (B = (' )-MeXaHi3MOM.

JInst 3HATTS BHYTPINIHIX HaNpyKeHb Ta IS posnaxy «'-(asu  3pasku
BignamoBanucs. JlificHo, Oyno 3adikcoBano nBodaznuii ctan o-Ti + S-Ti.

[Ticnsa mazepHoi 0OpoOKH B CepeIOBHIIIl a30TY, OKPIM o- Ta 3-¢ha3 B 30H1 Jia3epHOI
nii (3JI1) dbikcyBaBcst 1iie ¥ KyOiunmii HiTpua THTany Ty TiN.

HeoOxigHO 3a3HauuTH, 110 BIAOYJIOCS JAESKEe 3MEHILEHHS MapaMeTpiB TIpaTKu
o-T1 micns JIO B aprodi, mo Moxke OyTH MOsICHEHO (OPMYBaHHSIM IMEPECHUUEHOTO
TBEPJIOr0 PO3YMHY 3aMIILEHHS aTIOMIHII0, MOJIOJEHY Ta XpOMY B TUTaHl, OCKUIbKH iX
aTOMHI PaJilyCH € MEHIIIMMHU 32 aTOMHUI pajilyc TUTaHY.

[TigBuiLieHHs K MapameTpiB rpatku o-Ti micias oOpoOku B azoTi. Moxe OyTu
BUKJIMKAHO THM, III0 YacTKa aTOMIB a30Ty MOIJia MPOHUKAaTH B MikBY3ioBuHM ['TIY
TPaTKH, YTBOPIOIOYH TBEP/IUI PO3UMH BTUICHHS a30Ty B 0-T1.
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Mertanorpadiuydo Takox Oyno 3adikcoBaHo maBodasHy CTpykTypy. OO6’eMHa
yacTka o-T1 He nepeBulyBaia 65 %.

AHaJi3 onepeyHoro mnepepizy 30HU Ja3epHOI Jiii JO3BOJIMB YITKO BUIUIUTH JBI
TiI30HH: OTUIABJICHHS, sIKa Majla TOJMMacTy CTPYKTYPY Ta TEPMIUYHOTO BIUIMBY, siKa Oya
nBodazHoro Ta 3011HeHo0 B-Ti.

[HaTerpanmpHi  3HAYEHHS MIKPOTBEPJOCTI B 30HI JIA3€pHOTO OIUIABJICHHS B
CEpEelOBHIIII aproHy OynaW [eImo HWKYUMH BiJl BHXIIHUX, IO TIOSICHIOETHCS

MApTEHCHTHHM XapaKTepoM B0 -iepeTBOPEHHSM, SIKE MOKE IPUBOIXUTH 10 3HIKSHHS
3HaYeHb MIKPOTBEPAOCTI [2].

[Ticna JIO B cepemoBuIl a30Ty 3Ha4eHHS MikpoTtBepaocTi B 3JIJ] 3pociu B
1,8...2,0 pa3u, e MokHa MOB’SI3aTH 3 JEKUIbKOMA (paKTOpaMu: 3pOCTAHHSIM CTYIEHS
TMCTIEPCHOCT1 CTPYKTYPH; YTBOPEHHSIM BHCOKOMIITHOTO JAUCIIEPCHOTO HITPHUIY TUTAHY;
¢dbopMyBaHHAM TEPECHMYCHOTO TBEPJOTO PO3UMHY BIPOBALKEHHS a30Ty B o-T1 Ta
3MEHIIICHHSM BiJHOCHOI KIJIbKOCTI ha3u a-Ti.

JlazepHe oOIUIaBliEHHST TIOBEpXHI € €(PEKTUBHUM METOJOM  IOJIIMIICHHS
MEXaHIYHUX BJIACTUBOCTEM IMOBEPXHEBUX IIAPIB TUTAHOBUX CIUIABIB, OJIHAK Taka
o0poOKa Mae CyTTE€BUM HENONIK — 3pOCTaHHS IIOPCTKOCTI MOBEpxHiI 3paskiB. lle
O3Hauae, MO Uil eKcIUTyaTarii BUpoOy MOTpiOHO 3acTOCOBYBATH Ie i (iHINIHY
00poOky. Tomy HacTymHUM KpokoM poOotu Oyia ja3zepHa oOpoOka cruiapy BT3-1 B
peXUMax MepeIoTIaBICHHS MOBEPXHI.

[Ticna Takoi 00po6ku pentreHorpadiuHo B 3J1J] 3adikcyBanocs tpu dazu: o-Ti,
B-Ti Ta kyOlunuit HiTpun TUTaHy. udpakiiiiHi MaKCUMyMH B Tpatku o-T1 aenio
PO3LIMPUITUCS Ta 3MICTUIIMCSA B CTOPOHY OUTBIIMX KyTiB. [IpumHOI0 OO MOXKE OyTH
YTBOPEHHSI TBEPAOrO pO3UMHY BIPOBAPKEHHS a30Ty Ta KHCHIO B o-Ti, IO
MIATBEPAXKY€EThCS 3pocTaHHsaM mapamerpiB 'Y rparku.

MeranorpadiyHuii aHas1i3 TOKa3aB HASBHICT JIMIIE 30HU TEPMIYHOTO BILUIUBY.

3HayeHHsI MIKPOTBEPJOCTI B 30HI TEPMIYHOIO BILIMBY 3pociu B 1,3...1,4 pasu,
[0 TOB’S3aHO 3 YTBOPEHHSAM HITPUAIB TUTaHy Ta (OPMYBAHHSIM [E€PECUYECHOTO
TBEPJIOr0 PO3UMHY BIIPOBAKEHHSI a30Ty Ta KUCHIO B 0-T1.

Takum 4rHOM, J1azepHa OOpOoOKa B PI3HMX Ta30BUX aTMocdepax Ta pexumax €
e(eKTUBHIUM CHOCOOOM 3MIITHEHHS TIOBEPXHEBUX IIapiB, OCKUIbKA 3HAYCHHS
MIKpPOTBEPIOCTI 3pocTaroTh B 1,3...2,0 pa3u (B 3aI€KHOCTI Bl peXuMy Ta aTmochepu
OOpoOKH), a TaKOX B JACIKMX PEKUAMAaX JO3BOJSE YHUKHYTH (DIHIIIHOI 0OpOOKH,
OCKUTBKY IIOPCTKICTh TTOBEPXHI 3AJUINIAETHCS OJIM3BKOIO JI0 BUXIJHOI, 1110 B CBOIO YEPry
JI03BOJISIE MIIBUIIUTH TMPOAYKTUBHICTb ITPOIIECY, SMEHILIUTH €JIEKTPO3aTPaTHICTh, TOIIIO.

1. Filip R. Alloying of surface layer of the Ti-6Al-4V titanium alloy through the laser
treatment. Journal of Achievements in Materials and Manufacturing Engineering. 15 (1-
2): 174-180 (2006).

2. Badkar D. S., Pandey K. S., Buvanashekaran G. Laser Transformation Hardening of
Unalloyed Titanium Using Nd: YAG laser. International Journal of Material Science. 3
(4): 239-250 (2009).
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Numeric modeling of the dynamic and thermodynamic properties of
palladium and nickel clusters and nanoparticles

Laptev D.V.!, Terentyev D.2, Dubinko V.1.3, Irwin K.*

1 B. Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,
47 Lenin Ave., 61103 Kharkov, Ukraine
2 NSC Kharkov Institute of Physics and Technology, Kharkov 61108, Ukraine
3 sCcK *CEN, Nuclear Materials Science Institute, Boeretang 200, Mol, 2400, Belgium
* Quantum Gravity Research, Los Angeles, USA
e-mail: laptev@ilt.kharkov.ua

Hydrogen possesses a unique combination of properties, which predetermines its
wide industrial application and, on the other hand, creates a number of technical
problems in managing hydrogen involving processes. In this work palladium (Pd) and
nickel (Ni) clusters and nanoparticles and their hydrides have been considered. Pd is
a material with a strong affinity to hydrogen owing to both its catalytic and hydrogen
absorbing properties [1,2]. The absorption of hydrogen produces two different
phases, both of which contain palladium metal atoms in a face centered cubic (fcc,
rocksalt) lattice, which is the same structure as pure palladium metal. At low
concentrations up to PdH o, the palladium lattice expands slightly, from 388.9 pm to
389.5 pm. Above this concentration the second phase appears with a lattice constant
of 402.5 pm. Both phases coexist until a composition of PdH, 55 when the alpha phase
disappears. Neutron diffraction studies have shown that hydrogen atoms randomly
occupy the octahedral interstices in the metal lattice (in the fcc lattice there is one
octahedral hole per metal atom). The limit of absorption at normal pressures is
PdH, -, indicating that approximately 70% of the octahedral holes are occupied. The
absorption of hydrogen is reversible, and hydrogen rapidly diffuses through the metal
lattice. Metallic conductivity reduces as hydrogen is absorbed, until at around PdH 5
the solid becomes a semiconductor.

In this work, the metal clusters of Pd and Ni with icosahedral (ICO) and
cuboctahedral (CUBO) morphologies have been considered as well as their hydrides
nanoparticles and bulk lattices. The size and the total energy dependence on the
number of atoms in the cluster has been obtained. It is shown that ICO cluster of Pd
and Ni have smaller sizes then CUBO clusters with the same number of atoms. Ni
clusters have smaller sizes then Pd clusters with the same number of atoms and
morphology. The obtained dependency of total energy of cluster on number of atoms
is almost linear for Pd and Ni clusters with ICO and CUBO morphologies. The
analysis of numerical values shows that Ni ICO clusters have lower total energies
then CUBO clusters with the same number of atoms, whereas in the case of Pd the
result depends on the cluster size: Pd small clusters (13, 55, 147) with ICO symmetry
have lower total energy, while large clusters (309 and larger) with CUBO symmetry
have smaller total energy. The melting process of PdH and NiH nanoparticles has
been modeled. Analysis of the radial distribution function of metal hydride
nanoparticles shows the disappearing of long-range order with increasing
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temperature. The computed temperature dependency of total energy shows the start
of melting process at melting temperature.

1. A. I. Gusev, Nanomaterials, nanostructures, nanotechnologies, Moscow, 416p. 2007
2. V. Dubinko, D. Laptev, D. Terentuev et.al., Comp.Mater.Sci. 158, 389 (2019).
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Non-stoichiometric defects, dielectric and magnetic properties of
Big gL ag 1FeO3 5 multiferroics

Liedienov N.A."%* Yuan Mengyun®, Ziyu Wei', Tatarchuk D.D.*, Didenko Y.V.*, Makoed I.1.°,
Gudimenko A.1.%, Pashchenko A.V.}?3

IState Key Laboratory of Superhard Materials of Jilin University, Changchun, China
?International Center of Future Science of Jilin University, Changchun, China
3Donetsk Institute for Physics and Engineering named after O.0. Galkin, NASU, Kyiv, Ukraine
*National Technical University of Ukraine "Igor Sikorsky KPI", Kyiv, Ukraine
°A. S. Pushkin Brest State University, 224016 Brest, Belarus
®V.E. Lashkaryov Institute of Semiconductor Physics, NASU, Kyiv, Ukraine

Bismuth ferrite multiferroics refer to multifunctional materials and demonstrate
magnetoelectric, magnetocaloric, magnetodielectric, magnetostriction, piezoelectric,
pyroelectric, and other galvanomagnetic effects. They can be used for creating
magnetic sensors and memory elements, and other devices of microelectronics and
spintronics [1].

The ceramic Bigglay:FeOs; samples were prepared by a rapid liquid-phase
sintering method [2]. A mixture of high purity La,Os (> 99.5%), Bi,O3 (> 99.5%) and
Fe,0O3 (= 99.5%) powders in stoichiometric ratio was pressed into tablets (@ = 8§ mm,
h =3 mm) under pressure P = 200 MPa and (@ = 6.3 mm, h = 3 mm) under P = 400
MPa. The obtained samples were sintered in the air at a temperature of t,,, = 850 °C
for 480 s.

According to X-ray diffraction data (see Fig. 1 (a)), all ceramic BigglayFeOs
samples independently of P are single-phase and show a rhombohedral R3c type of
distortion. The lattice parameters vary from a = 5.5730 A and ¢ = 13.8480 A for a

@) R3c (b) Fe2p

(104)
(110)

Intensity (a.u.)
(012)
(024)
Intensity (a.u.)

20.30.40.50 60.70.80 .708.714.720.726l732l738
20 (degree) Binding energy (eV)

Fig. 1. X-ray pattern (a) and X-ray photoelectron spectrum of Fe2p with its decomposition
into components from Fe* ions (green curve) and Fe** (blue curve) for the BiggLag1FeOs.
ceramics under P = 200 MPa.
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sample under P = 200 MPa to a = 5.5734 A and ¢ = 13.8025 A for a sample under P
= 400 MPa. On the basis of the defect formation mechanism [2], it was established
that a real defect Bigglag;FeOs.; structure contains Bi®*, La**, Fe?*, Fe**, O% ions as
well as non-stoichiometric defects, i.e. cation V© and anion V@ vacancies. The
availability of different valence Fe?*, Fe** ions in a perovskite structure is
additionally confirmed by XPS data (see Fig. 1 (b)). With increase in P the
concentration of V@ vacancies reduces from V® = 6.0% for
{Bioeslag o Voo talFeaFes 7, Voule Oz Vors (P = 200 MPa) to 2.3% for
{Bi¥ Lal VO [Fer FeXt V91,02, V& (P = 400 MPa). According to the
dielectric spectroscopy data, a complex dielectric constant & = ¢'+i¢" and dielectric
loss tanA = ¢"/¢" are well fitted by the relaxation type relations (see dashed lines in
Fig. 2 (2)) [2]. At room temperature, the Bigglag1FeOs;_s (P = 200 MPa) with oxygen
non-stoichiometry & = V® = 0.18 has anomalously high values of the &' = 5-10° at 1
Hz, the values of which decrease to 209 at 1 MHz and 10.5 at 10 GHz with increasing
frequency f. In the BigglagFeO;_s5 (P = 400 MPa) with & = 0.07, the &' decreases to &'
= 82 at 1 Hz and then reduces from ¢' = 50 at 1 MHz to 7.7 at 10 GHz with increasing
f. The giant values of the €' within the f = 1-10° Hz range for the BigglagFeOss (P =
200 MPa) are associated to the charge accumulation at the intercrystalline
boundaries. As shown in Fig. 2 (b), the behavior of the M(H) curves testifies the
availability of ferromagnetic interactions. With increasing temperature T a coercive
H¢ field and a residual M, magnetization decrease from Hc = 14 kOe and M, = 0.13
emu/gatT=4 Kto Hc=11kOe and M, =0.11 emu/g at T = 300 K,

106 T T -3 L L L L L
@) [ P =400 MPa (b) |
, 200 MPa 0.8 7
10 400 MPa s
200 MPa
i 04} -
woMPal? B
- < E /
w
S T g 00 e
_____ S o _
—T=4K
: 11 =2 541 |
. o4 — 300K
\\ »
NG 08} -
A
N 1 N 1 N 1 N 1 N 1 (.j 0 I 1 . 1 . 1 . . 1 . 1 . 1
10! 108 10° 107 10° 60 -40 -20 0 20 40 60
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Fig. 2. Frequency dependences of the ¢'(f) constant and the tanA(f) loss (a), and the
hysteresis curves of the M(H) magnetization (b) for the BigglagFeOs_5 ceramics.

1. G. Catalan, J.F. Scott, Physics and applications of bismuth ferrite, Adv. Mater. 21 (2009)
2463.

2. AV. Pashchenko et al. Structure, non-stoichiometry, valence of ions, dielectric and
magnetic properties of single-phase BigglLag ;FeOs; multiferroic, IMMM 483 (2019) 100.
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IHigBuIIeHHSI 3HOCO- Ta KOPO3iiiHOI TpUBKOCTI TUTAaHy Grade 2
razoBMM a30TYBAHHSAM

JlaBpucb C.M., [llnaxerka X.C.

Dizuxo-mexaniynui incmumym im. I'.B. Kapnenka HAH Ykpainu,
eyn. Haykosa, 5, m. Jlveis, 79060, YVkpaiua.

Y cydacHUX BHCOKOTEXHOJIOTIYHHX Tay3siX TPOMHCIOBOCTI  IIUPOKO
3aCTOCOBYIOTHCSL JIETKI METajeBl MaTepiaiu, IO MPalioloTh 3a YMOB ITiJIBULICHUX
TEMIEpaTyp Ta IHTEHCHUBHOTO 3HOIIYBaHHSA, B TOMY UHCIi B arpecHBHUX
cepenoBuiax. llepcnekTUBHUM 1 MOMIMPEHUM MPEICTABHUKOM MaTepiaiiB IbOTro
KJIacy € TUTaH Ta CIJIaBU HAa Oro OCHOBI. 3aB/ISIKM CBOIM YHIKaJIbHUM BIIACTUBOCTSIM
SK: BHCOKA TMHMTOMa MIIHICTh, KOpO3iiiHA TPHUBKICTh Ta OIOCYMICHICTh, HOTO
BUKOPUCTOBYIOTh B aBlaOydiBHINA, KOCMIYHIM, MalIMHOOY/iBHIM, CYyIHOOY/IBHIMH,
XIMIYHIM TPOMHUCIOBOCTI Ta B MeaulinHi. OgHaK TUTaH Ma€ HU3BKI TPUOOJIOTIYHI
XapaKTePUCTUKH, L0 MPU3BOJIUTH JI0 MOBEPXHEBOTO CXOIUIIOBAHHS Ta YTBOPEHHS
3aIUpiB MiJ Yac TEPTs 3 IHIIMMHU MeTajllaMd. ToMy 3aCTOCYyBaHHS TUTaHy y By3Jax
TEpPTS MEXaHI3MIB 1 MalIMH 0€3 CIeliaJbHOI TOBEPXHEBOI OOPOOKU € HEMOXKIIUBHM.
JU1st yCyHEeHHSI IMX HEAOJIKIB BUKOPUCTOBYIOTh XIMIKO-TEpPMIUHY 0OpOOKY, 30Kpema
TepMOoIU(y31iiHE HACUYEHHS MOBEPXHI a30TOM (Ta30B€ a30TyBaHHS), IO JO3BOJISIE
OTpUMATH TOBEPXHEBUW MOJM(DIKOBAHMM IIAP 3 BUCOKMMHU AHTHPPUKIIAHUMU
BJIACTUBOCTSIMU, HE MOTIPIIYIOYM TaKi BaXKJIMBI BJIACTUBOCTI MaTepiany sSK KOpo3iiiHa
TPUBKICTh Ta 010CyMICHICTb.

VY 3BSI3KYy 3 1UM, METOI0 JlaHOi pPOoOOTH OyJI0 OIIHUTH BIUIMB Ta30BOTO
a30TyBaHHS Ha TPUOOJOTIYHI Ta KOPO3iiHI BIACTUBOCTI TUTAHY TEXHIYHOI YUCTOTHU
(Grade 2) micis ra30BOro a3oTyBaHHS.

HocmmkyBamu 3pa3ku posmipamu 30x10X3 MM, BHUTOTOBJIICHHI 3 TEXHIYHO
gucroro Ttutany Grade 2 (amamor BT1-0). Sk XxiMiko-TepMiuHy 0OpOOKY
BUKOPHUCTAJH 130TepMiuHe a30TyBaHHA 3a Temneparyp 750 °C (a-o6macts) Ta 900 °C
(61M3BKO 10 TEMMIEPATYPH O« [-TIepEeTBOPEHHS) BIIPOJOBXK 5 TOJI.

TpuOonoriudi BUNpPOOYBaHHS MPOBOJAMIM Ha MAIIMHI TEPTs, SKa peai3ye
3BOPOTHO-TIOCTYMAJIBHUM PyX 3a CXEeMOK0 mnaiens — IutactuHa. [lutome
HaBaHTakeHHA 2 MIla; nomxuHa Aopixkku TepTs 2 mMMm; yac BunpoOyBanb 1800 c.
[InacTuHa BUrOTOBJIEHA 3 TEXHIYHO yMcTOro TUTaHy Grade 2, maneis 3 HEPKaBIOYO1
ctam 12X18H10T.

Koposiiiny TpuBkicTh TuTany Mapku (Grade 2 y BHXIJIHOMY CTaHl Ta MICHS
XIMIKO-TEPMIYHUX OOpOOOK OIlIHIOBAIM  €JNEeKTPOXIMIYHMMH  MeTojgamu. Jlis
BUMIPIOBAHHS EJICKTPOXIMIYHUX XapPaKTEPUCTHUK BUKOPUCTOBYBAJIM MOTEHINIOCTAT
IPC-Pro 3 tproxenektpomnoro komipkor ta IIK. JlocmimkyBamu y 20 % BomHOMY
PO3UMHI XJIOPUIHOI KHUCIOTH. ENEeKTpoaHi MOTEHIIalu AOCHIIKYBAaHHX 3pa3KiB y
KOPO3WBHUX CEPEJOBHINAX BHUMIPIOBAIM BIIHOCHO HACHYCHOTO XJIOPCPIOHOTO
CJIEKTPOy TMOPIBHSIHHS. J(OMOMIKHUM €JIEKTPOJIOM CIIY)KHJIa IJIATHHOBA CITKA.
[IBUAKICTH PO3TOPTKHU NMOTEHIlIaTy cTaHOBMIA 5 MB/c.
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AzotyBanns 3a Temnepatrypu 750 °C ¢opmye Ha MOBEpXHI 3pa3KiB IUTIBKY
HWK4Yoro HiTpuay tutany TipN (e-daza). Ilpu oMy crnoctepiraeMo 301TbIIEHHS
MDKIUTOIIMHHUX Biuaned peduiekciB o-Ti, 1mo cBiAYuTh Tpo ¢GOpMyBaHHS Mif
0/1HO(ha3HOI0 HITPUAHOIO TUTIBKOIO TBEPJOTO po34yuHy a3ory B TuTaHi — Ti(N). 3i
30UTbLIEHHSIM TeMmmepaTtypu tepMmoaudysiinoro HacuueHds 10 900 °C dpopmyerbes
nBodazHa HITpUIHA IUTIBKA, KA MICTUTh SK HITPHUA HUXKYOI BaJICHTHOCTH T1,N, Tak 1
MoHOHITpuA TiN (6-aza).

Y  poOoTi BU3HAYaNM  KIABKICHY  XapaKTePUCTHKY  aHTH(PPUKIIHHUX
BJIACTMBOCTEH TMOBEPXHI THUTaHy — KOe(illieHT TepTa. HalBUIIKMM 3HAaYEHHSIM
koeodiuienty tepts (0,22) Bomoaie TpubOomapa, e TUTaH OyB Y BHUXIJHOMY CTaHi.
AzotyBanHs 3a temmeparypu 750 °C 3HMKYye Koe(illieHT TepTd IaHoi TpuOomapu
nopiBHSHO 3 Buxigaum (0,22 npotu 0,17, BimoBiAHO). 3 MABUILIEHHAM TEMIEPATypU
ximMiko-TepMmiuHoi  00poOku a0 900 °C, aHTHUPUKIIINHI BIACTUBOCTI TUTAHY
M1JBHUINYIOTECS, TOOTO (PikcyeMo 3HIKEeHHS KoedimienTy TepTs (o 0,13). Takox 3
HiJBUIICHHAM TEMIEPaTypy a30TyBaHHS 3MEHILIYEThCS 1HTEHCUBHICTh 3HOIIYBaHHS
3MIIHEHOTO TUTaHY, TOOTO MiABUIILYETHCS HOTO 3HOCOTPUBKICTb.

dikcoBaHe MiABUIICHHS TPUOOTEXHIYHUX XAPAKTEPUCTUK 0OYMOBIIEHO TUM, IO
MiJ 4ac TepTs HEoOpOOJEHOro TUTAHY Yy Mapl 31 CTAJUIIO Peai3yeThCs aare31iHui
MEXaHI13M 3HONIYBaHHS 3 XapakTEpPHUMHU JUIsI HbOIO TJIMOOKMMHU MOB3OBKHIMU
KaHaBKaMH Ta MIKpPOBHpPHMBAMHM Ha TMOBepxHi. Ha KOHTakTHINl mOBepxHI 3pa3KiB 3
MEHILIOK MILHICTIO MaTepially (THTaH) YTBOPIOIOTBCS XaOTHYHO PO3TAIIOBaHI
BUpPUBH, a Ha 3pa3kax 3 OUIBIIOI MILHICTIO (CTajlb) — HAJUNaHHA. 3a PaxXyHOK
(hopMyBaHHS MicCIA a30TyBaHHS TBEPJIOTO HITPUIHOTO IIApy KUIBKICTh BUPHUBIB Ta iX
pO3MIpHM HAa KOHTaKTHIN MOBEpXHI 3MeHIIyeTbca. llpu nboMy 31 30UIbIICHHSIM
TEMIIEpaTypu a30TyBaHHS CKJIaJ0Ba  aJre3iifHOTO MEXaHI3My 3HOIIYBAaHHS
3MEHIIYEThCS Ha (DOHI 301JIBILIEHHS CKJIa/I0BO1 a0pa3sMBHOIO 3HOLIYBaHHS ISl TAHOI
TpubOIapu.

BceranoBwiiy, mo g0CiiKyBaHl peKUMU a30TYBaHHS €EKTUBHO MiABUIIYIOThH
Kopo3iiiny TpuBKicTh THTaHy Grade 2 y 20 % pozuuHi xjopuaHoi kuciaotu. [licms
azoryBaHHs 3a temmeparyp 750°C Tta 900 °C 3HaueHHS CTpPyMiB KOpo3ii
3HHKYIOTBCS Ha TOPSJIOK IMOPIBHAHO 3 HEOOpOOJICHUM 3pa3KOM, Ta CTAHOBIIATH
0,0044 ta 0,0046 A/M°, Bigmosinuo. BinTak i KoposiifHa TPUBKICTh TAKMX 3pa3KiB Ha
MOPSIIOK BUIIA, HIXK HEoOpoOsieHoro tutany mMapku Grade 2. 3HaueHHS MOTEHIUATY
KOpO3ii 3MimIyroThcs B Oik monmatHix 3HadeHs (-0,39 ta -0,43 B mpotum -0,59), mo
CBIIUUTH Mpo oOjaropo/xeHHss Mmatepiany. HesBaxkarounm Ha Te, mo 3a 900 °C
dopmyetnbes HiTpua TiN, koTpuii € ctiiikimmM Big TiN,, 3HaUeHHSI CTPyMiB KOpO3ii
TaKUX 3pa3KiB € Ha OJJHOMY pPiBHi. [IpuunHOIO IbOTO MOXE OYTH 3HAYHE TT1BUILICHHS
IIOPCTKOCTI TMOBEpPXHI y BHUMaaKy QopMyBaHHa HiTpuay TiN, KOTpe 3yMOBIIO€
30UTbIIEHHST  ()aKTHMYHOI IUIOLII KOHTAaKTyBaHHS Marepialy 3 arpeCMBHUM
CEPEIOBHUIIEM, a TAKOXK 301IbIIIEHHS MIKPOIe()DEKTIB TOKPUTTSI.

Takum 4YWMHOM, TIOTOBIIAHHS HITPUIHOTO TMOKPUTTS 32 PAXYHOK IiJBUILNEHHS
TEeMIIepaTypu a30TYBAHHS MIJBUIIYE 3HOCOCTIMKICTh B yMOBaX CyXOro TepTs B mapi 3
HEP)KaBIIOUOIO CTAJIIIO Ta KOPO3iitHy TpuBKicTh y 20 % po34nHI XJIOPUAHOI KUCIOTH
TUTaHy TexHI14HOi yuctotu Grade 2.
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Iupoxo3oHuuii HanmiBnpoBinHuKoBUii kpuctaa T1,Cdlg —
NMePCHeKTUBHUN MaTepiaJj il 1eTEKTOPIB dKOPCTKOI0
BUIIPOMIHIOBAHHSA: 30HHA CTPYKTYPA i IIJILHOCTI €JIEKTPOHHHUX
CTaHIB

JIyxHmin LB.}, XWKyH 0.10.}, bekensos B.JL.Y, [Tapacrok 0.B.?

1I;Ltcmumym npobaem mamepianoznascmea im. Ppanyesuva HAH Ykpainu,
syn. Kporcuosrcanoscokoeo, 3, Kuis, 03142, Ykpaina,
e-mail: luzhnyi92ivan@gmail.com
ZKaqbe()pa Heopeaniunoi ma Qizuunoi ximii, CxioHo€8ponetcoKuli HayioHAIbHULL
yHigepcumem imeni Jleci Ykpainku, npocnexkm Boni, 13, 43025 Jlyyvk, YVrpaina

Hanisnposiguuku tumy T1,BXeg(B — Cd, Hg; X — I, Br, Cl) inTtencuBHO
JTOCIIKYIOTBCSL B OCTAHHI POKH 3aBJASIKM TOMY, IO BOHH JIEMOHCTPYIOTh HU3KY
I[IKaBUX  BJIACTUBOCTEH, 30KpeMa [MEpPCHEKTUBHICTh iX  3aCTOCYBaHHS B
ONTOECJEKTPOHIII Ta B SAKOCTI MaTepiajiB g JIETEKTYBaHHS KOPCTKOIO
BUNpoMiHtoBaHHs. [lependayaeThes, MO A9 TaKUX TajoreH1iB XapakTepHa CHIIbHA
aH130TPOIIs] KPUCTATIYHOI CTPYKTYpHU 31 30€pEKEHHAM CYTTEBOIO BKJIAIy 10HHOL
KOMIIOHEHTH Yy XIMIYHUH 3B'A30K. 30KpeMa, 1€ XapaKTEPHO JJISl TaKUX TajlOTeHIIB,
sk TlioHgsClyg [1], Tl4HgBrg [2,4] 1 TlsHgls [3,4]. B maniit poGoTi MU JTOCITIIAIH
0COOJIMBOCTI €NEKTPOHHOT CTPYKTYPH Ta XiMiuHOTO 3B 513Ky Kpuctany T1,Cdls.

Kpucramiuna crpykrypa cnonyku T1,Cdlg  nobOpe  omumcyerscst B
TeTparoHajabHI CUHTOHII, IO BIAHOCUTHCS SIK 10 MpocTopoBoi rpynu P4nc (Ne 104),
Tak i g0 mpocropoBoi rpymu P4/mnc (Ne 128). KokHa cTpykTypa MICTUTH MBI
(hopMYJIBHUX OJIMHMIN B €JIEMEHTAPHIN KOMIpIII.

Po3paxynku 30HHOI cTpykTypu 1 1miibHOcTi ctaHiB Tl4Cdlg mpoBogmim
ITOBHOIIOTEHINIAIBHUM JIIHEAPU30BaHUM MeToJoM Itockux xBmib (FLAPW) 3a
noromMororo nporpamuoro komriekcy WIEN97 [5]. Paaiyc muffin-tin chepu nns Tl
OyB y3stuit piBaum 3.5 ar.on., ma Cd i I — 2.6 at.on. Ilapamerp RK__ , skwuii
BHU3HAYa€ YKUCIIO 0a3MCHUX (YHKUIN, 110 BKIKOYAIOTHCS y PO3PAXYHOK, OYB PIBHUM
8.0, a GMAX - 12. ¥V poskiagaHHi nmoTeHIiany HecheprudHi BKJIAIH BPaXxOBYBaJIHCS
1o |1=6. OOMIHHO-KOpEJSLUIMHUN TOoTeHIian OyB y3STHl B (OopMi y3araJbHEHOIO
rpajieHTHOrO HaOmmkeHHs (generalized gradient approximation — GGA) BiNOBIIHO
1o pobdotu [6]. InTerpyBanHs 1o 30H1 bpuiitoeHa MpoBOIUIN METOJIOM TETpaeapiB
[7] 3 Buxopuctanasm 1000 k-toyok B moBHIM 30HI bpimmoeHa. 301XKHICTH
ITepaIiitHOro MpoIecy KOHTPOJIIOBAIM 32 JOTIOMOTOI 1HTErpajgbHOI PI3HUIIL 3apsay
q= J. |Pn = posldr, i€ p, ,(r) — BXiAHA LIIBHICTb 3apsfy, p,(r) — BUXiJHA LIJIBHICTH
3apsimy. OOYHCIIEHHS TiepepuBaii NpPU BHUKOHAHHI YMOBH ¢<0.00001. Jlms
oOuyuCIeHHS UIUIBHOCTI CcTaHiB Oyma TpoBeleHa JOoJaTKOBa  iTepaiis 3
BukopuctanasM 2000 HeekBiBaleHTHUX K-TOYOK B MOBHil 30H1 bpitoeHa.

Pesynbrati po3paxyHKy IIIJIBHOCTI €JIEKTPOHHHUX CTaHIB Ui JBOX
POCTOPOBUX IPYIII, Y KOTPUX MOKe KpuctaiizyBarucs croiyka T1,Cdlg, sk BuaHO 3
puc. 1, mpakTHuHO 30iraroThcs. 3a maHuMmu pospaxyHky ramorenin T1,Cdlg e
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MPSIMO30HHOIO CIIOTYKOIO 3 €HEPreTUYHOIO IIUTHHOI0 B 000X CTpyKTypax B Toumi I,
piBHOMO 2.03 €B.

50 504

4s-Cd
5p-Tl
4p-Cd
4d-|
4s-Cd
5p-Tl
4p-Cd
4d-1

40 1

N
o

30

w
=]
1

20+

[N)
o
1

Dos electron/(eV*unit-cell)
Dos electron/(eV*unit-cell)

10

[N
o
1

T T T T T T T T 1 T T T T T T T T 1
-108 -96 -84 -72 -60 -48 -36 -24 -12 0 12 -108 -96 -84 -72 -60 -48 -36 -24 -12 0 12

Energy, eV Energy, eV
50 - 50 -
o S
= 3
~ 40+ ~ 40
3 8
= o
c S
g 30 A 2 304
J J
= =
5 5
5 20 5 204
ks 3
o G
8 3
0 104 O 104
0+ T T T T T T T T T 1 0+ T T T T T T T T T 1
-14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12
Energy, eV Energy, eV

Puc. 1. IToBni minmsHOCTI enektponnux craHiB T1,Cdlg y HabmxkeHHI TPOCcTOPOBOT
rpymu P4nc (a) i P4/mnc (0).
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JociixxeHHs BILIMBY napamMetpiB pexxumy 3D npyky Ha CTPYKTYpPy
Ta MexaHiuHi BaacTtuBocTi 3D Mojedeii i3 moJiiakTuay

Macwuok O.I1., FOp:xxenko M.B.

Inemumym enexmposzeapiosannsi im. €.0. [lamona Hayionanvnoi akademii nayx Yrpainu
Vxpaina, Kuis 03680, syn. Kasumupa Manesuua 11, e-mail: omasiuchok@gmail.com

HuHi aguTUBHI TEXHOJIOTIi, SICKpAaBUM MPUKIAIOM SKUX € TPUBUMIPHUHN APYK,
SIBJISIFOTH COOOI0 OJIMH 3 HAIPSIMIB, 10 TMHAMIYHO PO3BUBAETHCS 1 BIIKPUBAE BCE HOBI
MOKJIMBOCTI BUKOPHUCTaHHS 3D TEXHOJOTIH y PI3HUX Taly3sX JIFOJACHKOI MisTBHOCTI.
IcHye 3Ha4YHA KINBKICTH TEXHOJOTIA CTBOpPEHHS peanbHuX 00'ekTiB 3 3D Momeneil.
Opniero 3 Haitbuem momupennx € FDM (Fused Deposition Modeling) a6o FFF
(Fused Filament Fabrication) 3D apyk miacTUKOM 3a paxyHOK JOCTYIHOCTI Ta
npakTu4yHocTi. MogentoBanHss meroaom HamiasieHHss (FDM /FFF) nepen6auae
CTBOPEHHS TPUBUMIPHUX O0'€KTIB IUISIXOM HaKJIaJaHHS MOCIIIOBHUX PO3ILIABICHUX
mapiB TEPMOIJIACTUYHOIO MaTepialy 3a JaHUMU LU@PpoBOi Momeni. Y SKOCTI
BUTpaTHUX MatepiamB s 3D OpyKy [OaHMM METOJIOM BHKOPHCTOBYIOTH BCI
TEPMOIUIACTUKM Ta KOMIIO3UTHI ~MaTepiaJii Ha iX OCHOBi, BKJIIOYAIOYH
akpuioHiTpuiaoytagieHcTupon (ABS), mominmaktun (PLA), nomietunentepedTranar
(Co-PET), monikapoonar (PC), momicTupos Ta iHIIi, 10 MOCTAYal0ThCs y BUIVISII
KOTYIIOK (pLITaMEHTY.

VY npanHiit poOOTI sSIK BUTpAaTHUN Martepiad OyB BHUKOPUCTaHUM (iIaMEHT 3
noninaktuny — PLA BupoOHunTBa kommanii MonoFilament. 3D moaem i3 PLA mo
texHosiorii FDM /FFF Oynu otpumani npu pi3HuX mBuiakoctsx (20, 50, 80, 110
MM/C) Ta criocobax (1o oAHOMY 3pa3Ky OKpPeMO Ta OJHOYACHO 10 4 mT) apyky. [licnus
YOro 3a JOMOMOTOI0 CTaHJAPTU30BAHOTO BUIIPOOYBAHHS HAa OJJHOBICHE PO3TATYBAaHHS
Oyna mpoBeAeHa OIIHKA MIIHOCTI 3YEIUIEHHS MK I[IapaMyd OTPUMAHUX 3pPa3KiB.
Haiikpamuit pesynbrat (56,9 Mlla) OyB oTpuManuii y Bunaaxky apyky 3D mopeni
npu mWBUAKOCTI 80 MM/C, IO € OJIM3BKUM J10 TaOJUYHOTO 3HAYEHHS MEX1 MIITHOCTI
npu postsaryBanHi PLA — 57,8 Mlla. Ilpu npyui 3 Takow X MIBUAKICTIO BIAPa3y
YOTUPHOX JIeTaNIel MapajeibHO, KOJIM COIIO TEPEXOAWTHh BiJl OJHIET MOJEN 0
1HII01, BIMOYBAETHCS 3HUKEHHS TEMIEPATypu Ta IUTACTHYHOCTI BEPXHIX IIapiB
BUpOOY, 110 OOYMOBJIEHO 3OLIBIICHHSM 4Yacy OXOJOJKEHHS, 1 HACTYIHI IIapu
PO3IUIABJICHOTO0 MaTepially JISITaloTh Ha OCHOBY, IO BXE€ YacCTKOBO BCTHUTJIA
3aTBepAiTH. lle mpu3BOAWUTH 0 3HWKCHHS aare3ii Ta MOTIPIIEHHS KOHTAKTHOTO
MEXaHIYHOTO 3YeIUICHHS MDK IIapaMd HaJpyKOBaHOTOo BUPOOY 1, SK HACIIJOK,
3HM>KeHHsST MirHocTi (20,7 MIla). 3 iHmoro OOKy, 1€ J1a€ MOKIIMBICTb KEpyBaTu
MEXaHIYHUMU BJIACTUBOCTSAMU BUPOOY HpH APYII 1 OTPUMYBATH B OQKaHUX MICIISIX
JeTan 3aJaHy MIIHICTb. AOO K, SIKIO BUKOPUCTAHHS BUPOOY HE mependavae Moro
eKCIUTyaTallll0 B yMOBaX HABaHTAXXEHHS, TO JAPYK BiJpa3y [EKUIbKOX AeTaylen
TI03BOJISIE CKOPOTUTHU Yac Ha TPOIIEC X BUTOTOBJICHHS.
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Effect of high energy electron irradiation on structure and optical
properties of TiO, films

Myroniuk D. V., levtushenko A. I}, Maslyuk V. T.2, Strelchuk V. V.3, Kolomys O. F.%,
Timofeeval. 1.}, Brus V. V.*

Frantsevich institute for problems of materials science NAS Ukraine, 3 Krzhyzhanovskyi str.,
03142 Kyiv, Ukraine e-mail: denysmyroniuk@gmail.com
?Institute of electron physics NAS Ukraine, 21 Universytetska str., 88017 Uzhgorod, Ukraine,
3Lashkaryov Institute of semiconductor physics NAS Ukraine, 41 Nauky av., 03028 Kyiv, Ukraine
*Yuri Fedkovych Chernivtsi national university, 2 Kotsiubynskyi str., 58012 Chernivtsi, Ukraine

Titanium dioxide (TiO,), one of the best prospective transparent conductive
oxides, is widely used in different semiconductor devices due to its high transparency
for visible light, large value of the refractive index, controllable specific resistance,
good adhesion and high chemical resistance [1]. Also, TiO, is environment friendly.
The value of the band gap energy of TiO, varies from 3.15 to 3.5 eV depending on
the crystalline structure and deposition technology [1-3]. The radiation influence
makes the scientific interest to the material in the radiation environment such as at the
low earth satellite orbits. Thus, the studies on changing of a structure, vibrational and
optical properties in the radiation environment are important for space applications of
materials and devices based on TiO..

Titanium diooxide films were
grown by DC magnetron sputtering
S on sapphlr_e substrates. The samples
stradiated were irradiated at room temperature
by 10 MeV electrons at fluences up
to 2-10°°cm?®  As-grown and
irradiated samples were investigated
E by X-ray diffraction,
\ . . photoluminescence and Raman
M /| scattering.

100 200 360 400 500 600 700 Raman spectra of as-grown
Raman shift, cm’

Fig. 1 Raman spectra of TiO, films as-grownand ~ and irradiated films confirm the
irradiated by electrons anatase phase of TiO, (Fig. 1).
Raman modes can be assigned to
the Raman spectra of the anatase single crystal [4]: ~ 144 (Ey), 197 (Eg), 399 (Byy),
513 (Ayy), 519 (Byg) and 639 cm ™' (Ey).
The effect of electron irradiation on TiO, films properties is discussed.

Intensity, arb. un.

1. Diebold U 2003 Surf. Sci. Rep. 43 53.

2. Richards B S 2002 Novel uses of titanium dioxide for silicon solar cells PhD Thesis, University
of New South Wales, Sydney.

3. Brus V V 2010 Eastern-Eur. J. Enterprise Technol. 47 13.

4. T. Ohsaka, F. Izumi, Y. Fujiki, 1978 J. Raman Spec. 7 321.
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BusnaueHHs1 Koe(ilieHTY TeMIepaTypoONPOBIIHOCTI MaTepiaJiB 3a
JAOIMOMOI 0K METO0/1a MOAYJIALIMHOI MOJSIPUMeETPIl
Miunaiiygoa I.A., Matsm 1.€.

Inemumym ¢hizuxu nanienpogionuxie im. B.€. Jlawkapvosa HAH Ykpainu
np. Hayku 41, m. Kuis, 03028 Vxpaina

SIKII0 T17I0 HArpiBaTU HEPIBHOMIPHO, Y HHOMY 3 SIBJISIETHCS MOTIK TEIIa, SIKUM
MEPEHOCUTHCS 3a JOMOMOIOI0 MeXaHi3MiB TemonepeHocy. Ilpu HeBHuCOKuX
TeMIIepaTypax MEXaHI3MOM TEIUIONEPEHOCY TeIUla € 3BHYaiiHa TEIUIOMpPOBIIHICTD
PEYOBHHHM, TOMY CaM€ BOHA CIpHUS€ TMOMIMPEHHIO €Heprii ¥ BUPIBHIOBAHHIO
temneparypu. KpiM TOro, B HEBEIMKOMY Jiara3oHl TeMIleparyp, KoedilieHT
TETUIONPOBITHOCTI 1 TEIUIOEMHICTh PEYOBHHU Maike HE 3MIHIOIOTHCS, a PIBHSIHHS
TETUIONPOBITHOCTI € JIIHIAHHUM:

2
T _Q0T, a2 {M_} )
ot OX C.p | c
Ie a - Koe(IUIEHT TeMIepaTypOIpOBIIHOCTI, A - TemonposinHicTs, C, - mUTOMA
TEIJIOEMHICTh, p — IIUIBHICTh PEYOBUHH. TeMIIepaTypONpPOBIIHICTh XapaKTEPHU3YE
MPOLIEC BCTAHOBJIEHHS TEMIIEPATyPHOIrO TPAI€HTy B MaTepiallli IpH HOro HarpiBaHHI
a00 0XO0JIOKEHHI.

Hns EKCIIEPUMEHTAIBHOTO BU3HAYCHHS Koe(ilieHTy
TeMIEepaTyporpoOBITHOCTI Oyjia BUKOPUCTaHA TEXHIKA MOIYISLIMHOI MOJSIpUMETPIl
[1], mpuHOMn [ii $KOiI 3aCHOBAaHO Ha peecTpalli LHUPKYISIPHOI KOMIIOHEHTH
BUIPOMIHIOBaHHS, 110 Ma€ JIHIHHUM 3B'SI30K 3 MEXaHIYHUM HAMPYKEHHSIM.

3pazkamu  Oysio 00paHO 3 THUOM HEKPUCTATIYHUX MaTeplaidiB: ONTHYHE
kBapuoBe ckio KB, KI ta candip ontuunuii (neiikocandip). 3pa3ku mo uepsi
BCTAHOBITIOBAJIMCS HA HArpiBay i BUMIproBajacsl BeIUYMHA MEXaHIYHOTO HaIPY>KEHHSI
y 3pa3ky sk (QyHKIS 4acy o(f) B JIeKiJIbKOX KOOpAMHATaX 3pa3ka BiJ HarpiBaya
Y3JI0BK HAMPSIMY TEIJIOBOTO MOTOKY.

Ha puc.1, a npeacrasneno o(t) mis ckna KB B koopaunatax 10, 20, 30 MM Bif
HarpiBaua; Ha puc. 1, 6 — msa ckia KI B koopauaaTtax 2, 6, 10 MM Bijg HarpiBaua; Ha
puc. 1, B - mia candipy B xoopauHatax 10, 11, 12 mwm. Jam Oymyemo rpadiku
3aNSKHOCTEH Y,0c(t), 1€ V,u(t) — KOOpaMHATA BUMIprOBaHHS 3paska, t — vac, mpu
SKOMY CIIOCTepiraeTbcss MakcuMyM Ha o(t). Ha puc. 1, r 300pakeHo Y, (t) 11 ckia
KB; na puc. 2, 1 — Y,..(t) 1ng KI 1 Ha puc. 1, € — Y,,..(t) ans candipy.

KoeditieHT TemnepaTyponpoBIAHOCTI a B TBEPAUX TUIAX € AHAJIOTIEI0
koedimienTy nudysii Moiekyn B piguHax 1 razax [2]. Tomy, skmo Ay=Y,, -V,

muprHa o0JacTi 3pa3ka, B SKIA 30CepeeHa OCHOBHA KUIBKICTh TEIUIa 3a 4ac
At=t,, -t,, TO 3 MipKyBaHb pO3MIPHOCTI sCHO, mO0 Ay’ ~aAt, Ay ~+aat [2].

QNaa

dt At
2
KOe(DIiIIEHT TeMIepaTyponpoOBIIHOCTI a = AAyt 3 JIHIAHUX 3aJexXHocTed puc. 1, r, 1,

A .
Y 3BIJICH JIETKO PO3paxyBaTu

[IBUAKICTH PO3NOBCIOIKCHHS TETLIA S A
y

€. s cknma KB a=0.6803-10° m*/c, mua ckma KI a=0.85-10°x"/c, mua candipy
a=1.43-10"m*/c. Jly1s MOpiBHSHHS HaBEAEMO Koe(DilliEHT TeMIepaTyponpoOBiTHOCTI 3
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nosignuka [3] s ckna KB a=0.7-10°2 /¢, ana KI a=0.841-10° »* /¢, nna candipy
a=1.42-10"xn%/c.
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Puc. 1 YacoBi 3a1€:KHOCTI MEXaHIYHUX HAMpyKeHb o(t) B pi3HUX TOYKAX 3pa3Ka

BiJl HarpiBaya y HanpsiMKy TerioBoro notoky y ckii KB (a), KI (0), nefikocandipi (B);

YacoBi 3aJIGKHOCTI EKCTPEMYMIB MEXaHIYHOTO HANPYXEHHS V,,.(t) y ckii KB (1), KI

(m), neitkocandip

1(€).

. L.E. Marsam, W.A. Munainosa, O.H. Mumyk, b.K.Cepaera, MopaynsuuonHas

MOJISIPUMETPUST TEPMOYIIPYTOCTH, MHIYLUPOBAHHON TEIUIOBBIM H3JIy4EeHHEM B CTEKIIE,

OTT 56, 7 (2014).

A.B.3enpaoBuu, HO.I1. Kaiizep. ®usmka ymapHUX BOJH M BBICOKOTEMIIEPATYPHBIX
ruipoauHaMuueckux siaeHui. M.: Hayka, 1966, 687 c.

Kpatkuii cripaBounuk ¢pusuko-xumudeckux Benuund. Uza. 8. [lox pen.
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AHaJi3 POHOHHOI KOMIIOHEHTH B CIIEKTPAX JUXPOI3MY OTHOBICHO

neOpMOBAHOI0 KPEMHII0
Matsau 1.€., Minaiinosa L A.
Inemumym ¢izuxu nanienpogionuxie im. B.€. Jlawmkapvosa HAH Ykpainu
np. Hayxu 41, m. Kuis, 03028 Ykpaina

VY nepeBaxkHI OUIBIIOCTI POOIT EKCHEPUMEHTAJIbHE OTPUMAHHS CIEKTPIB
JTUXPOi3My 3BOJIMJIOCS JI0 BUMIPIOBaHHS CIIEKTPIB MOTJIMHAHHS a00 BiAOMBAHHS MpPH
JIBOX  OPTOTOHAJIBHMX  JIHIAHO  TOJAPU30BAHMX  XBUJISIX  30HAYIOUOTO
BUIIPOMIHIOBaHHS 1 MOJAJIBIIOT0 OOYUCIICHHS 3 HUX CHEeKTpa Auxpoizmy. [loaionmii
MiIX11 MOKHA 3aCTOCYBaTH, B OCHOBHOMY, JI0 MIPUPOJHO aHI30TPOIMHHUX PEUYOBUH 3
CHJIBHOIO aH130TPOIIEI0, TaK K B I[bOMY BUIAJIKy HEMHUHYY1 TOMUJIKA BUMIPIOBAHHS,
SIK TIPAaBUJIO, HEXTOBHO MEHIII KOPUCHOTO CHTHAIY.

Ane, SK BIIOMO, KPHCTJIA KPEMHIIO HAJIekKaTh 0 KyOI4HOI CHHTOHII, 1 iM
BJIACTUBA JI€JNIEKTpUYHA 130Tporid. ToMy TUIBKM B HAaCHIJOK CIPSIMOBAHOIO
30BHIIIHBOTO BIUIUBY, IO MOHMKYE CHMETPII0 KPUCTAJIA YX €IEKTPOHHOI CTPYKTYpH
B HUX MOXe crocrtepiratucs edexkt auxpoizmy. [Ipu 1mpoMy BelMuYrMHA BKa3aHOTO
BIUTMBY, HaIIPUKJIaJ OJJHOBICHOTO CTHUCKAHHSI, IOBUHHA OyTH JOCTAaTHHO MaJoO0 s
HE3MIHHOCTI MapaMeTpiB MaTepiaily, 10 POOUTh TPATUIIAHUNA METOJ] BUMIPIOBAHHS
TUXPOI3MY MaJlo MpUAATHUM. Y pasi XK BHUKOPUCTAHHA TEXHIKH MOIYJISLIHHOL
MOJISIPUMETPIi, sika 3a0e3neuye BUABHY 3AaTHICTh BIJIHOCHO BEJIMYMHU aHI30TPOIIi Ha
piai An/n=10® [1], BigKpHBa€eThCS MOXIMBICTH OTPHMYBATH CIIEKTPH HE TLIBKH
MIPUPOIHOrO, aj€ 1 HABEJIEHOIO JMXPOi3My MPU HE3HAYHMX 30BHINIHIX BIUIMBAX Ha
3pa3ku. TakoX MOJyJsliiHa TOJAPUMETPIS Ja€ MOXKIMBICTh 0O€3MocepeHBO
BUMIPIOBATH CHEKTPAIBHUI PO3MOJLIT UM IHIIUN MapaMeTp AUXPOi3My, IO JO3BOJISIE
ICTOTHO TIABUIIUTH 1HGOPMAIIHY 3/1aTHICTh CIIEKTPIB, T4 OYIKYBaTH BHUSBICHHS
TaKUX iX 0COOJIMBOCTEM, SIK1 MPOSBISIOTHCS TUIBKU AUGEPEHITIATHBHOI METOTUKOIO.

Hacammnepen, 1ie 0coOIMBOCTI CHEKTPIB TOB’si3aHl 3 (POHOHAMH, OCKUIBKH B
KpUCTAII KPEMHII0 MIDK30HHI TIEPEXOJd MijJ JI€0 BHIPOMIHIOBAaHHS B JIiala3oHi
€HEprifl, Mo MICTUTbCA MIXK 3HA4Y€HHsAM 3a00poHeHOi 30HM (Ey = 1,142 eB) Ta
HalOMMKYUM  BEpPTUKaIbHUM mepexogoMm mnpu hv = 3 eB, BinOyBaroTbes 3 iX
MOTJIMHAHHAM a00 BUIIPOMiHIOBaHHM [2]. Takox BapTO BpaxyBaTH, 1110 B PE3YJIbTATI
OJIHOBICHOI JieopMaliii KpUCTady KPEMHIIO Y3JI0BXK KPUCTAIOrPa(iqHOr0 HANIPSIMKY
[111] 3HIMa€eTbCsI BUPOJKEHHSI BAJCHTHUX 30H, a B3JI0OBXK JBOX IHIIUX TOJIOBHUX
HaIpsIMKIB - 1 30HM MpOBiMHOCTI. lle mpu3BOaUTH 1O TOro, M0 E€AMHUM YHHOM
MOXJIUBUM TIEpeXiJy B 130TPOMHOMY BHUMAIKYy pPO3MAAAEThCSl HA YOTHUPH, IO
PO3PI3HAIOTHCS K 3HAYCHHSMHU €HEpPTii, Tak 1 MpaBWJIaMy B1I0OOpPY MO BIAHOIIEHHIO
710 CTaHiB moJisipu3aiii. PI3HUI KOEe]iII€HTIB MOTIUHAHHS KPUCTATY, 110 BHHUKJIA
BHACNIJIOK IhOTO, MPU3BOIATH J0 IIOSBH PI3HHUIII B BEIWYMHAX KOE(DIIi€HTIB
npormyckanHs T (hv) # Ty(hv). CnexrpanbHi 3aleXHOCTI BENIUYMHH iX Ppi3HHII
AT(hv) ans 3pa3ka KpEeMHIIO OJHOBICHO JA€(OPMOBAHOTO PIZHUMH 3yCHIIISIMU
B310Bk opienTaiii [ 100], HaBeaeHi Ha puc. 1.
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0,010+ Sk BUIOHO 3 pHUCYHKY, 3pa3oK,
4008 SL"'_CK;HH;" KGap 110 neopMyeThCs B3JI0BXK
’ kpuctasnorpadiunoi oci [100], Ha
BIIMIHY BiJl TPOCTOi  MOXITHOI
JEMOHCTPYE CKIAgHy CTPYKTYpY
3aJIeKHOCTI MOJSPU3AIIIHOI PI3HULI
AT(hv). TIlepm 3a Bce, BOHa
NPOSIBIISIETBCSI B HAsABHOCTI  JIBOX
€KCTPEMYMIB, YaCTOTHE MOJOKECHHS
AKUX HE 3aJeKUTh BIJ BEIUYUHU
nepopmyrouoro  3ycuwiuis, a o ix
OpIWHATH  JIHIAHO TIOB's3aHl 3
BEIMYMHOIO  PO3IICIICHHS, 5K
BAJICHTHOT 30HW, TaK 1 30HHW MPOBITHOCTI. bBigbII TOrO, BHAHO, IO CIEKTPU
CKJIaJIal0ThCA 3 KYCOUHO-JIIHIMHUX 3aJIKHOCTEH, 3'€THAHUX TJIABHUMHU MEPETUHAMM.

Arnpoxcumaris JTHIAHUX
JUISTHOK JI0 TIOCIIIJIOBHOTO MEPETUHY
nae 1H(opMarrito po JEeAK1
3aKOHOMIPHOCTI B iX poO3TallyBaHHI
0 OCl EHEepriil, HampuKiIaa, TPETS
TUISHKA, 10 pO3TallloBaHa MK
3HaueHHsMu eHeprii 1.075 eB 1 1.109
eB  uymoBo  y3romxyereca 3
MOJIBOEHOIO E€HEPTi€l0 aKyCTUYHOIO

Puc.1. CnexTpanbHi 3a1eXHOCTI MOIApH3aiHHOT
PI3HUII IS KpUCTATy Si P Pi3HUX BEITHMYHHAX

nedopmartii B3noBx [100]

0,009 1

O e O m

mooOw

- = Cyma
ExkcnepumeHT I‘

o

o

S

o
L

0,003 1

AT, BigH.O1I.

0,000 s e — ¢onona TA [3]. Ognak, Hacammepen
’ ’ "y, eB’ " oTpuMaHa CYKYIHICTb O3HaK
Puc.2. PosknajanHs  CMEKTPATLHOI  1103BOJIIE BU3HAYMTHUCS 3 KITBKICTIO

3aNIeKHOCTI  MOJSIpU3alliifHOl  pI3HMIL 3

KOMIIOHEHT B 3aJlaul PO3KJIaJaHHs
BUKOpUCTaHHAM ¢yHKuii ["ayca.

CHeKTpy pucC. | 3 BHKOPHUCTaHHSIM
¢dbynkuii 'ayca. PesynpTaT npoiienypu nokazano Ha puc. 2. [3 HboOrO ciigye, mepi 3a
BCe Te, 110 B-cMmyra € 1o cyTi MOXiAHOI0 Kparo MOTJIMHAHHS B MOJIETI €JIeMEHTapHOTO
ocHuiATopa. IHIII TpW CMYrd BIANOBINAaIOTH 3a (OHOHI KOMITOHEHTH, IO
CYHPOBOJIKYIOTh 30y/KEHHS €JICKTPOHIB 13 BaJICHTHOI 30HHW B 30HY MpoBigHOCTI. B
CyMi BOHHM TMPaKTUYHO 1/I€aJbHO Y3TOJKYIOTHCS 3 YaCTHHOK TOHKOI CTPYKTYpHU
crekTpy Ha puc.l. SIkmo Hagatu 3a0opoHeHid 30HI BenuunHy Egq = 1.142 €B, To
koxkHa 31 cmyr C-D-E 3aiimae momoxeHHss Hukde 1€l BenwmumHH Ha 1-2-3 TA-
¢onona 3 enepricto Ot 30 meB. Takum YMHOM METOIOM MOIYJSIINHOL
NOJISIpUMETPIi Y Si BUSIBJIICHO TOJISIPU3AIIIAHO 3aJICKHY KOMIIOHCHTY TOTJIMHAHHS 3
yuyacTio TA (¢(oHOHA Ta TIOKAa3aHO MOJKJIMBICTh BHUKOPUCTaHHS METOJIUKH B
JOCJTIDKEHHSX 0COOIMBOCTEM 30HHOTO CIIEKTpa KPUCTAIIB.

1. B.K. Cepuera. Monyssiiiitaa monsipumerpist.- Kuis: Haykosa nymka, 241¢ (2011).

2. G.G.Macferlane, T.P.McLean, J.E.Quarington, V.Roberts, Fine structure in the absorption-edge
spectrum of Si. // Phis.Rev. 111(5), pp.1245-1254 (1958).

3. F.A.Jonson, Lattice absorption bands in silicon. // Proc.Phys.Soc. 73(470), pp.265-272 (1959).
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Ancopouisa Cr(V1) i3 BogHHX po3UyMHIiB KOMIIO3UTAMH
IJIAYyKOHIT/MOJIiaHTiH

HectepiBebka C.I1., Makoron B.M., Sdnummua M. M.

Kageopa gizuunoi ma xonoionoi ximii,
Jlvgiscokuil nayionanvhull yHigepcumem imeri leana @panka,
eyn. Kupuna i Megoois, 6, 79005, Jlveis, Yrpaina
e-mail: solomiia.nesterivska@gmail.com

CTBOpEeHHSI KOMITO3UTHUX MAaTepiajliB Ha OCHOBI €JICKTPOINPOBIIHUX IOIIMEPIB
(EITIT), 30oxpema momanininy (ITAH) Ta npupoaaux minepamis (IIM) € akTyaabHUM
3aBJ@HHSM XIMIil €JIEKTPONPOBIAHUX MOJIMEpiB. s 1UX 1€l BUKOPHUCTOBYIOTh
pizai [IM, sK OT MOHTMOPHWIJIOHIT, KaouiHiT (kaomiH), meouit, Tomo [1]. Taki
Marepialii HaOyBalOTh TIOpMIHHMX BJIACTUBOCTEHM (MOKpameHUX (i3MKO-XIMIYHUX
BiactuBocteit), a came EINII crae Ounpin TepmivHOo cTiiikuM, a [IM B koMIio3uti HiOU
ctae enektponpoBigauM. Bmict EIIIl B Takux kommo3utax Moxe OyTu pizHuUM [1].
Po3pobisieno O6arato METOAIB CHHTE3Y KOMIIO3HUTIB MPUPOJHUN MIHEpas/MoJIaHUTIH
(ITM/TTIAH). Opnak, HaWUMNONIMPEHIIUM METOJIOM € XIMIYHa OKHCHIOBAJIbHA
MOJIIKOH/ICH ALl aHUTIHY B KHCJIOTHHMX BOJHHMX PO3UMHAX 32 HAsSBHOCTI JUCIEpCii
I[IM. OxpiM Ha3BaHUX BHIIE BIACTUBOCTEM KOMIIO3UTHUX MAaTepialliB BOHU TAKOXK
MaroTh aJcopOILiiiHy 3AaTHICTh 10 Oaratbox KoMIoHeHTiB, 30kpema Cr(VI). Taxi
a7COpOEHTH € JOCTYIHUMH, HEIOPOTMMHU 1 MEPCIEKTUBHUMH MaTepialaMH, sKI
MOXKYTb OyTH 3acTOCOBaH1 Jyisi ounieHHs1 pizHux Boj Bix Cr(VI). Hamu Bopomosx
TPHUBAJIOTO Yacy JOCIIKYIOTHCS KOMITO3UTH IiaykoHiT/momianinin (I'/ITAH) [1-4].

MeTo0 1[BOTO HAIIOTO JOCHIPKEHHS OyJ0 BCTAHOBJIEHHS MOKJIMBOCTI
azcopOuiitHoi 3gaTHOCTI KoMo3uTiB ['/I1AH 3a pi3Horo crniBBigHomeHHs ['11 : [TAH
ta edextuBHOCTI amcopdbmii crocoBHo Cr(VI) i3 Bomamx posumHiB K,Cr,0.
Ancop6uiiini BnactuBocti KoMno3uTiB ['1/ITAH crocoBHO Cr(VI) 13 BOAHHX PO3UHHIB
nopiBHIOBaU 13 IIAH, CHHTE30BaHUM B LIUX CAMHUX YMOBAaX.

3pasku  [IAn Tta TWIIAH, cHUHTE3yBald OKHUCHEHHSM aHUIIHY aMOHIM
MIEPOKCOAUCYTH(PATOM y BOJHHMX pPO3YMHAX pi3HUX KoHueHTpamid HzPO, ta pizHux
kitbkocTer ' (pomoBuiie AnamiBcbke 2, XMENBbHUIBKOT 00s1acti). CriBBITHOIIICHHS
[IAn:In mno3HaueHo B myxkkax Ouist HazBu kommo3uty. Amjcopouito  Cr(VI)
JOCHIJKYBaIM CrieKTpodoToMeTprudHO 3a Joromororo Cadac 100.

[MTuroma axpcopbuiss Cr(VI), cunTe30BaHMMH 3pa3kamu, HaOyBa€ BHCOKHUX
3HAa4YCHb, sKI BignoBimarTh mnpaktuyHo 100 % edexTuBHOCTI (AMB. pHUC. a).
Benuuuny ancopOuii nepepaxoBaHo Ha OAMH rpam ajacopOenta. He auBnsuuch Ha
3MeHIIeHHs BMIicTy I[TAH B KOMITO3UTaxX BEJIWYMHA aJICOPOIIi € BUCOKOIO, MOAIOHO SIK
1 3a HU3bKUX BMICTIB 1. OpHak, 31 3meHieHHsIM BMicTy IIAH, a BiAMmoBigHO 1
30UTBIICHHS BMICTY 71 MIBUAKICTH aacopOIlii JeImo 3MEHIIYeTbes (JIMB. puUC. 0).
OcunoBuuM ancopoentom Cr(VI) € ITAH, Toai gk yuctuii ['nm aacopOye He3HAUHY
kitekicte Cr(VI1) (muB. puc. a, xpusa 6). ITutoma aacop6uis Cr(VI1) 3paskom I'n
ctaHoButh ~0,01 monw/r. B mpoueci cuntedy kommnosutiB ['/IIAH ancopOuiiini
ueHTpu ['n € 3aifHATHMH MakpoMmoseKkyjJamMu nojiaHutiHy. Hamu BctaHoBieHo, mio
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Pucynok. Kineruka agcop6mii 0,05 M K,Cr,07 3paskamu: 1 — [1AH; 2 — ['n/ITAH
(1:1); 3—TI'n/T1AH (2:1); 4 — Tnw/ITAH (5:1); 5 — T'n/ITAH (8:1); 6 — ['1. a — BrpogoBxK
TPHUBAJIOTO Yacy, 6 — Ha MOYATKOBHX CTaisIX

[IBuKICTH aACOPOIIT CHHTE30BAHUMU 3pa3KaMU € BUCOKOIO Ha MOYATKOBUX CTaJIIsIX

BIIPOJIOBXK 5 XB (pucC. a, kpusi 1-5). 30uIbiIeHHST BMICTY [J1, a BIAMIOBIIHO 3MEHIIICHHS
BMicTy ITAH B KOMIIO3UTaX, MPU3BOIUTE 0 3MeHIIeHHs mBUAKoCTI aacopoii Cr(VI) i3
BOJHUX po3unHiB. OnHaK, npu IbOMYy edeKTHBHICT, € mpaktuaHo 100 %, sk 1
edextuBHICTb aacopoiii Cr(VI) 3pazkom [TAH Ta iHIIMMU 3pa3KaMyd KOMITO3HTIB.

1.

Auumma M., Makoron B., Iiko VY., Pemernsx O. KoMmno3uTHi Marepiajid Ha
OCHOBI TIOJIIAHUIIHY Ta MPUPOJHUX MIHEPAIB: KOPOTKUU orfisafa. 1. OcoOnuBOCTI
CUHTE3Y, BiacTuBocTi Ta 3actocyBanHs // [lpami HTI. Xim. nayku. — 2018. — T.
53.-C.92-131.

. Yatsyshyn M., Saldan I., Milanese C. [et al.] Properties of Glauconite/Polyaniline

Composite Prepared in Aqueous Solution of Citric Acid // J. Polym. Environm. —
2016. — Vol. 24. — P. 196-205.

. Yatsyshyn Mykhaylo, Makogon Viktoriia, Reshetnyak Oleksandr [et al.].

Properties of the hybrid glauconite/polyaniline composites synthesized in the
aqueous citrate acid solutions // Chem. Chem. Technology. — 2016. — No 4. — P.
429-435.

. Makoron B., Hecrepiscbka C., I'epman H., Aummma M. CuHTe3 KOMIIO3UTIB

TJIAyKOHIT/TIOMIaH1IiH, J0ToBaHuN (PocdaTHOO KHUCIOTO, Ta IXHI BJIACTHUBOCTI //
BicHh. JIsBiB. yH-Ty. Cep. Ximiuna. — 2019 — Bumn. 60 — 11 c. (B apyii).
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Komno3uniiiHui MaTepiaj Ha OCHOBI cTa0iJ1i30BaAHOT0
AIOKCH/Ia HIMPKOHIIO | MAHTaHITA HEOAUMA 3
HAVIMIIIKOBUM MapraHueM

HoBoxannka A.O.l(*), AKUMOB F.}I.l, Kosanenko JI.J1.

1ﬂoneubkuﬁ Qizuxo-mexuiunuil incmumym im. O.0. Fankina HAH Ykpainu, np. Hayxu 46, Kuis,
03028, Vkpaina
2 Inemumym 3aeanvhoi ma neopearniunoi ximii im.B.1. Bepnaocvkoeo HAH Ykpainu, Ilp. Akademika
IHannaoina, 32/34, Kuis, 03142, Ykpaina

Kepamiuni najauBHI KOMIPKY € OJHUMHU 3 HAaHOLIBII MEPCIEKTUBHUX MPUCTPOIB,
K1 TIEPETBOPIOIOTh XIMIUHY EHEprilo Oe3MocepeJHhO 3 IMajiiBa B CJICKTPHUYHY.
Benukuii BIIMB Ha NPOJAYKTUBHICTb KOMIPKH, a CaMe €JIEeKTpOHHAa Ta 10HHA
MIPOBIAHOCTI KOMIPKH, Ma€ CKJIAJl 1 MIKPOCTPYKTYpa KaTOJHOTO MaTepiany.

B nmamiit  poGoti Oyno Bmepiie
BUKOHAHO JTOCITIJIKEHHS BILJTUBY
HAJJIMIIIKOBOTO MapTaHIlo Ha (OpMyBaHHS
CTPYKTypH, a came (Ha3oBuUid CKiaj,
napamMeTpu CTPYKTYpH, MIKPOCTPYKTYpY 1
HIIJIBHICTH 3Pa3KiB, Ta €JIEKTPOIPOBIIHICTD
pu TEMIIEPATypax 20-200 °C
KOMIIO3UTHHX KAaTOJHUX MarepiaiiB Ha
OCHOBI (Nd0,67Sr0,33)1_XM N14xO3:a (X:O 1 0,2)
110 mon.% Sc + 1 mon.% CeSZ.

3rifHO  pe3yibTaraM  CKaHylouoi
€JIEKTPOHHOT MIKPOCKOTIIIi 1 X-IIPOMEHEBOTO
aHaJli3y BCTAHOBJEHO, IO KOMIIO3UT 3
HaJIJIUITKOBUM MapraHiem (x=0,2),
cieuenuit mnpu 1000 °C, mOBHICTIO
BIMOBIAa€ moTrpebaM 10  KaTOJHOIO
Marepialy  CepeaHbO  TeMIepaTypHUX
KepaMIYHUX MNaJIUBHUX KOMIPOK, a came
MopyBaTa MIKpOCTPYKTYpa 3 (popMOBaHUMU
MepelniikaMd MK 3€pHAMH KaTOJHOIO 1

Puc.1 — CEM 306pasenns mosepxui ~ C/ICKTPONITHOrO MatepiamiB i3 CepenHiMm
3pa3Ky KOMITO3UTY (a) 1 TeMnepaTypHi pOBMipOM 3€pCH 0,25 MKM JIs1 MaHFaHiTy 1
3aJIe)KHOCTI MUTOMOTO otmopy p (6) 5.4 MKM TSt IIUPKOHIIO
3pa3KiB 3 Pi3HOK KOHILIEHTPALEIO X. (puc. 1,a), 30epexxeHHst (a30BOT0O CKiIaLy

Ta KPUCTAIIYHOI CTPYKTYpH, BIJICYTHICTb

iHmmx ¢a3 o000x MarepiadiB KomMmno3uTy. Ha migcraBi OTpUMaHMX JTaHHUX
TEeMIIepaTypHHUX JllarpaM KOMIUIEKCHOTO IMITeJIJaHCy B KoopauHatax HaiikBucrta Oymna
moOy/IoBaH1 TeMIepaTypHi 3aJIeKHOCTI MUTOMOIro omopy s 3pas3kiB 3 x=0 1 0,2
(puc. 1,0), a TakoX po3paxoBaHO €HEPrito akTupailii, sika ctaHoBUTh 0,38 1 0,52 B,
BIJINOBIJIHO. SIK BUAHO, MUTOMUMN OMip 3pa3Ky 3 HaAJIMIIKOBUM Maprasuem (x=0,2) B
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7Ba pa3u HuWxk4e onopy ans x=0 y BcboMy Aianma3oHi Ttemmepatyp. Lle moB’si3aHo 3
TUM, 0 HAJUTUITKOBUN MapraHellb B MaHTaHITI CyTTE€BO BIUIMBAaE Ha (OPMYyBAHHS
CTPYKTYpH Ta TMPOBIJHICTh KOMIIO3UTHUX KAaTOAHUX MaTepiaiiB, a came, BIH
3abesrneuye (HopMyBaHHIO HEOOXITHUX PO3MIPIB 3€pHA 1 MOPUCTOCTI, 30€pPEKEHHIO
($a30BOTO CKJIaly 1 BUCOKY MPOBIAHICTH KOMIIO3UTY.
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Composite materials with immobylized bioactive compounds on
inorganic matrixes (clays, nanosilica)

Paientko V.V.

Chuiko Institute of Surface Chemistry, NAS of Ukraine,
7 General Naumov Str., Kyiv 03164, Ukraine, payentkovw@gmail.com

The structure and dispersion of natural silicates are important properties due to
which these minerals are used in cosmetology. The combination of such properties as
abrasivity, adsorptivity and colloidal ones create preconditions for use of silicates as
carriers of biologically active substances (BAS), including vitamins and cosmetic
fillers.

The kinetics of BAS release is controlled by the chemical nature of the surface
and by the porous structure of the carrier. Changing the porosity and the the surface
properties due to the use of aluminosilicate matrixes of different structures as
carriers, release allows controlled their of biologically active substances, prolonging
the term of the effective use. In addition to the fact that these carriers allow to
transport BAS, they have biocompatibility and bioavailability, without causing
noallergic reaction.

Natural minerals contain various trace elements, which also affect the properties
of BAS, forming complex compounds with them.

In this work the results are presented of obtaining and testing of composite
materials of Azadirachta indica powder-aluminosilicate as an additive to cosmetic
products. In shampoos, the presence in the Azadirachta indica powder of vitamins A,
E and B contribute to strengthening the roots of hair, prevents alopecia,
aluminosilicates have a capability to catalyze biochemical reactions, including those
in contact with the skin, promotesthe normalization of the metabolic processes
responsible for cell growth and tissue regeneration.
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CTpykTypa Ta BJIaCTUBOCTI TEPMITHHUX JIATyHEH

Kuryn 10.10., Ilacemko B.B.

JIBH3 « Yaiccopoocvkuii HayionanbHUll YyHigepcumemy,
88000, YVaceopoo, Vrpaina

VY 30-x pokax MHHYJOTO CTOJITTS BIepIie OyB 3alpONOHOBAHUI MPOMHUCIOBUI
croci0 OTpUMaHHS TEPMITHHUX CIUIaBiB. J[si cMHTE3y MIgHMX CIUIaBIB Ta IS iX
3BapIOBaHHS HAWOUIBLI JOIUIPHUM MOXKE OYTH alfOMIHOTEPMIUHHUI CrociO, SKuii
TOJISITA€ Yy TIOCTIIIOBHOMY BiTHOBJICHHI TIOPOIITKOBUM QJTFOMiHIEM Mifi 3 11 okcumy [1,2].
He3Bakaroun Ha MiJBUILEHY BapTICTh CHHTE30BAHOTO MIJHOTO CIUIABYy BHCOKA
IIPOIYKTUBHICTh METOY, MOXKJIMBICTb MPOBE/ICHHS peakilii CHHTE3y 3a JIYCeHI1 XBUIMHH,
a TaKOX MEPCIEKTUBU CYTTEBOTO IMiJIBUILIEHHS €KOHOMIYHOCTI TEXHOJIOT1i B Pe3yJIbTaTi
BUKOPHUCTaHHS  BTOPUHHMX  BIAXOAIB  METANYpPridiHOTO Ta  METaJOpi3aIbHOTO
BUPOOHMIITB, JO3BOJISIIOTH BUKOPUCTOBYBATU TEPMITHI CIUIABU TMPU EKCTPEHOMY
BUTOTOBJICHHI BWJIMBKIB, peMOHTI a00 ¥ 3BaproBaHHi. be3amnensiiifHow IepeBaroro
BKA3aHUX METOMIB 1 TEXHOJIOTI CHUHTE3Yy € €HEepreTMYHa aBTOHOMHICTH (BIJICYTHICTb
noTpeOr y MPOMUCIOBUX JDKEpeNiaX eNEeKTPOEHEprii) 1 MpocToTa OOJaJHAHHS IS
MPOBEACHHA CHHTE3y. Bce BkazaHe MpPU3BEIO [0 HEOOXITHOCTI BCTAHOBIICHHS
MOJXJIMBOCTEM CHUHTE3y MIJHMX CIUIaBIB — JIaTyHEW Ta CHUHTE31 BKa3aHUX CIUIABIB 3
HEOOXIHOIO MIKPOCTPYKTYpOIO Ta TMOTPIOHUM KOMIUIEKCOM (DI3MKO-MEXaHIYHUX
BJIACTUBOCTEN.

Pe3yJbTaT TEOPEeTHYHHUX TAa eKCINEePUMEHTAJBHUX d0CHiKeHHsa. [licis
BCTAQHOBJICHHS PEakKIlii CHUHTE3y 3a METOJMKOIO OIHMCAaHOI Yy pobOoTi [3], ampoOarrii
PO3paxOBaHUX CKJIAIIB IIUXT MIKPOILIABICHHSIMH Ta KOPEKINi [UX CKJIaaIB, IIPOBEICHI
TUTaBJICHHSI BIATMOBITHUX TEPMITHUX JIATYHEH 13 TOJAJIBIINM OTPUMAHHSM BHJIUBKIB Y
MOJIEJISIX TPOMHUCIOBUX 3aroToBok Macoto 350 1. BumnpoOyBaHHS BHUKOHAHI Ha
OTPUMAaHUX 3pa3Kax BCTAHOBWIM XIMIYHHUM CKJIaJ TEPMITHUX JIATYHEH, MOKa3aHUM Y
Ttaby. 1 Ta iX BIACTUBOCTI, 3BeACHI y Tabi. 2. AHal3 OTpUMaHUX JAHHUX JI03BOJIIE
3pOOUTH BHCHOBOK, III0 BJACTUBOCTI CHHTE30BAaHUX CIUIABIB HE TIpII, HIK
npomuciioBux. Hacamnepen 1e crocyerbes TommnakiB (anasoriB JI80 ta JI70), BigHOCHA
IUTACTUYHICTh Ta YAapHa B A3KICTh KUX Ha 12% OuTblla HIXK y OpJIMHAPHUX MaTepiaiB.

Tabmums 1
XIMIYHHUM CKJIQJl TEPMITHUX JIMBAPHUX JIATYHEH
Mapxa XIMIYHUH CKJIa] MexaHi4H1 BJIaCTHUBOCTI
matyHi | Cu | Zn | Fe | P Pb | Sb | Bi | o, Mlla 8, %
JI60 | 57-61 0,30,020,8-1,9|0,01 {0,003 200 -
JI70 | 68-72 |Pemra| 0,1 |0,001| 0,07 |0,005|0,002| 300-400 12-15
JI80 | 79-81 0101 0,03 [0,005/0,002| 250-300 10-15

MIKpOCTpYKTYpHUN aHalll3 CHUHTE30BAaHUX CIUIaBIB BCTAHOBUB IPHUCYTHICTH
HEBEJIMKUX PO3PIOHEHUX PI3HOHANPAMIICHUX 33 IEPBUHHUMU JCHAPUTAMH €BTEKTUYHI
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cTpykTypu. lle cBiAUUTH TpPO MOPIBHSAHO TMOBUIGHI IIBUAKOCTI OXOJOMKEHHSA Ta
HE3HAYHUM TPaJieHT TeMIiepaTyp IpH CHHTE31 ciuiaBiB. O4eBHAHO, IO JIOMIIIKU Ta
nojatkosa npucaaka (10 50%) mopomiKy BiJIMOBIIHOT JIATYH1 «OXOJIOIKYIOTh» PO3ILIaB
70 TemrepaTyp ONMM3bKUX JI0 JIHII JIKBIAYCY 1 MPU3BOJATH 1O HE3HAYHOIO TEPErpiBy
CILIaBYy.
Taomung 2
dizuKko-MexaHiuHi BIACTHBOCTI JIMBapHUX jaTyHel mpu 20°C

. . Mapxka natyHi
OCHOBHI1 BJIaCTUBOCTI
JI60 [JI70|JI80
Temneparypa nikBiaycy, °C 885 | 995|900
Mouyis FOnra, E-10” 1,05 |1,16|1,14
I'ycTuHa, X103, KT/M° 20 18,5(8,5
KoedimienT niniitHoro posmmpenss, x10°, 1/°C | 20,1 | - | 17
[IuToMuit enekTprdHuii omip, p-10°, OM M 66 | 74 | 43
03, MlIla npu:
20°C 350 | 350400
200°C 370 | - |400
d10, Yo TIpH:
20°C 40 | 15| 20
200°C 43 | - | 22
or, Mlla 150 | - (160
o, MIla 4.6 - 112,3
Teepaicts (HB) 85 | 90 105
JliniitHa ycanka, % 223 | - 1,7

PiBHoBaxkHa cTpyktypa natyHi JI90 xapakTepu3yeTbcsl KiacTepaMu 3 YiTKUM
BUOKPEMJICHHSIM TpaHullb 3epeH. [lpu 30uIblieHH]I y CIjlaBl BMICTY CBUHITIO
30UTBITY€ETHCS 1 KITBbKICTh BKPATUICHbD.

BucHoBku

[IpoBeneHi ekcnepuMEHTalbHI 1 JOCTITHO-TIPOMUCIIOBI POOOTH JTO3BOIUIH
3poOUTH BUCHOBKHM: 1. BcTaHOBiIE€HAa MOXIMBICTE CHUHTE3Y METAIOTEPMIYHUM
cnoco0OM TepMITHUX JlaTyHeil. 2. Po3po0OiieHO ckiaau MWUXT Uil CUHTE3Y
BIJIMOBIJIHUX MIJHHUX CIUIaBiB. 3. JociiKeHO MIKPOCTPYKTYPY Ta (Pi3MKO-MEXaHI4HI
BJIACTUBOCTI CUHTE30BAHUX TEPMITHUX JIATYHEH.

1. Kurym, FO.}O. TexHomorii oTprMaHHS Ta 0OCOOIMBOCTI CIUIABIB CHHTE30BAHUX KOMOIHOBAHUMU
nportecamu / FO.1O. XKury, B.®. Jlazap. — Yxropoxa: Bupasauirso «IaBazopy, 2014. — 388 c.

2. Kurym, F0.FO. Marepiamu, cunte3oBani meranorepmieto 1 CBC-niporiecamu [Teker] / HO.
XKury, B.1. IToxmypcebkuii // JTorr. HAH Ykpaiuu. Cep. Marematuka, mprUpOI03HABCTBO, TEXH.
Hayku. —2005. — Ne 8. —C. 93 - 99.

3. 3. Kurym, FO. Metonmka po3paxyHKy CKJIafy €K30TEpMIYHHX IIUXT Ha OCHOBI TEPMOXIMIYHOTO
anamzy / FO. XKuryt, B. IlIupokos // MammnosnasctBo. — 2005. — Ne 4. — C. 48 - 50.
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ApMYBaHHHA MaTepiajly Ha OCHOBi KyOiYHOro HiTpUAy O0pYy
MiIKPOBOJIOKHAMM TYTOILIABKHUX CIOJIYK

Pymsnuesa IO.IO.l., Bbynuis B.M.Z, TypkeBuu B.3.2
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04074, m. Kues, e-mail vturk@ism.kiev.ua

AHHOTALIIA

KarwuoBi cioBa: mixpoeonokua, apmysanms, meepoicmb, MpPIiuyiHOCMIUKICID,
cBN

B nmaniit poGOTI IOCHIIKYIOTBCS BJIACTUBOCTI 3pa3KiB Ha OCHOBI KyOIYHOTO
HITpUAY OOpy, OTPUMAaHUX 32 JOMOMOTOK METOLY BUCOKOTEMIIEPATYPHOI'O CITIKAHHS
B ABT tuny «ropoin» 3a tucky 7,7 I'Tla 3a remneparyp 1600, 1900, 2000, 2150 °C.
BuBuaBcs BIUIMB TeMIIepaTypu CIiKaHHs Ta TUy MikpoBosiokoH (Al,O3, MgO-B,03
SiC, SisNy) ta ix 06’emuoro Bmicty (0,5,10,15 00. % ) Ha BIACTHBOCTI OTPUMaHHUX
3paskiB (Moayinb FOura, koedirient [lyaccona, TBepaiCTh, TPIIIHOCTIUKICTB).

AKTYaJIBHICTH

Marepianu Ha OCHOBI KyOl4yHOro HiTpuay Oopy rpynu BL (ToO6TO 3 BMIcTOM
KyOiuHOro HiTpuay 6opy 45-65 % 3a 00’eMoM) — noOpe BijioMa rpyna pi3ajbHHUX
MarepiaiiB [1], 0 MMUPOKO 3aCTOCOBYETHCS ISl YUCTOBOI OOPOOKHU 3arapTOBaHUX
CTaJIel, >KapoOMIITHUX, HIKEJIEBUX CIUIaBIB Ta 1HIIMX MarepianiB. B maniit poOoTi 3
METOI0 TOKpAIIeHHS OCHOBHOIO NapaMeTpy, IO BIUIMBA€E HA 3HOCOCTIMKICTH
pI3aJIbHOTO 1HCTPYMEHTY (TpilIMHOCTIMKOCTI) [2], Oyno 3xaiiicHeHEe apMyBaHHS
matepiany Ha ocHoBi cBN wmikpoBonoknamu okcugaaux (Al,O3; MgO-B,03) Ta
HeokeuaHux (SIC, SigNy) TyromnaBkux CHomyk.

MeToauka eKCIepUMEHTY

Marepianu onaepxyBaiucs Tak camo, sk 1 B poooti [3] Ilicns woro Oynu
BUMIpSIHI IIUIbHICTb, TBEPJICTh Ta TPIUIHOCTIMKICTh (3a HaBaHTaxeHb 9,8 H Tta
24,5 H BiamoBinHO), a TakoX MoaymiB FOHra orpumaHuX 3paskiB. 3  METOIO
BUBYCHHS BIUIMBY MMapaMEeTPiB CIHIKAHHS Ha CKJIAJl Ta CTPYKTYPY OTPUMAaHHUX 3pPa3KiB,
OyJI0 MPOBENEHO MOCHIKEHHS MIKPOCTPYKTYpPH (32 JOMOMOIOI0 ONTHYHOIO Ta
CKaHYBaJIbHOTO EJICKTPOHHOTO MIKPOCKOMIB) Ta (a30BOro ckiaay 3paskiB  (3a
JIOTIOMOT 00 PEHTTeHO()A30BOT0 aHAIII3Y)

OOrosopeHHsI pe3yabTaTiB

1) BBeieHHsT MiKpOBOJIOKOH IO CKJIaJly OCHOBHOI'O MaTepialy MPH3BOIUTH IO
MiABUIICHHS 3Ha4YeHb Koedimienty Ilyaccona (3 0,35 — 0,37 ngo 0,40 — 0,42) Ta
naiHHsg 3HaueHb Moy FOnra (3 380 — 400 I'Tla — ay1st HEapMOBaHOTO MaTtepialy,
10 200 — 290 I'Tla — gyst 3pa3kiB, apmoBaHux 15 00. % MIKpOBOJIOKOH)

2) Mocmikendss  (a3oBoro Ckjaaay OTPHMAaHHUX 3pa3KiB MoKa3ajio, 10
MiBUIICHHS TEMIEpaTypy CHIKaHHS TPU3BOJIUTH 0 YTBOPEHHS OOpHIY TaHTaTy
(TaB), mo Bka3ye Ha HasgBHICTH XiMmiuHO1 B3aemoxii Mk ¢cBN ta TaN. HasBHicTh
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TaB cmoctepiranocss i 3pas3kiB, apMOBaHMX MIKPOBOJIOKHAMHU OKCHUIHHUX
tyromiaBkux cnoiyk (Al,Os MgO*B,03) 3a tremneparyp 1900 — 2000 °C. s
3pa3KkiB, apMOBAaHHX MIKPOBOJOKHAMU HEOKCHUIHHX TYyromiaBkux croiyk (SiC,
SizN;) yrBOopennss OGopuay tantanmy (TaB) cmocrepiramocst 3a OLIBII BHCOKHUX
temneparyp crikanus (2000 — 2150 °C).

3) TBepaicTh 30UIBIIYETHCS IPU BBEACHI MIKPOBOJIOKOH J0 CKJIAAy OCHOBHOI'O
MaTepiany, a TakoX NpU MiABUINEHHI Temneparypu croikanHs jno 2000 °C. Ilpu
temriepatypi crikadas 2150 °C cmocrtepiraerbcsl MajiHHS 3HAYCHb TBEPIOCTI B
OIBIIOCTI BHUMAAKIB, IO TIOB’SA3aHO 3 IIpollecaMu  pekpuctamsamii [1] Ta
MIATBEPIKYETHCS  JTOCHIKEHHAMH MIKPOCTPYKTYPH 3a JIOIOMOTOI CKaHYBaJIbHOI
€JICKTPOHHOT MIKPOCKOTIIi.

4) locniKeHHsT MIKPOCTPYKTYPH OTPMMaHUX MaTepialiB  IOKa3ajo, IO
IepeKpucTam3aliiss MIKpOBOJOKOH  okcuaHux crmoiayk — (Al,Os;  MgO-B,03)
BiIOyBaeThcsl Bxke 3a Ttemmeparypu 1900 °C, B ToiM dYac sSK He3Ha4yHa
NepeKpUCTATI3allisi MIKPOBOJIOKOH HEOKCHIHHMX TyrormiaBkux croiyk (SIC, SizNg)
CIIOCTEPITaEThCS JIUIIE IS 3pa3KiB, crieueHuX 3a Temreparypu 2150 °C.

5) TpimiHOCTIMKICTH 3pocTaja MpH BBEICHHI MIKPOBOJIOKOH YCIiX THIIIB
TYTOIUIaBKUX CIIOJYK JIO CKJIaay OCHOBHOTO Marepiany (3 2,2 — 24 MIIa-m*2
mo 3,6 — 4,0 MITa-mY? ). IligBuIeHHs TeMmIepaTypu CIIKaHHS IMPU3BOIUTH 0
3pOCTaHHsl TPINIMHOCTIMKOCTI JJIE  3pa3KiB, apMOBaHUX MIKPOBOJIOKHAMH
HeokcuaHMX TyromiaBkux crmonyk (SIC, SigNg). s  3paskiB, apMoOBaHHX
MIKPOBOJIOKHAMH OKCHUJIHUX TYTOIUIABKUX CIIOJIYK, HAaBIAaKW, CIOCTEPIraeThes
3HIDKCHHSI TPIIIMHOCTIMKOCTI TMpU 30UIBIICHHI TEeMIEpaTypu CIIKaHHS, IO
MOSICHIOETHCS 3HEMIITHEHHSIM MIKPOBOJIOKOH BHACTIOK MEepeKpUCTali3aliii.

BucnoBok

Otpumani pe3ynbTaTH CBiIYaTh MPO TE, IO apMyBaHHS MiKPOBOJOKHAMU
JT03BOJISIE€ 3HAYHO MOKPAIIUTH BIACTUBOCTI (MIABUIIMTH TBEPAICTh 3 24 — 28 1o 30 —
32 T'a, TpimmHocTiiikicts — 3 2,2 — 2,4 MITa-M"? 10 3,6 — 4,0 MITa-M"%) ocroBHOTO
Marepiaiy, 1o CBIIYUTH NMPO €(PEeKTUBHICTh apMyBaHHSA MaTrepianxy Ha ocHOBI CBN
MIKPOBOJIOKHAMHU TYTOIUIABKUX CHOJYK. AHali3 OTPUMAaHHMX PE3yJIbTaTiB IOKa3aB,
0 HaWKpamyM KOMILIEKCOM BJIACTMBOCTEW BOJIOAIIOTH 3pa3K, CIEYCHI B
temneparypaoMy iHTepBaiai 1900 — 2000 °C. Takox cmocrepiraBcsi 3HaYHUN
BILTUB XiMiuHOT nipupoau (okcuaHi - Al,O3, MgO-B,0; um Heokcuani - SIiC, SizNy)
apMYIOUYHMX MIKPOBOJIOKOH Ha BIACTUBOCTI Ta CTPYKTYPY CIIEYEHUX KOMIIO3UTIB.

1. Beiss P, Ruthardt R, Warlimont H (2002) Properties of diamond and cubic boron nitride.
In: Springer Materials — The Landolt-Bornstein Database (Spriggs G.E. eD.)

2. Whisker-reinforced ceramic matrix composites. Homeny J, Vaughn W.L.7, Nov 1987,
MRS Bulletin, Vol. 12, pp. 66-72.

3. Pymsnnesa 10.}O., bymns B.M., Omosckas A.}O., Typkesnu B.3. ApmyBanus
Marepiajqy Ha OCHOBI KyOI4HOrO HITpuay OOpy MiKpOBOJOKHAMH KapOiny KpemHio //
[Toponopazpymatomuit 1 MeTamuiooOpadaThIBAIOMIMK  MHCTPYMEHT — TEXHUKA U
TEXHOJIOTUSI €ro M3roToBieHus u npuMmeHenus. CO. Hayd. 1p. — K.:M3p-Bo UCM um.
B.H. bakyns HAH VYkpaunsl, 2018. — Bein. 15. — C.267-274
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Obtaining the nanosized ZnMoO, by non-traditional methods
Sachuk O.V., Zazhigalov V.A., Diyuk O.A.

Institute for Sorption and Problems of Endoecology of NAS of Ukraine
13 General Naumov str., Kyiv, 03164, Ukraine

It is known that oxide binary system based on Zn and Mo are widely use as
different detector types, sensors, sorbents, catalysts and some of them detect the
ferroelectric and luminescent properties. Traditional methods of their synthesis such
as co-precipitation, solvothermal technology, sol-gel synthesis et al are characterized
by some disadvantages namely remove salt anions, which are used as initial reagents,
and further thermal treatment which leads to decrease of specific surface area and
increase of particle size.

In this work the mechanochemical (MChT) and ultrasonic (UST) treatment are
used for synthesis of complex binary zinc-molybdenum composition with molar ratio
ZnO/Mo0Os= 1:1 from metal oxides as initial reagents. MChT was carried out in air
medium during 2, 4 and 8 hs and UST — in water during 1h. Obtained samples were
studied by physic-chemical methods: XRD, IR, SEM, EDX, TEM, Sger, and the
catalytic activity in ethanol oxidation reaction was defined.

According to XRD data it was found
that milling and ultrasonic effects lead to
decrease of main reflexes intensity of
initial oxides (Fig.1). The appearance of
new reflexes which correspond to
hydrated phase MoO3x0.5H,O after 2 h
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Fig.1 Diffractogram of initial system

MChT, B-ZnMoO, with the most intense
reflex from the plane (-111) after 4 and 8
h MChT, a-ZnMoO, with maximal reflex
from the plane (114) at sonochemical
process was observed. The calculation of
crystallite size (L) by Scherer equation
shows their significant decrease after
system modification by both treatment
methods (Table 1). The studies of the
samples surface morphology by SEM
method show that MChT and UST lead
not only to decrease of particle size but to
formation of significant amount of rod-
like and needle-like crystals respectively

Zn/Mo=1:1 - a, after MChT during 2h — b,
4h-c,8nh-d,1h UST -e

(Fig.2).
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e
Fig.2. Microphotographs surface of initial composition — a, after MChT 2h — b, 4h — ¢, 8h —
d,and UST —e

Due to TEM method the formation of separate oblong crystals of B-ZnMoO,
with a cross section 15-35 nm and significant needle-like particles of a-ZnMoQO, with
cross cut 75-130 nm in MCh and US process respectively was shown.

According to results, obtained by BET method the mechanochemical and
ultrasonic activation leads to increase of specific surface area (Sger) (Table 1) and
formation of mesoporous structure (maximum pore volume is 5-22 nm).

The studies of the compositions by IR-spectroscopy confirm the changes of
samples structure after ultrasonic and mechanical treatments. It is found, that the
shifting of absorption bands of therminal bond Mo=0 from 991 to 960 cm™, linear
bridge Mo-O-Mo from 890 to 867 cm™ and Zn-O bond from 473 to 450cm™ are
observed after mechanochemical modification. Presence of band at 955 cm™, which
belongs to vibrations of Mo-OH bond confirms the formation of hydrated phase
Mo0O3x0.5H,0. IR-spectrum of sample treated by ultrasound shows the presence of
absorption bands of edge bridge bond Mo-O-Mo at 655, 746 cm? in MogO,3 and
linear bridge Mo-O-Mo bond at 882 cm™ in o -MoOs.

The catalytic activity of obtained nanocompositions was studied in ethanol
selective oxidation (Table 1).

Table 1
Some properties of ZnO/Mo003;=1:1

2 Treaction, “C Product yield at *X=100 %

Sample L, nm Sger, m/g Xeon Xiome CH,CHO C,Ha o
initial 56 2 240 300 61 6 -

2 h MChT 13 5 186 230 91 5 -
4 h MChT 18 8 180 215 97 3 -
8 h MChT 15 9 158 190 96 2 -
UST 1h 33 3 172 220 94 - 6

*X — ethanol conversion

It was found that zinc-molybdenum catalysts demonstrate a high catalytic
activity to acetic aldehyde at 190°C with a maximum yield 94- 96% of this product.
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BaactuBocti Ti-BMicHuX poTOKaTAI3aTOPIB HA OCHOBI
HEPKABiKY01 cTAJI

Camxak O.B.", Bpaxuux J[.B.}, Tonuapos B.B.%, 3axuranos B.O.", Asimos ®.A.}

1IHcmumym copbyii ma npobnem endoexonoeii HAH Ykpainu,
03164,Kuis, eyn. Haymosa, 13, E-mail:
sanzhakalena@bigmir.net
zﬂepofcaeﬂuﬁ saxnao “‘Jlyeancokuil [epocasnuit Meouunuii Ynieepcumem’
93012, m. Pybioicue, gyn. Byodisenvrnuxis, 32

’

Apomatruni ByryieBoaHI ((heHON Ta OEH30J, 30KpeMa) € OJHUMHU 3 HaWOIIbII
MOMMPEHUX 3a0pyAHEHb, IO HAIXOMATh Yy TIOBEPXHEBI BOMU 31 CTOKaMHU
niAnpueMcTB J1akodap6oBoi, HagTomepepoOHOT Ta KOKCOXIMIYHOT TPOMHUCIOBOCTEH.
Y TBOPIOIOTHCS BOHU TAKOX 1 TIPU PO3KJIAJl MECTUIIUIIB, QYHTIIIUIIB Ta TepOIHIIB.
doToKaTaji3 MOKe OyTH OJIHIEIO 3 TEXHOJIOTIYHUX CTaJild OYMIICHHS CTIYHUX BOJ
MIPOMUCIIOBOCTI BiJl 3a0pyJHEHb TOKCHYHHMM OpPraHIYHHUMHU pedoBHHAMH. Bimomo,
10 OJIHMM 3 HAWOUIBII MOMYJISPHUX Ta AaKTUBHHUX (POTOKATAmI3aTOpiB € JI10KCH]L
TuTany. HejomikoM 11p0r0 KaTanizaTopy € noriinHanHs juiie Y®d BunpomiHioBaHHS,
B TOW Yac SK OakaHO BUKOPUCTOBYBATH BHUJUME CBITJIO, B 3B’SI3Ky 3 YHUM
MPOBOJIATHCS  IHTEHCUBHI JIOCHDKEHHS TI0 HOro MPOMOTYBaHHIO PI3HUMHU
TOMIIIKaMu, B TOMy 4Yucial 1 azoroM. Ille oAHMM TEXHOJOTIYHUM HEHOJIIKOM
3actocyBaHHa Ti0, € Ooro BUKOPUCTaHHS y BUIJISIAL AUCHEPCHUX MOPOUIKIB, a TPH
MOCTITHOMY T€peMIllyBaHHI B10yBaeTbCAd MOAPIOHEHHS YACTHHOK, a 1€ BEAe 0
npoOJjieM 3 BUJAJIEHHSAM BIANPAIbOBAHOTO KaTajizaTopa 3 peakiiiHoi cymimii. 3
iHmoro OoOKy, mpu (oTokaranmizi M [AI€I0 ONPOMIHEHHS 3HAXOJAUTHCA JIMILE
30BHIIIHS MOBEPXHS KaTajai3aTopiB, TOMY OCHOBHAa Maca JIUCHEPCHUX 3pa3KiB
Bijirpae (hakTUYHO POJb HOCIA. 3 II1€i TOUYKY 30pYy MEPCIEKTUBHUM € CTBOPEHHS
HaHeCEeHUX (POTOKaTaIi3aTopiB, B AKUX B SIKOCTI HOCISI MOKYTh OyTH BUKOPHUCTaHI K
MEXaHIYHO MIIHI TPaHyJId, Tak 1 TUIacKi MpodUIbHI KOMIIO3UTH. BUKOpUCTaHHS
HAHECEHUX KaTali3aToOpiB A€ MOXJIMBICTH 30UIBIIUTH iX pOOOYY OBEPXHIO HA SIKY
Majga€ BUIMPOMIHIOBAHHS, WIJBUIIUTH iX TEPMIYHY 1 MEXaHIYHY CTIMKICTh, Ta
MOJICTIITUTH BUAAICHHS 3 PEAKIIAHOT CyMIIlIi.

B po6oTi Oysi0 BUKOpUCTAHO SIK METAJICBHI HOCIH (POJBIY 3 HEpKaBirO4Oi cTai
mapku 12X18N10T (AISI 321). JIns oTpuMaHHS HAaHECEHOTO HAa METaJIeBUH HOCIH
T10, BUKOPUCTOBYBAJIM METO/I 10HHOT IMITJIaHTaIlil (7032 IMIUTaHTAIl 5° 10% 1710H/M2).
CtpykTypa 1 BJIaCTUBOCTI OTPUMAaHUX 3pa3KiB OyJIM JOCIIIKEHI 3a JOMNOMOTOIO
($13UKO-XIMIYHUX METO/IIB.

JlocnmipKeHHsT  CMHTe30BaHUX 3pa3kiB  merogoM PDA  mokazamo, 110
peHTreHorpaMu Mictath juiie pedraexkcu mionmH (111), (200) ta (220) dasu
ayCTEHITY, SIKI XapaKTEepHI sl HOCIA - HepXkaBiodoi cTam. BincyTHicTh pediiekcy
BiJl IMIUTAHTOBAHOTO TUTaHy Ta MOTO CIOJYK MOXe BKa3yBaTH Ha iX aMOp(HMIi CTaH
a00 He3HAYHY KOHIIEHTPAIIIIO B TOBEPXHEBOMY ITIapi KOMIIO3UTY.

3rigno 3 nanumu ACM, iMIutaHTailisi TATaHy BeAE JO 3TJIAHKYBaHHS pebedy
BUXIJTHOTO HOCIis, ajie Tpu 1boMYy (PopMyIOoThCs HOBI nedexTy moBepxHi (rmOuHa
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200-240 HM), 10 0OYMOBITIO€E ii OUTBITY HEOTHOPIMHICTH. TeMmrepaTypHa oOpoOka
(600 °C) npu3BOIUTH /10 OSIBU HOBUX ITIKIB B CEPEIMHI ICHYIOUMX 3aIlajvH.

Ananiz ganux POEC nnsg 3pa3ska 3 IMIJIaHTOBAaHUM Ha MeETaIiYHy (OJIBry
TUTAHOM TI0Ka3aB HAasSBHICTb B HROMY SIK HITPHIy THTaHy, TaK i HOrO OKCHUIYy Ta
OKCHUHITPHTY.

AKTHBHICTbh CHHTE30BaHHUX 3pa3KiB OyJia J0CHiKeHa B peakiii GporoaecTpykitii
BOJHOTO po3unHy OeHzony (50 I'IK). JlochimkeHHs] TPOBOAWIA B IUIIHIPUIHOMY
peaktopi (miameTp 9 cM) 3 PO3MIIIEHUM IO CTIHII 3pa3koM (IMIUIAHTAIliS 3 JBOX
CTOPIH HOCIis) Y BHUIJISIAI CTPIYKK BHCOTOIO 10 cM Ta 3aHYpeHHM TEPMOCTAaTOBAaHUM
JDKEpEIOM  BHUIPOMIHIOBaHHA. B sKoCcTi  jpKepena  BUIPOMIHIOBAHHS
BUKOPHUCTOBYBAJIM PTYTHY ab0 HATpPi€BY JaMIH BUCOKOIO THUCKY, IO TO3BOJISIO
MPOBOAMTU JOCTIKEHHS K B Y®- Tak 1 BUAUMOMY Jliana3oHi. AHaji3 MPOAYKTIB
peakiiii mpoBoamiIu Ha xpoMartorpadi SelmiChrom-2, o6agnanum I11]/] Ha KoJoHIII 3
HEepyKaBilouol cTaii (qoBkuHa 1 M, giameTp 3 MM), 3anoBHeHii Porapak Q.

030 —=—TilHC 0.30
; —e—Ti/HC200°C } —=—TiHC
a —a—Ti/HC300°C —e—Ti/HC 200°C
0.25 —¥—Ti/HC400°C 7 0254 6 | ——TiHC300°C
—+—Ti/HC500°C e —v— TilHC 400°C
0204 —*TIHC600C] e~ 020 —e— Ti/HC 500°C
g P 2 —<— Ti/HC 600°C
S 015 // N S 0.154
€ 010 § o104
g ow - v g 0w
0.05 = 0.05
Z /’—"
0.00 = - - T 0.00 b= e

T T
0 20 40 60 80 100 120 0
Yac, xs. Yac, xB.

Puc.1. ®otonectpykuist 6enzony Ha TiO, HaneceHOMY Ha POJIBTY IIpH ONpoMiHeHH1 Y D-
CBITJIIOM (@) Ta BuAKMHUM (0)

[Ipy onpoMiHIOBaHHI y BUAMMOMY JAiana3oHl CBiTJa OyJ0 BIIMIYEHO JOCHUTb
BHCOKY aKTHUBHICTb BUXIJHOTO 3pa3Ka, o ckiaanana 20% (Puc.1). HaltakTuBHIIIMMH
Oynu 3pazku, npoxapeni npu 200 1 300 °C (26 1 25% BianosiaHo). Iloxanbiie
MIJBUILEHHS TEMIEparypu OOpoOKH Bede [0 CYTTEBOTO 3HUKEHHS AaKTUBHOCTI
3pasKiB, 110 MOXe OyTH TOB’sI3aHE 3 BUJAJIICHHSM CIIOJIYK HITPOT€HY IMIUTAHTOBAHUX
3pa3KiB.

OnpomineHHs: B Y®D-CHekTpi MOKa3zye MPOTUIICKHY aKTUBHICTh. [IpakTuyHO
BIJICYTHS aKTHUBHICTh BHUXIJHOTO 3pa3Ka, ajieé 3pOCTaHHS TeMIIepaTypu OOpPOOKH
NPU3BOAUTH J0 3pOCTAHHS AKTUBHOCTI.

Takum 4MHOM MOKa3aHo, IO B Pe3yJIbTaTi HOHHOI iMIUTaHTalil T1 Ha TOBEPXHIO
HEp)KaBitouoi cTajgl (OpMyeTbCsl HAHOPO3MIPHUN IAp IMIUIAHTATy, Yy BUIJIAI
pEHTreHoaMOp(pHOT KOMITO3UIIIT, SIKa CKJIAJAEThCS 3 OKCUAY, HITPUAY T4 OKCUHITPUTY
TUTaHY.
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Role of alkyl side chain length on molecular alignment during wet-
coating of phenylene vinylene dyes

Stankevich A.

Institute of Physics of the NAS of Ukraine
Prospekt Nauki 46, 03028, Kyiv, Ukraine
andrei.stankevich@iop.kiev.ua

Organic optoelectronic device performance is determined not only by the
chemical structure of organic materials, but also by the molecular alignment within
thin organic films [1, 3, 4]. Light absorption, photoluminescence and charge
transport properties of organic films [3, 5-8] are known to depend strongly on an
orientational order parameter. Molecular alignment during thin film deposition is a
challenging problem due to soft nature of organic compounds. Polymorphism is a
common phenomenon for many molecular compounds containing long substituents
attached to a conjugated core. The role of the non-conjugated part of molecules, such
as non-polar alkyl side chains, on molecular alignment during wet—coating of thin
films is still poorly understood.

In the present work, we have synthesized a set of dialkoxy-substituted phenylene
vinylene oligomers with different lengths of alkyl substituents in the central and
lateral core and studied the impact of these non-polar side chains on molecular
alignment during wet-coating. The molecular structures the compounds used in this
study are illustrated in Table 1.

Table 1 - Dyes structure

R- CoHons1  R1-CrHome1

m 3 4 S) 6

n

1 C1-1 Cl-4 Cl1-5 Cl-6
3 C3-3 C3-4 C3-5 C3-6
5 C5-3 C5-4 C5-5 C5-6

Alighted thin films of the above oligomers were fabricated using a rubbed
nylon-6 layer on a glass substrate. The oligomer films were rod-coated on the rubbed
nylon layer using home-made rod-coater from 1% dye solution in chloroform. The
typical coating speed was 1 cm/s.
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Figure 1. Anisotropic absorption and light emission of C3-5 thin film

It was found that the above dyes form strongly anisotropic thin films during wet-
coating (Fig 1). Order parameters of these films and molecular alignment direction
depends on alkyl chain length in lateral and central part of core. Generally, increasing
the length of alkyl substituent’s in central core was found to enhance perpendicular
molecular alignment during rod coating. Relevant physical properties of the obtained
aligned films will also be discussed in details.
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IIpupoaa MarHiToeJIeKTPUYHOI B3a€EMOJIil Y KpUCTAJIaX
NH(CH3),Al14Cry(SO4),%x6H,0

Cemak C., Kanycrsnuk B., Enismescekuii 1O.
Dizuunuii ghaxynomem Jlb8i6cbkoco HayioHanbHo20 YHisepcumemy imeni leana @pamnka, m. Jlveis,
syn. [lpacomanosa, 50

HemonaBuo BusiBnena marsitoenektpuuna (ME) B3aeMomist y KpHCTaTi4HHUX
mynbTUadepoikax NHy(CHs),Al4Cry(SO,),x6H,0 (DMAAILCKS) [1]. HiiicHo,
puc. 1 UIIoCTpy€e BITUB MarHiTHOTO MOJISi HA TeMIEpaTypHi 3aJeKHOCTI CIIOHTAaHHOI
nongpuzamii  kpuctanie DMAAILCrS 3amexxHo Bl KOHIIEHTpalli Xpomy.
[IpuknageHe MarHiTHe TMoOJ€ NPUBOIUTH JO 3HIKEHHS TMOJspu3alili y 3pasKy 3
KOHIIeHTparlieo xpomy X = 0,065 (puc. 1a) 1 ii CyTTEBOTO MiABUIICHHS IJIs 3pa3Ka 3 X
= 0,2 (puc. 16). Ha ocHoBI aHasi3y BIUIMBY MarHiTHOTO TOJIS Ha TOJSApU3AIlI0 Ta
MIPOCTPYM OTPUMAHO TEMIEpaTypHY 3alekHICTh Koedimienta ME B3aemonii, ms
OIHCY SIKOi 3aCTOCOBAHO (heHOMEHOJIOTTUHY Teopito. Ha ocHoBi Teopii Jlangay mns
ominku koedimienta ME B3aemonii B OKOJi CErHETOCICKTPUYHOTO (ha3oBOro
nepexony (PIT) (7= 150-155 K) nursxom mudepenitiroBanHs criBBigHOMIeHHS (1)
JUIsL BUIBHOI eHeprii cucreMu F, oTpumaHi 3aJ1€XHOCTI CIIOHTAHHOI Mosisipu3anii P;
BiJI MIPUKJIaJICHOr0 MarHiTHoro mojs H (2) 1 HamarniyeHocti M; BiJl eleKTpUYHOTO
nonst E (3). Lli choiBBiAHOWIEHHS 0puaaTHI JUisl HepepoiyHux ¢as3, y SAKUX
TemnepaTypHo 3anexHi nonspusanis Pi(T) Ta namarniuenas M;(T) € HynboBUME 3a
B1JICYTHOCTI 30BHIIIHBOT'O TI0JISI T HE MPOSBIISAIOTH METIII TCTEPEIUCY.

12
g 1 1
E 8 —F(E,H) _ESOSUElE]-I_EuOMUHLH]+al]ElH]
z + 808 B HoHy + Y B B+ (1)
0 . o L o Pi =C¥UH]+%H]H]€+ , (2)
40 - 6Tn 6) ‘LlOMl' = a]lE] + )/lz—JkE]Ek + .- (3)
E 301 OTn afi < eolosiilj)- 4)
DE_. 201 Puc. 1 BrimuB MaruiTHOTO moJisi Ha TEMITEPATYPHI 3aJI€KHOCTI
10¢ x=0.2 crioHTaHHOi nosisipu3anii kpuctainise DMAAI;«CryS 3 pizHOIO
Or .' . KOHIIEHTPALIIEI0 XPOMY

0 40 80_ 120 160
T.K

CuiBBinnomenss st koedimienta ME B3aemosii (4) orpumane 3 (1) Ha OCHOBI
NPUNYIIEHHSA, [0 mepir Tpu nofgaHkd B (1) € OUTbIIMMU 3a HYJIh 32 YMOBU
HEXTYBaHHS J0JaHKaMH BUIUX MOPSAKIB. BOHO 1eMOHCTpye yMOBY CTaO1IbHOCTI TIO
BIJHOIIEHHIO JI0 €jj Ta Ljj, OAHAK Koau BinOyBaeTbcs DIl y Bmopsankosany a3y,
napameTpH oj, €jj Ta |l Ha0yBarOTh YK€ HOBHMX 3HA4€Hb 1 HEPIBHICTH (4) MOXe HE
BUKOHYBaTHch. CriBBinHomeHHs (1+4) Bukopucrtani s ominku ME koediiieHTiB
kpucrtanis DMAAICr,S y By3pkoMy Aiana3oHi Temmneparyp noonusy 7., 3a yMOBH
HEXTYBaHHS BHECKOM HE3HAYHOI 3a BEJIMYMHOIO CIIOHTAHHOI MOJSPHU3aIlii TPOXH
HUKYe B Touku Kropi, KOJIM KpuCTal BTpayae LIEHTP 1HBEpCli, Ta BHECKOM
m’e3oenektpuuHoro edexkry y (1). Has DMAAIlg39CroesS HepiBHICTE  (4)
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BUKOHYETbCA, IIO MIATBEP/UKYE aleKBaTHICTh 3alpONOHOBAHOTO MiAXoay (IUB.

Tabmurs 1).
Taba. 1 [Tapamerpu ME edekry mis kpuctanie DMAAIL 4 CryS

DMAA|0,935C|'O,065S DMAAIQngO’zS
T., K 155,2 153,1
& 2508 10922
u 1 1,000313
euEgilo 2,790x10” uc?/m” | 1,215x10™ nc?/m®
OME 2 1,289x10° uc’/m*> | 15,88x10™ uc’/m?

Jiist DMAAIgCr»S HepiBHICTD (4) HE BUKOHYETHCS, ajie Ha SKICHOMY pIBHI
MIATBEPIKYETHCS, IO 3POCTaHHS KOHIEHTpAIii XpoMy MPUBOAUTH JO ICTOTHOTO
3poctanHs koedinieHTa ME B3aemosii Hacammepe ] 3aBIsSKH ICTOTHOMY 3POCTaHHIO
MaKCHUMAaJIbHOT'O 3HAYEHHS JIIeTIEKTPUYHOI MPOHUKHOCTI B Toulll Kropi. HeBukoHaHHs
criBBiAHOMEHHs (4) s kpuctaniB 3 x = 0,2, sk 1 HeHy’aboBa ME B3aemonisa y
napaeJieKTpUuHii ¢azi, MOoB’s3aHl 3 TUM, L0 130MOpQHE 3aMilIeHHS 10HA METay
CYNPOBO/KYEThCS BUHUKHEHHSIM JIOKaJbHUX Jedopmaiiiii TpaTkd, a oTxke, 1
I’ €30€JIEKTPUYHUM BHECKOM y BHpa3 JJisl BUIbHOI eHeprii (1), sKuM yxe He MOKHa
3HeXTyBaTu. [Ipyu 0OxoJIomKeHHI 000X KpUCTaIB ICTOTHO HMK4Ye BiJ TO4uku Kropi
CIIOCTEpITAa€EThCS 3HAUYHE 30UIbIIEHHS aOCOMIOTHOI Benu4yuHU Koedimienta ME,
OB’ sI3aHE 31 3pOCTAHHAM CIOHTAaHHOT nmoJisgpu3aiii (o = 1,7 He/M ms x = 0,2).

BB nokanbHEX AehopMaliii rpaTke, 3yMoBIeHnx 3amimennsam Al* ma Cr*,
K1 YYTJIUBl JO MPUKIAJEHOr0 MAarHIiTHOrO MO 4yepe3 e(EeKT MarHiTOCTPHKIIi, a
Takok 0OMiHHOT B3aemoxii Cr-Cr Ha JBa TUNU BHOpsAAKyBaHHs Tpynu DMA —
CETHETOCTIEKTPUYHE Ta aHTHUCETHETOCNIEKTpUYHE — MpuUBOAUTH 10 mosisu ME
B3aeMO/Il. 3BaXkal0uM Ha Te, 1[0 BHECKH Y NOJSPHU3aLil0, 3yMOBJIEHI IUMHU JBOMA
TUMIAMHA  BIOPSAKYBAaHHS, MAalOTh MPOTUJICKHUN 3HAK, 3aJEXKHICTh CyMapHOi
MOJISIPU3AIIii BiJI TTOJIS € HEMHIMHOIO.

107 :

Puc. 2 TemneparypHa 3aJIeKHICTh MarHiTHOi
cnpuiHATINBOCTI i kpuctanmiB  DMAAILLCrS; Ha
BCTaBIll — TeMIIEpaTypHa 3aJIeKHICTh 00EPHEHOI MarHiTHOT
CIPUHHSATINBOCTI

"5 10 20 30 a0 so1 Taba. 2 [Tapamerpu Kropi-Beiica s criomyk
x=0,065 ‘K DMAAI 1.,Cr,S
x=0,2

-
N

01} . X C, K T., K
0 50 100 150 200 250 300 0,065 | 2,2x107 0,4
K 0,2 6x10° | 0,54

TemneparypHa 3aJ€XHICTh MAarHITHOI CIHPUUHSATIMBOCTI (pHC. 2) KPHUCTAIIB
DMAAI,CrS cBiguuTh, MO BBEICHHS IOHIB XpOMY Y CTPYKTYpy BHUXiJHOTO
kpuctany DMAAIS npuBoauTh 10 BUHUKHEHHS MMapaMarHiTHOro mopsaky 3 OII y
bepomarsniTHy (azy. O6epHEHa CIPUIHATINBICTh ONMUCYETHCS 3akoHOM Kropi-Beiica
3 MapaMeTpamu, HaBeJACHUMU y TaOmuIli 2.

1. Kapustianyk V, Eliyashevskyy Yu, Czapla Z, Rudyk V, Serkiz R, Ostapenko N, Hirnyk
I, Dayen J-F, Bobnar M, Gumeniuk R, Kundys B, Scientific reports, vol. 7, p. 14109,
2017.
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Epoxy-composites, capable of thermo-hardening and thermo-
plasticization after hard heating (200-300 °C).

Starokadomsky D.

Chuiko Institute of Surface Chemistry (Composite Department), km80@ukr.net

This work shows an examples where the filling is capable of thermo-reinforcing
a composite - in comparison with unfilled polymer and (sometimes) with a not-heated
composite. These effects have not been covered in the literature, and | suggest to call
them “thermo-strengthening” and ‘“thermo-plasticization” (when warming up
improves flexibility / plasticity). The difference from the well-known effects of
polymers thermally reinforcing is discussed temperature. So, it is well-known that
polyepoxides are strengthened by heating at 50-120 °C, but they can work no higher
than 150-200 °C (when the final destruction begins). In our case, after such a
"deadly" warming up for polyepoxides as 240-270 °C, these composites only
improve the physical properties, or reduce them very insignificantly (by 5-15%, but
not in 1.5-2 times as it happens with unfilled epoxy-polymer).

500 055C
m250C

450 1 Hs5

400
350 4 H250

300 -
250 -
200 -
150
100 -
50 -

0 4+

Figure 1. Compression load (kgf) for composites without filling (H) and with 50 wt% SiC
and cement (1: 1, SiC\ Z), SiC, TiN, cement M400 (Z), gypsum G5 (G) and from 0.01 wt%

graphene oxide (GrOx). Line H55 shows the level for H after 55 °C, H250 - after 250 °C (1
hour).

Figure 1 shows examples of thermal strengthening for a number of composite
systems. All the microfilled composites taken after 250 °C gave a higher than H-
polymer index, while without such heating only a composite with SiC was such. Note
- that the studied nano-fillers and a number of micro-fillers (basalt fiber, etc.) do not
give such effects, losing strength as shown in the example of epoxide with 0.01 wt%
graphene oxide (sample GrOx, Fig.1).

From tab.2 it is clear, that discussed composites can be plasticized after 250 °C.
This is indicated by the possibility of deeper penetration of Rockewll’s SteelSphere -
up to 60 microns or more (instead of 30-50 microns without 250 °C) - unlike the H-
polymer, which naturally loses plasticity after 250 °C. At the same time, fillers were
found, the microhardness of which is almost insensitive to heating (see tab.1) or even
grows after it (for marshalite).
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Note that this effect was first discovered in 2017 on epoxy composites with
micronuclear iron [1].

Table 1.
Microhardness of the filled composites, at different thermal modes. Italic indicates the
measurement at which or to which the sample was destructed. Designations for the
destruction of samples: T - cracked, (T) - most samples in this series of tests were cracked

Msirkas = 55 °C 54 20 30 40 50 60 MKM
Henanonaennsiii (H) 150 230 310 380 450 (T)
SiC 210 300 (T) |420(T) |550(T) | T

TiN 270 350 440 (T) [550(T) |T

Si102 (mapianur) 400 500 550(T) | T -
XKéctkas =250°C 1 g

Henanonuennsiii (H) 170 250 330(T) | T -

SiC 210 330 430 530 570 (T)
TiN 180 300 370 460 500 (T)
Si02 (mapmanmT) 370 450 550 600(T) | 700 (T)

1. Starokadomsky D. Epoxy Composites with 10 and 50 wt % Micronanoiron: Strength,
Microstructure, and Chemical and Thermal Resistance.\\RUSSIAN Journal of Applied
Chemistry.\\ 2017, Vol. 90, No. 8, pp. 1304-1312
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CrpykTypa i B1aCTUBOCTI TEPMITHUX OPOH3

Kuryn 10.10., Tanadipuyk B.1O., [Ton B.B.

JIBH3 « Yaiccopoocvkuii HayionanbHUll YyHigepcumemy,
88000, YVaceopoo, Yrpaina

B 3anpononosaniii pobomi poszensioaromvcs MONCIUBOCMI CUHME3Y Mamepialie
“nHempaouyiinumu” mMexHONO02IAMU, WO 3ACHOBAHI HA MemAlOMePMIYHUX NpoYecax.
Ocobnusa ysaza 36epHyma Ha MepMimHi Cymiuti OJis1 OMPUMAHHSL MIOHUX CNAABI8 —OPOH3
[ IX NMpakmuyHo2co BUKOPUCMAHHA V NPOMUCIOBOCMI. XIMIYHUL CKIAO MePMImHUX
CN1ABI8 BUOPAHULL MOMONACHUM OO0 ICHYIOUUX MAPOK NPOMUCTOBUX CNILABIS.

Pe3ysibTaTH TeOpeTHYHHUX Ta eKCIepUMEHTANbHHMX AociaigxeHHsa. [licis
BCTAHOBJICHHS  pEakIiid CUHTE3y, amnpodallii po3paxoBaHUX  CKIAIIB  LIUXT
MIKPOIUIABJICHHSIMH Ta KOPEKIi CKIaaiB I[UXT, OyJId TPOBEICHI TUIaBJICHHS
BIJIMOBIIHUX TEPMITHUX OpPOH3 y MOJENAX MPOMHUCIOBUX 3aroToBok macorw 350 r.
BunpoOyBanHs BHUKOHAaHI Ha TPOMHCIOBUX 3pa3kaxX, IO JO3BOJIMIO BCTAaHOBWIIH
XIMIYHUH CKJIaa TepMiTHUX Opon3 (Tab:. 1) Ta iX BaacTuBOCTI (TAdII. 2).

ABTOpaMU BUKOHAHO JOCHIDKEHHS ABOX Mapok TepMmiTHuX Opon3 bpOLIC5-5-5 i
BbpAX 10-4 [1,2]. Po3pobnenuii ckiag eK30TEPMIYHOI CyMIIIl BIJHOCHUBCS 0
KOMIIO3UTIB, TOPIHHS SKUX TeHepye piakuil pos3ruiaB. CkiiaJ METaTOTEPMIYHOI IIMXTH
st 6ponsu bpOLIC 5-5-5 Bu3HauaBcs 3 TEPMOXIMIUHOTO po3paxyHKy: Sn —4,19%; Zn —
4,19% (y Burmsai rpanyn), a takox Al — 16,52%, Pb3O, — 4,5%, CuO — 70,54% (y
BUIISIAI TOpOIIKY). TeopeTudHO po3paxoBaHa ajiadaTHUHA TeMIepaTrypa TOPIHHS
ex3otepmiunoi cymimi ckiana 3300 K. VYV pesynbpraTi MeTamoTEpMiduHOI peakiii
BIJHOBJIEHHSI CBUHIIIO, MiJl Ta OKHUCJICHHS aJIOMIHIIO BHAUIUIACH 3HAYHA KUIBKICTH TEILIA,
dKa J03BOJISUIA OTPUMATH MIJHHMNA CIUIAaB 13 3HAYHUM TMeperpiBoMm. Jlas 3MeHIIeHHs
TEeMIepaTypyu TOpPIHHS WIMXTH y 11 CKiaa BBogwiacs crpyxka Oponsu bpOLICS-5-5 (y
kimpkocTi 100% Bim Macw), 10 MPH 3MEHIIEHHI TEMIepaTypu CHUHTE30BAHOTO CIUIABY
“mTygyHO” 30UTBIIYBANiO BHIXIA MOro 3 MIMXTA. TakuM YMHOM BAAJOCSA 3amobirTH 1
HA/IJIMILIKOBOTO BUMAJIIOBAHHS JOPOIMX KOMIIOHEHTIB E€K30TEPMIYHOI HIMXTH MIJAHOTO
CIUIaBy 1 BHUKOPHUCTaTH BIAXOOM MeTamooOpoOHoro BupoOHHITBa [1]. B pesymbrari
TOpPIHHSA CHEIiadbHOI METaJOTepMIYHOI MIMXTH B PEAKTOpPl YTBOPIOBABCS PIAKUAN
BHUCOKOIIEPETPITUI MIJTHUH CIUIaB, IKUI HaJaul, MICIS BIOBIIOBAHHS 1ILJIAKY, 3JIMBABCS Y
dbopMy BHUIIUBKA.

AHamnoriyHi po3paxyHKH 3AIMCHEHI 1 1 OTPUMaHHA TEPMITHOTO CIUIaBy
BbpAX9-4. Illuxta ckiamanacs 3 CuO, Al, Fe;O;. BuzHaueHo CHiBBiIHONICHHS MiX
KiHIIEBUMHU MPOJYKTAaMH Peakilii i kommoHeHTamu cymitii (y % 3a macoro): CuO — 12,5,
Fe,Os; — 3,81, Al — 23,7. 3aransamii TertoBuii edext peakiii ckmagae 400,34 kkan abo
1668,1 x/[x.

MexaHiuH1 BJIaCTUBOCTI CHHT€30BaHUX MAapOK OpOH3 3BeJIeHO Y Tad. 1.

Tabmani 1

MexaHiuHi BJIACTUBOCTI CHHTE€30BaHOI TEPMITHOI OPOH3H
Mapka cruiaBy op, Mlla Tsepaicts, HRC | 9, %
bpOIIC 5-5-5 240 27 19,3
bpAX 10-4 310 34 12,1
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MIKpOCTPYKTYpHHUI aHa/li3 EeKCIEPUMEHTaIbHUX CIUIaBIB IOKa3aB PIBHOMIPHO
PO3MO/ILIEH] BKPAIJIEHHS! CBUHLIIO Y BUJIMBKY TepMITHOTO aHanora 6ponsu bpOL[C5-5-5.
[Ticast TpaBneHHsT OpOH3M MPOSIBUIIACSA JEHAPUTHA CTPYKTypHA MiKpocerperamis y
HEeHTpaJIbHIM YacTuHI BwivuBKa. Ha rmmbuni 200 MKM MOXKHA TOOAYUTH SAPO MiTHOL
(a3, gaKe € HEeHTPOM 3pPOCTaHHS JEHAPUTHUX CTOBOYDIB.

Pe3ynbTar gociikeHHsT MEXaHIYHUX BIACTHMBOCTEH CHUHTE30BAaHUX TEPMITHUX OpOH3
MOKa3aHo B Ta0I. 2.

Ta0mung 2
®di3uK0-MeXaHIYHi BJIACTHBOCTI TEPMITHUX OpPOH3
Mapxka O6poH3H BpOIIC5-5-5 | BpAX10-4
Monyns npyxHocTi E, Mlla 9300 11600
['ycruHa, Kr/M° 8800 7500
Temneparypa novyaTky miaasieHHs, °C 1020 1040
BigHocHuit ormip, p, (OM-MM?)/M - 0,12
TemnonpoBiaHICTE, Kaj/(cM-c-°C) 0,12 0,14
KoedirmieHT niHiHOTO pO3MIMPEHHS, 0. 10'6, 1/°C 19,2 16,2
I"'panuLs npy>xHOCTI g 005, MI1a 300-450
["panuts TekyqocTi ag,, MIla 520-680
I'paaung minHOCTI 0,, MIIa 240 310
BinHOCHE BUIOBKEHHS, 0, %0 19,3 12,1
Teepaicts, HRC 27 34
VY napna B’s13kicth, KCU 26

SIx BiIOMO, OCOOJIMBICTIO METAI0 TEPMIYHUX TEXHOJOTIA € MPOCTOTa MEePEeXoay Bijl
71a060paTOPHUX EKCIIEPUMEHTIB 10 MPOMHUCIOBOTO BUPOOHHUIITBA, MPU IIbOMY Y BEJIIUKHX
o0’emMax 3HAYHO TMOKPAIIYIOTHCS TMOKA3HUKU TPOLECY MPOTIKAHHS METAIOTEPMIUHO1
peakuii. Tomy, MOXHAa 3pOoOMTH BHCHOBOK, 110 68,6% BuXOAy MeTaly
METaJOTEPMIYHOTO BWJIMBKA Bl TEOPETHUUHO PO3PAaXOBAHOr0, MOXKE OyTH JOBEAEHO 10
OLUIBIII 3HAYHOTO MTOKA3HHUKA MIPH MPOBEJCHHI TUIABJICHb Y METAJIOTEPMIYHUX PEAKTOPaxX 3
OUTBIIM 00 €MOM 3aBaHTAXKEHOT IIUXTH.

BucHoBku

1. BcraHoBieHa MOXIHMBICTh CHHTE3y METAJOTEPMIYHUM CIIOCOOOM TEPMITHUX
Opon3. 2. Po3po0neHo ckiaaud MIUXT A9 CHUHTE3y TepMITHUX OpoH3. 3. JlocmimkeHo
MIKpOCTPYKTYpY Ta (i3UKO-MeXaHI4Hi BIACTUBOCTI CHHTE30BaHUX OPOH3.

1. Zhiguts, Yu. Thermites mixture for feeling of the bronze casting / Yu. Zhiguts //
Mexanika 1 ¢izuka pyiiHyBaHHs OyHiBEIbHMX MaTepialiB Ta KOHCTPYKIIN : 30ipHHK
Hayk. mpaib. — 2009. — Ne 8. — C. 169 - 172.

2. Kuryn, FO.}O. Marepianu, cunrezoBati metanorepmieto i CBC-niporiecamu / FO. XKuryii,
B.I. [Toxmypeekuii // Jon. HAH Ykpaiau. Cep. Maremarnka, Ipupo103HaBCTBO, TEXH.
Hayku. — 2005. — Ne 8. — C. 93 - 99.
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BnuiuB po3mipHux eeKTiB HA TEPMOXPOMHI BJIACTUBOCTI MIKPO- i
HaHOKoMII03uTiB Ha ocHOBI kpucTtaugiB (NH,(C,Hs),),CuCl, (DEACC)

Yopniit 10, Kanycrsaaux B."2, Cemaxk C.!

Ylvsiscorui HayioHanbHull yHieepcumem imeni lsana @panka, kageopa ghizuxu meepoo2o
mina, eyn. [pacomanosa, 50, m. Jlvsie, Ykpaina.
e-mail: ychornii@gmail.com
2 JTvsiscoKuil HayioHanbHull yHigepcumem imeHi leana @panka, HAyKo08O-mexHIYHUU I
HABYANbHULL YeHmp HU3bKOMEMNEPAMmypHUX 00Cioxcens, 8ya. /pacomanosa, 50, m. Jlveis,
VYkpaina.

[IpoBeaeHO JOCHIIKEHHS TEMIEpPaTypHOI €BOJIIOIIT CHEKTPIB MOTJIMHAHHSA
KOMITO3UTIB Ha ocHOBI HaHO- 1 MikpokpuctaniB (NHy(C;Hs),).CuCl, (DEACC) B
noMepHii mMatpurl. JociimkeHHss cekTpiB moriimHaHHs MoHokpucTtaiais DEACC
3aCBIUMIIM, IO IM MPUTAMaHHUA TEPMOXPOMHHUN (pa30BUI MEpPEXi] MEPIIOro poay
npu temneparypi 7=311 K, 3yMoBiI€eHUI 1CTOTHOIO 3MIHOIO OTOYEHHS 10Ha MiAil [1].
®a3zoBuUll TEpexiJl CYNPOBOKYETHCS PI3KUM 3MINIEHHSAM CMYT HOTJIMHAHHS, L0
BIJINOBIJIAI0OTh BHYTPIIIHIM €J1€KTPOHHHUM IEPEX0]IaM 10Ha Mil.

3 METOI0 BUABJICHHS BIUIMBY PO3MIPHHUX €(EKTIB Ha TEPMOXPOMHI BJIACTUBOCTI
Oynum BUTOTOBIICHI KOMMO3UTH Ha ocHoBI HaHokpuctanis (HK) DEACC 3
(dikcoBaHuMU po3MipaMu 10 HM y MaTpuill 3 TOJIMETUIMETaKpUiIaTy. BeraHoBieHo,
110 CIIEKTPH TOTIHHAHHSA B Aiana3oni 12000-28000 cv™ 3HaYHO MOAHGIKYIOTECS pH
nepexoji BiJ 00'€eMHUX KPHUCTAIIB 10 HAHOKPUCTAIIYHOTO CTaHY, TEPMOXPOMHHUUN
(dazoBuil nepexiJ Mepuoro poay He crnocTepiraeThesi. EQPexT KBaHTOBOTO 3amMpaHHs
B HK 3 posmipamu, oOMexeHumu a0 10 HM, YITKO NPOSIBISETHCA Yy 3HAYHOMY
3BY)KCHHI CMyTH TIOTJIHHAHHS, W10 BiAIOBiZae BHYTpIiMHBOMY mepexomy iona Cu®.

Boanouac, snpoBakenas HK DEACC B nosiiMepHy MaTpHITIO TI03BOJUIIO YITKO
inenTudikyBaru cmyru neperecenns 3apsay (I13) tuny nirana-meran Cl 3p—Cu 3d
B CIIEKTpasbHOMYy Aiamasomi 21000-26500 cm™, mo HeMOXIHBO 6y0 3pOGHTH st
o0'eMHOr0 KpucTtanza. AHami3 TeMmrepaTypHoi eBotorii cmyr [I3  3acBimuuB
HAsBHICTh HEIMEPEPBHOTO TEPMOXPOMHOTO €(PEeKTy y HAHOKOMIIO3UTaX Ha OCHOBI
DEACC.

Ha BigMiHy Bi HaHOKOMIIO3UTIB, MIKPOKOMIIO3UTaM, 3 XapaKTepHUMU
po3Mmipamu MK mopsinky 5 MM, mpuTamMaHHUN TEPMOXPOMHHUM TEpeXiJl MepIIoro
poly, SIKOMY BIAMOBIJAIOTh XapakTepHI TMETJ TICTePE3ucy Ha TeMIepaTypHUX
3AJIEKHOCTSIX Koe(DillieHTa MOTJIMHAHHA P (PIKCOBAHUX TOBXKUHAX XBUIb — 530 HM
Ta 630 HM. AHaJi3 TeMIepaTypHOi €BOJIOIIT BIIMOBIAHUX aOCOPOIINHUX CHEKTPIB
3aCBIUMB, 0 TEPMOXPOMHUN €(PEKT y I[bOMY BUIAAKY, K 1 Y MOHOKpHUCTaJaX, TEX
3YMOBJICHUH Pi13KOIO 3MIHOK) OTOYEHHS 10HA MiJli, TPOTE 3 JICIIO MEHIIUM CTYIIEHEM
nedopmMaliii MeTaa-TaJloreHHOTO Mmosieapa.

3Bakaroun Ha Te, mo MoHokpuctaru DEACC BonoaioTh HHM3KOHO Baj,
3YMOBJICHUX iXHBOIO TITPOCKOIIYHICTIO, @ TaKOXX HECTAOUIbHICTIO CIEKTPaIbHUX
napameTpiB Micis 6araTopa3oBOrO MOBTOPEHHS IUKITY ,,HATPIBaHHS-OXOJIOKEHHS
3aMpONOHOBAaHA TEXHOJIOTIS BUTOTOBIIEHHS MOJIMEPHUX MIKPOKOMITO3UTIB JIA€ 3MOTY
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KOMIIEHCYBAaTH Il HEOJIKM Ta ICTOTHO PO3LIMPUTH MOMIJIUBOCTI MPAKTUYHOTO
3aCTOCYBaHHS TEPMOXPOMHHX MaTepialliB TAKOTO THITLY.

1. Kanyctsabik B.b. DnekTpoHHbBIE ClIEKTphI U TPUPoAa (a30BbIX MEPEXO0B B KpUCTAIIIAX

[NH,(C,Hs),]Cu,Zn, Cly (x = 0,5, 1) / B.b. Kanyctsausik, A.5. batiok, F0.M. Kopuak //
Kypn. npuxi. criekrp. — 2004. — T. 71. — C. 798-802.
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3JICKTpOI[I/IHaMI/IKa METAVIAUIJICKTPUHICCKUX MOBEPXHOCTHBIX CJI0€B

Bnaiikos I'.I"., bapaoam M.I0., Konecanuenko A.A.,
Cesonenko A.1O., JIuteun P.B., Ps6os JI.B., Mapteinuyk B.E.

Texnuueckuii yenmp HAH Yxpaunwi, yn. Illokposckas, 13, 04070 Kues, Ykpauna,

UccnenoBamuch nByxmepHbie MaccuBbl (2D) 3070ThIX HAHOYACTHIl OCTPOBKOBOIO
BUJa  KBa3WHEOJHOPOJHO  pa3MEIICHHbIX HA  IOBEPXHOCTU  YHOPSIOUYECHHOM
JRJICKTPUYECKOM Cpelbl TeKCArOHAIBHOIO THIA. YTOPSIOYEHHAs IUAJICKTPUYECKast
cpefia mpecTaBisieT co00M KOMITO3UT Ha OCHOBE Toymanokcumponmikapoaszona (I1EIK)
¢ koddummentom mpenomitenust 1,55, TommuHoN 0,8-1,0 MkM. [loBEpXHOCTH TUICHKH
nedopMupoBasioch B AIIEKTPOrpadhuIecKoM npoiiecce, C CO3JTaHUEM
uHTEepeEepEeHIIMOHHON KapTUHBI B MHOTOJY4eBOM rosyorpaduu. I[IpocTpaHcTBEeHHBIM
nepuoa coctaBsut 500-1000 mua/MM. 3070ThIe  HAHOYACTHUIBI OCAXKTATUCH ITyTEM
TEPMHUYECKOr0 HamblUIeHHs B Bakyyme TosuHou 0,02-0,120 mxM. HanbuieHHBINM cioi
AU HaHOYACTHUI] MMEET OCTPOBKOBBIA XapakTep C PEryJSpHBIM MEPUOJIOM, KOTOPBINA
COOTBETCTBYET Iepuoay AedopMariviu IUJIEKTPUUECKOTO CIIO0s. DIEKTPOIIPOBOTHOCTD
30JI0TBIX CJIOEB IIPH IIOCTOSSHHOM TOKE OTCYTCTBOBald, YTO CBHJIETEILCTBYET O
KOHLIEHTpAIlMd METAJUIMYECKHX HAHOYACTHI] HIKE ropora nepkoysimuu (p.) (120 HmM
OJIM3KO K TOPOTY MEPKOJIALIMKI). ITO SIBJIAECTCS HEOOXOAMMBIM YCIIOBUEM JJISl TTOJTyYEHUS
YHUKAJIbHBIX ONTHYECKHX CBOMCTB BUAMMOM M OmmxHer nHppakpacHoi (K) obnactsix
CIEeKTpa, Onaromapsi BO30YKIECHHUIO B HHUX TOBEPXHOCTHBIX IIJJA3MOHHBIX MO/,
3HAYUTENFHOE YCWJICHUE SJIEKTpOMAarHUTHhIX nojei (DII) gocturaercs B IMIMPOKOM
CHEKTPAIbHOM  JMama3oHe  JUIi  HEYMOPSAOYEHHBIX  METAUIANAICKTPUYCCKUX
KOMIIO3UTOB, TaK W Ha BBIACICHHBIX YAacCTOTaX /JISl MEPUOJUYECKUX YHOPSAOUYECHHBIX
HaHOCTPYKTYp. [Ipy KOHUEHTpalu MeTalla HWXKE p. KOMIIO3UT  SIBIISIETCS
JMDJIEKTPUKOM, HO  TPUCYTCTBHME  OOJNIBIIMX ~ KJIACTEPOB  MeETaula  TO3BOJIAET
KOHIIEHTPUPOBAaTh  AJIEKTPOMATHUTHYIO JHEpruto. llepexol U3 METAUIMYECKOTrO
COCTOSTHHSI KOMIIO3UTa B COCTOSTHHE M30JIITOpa siBisieTcsl (pa3oBbIM miepexoioM. Bommsu
Ppe DIEKTPUYECKH TOK MPOTEKAET Yepe3 CIy4YallHyl0 CEThb MPOBOAAIIMX KaHAJOB,
KOTOpbIE TPOHU3BIBAIOT BCIKO CHUCTEMY. Pa3Mepbl METaJUIMYECKHX KJIacTEpPOB
YBEJIMYUBAIOTCS TP MPUOIMKEHUU p, CHU3Y. [Ipy yMEHbIIIEHUH KOHIICHTpAIUd MeTaJlia
CBEpXY BHHU3 JI0 TMOpOra MEPKOJISALMYU, TEPKOSIIIMOHHAS JUIMHA YBEIMYUBACTCS,
MakKpoOpeIleTKa TMEePKOJIIIIUOHHBIX KAaHAJIOB CTAHOBUTCS BCe 0oJiee pa3psHKeHHOM U
MIPOBOIUMOCTD Hcde3aeT. B pesynbrare a3(ekTrBHAs TUAJIEKTpUYECcKask MPOHUIIAEMOCTh
€ pacxoaurcs Tpu MNPUOTMKEHUHM p. U CBEpPXy U CHU3y. Takoe TMOBeACHUE
TBJIEKTPUYECKOM TTPOHUIIAEMOCTH KOMITO3UTa COCTOUT CYIIECTBOBAaHHMHM MHOKECTBA
MIPOBOJAIIMX METAUIMYECKUX KJIACTEPOB, KOTOPHIE TSIHYTCS YEepe3 BCIO CHCTEMY.
Kaxxapiit kaHas1 BHOCUT BKJIaJl B aHOMAJIHO BBICOKYIO €MKOCTb, a BCE KaHAJIbI COSTMHEHBI
napasuienbHo. Pazmep HanOoJbIIero Kiactepa OINpeneNseTcs KOPPEeIIMOHHON IJTMHON
komro3uta. Emkocte C Mexay KilacTepaMHd TakKXKe YBEIMUMBACTCS C POCTOM
KOPPEJSLMOHHON JUTMHBL. BCE 3TO MOKA3bIBAET, YTO CUJIbHAA HEJIMHEMHOCTh BO3HUKAET B
OTKJIUKE JIUAJIEKTPHUKA, KOTJa AUDJICKTpUYecKas MPOHUIIAEMOCTh BEIMKO MO MPUYUHE
CWIBHBIX MOJIEH B TOHKUX JAUAJICKTPUUECKUX Oapbepax. Takke KBAHTOBO-MEXAHUYECKOE
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TYHEJUTMPOBaHUE Yepe3 Oapbep UrpaeT BaKHYIO Posib BOMM3M p. [1]. B Takux cucremax
(hIIyKTyaluy JIOKAJIBHBIX JIEKTPUYECKUX IOJIEH JOCTUraeT TMTaHTCKUX MacIiTaboB [2].
HccrnenoBamich CHEKTpaibHbIE XapaKTEPUCTUKHA TaKMX KOMIIO3UTOB B BHIAMMOM
muarazone oT 400-900 kM. OCHOBHOE BHUMaHHE YIEISIIOCh KO3(PPHUITMEHTY TOTJIOICHHS
T.K. OT €0 BEJIMYMHBI 3aBUCUT HAKOIUICHHUS JICKTPOMAarHuTHOM sHeprun (OM), KoTopoe
oOecrieunBaeT CyllecTBoBaHHEe JIOKATbHBIX OII. Bbputo momydeHo, 4TO AJI1 TOJIIWH
30JI0TBIX TUIEHOK ~0,08 MKM TIOTJIOIIEHHE MaKCHUMaJbHOE, MPH TOHKUX U TOJCTBIX
IUICHKaX TOTJIONICHNE yMEHbIIaeTcsa. bombime ¢uIyKTyamuyd —JIOKaJbHOTO — TIOJIS
CYIIECTBYIOT BOJIM3H ITOPOTa NEPKOJISLINH.

1. CappiueB A.K., [lamaes B.M. DOnexrtpoaumnamuka wmertamatepuasioB / Ilep. ¢ adrm.
B.I'. Apakuyeesa, FO.B. BragumupoBoii. — M.: Hayunsrit mup, 2011. — 224 c.

2. S. Gresillon, L. Aigouy, A.C. Boccara, J.C. Rivoal, X. Quelin, X. Desmarest, P. Gadenne,
V.A. Shubin, A.K. Sarychev, and V.M. Shalaev. Phys.Rev.Lett., 82:4520, 1999.
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BB B-uMKI0AeKCTPUHY Ta OO MOXiTHUX HA POTOKATAIITUYHY
Aerpajanilo METUJIOPAHKY B IPUCYTHOCTI TiOKCUY TUTAHY

Bapaanum 1O. B., Koounincekuii C. M., KooOpina JI. B., Ps6os C. B.

Inemumym ximii ucokomonexynaprux cnonyk HAH Ykpainu
02160, Ykpaina, m. Kuis, Xapxiecvke woce, 48

OcranniMu pokamu 1ukinoaekctpunau (LI/]), 3aBasku cBOi 3maTHOCTI 0
YTBOPEHHS KOMIUIEKCIB BKJIIOYEHHS THUITYy “TICTh-TOCHOAApP” 3 BEJIMKOIO KUIBKICTIO
OpraHIYHUX MOJIEKYJ, IMHPOKO JOCHIKYIOTbCS TPH CTBOPEHHI aJCOpPOEHTIB,
MaTepialiB 13 KOHTPOJIHOBAHOIO JIOCTABKOIO JIKIB, KAalCyJIIOBaHHI Pi3HOMAaHITHUX
MOJIEKYJI, TIpU po3po0Ili ceHcopiB Ta iH. [lepcreKTMBHUM HaMpsSMOM € TaKOX
BUKOPUCTAHHA IMKJIOJACKCTPUHIB B CHCTeMax (DOTOKATATITUYHOI JECTPYKIi
OpraHiyHUX MoJieKyJ. ToMy MeTor0 JaHoi poOOTH OYyJI0 BUBUEHHS BILIUBY
B-umknoaexctpuny (B-111), 2-rimpoxcunponin-B-uukinoaexkcrpuny (I'TI-I11) (C3 =
4,5), metun-B-uuknoaexkcrpuny (C3 = 12) (Me-11JI) ta xapbokcumeTHi-f-1IUKI0-
nekctpuny (KM-1IJI) (C3 = 2,7) Ha ¢doroaerpanamito Metwiopanxky (MO) y
MPUCYTHOCTI JIOKCUIY TUTAHY.

ExcniepuMeHT mpoBOMIM Yy MpoOipili eMHICTIO 50 MJI, B Ky MOMIIIAIN BOJHI
po3unnau [[J[, MO Tta nHaBaxky TiO,, 3aransHuit 00’em ctaHoBuB 40 mi. Oxepkany
cycnieH3io miggaBanu Y D-onmpoMiHEHHIO TpU MOCTIHHOMY TMepeMIlTyBaHHI 3a
JIOTIOMOTOI0 MarHiTHOI MimIajgku. J[>KepeioM OmpoMiHEHHsS CIyryBaja cHCTeMa 3
TppoX Y@ JjiaMn MOTyXHICTIO o 8 BT Ta goBxuHOO XBUil 365 HM, pO3MIIIEHUX
BEPTUKAJIBHO 3 TphOX OOKIB BiA MHpOOIpKU. Y NOCHIKEHHSX BUKOPUCTAHO TakKl
KoHIeHTpalii pearentiB: 1 r/n TiO,, 30 mr/n MO, 0,2 — 0,5 r/a /1. /Iyt BUBYeHHS
KiHeTHKHU (poTozaerpanaiii BUMiproBaHHs KoHIeHTpauii MO npoBoauin uepes
15-30 xB, 1 micns neHTpudyryBaHHs mpoOH, BU3HAUYAIH ii CEKTPO(HOTOMETPHUHO
nipu 464 um. Ha ocHOBI ofiepkanux gaHuxX noOyaoBaHo 3anexxkHocti C/Cy
(C — konnentpariss MO depe3 neBHUI mpoMixkok dacy, Cp— BUXiJIHA KOHIICHTPAIis
MO) ta % ¢oronerpanarii Big vacy. 3 oAep>KaHUX JaHUX BCTAHOBJICHO, IO MPHU
naHux ymoBax ompomiHeHHs TiO, 6e3 mo6aBok 3HeOapBiaroe MO 3a 180 xB B
HehTpanbHOMY Ta 3a 120 xB B kucinomy cepenonuili (ripu pH 3,80). s mopiBHSHHS
3 JaHUMHU, oiepkaHuMU 3 poOaBkamu I[J], ocTaHHIi BapiSIHT € KOPEKTHIIINM,
OCKITbKM B miporieci  Y@D-ONpOMIHIOBaHHS ~ PO3YMHIB  IUKJIOACKCTPUHIB
croctepiraeThcsi 3HU-keHHs pH cepemoBuma g0 3,8 —4,4. lle 3ymoBieHO
OKHUCHEHHAM TigpokcwibHUX 1pyn I[IJI 1m0 kapOOKCHIBHMX, WIO MiJTBEPHKEHO
naHuMH 1HGpadepBOHOi crnekTpockomii. OkpiM TOro Bigomo, 10 (oTtoaerpamaris
MO npoxoauTh epeKTUBHIIIE B KUCIOMY CEPEelIOBHILI, a caMe B fiana3oni pH 3 —5.
Amnani3 kpuBux goroaerpanaunii MO y npucytHocti L] cBiAuuTh IpO NpUCKOPEHHS
uporo mnporecy micast 30—45 XxB. ONpOMIHEHHsS, Xo4a JO ILbOTO MOMEHTY
CHOCTepIrajocs MNOrip-leHHS (POTOAECTPYKIil mOpiBHAHO 3 BuXigHUM TiOs.
OueBHaHO, 1€ BIAOYBAETHCS BHACIIJOK YTBOPEHHS KOMILJIEKCIB BKJIIOUYEHHS, IO
3axuiae moJjiekyian MO Bin okucHenHs. [loganbiry cTpiMky nerpanaiiro MO mosxHa
MOSICHUTHU TIOSIBOIO KapOOKCHIbHUX Tpym Ha [JI, 1o mpu3BOAUTH SIK A0 3MEHIICHHS
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pH cepenoBumia, Tak i copusie 30uUTbiIeHHIO afcopouii MO y ckiagl KOMIUIEKCY
BKJIFOYEHHSI Ha MOBEPXHI (DoToKaTami3zaropa 3a paxyHOK BOJHEBHUX 3B’SI3KIB MIXK
rigpokcusibHuMu rpynamMu TiO, Ta KapOOKCWJIBHHUMH Tpymnamu okucHeHoro [IJ]
(Oxl1J). Ie Takoxx  gomomarae  OuUTbIl  €(EKTUBHILIOMY  PO3IIJIEHHIO
(dhoToreHepoBaHUX EJIEKTPOHIB 1 JIPOK Ta 3MEHIICHHIO iX pekomoOiHarii. [lomiOHi
pe3yNbTaTH OAEP>KaHO MPU MOMNE-PETHHOMY OKMCHEHHI IIMKJIOJEKCTPUHIB YIIPOIOBK
30 xB. 6e3 MO. Ilpu npoBenenHi Gporoaerpanaii y Takuit cnocid, 3uedapsienuss MO
BiOyBanoch 3a 45 xB. [Ipu npomy konnentparis L[] He cuibHO BIuIMBaia Ha MPOIIEC
dbotomectpykiii. MonpHe cmiBBigHomenass MO:11J] npuBeneno y miamuci g0 puc. 1.
[Topisusiaas 3 KM-I/] cyTTeBO1 pi3HHII HE BUSBHIO, X04Ya 3a MEHIIIOT KOHIICHTPAITIi
['TI-11JT Ta Me-IIJ1 mismm aemnio eeKTUBHIIIIE.

100 - 100 -
< 80 - = 807
= X —o—OxIML
T 60 - ——nua F 60 - —D—OiLU],
: —-un 3 g
5 40 | —o—Mell] 5 40 Be3 nobapok
Q o —o— AcOH
g ——Ge3 gobasok g
8 20 - 6 20 -
0 T T T T ! ' 0« T T T T T T T T T 1
0 30 60 90 120 150 180 0 15 30 45 60 75 90 10512013515
t, xB t, xe
a) 0)

doTogerpagadia, %

1, xB

B)
Puc. 1. 3anexuicts poronerpanaiii Big gacy Y @-onpomiHioBaHHs 0e3 (a) Ta 3 monepeaHim
okucHeHHsM (0, B) LIJ] ynpoaosxk 30 xB.:
a, 0: C(IL) = 200 mr/ir; moasHe criBBignomenus [[J[:MO 2:1, I'TI-IIJ1:MO 1,5:1, Me-
A:MO 1,6:1, KM-II/I:MO 2:1.
B: C(ILA) = 320 mr/n, C(T'TI-LI) = 390 mr/n, C(KM-11JI) = 380 mr/m,
C(Me-11/1) = 365 mr/n; monbHe criiBBigHOmeHHs [[JI:MO 3:1.
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Influence of the constant magnetic field on the structure and
properties of epoxy composites

Bardadym Yu.!, Sporyagin E.2, Naumenko 0.2

! Institute of Macromolecular Chemistry of NAS of Ukraine
2 Oles Honchar Dnipro National University
3 Ukrainian State University of Chemical Technology

One of the main objectives of research in materials science is the creation of
composite materials with a predictable set of properties. The actual direction of
improvement of physical and mechanical properties of epoxy composite materials is
the use of permanent magnetic or electric fields. The use of constant physical fields is
a rather inexpensive and safe method for achieving the goals set. Such functional
materials with clearly expressed physical and chemical properties can be obtained.

The use of mathematical (computer) simulation plays an important role along
with experimental research methods. Modeling using digital computers is one of the
most powerful means of research. It enables to calculate and simulate experiments at
the design stage. Application of modeling allows you to understand how the real
object is constructed, its structure, basic properties, laws of development and
interaction with the surrounding world, learn to manage the object (or process), to
determine the optimal ways of managing it for given goals and criteria, as well as to
predict the direct and indirect effects of the implementation of the specified methods
and forms of influence on the object.

This work is devoted to the study of the effect of external permanent magnetic
field on the structure, thermophysical, dielectric properties of epoxy polymers and
their composites containing metal oxides. Samples of nanocomposites were formed
from epoxy resin ED-20 and triethylenetetramine. Stoichiometric ratio was 1 mole of
epoxy resin to 0,18 mole triethylenetetramine. Powder CdO, PbO and Cr,0O; were
used as fillers. The content of metal oxide was 3 vol. %. Samples of nanocomposites
were subjected to curing with different conditions. The influence of constant
magnetic field was 2:105 A/m. All curing processes were done at 293 — 297 K for
24 hours. Then all polymeric samples were carried out temperature stabilization at
333 +£ 2 K for 24 hours.

Patterns of connection between the structure and the physical and mechanical
properties of epoxy composites were first established. This makes it possible to
purposefully influence external physical fields on the process of solidification of
composites in order to obtain materials with a certain complex of functional
properties.

The introduction of inorganic filler causes the epoxy polymer to dissolution of
the structure and reduces the glass transition temperature of the epoxy composite. The
estimation of the influence of constant physical fields on the tangent angle of the
dielectric losses of the filled composites shows that the orientation effect of constant
physical fields increases the free volume of molecular chains of the chemical network
of the epoxy polymer. The introduction of fillers causes an increase in the dynamic
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modulus of elasticity, but after the action of constant physical fields, this value is
slightly reduced.

It was established that the use of external physical fields allows to change the
relative deformation of the studied filled epoxy composite materials from 5% to 15%.

The introduction of inorganic filler causes the epoxy polymer to dissolution of
the structure and reduces the glass transition temperature of the epoxy composite. As
a result of the directed action of constant physical fields an orientation effect is
observed that causes the structure and compaction of macromolecules and inorganic
filler in epoxy composites to be streamlined. Also, the gel fraction of the epoxy
polymer and its composites was calculated. The values are constant and range from
99,2 % to 97,98 % while the gel fraction of the polyepoxide matrix is 99,97 % to
99,3 %.

The obtained research results can be used as a scientific basis for finding
optimal conditions for the formation of the structure of polymer composites filled
with dispersed fillers, which will allow obtaining materials with the necessary pre-
determined physical, mechanical, electrophysical and thermophysical properties.
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Modeling of the refractive properties in TIsNbSe,: an approach based
on the generalized single-oscillator model

Bokotey O.V., Slivka A.G.

Faculty of Physics, Uzhhorod National University, 46 Pidhirna Str., Uzhhorod,
88000, Ukraine; e-mail: bokotey ov@ukr.net

The aim of this paper is to establish the refractive parameters of TI;NbSe,
crystal using the approach based on the generalized single-electron model in the
spectral region far from the absorption edge. Such study for TIzNbSe, have not been
carried out before. The refractive index evaluation is of considerable importance for
applications in integrated optic devices, where materials refractive index is the key
parameter for device design. This investigation gives fundamental information, data
and experiences for further studies. Moreover, it provides a new perspective on a
macroscopic scale in materials for predicting of refractive index.

The predicted optical parameters of TI;NbSe,; were calculated from the
molecular properties using the generalized single-oscillator model. In previous
theoretical studies [1-3] it was shown that Harrison’s model allows to calculate the
refractive properties of solids. From the fundamental solid state physics aspects
refractive parameters closely related to the electronic polarizability of ions and the
local field inside the material. The approach becomes particularly useful when it is
simplified by including only nearest-neighbor couplings and using universal
parameters. Occupied energy levels with the largest energy define the properties of
compounds. Valence electrons determine the optical properties of solids as the energy
interval of their excited electronic states is located in the optical range. The cluster
approximation based upon special point is used for calculations of bond
polarizabilities. The real part of the dielectric function can be derived from the
Imaginary part by the Kramers-Kronig relationship. The refractive index is estimated

with the following relation:
1/2
£1(@) 4 JS%(CU)"‘E%(W)‘
2 2

where g, and €, are the real and imaginary components of the dielectric function,
respectively. A satisfactory correlation between the experimental data and the results
of theoretical calculations is obtained. It follows from the theoretical considerations
that the Harrison’s approach is a convenient and flexible approach for the study of
optical properties for TI;XY, compounds.

n(w) =

1. W. Harrison, Tight-binding theory of the dielectric susceptibilities and transverse charges of
insulators, Phys. Rev. B74 (20) (2006), 205101.

2. 0O.V. Bokotey, Theoretical calculations of refractive properties for Hgs;Te,Cl, crystals,
Nanoscale Res. Lett. (11) (2016), 251.

3. O.V. Bokotey, I.P. Studenyak, I.I. Nebola, Yu.V. Minets, Theoretical study of structural
features and optical properties of the Hgs;S,Cl, polymorphs, J. Alloys Compd. 660 (2016), 193—
196.
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Optoelectronic properties of Tl;3VY,(Y=S, Se) chalcogenide crystals
Bokotey O.V., Slivka A.G.

Faculty of Physics, Uzhhorod National University, 46 Pidhirna Str., Uzhhorod,
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The main goal of this study is to review the structure and optoelectronic
properties of TI;VY, (Y= S, Se) chalcogenide crystals. Taking into account the
chemical composition of crystals under investigation, these materials have body-
centered cubic crystal structures, and their properties are much more diverse given
the increased number of elements, so they may have wide applications in
optoelectronic, magnetic and magneto-optical applications. They may be used for
surface acoustic wave (SAW) devices which include frequency filters, delay-lines
and oscillators, their acousto-optic properties make them favorable for applications
such as laser modulators, optical filters, deflectors and signal processors. Further
research and development of technology for the various applications of TlVY,
crystals is discussed in details.

The ternary thallium chalcogenides materials belong to the TI;XY, class of
compounds. They are isomorphic and crystallize in space group T4* - 143m. The main
feature of ternary thallium chalcogenides is formation of numerous polymorphic
modifications and existence of isomorphic substitutions in sublattices. Interest in
them is caused by the ability to form continuous raws of solid solutions that allows
use them for different variations of physical and chemical properties. The specific
feature of mentioned structures is the presence of [XY,] and [TlYg] structural
complexes. Chalcogenide crystals have been reported as good materials for devices
operated by external light [1-5]. Photoinduced anisotropy and non-centrosymmetry in
these chalcogenide materials is particularly interesting due to their possible
applications in such devices. Among other classes of chalcogenides, TI3XY, crystals
have attracted much interest due to their promising properties such as transmission in
middle and far infrared regions of spectra, strong piezoelectric effect, lower values of
phonon energies and higher values of refractive indices. Moreover, these crystals and
their solid solutions are interesting by the possibilities of applications as the advanced
optical materials in modern nanophysics. Due to their unique physical and chemical
properties of these crystals in nanoparticle form have a wide range of applications in
non-linear optics. It will greatly enhance the performance of current technologies and
will open up completely new application areas.

1. Eremeev S., Koroteev Yu., Chulkov. Ternary thallium-based semimetal chalcogenides as a new
class of three-dimensional topological insulators// JETP Letters. — V.91, - P. 594-598.

2. Hoang K., Mohanti S. Atomic and electronic structures of ternary chalcogenides// Journal of
Science: Advanced Materials and Devices. — V.1, -2016. — P. 51-56.

3. Bokotey O.V. Theoretical analysis of optical properties for Tl3XY, crystals // Proc. of the 4th
International Conference «Nanotechnologies» (Nano-2016). — Thilisi, Georgia, 2016. — P. 33.

4. Carovac A., Smajlovic F, Junozovic P. Application of Ultrasound in Medicine // Acta Inform.
Med. — 2011. — 19(3). — P. 168-171.

5. [5] Welch A.G., van Gemert M.J. Optical-thermal response of laser-irradiated tissue. — Springer,
2011. — P. 145-946.
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The remarkable progress was achieved in the study of the physical and
chemical properties of corderoite-type compounds HgsX,Y, [1-5]. Their optical
properties such as high refractive index, photoconductivity, electrooptical effect,
optical activity, optical nonlinearity etc., make them promising nanomaterials for
nonlinear applications. Theoretical analysis of the contribution of each optical
property is important in optimizing the performance of optical devices through the
minimization or enhancement of these properties according to the desired
functionality. The symmetry-tensor analysis and theoretical calculations are used as a
powerfull tools to predict the physical properties of these nanomaterials. Their
structural, electronic and optical properties depend sufficiently on synthesis
conditions, structural defects, and morphological characteristics.

The structure of corderoite-type crystals consists of two sets of octahedral
spirals with different radii and twisting directions. From the structural point of view,
the crystals under investigation are well ordered, and observed that the basic
structural unit in the title crystal is a [SHg3] pyramid. The title crystal possesses an
excellent transparency in the mid-IR spectral range. HgsX,Y, crystals can be
efficiently used for enhancement of the optical processes in biomolecules by
nanostructured surfaces on their basis. The optical rotation primary application of
biological molecules involves determination of secondary structures of proteins and
nucleic acids. Obtained data suggest that the optical properties of the titled
nanocrystals should be taken into account in the studies concerning optical diagnostic
methods in medicine [1-3]. They have a great potential for wide range of possible
application in optical devices: elements for dynamic holography, recording and
information storage, modulators, deflectors and other devices based on the
phenomenon of the interaction of light beams.

Nanomaterials based on Hgs:X,Y, (X = S, Se, Te; Y = F, Cl, Br, 1) gyrotropic
crystals have tremendous potential in addressing the two major issues faced by our
society: the searching for new energy sources and improving healthcare [2-3].
Studied crystals are expected to contribute in the development of nanophysics and
personalized medicine for health monitoring and prevention.

1. Bokotey O.V. Calculated optical properties of gyrotropic HgsTe,Br.// Optik. — V.156. — 2018. — P. 39-42.

2. Bokotey 0.V. Theoretical calculations of refractive properties for HgsTe,Cl, crystals // Nanoscale Res.
Lett. — 2016. — 11:251.

3. Bokotey O.V. Investigation of gyrotropic properties for HgzX,Cl, (X = Se, Te) crystals // J. Alloys
Compd. — 2016. — V. 678. — P. 444447

4. Bokotey O.V. Refractive index behavior of mercury chalcogenhalogenides HgsX,Hal, // Proc. of the
Ukrainian-German Symposium on Physics and Chemistry of Nanostructures and on Nanobiotechnology.
— Kyiv, 2015. — P. 140.

5. Bokotey O.V., Glukhov K.E., Nebola I.I., Bokotey A.A. First-principles calculations of phonons and
Raman spectra in the HgsTe,Cl, crystals // J. Alloys Compd. — 2016. — V. 669. — P. 161-166.
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Longitudinal magnetization dynamics in antiferromagnets:
Spin Green functions approach

Boliasova O.0., Krivoruchko V.N.

0.0. Galkin Donetsk Institute for Physics and Engineering, the NAS of Ukraine,
46, Nauki Avenue, 03028, Kyiv, Ukraine

Computation rates of modern processors are constantly increasing and the
growth rate of magnetic data storage is needed. As a result, faster methods for
manipulating the magnetization in solids are required. In 1996, Beaurepaire et al. [1]
showed that the spin direction can be changed by using sub-picosecond laser pulse.
This discovery entailed a number of studies in the newly formed research field,
femtomagnetism.

In contrast to ferromagnetic materials antiferromagnetic materials are less
studied. Nevertheless, according to some reports [2,3] magnetic order in
antiferromagnets (AFMs) can be controlled on smaller time scales than in
ferromagnets. Indeed, recent experiments [4-6] show that the ultrafast response of an
antiferromagnetic system to intense optical excitation is distinctly different from that
of a ferromagnetic system.

Despite numerous studies over the past years, the longitudinal magnetization
dynamics in AFMs not completely clear even in the equilibrium state of a system.
Thus, a detailed study of the AFMs magnetic properties will help to expand the area
of their technical applications.

In this report, within a spin Green functions diagrammatic approach [7], we
consider the longitudinal magnetization dynamics for antiferromagnetic dielectrics.
The advantage of this diagrammatic approach is a possibility to overcome limitations
typical for phenomenological approaches.

To capture main physics, we consider a simple anisotropic model of a two-
sublattice AFM. In the absence of any external influences, the Heisenberg
Hamiltonian looks like:

_v |1 +o= . e—ct). 1Z cZcZ
H _%{ZJfg(sf Sg +578 J+ 94,57 sg]

here S¢ and Sy are the spin operators on an f(g)-th site of the sublattices 1 and 2,
respectively, and the circular spin operators are introduced as usual S*=(S* % iS”); Jg
stands for the exchange integral between x-y components spins, J’, stands for the
exchange integral between z components spins. We will suggest that [S¢| = |Sq| = S
and J%g > Jig > 0, i.e. the sublattices are in antiparallel orientation along z axis.

Within the microscopic approach, we calculated the longitudinal susceptibility
1*(g, w), the function of frequency w and momentum ¢, to find the system’s
longitudinal magnetization dynamics. In turn, it is necessary to calculate the retarded
spin Green functions G“®; to find (g, »). Thus we have:

2
y7]
z22<q,w>=—vgefg§R><q,w),

here ug is Bohr magneton and v, stands for the volume of a primitive magnetic cell.
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In our case of a two-sublattice system G*®, . can be reduced to four sublattice
longitudinal Green functions:
G (0) = 926 (o) - (GH(0)+ GF4(a)+ G34(@)]

where q = (q,w). Each of the sublattice Green functions within the perturbation
theory can be presented in a graphic form [7]. So, we are working with the graphical
objects which are different loops built from spin wave propagators. The summation
of an infinite series of these loops allows us to obtain an expression for the
longitudinal dynamic spin susceptibility »*(g,w) applicable in all regions of
frequency o and wave vector g space beyond the hydrodynamical and critical
regimes.

It is shown that, in general, there are two virtual processes that determine the
longitudinal energy spectrum and the longitudinal susceptibility: (i) absorption of a
transverse magnon and excitation of another one, and (ii) two transverse magnons
excitation/absorption. The frequency determined by the excitation/absorption of two
magnons lies energetically above transverse spin-wave frequency. This channel
remains even in the absence of thermal excitations. The processes of creation or
annihilation of two spin waves remain effective even under influence of a
homogeneous external field. In our opinion, its most likely provide the main
contribution to the thermally induced magnetization reversal.

1. E. Beaurepaire, J.-C. Merle, A. Daunois, and J.-Y. Bigot Ultrafast Spin Dynamics in
Ferromagnetic Nickel // Phys. Rev. Lett. — 1996. — Vol. 76. — P. 4250-4253.

2. AV. Kimel, A. Kirilyuk, A. Tsvetkov, R.V. Pisarev, and Th. Rasing Laser-induced
ultrafast spin reorientation in the antiferromagnet TmFeO; // Nature. — 2004. — Vol. 429.
—P. 850-853.

3. T. Satoh, B.B. Van Aken, N. Phuc Duong, T. Lottermoser, and M. Fiebig Ultrafast spin
and lattice dynamics in antiferromagnetic Cr,O3 // Phys. Rev. B. — 2007. — Vol. 75. — P.
155406.

4. T. Kampfrath, A. Sell, G. Klatt, A. Pashkin, S. Mahrlein, T. Dekorsy, M. Wolf, M.
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It was proposed a model that allows separating the influence of porosity, effective
grain sizes, and the state of grain boundaries on mechanical properties and
formulating a generalized analytical dependence of biaxial strength on these
structure parameters.

In order to describe the state of the boundaries between the effective structure
elements, the quantitative parameter k, was proposed to using and dependence of this
coefficient on the sintering temperature for different types of 1Cel0ScSZ ceramics
was obtained.

Materials based on zirconium dioxide are well-known and widely used for
structural and functional applications. At the moment, the using of zirconia stabilized
at low-temperature cubic phase as a solid electrolyte of ceramic fuel cells (CFCs),
which is the most efficiency modern technology for producing electricity from
chemical energy of fuel, is relevant.

It is known that the structural components (P, d) depend on the temperature of
sintering Ts. Therefore the dependence of ceramic strength on sintering temperature
can be written as a function of structural components, first of all, porosity P, grain
size d, and property that can be characterize the state of boundaries of structural
component (primary particles, grains) and depends, in particular, on the quantity and
orderliness impurities. For example, this property may be surface energy y. In
general, the structural strength dependence can be represented as o(Ty=f{d(Ty), P(Ts),
1Ts)}. Usually the impact of state of boundaries is included to the porosity
dependence. Qualitatively, the effect of state of boundaries can be estimated by
analyzing the fracture micromechanism of ceramics.

It was established that dependency views of biaxial strength on sintering
temperature differs significantly for ceramics made of different types of powders
which differ in morphology and composition and quantity of non-main impurities.

Based on a comprehensive analysis of the influence of sintering temperature on
the structure and mechanical behavior of bulk 1Cel10ScSZ ceramics, a summarizing
expression was proposed for all types of ceramics:

o (T.,) = oo +k,(T,)//d(@,)) - P(T,))

where o, - the strength of a chemically pure material with an infinitely large
effective structure component, n - the coefficient determined by the morphology of
the porosity (for the spherical porosity = 2), k, - the normalizing coefficient
determined by the state of the boundaries.

It was found that proposed ratio describes mechanical behavior of bulk
1Cel0ScSZ ceramics for interparticle, transgranular and intergranular fracture
micromechanisms in enough exactly way.
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3acTrocyBaHHS MOAEJbLHUX JIMIIITHUX MeMOPaH JJIsl AOCJIiIKEeHH Iil
KOMIIOHEHTIB (papMIipenaparis

byvasacbka JI.B., Bamenko O.B., Kacsu H.O., JIuceupkuii JI.M.

Inemumym cyunmunayivunux mamepianie HAH Yxpainu. 61072, Xapxis, np. Hayku, 60.
|.budjanskaja92@gmail.com

Bzaemonis 3 nmimigHuMH MeMOpaHaMHd € OJIHMM 3 HEBIJI'€MHHMX AacIeKTiB Jii
nikapcbkux peuoBuH (JIP). Lle oOymoBiaeHO TuM, 10 MOJIEKYJsipHI MimieHi JIP Ta
Miclle iX yBEJEHHs, sIK IPaBWJIO, PO3AUICHI HU3KOI MeMOpaHHHX Oap'epiB, sKi
oinpuricts JIP momae nuisixom macuBHOT audy3ii Kpi3h dimiaHuid Oimap. Ilpu
3B's3yBaHH1 JIP 3 mimigHOI0 MEMOpaHOIO 3MIHIOIOTHCS ii CTPYKTYPHO-(PYHKIIIOHATBHI
BJIACTUBOCTI, 10 ¥ ckiagae memOpanoTpornHy niro (MJI) manoi JIP. B maniit po6ori
MIPOBEICHO OCHIIKEeHHsT M KOMIIOHEHTIB HOBUX Ta B)K€ BIIOMHUX (hapMIpenaparis
Ha MOJIeJIbHI MeMOpaHu PI3HOTO JIMIJAHOTO CKIIaay, V T. Y. MOJIMEPHUX HOCIIB Ha
OCHOBI MOJIaKpuiamigy, KOH'IOraTiB METOTpeKcary 1 O€TyJIOHOBOI KHUCIOTH Ta
aHTHOIOoTHKY rpaMminuauny S (GS).

Po6ota npoBoaunacs Ha MOACIBHUX MeMOpaHax Pi3HOTO JIMIAHOTO CKiaxy. Y
SAKOCT1 OJHOKOMIIOHEHTHHX MOJICTbHUX JIIIJHUX MeMOpaH BUKOPHUCTOBYBAJHCS
MYJIBTHOIIIAPOB1 JaMeIsipHi CTPYKTYypH riIpaToBaHOTO L-a-nimanbmi-
toinpocharuamixoniny (AIDX). bararokommoHeHTHI MeMOpaHU MPECTaBISIH
coboro cymimn JIN®X 3 ginansmitoindocharununrainepunom (AIDI), nimanbmi-
toindocharuamieranonaminom (JIIDE), nepedposunamu (1), xapaiomininom (KJI)
Ta xoJjectepuHoM (X). 3a TONOMOror AU(PEPEeHIIATbHOI CKaHYIO4Oi KaJopUMETpii
Oyau oTpuMaHi HaOOpW MapaMmeTpiB (Pa3oBUX NEPEXOAIB ISl KOXKHOI MEeMOpaHHOi
CUCTEMH, SIKi BAKOPHCTOBYBAJIUCS JISl XapaKTepucTuku M/I.

CydacHUM  HampsIMKOM  TIPOTHITYXJIMHHOI ~ Tepamii €  BHKOPHCTaHHS
OaraToPyHKI[IOHATPHUX TMOJIMEPHUX HAHOHOCIIB, SIKI MOXYTh MIJABHUIIUTH I1JIHOBY
Tepanito. BukopucranHs TIOpUAHMX HAHOCHUCTEM, IO CKJIAJAIOTHCS 3 MOJIMEPHUX
HAHOHOCIIB 3 BOY/IOBAHUMH TUIa3MOHHUMH METAJICBUMH HAaHOYAaCTUHKAMHU, € HaWOUIbIII
epEeKTUBHUM  TIAXOMOM JUIi  MPOTUMYXJIUHHOI  (HOTOAMHAMIYHOI — Tepamii 1
rinepTepMiuHOl  Tepamii B OHKOJIOTIi. 3ipKOMOJiOHI  JIeKCTpaH-TIoJMiaKpUiIaMiIHI
comoyiiMepu Oynu cuHTe30BaHi B KUIBChKOMY HAaIllOHATBHOMY YHHMBEpPCHUTETI. byio
BCTAaHOBJICHO, IO HeraTUBHO 3apsypkeHi MemOpanu JIIOX-AIIDPIN ta JIIDX-KJI
OUIBIII YyTJIHMBI JO BBEICHHS MOJIMEPIB, HDK He3apspkeHi. [lomimepu, mo MicTATh
HAHOYACTUHKY 30JI0Ta, MaJld OUTbI BUupakeHy M/Jl B MOpIBHAHHI 3 1HIIUMH TUTIAMA
JOCTIDKyBaHUX ToJiiMepiB [1].

[ToximHi MeTOTpeKcaTy 3HAaXOIAThCS MiJ MUIBHOK YBarol B OCTaHHI POKH,
OCKUIbKM  3MEHIIEHHS TOKCHUYHOCTI METOTpEeKcaTy HEOOXiAHO Ui  IUIeH
MPOTUPAKOBOI Tepamii. ¥ TphOX PI3HUX THUMAaX KOH'IOTaTiB METOoTpekcary 1 Oery-
JIOHOBOI KucaoTH, 1o O0ynu cunre3oBadl B JJHY HTK «lHCTUTYT MOHOKpUCTaIBY,
OyJiI0 BUSBJICHO ICTOTHY BiAMIHHICTH MJI Ta BU3HaueHa HaMOUIBII TEPCIIEKTUBHA
cnoyiyka. BcranoBneHo, mo y OararokomnoHeHTHIH memOpani AIIOX-IATIDE-X
KOH'IOTaTH TEPEBAXKHO 3B'S3YIOTHCS 3 XOJECTEPUH-30araueHoro JimigHo (a3oro.
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BcranoBieHo BHCOKI — JIHIMHI  KOpenslli MK JESIKUMHU  PO3PAXyHKOBHUMH
MOJICKYJIIPHUMU ITapaMeTpaMu KOH'FOraTiB 1 mapamerpamu ix M/ [2].

AnTu6ioTuk GS € epexTHBHUM MeMOpPaHOAKTUBHUM IpenapaToM, OJHAK, Ma€
HEraTUBHI MOOIYHI €(EeKTH, 30KpeMa TeMOJITUYHUN, TOMY BHUSBJICHHS MEXaHI3MIB
roro MJI Bkpaii BaxiMBO s onTuMizaiii #oro mii. [ns GS BcTaHOBIEHO 1
0XapaKTEPU30BAHO 2 TUIH 3B'SI3yBaHHS 3 JIIITHUMH MeMOpaHaMH, SIKi BIATOBIIAIOTh
3B'I3yBaHHIO MOHOMEPIB 1 OJIrOMepiB. Y psiAl JOCIKEHUX JIMIIHUX MeMOpaH
PI3HOTO CKJIay BCTAaHOBJICHO 3HAYHMA HU3BKOTEMIIEPATypHUU 3CyB 000X IIKIB B
memOpani JIIDX : xonectepun 9:1 MOJIB/MOJb, KWW CBIAYNATH PO ITiABUIICHHS
cnopigaenocti GS 1o MmemOpan takoro cknany. [lpu BBenenHi y memoOpany JAIIDX,
o mictuth GS, po3zunniB CaCl, BcranoBneHo anuTuBHICTF M/ GS Ta i0HIB Ca® [3].

Ili pesynbpraT MOXYTh OYyTH 3aCTOCOBaHI JJii ONTHUMI3alii BIACTHBOCTEH
npernaparis.

1. L.V. Budianska, O.V. Vashchenko, e. a. // XI International Conference “Electronic
Processe in Organic and Inorganic Materials ( ICEPOM — 11) ”, Ivano-Frankivsk,
Ukraine. — May 21-25, 2018. — P. 33.

2. L.V. Budianska, O.V. Vashchenko, e. a. // Tematmunmii VII 3’i3q VYxkpaiHChKOTO
OiodizmaHoro ToBapucTBa, Kuis, 29-31 sxoBTHs, 2018. — c.42.

3. JI.B. bynsnuckas, O.B. Bamenko, e. a. // XII Mixxnapoaaa KoOH(pEpeHIIis M0 MPUKIATHIH
610¢13wuiri, 6ioHimi Ta 6iokibepueTuil, Kuis, 18-20 sxoBTHs, 2018. — ¢.10.
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Po3paxyHKH 30HHOI CTPYKTYPH Ta ONTHYHHUX BJIACTUBOCTEM
kpucrana Cu;SiSsl

Bakyabuak B.B., bnenkan /I.I., Crynensik LII

Yoiceopoocoruii nayionanvnuii ynisepcumem, 88000, Yaiceopoo, eyn. Borowuna, 54
vasyl.vakulchak@uzhnu.edu.ua

Cynepionnuii nmposimauk Cu;SiSs| Hanexatb 10 pOAWHU CHOIYK 31 CTPYKTYPOIO
apripoauty. JlaHuii maTepiaq MOXE BUKOPHUCTOBYBATHUCH B POJIi MeMOpaHU Miji-
CEJICKTUBHOTO €JICKTPOa, IO BIIKPHUBAE MOKJIMBICTh BU3HAYCHHS MiJll B KHUCIIHX
TEXHOJIOTIYHUX po3dynHax [1].

B maniit po6oti ab initio merogom Teopii GyHKIIOHATY I'YCTHHU B HAOJIMKCHHI
JIOKAJIBHOI €JIEKTPOHHOT T'YCTUHU 3 BpaXyBaHHSIM CHJIBHUX €JIEKTPOHHUX KOPEJALIi B
d-o6osonmi ioHa mimi (Metox LDA+U) BuKOHaHI po3paxyHKH 30HHOI CTPYKTYpH,
MOBHOI 1 NapLiajJbHUX TYCTUH €JIEKTPOHHUX CTaHiB, IMPOCTOPOBOTO PO3MOJLITY
TYCTUHHU €JIEKTPOHHOTO 3apsiAy 1 ONTUYHUX (YHKIIN: T1€IeKTPUYHOI MPOHUKHOCTI,
MOKa3HKMKa 3aJIOMJICHHS, KOS(IIiEHTIB BiAOMBaHHS 1 moriMHaHHs kpucTaina Cu,SiSsl.

Banentauit komrmiexke Cu;SiSsl 3arampHoro mmpuHoo 13.85 eB ckmamaeTnes 3
YOTUPHOX OKPEMHUX MIA30H, pO3AUIEHUMX 3a00pOHEHMMM IIIJTMHAMU. AHami3
napijiajlbHUX BHECKIB B €JIEKTPOHHY T'YCTUHY JO3BOJIMB 1I€HTU(IKYBAaTH T€HETHUYHE
MOXO/PKEHHS PI3HUX TMIJ30H BAJEHTHOI 30HM B JOCHIIHPKYBAHOMY KpHUCTaIl.
Oco0OsuBicTh OyJOBH €IEKTPOHHO-CHEPIeTHUYHOI CTPYKTYPHU JAaHOI CIOJYKH
BU3HAYAIOTh 3aloBHEHI O-CTaHW aTOMIB Mifi, SIKi TIEPEKPHUBAIOTHCS IO EHEprii 3
JIEJIOKAJII30BAHUMU BAJICHTHUMH CTaHAMU p-cUMeETpii atoMiB S Ta | y 6e3nocepenHiii
OJIM3BKOCTI [0 BEPIIMHU BajeHTHOI 30HM. 30Ha mposigHocTi Cu;SiSsl 3a ckiagom
aTOMHHX opOiTaneil Mae 3MilllaHuii XapakTep 1 chOpMOBaHA 3aMilllyBaHHSIM BUIbHHUX
S-, p- i d-ctaniB aromiB Cu, Si, Si 1.

3riJlH0 BUKOHAHMX PO3PaxyHKiB 30HHOI cTpyKTypH, Cu;SiSsl € mpsiMo30HHUM
HATIBIPOBITHMKOM 3 PO3PAXOBAHHM 3HAUYCHHAM IIMPHHH 3a00pOHEHOI 30HM Eg° =

2.34 eB, sike € GIU3bKUM J10 EKCTIEPMMEHTANBHO BusHadeHoro Eg” =2.25 eB [2], mo

J03BOJIMJIO BUKOPUCTATU I JaHl JJIsl PO3paxyHKy ONTUYHMX (yHKUIA (puc. 1).
HasBHi ocoOmmBocTi B cnekTpax ontuyHux (yHkiin Cu;SiSsl ineHTH(IKYIOTHCS 3
BpaxyBaHHSIM TPUPOJU ENEKTPOHHUX cTaHiB. Dopma po3paxoBaHOI CHEKTPaIbHOI
3aje:)KHOCTI N() 1 CHEPreTUYHEe MOJIOKEHHSI MAKCHMYMIB 1 MIHIMyMiB TIOKa3HHKA
sajgomiieHHss Cu;SiSsl moOpe BiamoBimae MakcMMyMmMaM 1 MiHIMyMaM Ha KpHBIH
niicHol mienekTpuaHoi GyHKIii €1(m). Takum YMHOM, SIK B CIIEKTpPi BiAOWBaHHS, TaK i
B crniekTpax mienektpuuHux ¢yHkiin Cu;SiSsl B o6macti 1o 10 eB crnoctepiraerscst
CKJIaJIHa CTPYKTYpa, MOB's13aHa 3 ONTUYHUMU MEPEX0IaMU 13 3aTIOBHEHUX BaJICHTHUX
30H B HE3aMIOBHEH1 30HU MPOBITHOCTI.

KBaHTOBO-XIMIUHI pO3paxyHKH JO3BOJIHIA BUSBUTH OCOOJIMBOCTI MIKATOMHHUX
B3aemoiiii B CuU;SiSsl, 1110 HarjasaHO IIFOCTPYIOTH KapTH PO3MOAITY EIEKTPOHHOT
ryCTUHU (pUC. 2) B CTPYKTYPHUX OJIMHHIISIX, XapaKTEPHUX MJI1 JAHOI CIOJIYKHU:
terpaeapi [SiS,]; 3mBoeHOMy TeTpaenpi [Cu,Ssl,]; TpukytHuky [CuSs]. Xapakrepu
KOHTYpIiB TIOBHOI €JEKTPOHHOI TycTHHH P(F) B KpHCTadi CBiI4YaTh IMPO 10HHO-

138



KOBaJICHTHUW THUN 3B'A3Ky. BinMiHHICTh XiMiuHOT mpupoau aromiB Cu i Si BU3HaUae
BiIMIHHICTh XiMi4HUX 3B's13Kk1B Cu—S, Cu-I 1 Si—S. 3B"13ku Cu—S(I) € Oy1b1I I0HHUMH,
HDK 3B's130K Si—S, npu 1upomy 3B'si3ku Cu—S (I) € cnabmumu, HIXK 3B'S30K Si—S.
Cnabkuii 3130k iowmiB Cu’ 3 amiomamu S(I)” 3a0esmedye MOMKIMBICTH iX
MepeMIIeHHs] MK KpUCTaJOyTBOPIOIOUMMHU 371BO€HUMHU Terpaeapamu [Cu,Ssly] 1
TpukyTHUKamMu [CuS;3]. loHHA KOMIIOHEHTa 3yMOBJICHA TIEPEHECEHHSM 3apsIoBO1
TyCTUHHM BiJ KaTIOHIB 10O aHIOHIB 3a PaXxyHOK BIJMIHHOCTI pO3MIpiB aHIOHIB Ta
KaTioHiB i ix emextpomerarmeHocreii (EH™' = 1.9, EH® = 1.9, EH® = 2.58,
EH'= 2.66), KoBaleHTHa — IePEeKPHBAHHAM BaIeHTHHX cTaHiB Si-S, Cu-S i Cu—I B
CTPYKTYpHUX oquHULAX [SiS,], [CuS;s] Ta [Cu,Ssl,], BiAmOBIIHO.
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Puc. 2. Kaptu po3nojiny enexrponnoi ryctuau Cu,SiSsl:
a — B TUIONIHHI, sIKa TPOXOJUTh Yepe3 YB s3aHl MIXK COO0I0 CHIIBHOIO BEPIIMHOIO TETPaSAp
[SiS4] 1 TpukyTHEK [CuS3]; 6 — B mIonIMHI, sIKa MPOXOAUTH Y3IOBXK JiHii 3B'13Ky [-Cu—S-
Cu-I y 3mBoenomMy Tetpaenpi [Cu,Ssly].

1. I'peunn M.IL, Koxan O.IL, Crymensk LII. Tta iH.,, IlarenT VYkpaiHu Ha BUHAaXIiA
Ne 84215, bron. Ne 18 (2008).
2. Studenyak I.P., Kranj¢ec M., Bilanchuk V.V. et all, SPQEO 15 (2012) 227.
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EnexkTpuyHi BJacTHBOCTI KepaMiYHUX BAPUCTOPIB HA
OCHOBI OKCHIY 0J10BA

I'anonos O.B.

J[ninpoecvruii hayionanonuii yHieepcumem imeni Onecsa I onuapa
np. Lacapina, 72, J{ninpo, 49010, Vkpaina, e-mail: alexei_gaponov@ukr.net

KepamiuHi BaprcTOpH BUKOPUCTOBYIOTHCS ISl 3aXUCTY MPUIIAJIIB €IEKTPOHIKU
I eJEeKTPOTEXHIKH BiJ PI3HOTO POJy EJIEKTPUYHUX I[EpEeHAnpyr, Yy TOMY YHCII
HOTY)KHHX TPO30BHX 1 KoMyTaumiHux [1, 2]. SIk emeMeHT 3aXHCTy Bij MepeHANpyTry
BapHCTOP MPAITIOE Ha MOCTIHOMY ¥ 3M1HHOMy CTpyMax Ta B IMITYJIbCHOMY PEKHUMI.

B skocti cydacHMx MarepianiB, SKi CKIaJalOTh OCHOBY BapUCTODIB,
3acToCcOBYIOTh okcuan ZnO, SnO;, TiO,, WO;. [loaBaHHS pi3HUX AOMIMIOK JI0 ITUX
MarepiaiaiB  JI03BOJSIE OTPUMYBATH MOTPIOHI E€IEKTPUYHI XApaKTEPUCTUKHU 1
napameTpH MpujaaiB.

OKCUHO-0JIOB’SIHI BapUCTOPU MPU3HAYCHI NJII OOMEXKEHHSI JTOCUTh BHUCOKHX
HAIPYT Y COTHI 1 TUCSAY1 BOJBT [3 - 6]. BoHM MaloTh BUCOKOHEITIHIMHI BOJBT-aMITCPHI
xapaktepuctuku (BAX) 31 3Ha4YeHHAM KoeQilieHTa HeMHIMHOCTI S = Repar/ Ry (IpH
rycTuHi cTpymy 1 MA-cm ),uo 70.

EnextpodiznuHi BIAaCTUBOCTI OKCHIHO-OJIOB’STHUX BapHUCTOPIB y IIUPOKOMY

marasoni rycruan crpymy 107 - 10% AcM™” posrUSiHEMO Ha NPUKIAL Kepamiku
(99,9-x) SN0, - x Y,03 - 0,05 Nb,Os - 0,05 Cr,05 (Mo1. %, X =0; 0,3; 0,5; 0,7; 4; 8 1
12). Oxcun Hi06110 Nb,Os cripusie 3017IbIIIEHHIO €IEKTPOTIPOBIAHOCTI KPUCTATIITIB, SKi
YTBOPIOIOTh MOJIKPUCTAIIYHY BapUCTOPHY Kepamiky. JlolaBaHHS OKCHAY XpOMYy
Cr,O3 mpu3BOaUTL 0 MiABHINCHHS HemiHiHHOCTI BAX. [l CTBOpEHHS MIUTBHHX
3pa3KiB KepaMiKu 3a3BHYaii 3aCTOCOBYIOTh okcH i Kobanbty (CoO, Co,03, C030,). B
JaHii poOOTI 3 I1€}0 METOI0 BUKOPHUCTaHHUM OKCHA 1Tpi0 Y,03. Y BUTOTOBICHHUX 3a
TPAAUIIIITHOI KEePaMIYHOIO TEXHOJIOTIEI0 BapUCTOPaX IOCIIIKEHI MIKPOCTPYKTYpa,
CJICKTPUYHI XapaKTEPUCTUKH 1 TapaMETPH.

3pasku Oynu cuHTe30BaHi mpu temnepatypi Bumany 1400°C (1 rox.), cpiOHi
€JIEKTPOJIM Ha MPOTHIECKHUX OOKax AMCKIB Oynu BreueHi npu temmeparypi 800°C
(10 xB.). MikpoCcTpyKTypa KepaMikd BHBYaiacs 3a JOMOMOTOK PacTPOBOTO
enexkTponHoro mikpockony PEM-106-1 i pentreniBebkoro audpakromerpa JJPOH-
2.0 (Cog, BumpoMiHiOBaHHS). EJeKTpuuHI XapaKTepUCTUKH BUMIPIOBAINCH 13
BUKOpUCTaHHAM IMpoBux BodbTMeTpiB B7-21 1 B7-27. Ilutomuii omip 3epeH
KepaMiKi  BH3HA4YaBCs 3a JIOIIOMOTOK  YCTaHOBKH 13  3amam’ SATOBYIOYHMM
ocumorpagom C8-11 [5]. Vci enekTpuyHi MmapaMeTpu pO3paxOBYBAJHMCS Ta
yCepeHIOBAIUCS 110 TPHOM 3HAUCHHSIM BIIMOBIAHUX BEIUYHH.

MiKpoCTpyKTypa OJiep>KaHUX MaTepiaiiB CKIAJAEThCs 13 36peH OKCHUIY OJI0Ba
(cepenuiii po3mip 7 - 8,4 MKM), MOp 1 HEBEJIMKUX KPHUCTAIITIB MIPOXJIOPHOI (aszu
Y,Sn,0; (cepeaniit po3mip 10 2 Mkm) [1, 7], po3TamoBaHux Ha MeXax 3’€THAHHS
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3epeH SnO,. HeBennke KOMMBaHHS 3HAUEHb JIIHIKHOI yCaJKH CIEYEHHMX 3pPa3KiB
CBIIYUTHh TPO MPHUOJU3HO OJHAKOBY IIUIBHICTH BCIX BUTOTOBJIEHHUX MaTepiamiB. Y
TOM € 4Yac HEeBEJIMKI alcCoNIIOTHI 3HaueHHs ycanku (10 9%) BKazyloTh Ha
TBepAo(da3HUl XapakTep CIKaHHS KEepaMiKH, IO MiATBEPKYEThCS MIKPOCKOIIEH
3pa3KiB.

BAX pocmikeHHMX BapuCTOpIB B 007acTi cinaOkux cTpyMiB HemiHidHI. Lle
00YMOBJICHO HEOMIYHOIO MPUPOOI0 €JIICKTPUYHOI MPOBITHOCTI KepaMikKh Ha OCHOBI
SnO,. Ipwu BiacyTHOCTI momimku Y,03 ado Mamii 11 koHnertpaii (1o 0,5 moi. %)
BAX cnabo memniitai (S =1,4 -2,6). [Ipu nomaBanni 0,7 a6o 4 mon. % Y,03; 1o
CKJaay Kepamiku 3HaueHHS [ 30utbiryetbest a0 45. Ilpu mpomy 3MeHIITyeThCs
kinacudikaiiifHa HaNpy>KeHICTh eNeKTpUYHOro moijs FE; (Ipu TYCTHHI CTpyMy
1 MA-em®) 1o 2700 B-em™. Ile 06yMOBIEHO BINIMBOM MipoxmopHoi dasu Y,Sn,0;
[7], sxa moaudikye moTeHianbHI 6ap’epu Ha Mexax 3epeH SnO, 1 IPU3BOIUTH A0 iX
MIJBUIICHHS, @ TAKOXK JIOCUTh BEJIUKUM CEPEIHIM PO3MIPOM KPHUCTAJITIB Y 3pa3Kax.
Benukuit BMICT okcuy 1Tpit0 y ckiani kepamiku (8 1 12 moin. %) 3ymoBiioe Maimy
HemiHiHHICTE BAX 1 cyTTeBe 301nbIeHHs 3Ha4YeHb Ej. J[o ux eeKTiB Npu3BOAUTH
3MEHILIEHHS CEpeAHbOI0 PO3MIPY 3€pPEH, L0 MIATBEPAKY€EThCA JAaHUMU €IEKTPOHHOI
MIKpPOCKOITIi Ta po3paxyHKaMH UX 3HaueHb 3 BAX B 0051aCTi CUIIBHUX CTPYMIB.

JlocuTh BUCOKI MIKKPHUCTAIIIYHI MOTEHIIanbH1 6ap’epu B kepamiti (0,5 - 0,9 eB)
OOyMOBJIIOIOTh 1 JOCUTHb BEJIMKI 3HAYEHHsS KOeQIIiEHTa HENIHIMHOCTI 3pa3KiB 3
nomimmkow Y,03 (S = 26 - 45). BomgHoyac 3MEHIIYEThCS 1X €IEKTPUYHA TPOBIIHICTb.
Tak nuTOMa €JIEKTPONPOBIAHICTS B 00JIACTI CIA0OKUX CTPYMIB 0 3pa3KiB 3 JTOMILIKOIO
Y,03; MeHIIa 3a eJIeKTPOIPOBIAHICTh KepaMiku 0€3 TaKoi JOMIMIKU. 3HAYEHHS ¢ IS
BCIX JIOCITIPKEHHX 3pa3KiB KomuBaoThes B Mexax (0,2 - 2)-10° Om™em™.

Busznaueni 3a momomororo BuMiptoBaHHd BAX B 005acTi CHUJIBHUX CTPyMIB
ycepeaHeH] 3HaYeHHs TUTOMOTO OMopy KpucTaliTiB SNO, 3HaxXoaaThcs B Mexkax 12 -
16 Om'cm mpu pi3HiA KoHIeHTpalii okcuay Y,0s;. lle Bkazye Ha HEOOXITHICTH
MOAAIBIITNX POOIT IO 3MEHIIICHHIO 3HAYCHB IIHOTO IMapaMeTpy.

OpepxaHi  pe3yibTaTH JIO3BOJSIIOTH TMOKPAITUTH  EJICKTPUYHI TapamMeTpH
OKCHJTHO-0JIOB’SIHMX BapUCTOPIB: 301IbIIMTH HENMiHINHICTE BAX, 3MeHIIHTH poO0OUy
HaTpyry ¥ eJeKTpUYHy MPOBITHICTH B 00acTi clabkux cTpyMiB. Taki BapucTopu
3/1aTHI 3aXUILNATH EJIEKTPOIIPUIAIN Bl BACOKOBOJIBTHOI MEPEHAIIPYTH.

1. ParraR., Maniette Y., Varela J.A., Castro M.S. The influence of yttrium on a typical SnO;
varistor system: Microstructural and electrical features // Mater. Chem. Phys. — 2005. — Vol. 94
(2-3). — P. 347-352.

2. Zang G., Li L., Wang S. Effects of Y,03 and In,O3 on the electrical properties of SnO,-based
varistors // Appl. Mech. Mater. — 2012. — Vol. 217-219. — P. 741-745.

3. Ramirez M.A., Bassi W., ParraR., Bueno P.R., Longo E., Varela J.A. Comparative electrical
behavior at low and high current of SnO,- and ZnO-based varistors // J. Am. Ceram. Soc. —
2008. — Vol. 91 (7). — P. 2402-2404.

4. Lu Z.Y., Chen Z., Wu J.Q. SnO,-based varistors capable of withstanding surge current // J.
Ceram. Soc. Jpn. —2009. — Vol. 117 (7). — P. 851-855.

5. lvonA.l, Glot A.B., LavrovR.l., Lu Z.Y. Grain resistivity in zinc oxide and tin dioxide varistor
ceramics//J. Alloys Compd. —2014.-Vol. 616.—P. 372-377.

6. M. Maleki Shahraki, M.A. Bahrevar, S.M.S. Mirghafourian, A.B. Glot. Novel SnO, ceramic
surge absorbers for low voltage applications // Mater. Lett. — 2015. — Vol. 145. — P. 355-358.
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EjekTpu4Hi BJaCTHBOCTI KepaMiYHUX BAPUCTOPIB HA OCHOBI
OKCHU/Y TUTAHY
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np. Lacapina, 72, J{ninpo, 49010, Vkpaina, e-mail: alexei_gaponov@ukr.net

Jlis  3axucTy MNpWIagiB  eNEeKTPOHIKM BiJl TEepEeHANpyrd BUKOPHCTOBYIOTHCS
KepaMiuHi BapucTOpH. HalOuLIbIl pO3MOBCIOKEHUM MaTepiaioM Il HUX € OKCHJI
nmuaKy ZnO. IIpoTe OKCHIHO-IIMHKOBI BapUCTOPH MalTh psia HemomikiB. OmgHuUM
BIIOMUM, aJbTepHATUBHUM 10 ZnO, aie HEAOCTaTHbO BHUBUYECHHM MaTeplajioM IS
BapucTOpiB € okcua tutany TiO; [1 - 3].

JIns BU3HAYEHHS MEPCTIEKTUBHOCTI OKCHUAHO-THTAHOBOI KEpaMiKH ISl PO3POOKH
BapUCTOPIB HaMH AOCTIKeHa okcuaHa cuctema 99,4 TiO, - 05X - 0,05 Nb,Os -
0,05 Cr,03 (moa. %), X = Co0304 MnO,. 3pa3ku BHrOTOBISUIMCS 3a TPaJUIIHHOIO
KepaMIuyHOIO TexHoJorie€o mpu Temneparypax unaiy 1300°C (1,5 1 3 rox.), 1350°C
(1,5rom.) 1 1400°C (3 rox.). Cpibui enexkrpoau oxepxysanu mpu 800°C (10 xB.).

30iblleHHsT Yacy Bumaidy kepamikud 3 1,5 10 3 ron. cyTTeBO He BIUIMHYJIO Ha
CICKTPUYHI TTapaMeTPH BUTOTOBJIEHUX 3pa3KiB. J[JI BCIX OTpMMAaHMX 3pa3KiB 3HAYCHHS
Koe(dillieHTa HEMHIMHOCTI [ 3Haxommwiocs B Mexax 1,5 - 1,8, a eaekTpompoBiaHICT
0=(3-10)-10" Om™-cm™. Oneprxani HeBenuki 3HAYEHHS f i 0 MOSCHIOIOTHCS MATHM
BMICTOM BiJNoBiganpHOro 3a HemiHiMHICTh BAX okcuay Cr,Oz 1 BiANMOBIZAIBHOTO 3a
eneKkTponpoBigHicTe OKcuay Nb,Os. IligBumenns ix xonmentpamii 3 0,05 1o
0,5 mon. % mnpu3BOAUTH 110 30UTBIIEHHS 3Ha4YeHb £ 10 3,8 mpu KiacuikariiHini
HANPYKEHOCTi enextpuaoro moist Ey = (2,7 - 6)-10* B-em™.

JIJist 3MEeHIIIeHHsI TeMIIepaTypy BUNATY U Ofep>KaHHs OUTBII HIUIBHUX 3pa3KiB Oynu
JOCIIDKEH] BJIACTUBOCTI OKCHUIHO-THUTAHOBOI KEpamikM 3 BIJHOCHO JIETKOIUIAaBKUMH
gomimkamu CuO (T, = 1336°C) i Bi,O3 (T, =817°C). HasBHICTh IIUX OKCHIIB Y
ckaani kepamiku 98,5 TiO, - 0,5Y - 0,5 Nb,Os - 0,5 Cr,03 (moa. %, Y = CuO, Bi,05)
PU3BOANTH 10 3HaueHb = 3,1-3,81 E; = (1,4 - 6)-10° B-cm™’. Bucora noteHuiansHux
6ap’epiB Ha MeKax 3epeH Takux 3paskiB gopisHioe 0,4 - 0,5 eB.

30epiraHHsi OKCHJIHO-TUTAaHOBOI KepaMiKd Yy KIMHAaTHUX YMOBax MPOTITOM
TPUBAJIOTO 4Yacy TOKa3allo, IO EJEKTPUUYHI XapaKTEPUCTUKH BapUCTOPIB TOCUTH
cTaOlLIbHI ¥ MapamMeTpu 3pa3KiB 3MIHIOIOTHCS ci1abo. Lle moB’sa3aHe 3 BEMUKOIO T'YCTHHOIO
p 3pa3KiB OKCHIHO-TUTaHOBOI kepaMiku (y uuctomy TiO; p = 97%).

Takum 4YwHOM, OTpUMaHI pe3yJbTaTH TMOKa3ajdl MOXKJIHMBICTE CTBOPEHHS
MaJOYyTIMBUX [0 HABKOJMIITHHOTO CEpPEeIOBUINA OKCHUIHO-TUTAHOBUX BapHUCTOPIB 3i
CTaOUTbHUMH B Yacl XapaKTEPUCTUKAMHU.

1. Yan M.F., Rhodes W.W. Preparation and properties of TiO; varistors // Appl. Phys. Lett. — 1982.
—Vol. 40. — P. 536 - 537.

2. Cerri J.A., Leite E.R.,, GouveaD., LongoE., VarelaJ.A. Effect of cobalt (II) oxide and
manganese (IV) oxide on sintering of tin (IV) oxide // J. Am. Ceram. Soc. — 1996. — Vol. 79. —
P. 799 - 804.

3. Kunyong K., Guoyou G., Jikang Y., Jianhong Y., JiaminZ., Jinghong D., Wenchao Z.,
Xuequan R. Effect of Ge—-GeO, co-doping on non-ohmic behaviour of TiO>—V,0s-Y,03 varistor
ceramics // J. Semicond. — 2015. — Vol. 36. —P. 1 - 6.
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High-temperature structural examination of EuCoqsGagsO; material
by using X-ray synchrotron powder diffraction
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Properties of rare earth (R) cobaltites RCoOj5 strongly depend on spin state of Co**
ions in octahedral sites. The change of temperature and/or pressure leads to spin
transitions from low spin (LS, tzgﬁego, S=0) to intermediate (IS, t295egl, S=1) or high
spin configurations (HS, ty,'e,”, S=2), resulting in increasing radius of Co® cations.
The RCo00s-based perovskites with complex electron and magnetic structure are
promising electrode materials for SOFC, thermoelectrics, catalysts and sensors of
humidity and various gases.

Microcrystalline EuCogsGag 503 material with orthorhombic perovskite structure
was prepared by solid state reaction method. Stoichiometric amounts of initial oxides
Eu,03, Co30,4 and Ga,O3 were ball-milled in ethanol for 4h with rotation speed of
400 rpm, dried, and heat treated in alumina crucible in air at 1473 K for 24 h with one
intermediate regrinding. Thorough phase analysis of X-ray diffraction data proved
phase purity of EuCogsGays03s. No traces of other phases were observed. Thermal
behaviour of the crystal structure of EuCo,5Gay 505 material has been studied in situ
by high-resolution X-ray synchrotron powder diffraction in the temperature range of
305-1100 K at SNBL BM1A beamline of ESRF. The sample remains orthorhombic
(space group Pbmn) in a whole temperature range investigated. Structural parameters
at different temperatures were obtained by full profile Rietveld refinement by using
the Crystal Structure Determination (WinCSD) program package. Analysis of
thermal evolution of the data obtained revealed abnormal sigmoidal increasing of the
lattice parameters, especially pronounced in b-direction (Fig. 1).

Fig 1. Temperature dependence of the
e , , normalized unit cell dimensions of
< ] EuCoosGaps0s. The orthorhombic lattice
WO parameters are normalized to the perovskite
cell as follows: a, = a,/"2, b, = by/N2, ¢, =
Col2, Vp = Vol4.
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Pronounced anomalies in thermal behaviour of the EuCoqsGagy 505 material are
also reflected in abnormal increment of thermal expansion coefficients (TEC) with
broad maxima at around ~760 K (Fig. 2).
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Fig. 2. Temperature dependence of the
lineal thermal expansion coefficients of
EuCoy5Gags03, obtained by differentiation
of experimental values of the unit cell
dimensions on the temperature
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Evidently, similar to the “pure” rare earth cobaltites, these anomalies are caused
by an excitation of Co** ions from low spin to the higher spin states and the coupled
magnetic and insulator-metal (I-M) transition. According to the electronic phase
diagram of the RCoO; perovskites [1], EuCoO3; undergoes phase transitions from
nonmagnetic dielectric to paramagnetic dielectric state at ~350 K or ~400 K
(structural data or magnetic susceptibility measurement), and insulator-metal (I-M)
transition at ~620 K or ~680 K (heat capacity and resistivity measurement). As it was
expected, the observed anomalies in the mixed cobaltite-gallate EuCoqs5Gays0; are
less pronounced than in the “pure” EuCo0Os: an increment of thermal expansion
coefficients is lower and the maximum at the TEC curve is shifted toward to the
higher temperatures. Earlier a similar behaviour of thermal expansion was also
observed for the mixed rare earth cobaltite-chromites, cobaltite-ferrites and other
cobaltite-gallates.

Extra structural anomalies in EuCoq5Gags03; were detected in the temperature
dependence of the selected bond lengths and octahedra tilt angles. It is known that in
the RCoO; series the increase of cooperative rotations of corner-shared CoOg
octahedra leads to reduction of the bandwidth of Co(3d)-O(2p) interactions and
increase of the spin-state transition temperature. The temperature dependence of the
bandwidth in the mixed cobaltite-gallate EuCogs5Gags03 shows clearly decreasing
behaviour thus proving increasing population of the exited spin states of Co>* ions
with the temperature. Thus, increasing conductivity with elevating temperature is
expected.
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Phase (x, T) and (p, T) diagrams of TIIn(S;_,Sey), polycrystal in the
compositional range 0 < x <0.15
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Gomonnai A. V.3, Slivka A.G.}
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A considerable interest towards TIInS,-type crystals is related to the fact these
crystals being ferroelectric semiconductors with a quasitwodimensional structure
where a series of phase transformations occurs:
paraelectric—incommensurate—ferroelectric  phases. A  continuous row of
THN(S,-,Sey), solid solutions is known to be formed from TIInS, at S—Se
substitution within x<0.7.

The present paper is devoted to the studies of dielectric properties in the
vicinity of the phase transitions (PT) of TlIn(S,_,Se,), polycrystals with Se content up
to x=0.15 aimed at the construction of (x, T) and (p, T) phase diagrams.

TIIN(S;xSey), polycrystals under investigation were obtained from the melt of
a stoichiometric mixture of the initial TlInS, and TlInSe, components. For the
characterisation of the TlIn(S,.Se,), polycrystals, X-ray diffraction (XRD) studies
were carried out at room temperature using a conventional Bragg—Brentano technique
with a DRON-4 diffractometer and Cu Ka radiation. Scanning electron microscopy
(SEM) studies combined with energy-dispersive X-ray spectroscopy (EDX) were
performed using a SEM JEOL 7000F microscope. Raman measurements were
performed at room temperature on a LOMO DFS-24 double grating monochromator
with a FEU-136 phototube and a photon counting system, the excitation being
provided by a He—Ne laser (632.8 nm) and Ar" laser (A=514.5 nm). The instrumental
width did not exceed 1 cm—1. Dielectric permittivity studies of 4x4x2 mm® samples
were carried out at the frequency of 1MHz using an automated setup with an AC
bridge with temperature variation rate of 0.01-0.02 K/s. Contacts were made of silver
paste. The sample temperature was measured by a copper-constantane thermocouple.
Pressure studies were performed in the hydrostatic pressure range up to 750 MPa.
The pressure was measured with the accuracy of 1 MPa. A high-pressure chamber
with petrol being used as the working liquid.

(x, T) phase diagram of TlIn(S,,Se,), polycrystals are shown on Fig. 1 and 2.

Pressure coefficients of phase transition temperature shift aredetermined. A
complex polycritical region in the pressure range 550-600 MPa is found.
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Fig. 1. (x, T) phase diagram of TlIn(S,-,Se,), polycrystals
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Fig. 2. (p, T) phase diagram of TlIn(S;,Se,), polycrystals (heating mode)

The studies performed show that in TlIn(S,.Se,), polycrystals with increasing
Se content the anomalies of dielectric properties corresponding to the
incommensurate phase transitions nonlinearly shift towards lower temperatures. A
broadening of the temperature interval of existence of the incommensurate phase is
observed and the Lifshitz point which is, according to [1] for single crystalline
TIIN(S;xSey), expected at x=0.05, is not revealed for the polycrystals. Based on the
investigation of the temperature and pressure dependences of dielectric properties of
the TlIn(S,_Sey), polycrystals, their (x,T) and (p,T) phase diagrams were built.
Pressure coeffcients of the phase transition temperature shift are determined.
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Evolution of laser-induced damage in doped (GespSegq)100-xBix film
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Ge-basis chalcogenide glasses and thin film, with a direct and wide band gap, is
the typical IV — VI generation semiconductor and possesses many excellent
properties including heat and chemical stability, strong atomic-bond, high thermal
conductivity and better resistance to radiation. Recently, germanium selenide has
attracted extensive attention as a results of the materials potential to fabricate bright
ultraviolet and visible-light-emitting diodes, power devices, and lasers [1-3].

(GeyoSee)1004Bix (x=1-10) films deposited by termoevaporation technigue on the
glass(or Si) substrates in a high vacuum chamber (base pressure ~ 10—6 Torr). The
substrates were cleaned in an ultrasonic bath for 15 min and then washed with
distilled water.

It was irradiate with femtosecond pulse duration laser of wavelength 785 nm.
Both single and multiple shot laser induced damage thresholds of (GesnSeeo)100-xBix
film were evaluated. The evolution of micromorphology of the laser inscribed lines
was revealed with scanning electron microscopy employed (MIRA 3(Tescan)) and
optical surface profiler (ZYGO NewView™ 9000 3D ). In addition, the changes of
the micro structure of substrate were studied by means of Micro Raman
Spectroscopy.

The SEM images indicate that all the films have each monolayer consists
columnar growth.

To examine any possible structural change before and after serial times
irradiation (1-6 min), we recorder Raman spectra of the as-deposites and irradiated
states. The raman profiles were almost identical for all film.

We have observed two peaks at 175 cm™ and at 213 cm™ is related to the
symmetrical stretching vibration of corner-shared [GeSe4] tetrahedra.The peak at
175cm " was assigned to the Ge,(Sey;)s ethane-like units (ETH bonds), and two
main peaks at 197 cm ' and 213 cm ' was ascribed to the Ge(Sey,)s corner-sharing
(CS) and edge-sharing (ES) tetrahedral units, respectively. The broad band near
257 cm ' was assigned to the stretching vibrations of Se, chains (Se-Se mode). The
ratio of ES-Ge(Sel/2)4 tetrahedral units and CS-Ge(Sel/2)4 tetrahedral units
decreases with increasing irradiation power density. We therefore conclude that some
ES-Ge(Sel/2)4 tetrahedral convert to CS-Ge(Sel/2)4 tetrahedral units upon
irradiation. Furthermore, with the increase of the laser fluence, the original film
structure can not recover.

1. M. Frumar, B. Frumarova, T. Wagner, and P. Némec, (Wiley-VCH, 2003), p. 23.

2. B. J. Eggleton, B. Luther-Davies, and K. Richardson. Nat. Photonics 5(3), 141-148 (2011). 10.
3. V. Lyubin. Phys. Status Solidi B 246(8), 1758-1767 (2009).
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AHOMAJIbHE 3POCTAHHS TEILUIONMPOBIIHOCTI B MOJICKYJISAPHUX
KPHCTAJIAX 3i CKJIAIHOK0 CTPYKTYPOIO.

Top6arenko 10.B., Pomanmiosa O.0., Kpisuukos O. 1., Kopomtok O. O.

DizuKo-mexHiyHUull iHcmumym Huzokux memnepamyp imeni b. 1. Bepxina HAH Ykpainu
horbatenko@ilt.kharkov.ua

B mamiii poGoti mpencTaBiieHI pe3yiabTaTH JOCTIHKEHHS TEIIOMPOBITHOCTI
MOJIEKYJISIPHUX KPHUCTAJIIB, YTBOPEHHUX «THYYKAMI MOJIEKYJIaMHU:
MEHTaXJOPHITPOOEH30JTy, Tapa-XJIopHITpo-OeH30y, dhpeony-112 ta dpeony-113 B
OpIEHTALIMHO-BIIOPSIIKOBAHOMY Ta  OPICHTALIMHO-PO3YMOPSAKOBAHOMY  CTaHaX.
TemneparypHa 3aJ€XHICTb TEIUIONPOBITHOCTI  JOCHIKYBAaHUX PEUYOBHH B
BHUCOKOTEeMIIepaTypHiii obnacti aemoHcTpye 3poctanHs K(T). Take 3pocTaHHS
TEIJIOMPOBITHOCTI CHOCTEpIranocs sSK sl Opl€HTAIIHHO-BIOPSIKOBAHOTO, TaK 1
OpIEHTAaLIHO-PO3YMOPSIAKOBAHOTO KpHUCTally. Take 3pocTaHHs TEIUIONMPOBIAHOCTI 31
30UTBIIEHHSIM TEMIEPATypH 3yMOBJICHE JOKAIBHUMHU MOJICKYJIIPHUMU 30y IKEHHSIMU
[1], mo € xapakTepHHM JJIsi TEPMOAKTUBAIIHHOTO TeruionepeHocy. TemrepaTypHa
3QJIEKHICTh  TEIUIOMPOBIIHOCTI  JOCHIPKYBAHMX  pPEUOBMH B IIMPOKOMY
TEMIIEpAaTypHOMY 1HTEpBajl MOXHAa MPEACTABUTU Yy BHUIJISAAlI CYMH TPbOX BKIIAJIB:
K(T)=A/T+B+ kra(T), ne nepmmii noganok (A/T) onrcye BKIaa BiJx TPhOX(HOHOHHUX
MIPOIIECIB PO3CIIOBaHHA, Npyruil aonaHok (B) € BkiIagoMm BiJl KOPOTKOXBHJIHOBHUX
30y/KeHb T. 3B. 1U(y30HIB. TpeTiil 10AaHOK OMHUCYETHCS 3a JIOMOMOTOI0 PIBHSHHS
Appeniyca Kkrta= KeeXp(-E/KT), nme E - eHeprin akTtuBamii, a Ko -
nepeaeKCIOHEHIIaTbHUI dakTop, 10 XapaKTEepU3ye IHTEHCUBHICTb
TepMOaKTHUBAIliiiHOTO Tmpolnecy. IIpoBeneHO NOPIBHSUIBHUN aHalli3 aHOMAaJbHUX
TEIJIONPOBITHOCTEN AESIKUX THIIMX MOJEKYJSIPHUX KpHUCTaliB. BcTaHOBIEHO, 1O Ky
JHIAHO 3aJeXUTh Bl eHeprii aktuBauii E. [loniOHe criiBBiAHOLIEHHS 0YyJI0 BUSBIEHO
JUTSL KBa31KpUCTATiB [2].

1. M. A. Strzhemechny, A. I. Krivchikov, A. Jezowski, D. I. Zloba, L. M. Burav-tseva, O.
Churiukova, and Yu. V. Horbatenko, Chem. Phys. Lett. 647, 55 (2016).

2. Yuliia V. Horbatenko, Olesia O. Romantsova, Oksana A. Korolyuk, Andrzej Jezowski,
Daria Szewczyk, Joseph LI Tamarit, Alexander 1. Krivchikov, Journal of Physics and
Chemistry of Solids 127, 151-157 (2019).
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Enexrpoximiudi napamerpu aMmop@HHUX CILIABIB HA OCHOBI 3aJ1i3a y
BOJAHMX PO3YHMHAX CYJb(PATHOI KHCJIOTH

Iepuux oM.} Lyaa T.L.', 3aBeproxa 0.}, Masmsx H.JL2

Ulvsiscouii nayionansmuii ynisepcumem im. I. @panxa, djunjerl@gmail.com
zHauiOHanbHuﬁ JlicomexHiuHull yHieepcumem YKkpainu

JlocniKkeHHsT €IeKTPOXIMIYHOT aKTHBHOCTI, 30KpeMa KOPO31MHOI TPUBKOCTI,
cTpiukoBux amopduux cruiaBiB (AMC) Ha ocHOBI F€ Bu3Hauae MOUIIBHICTH IX
BUKOPHUCTAHHS B PI3HUX TaIy35X, @ TOMY € aKTyaJIbHOIO MPOOIEMOIO.

3a pe3yabTaTaMM MOTEHLIOMETPUYHHUX JIOCHIIKEHb KOPO31MHOI TPHUBKOCTI
KOHTAKTHOI Ta 30BHIITHKLOI MoBepX0oHb AMC FezgsNi; ¢M0g 5SigoB14o (Tabm. 1) y 0,05
M Ta 0,5 M Bogaux po3unnax H,SO, 3Ha4eHHs OTEHIIIaTiB 3CYBAIOTHCS Y aHOAHUN
01K, TOOTO MOBEpPXHS MAaCUBYEThCA. UMM BHILA KOHIEHTpALIs CyJIb(aTHOI KUCIOTH,
TUM JIOJIaTHIIIE€ 3HAYEHHS MMOTEHIIaNiB CIJIaBy, TOOTO BUIIlA KOPO3iiHA TPUBKICTD.

Tabmns 1.
PeSYJ'IBTaTI/I HOTeHHiOMeTpI/I‘{HOF (0) IIOCJ'IiIDKeHH}I KOHTAKTHOI Ta 30BHIIIHEOT ITOBEPXOHb CTpi‘IKI/I
AMC FE78’5Ni1’0M00’5Si6’()B]_4’0 Y BOOAHUX PO3YHHAX H2804

Mosepxis -Eo, B -E., B AE, B veo-10%, B/e
0,05M H,SO,
K 0,46 0,40 0,06 0,1
3 0,46 0,41 0,05 0,5
0,5M H,SO,
K 0,42 0,36 0,06 0,7
3 0,39 0,36 0,03 0,4

3a pesysnbraramMu OIiHKU TPUBKOCTI FezgsNiy gMO0g5SisoB1go (puc. 1) y 0,05 M
BogHOMY po3unHi H;SO,; MeTogoM IUMKIIYHOT BOJIbTaMIEpPOMETpii B yMOBax
PUMYCOBOTO CKaHyBaHHs moteHiiany B iHtepBaii (-1,5 — 0,5) B 3a mocmimkyBanux
IIBUJKOCTEW PO3TOPTKH MOTEHINALY Vposr =10, 20, 50 MB/c y BUnanky KOHTakTHOI Ta
30BHIIIHBOI MOBEPXOHb CTPIYOK 3HAYEHHS NOTEHIIaTIB KOPO3ii 3MIHIOIOTHCS HE
CYTT€BO, TMPOCTEKYETHCSA IMIJBUILIEHHS KOPO31MHOI TPHUBKOCTI 3pa3KiB, IO
B1J100pa)Ka€ThCs 3CYBOM IMOTEHITIAJIIB KOPO3ii B aHOHUM 01K, X0Ua 3HAUCHHS CTPYMIB
KOPO3ii JIeII0 3pOCTar0Th.
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Puc. 1. BonpTammneporpamu (2-uii UKIT) KOHTAKTHOI TOBEPXHI CTPIYKH
FezgsNi; oMO0g 5SigoB140 y 0,05 M (a) Ta 0,5 M (6) Boguux po3unnax H,SO, 3a pisHuX
HIBUAKOCTEH ckaHyBaHHs noteHuiany: 1 — 10 mB/c; 2 — 20 mB/c; 3 — 50 mB/c.

I3 3anmexHOCTEN MOTEHINATIB KOPO3il BiJ] HOMEpa IUKIY 3a PI3HUX YMOB
EJEKTPOXIMIYHUX JOCIIKEHb (pHUC. 2) BCTAHOBJIEHO, IO (OPMHU 3aJICKHOCTEH,
MPaKTUYHO, HE BIAPI3HAIOTHCS, MPOTE MPOCTEKYETHCS 3BYKEHHS MEX 3MIHH
MOTEHL1ATY TTPU 30UIBIICHH] MBUAKOCTI PO3TOPTKHU MOTEHIIAITY.
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Puc. 2. 3miHa noTeH1iagiB KOpo3il KOHTAKTHOI (2) Ta 30BHIIIHBOI (0) MOBEPXOHb CTPIYKU
AMC FezgsNi; gM0g 5Sig 0B14oy 0,05 M BogaOMY po3unHi H,SO, 32 pisHHX HIBHIKOCTEH
posroptku noreniiany: 1 — 10 mB/c; 2 — 20 mB/c; 3 — 50 mB/c.

Otxe, aHami3 €JIEKTPOXIMIYHMX MapameTpiB aMOpP(HOro CIUiaBy y BOIHUX
pO3uMHAX CyJb(aTHOI KUCIOTH PI3HOI KOHIIEHTpAIlll TMOKa3aB, IO B TaKUX
CEepeloBUIAX  3pa3Kd  JIaHOrO  CIUIaBy  MACUBYIOThCA, TOOTO  MOXYTh
BUKOPHCTOBYBATHUCH 3a TAKUX YMOB.
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CTpykTypa Ta aHTUMIKPOOHI BJIACTUBOCTI CPiOJIOBMIiCHHX
HAHOKOMIIO3MTIB MeKTUH—AJ—XiTO3aH

JleMYeHKO B.JI.l, Psa6os C.B.l, Kpyxk A.C.Z, MockajieHKO O.B.z, Ko6wunincekuii C.M.*

1 o e .
Inemumym ximii eucoxomonexyasapuux cnoayk HAH Ykpainu
02160, Ykpaina, m. Kuis, Xapxiecvke woce, 48
e-mail: dvaleriyl@ukr.net

277 o o« . . .
Hiscuncokuii 0Oeporcasnutl ynisepcumem imeni Muxonu I'ozons
16600, Vkpaina, m. Hiorcun, eyn. I pagcoka, 2

Jlns  CTBOpEeHHS aHTHUMIKPOOHHMX IIperapariB 13 HaHOYaCTHHKaMU cpidya
BUKOPHUCTOBYIOThH MOJIIMEPHI MAaTPHIIl Ha OCHOBI PI3HUX MOJIIMEPIB K CHHTETUYHOTO,
TaKk 1 MPUPOJHOTO TMOXO/PKEHHS. Y JaHOMY KOHTEKCTI, Oe3lepedyHo, HalOLIbII
NPUJATHUMH € TIOJIMEPU MPUPOJHOTO MOXOHKEHHS, HAMPUKIIAJ XITO3aH 1 NMEKTHH.
XiTo3aH MOXke OyTH HE JIMILE THEPTHOIO MATPULEIO JUIsl HAHOYACTUHOK METAJIIB, aje
MposIBJIsiE M BiIAcHY O10JOTIYHY akTUBHICTh. Lle oaumH 13 HeOaraThoX MOJIMEpPIB
MPUPOJHOrO MOXOJKEHHS, IKOMY BJIaCTHBI O10CYMICHICTh 13 TKAHHHAMH OPraHi3My,
3MaTHICTh A0 Olojerpajgauii Ta mnpoTuMmikpoOHa ais. IlektuH — npUpoOAHMIA
noJjicaxapu, Ik BXOJIUTh 10 CKJIaay KJIITUHHOI TKAHUHM TUIOJIB. 3aBAsSKU BUCOKIM
3aTHOCTI /IO JKEJNAaTHHI3alli BiH [IUPOKO BUKOPUCTOBYETHCA y MEIMIIMHI,
(hapmariieBTHIIl, XapYOBid TPOMHUCIOBOCTI.

Meroro gaHoi poOOTH € TOCIIHKEHHS! 0COOMBOCTEN CTPYKTYPH Ta aHTUMIKPOOHUX
BJIACTUBOCTEH CpIOJOBMICHUX HAHOKOMIIO3UTIB Ha OCHOBI MOJIEIEKTPOIITHUX
KOMILJIEKCIB MEKTUH—XITO3aH 1 HAHOYACTHMHOK Ag, OTPUMAHUX MNUITXOM XIMIYHOTO
a00 TEepMOXIMIYHOTO BIJHOBJICHHS 10HIB Cpibja B TMOJIEIEKTPOJIT-METATIYHUX
KOMILJIEKCaXx.
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Puc. 1. IlInpokoKyTOBi peHTTeHiBChKI TU(PPAKTOrpaMH MOMIEIEKTPOTITHOTO
KOMIUIEKCY Ha OCHOBI METHHY H XiTo3aHy (1) Ta HAHOKOMO3UTIB MEKTUH—X1TO3aH—A(,
OTPUMAaHUX LUISIXOM TEPMOXIMIYHOIO (2) 1 XIMIYHOTO BiTHOBJIEHHS (3)
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3pa3ku  OTpUMyBaJd TakuM uYuHOM. Ha mepmomy eram ¢dopmyBanu
nosienekrponitHi komruieken (IMEK) mmsixom 3mimnyBanHst 5% BOJHUX PO3YMHIB
HATPIEBOI COJII MEKTUHY Ta XITO3aHy TiApoxyopuay. Biamurti no cranoi macu i
BucymeHi 1iiBku [1EK 3anyproBamu y Bomni pozuuHu com AgNO; Ha 24 ro.
BinHoBneHHsT 10HIB Cpi0iia BUKOHYBJIM XIMIYHHM CIOCOOOM 32 JIOTIOMOTOIO
acKOpOIHOBOi ~ KHMCJIOTH a00 TEpMOXIMIYHMM — [UISIXOM HarpiBaHHS  IUTIBOK
MOJIENIEKTPOIIT-METAIIYHUX KOMIUIEKCIB J10 Temneparypu 150 °C npotsarom 30 xB.

AHaji3 MIMPOKOKYTOBUX PEHTICHIBCHKUX AU(pakTorpaM OTPUMAaHHX 3pa3KiB
nokaszas, 110 3pa3zok [IEK mae amopdHo-kpucraniuny ctpykrypy (puc. 1, xpusa 1),
BIIMIHHY BiJI CTPYKTypH OKPEMHX HPOTHIIEKHO 3apSIKEHUX TOTIeIEKTPOIITIB
NEKTUHY Ta XiTo3aHy. [Ipyu TepMoOXiMiuHOMY 1 XIMIYHOMY BiJHOBJICHHI 10HIB cpibna
B TOJTIETEKTPOIIT-METAIIIYHUX KOMITIEKCax (DOPMYIOTHCSI CpiOIIOBMICHI HAHOKOMITO3UTH,
Ha 10 BKa3ye MOsABa BIAMOBIAHUX IU(PAKIIHHUX MAKCUMYMIB, SIKI XapaKTepU3yIOTh
CTPYKTYpY cpibna (puc. 1, kpusi 2, 3). buibila mypuHa BiIMOBIIHUX MaKCUMYMIB Ha
KpUBil 2 MOPIBHSHO 3 KPUBOIO 3 CBIIYUTH MPO TE, MO MiJ 4ac TEPMOXIMIYHOTO
B1JIHOBJICHHSI YTBOPIOIOTHCA JIPiOHIII HAHOYACTUHKHU cpibua.

OtpumaHi pe3yibTaTH AHTUMIKPOOHOI aKTUBHOCTI HAHOKOMIIO3UTIB J100pe
KOPEJIIOIOTh 3 IXHIMU CTPYKTYPHUMHU OCOOJIMBOCTSIMH.

S.aureus |8

Puc. 2. AHTUMiIKpOOHA aKTHBHICTH CP1OJIOBMICHUX HAHOKOMIIO3HUTIB, OTPUMaHHX
TEPMOXIMIYHUM 200 XiMIYHUM BiIHOBJICHHSM 10HIB cpi0ia 1moa0 mramiB S. aureus ta E.
coli: TIEK (1), [IEK-Ag, oTpiMaHuii XiMIYHUM BiTHOBJICHHSM (2), TEPMOXIMIYHUM
B1IHOBJICHHSIM (3)

Hanoxommosutu [TEK-Ag, chopMoBaHi NIIXOM TEPMOXIMIYHOTO BiJHOBIICHHS
10HIB Ag, TEMOHCTPYIOTh BHUIILy aHTUMIKpOOHY aKTHUBHICTh IIO/IO IITaMiB S. aureus ta
E. coli mopiBHSHO 3 HAHOKOMITO3UTAMH, OTPUMAHUMU XIMIYHUM BiTHOBJICHHSIM. 30HA
iHTiOyBaHHS poCTy Ui S. aureus cranoBumna 19,7 mm ans 3paskiB, cOpMOBAHHUX
TEPMOXIMIYHUM BIHOBJICHHSIM, 1 15,6 MM U1l THX, 110 OTPUMAaH1 HUIIXOM XIMIYHOTO
BignoBnenns. Jlns E. coli mi 3mauenns 32,6 mm i 14,0 MM BignosimHo. VY
KOHTPOJIBHUX 3pa3kax (IoJjiMepHa IUTiBKa O€3 HaHOYACTHHOK) CIIOCTEpIraBcsl aKTHBHUIA
PICT TOCTIHKYBaHUX OakTepiit. [liameTp Beix mmBok cTaHOBUB 10 MM.
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CuHTe3 I BJIaCTUBOCTI MOJIIAKPHJIAT-KPEMHE3eMHUX
NMPOTOHONMPOBIAHUX MeMOPAaH /I MAJUBHHUX €JIEMEHTIB

AKuraiiago M.

Bioodinenns gizuxo-ximii 2oprouux xonanun Incmumymy izuxo-opeaniunoi Ximii i gyeneximii
im. JIM. Jlumeunenka HAH Yxpainu
zhyhailo.mariia@gmail.com

CporomHi iHTEpeC M0 TEXHOJOTI MaJMBHUX €JIEMEHTIB 3HaYHO 30uIbImmBCs. [lammuBHi
CIEMEHTH  XapaKTepU3YIOThCS TMOTEHIIHHO BHINOIK  €PEKTUBHICTIO TIOPIBHSHO 13
TPAIMILIAHAMH CIIOCOO0aMU  OZICp)KaHHS EHEprii 13 BUKOIMHOTO TaJMBa 1 BIJCYTHICTIO
ra3onoAioHux 3a0py/AHIOBa4iB HABKOJMIIIHBOTO CEPEIOBUIIA, TAKUX SIK JIOKCHII CIPKUA Ta
PI3H1 OKCHUM a30TYy.

OmHier0 13 OCHOBHHMX TipoOieM, SKy HEOOXiTHO po3B’si3aTd JUIS  IIHPIIOrO
3aCTOCYBaHHJ I1i€i TEXHOJIOT1, € po3po0Ka ePEeKTUBHUX 1 HEIOPOTHX MEMOpPaH IS MAIMBHUX
enemeHTiB. [IpoToHOMpOBiqHA MEMOpaHa € KIIFOYOBOK YACTUHOIO TAJMBHOTO €JIEMEHTa,
OCKIJIbKM BOHA BIJINOBIJIA€ 3a TPAHCIIOPTYBAHHS IMPOTOHIB BiJ aHOAA J0 KaTrojaa i, TaKUM
YMHOM, BU3HAYA€E MPOTYKTUBHICTH BCHOTO MPUCTPOIO. Ha CHOTOJTHIIIHIH JICHb
PO3pO0JICHO OaraTo THIIB MOJIETIEKTPOTITHIX MEMOpaH, y TOMY YHCIHI T1IOpUAHMUX OpPraHo-
HEOpraHIYHUX MarepiatiB. MeTow JOCHDKEHb OyJI0 PO3pOOJICHHS CIOCO0y CHHTE3Y
MIPOTOHOIPOBITHMX OPraHO-HEOPTaHIYHMX MEMOpaH Ha OCHOBI aKpWJIATHUX MOHOMEpIB 1
TETPACTOKCHUCHIIAHY Ta BCTAHOBIICHHS IXHIX XapaKTEPUCTHK.

Cunre3 cepii memOpan 3piiicHIoBaM Y O-iHILIHOBAHOK MOIIMEPH3AIIEI0 aKPUIOBUX
MoHoMepiB (axpusioHiTprry AN, akpunoBoi kucrnoti AA 1 3-cynb(onponiyiakpuiary Katito
SPAK) y mpucytHocti QoTtoinimaTtopa (2,2-mumMetokcu-2-eninaneropenony (DMPA) 1
MePEXPECHOT 0 31IMBaYa eTuieHrIiKoabauMeTakpuiaty (EGDMA) i3 omHoduacHUM 30I1b-TeNIb
MPOLIECOM CHCTEMH Ha OCHOBI 3-MeTakpuiiokcunponinrpuMerokcucuiany (MAPTMS). ¥V
pe3yNbTaTi OJHOYACHOTO YTBOPEHHSI OPraHIuHUX 1 HEOPTraHIYHUX (PparMeHTiB chopMyBaIach
CTPYKTYpa B3a€EMONPOHMKHHUX CITOK MOJIaKpUIaT-KPEMHE3EMHOTO0 HaHOKOMIO3UTy. Ckiaj
CHHTE30BaHMX MeMOpaH aHamizyBaiu 3 BukopucTanHsM metony ATR-FTIR criekrpockormii.
Xapakrepuzamis OTpUMaHMX HAHOKOMIIO3WTIB BKJIOYAna JIOCTDKEHHS MPOTOHHOT
MPOBIAHOCTI, 10HOOOMIHHOT €MHOCTI, TEPMIYHOI Ta XIMIYHOi CTIMKOCTI, TOTJIMHAHHS
METaHOJIy, 3MOYYBaHOCTI TOBEPXHI.

3HaquH;1 MPOTOHHOT MPOBITHOCTI OTPUMAHUX MEMOpPaH MOPIBHSHO BUCOKI (JIOCSATAIOThH
1,12 102 Cwm/em mpu 60°C) i 3amexaTh Bif TemmepaTypd i BMIiCTy HEOPraHidHOIO
KOMIOHEHTY. OpraHo-HeopraHiuHi MeMOpaHM JEMOHCTPYIOTb BHUCOKY  TEPMIYHY
CTaOUTbHICTH 1 10HOOOMiIHHY ewmHicTh (1,12 - 1,68 wmekB/r). MemOpaHu TakoX
XapaKTEepPU3yIOThCsl BITHOCHO BHCOKOIO CTAOUTBHICTIO J0 OKHUCICHHS y peakThBi DeHTOHA
npu 60°C micast 36 rox BunpoOyBaHHA. [lornvHaHHA MeTaHOTy MEMOpaH MEHILE, HDK y
Nafion.

Omxe, caMO3IIMTa CUJTIKaTHA CITKa, 10 YTBOPIOETHCS B PE3YJIbTATI 30Jb-T€NIb-TIPOLIECY,
NpurHiaye Audysiro METaHOIy, a TaKoX MOKpallye CTaOUIbHICTh, BojonorinvHanHs PEM.
CunreszoBani [IEM e xopoimmMu kaHauaaTaMu A7 3aCTOCYBaHHS B MAJIMBHUX €JIEMEHTAaX.
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Po3poOka MeTasieBUX HAHOIIAPYBATHUX (OJIBI TA IX BUKOPHUCTAHHA
IJISI TBEPA0(A3HOI0 3’ €THAHHA KAPOMIIHUX HiKeJeBUX CILIABIB

3sxop 1.B., 3aBepTannuii M.C., AuTinin €.B.

Inemumym enekmposseapioeanns im. €.0.1lamona HAH Ykpainu, Kuis, Ykpaina
zyakhor2@ukr.net

AKTyaJIbHOIO MPOOJIEMOI0 BITUM3HSHOIO aBlallliHOTO JBUTYHOOYIyBaHHS €
po3poOka razotyp6inHux ABuryHiB (I'T/]) Ha OCHOBI 3BapHUX POTOPIB KOMITpEcopa i
TypOiHu. Jlyis BUTOTOBIEHHS MAMCKIB 1 JIONMATOK BiANOBiganbHUX pAetaned ['T]]
BUKOPHCTOBYIOTH kapoMiiHi Hikenesi cruraBu (JKHC) — nedopmoBani Ta auBapHi.
Kapowmiraicte nedopMoBaHMX CIUIaBiB 0OOMEKEHAa HEOOXIMHICTIO 3a0e3TMeUCHHS
TEXHOJIOTIYHO1 IMJIACTUYHOCTI Mpu ix nedopmarnii. JIuBapHi crutaBu 3a0e3mnedyroTh
ICTOTHO  OuIbIIl  poOOYl  TeMiepaTypu JeTalei, OJHaK MalThb MEHIIY
TEXHOJIOT1YHICTh MPU 00pOoOIIl Ta OLIBII CXUIIBHI 10 YTBOPEHHS TPILIHH.

Herami I'TA  mig dyac ekciulyaramii  HiJJAalOThCA  HEPIBHOMIPHOMY
HAaBAHTA)KEHHIO Ta HArpiBaHHIO, L0 OOYMOBIIOE MOXKIIUBICTH OJHOYACHOIO
NOEJHAHHS B €JIEeMEHTaX KOHCTpYKWii jaedopmoBanux Ta JauBapHux KHC.
Hepo3z’emne 3’enmnanns KHC cnocobamu 3BaproBaHHS IUIABJICHHSM YCKJIAIHEHO
BHCOKOIO CXWJIBHICTIO IHMX CIUIaBIB JO YTBOPEHHA TpilmKH. J{OCBi MPOBITHUX
cBiToBux BUpoOHUKIB ['TJ[ cBiAUMTE TIPO MEPCHEKTUBHICTH 3aCTOCYBaHHS
TEXHOJIOT1M 3BaplOBaHHS THUCKOM JehOPMOBAHMX (IUCK) 1 JIMBApHUX (JIOMATKH)
cruigasiB. IlepcnektuBaum st 3’eananHs JKHC e 3acTocyBaHHS 3BaprOBaHHs
tepTam (3T) Ta kKoHTakTHOTO CTUKOBOTO 3BaproBaHHs (KC3) omopom.

[IpoOnemu onpepxkanHsi sKicHUX 3’enHaHb pi3HopigHux JKHC mnow’s3ani 3
PI3HUMH TEMIO(PI3UYHUMHU XapaKTEPUCTUKAMH MaTepially JOMATKH 1 AUCKA, 3HAYHUM
onopoM JedopMailii JMBapHUX CIUIaBIB Maibke N0 TEMIepaTypu IUJIaBJICHHS,
BHCOKOIO CXWJIBHICTIO JO YTBOPEHHS TpiumH. Mera poboTu mnojsAraga y
BCTAHOBJIEHHI 3aKOHOMIpHOCTEH (GopMmyBaHHs pi3HopiaHux 3’enHanb KHC, npu
kaHOHIYHUX TexHoJyorisix KC3 omopom 1 3T Ta mpu 3BaproBaHHI 3 BUKOPUCTAHHSIM
MPOMIXKHHMX TPOIIAPKIB Y BUJISAI MeTalleBuX HaHomapyBaTux ¢oiusr (HD) piznoro
XIMIYHOT'O CKJIamy.

HocmimxkenHss  mpoBoauid  Ha  monenbHuUX — 3paskax  JKHC,  sxi
BUKOPUCTOBYIOTHCA y KOHCTPYKIli MoHOKoJic aBiamiiaux ['TJl (3pazku AT «Motop
Ciuy», M. 3amopixoks) — nuBapHoro criaBy BXKJI 12V ta medopmoBanoro cruiaBy
EI698B/I. MeTonuka nociipkeHp nepeadoadana orpuManns 3’ ennanb npu 3T ta KC3
OMOPOM 32 PI3HUMH TEXHOJIOTIYHUMH cXeMaMH (Ipu Oe3mocepeHbOMY 3BaprOBaHHI
Ta 3BapIOBAaHHI 3 BHUKOPUCTaHHSAM MPOMDKHOTO TMpomapky y Burisaal HO),
MPOBEICHHS MEXaHIYHMX BUIPOOYBaHb, MeETANOrpapiyHUX JOCHIIKEHb Ta
¢dpakrorpadii 3maMiB 3BapHUX 3pa3KiB, BUMIPIOBAHHS MIKPOTBEPAOCTI METAIy 30HU
3’eqHanHs. JlocnmimkyBanu CTpykTypy 3'enHanb cruiaBiB BXKJI12Y 1 EI698B/I,
onepxxannx KC3 omopom 1 3T 3 Bukopucranasm H® cucrem Ti/Al, Ni/Al, Ni/Cr,
Ti/Co, (TiNb)/AL.
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BcranoBneno, mo y 3oni pisHopiaHux 3'eqHans JKHC mnpu Texnomorii
KoHBeHIIIHHOro 3T crhocTepiraerbCsi CTPYKTYpHa Ta XIMI4HA HEOJIHOPIJIHICTh Y
BUTJISIZII TIPOIIAPKIB 13 3MIHHUM XIMIYHHUM CKJIQJIOM, sIKa € HACJ1JKOM MEXaHIYHOTO
nepeMillyBaHHs CIUIaBiB Ha modatkoBux ctaaisx mnpouecy 3T. Ilpu KC3 onopom
crutaBie BXKJI12Y 1 EI698BJl cnoctepiraeTbcss yTBOPEHHSI JIUTOTO Sapa, L0 €
03HAKOI0 HEPIBHOMIPHOTO TEIJIOBUJUICHHS TI0 TMepepidy 3aroTOBOK. Y 30HI
3’€/THaHHS BUSABJICHO TPIIIMHU, OKCHUIHI IUTIBKH 1 Je(PEKTH TUITYy «HEIPOBap» y
nepudepiiHiii YacTUHI Iepepizy 3arOTOBOK.

Buxopucranass H® cuctem Ni-Cr 1 (Ni/Ti)-Al y sKocTi MOpOMIKHOTO
npomapky npu 3T pisznopimaux XHC 3amolirae MexaHIYHOMY IEepEeMINTyBaHHIO
MPUKOHTAKTHUX O0’€MIB METay Ha MOYAaTKOBUX eramnax mporecy 3T 1 yTBopeHHIO
XIMIYHOT HEOTHOPITHOCTI Y 30H1 3BapPHOTO 3'€THAHHS.

Bcranosneno, mo BukopuctanHsi H® y sSKOCTI MPOMIXKHOTO MPOIIAPKY NPHU
KC3 onopom cmnasie BXJI12Y 1 EI698B]] cnpusie BUCOKOKOHIEHTPOBAHOMY 1
PIBHOMIPHOMY BUUICHHIO TeIlIa, 3a0e3neuye JIOKaIi3alio MmIacTuyHoi Aedopmalrii
B 30HI KOHTaKTy. AKTHBAIlisl MOBEPXOHb, IO 3BAPIOIOTHCS, MO BChOMY IMEpEpizy
3aroTOBOK 3a0€3MeuyeThCsl MPU CYTTEBO MEHIIUX 3HAYCHHSIX EHEPrOBKJIAJCHHS WU
miacTuaHoi  gedopmariii  (ocanku). 3aBasku BukopuctanHio H®  ¢gopmyBanHs
3’eHaHb Mpu onTuMabHOMY pexkumi KC3 onopom Bifi0yBaeTbes y TBepai (asi 6e3
YTBOPEHHS JINTOTO S/pa.

BcranoBiieHO TexHOJOriYH1  (pakTopu, K1 3a0e3MeuyroTh (POpMyBaHHS
3’eqHaHb 0e3 nedexTiB (TpiuH, Iop, OKCUIHUX (a3) 1 XIMIYHOI HEOJHOPITHOCTI y
Buriisil 3ammmkiB H®. 3okpema, 3’eananns, oxaepxkani KC3 yepes H® cucremu
Ni/Al 3 rpaJlleHTHOIO CTPYKTYpOIO, Ma€ APIOHO3EPHUCTY PIBHOBICHY CTPYKTYpY 3
00Ky 000X CIUIaBIB HE3aJE€XKHO BiJ PO3MIPY CTPYKTYPHHX €JIE€MEHTIB OCHOBHOI'O
Metany (OM) cnaBiB. Y 30H1 3'enHanHs (33) crnocTepiraerbes pi3kvil mepexia Bijg
neHaputHoi ctpyktypu OM cmmaBy BIXKJI12Y no npiGHo3epHHCTOI y 30HI
tepmomexaniunoro BBy (3TMB), Ha BinMiny Bix 3'eqnans nipu 3T, ne 33 1 3STMB
CKJIQJIAEThCS 13 JCKUIBKOX 30H 3 PI3HUM PO3MIpOM 3epHa. XapaKTEepHUMH € pi3Ka
3MiHA KOHIICHTpallli €JIeMEHTIB y NepexXiHii 30HI mpu 000X 13 JOCIIIKEHUX
Croco0iB 3BapIOBAHHS TUCKOM, BIJICYTHICTb TUTUX CTPYKTYP 1 TPIIIHH.

Bcranosneno 3HmwkeHHs MikpoTBepaocTi metany B 3TMB crmaBy EI698B/1
BHACIIIJIOK TIOBHOTO PO3YMHEHHS JAMCIEPCHOI 3MIIHIOUYOI Y'-da3u 1 He3HAUYHe
30uTbIIEHHST MIKpoTBepAocTi Metaity y 3TMB crmutay BXXJI12Y, mo oOymoBieHO
PO3YMHEHHSM 1 TOBTOPHUM BUAUICHHSIM 3MIIHIOIOYOI Y'-(ha3u y OLIbII AUCTIEPCHOMY
BurisiAl y nopiBHsHHI 3 OM. Ilpu BunpoOyBaHHSX Ha PO3PUB 1 3aruH MpH
temrepatypi T= 20°C, 3’eqnanns pyiiHytoThcs o OM crnaBy BXKIT12Y.

BignpaneoBano pexumu 3T, ta KC3 omopom mpu sgxux 3a0€3MeuyeThes
BUITMIOBIHICT MEXaHIYHUX TOKa3HUKIB 3BapHUX 3 €JHAHb BHUMOTaM JIIIOUYUX
CTaHAapTIB Npu TemiepaTypi BunpodyBanb T=20°C 1 750°C.
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The properties of Ni-rich NiO films deposited by layer-by-layer
growth method at magnetron sputtering

levtushenko A.!, Khyzhun 0.}, Karpyna V.1, Olifan O., Tkach V.2, Lytvyn P.*, Kolomys O.,
Strelchuk V.3, Baturin V.*, Karpenko O.*

Frantsevich institute for problems of materials science NAS Ukraine, 3 Krzhyzhanovskyi str.,
03142 Kyiv, Ukraine e-mail: a.ievtushenko@yahoo.com
2V.Bakul Institute for Superhard Materials, NAS of Ukraine, 2 Avtozavodskaya str., 04074, Kyiv,
Ukraine
3Lashkaryov Institute of semiconductor physics NAS Ukraine, 41 Nauky av., 03028 Kyiv, Ukraine
*Institute of Applied Physics, NAS of Ukraine, 58 Petropavlovskaya str., 40030, Sumy, Ukraine

NiO is a wide direct band gap p-type semiconductor (with E;=3.5-4.0 eV at
room temperature). Due to its low cost, electro-chemical stability and great durability
as well as unique optical, electrical and magnetic properties, NiO is an attractive
material for development of p-type transparent conductive films, ultraviolet (UV)
detectors, solar cells, spin-valve giant magnetoresistive (GMR) sensor,
electrochromic window devices, gas sensors, etc [1]. The development of high
guality p-NiO/n-ZnO p-n heterojunctions is important task for new type of solar cells
(SC) — transparent SC (so-called UV active SC) [2] that have additional possibilities
for application in window systems of houses, greenhouses comparison with
traditional arrangement of SC on roofs of houses. Therefore, the deposition of high
quality structure NiO films are needed.

The different physical and chemical vapour deposition methods such as
magnetron sputtering, pulsed laser deposition, plasma-enhanced chemical vapour
deposition, electrochemical deposition, sol—gel and spray pyrolysis have been used
for NiO films deposition. Among all these methods, reactive magnetron sputtering
(MS) is considered to be most widely useful method due to good films adhesion, high
deposition rates, films uniformity of over large areas of the substrates and easy
control over the composition of the deposited films [3]. It is known that such
deposition parameters of MS as substrate temperature, oxygen and argon pressure,
magnetron power influence on the properties of NiO films. Hence, it is clear that the
improvement of NiO films properties can be reached by the optimization of their
deposition parameters. Earlier we developed and used layer-by-layer growth method
[3] for improvement crystalline structure of ZnO films deposited by reactive
magnetron sputtering on different crystalline and amorphous substrates. Therefore,
this report devoted to investigation of the influence for magnetron power and oxygen
pressure on structure, morphology and optical properties of NiO films deposited by
using layer-by-layer growth method at MS.

NiO thin films were grown on n-Si (111) and glass substrates by layer-by-layer
growth method at reactive MS of nickel metallic target with purity 99.99 % in
vacuum equipment VVS350. The magnetron power and oxygen pressure were changed
in the range 200-250 W and 0.3-0.7 Pa, respectively. Other technological parameters
were fixed.

157



Ccy4aChg,

X-ray diffraction, atomic force microscopy and optical transmission
measurements were used for the investigation of structure, morphology and optical
properties of NiO films. Measurements of XPS valence-band and core-level spectra
of NiO films were carried out in a sublimation ion-pumped chamber having a base
pressure less than 5x10™° mbar of the UHV-Analysis-System (SPECS, Germany)
equipped with a PHOIBOS 150 hemispherical energy analyzer. The FTIR reflectance
measurement has been performed with a vacuum Fourier transform spectrometer
Bruker Vertex 70V at room temperature. For each spectrum, a number of scans are
64 scans and spectral resolution — 1 cm™. For reflectance measurements gold mirror
used as a reference one.

P-type conductivity NiO films were polycrystalline with rock salt structure
(Fig. 1). The reflection in the XRD patterns can be identified as (111), (200), (220),
(311) and (222) of NiO and as (111) of Ni. When the sputtering power increases from
200 W to 250 W the peak of Ni (111) is disappearing and new crystalline plane (200)
of NiO is forming (Fig. 1). One of the reasons of this is the best sputtering of Zn
metallic target with power enhancement. We observed that the crystalline quality of
NiO films improve when oxygen

pressure decrease as well as NiO(111) ——250 W, 0.7 Pa
magnetron power increase. The ' —5(5)8 w 8-2 g:
optical transmittance of the NiO S | 200 W. 07 Pa
films was about 55 % and optical © :

band gap varied from 3.6 to 4.0 eV. %’ _ NiO(200)

It was demonstrated that the optical  §

band gap decreases with increasing £ NiO(220) Ni0(222)
of oxygen pressure and sputtering NiO(311)\
power. AFM measurement shows

that the grain size and surface : s
roughness change in the range 16-43 30 40 70 80

efge,deglfjge
Fig. 1. X-ray diffraction patterns of NiO films
grown on Si (111) substrates at various
magnetron power and oxygen pressures.

nm and 1.3-4.6 nm, respectively. The
grain size and surface roughness
increase with magnetron power
magnification and decrease when
oxygen pressure in deposition chamber increase. Ni-rich NiO films have
homogeneously magnetization as shown by magnetic force microscopy. The two
cases can explain this fact: the magnetic nickel placed homogeneously in the plane of
film or vectors of magnetization lies in the plane of NiO film. Therefore, to clarify
the placement of Ni in NiO film additional researches are required.

1. Mallikarjuna Reddy, A. Sivasankar Reddy, Kee-Sun Leeb, P. Sreedhara Reddy Ceramics
International, 37: 2837 (2011).

2. R. Karsthof, P. Riacke, H. von Wenckstern, and M. Grundmann Phys. Status Solidi A,
213, 1:30 (2016).

3. A.l. levtushenko, V.A. Karpyna, V.l. Lazorenko, G.V. Lashkarev et. al. Thin Solid Films,
518 (16): 4529 (2010).
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Ynopﬂzmqeﬂne HAHOO0ObHEKTOB TEeMILVIAHTHBIM CHUHTE30M

Baiixos I.I".2, bapabam M.IO.}, MBaukun SI.A.% Konecunuenko A.A.%
Ce30HEHKO A.IO.l, JInTBUH P.B.l, Ps60B H.B.l, MapTbeIiHUyK B.E.!

Y Texnuueckuii yenmp HAH Ykpaunwi, yn. Ilokposckas, 13, 04070 Kues, Yxkpauna,
2Unemumym 2aza HAH Ykpaunwl, yi. Jeemsapesckas, 39, 03113 Kues, Yipauna,

Llens paGoTsl — popMHUPOBAHUS JIOKATN30BAHHOTO 3aps/ia B IJICHKE HAHOKOMITIO3UTA
IPY SKCTIO3ULMHU 00pa3Lia roJIorpaMMOi IO TPEXITYYEBOM CXEME.

Tepmodoromnactuueckne metoquku [1] mo3BossitoT (GopMupoBaTh penbed Ha
MIOBEPXHOCTH TMOJIMMEPHOM IieHku. Tomosorusi penbeda orpenesnsercs TONOJOrHei
CBETOBOTO M0JIs1. B 3aBUCHMMOCTH OT NOTPEOHOCTEN MOTYT OBITH C(POPMOBAHHBIE OJTHO- U
JABYMEpHBIE CTPYKTYpbl. COPMUPOBAHBI MEPUOUUECKUE CTPYKTYPBI C PA3HBIM THIIOM
CUMMETPUH, YTO CYILIECTBEHHO JJISi M3TOTOBJIEHUS TaKMX OOBEKTOB, KaK (DOTOHHBIE U
IUIA3MOHHBIE KPUCTAJUIbL. BBIIM M3roTOBIIEHBI 00pa3libl CTPYKTYp C OCbIO 2-6 MopsijKa.
TUnUYHBIA EPUOJ TAKUX CTPYKTYP MOPAAKA 2 MKM JIOCTaTOYHBIA JIJIsI MCTIOJIB30BaHUS
METO/I0B ONTHYECKON MUKPOCKOITUH [Tl TUArHOCTUKH CTPYKTYyp. Hamu ObLiin mosryyeHbl
cTpyKTypsl ¢ nepuogamu 0,8-7 Mmxm (puc.1).

Spectrum
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e Section Analysis
Puc 1. [Ipoduiib noBepxHOCTH,
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Tonosorus CBETOBOTO IOJIS TOJI0IPAMMBI, KOTOPOE KCIIOHUPYETCS TIOBEPXHOCTHIO
(hOTOMPOBOIHUKA, COBIIAIACT C TOIOJIOTHEH TTOBEPXHOCTHOTO 3apsi/ia U TOIOJIOTUCH
MTOBEPXHOCTHOTO penbeda. Takum o6pazoM, Tornorpadus penbeda horto-
TEPMOIUTACTUYECKHX TUICHOK MCIIOTb30BaHA JTS IOHSATHS TOTIOJIOTHH 3KCIIOHUPYIOIIETO
CBETOBOTO TIOJISI.

1. M.IO. bapa6am, /[.O. I'punbko, C.O. Cnepkay @opMyBaHHS HAHOCTPYKTYP Ha TeMILIaTax
BUITPOMIHIOBAaHHSM i3 BUauMoro aianasony — K.: IM® HAHY, 2015. -202 c.
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Computer integreted technologies in nanosystem modelling

Ivanytska G.M., Kovtunenko V.S., Meshko P.O., Ryaboschuk M.M.

Uzhgorod national university, Uzhhorod, Ukraine.

Today the theory and modelling of different disordered nanosystems of complex
chemical composition is developed taking into account they as chemical so physical
parameters and properties. It is showed for electron microscopy that three electron
scattering components within the range of objective lens aperture diaphragm are
responsible for forming contrast of images of such objects and they diffraction: elastic
non-coherent, elastic coherent and inelastic background. Variations of electron
microscopy images intensity due to elastic non-coherent scattering are determined by
distributing of atomic density, changes of chemical composition and deviation of
geometrical thickness of local areas of the tested specimen. The contribution of elastic
coherent scattering to the contrast of images is conditioned by differences of structural
factors of different local areas, and contribution of inelastic background — by the
differences of intensity of such background.

In practical usage of the actual number are most common cases. 1. EM image of
disordered nanosystems object of clearance is uniform when the contrast between
different areas is not exceeding a few percent. Structure parameters such disordered
matrix defined direct image analysis. 2. Also a clear contours shown unlimited
heterogeneity matrix statistically randomly distributed on the image plane. The study of
such images requires the deployment of three components of contrast: geometric
thickness, chemical composition and atomic density of local areas. The first contribution
is determined by additional studies of surface topography standard methods of scanning
electron microscopy or atomic force microscopy. Variation of chemical composition in
different parts of heterogeneity can be identified by methods of local X-ray
microanalysis. If they are larger than measurement error, it should be for local areas with
different chemical composition of standard tables of atomic electron scattering factors.
Then the contribution to the contrast of the image changes the chemical composition will
be determined by the difference of atomic factors for the various elements of the image.
Once you've deleted a total contrast electron microscopy images above identified two
deposits, receive a third component of contrast caused by differences in average atomic
density of local areas of the object. 3. The facility has clearly highlighted included that
correspond to features in the form of phase separation in disordered nanosystem. 4. The
most complex case corresponds to the object in the nanosystem which combines all the
above types of heterogeneity.

The above analysis indicates the extreme complexity of experimental studies of
disordered nanosystems. This requires the involvement of various theoretical methods,
as well as mathematical and physical modeling of the structure of these systems. With
this approach, it is necessary to develop quite complex computer programs, which
requires a significant investment of time and money. Therefore, this work shows the
promise of using for study of the structure of nanosystems of computer integrated
technologies based on widely available software packages MathCad, MatLab, GAMESS
and HYPERCHEM.
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Onep:xaHHS HAHOPO3MIPHHUX ILIIBOK METAJIIB 3 KOHTPOJIbOBAHOK)
TOBIIUHOIO

I'opsar I0.A1 Hypkor M.O.}, Kim E.L.°, Kupuinenko B.K., Ononko B.B.?, Ilicax P.IL.},
Tapnait AAL

1'Yofc20p000b1<a nabopamopis mamepianie onmoenekmporiku ma pomouixu Incmumymy npoonem
peecmpayii inghopmayii HAH Yrpainu, éyn. 3amxosi cxoou,4, 88000, Yoiceopoo, Yrpaina,
email:center.uzh@gmail.com
2 Vorceopoocvkuii nayionanvruii ynieepcumem, ni. Hapoona, 3, 88000 Yoczopoo, Ykpaina

Busienennst edekty (HOTOIHAYKOBAHOTO MAac-TPAHCIOPTY B XaJbKOTEHIIHHUX
IUTIBKAaX T Ji€0 CBITVIa 3 00JacTi Kpar TOTJIMHAHHS JIO3BOJIMIO OJEP)KyBaTH
MOBEPXHEBUH penbed cyTo onTHuHUM MeToaoM [1]. TomorpadiuHi 3MiHU MOBEPXHI,
Kl OJIEPKYIOTHCS 3 BUKOPUCTAHHSIM TaKOro METOy, OOMEXKEH1 3a JaTepallbHUM
pPO3MIPOM, 3aBHASIKM SIBUILY AUQPPAKIii CBITJIA, 110 HE JO3BOJIAE BUTOTOBISATH
HaHOPO3MIpHI 1H(POPMAIIIiHI €IIEMEHTH.

OgHuM 13 MOXJIMBUX NUIAXIB TOJMOJaHHS audpakiiiiHoro Oap’epy mnpu
dhopMyBaHHI HaHOPENIbEPIB MOKE OyTH BUKOPHUCTAHHS OJIMKHBOTO CBITJIOBOTO IOJIS
HaHoyactTuHok (HY) metaniB, iHTErpoBaHUX B XaJIbKOTEHIJHI IUIIBKH, SIKE BUHUKAE
IIPU OTMPOMIHEHHI TaKO1 CTPYKTYPH CBITJIOM 13 MIEBHOIO JOBKUHOIO XBHIII 32 PAXYHOK
30y/PKEHHSI KOJIEKTMBHHMX KOJMBaHb BUIBHMX eneKTpoHiB B HY (moBepxHeBwii
ma3mMoHHui pezonanc (I111P)) [2].

B [2-5] Oyno moka3aHo, 110 HEYHOPSAKOBAHI MACHBU HAHOYACTMHOK 30J10Ta
MOXHa (QopMyBaTH NUIAXOM TEPMIYHOTO BIANady Ha NOBITpI abo B armocdepi
aproHy TOHKMX HaHOPO3MIPHHX IUTIBOK, IPUYOMY CEpEIHINA PO3MIp HAHOYACTUHOK Ta
OITUYHI BJIACTUBOCTI MAaCHBIB 3aJ1€KaTh B1J HOMIHAJIBbHOI TOBIIWMHY ILIIBOK 30J10Ta Ta
TeMIlepaTypu ix Biamany. Y 3B’S3KYy 3 LIUM, OJICP>KaHHS HAHOPO3MIPHUX METAJICBUX
TUTIBOK 3 KOHTPOJILOBAHOKO TOBIIMHOIO € HAJ3BUYAWHO BAXIMBUM 3aBJIaHHSIM.

JIns ofeprkaHHsT HAHOPO3MIPHUX TOHKHX ILTiBOK MeTanmiB (Ag, Au, Al, Cu, Ni,
Cr) KOHTpPOJILOBAaHOI TOBIIMHM HaMu OyJla BHKOpPHUCTaHAa cepiliHa BaKyyMHa
ycranoBka BVYII-4, noocnamena psgaoM By3/diB, Kl 3a0€3MeUyrOTh 3aJaHHS,
cTab1113a11110 1 KOHTPOJIb OCHOBHUX TEXHOJIOTIYHHUX MapaMeTpPiB MPoIeCcy HAUIICHHS:
TEeMIIepaTyp BHUMApOBYBAaHHS Ta KOHJCHCAIlll, TOBIIMHH KOHJCHCATY Ta IIBUIKICTbH
HOr0 pOCTYy.

Jlo ckinamy OCHAacTKH, siKa J03BOJIE€ MPOBOJUTH HAMUIECHHS HAHOPO3MIPHHUX
METaJIYHUX IUIIBOK KOHTPOJHOBAHOI TOBIIMHHW, BXOIATH HACTYITHI KOMITOHEHTH:
MarasuH 3 3-X PpE3UCTUBHHUX BHIIAPOBYBAYiB, €JIEKTPOJ 10HHOI OYHUCTKH 3
(OKyCyIOUMM €KpaHOM; 3aXMCHI €KpaHW; ONTUYHUI BY30J1 PEECTpallii IHTEHCUBHOCTI
B1IOUTOrO BiJ CBiJKa JIa3€pHOI0 IMPOMEHS; Mara3uH 3 3-X Jia3epiB 3 BIJMNOBIAHUMU
noBKMHAMH XBHIIb: A1;=404 Hm, A,=650 M, 2A3=820 HM; oOepraroumii TpuUMad
MIJKIQM0K; CBIMOK; IMJAKIQAKW; INTBHJKOJIIOYA 3aciOHKAa; HarpiBad IMiJIKIaJ0K;
ONTHYHUNA BY30J peecTparlii 1HTEHCUBHOCTI MPOWUIEHOTO 4Yepe3 CBIJOK JIa3epPHOTO
MIPOMEHS; BaKyyMHa KaMmepa.

JIist  HanmwiIeHHS ~ METaJeBUX  IUTIBOK  HAHOMETPOBOro  macmraldy 3
BUIIE3TA]aHUX METaJIiB, HaMU OyB BUOpaHUI MOJIEPHIZ0BAaHUN METOJ PE3UCTUBHOTO
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BUITAPOBYBAHHS, 3MICT SIKOTO TOJIATAE y TOMY, IO €(EeKTUBHA IUIOIIA BUMAPOBYBAHHS
3BeJIeHa JI0 MIHIMYMY 1 CTAaHOBUTb (2,5%2,5) MM, a I0AaTKOB1 YaCTUHU BUIapOBYyBaya
3a€KpaHOBaHI 3 METOI MiHIMi3allii iX TEIJIOBOrO BIUIMBY Ha YMOBU KOHJIEHCAI.
BunapoByBau chopmoBanuii 3 TaHTanoBoi ¢Goyibru ToBImMUHOK 250 MkM. KoxeH 3
BUIIAPOBYBAYIB 3aXMILIECHUN CHEIIaIbHUM €KPAaHOM JUIsl YHUKHEHHS B3a€MHOIO
3anuieHHs. Tpumad miakiIaaoK (IUCK 3 OTBOpaMH) Mij Yyac HaMUJICHHS 00epTaeThCs
HABKOJIO IEHTPY 13 EKCIEPUMEHTAIbHO BCTAHOBJIEHOIO INBUJKICTIO. B3aemHue
pO3TaIlyBaHHS BUIIAPOBYBAUIB Ta TpUMaya 3 IMiIKJIaIKaMH IS OJepKAHHS HAHO1IbIIT
pPIBHOMIpPHOT 3a TOBIIMHOIO TUTIBKM TOBHHHE BIANOBIIATH  E€MIIIPUYHOMY
cuiBBigHomenHo h/R=1,33 (h — Bigmans MiX IUIONIMHOIO TpHMaya IITKIAJ0K 1
IUIONIMHOIO BUIIApOBYBadiB, R — Bigmanms BiJ BHUMapoByBaua A0 oOci 0OepTaHHS
TpUMaua MiAKIa0K).

KonTtpons ToBmuHM 1utiBok (d) MeTalmiB y mporeci iX HaIWICHHS MPOBOJIUBCS
dboToMeTpuyHUM criocoOoM. st IbOro y HEeHTpl TpruMada BCTAHOBJIEHA JOMOMIXKHA
MiIKIaaKa (CBIOK), KA BUKOPUCTOBYETHCA JUIsl KOHTPOJIIO MPOIECY POCTY IUIIBKH
[UISIXOM OJTHOYACHOTO BUMIPIOBaHHSI IHTEHCUBHOCTEH BiIOMBAaHHS Ta MPOIMYCKAHHS
BUIPOMIHIOBaHHS OJHOTO 3 TPHOX Jia3zepiB. [HTEHCMBHOCTI B1IOMTOTO Ta MPOMIEHOTO
4yepe3 CBIJIOK JIA3€PHOrO BHUIIPOMIHIOBAHHS (DIKCYIOTHCS BIAMOBIAHUMH BYy3JIaMU
peectpaiii. CUrHamu BiJ] IIUX BY3J1B MOJAIOTHCS HAa JIBOKOOPJIUHATHUM CaMOIUCEITb.
3HauCHHS TOBIIMH OCAP)KYBaHMX IUTIBOK METaJiB BU3HAYAIOTHCS 13 3aJCKHOCTEU
B1/IHOILICHHSI HOPMOBAHUX 3HAYEHb IHTEHCUBHOCTEHN B1IOMBAHHS Ta MPOMYCKAHHS Bij
d, sKi € xapakTepHUMH I KOoKHOro Metany. OJHaK, sK MOKa3aau €KCIICPUMEHTH,
Taka CHUCTEMa KOHTPOJIIO TOBIIMHM MAa€ HEAOCTAaTHI TOYHICTh 1 YYTJIUBICTb.
OnepxaHHS HaHOPO3MIPHUX IUIIBOK METAiB 3 KOHTPOJIEM TOBIIMHU, 3aCHOBAHUM
Ha MOPIBHSAHHI iX CIIEKTPIB NPONMYCKAaHHA Ta BiAOMBaHHS, NOTPEOY€e BUCOKOI TOYHOCTI
BUMIPIOBaHHA BIIHOCHUX 3HAaY€Hb KOE(IIIEHTIB MPOIYCKAHHS Ta BIJOMBAHHS IT1]] Yac
HanuieHHsl. € JgBa OCHOBHUX (DakTopu, sIKi TOTIPIIYIOTh TOYHICTH BUMIPIOBaHHS
ONTUYHOTO BIJIOMBAaHHS Ta TMPOMyCKaHHS TUTIBOK. [lepmmii — 1€ HETOYHICTH
BCTAHOBJICHHS MiIKIaIKH-CBiIKa. [IpobOiiema momnsrae B TOMy, IO KOJM ILIOIIMHA
TpuMaya MiJIKJIaJOK Ta IJIOIMKHA POOOUYOi MOBEPXHI CBiJKa HE CTPOTO IMapajelibHi,
BUMIPIOBAJIbHUN TPOMiHb, HANpaBIEHWNA Ha TOBEPXHIO CBIJKA, BiJIOMBIIMCH BiJ
HBOTO TMpHU O00EpTaHHI TpUMaya MiJKIAJ0K OMUCYE 3aMKHYTY KpPUBY, 1 HE 3aBXIU
TOYHO MOTparuisie Ha ¢oTonpuiiMad. BHacmiok 1Iboro Ha KpUBY 3MiHM KoedillieHTa
B1IOMBAHHS HAKJIAJA€ThCsl Mapa3uTHA KpUBa 3 MEPIOJIOM, SIKUM JOPIBHIOE MEPIOTy
oOepTaHHsl TpUMaya MIAKIAJ0K. AMIUNITYa MAapa3sUTHOTO CHUTHANy MIHSEThCA B
IITUPOKUX MEKaxX B 3aJIKHOCTI BiJl TOBIIMHHM HAMMWJICHOI TIIBKH, 2 BArOMO BILIHBAE
Ha TOYHICTh BUMIpIOBaHHS. J[Jis1 TOro, 1mo0 BUKIIOYUTH 3 BUMIPIOBAJILHOTO KaHAITY
OTHMCaHe JKepesio MoXUOKu OyB 3aCTOCOBAHUNM METOJ CTPOOYBaHHS, SIKUH, MOJISTAE Y
TOMY, II0 CHUTHajd 3 QoTonpuiiMaya 3YUTYEThCA OIMH pa3 3a o00epT TpuMada
MIIKIAI0K (pa3oM 13 CBIIKOM) y CTPOTO BHU3HAUYEHOMY WOTO TIOJIOKEHHI,
MEePEBOAUTHCS B ITU(GPOBY HOPMY Ta 3aBaHTAXKYETHCA B perictp mam’siti. OHOBIICHHS
BMICTY pericTpa BiOyBa€eThCS OJWH pa3 3a 00epT TpuMaya MAKIAI0K. Y IbOMY
BUITAJIKy peajli30BaHa CTYIMIHYACTa alpOKCUMAIlisl BUMIPIOBAHOTO CHUTHAIY 3 KPOKOM,
KU JOPIBHIOE MepioAy 00epTaHHs TpUMayda ITiIKJIaI0K.
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Puc. 1. ACM-BuMiproBaHHsI TOBIIMHH ILTIBOK cpibia

Hpyruii ¢paktop, sKuii BaroMo BIUIMBA€E HA TOYHICTh BUMIPIOBAHHS BiJIOMBaHHS
— 1e 3acBiTka (oTompuiiMadya SK O€3MOCEPEeIHbO BUCOKOTEMIIEPATYPHUM
BUIAPOBYBa4YeM, TaK 1 BIJOMBAHHSAM MOTO BUIIPOMIHIOBAHHS BIiJT TOBEPXOHb
KOHCTPYKIIi BCEpEIMHI BaKyyMHOI KaMepH. CurHanm BiJg 3acBITKHM MOXeE
3MIHIOBaTHCS B MIMPOKUX Mekax Ta HaOyBaTH 3Ha4y€Hb, OJM3BKUX JO 3HAYCHb
KOPUCHOTO CHUTHaNy. [[s BUKIIOUEHHS 3 BUMIPIOBAIBHOTO KaHAJy CHTHANY Bij
CTOPOHHBOI 3aCBITKH OYJb-SKOTO MOXOJKEHHSI 3aCTOCOBAHUMN CMOCIO MOCIIAOBHOIO
BUMIPIOBaHHS KOPUCHOT'O CUTHAILY Pa3oM 1 3 3aCBITKOIO Ta CUTHAIY TUIbKU 3aCBITKH 3
HACTYITHUM OJICPKaHHSAM iX pi3HHIN. TakuM 9MHOM, Bil CUTHANY, SIKUH 3HAXOIUTHCS
B PEriCTpi, BIAHIMAETHCSA CUTHANI 3 JPYrOro pericrpa, o MICTUTh 1H(POPMALIIO PO
CTOPOHHIO 3a CBITKY. IHQopMaliss B JApyrHil perictp 3aBaHTAXKYETbCS MPH
BUKJIIOUCHOMY JIa3epi Ta IHILIIOETHCS IMITYJBLCOM, IO Haaxoauth udepe3 100 mkc
MICTISL IMITYJIbCY, SIKMM 1HIIIIO€ 3aBaHTAKEHHS B TIEPILIUNA PETICTP.
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Puc. 2. Ilepepi3 penvedy miiBku Cu B auisHii Tpimuad Ta ACM-300paskeHHS TUTSTHKA
TTIBKH
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3acTocoBaHU CMOCIO T03BOJISIE MPOBOJUTH BUMIPIOBAHHS HaBITh TOJI, KOJH
pIBEHb CTOPOHHBOI 3aCBITKM TME€PEBUIIYE pPIBEHb KOPHUCHOro curHany. Kanan
KOHTPOJIIO MPOITYCKaHHS OOYA0BaHHUM aHAJIOT14HO.

3naucHds d ocamkenux miiBok Ag, Au, Al, Cu, Ni, Cr, BU3HaUE€HUX JTaHUM
METOJIOM 1 BUMIPSIHUX aTOMHO-CUJIOBUM MIKPOCKOIIOM JI00P€ Y3TOIKYIOThCS.
st mpuknany, Ha puc. 1 1 2 HaBeaeHi pesynbTatd ACM-BUMIpIOBaHb TOBIIMHU
NesKuX IUTBOK Cpibiia Ta Mijll, OJIepKaHUX METOJO0M PE3UCTHBHOTO BUITAPOBYBAHHS.
AHaJi3 oJiep)KaHMX JTAHUX T0Ka3aB, 110 3HaYeHHS d ITIBOK Ag 3HAXOMATHCS B MEKax
6.4-15.2 am, a mnBok miai — 15.3-35.2 uM. BigmiTrMO, 110 TOBIIUHA IUTIBKA MIl JJIs
BUITAJIKYy, HABEJICHOTO Ha puc. 2 (BCTaBKa), BU3HAYAJIACS TIO BIATIOBIIHUM Tepepizam
TPIIIMHY, sIKa 3HAXOMIIACs HA Kparo IIIIBKH, 1 JOXOAUJIa IO CKIISTHOT MiIKJIaIKH.

1. B.M. Pyb6imr, MJL Tpynos, IL.M.JIutBun [ta iH.]. Ilpamuii meton QopmyBaHHS
penpedHUX TpaTOK y IUTIBKaX XaJbKOTCHIMHMX CTekod // Peectparis, 30epiraHHs 1
o0poo6ka ganux, 2010. — T. 12. — Ne 2. — C. 43-51.

2. Iletpor B.B., Kprounn A.A., Kyanupkuit FO.A. Ta iH. Meronu nanomitorpadii. Kuis:
HaykoBa nymka, 2015. —C. 262.

3. Trunov M.L., Lytvyn P.M., Nagy P.M. [et al.]. Light-induced mass transport in
amorphous chalcogenides/gold nanoparticles composites // Semiconductor Physics,
Quantum Electronics & Optoelectronics, 2013. — V. 16. — N. 4. — P. 354-361.

4. Trunov M.L., Lytvyn P.M., Nagy P.M. [et al.]. Light-induced mass transport in
amorphous chalcogenides: Toward surface plasmon-assisted nanolithography and near-
field nanoimaging // Phys. Status Solidi B., 2014. — V. 251. — N. 7. — P. 1354-1362.

5. Rubish V.M., Lytvyn P.M., Durkot M.O. [et. al.] New type of recording media based on
the gold nanoparticles integrated into the film/substrate interlayer for plasmon
nanolithography //Te3. non. Hayk. koH(}. «HanopasmipHi cuctemu: OyaoBa, BIaCTUBOCTI,
texHosorii (HAHCHUC —2016)», 2016. — C. 125.
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Po3poOka Ta 1oc/aisKeHHs MOJJiMEePHUX MOKPUTTIB 3 POrHO30BAHUMHM
JIKYBAJIbHUMH BJIACTUBOCTAMH

Kupuniko A.F.l, I'ynzenko H.B.Z, Konosanosa O.IO.l, I'ynzenko O.I!

1 . o o« . .
Kuiscokuti meouunuu ynisepcumem, m.Kuis, éyn. JI. Toncmoeo,9
2 o e .
Incmumym ximii sucoxomonexynaprux cnoayk HAH Yrpainu,
M. Kuie Xapkiecvke woce, 48

Ha cborogHi CTBOpPEHO BENMKY KIJTBKICTb PAHOBUX TMOKPHUTTIB, IO
BIJIPI3HAIOTHCA 32 XIMIYHUM CKJIaJIOM MAaTPUIl 1 JIKaPCHKUX PEUOBUH, SIKI BXOJAATH JI0
Hux. Lli marepiany moOBHHHI J00pe 3axuIIaTH paHy BiJ BIUIUBY 30BHIIIHBOTO
CepeloBUIIAa 1 TPOHUKHEHHS MIKpOOIB, MaTH TapHy MOBITPOINPOHUKHICTh 1
abcopOmiitHl BiaactuBocTi. [0IoBHa ponbk GYHKIINH TepeB's3yBaJbHOIO 3aco0y
HaJICKUTh MOJIMEPHIN Marpuill. PI3HOMaHITTS CTBOPEHHX J0 TEHEPINIHBOIO Yacy
PAHOBUX TMOKPUTTIB TOSCHIOETHCS IIUPOKUM  CIIEKTPOM BUKOPHUCTOBYBAHUX
MOJIIMEPIB, OCKIJIBKA caMe€ KOMIUIEKC iX (DI3UKO-XIMIYHUX XapaKTEPUCTUK BU3HAYAE
BJIACTUBOCTI 1 (yHKIT moB'si3ku. Hes3Baxkaroum Ha Te, MO KUIBKICTH PaHOBHUX
MOKPUTTIB JIOCUTH BEJIMKA, MOB'SI3KH, MIAXOSAIIOL I BCIX TUIIIB paH, 0 CUX MIp HE
icHye. Tomy, momryk ta po3poOKa HOBUX MaTpUlb JAJII PAaHOBUX MOKPUTTIB HaOyBae
BCe OUIBIII0T HEOOX1AHOCTI Ta aKTyaJIbHOCTI.

[TinononiyperanoBi Matpuii (IIM), ski oTpumaHi peakiiero aiony (ado
noiiosly) 3 jauizoriaHatoM (abo MoOJii301[ilaHaTOM), € OJHHUM 3 OCHOBHUX BU/IIB
KOMEPIIHUX TOJIMEPIB 3 JyXKE€ IIUPOKUM 3aCTOCYBaHHAM. EKOJIOTIYHO 4YHCTI
MoJilypeTaHu HaOyBarOTh BCEOIBIIONO 3HAYECHHS B 1[I 001acTi.

Mertoro naHoi po6GoTu OyJIO CTBOPEHHS IMIHOMOJIIYPETAHOBUX MATpPHULb IS
PAHOBUX MOKPUTTIB Ta JOCIHIKEHHS X (P13UKO-XIMIYHUX BIACTUBOCTEH.

bynu  po3pobneni  miHomoJsiyperaHoBi — Mmatpuii-ocHoBu  (IIITYM) 3
MPOTHO30BAaHUMHU  JIIKAPCHKUMHU  BJIACTHBOCTSIMH, HAIMOBHEHHUMH  JIIKAPCHKUMU
3aco0amu 3 pi3HOI0 (PapMaKOJIOTIUHOIO JIETO.

Y  XiMIYHIA TPOMHUCIOBOCTI  130I[laHATHUW  HAMIBOPOAYKT HA3WBAIOTh
KOMITOHEHTOM b, a momionbHM HAMIBOPOAYKT KOMIIOHEHTOM A, 3a3BUYail BIH Ma€ y
CBOEMY CKJIaJl LMK psJ HEOOX1THUX 1 QYyHKIIOHATBHUX 100aBOK. JlJis CTBOpEHHs
[IIIYM, ne B AkocTi KOMIOHeHTa b BHKopucTOBYBaBcs MakpoauizomiaHat (M),
Oyno mpoBeneHo 10 cepiit mocniaiB, Mo S5 JOCHiAIB B KOXHIA cepii, e Oyio
BCTAHOBJICHO ONTUMAJIbHUN CKJIaJ KOMITIOHEHTIB MAaTPHIII.

B pe3ynbrarti mpoBeAeHUX MOCTIIHKEHb OYyJI0 BCTAHOBJIECHO, IO JIJIsl CTBOPEHHS
MHOMNOJIIYPETAHOBOI MATPHULIl MOXYTh OyTH BHKOPUCTaHI: MOJIOJbHUA KOMIIOHEHT
A, 10 MICTUTh BHCOKOMOJEKYJSPHUNM TPOCTUN MOJiedipromion, akTUBAIlIHHY
CYMII, 110 BKJIIOYA€ BOJY, KaTaji3aTop ypeTaHOYTBOPEHHS 1 MOJOBXKYBay JIaHLIOTa
noJilypeTaHy;  130LlaHaTHUH KOMIOHEHT b, 0o MICTUTP y  HaJJIMILIKY
130oponizorianar. BiampanboBaHe CITIBBIIHOIICHHS KOMIOHEHTa A 1 KOMITOHEHTA
b, sxe Omm3pke 2:1, po3Boamwino orpumaru IIIIYM 3 onTumaasHEUMH
XapaKTEepUCTHUKAMU i  TMOJiMepH3allii, TeMIepaTypHOTO pexuMy 1  (i3UKO-
MEXaHIYHUMHU XapaKTePUCTUKAMHU.
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B sxocTi HOCIIB JdiKapchbkuX pedoBUH st HamoBHeHHs [IIIYM Oynu
BUKOPUCTaH1 ajbriHaT HaTpito, aepocuii-300, dyparuiiH.

B xoMMo3uIIifHUX paHOBUX MOKPUTTIX BEJIUKY yBary MpUBEPTAIOTh ajbliHATH
— HATpi€Bl 1 KaJbII€Bl COJI MPUPOJHOrO IOJicaXxapuay, IO MICTIThCA B OypHX
BOJIOPOCTAX XOJOJHMX MOPIB. AJbriHATHI CHUCTEeMH OIOCYMICHI 3 OpraHiaMom
JIONWHM, MalwTh BHUCOKI  aicopOIiifHi, TeMOCTaTU4YHI 1 PajloNPOTEKTOPHI
BJIACTUBOCTI, 3JaTHICTh PEreHEepyBaTH IMOMIKO/KEHI TKaHWHU, B TOMY 4YHUCII 3a
paxyHOK HassBHOCTI B HUX BEJTUKOI KIJIbKOCTI MIKPOEJIEMEHTIB pereHepartii.

Jlmst remoctatuyHoi Ta copOyrowoi mii B ITIHIVM BBommm 1o 10%
HaHOHAMOBHIOBaYa - AEpOCHIL.

Jlis minBUINEHHS JiKyBajdbHOro BIUMBY Ha pany B IIIIYM pogaTtkoBo
BBOJMIN 5% aHTUMIKPOOHOT pEYOBHHH - (hypallviIiH.

[IpoBeneHO AOCHIIKEHHS 3 BUKOPHUCTAHHSAM Cy4YaCHHMX METOJIB aHali3y
po3pobienux I[IIIYM 3 mikapchbKUMH HOCIAIMH Ta BHBYEHO (DI3MKO-XIMIYHI,
MiKpoOioJIoTiuHl BiIacTUBOCTI. A came MmetonoM Dyp’e IYU-cmekrpockormii Oyiio
BUBYECHO KIHETUKY YyperaHoyTtBopeHHs I[II[IYM, wmetomom VY®-cnekrpockormii -
KIHETUKY BUBUIbHEHHS JIIKAPCHKUX HOCIIB, 32 JIOMOMOTOIO €JIEKTPOHHOI MIKPOCKOMIT
BCTAHOBJICHO Ta BHM3HAUYE€HO pO3MIp MOp, JOCIIKEHO  TOKCHUKOJOTIYHI
XapaKTEPUCTUKHU Ta MPOBEJECHO KIHETUKY HAOpSAKAHHS BaroBUM METOJIOM OTPHUMaHUX
MOJIIMEPHUX TTOKPUTTIB.

JloBeneHo, mo BuBUIbHEHHS Qypauwiiny 3 [IITYM BinOyBaeThcs y Mexax 65—
85% ymponoBx 90-120 xB. HaOpskanus [IIIYM Ha OCHOBi anpriHaTy HaTpiro Ta
aepoCuily MOYMHAETHCS BIApa3y MpHU 3aHypeHH] y (i310JI0TTYHHN PO3YMH 1 MOCTIMHO
3pOCTa€ Ha IMOYATKYy IPOIECY, BCTAHOBIEHO MakcMMajbHe HaOpskaHHs A0 150%
ynponosxk 120 xB.

Takum uymHOM, po3pobsieno IIIIYM 3 mnporHo3oBaHMMH JIKAPCHKUMU
BJIACTUBOCTSIMU, HAITIOBHEHUMH JIIKAPCHKUMH 3ac00aMU 3 Pi3HOIO (PapMaKOJIOTTYHOIO
JII€10, BCTAHOBJICHO 1X OCHOBHI (h13UKO-XIMIYHI BJACTHBOCTI.
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Structure and properties of vacuum arc VN/MoN multilayer coatings

Klimenko 1.O., Belous V.A., Bortnitskaya M.A., Kolodiy I.V., Vasilenko R.L., Kuprin A.S.,
Ovcharenko V.D., Gilewicz A., Warcholinski B.

1-National Science Center “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine
2-Koszalin University of Technology, Institute of Technology and Education, Koszalin, Poland

Transition-metal (TM) nitrides are refractory ceramics with exceptional
properties, including high hardness, good wear and abrasion resistance, low friction,
high-temperature stability, and chemical inertness. Owing to the good thermal and
catalytic properties and good tribological features of molybdenum nitride and
vanadium nitride, a low wear rate and friction coefficient, thin coatings can be used
in a wide range of applications. The oxidation of molybdenum nitride for layered
MoO; molybdenum oxide and vanadium nitride to vanadium oxides including V,Os
and Magnéli phases from the series V,0,,; allows their usage as self-lubricating
coatings in tribological contacts working at high temperatures [1, 2]. The multilayer
coating concept used for the design of protective coatings with new properties for
wear and tribological applications [3]. Properties of VN/MoN multilayer system are
not studied. Vacuum arc evaporation method allows for obtaining nitride single and
multilayer coatings with high adhesion, density and quality [4].

The goal of this study was to investigate VN/MoN multilayer coatings with
different thickness of the bilayers deposited using vacuum arc evaporation.

The VN/MoN multilayer coatings were deposited using unfiltered vacuum arc
plasma method in a “Bulat” system equipped with a V (99.99%) and Mo (99.9%)
cathodes of 60 mm diameter [5]. Samples of 32 mm in diameter and 3 mm in
thickness were taken from HS6-5-2 steel. Nitrogen at a pressure of 1.5 Pa was used as
a reactive gas. The arc current was 80 A and 110 A for V and Mo cathodes
respectively. The deposition process was performed at a substrate bias voltage of
—150 V for VN and -70 V for MoN coatings. The thickness of all deposited coatings
was about 5 um and thickness of individual layers varied from 500 to 50 nm.

The surface morphology, microstructure and chemical composition of
VN/MOoN coatings were investigated using Scanning Electron Microscopy (SEM), X-
ray Diffraction (XRD) and Energy Dispersive X-ray Spectroscopy (EDS). The
mechanical properties of coatings were characterized using nanoindentation.

XRD analysis showed that nanostructured coatings consist of individual
molybdenum MoN and vanadium VN nitrides. Intermediate phases are not identified.
Pure molybdenum nitride coating has a strong (22.0) texture. In multilayer coatings a
weak texture was also revealed, which transforms from (00.2) to (20.0) with
increasing the number of layers.

According to scanning electron microscopy data of multilayer VN/MoN
coatings, there are clear interfaces between individual layers. With a decrease in the
thickness of the individual layers from 500 to 50 nm, the blurring of boundaries and
mixing of the nitrides does not occur.

Nanohardness and Young's modulus for single layer VN and MoN coatings are
36 and 38 GPa and 523 and 493 GPa, respectively. For multilayer coatings,
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nanohardness is ~ 30 GPa, and the Young's modulus is ~ 450 GPa and weakly
depends on the thickness of the individual layers.

1.

A. Gilewicz, B.Warcholinski, D. Murzynski. The properties of molybdenum nitride
coatings obtained by cathodic arc evaporation // Surface and Coatings Technology 236
(2013) p. 149-158.

R. Franz, C. Mitterer. Vanadium containing self-adaptive low-friction hard coatings for
high-temperature applications: A review // Surface and Coatings Technology 228 (2013)
p. 1-13.

M. Stueber, H. Holleck, H. Leiste, K. Seemann, S. Ulrich, C. Ziebert. Concepts for the
design of advanced nanoscale PVD multilayer protective thin films // Journal of Alloys
and Compounds 483 (2009) p. 321-333.

. 1.I. Aksenov, A.A. Andreev, V.A. Belous, V.E. Strel'nitskij V.M. Khoroshikh. Vacuum
arc: plasma sources, deposition of coatings, surface modification. Kyiv, Ukraine:
“Naukova Dumka”, 2012, p. 727 (in Ukrainian)

B. Warcholinski, A. Gilewicz, O. Lupicka, A.S. Kuprin, G.N. Tolmachova, V.D.
Ovcharenko, L.V. Kolodiy, M. Sawczak, A.E. Kochmanska, P. Kochmanski, T.A.
Kuznetsova, T.l. Zubar, A.L. Khudoley, S.A. Chizhik. Structure of CrON coatings
formed in vacuum arc plasma fluxes // Surface and Coatings Technology 309 (2017) p.
920-930.
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Structural hierarchy and luminescence of ceramics based on
magnesium aluminate

Klymkovych N., Hadzaman I., Popovych V.

Drohobych Ivan Franko State Pedagogical University, Drohobych, Ukraine

Over the past decade, an innovative approach for the design, synthesis and
research of nanostructured functional materials has been outlined in the field of
nanotechnology. It is based on the concept of nanoarchitectonics, unique, unexpected
and unpredictable properties of nanostructured materials arise as a result of
interaction between the components, self-organization, structural ordering at different
levels, from the atomic to nano- and microscale. This approach opens up the new
perspectives for the application of the noble spinel-based systems with a complex
hierarchical organization of the structure, topology and morphology for the sensor
systems and energy saving systems, as well as for various optoelectronic devices [1-6].

It was shown in [6] that the luminescence spectrum of the MgAI,O,-based
materials undergoes significant changes if the transition from micro to nanosized
grains takes place. There appear the additional luminescence bands, and their shift to
the short-wavelength or long-wavelength region is observed. Moreover,
luminescence from the undoped nanostructured matrix itself occurs. This fact makes
it possible to considerably reduce the content of the expensive doping and to obtain
much more effective phosphors for the white light sources due to the matrix with a
complex structural hierarchy.

The purpose of this work was to develop innovative physical and technological
method for obtaining a new type of active media, based on a noble spinel, for the
transformation of narrow-band radiation into the white light by controlling the
processes of self-organization in the MgO-Al,O3 system under the dissipative heating
of initial nanosized reagents and by exploring their structural and luminescent
properties. MgO and Al,O3; nanopowders were used as the initial reagents for the
solid-phase synthesis of the spinel porous matrices. They were obtained by the
method of mechanical and thermal dispersion of the industrial precursors. It was
found that the conditions for the formation of dissipative systems and the way to
control the processes of self-organization and interphase interaction in the nano-
structured porous matrices, based on the magnesium-aluminate spinel, are determined
by the temperature-time synthesis regimes that had been selected from the analysis of
the phase diagram of MgO-Al,O; system [5]. The maximal temperature of the
synthesis of the test specimens was in the range of 1050 - 1400 ° C.

It was determined by means of electron microscopy and XRD methods that the
temperature-time modes of sintering are the decisive factor in the modifying of the
hierarchical structure, the ratio of hierarchical platforms on the nano- and microscale
levels, as well as of the phase composition of nanostructured ceramics, based on
magnesium-aluminate spinel. The additional oxide phases along with the main phase
of MgAl,O4 (about 70%) are observed at the annealing temperature of 1050 ° C in the
nanosized ceramics. As the temperature of sintering increases to 1400 ° C, the mass
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percentage of the main spinel phase increases substantially (up to 98 - 99%), and a
transition from the "matrix" architecture to the symbiosis of the "partially localized
hemisphere” and "confetti” types of architectures is observed.

The regularities regarding the influence of substructures at different levels of their
structural organization on the fluorescence spectrum was revealed by the
luminescence spectroscopy under the electromagnetic irradiation of 1500 - 750 THz
and 430 - 390 THz ranges. Namely, it has been established that the appearance and
the intensity of the fluorescence maxima in the vicinity of 650 - 720 nm is determined
by nanoarchitectonics, while the fluorescence intensity of the wide band in the range
400-500 nm is determined by the size of the crystallites.

1. Ariga K. Materials Nanoarchitectonics / K. Ariga, M. Ebara. - Weinheim: Wiley VCY. -
2018. — 336 p.

2. Ariga K. Nanoarchitectonics: a new materials horizon for nanotechnology / K. Ariga, Q.
Ji, W. Nakanishi, J.P. Hill, M. Aono // Materials Horizons. — 2015. — Ne 2. — P. 406 —
413.

3. Pan N. Exploring the significance of structural hierarchy in material systems — A review /
N. Pan // Applied Physics Reviews — 2014. — V. 1. — P. 021301-1 — 31.

4. Hadzaman 1. Nanostructured oxyspinel multilayers for novel high-efficient conversion
and control / Il.Hadzaman, H.Klym, O.Shpotyuk // International Journal of
Nanotechnology. — 2014. — V.11. — Ne 9/10/11. — P. 843-853.

5. Ganesh 1. A review on magnesium aluminate (MgAl,O,4) spinel: synthesis, processing
and applications / 1. Ganesh // International Materials Reviews. — 2013. — V. 58. — Ne 2. —
P.63-112.

6. Zhong R The different luminescent characteristics of MgAl,O,:Mn?* between phosphor
powder and nanoparticles / R. Zhong, J. Zhang, H. Wei, X. Qi, M. Li, X. Han // Chemical
Physics Letters — 2011. — V. 508. — Ne 4-6. — P. 207 — 2009.
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Mar”iTHi HAHOKOMIIO3UTH HA OCHOBI AKTUBOBAHOI'0 BYTIJIJIA,
iMIIPErHOBaHOI0 3IIMTHUM MOJIieTUJIEHIMIHOM Ta HOHAMM MeTAaJIiB:
aHTHOAKTepiaJbHI Ta afCOPOUIiHi BJACTUBOCTI

Koouaincskuii C.M., bapgaaum 10.B., Ko6pina JI.B., Ps6os C.B.

Incmumym ximii sucoxomonexynaprux cnoayk HAH Ykpainu
02160, Ykpaina, m. Kuis, Xapkiecvke wioce, 48

Opraniuni OapBHUKM IIUPOKO BHUKOPHUCTOBYIOTBCS B PI3HHX Tally3sx
IIPOMUCIIOBOCTI, 30KpeMa moJjirpadidHii, mamneposii, ¢papmMaleBTUIHIN, XapuoBii Ta
1H., 61m3bko 10% 3 HUX HAAXOJATH Y CTiYHI BOJAW. Y 3B'S3Ky 3 THUM, IO OLIbIIA
JacTHHA OapBHUKIB € TOKCMYHUMH 1 KaHIIEPOI€HHUMHU, BUHMKAE€ HEOOXIJIHICTh Y iX
BUJIAJICHHI 31 CTIYHUX BojA. B mpencraBieHii  poOOTI  BUKOPHCTOBYBAIH
afCcopOIIfHUN MeTOJl BHJAJEHHS Ha TMPUKIAAl MOJEIBHOIO a300apBHUKA —
METUJIOPAHXKY Ta aJcCOpOEHTIB Ha OCHOBI akTHBOBaHOTO Byriuwist (AB). Kpim 1poro B
JaHii poOOTI yBary 30cepekKeHO Ha CTBOPEHH1 OararoyHKIIMHUX aIcCOPOCHTIB, SIK1
0 e(heKTUBHO BHJAJSUIM K OpPraHiyHl Ta HEOPraHIYHI MOJIEKYJIH Ta WOHU, TaK 1 MaJln
0 aHTMOaKTeplanbHI BIACTUBOCTI. 3 LI€I0 METOK OyJI0o OAEpX,aHO aJACOPOEHTH Ha
ocHoBl AB Tta mnoniermneniminy (IIEI), 3mmroro 3a pomomoror mnektuHy. Jlis
CTBOPEHHSI I[MX MaTepialiB BUKOPUCTOBYBAJIM JBa METOAM: TBEPAO(PA3HOIO
JTUCTIEPTYBAaHHS OKPEMHUX KOMITOHEHTIB B OPTaHIYHOMY PO3YMHHHKY Ta TPOBEICHHS
smuBkH [1EI Ha moBepxHi AB y nmpucytnocTti Fe;O, [1]. B3aemonis nextuny Tta I1EI,
YHACNIIJIOK OMMJIEHHS €CTEpHUX TPyl TMEKTHHY, TPU3BOJUTH JIO YTBOPEHHS
HEPO3UYMHHOTO MPOJYKTY, L0 JO3BOJIE OJEPKYBaTH y 3py4YHUN CHOCIO Marepianu 3
MIJBUIIEHUMHU aJICOPOIIHHUMU XapakTepucTUKaMu [2]. [ mBUAKOTO Ta 3pyYHOrO
BUJAJICHHSI KOMIIO3UTHOTO COPOEHTY 3 BOAHOIO CEPEAOBUILA B KOMIIO3UT J0AATKOBO
BBOJIMJIM MarHeTuT. B pe3ynbrari ojep:kaHo KOMMo3uTH, mo mictuian 10-50 mac.%
ITextun-ITEL, 10-80 mac.% AB Ta 10 mac.% Fe3O,4. Jlnsg BuBuenns amcopo6mii MO
KOMITO3UTH BHUKOPUCTOBYBAIHM y (OpMI TiIpoXJOpuAy, MOHIB MeTaliB — y ¢opmi
OCHOBHM. MakcumanbHa ajcopOuiliHa €MHICTh 3ajeXajla BiJl BMICTY AaKTHBHOIO
koMmroHeHTa — nekTuH-I11EI ta npu BMmicti 45 mac.% cranoBuia 1123 mr/r (Puc. 1).
HocnipkeHHs: KiHeTUKU ajacopOiii MO mnokazanu, 10 BOHA ONMKMCYEThCS PIBHSHHSIM
MICEeBIO-JIPYTrOro MOpsJIKy Ta ajcopOlliifHa piBHOBAara BCTaHOBIIOEThCS 3a 4-60 XB,
3ayie’)kHO Bij KoHueHTpaiii MO y po3uuni (15-700 mr/n) (Puc.2). Idmmm Tumnom
copOenTiB mog0 MO 6yiIH KOMIO3HTH 3 afcopOOBaHHMH HOHAMH MeTamiB - Zn°",
Cu?*, Pb*, ng+, Fe3+, SIK1 OZICP’KYBIH IIJIIXOM afcopOIIii 3 BOJHOTO CEpeIOBUINA T
iX KIJTBKICTh B KOMITO3UTI cTaHoBuiaa 0,6 - 2 mmons/r (Puc. 3). Jlns mux KOMITO3UTIB
aacopOiiitna emHicTh moa0 MO Takox Oymna Bucokoro ta ctaHoBmia 300 - 700 mr/r
(Puc. 4). CopOmiitHa emHicTh mis Fe-BmicHux xommo3uTiB ctaHoBmwia 1000 - 1200
Mr/r. JlocuTh BHCOKE 3HaUY€HHs OyJI0 3yMOBJIEHO MPOTOHYBaHHSM 3pa3zka B yMOBax
azcopbuii itonis Fe**. Jlst mpoTOHOBAaHKMX KOMITO3HUTIB 3B’ s13yBaHHsA MO Bia0yBamocs
BHacnigok HoHHoro ooOminy (ClI” ma MO-SOj3) Ta enekTpocTaTMYHOI B3a€MOJIi
PI3HO3aPS/DKEHUX  MOJIEKYJ, [UIs METAJOBMICHMX KOMITO3UTIB 3B’ S3yBaHHS

171



CM®XT - 2019

3YMOBJICHO yYTBOPEHHSM KOOPJWHAIIMHUX 3B’S3KIB MK MoJjeKynoro MO Ta iloHOM

MeTaty.
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Puc.1 Borepmu ancop6uii MO Ha AB Ta Ha Puc.2 Kinernka agcop61ii MO Ha KOMITO3HTI 3
KOMITO3UTax 3 pi3HUM BMicTOM nekTuH-ITEI 45 mac.% llextun-I1EI

Jlns BUBYEHHS aHTHOAKTEplaJIbHUX BJIACTUBOCTEH JTOCIIKEHO METaJIOBMICHI
KOMITO3UTH, $IKI OTPUMYBAJIM HUISIXOM aJcOopOIii 3 BOJHUX PO3YMHIB HITPATIB
metaniB (Ag, Zn, Cu). Jlns BiIHOBIEHHS HOHIB METaNIB JO0 HAHOYACTUHOK 3pa3Ku
niggaBain Tepmooopodut npu 115 ta 170°C. AHTUMIKpOOHY aKTUBHICTh BU3HAYaJIH
CTaHJIAPTHUM JTUCKO-IHU(y31HHUM METOJIOM II0JI0 rpaM-mo3uTuBHUX R. erythropolis
ta B. subtilis Ta rpam-HeraruBHux mramiB P. pseudoalcaligenes Ta P. aeruginosa ta
BUpaXalld y MM 3a J1aMeTpOM 30HHM 3aTPUMKH POCTYy MIKPOOPIaHi3MiB.
BcraHoBiieHO, 0 HAHOKOMIIO3UTH 3 OLIBIIMM BMICTOM METajiB JEMOHCTPYBAJIU
BUIIy aHTHMIKPOOHY aKTHBHICTh mmiofo InramiB B. Subtilis, y mopiBasHHI 3
KOMIIO3UTaMH 3 MEHIIIUM iX BMICTOM, SIKi MaJld BUIIy akTUBHICTH j0 R. Erythropolis.
Tax mst 3paska 3 0,75 mac.% Ag ta 1,5 mac.% Cu, Zn giametp 30um s B. Subtilis
ta R. Erythropolis cranouB 17 MM Ta 25 MM, BianoBiaHo. s 3pas3ka 3 1,5 mac.%
Ag Tta 3 mac.% Cu, Zn BiH craHoBuB 31-34 Ta 5-8 MM, BiAnoBiaHO [3]. AKTUBHICTh
110710 TpaM-HeraTUBHUX OakTepii 3pa3ku npossisuin juiie 10 P. Pseudoalcaligenes
(miameTtp 30HU 11 MMm).
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Puc. 3 I3oTepmu ancopOuii fioHiB MetaniB Ha  Puc. 4 [3orepmu aacop6uii MO Ha komMno3uTi 3 45
komno3uTi 3 45 mac.% [lexktun-I1EI Mmac.% Ilextun-11EI 3 ancopboBanuMu Meranamu
1. Ko6unincekuit C.M., Psi6oB C.B., T'onuaperko JLA. Crioci6 oTpuMaHHS KOMIO3UTHOIO

copoenty [lar. Ykpainu Ha kopucHy Mojenb, Ne 112846, ony6um. 26.12.2016, bron. Ne 24,
2. Ko6unincekuit C.M., Pss6oB C.B., Kepua 10.10. IMoximepruii sxyprai, 2008, 1.30, C.276-281.
3. Kob6unincekuit C.M., Tonuaperko JLLA. Jlemuenko B.JI., Ps6os C.B. Cmoci6 oTpumanHs

METaJIOHAIIOBHEHOT'O TOJIMEPHOro HaHokommno3uty Ilar. Ykpainu Ha KopucHy Monenb, Ne
133149, ony6a. 25.03.2019, broxn. Ne 6.
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BruiuB po3MmipHuX epeKTiB HA NMOJISIPU30BHICTH METAJIEBOI
HAHOO000JIOHKHU

KoBajab A.QO., CmupnoBa H.A., Koporyn A.B.

3anopizvruti HayionanbHull mexHiyHul YHigepcumem, 8yi. Kykoscvkozo 64, 3anopixcarcs, 69063,
Vkpaina; e-mail: andko@zntu.edu.ua

KoMno3uTHi cepeioBuIlla HA OCHOBI HAHOCTPYKTYP 13 IJIA3MOHHUM PE30HAHCOM
SBJISIOTh 3HAYHUN MPAKTHYHHUM 1HTEpPEC B HAyIll 1 TEXHII, 30KpeMa, TIpH po3pooIli
cucteM HaHo(doToHiku [1]. 3a HasBHOCTI y TaKMX TIUIa3MOHHHX HAaHOCTPYKTYD
BHYTPIIIHBOI CTPYKTYpH, 30KpEMa, TIEJICKTPUUHOTO siipa 3’SIBISIIOTHCS JTOAATKOBI
MOXJIUBOCTI ~ KEpyBaHHS 1i ONTUYHUMH BJIACTUBOCTSIMH —  CIEKTpPaJbHUM
MOJIOKEHHSIM TUUIa3MOHHOTO PE30HAHCY 1 XapaKTepoM ONTHYHOTO BIATYKY Ha
30BHIIIHIM BIUIMB. TOMYy €KCHEpHUMEHTAJIbHI 1 TEOPETUYH1 AOCHIIKEHHS TaKUX
CUCTEM € aKTyaJlbHUMHU.

CHiBBIAHONICHHST ISl TOJSPU30BHOCTI CHUCTEMH <JIICJICKTPUYHE AP0 —
MeTayieBa 000JI0HKa» Ma€e BULIIS [2]:

_ R3 LL —Tnh 1
@(0) 1T, + 21T, (1)
ae
1, =(1+2Q%)1, +2(1-Q°)x, ; 1, =(1-Q%)r, +(2+Q°)x,; (2)
T, — JIeTEKTPUYHA MPOHUKHICTh MATPHIl; T, — JICIEKTPUYHA MPOHUKHICTH s1pa

HAaHOYACTHHKHU; Q=1-t/R, t — TOBIIMHA OOOJIOHKH; R — 3arajbHUI paJilyC YaCTUHKH,
a JlejeKkTpuyHa (PyHKIlISI METaIeBOi 000JIOHKH

2,2
OJpT

2

.7
: . : .
T, =1 (0)+in, (0)=1" - +i . 3
s 1( ) 2( ) l+0)212 0)(1_'_0)212) ( )
Tyr 1 — KOMIIOHEHTa, IIO ONHCYE BHECOK iOHHOTO OCTOBY; ®f =e’n, /mm’
MJ1a3MOBa 4YacToTa, € W N, — 3apsij 1 KOHIIEHTpalis eJEeKTPOHIB, BIJIMOBIIHO, T, —

JieJIEKTpUYHA TIOCTiIHHA BakyyMy, a m — e(QeKTHBHAa Maca €JCKTPOHIB; T — dYac
penakcartii, sKuii BU3Ha4a€ThCsl CIIBBITHOIICHHM [3]:

1_ +. (o, t)V_F. 4)
T Thuk t
ne T, — 4Yac penakcauii B 3D-merami; V. — mBuakicte ®epmu; . (o,t) —

e(eKTUBHUI TapameTp, U0 OMUCYE CTYIIHb BTPATH KOTEPEHTHOCTI MPHU PO3CISTHHI
€JIEKTPOHA Ha TOBEPXHl, KU Yy 3araJjbHOMY BHIIQJKy 3aJIEXKUTh BiJ TOBIIWHU
HaHOOOOJIOHKH 1 YaCTOTH a/Iaf090T0 BUMPOMIHIOBAHHS [4]

2
(o, t)=l[&j 12V sin2+2\§ [1—0052j : (5)
4\ o () vV, ®© v
e v, =V, /2t,
Pozninsitoun nilficHy Ta ysSBHY 4acTHHHU o(®), OTPUMYEMO
Rea(o)= R4 ; Ima(w)=RAMA (6)

— —
— —
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A€ BBCIACHO IMO3HAUYCHHA
ReAz[(l—Qa)(ZTf—ZTZZ—TT )+(1+2Q%)rr, - (2+Q%)r, ]
x[2(1-Q°)(f ~1f —11, )+ (14 2Q° )15 +2(2+ Q) |+
+T22|:4(1—Q3)T1+(1+2Q )r,-(2+Q), }[ (1-Q%)m +(1+2Q%)r, (2+Q3)Tm];
ImA =1, {[2(1—Q )(12 —2 11, ) + (1+2Q )TT1+2(2+Q i, |x
x| 4(1- Q%) +(1+2Q°)r, +(2+Q ] [(1-Q°)(2r -2t —m, ) +
+(142Q° )1, — (2+ Q%) | 4(1- +(1+2Q° )T +2(2+Q°)r, |;
==[2(1-Q°)(s = +TCTm)+(1+ 2Q° )TCT1+2(2+Q3)TmT1:|2+
+i2[4(1-Q% ) + (14 2Q°)1, +2(2+.Q%)r, |
KpuBi 4dacToTHHX 3aiexHOCTEH MIHCHOI Ta ySIBHOI YacTUH MOJSPU30BHOCTI
cuctemu SiO, @Al (t=2 M, R=10 HM), po3TamoBaHoi y TeduioHi (r, =2,3), 32 pi3HUX

3HaueHb €(EeKTHUBHOI Macu HaBeJeHO Ha puc. 1. Pe3ynbratu po3paxyHKiB CBITYaTh,
o 3i 30i7TpIIEHHSIM e(QEKTUBHOI MacH Mae€ MiCIe 3CyB KpHBHX K Rea(w), Tak i

Ima(®) B HU3bKOYACTOTHY oOyacTh. Lleil (akT 3yMOBICHO 3MEHIICHHSIM IUIa3MOBOT
YacTOTH 31 3pOCTaHHSM €(PEKTUBHOI MACH.

l T T T T 2

1,5

0,5k

41,5

0 T 2 3 4 5 0 I 2 3 5 5
ho, eB fiw, eB
Puc. 1. YacToTHi 3a1€KHOCTI1 1MCHOI (@) Ta yABHOI (6) YaCTUH MOJISIPU30BHOCTI

SiO, @Al 3a pisHux 3HaUeHb €(PEKTHBHOI MAaCH €JIEKTPOHIB:
1-m =106m;2-m =148m ;3 — m =1,60m,

1. Sh. Wang, K. Komvopoulos, J. Appl. Phys. 124, 185109 (2018).

2. A.E. Neeves, M.H. Birnboim, J. Opt. Soc. Amer. B: Opt. Phys., 6, 787 (1989).

3. U. Kreibig, M. Vollmer, Optical Properties of Metal Clusters (Berlin: Springer, 1995).
4. N.I. Grigorchuk, P.M. Tomchuk, Phys. Rev. B 84, 085448 (2011).
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3’€IHAHHSA NOJIMEPHUX MATEPIiaJiB 3 JIerKOIIABKUMHU METAJIAMU

KoBaabuyk M.O., FOpxxenko M.B., Jlemuyenko B.JI.

Incmumym enexmposseaprosanns im. €.0. [lamona HAH Ykpainu
KovalchukMAwork@gmail.com

Baxxno mepeouiHuTH 3A00yTKH, SKI OTpUMaHi 3aBASKUA  TMOJICTHIEHY,
MOJIIETUICHOBUM TIPOAYKTaM Ta MOXIMBOCTI iX 3BaplOBaHHSA JIs PO3BHUTKY
npomucioBocTi. [Ipote, Hapasi, HOBI TpeHIU PO3BUTKY MPOMUCIOBOCTI BUMAararoTh
e(EeKTUBHUX TEXHOJOTI 3’€IHAHHSA TOJIMEpIB 3 PI3HOPITHUMH MaTeplajiamH,
TaKUMHU SK, Hampukilaa, MeTaimd. Ha cporomnimHii AeHb, Taki 3’€IHAHHS
3a0€3MeuyIoThCs JIMILE 3aBISKH aaresii, Mo 4acTo HEe MOXKe 3a0e3Me4YuTH BUMOTHU
PI3HHX Traiay3eil MPOMMCIOBOCTI, TOMY IHMTAHHS CTBOPEHHS HOBUX €(EKTHUBHUX
METO/IB 3’ €HAHHS TOJIMEPIB 3 METAIIAMH 3AJTMIIAETHCS OLTBII HIXK aKTYaJIbHUM.

B npomeci JochipkeHHs, €KCHEpUMEHTalbHI 3 €IHAHHA NPOBOAWINCH 3
BUKOPUCTAHHSAM PI3HOPITHUX MaTepiaiiB, TAKUX SIK MOJIETHJIEH BUCOKOTO THUCKY Ta
osloB0. Bubip 1miei mapu wmatepianiB 0OyMOBJICHHUH CXOXXKHMH TeMIlepaTypaMu
IJIaBJICHHS 000X MaTepialiB, KOTP1, B CBOIO YEPry, MEHIII 3a TeMIepaTypy TEPMIYHOI
nerpagamii nosietwieHy. OgHUM 3 BaXJIMBUX (PAKTOPIB B XOAl MPOBEICHHS
eKCIIEpUMEHTIB ~ Oysio  3a0e3nedyeHHs  OJIM3bKUX  MIBUJAKOCTEH  OXOJIOJKEHHS
MarepiaiaiB Ta 3amoO0iraHHs BiAIIApyBaHHS MaTeplaiiB B XOJI IMPOLECI TEPMIYHOI
YCaJIKH.

VY poOoTi mpeacTaBieH]l pe3yJbTaTh JOCIIIKEHb CPOPMOBAHUX CTPYKTYp B
3’€JHAaHHI TIOJIIETUJICH/OJIOBO, a TAaKOK HAaIpalloBaHHS i1 MOKpAlIeHHS 1X
MIIHICHUX Ta E€KCIUTyaTalliiHUX XapaKTepUCTHK.
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The third sound as a generator of non-stationary thermal emf

Konstantinov A.M., Shevchenko S. I.

B.Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,
47 Nauky Ave., Kharkiv, 61103, Ukraine

The problem of the electrical activity of superfluid systems has attracted
considerable interest recently. The emergence of this problem is associated with
experimental works [1-2], carried out at FTINT in Kharkov about fifteen years ago.
In [1], it was found, in particular, that a standing second sound wave in the resonator
led to the appearance of a potential difference between the ends of the resonator,
proportional to the temperature difference between these ends. In [2], the
mechanoelectric effect was discovered: the torsional oscillations of a cell were
accompanied by oscillations of the potential difference between the cell surface and
the electrode on its axis. The results of [1] have been confirmed in several recent
experiments [3-6].

The explanation of predicted effects faces a fundamental difficulty because of
the nature of the polarization mechanism in the absence of an external electric field.
The source of polarization in the absence of the field is the interaction between the
atoms of the system. The “clementary units” of polarization are dipole moments
acquired by a pair of atoms as a result of their mutual interaction. As is known, two
identical atoms acquire equal moments in opposite directions, the magnitude of
which depends on the distance between the atoms. The total dipole moment of the
pair is zero. In an inhomogeneous system, redistribution of the dipole moments over
the system can occur, which leads to a local polarization. The total dipole moment of
the system (in the steady state) should be zero.

Another source of polarization in helium is the interaction between its atoms
and the walls of the chamber where helium is located. This interaction leads to the
emergence of a nonzero average dipole moment. The interaction with the walls is
significant in a narrow layer near the wall, so the observed electrical effects are
maximal in unsaturated films.

Based on this polarization, it is predicted a new thermoelectric effect in
superfluid films [7] which consists in appearance of an alternating electric field in the
surrounding space during oscillations of temperature in the third sound wave (that is a
surface wave with wavelength much exceeding the film thickness). The reason is
that the non-stationary heating is accompanied by oscillations of film thickness. This
causes oscillations of dipole moment of the film induced by the substrate and, as the
result, appearance of oscillating electric field in the nearby space. The potential
difference is proportional to the temperature gradient, i. e. a non-stationary
thermoelectric effect must take place, that is impossible in normal systems. The
magnitude of the effect depends significantly on the substrate type and coating and is
practically insensitive of the presence of vortices. The presence of thermally activated
vortices leads only to renormalization of third sound speed [8] and their effect on the
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electric field caused by the third sound wave is weak even in the vicinity of the
superfluid transition.

It is considered the region of low (T <1k) and high (T ~1K') temperatures. For
the low-temperature region, the electric field produced by the film is inversely
proportional to the cube of the equilibrium film thickness h,. For the high-

temperature region, the generated electric field is independent of h,. The last result is
valid while the temperature addition T’ creates a deviation h’ satisfying the condition
h'<<h,.

It is shown that the differential thermal EMF (the ratio of electric potential

amplitude to the film temperature amplitude), which is a characteristic of
thermoelectric properties of a substance, can reach in the predicted effect 10 V/K.

1. S. Rybalko, Low Temp. Phys. 30, 994 (2004).
2. A. S. Rybalko, S. P. Rubets, Low Temp. Phys. 31, 623 (2005).
3. T.V.Chagovets, Low Temp. Phys. 42, 176 (2016).

4. T.V.Chagovets, Physics B 488, 62 (2016).

5. T.V.Chagovets, J. Low Temp. Phys. 187, 383 (2017).

6. H. Yayama, Y. Nishimura, H. Ushiyama, H. Kawai, Jean-Paul van Woensel and A. G.
Hafes, Low Temp. Phys. 44, 1386 (2018).

7. S.I. Shevchenko, A.M. Konstantinov, J. Low Temp. Phys. 194, 1 (2019).

8. S. I. Shevchenko, A. M. Konstantinov, JETP letters 104, 489 (2016).
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Pianoavas

BnivB HAHOYACTHHOK CPi0JIa HA CHIEKTPH eJIeKTPOH-(POTOHHOI eMicil
MOBEPXOHb JYKHO-TAJIOITHUX KPUCTAJIIB

Kopoaesnu H.O., KonomisoB O.M., Ky3sma B.B.

JBH3 Yoceopoodcvkuil Hayionanvhuil yHisepcumem, Yocecopoo

Meronom enekTpoH-poToHHOI cmekTpockomii (EDC) omepxaHo crekTpu
enekTpoH-poronnoi emicii (EDPE) «uuctux» mnoepxonb MoHokpuctamiB (NaCl,
KCI), MmomudikoBaHuX NIIISIXOM HAMOPOIIEHHS IUTIBOK Cpidiia TOBIIMHOKO Bif 50 110
400 uM. Ta HaHOCTpPYyKTypoBaHoi cpidiaom moBepxHi NaCl meromom ocamy [1]. B
po0OOTI TpeAcTaBieHl pe3yJbTaTH JOCHTIDKCHHS IMOBEPXOHb 3pa3KiB 3 TOBIIMHOIO
HanuieHoro cpidiaom mapy 300 HM (koedimienT npomyckanHs 75%). Tuck
3aJIIIKOBHX Ta3iB B KaMepi B3acMOZil MPH 3alMCy CIEKTPY He mepeBuiryBas 107
Top. EHepris mydka eJEKTPOHIB B YCIX eTamax JOCHiKeHb cTaHoBuia 600 eB.
JliameTp MmomepevyHoro nepepisy Mnydka eNeKTPoHIB ckiagaB 5 MM. CrocTepeKeHHs
3MIIMCHIOBAJIOCH B3JIOBXK HOpMall A0 MoBepxHi wimeHi (0=~0°), a OGomOapayBaHHSA
MPOBOJMIIM M1 KyToM 15° Bijg HOpMaii 10 moBepXHi. [ BCiX 3pa3KiB JOCIHIIKEHHS
3n1cHIOBaNUCS B onTHYHOMY 1HTepBaii Big 200 1o 800 HM.

Ha puc.1. ta puc.2. npuseneni cnekrporpamu E®DE «unctux» MOBEPXOHb
monokpuctaniB NaCl ta KCI, manopomenux cpidiaom nosepxonb kpucramiB NaCl ta
KCI. Taxox Ha puc.l npuBenenuii crnektp EDE HanocTpykTypoBaHoi cpiOiiom
noBepxHi NaCl metooMm ocany.

1,04 |~ NaCl+Ag+glycerol ?
NaCl+Ag(75) Q| =
i %) s
---- NaCl 1
~ i 9
g 518
n
_ glo
— ()]
sl B
: 0,6 =
g': /2 IVM\\; g
L .
g
[1a]
— 0,4 1
0,2 1
] ‘\\"'\-\‘-/
0,0 4
y T T T T T T T T T T T .
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Puc. 1. Cnextpu EDE nosepxons monokpuctaixy NaCl
("uucroi" Ta HAHOCTPYKTYpOBaHOT AQ METOJAMH OCAIy Ta HAMUICHHSM )
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Puc. 2. Cnextpu EDE noeepxons Mmonokpuctany KClI
("umcToi" Ta HAHOCTPYKTYpOBaHOT AQ METOAOM HAITUJICHHS )

Y cnektpax E®DE nana o0ox AochipkyBaHMX 3pa3KiB XJIOPUIIB MPHUCYTHI
KOMITOHEHTH SIK XapaKTEPUCTUYHOTO TaK 1 HETIEPEPBHOTO BUIIPOMIHIOBaHHS.

XapaktepuctuuHe BumnpomiHtoBanHss aroMiB  (Na, K) € pesynbrarom
CTHUMYJIbOBAHOI ejekTpoHamu jaecopOiii 3 moBepxHi kpuctaniB (NaCl, KCI) atomis
ayry y 30ymkeHoMy ctadi. JlecopOoBaHUX aTOMIB rajioreHy y 30y/I>)KEeHOMY CTaHI He
BUSIBJIEHO, YEPE3 MIEBHO HU3bKY €(PEKTUBHICTBH iX 30y/IKEHHS, X04a BOHH EMITYIOThCS
HE MEHII IHTEHCUBHO, HIXXK aToMH Jyry. HenmepepBHe BUIIPOMIHIOBaHHS B CHEKTpax
E®E nosepxni NaCl+Ag+riilepuH, 00 CHOCTEPIraETbcsi B 001acCTl JOBXHUH XBUJIb
A=350-650 HM 3 MakcuMyMOM Tipu A=550 HM, 3a CBO€IO IHTEHCHUBHICTIO B MAKCUMYMI
BJIB1Yl OUIbIlI€ 1HTEHCUBHOCTI BUIPOMIHIOBAHHS MOBEpXi «4yucToro» 3paszka NaCl 3
Jiara3oHoM JOBXHUH XBUJIb A=380-650 HM 1 MaKCUMOM BUIPOMiHIOBaHHS Ha A=520
HM. BusBnene 3pocTaHHS IHTEHCHBHOCTI HEMEPEPBHOTO  BUIIPOMIHIOBAHHS
(pexoMOiHaIliiiHE CBIYEHHS, SKE BHHUKAE BHACTIAOK 30Y/DKCHHS EJIEeKTPOH -
TipKOBUX Tap ejekTpoHHoi migacuctemMu NaCl Ta po3CISHHSIM €JIEKTPOHIB Ha
(hoHOHAX) TOSICHIOETHCSI BHECKOM B criekTp EDE cBiueHHs Ha 4acTOTI MOBEPXHEBHUX
mia3MoHiB cpibna. [logioHa 3akoHOMIpHICTE B criekTpax EDE cmocrepiraerbest npu
nociimxeHH1 moBepxoHs kpuctainy KCl+Ag ta moBepxHi «unctoroy» 3pazka KCI.

1. [.€ . Mutpononscbkuii, B.B. Ky3zpma, O.M.KonomisoB, DOTOTOMIHECIIECHITIST XJIOPUILY
HATpil0 3 HAHOBKIIIOUEHHSAMH cpibna // Marepianu HayKoOBO-TEXHIYHOI KOHpepeHIl
¢i3uka, enekrponika, enexrporexnika ®EE: 2017, c. 86;

2. A. booporuuk, B. Ky3sma, O. Konorisos, B. Mactiorin, I'. [logropenska, B. JIlpo6any ,
HoBuit mexani3aM 30y[KE€HHS MOBEPXHEBHUX IUIA3MOHIB y pasi 10HHOTO ONPOMIHEHHS
noBepxHi metany // Bicauk JIbBiBchkoro yHiBepcutety, Cepis ¢izuuna. 2008. Bumn.42.
C.266-271
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EjexTponHi Ta agcopOuiiHi BJ1acTUBOCTI KJjacTepiB ZnO JieroBaHux
aToMaMu 0JIArOPOJHUX METAJIIB

KoBajaenko M.l, bosrupa O.l, JI31KOBCHKHI B.l, bosrupa p.2

Ulvsiscoruii HayioHaneHull yHieepcumem imeni leana @panka,
Qizuunuil paxyromem
e-mail: mariya.kovalenko@Inu.edu.ua
2 Incmumym npuknaonux npoonem mexawniku i mamemamuxu im. A.C. [liocmpueaua
HAH Ykpainu

Oxcumu Metanis, cepen sskux MgO, BeO, WOj3, SnO,, ZnO 1 TiO,, oXomioTh
IIMPOKUN CHEKTP 3aCTOCYBaHb, TAKUX SIK 30HAYBAHHS TOBITPS /AJIsi BUSBICHHS
TOKCUYHHUX 1 BUOYXOHEOE3NMEYHHX Tra3iB, 30HAYBAHHS aBTOMOOUIBHUX BHXJIOIMHUX
ra3iB, a TaKOX SIK CEHCOPH JI JETEKTYBaHHS YMCJICHHHUX JIETKO3aMMHUCTHX Ta3iB.
Huspka dyTiuBicTe 00’eMHUX MaTepiaiiB Oyjia MOJ0JIaHa IUISXOM PO3POOKU
HAHOCTPYKTYpP 3 BUCOKHM CITIBBIIHOIIICHHSIM MOBEPXHI /10 00’€My, 1 MOKa3aHO, IO
OUIBIIICTh CEHCOPIB Ha OCHOBI HAHOCTPYKTYPOBaHMX MarepialiiB  BOJIOAIIOTH
BHUCOKOIO YYTJIMBICTIO, HIBUAKUM YacOM peaklli Ta MOXJIMBICTIO O€3MepepBHOTO
BUKOPUCTAHHS.

HanocTpykTypoBaHi MaTepiaii Ha OCHOBI OKcuiay HHMHKY (ZnO) mupoxo
BHUBYAETHCS B SIKOCTI HAIIBIPOBIIHUKOBUX T'a30BUX CEHCOPIB B OCHOBHOMY 3aBJISIKH
CBOI HE TOKCHYHOCTI, IIMPOKOMY IMOMIMPEHHIO B MPUPOAI Ta MOP(OJIOTIYHIN
PI3HOMAaHITHOCTI. JIeryBaHHs € BaXIJIMBUM 1 €(EKTHBHUM METOAOM IOKpAaIlICHHS
CEHCOPHHUX BIJIACTUBOCTEW HANIBIPOBIJHUKOBUX OKCHIIB MeTamiB. Jleryroul aromu
3MIHIOIOTh T'a30CEHCOPHI BJIACTHBOCTI, 3MIHIOIOUYHM 30HHO-€HEPreTUYHY CTPYKTYpY 1
MOp(OJIOTiI0, CTBOPIOIOUM OUIBINE LIEHTPIB AJI B3a€MOJIi Ta3y Ha METaJI-OKCUIHIN
HaIIBIPOBITHUKOBIN TOBepXHi. OCTaHHIM YacoMm 3 SBIsI€ETbCA OaraTo mMyOiKaiiif
II0JI0 CTBOPEHHSI Ta30BUX CEHCOPIB HAa OCHOBI TOHKHUX IUTIBOK a00 HAaHOCTPYKTYD
ZnO, BUKOPUCTOBYIOUHU Pi3HI METOJMU CHUHTE3Y, IMITYJILCHOTO JIA3€PHOTO HAMMJICHHS,
XIMIYHOTO OCaJKEHHS 3 Ta30B01 (a3u, MOJICKYJIIPHO-TIPOMEHEBOI €MiTaKCli TOIIIO.

VY nauiii po6OTI MU MPEACTABISIEMO TEPIIONPUHIIUITHI JOCITIKEHHSI CTPYKTYpHU
B3a€MO/I11 MOJIEKYJI BOAHIO Ta OKCHIB BYTJICIIO 3 HaHOKIacTepamu ZnO JieroBaHUMHU
aToMaMH OJIarOpPOJHUX MeTaliB, 30KkpeMa 30i10ta (Au) 1 mtatuau (Pt).

BuBuenns nporiieciB Moaugikaiii nopepxHi HaHokjactepiB ZnO aromamu Au, Pt
3YMOBJICHO MOKJIMBICTIO MIJABUIIEHHS IXHBOI Ta304yTIMBOCTI Ta CEIEKTUBHOCTI,
30KpemMa, 0 TigporeHy. JleTekTyBaHHS T1APOreHy OCOOJMBO IliHHE, OCKUIbKkKU H, €
OCHOBHHMM Ta30M, II0 BHUIUISETHCA MPHU MIPOJII31 MarepiaiiB Ha MOYATKOBIA cTajli
iXHBOTO TOPIHHSA, 110 MOXKE OYTH e(DEeKTHBHO BUKOPUCTAHO JIJIsl PAHHBOTO BHSIBJICHHS
nokexi. CeleKTUBHICTh ETEKTyBaHHS BOJHIO TYT IMPOSIBISETHCS B OCHOBHOMY 3a
paxyHOK OKHMCHEHHS Ha TUIATHHOBHMX KJACTepaxX IHIIUX Ta3iB — BiJHOBIIOBAYIB,
30kpema, yaanoro razy (CO).

[lepmionpuHIMITHI  PO3PAXyHKHA TMPOBEACHI B Mexax Teopil GyHKIIOHATY
ryctuad. [loBHa eNeKTpOHHA EHEepris JOCHIDKYBAaHUX CHUCTEM OOYMCIIIOBAIACH
CaMOY3TO/[KEHO METOJIOM TICEBIOTIOTEHIIIANY; JJIsI I0HHUX MOTEHII1aliB BUKOPUCTAHO
yJIbTpam’sKi MCeBIO-MOTeHL1anu BannepOiibTa; s onucy 0OMiHHO-KOPEALIHHOTO
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MOTEHL1aJly BUKOPUCTAHO Yy3arajlbHeHy TPaJl€HTHY ampOKCUMAIlIO 13 MOMpaBKaMH
Xaoapaa (GGA+U). B sikocti MozeapHOro 06’ekta oopano kiacrep (Zn0O)q,, Akuii €
CTaOUIBbHUM KJIACTEPOM 1 OyB YCIIIITHO CUHTE30BaHUN €KCIIepUMeEHTaNbHO. CIIouaTKy
NPOBEJICHO peJakcallilo CTPYKTYpU HaHOKJIAacTepa (3HAXOKEHHS PIBHOBAXKHHUX
KOOPJAWHAT 10HIB, 3a SKUX TOBHA EJICKTPOHHA EHEPris CUCTEMU € MIHIMAIbHOIO),
MIiCJs YOrO Ha HOro MOBEPXHIO J0JaBald aTOMH JOMIMIOK. PO3MISHYTO NeKiibka
PI3HUX TO3UIIN PO3MIIICHHS JOMIIIKK B CTPYKTYpl HaHOKJacTepa. ['eomeT—puu—Hi
napaMeTpd TaKuX CHCT€™M ONTHMI3yBaJMCh, TICIAS YOro Ha TOBEPXHI
HaHOKIacTepiB ZNO po3Milaid MOJIEKYIH aAcopOaTiB Ta MOBTOPHO ONTHUMI3yBalu
CHUCTEMY HaHOKJacTep-aicopoar.

Pe3ynbratu po3paxyHKiB 30HHO-€HEPreTUYHOT CTPYKTYpPHU Ta PO3MOALIIB I'yCTUHU
CTaHIB MOKa3yIOTh, 110 JETyBaHHS HaHOKJIacTepiB ZNO MpUBOAUTH O MOKPAIICHHS
MPOBITHUX BJIACTUBOCTEH y TOPIBHAHHI 3 HEJIETOBaHUMHU HaHOKiactepamu. llpu
aacopOmii aroma Pt Ha moBepxHi HaHOkiacTepiB ZnO BiIOYBAE€ThCS IMEPEHECEHHS
3apsany Big Pt no ZnO, qOMIIIKOBUI aTOM CTa€ KaTiOHOM, SKHUH MOKE MPHUENHYBATU
MOJIETKY JIM Ta3iB 3aBASKM MEXaHI3My MoJjspu3allli 3apsgy, ToOTo ajucopOriifHa
3JIaTHICTh TAaKOi CHCT€ MM 3HAYHO 3pocTae. BcraHomieHno, mo azacop6buis H, Ha
HaHokimactepax ZnO, neroBanux Pt ab6o AU, Biapi3HAEThCA Bijg anacopOIii Ha
oe3nedekTHrX HaHokiactepax ZnO. Ha oxHoMy aroMy JOMIIIKH —MOXKeE
azcopOyBaTHCsl HE OUIbIIE JBOX MOJEKYJ BOAHIO. OfHa MOJEKyJa BOAHIO 3a3HA€
xemocopO1ii Ha atomi Pt 0e3 momonaHHs OyJb-SIKOTO €HEPreTUYHOro Oap’epy, TOAl
AK 1BI MoJekynu H,; Takox MOXyTh XIMIYHO ajcopOyBaTu Ha aromi Pt, mpote
J10JIa0YM HEBEJIMKHUI €HepreTUYHM Oap’ep.

VY Bumaaky agcopb6mii yagHoro razy (CO) Ha HemeroBaHux HaHokjacTepax ZnO,
pe3yabTaTh PO3paXyHKIB MOKA3yIOTh, aJICOPOIIis LIbOTO a3y € ayxe ciadkoro. [Ipore,
JIETYI0YM HAHOKJIACTepU OJaropoJHUMHU MeTajlaMM, acopOIliiiHa 31aTHICTh TOMITHO
3pocrtae. BectaHoBiieHO, IO cepefl JIETyounXx atoMiB Pt mokasye Halikpally eHeprito
azcopOIii 10 1poro razy. ¥ Bumanaky aacopOirii Mmonekyn CO yTBOpEeHHS! XIMIYHOTO
3B’s13Ky Pt—C € Ounmbin eHepretnyHo BurigHuM, HiX Pt—O. Monekyna CO Bimnmae
OJIMHOYHY Tapy ejekTpo—HiB C-aTomMa y BIANOBIAHY He3aiHATy d-opOiTanbs i0HA
JOMIIIIKOBOTO MeTally. TakoX pe3ylbTaTh PO3PaxyHKIB MOKa3ylOTh, IO JIETOBaHI
HaHokJactepu ZnO € 4yTIMBUMHU 70 KUIBKOCTI ajcopbariB i Ha ogHOMY atomi Pt
MOke ajicopOyBaTuch OibIne Hixk ogHa Mojekyna CO.

OTpumaHi HamMH pe3yJabTaTH JOOpE Y3TOMKYIOTHCS 3 EKCIepUMEHTATbHUMU
JOCJPKEHHSIMU CTIEKTPIB (POTOJFOMIHECIICHTHOTO CBIY€HHSI HAHOMOPOIIKOBOTO ZnO,
Ja3epHOMOIM(hIKOBAHOTO Ta MOBEPXHEBO JieroBaHoro gomimkamu AU 1 Pt [1], a
TaKOXX CHPUAIOTH PO3YMIHHIO MEXaHI3MIB MOJINIIEHHS YYyTJIMBOCTI Ta30BUX
CEHCOPIB, 10 CIIOCTEPITAIUCS B EKCIIEPUMEHTAILHUX POoOOTaX.

1. Bobitski Ya.V., Bovhyra R.V., Popovych D.I., Savka S.S., Serednytski A.S., Shevchuk
V.N., Venhryn Yu.l. Journal of Nano- Electronic Physics, 9, 05008 (2017).
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Hogi ckiiokepamiuHi OKCHIHI MaTepiaan 1 QyHKIIOHAJIbHUX
IMOKPHUTTIB IUIIBKOBUX HATPiBHUX €JIEMEHTIB

Kosobaciwok T.M., Jlemimka L. A., I'punosa ['.A., Knmumkis O.1.

Hayionanvnuii ynisepcumem «JIvgiscoka nonimexuikay, eya. C.bandepu, 12, m. Jlveis, 79013

Bumorn 1o 3axucHuX (yHKIIOHATBHUX ICJIEKTPUYHHUX MOKPUTTIB TUIIBKOBHX
HArpiBHUX €JEMEHTIB 3ajieXaTh Bl yMOB iX ekcruryartamii. Lle cTocyerbes
TIEJIEKTPUYHUX TTOBEPXHEBHX I1apiB, BUTOTOBJICHUX 3a TEXHOJIOT1€10 TOBCTHUX IUTIBOK,
K1 TpUBAJIUHN yac npairoroTh 3a Temnepatyp 200...300 °C. i moKpuTTa HE MOBUHHI
BIJINIAPOBYBATUCS B MIAKIAIKHM 1] Yac HIUKIIYHOTO HarpiBaHHs. Taki MOKPUTTS
MOBHHHI BOJIOJIITH IiJIBUILICHOIO CTIMKICTIO 0 BILIUBY HABKOJIUIIIHHOTO CEPEIOBUIIIA,
a CTPYKTYpHO-T€OMETPHUYHI XapaKTepUCTUKH Tomorpadii moBepXHI IOBHHHI
3a0e3neyyBaTu SIKICHE HAHECEHHs HACTyNHOIO pe3UCTHBHOro mapy. OTxe,
BIJINOBI/IHAN TIOBEPXHEBUI IIap CII1J] BAOUPATH B 3aJIEKHOCTI BiJl CTaHy MOBEPXHI Ta
BJIACTMBOCTEH Martepiaiy migkiaanku [1].

HaiiBa)xTuBIIIMMU BJIACTUBOCTSIMH, $IKI BHU3HAYaIOTh SKICTh J1E€JIEKTPUUHOTO
MTOKPUTTS, € BACOKUH PiBEHb €JIEKTPOPIZUYHUX, MIKDOMEXAHIUHUX XAPAKTEPUCTHUK Ta
anaresis A0 migkiIanku. IcHye 0arato TpaauIiiiHUX METOJIB  BHU3HAYEHHS
MIKpOTBEpAOCTi, MOAys FOHra Ta 1HIIMX XapaKTEPUCTHK MIIHOCTI MOKPUTTIB [2,3].
Onnak KJIacM4HI METOAM BHM3HAYCHHSI aJre3iifHOI MIITHOCTI JJi1 KepaMidHUX
MOKPUTTIB, CHUHTE30BAHUX METOJOM TOBCTUX IUJIIBOK, € Majloe(EeKTUBHUMHU.
3BakalouM Ha 1€, I TMPOTHO3YBAaHHS aJAre3iitHoi MIIHOCTI MOKPHUTTIB MOKHA
BUKOPHCTOBYBAaTH HEMPsAMI METOAM JAOCTIHDKCHHS, IO BU3HAYAIOTH IMOBEPXHEBY
BUIbHY €HEPrito MIIKIAJ0K, Ha SKUX CUHTE3YIOTh MOKPUTTS. Llsi MeToauka n03BoIsI€E
OTIOCEPEIKOBAHO BU3HAYUTH MIIHICTh 3YEIUICHHS B CHCTEeMI "TOKPUTTA—IIAKIaaKa"
[4].

ExcriepyuMeHTansHO  BCTAaHOBJICHO, 10 €(QEKTUBHUMHU MaTepiajlaMd  JJis
CTBOPEHHSI  TEIUIOCTIMKUX  €JEKTPOI3OJALIMHUX TMOKPHUTTIB €  CKJIOKEepaMiuHI
MaTepiaii Ha OCHOBI OKcHaHuUX cucteM PbO-ZnO-B,0; ta BaO-ZnO-SiO,,
JOJIATKOBO JIETOBAHMX IHINMMHU OKcHuJaMu. Jljisi 3a0e3neyueHHsl BiANOBIIHOIO PiBHA
BJIACTUBOCTEN Taki MOKPUTTS NiAJAI0Th CKIAIHIA JBOXCTYNEHEBIM TepMiuHIM
00po0I11, siKa MoJIsTae y BiAMAl 32 TEMIEPATyp CKIOYTBOpPEHHs t; Ta kpucTamizaiii t,
(Puc. 1). Taki maTepiaiu B pe3yJbTaTi CKJIaJHOI ABOXCTYIIEHEBOT TEPMIUHOI 0OpOOKHU
OTPUMYIOTh KPUCTaJIIYHO-aMOP(pHY CTPYKTYpy, sKa 3a0e3neuyBaTUME MOTPIOHUN
PIBEHb BJIACTUBOCTEH.

B pesynbrari AOCTIIKEHb CHHTE30BAHO (PYHKIIIOHAIBHI MOKPUTTS Ha OCHOBI
CKJIOKepamiuaux cucteM PbO-ZnO-B,0; ta BaO-ZnO-SiO, nHa craneBux
migknagkax AISI 430 (amamor 12X18) 3 pi3HUMH MapaMeTpamMu MIOPCTKOCTI
nmoBepxHi Ta Mikporonorpadii. Taki MOKPUTTS MOXKYTb OyTH BHUKOPHUCTaHI SK
JIEJeKTPUYHI IIapH, K1 CTAHYTh OCHOBOIO /IS HAHECCHHSI PE3UCTUBHUX MOKPHUTTIB
s mmiBkoBux HarpiBHux enemeHTiB (FHE). Otpumano po3paxyHOK 3HaueHb
MOBEPXHEBOI BUIbHOI €HEprii CUMHTE30BAHUX MOKPUTTIB Ta MIAKIAAOK. BuzHaueHo
XapakTep BIUIMBY MiKpoTonorpadii moBepxHi Ta MapaMeTpu BUIbHOI €HEeprii Ha
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aaresir0 Ta MIKpOMEXaHIYHI BJIACTUBOCTI CHHTE30BAaHUX IMOKPHUTTIB. BcTaHoBieHo
BIUIUB MIKPOCTPYKTYpH Ta MikpoTonorpadii MOBEpXHI Ha eleKkTpodizuuHi
BJIACTUBOCTI MOKPUTTIB B Aiana3zoHi temnepatyp 20... 500 °C.
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Pucynok 1 — Cxema TepMidHOi 00pOOKH UKIIOKEpaMIYHUX OKPUTTIB

HacTynHuM 3aBOaHHSAM JOCHII)KEHb € CTBOPEHHS €(EKTUBHOIO PE3UCTHUBHOTO
MaTepialy Ha OCHOBI BHINE3TraJaHUX CKIOKepaMmiuHuX cucreM. lle mocsraerbcs
BIIPOBA/DKEHHSAM B 1X CTPYKTYpY JIETKOIUIABKMX JUCHEPCHUX OOpHUAIB METaliB.
Hanpuknan, mnomaBanus 20...30 wmac. % Oopuay HIKEIIO B CTPYKTYPY
ckiIokepaMiuyHoro marepiany BaO-ZnO-SiO, mo3Bosisse OTpUMaTH PE3UCTHBHHMA
MaTepial 3 BHCOKMM Jlalla30HOM NHUTOMUX omopiB. OtTpumaHa cucrema
(YHKILIOHATBHUX TOKPUTTIB BOJIOAIE BHUCOKOIO HAIIMHICTIO Ta E€KOJOTIYHICTIO.
Pe3ynpTaT mpoBEACHUX JOCHIIKEHb BIPOBAKEHI Y BHUPOOHMIITBO ILJIIBKOBUX
HarpiBHUX eneMeHTiB Ha mianpuemMctsi T30B «IIKBIT «KPE€YB» (JIbBiB).
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K., Kindrachuk M. Comparative estimation of the structure and electrical propertiers of
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MarHitHi BJacTHBOCTI (epOMATHITHUX KJIACTEPIB PO3TALLIOBAHMX B
TOHKOMY HWJIIHAPi

Kpusuikon O.

@TIHT im. b.1. Bepxina HAH Yxpainu - Dizuxo-mexHivHutl iHCmumym HU3bKUx memnepamyp
im. b.1. Bepxina , Hayionanvnoi akademii nayx Yxpainu, Xapkis

JlocmpkyeTbes cucreMa (hepoMarHiTHUX KJacTepiB pO3TAIlIOBAaHUX B TOHKOMY
muIiHapl. B3aemonis MDK  KjacTepaMd  MarHITOMINOJbHA. Y pasi JOCTaTHBOI
IIPOCTOPOBOI  aHI3OTPOIII Taka cHCTeMa MOXE€ OyTH omnucaHa OJHOBHMIPHOIO
Mozaelo [3iHra 3a HasBHOCTI €(PEKTUBHOTO JIOKATHLHOTO IO, BHITagKoBICTH
pO3TaIIyBaHHS KJIaCTEPiB OOYMOBIIIOE BUIMTAIKOBUI 0OMiH MIX criiHaMmu. EQexTuBHe
noJie y Takiii Mojiesti BijoOpakae HEOAHOPIAHICTh TPAHUIIl PO3ILTY MK KJIacTepamH 1
iX OTOUEHHSIM. Y JOCTAaTHHO MaJIMX ITOJIAX OCHOBHHUM CTaH TaKOl MOJEI SIBJIsIE€ COOOIO
0e3Jiy JOMEHIB PI3HOT JOBXKHHHU. 3a HASBHOCTI BUIAJKOBOTO €()EKTUBHOTO TMOJIS
CIIOCTEPITa€EThCS JIIHIMHA 3aJIeKHICTh HAMAarHidyeHOCT! BijJ 30BHIINIHBOIO TIOJS B
00JacTi MajMX MOJIB, HA BIAMIHY BiJi OJHOBUMIpPHOiI Mozeni I3iHra y mocTiiiHOMY
noii. CepeaHe BiJl BUMAJAKOBOTO €(PEKTUBHOTO IOJIS BU3HAYAE BEIUYMHY OOMIHHOTO
3CYBY KpHBOI HaMarHiu€HOCTI, a JHCHEPCis BHITQJAKOBOTO €()EKTHUBHOTO IIOJIA
BIUIMBa€e Ha ii Haxwi. Pe3ynbraTh, oTpuMaHi B paMKax AaHOI MOJCHI JO3BOJISIOTH
SKICHO OIIIHIOBaTH BJIACTMBOCTI TpPAaHHUINl MDK IIJICHCTEMaMHd BHUXOJA4l 3
EKCTICPUMEHTAJIbHUX JJAHUX
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JlocaixxeHHs BILIMBY YMOB iMMOOLTI3aIil 0JIITOHYKJICOTH/IiB HA
CEHCOPHINl MOBEPXHi CIIEKTPOMETPa MOBEPXHEBOI'0 MJIA3MOHHOI0
pe3onancy Ha ¢popmyBanHs BiAryky AHK-cencopa

KyuepoB A.I.l’z, Pauxos O.E.!

1I;Ltcmumym monekyaapHoi oionoeii i eenemuxu HAH Yxpainu,
Kuis 03143, éyn. akademixa 3abonomnoeo, 150
zHauiOHaﬂbHuﬁ mexHiyHul yrisepcumem Ykpainu "Kuiscoxuu nonrimexHivnuil incmumym
imeni lzopsa Cikopcwvkozo", Kuig 03056, np. [lepemocu, 37

Po3Butox MonekymsipHoi Oiosorii Ta i METOAIB MpHUBENA [0 OTPUMAaHHS,
y3arajJbHEHHS 1 cucTeMaTu3ailii iHdopmMarllli mpo CTPyKTypy reHoMa 6aratbox >KMBUX
opraHi3MiB. lle BIAKpPWIO MIKUPOKI MOXKJIMBOCTI JJI JIarHOCTHUKH CIAIKOBUX Ta
1H(MEKIIHHUX 3aXBOPIOBAHb, KOHTPOJIS SIKOCTI MPOAYKTIB XapyyBaHHS, €KOJIOTTYHOTO
MOHITOPUHTY Ta IHIIUX 3acTocyBaHb [1-3]. OgHMM 3 Cy4acCHHX METOJIB aHAJI3y
MOCJIIIOBHOCTEN HYKJIETHOBUX KHCJIOT € BHUKOPUCTaHHS O10CEHCOpPIB, a came,
riopuam3amiiaux JIHK-ceHcopiB Ha OCHOBI SIBHINIA IMOBEPXHEBOrO IIJIA3MOHHOTO
pesonancy (IIITP). Ti6puamzamiitai  JIHK-cencopu 0Ga3syroTbess Ha  mporiect
riopuan3ailii  OJHOJIAHIIIOTOBUX  OJIITOHYKJICOTH[IB ~ TEBHOI  MOCIHIJOBHOCTI,
IMMOOLITI30BAaHUX HA CEHCOPHIM TOBEpXHI (30HAIB), 3 KOMIUIEMEHTAPHUMHU
MTOCITIIOBHOCTSIMUA HYKJIETHOBHX KHCIIOT TOCHTIKYBAaHOTO 3pa3ka. CHEeKTpoMeTpis
[IITP no3BoJisie AETEKTYBAaTH HATUBHI 010MaKPOMOJIEKYJIU B PEXHUMI pEAIbHOIO 4Yacy 1
0e3 3acTocyBaHHs MoOJEKyIsipHUX MiToK [4]. biocencop IIIIP peectpye 3miHM
TIEIEKTPUYHHUX BJIACTUBOCTEN TOHKOIO IIAPYy CEpeloBUIIIA, IO MPUIIATae 10 poOovoi
MOBEPXHI CEHCOPHOTO 4YMIa, Ha SKOMY IMMOOUII30BaHO  OJIHOJAHIIOTOBI
OJIITOHYKJICOTH/TH.

Bin epexruBHOCTI iMMOO1TI3aIIil OJHOJIAHITIOTOBUX OJITOHYKJICOTHIIB, TOOTO BiJl
(dhopMyBaHHS HAHOPO3MIPHOTO KBa3i-MOHOIIAPY OJITOHYKJICOTHIIB HA CEHCOPHIN
MOBEPXHI, B 3HAYHINA MIp1 3aJI€KUTh BCs MOjabiia podorta riopuauzamiitnoro JJHK-
ceHcopa. Ilpomec imMmoOumiZamii Mae TmpuBecTH 10 HaAidHOT  (ikcartii
OJIITOHYKJICOTUIIB Ha POoOOUii MOBEpPXHI Ta 3a0€3MEYUTH JOCTYIHICTh 3MICTOBHOI
MOCJHIIOBHOCTI 30HAY JJisi 11 B3a€EMOJIi 3 KOMIUIEMEHTApPHUMHU (PparMeHTaMu
HYKJIETHOBUX KUCJIOT TOCII)KYBAaHUX 3Pa3KiB.

IMMOOLTIZAIII0 OJIITOHYKIICOTHAIB HA CEHCOPHIM MOBEPXHI MOKHA 3/1MCHIOBATU
OaraTbMa METOAAMH, HANpPUKIAJ, TOCUTh MPOCTUM (ajne He IyKe e()EeKTUBHUM)
MeToA0M (pi3nyHOi copOILIii Ta OLIBII CKIaAHUMH METOJAMU:

a) (opmMyBaHHS KOMIUIEKCY MIX MONEPEIHbO 1IMMOOUII30BAaHUM Ha MOBEPXHI
aBIIMHOM (CTpEenTaBiIMHOM a00 EeKCTPaBIAMHOM) Ta MOAM(IKOBAaHUM O10THHOM
OJIITOHYKJICOTUIOM-30HIOM [5];

0) HempsiMe KOBAJCHTHE MPHUETHAHHS OJITOHYKJICOTUIY-30HAY JO TOBEPXHI
30J10Ta 4epe3 momepeaHe (OpMyBaHHS MOHOIIAPY PI3SHOMAHITHUX CIPKOBMICHHX
MOJICKYNT  (HampuKIana, TiodiB, CynbdiaiB, aucynbdiaiB) 3  BIAMOBIIHUMH
(GyHKIIIOHATEHUMU TpyTiamMu [6];
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B) MpsiMe camo30upaHHs MOJIM(IKOBAHUX TIOJIOM OJITOHYKJICOTHAIB-30H/IB Ha
noBepxHi 30J10Ta [7].

Jlns iMmMoO1mi3alii TiI0JbOBAaHUX OJIITOHYKJICOTH/IB Ha TOBEPXHI 30JI0TA YacTO
BUKOPHUCTOBYIOTh YMOBH, 3anporonoBani Herne 1 Tarlov [7], a came B po3uuni 1,0 M
KH,PO, (pH 3,8). BBaxkaerbcs, 1m0 nmpu HU3bKIM BenuunHi pH Ta BUCOKIM 10HHIN
CIJII €JIEKTPOCTATUYHE BiAIMITOBXYBAaHHS HETaTMBHO 3apskeHux mnaHIoriz JJHK
MIHIMI3Y€TbCS, IO CTBOPIOE CHPUATIUBI YMOBH JJIA BHCOKOI IIUIBHOCTI
iMMOO1Ti3allii TIONBOBAHUX OJITOHYKJICOTH/IIB Ha MOBEPXHI 30J0Ta. 3 1HIIOTO OOKY,
3aHaJTO BUCOKA HIUIbHICTH IMMOOLTI30BaHUX OJITOHYKJICOTHIIB MOXKE CHPUYMHHUTU
3HIDKCHHSI IMMBUJIKOCTI Ta €(PEKTUBHOCTI HACTYITHOTO TIPOIIeCy Tiopuam3artii 3 (Takox
HETaTUBHO 3apsAKEHUMHU) KOMIUIEMEHTApHUMHU (pparMeHTaMHu HYKJICTHOBHX KHCJIOT
TOCIIKyBaHUX 3paskiB. KpiM Toro, BHCOKa 10HHA CHJa CIPHUSE TMOCUICHHIO TaKUX
MIPOIIECIB 332 YYACTIO MOJICKYJ OJIITOHYKJICOTHIIB-30HIB, SIK (HoiauHr (hopMyBaHHS
BHYTPIITHbO-MOJICKYJIIPHUX 3B'A3KIB) Ta celd-ribpuauzaiiis JBOX OJHAKOBUX
MoJIeKyI1 ((hopMyBaHHS MIKMOJIEKYJISIpHUX 3B's3KiB). L{i mmpoliecu MOKyTh HEraTHBHO
BIUTMBATH HAa €(PEKTUBHICTh K (OPMYBaHHS KBa31-MOHOIIAPY OJITOHYKJICOTHIIB-
30H/IIB Ha CEHCOPHIM MOBEPXHi, TaK 1 HACTYITHOTO Mpoliecy T10puau3aii.

Tomy 3aBnanHsIM JaHOT poOOTH OyJIO AOCTIAWTH BIUIUB 3MEHIICHHS 10HHOT CHUJTU
ta pH cepenoBuma iMmoOuTI3anii Ha mporec (OPMYBaHHS KBa3i-MOHOIIAPY
OJIITOHYKJICOTHUI1B-30H/IIB HA CEHCOPHIM MOBEPXHI Ta Ha MoJaibiie GyHKIIOHYBAHHS
riopuauzamiitnoro JIHK-cencopa IITP.
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Bu3HavyeHHS NPYKHUX i NPYKHbOONTHYHUX KOHCTAHT Ta
Kkoe(inieHTiB ekCTHHKIIT cTekoJ cucTeM As-Sh-S(Se) meToaom
MAaH/AeJbIITAM-0OP/LTII0EeHIBCHKOT0 PO3CIFOBAHHA CBIiT/Ia

Kynak C.

Yoiccopoocoruii nayionanvruili ynieepcumem, Ykpaina,
88000, Yaceopoo, eyn. Iliocipua, 46

Bigomo [1], mo B CHEKTpi peIeEBCHKOTO 1 MaHACIBINITAM—OPiUTIOCHIBCHKOTO
ceitia (PMBP) amopdHuX peuoBHH, 30YyPKEHOMY MOHOXPOMAaTHYHHUM CBITIIOM 3
4acTOTOIO V, KpIM HE3MIIIEHOI YacTOTH IO 4acToTi (peneeBcbkoi PP) kommoHeHTH,
IHTEHCHBHICTh SIKOI I, BH3HAYa€TbCAd PO3CIIOBAaHHAM CBITJIIA HAa 1300apHYHHX
GayKTyalisix TYCTHHH, CIIOCTEpITraloThCs PO3MIIIECHI CUMETPUYHO BIJIHOCHO V
KOMIIOHEHT MawnzenbinraMa—bpisuitoena, 1HTEHCUBHICTh AKuX Iy 0O0yMOBIEHa
pO3CIIOBaHHSIM  CBITJIa  Ha  ajaiadaTuyHuX  QUIYKTyalisX  TyCTHHH, IO
PO3MOBCIOJKYIOTBCA 3 HIBUIKICTIO T1MEP3BYKOBOI MO3J0BXKHBOI (V) 1 MONEPEUHO1
(vr) xBwitb. Kommornentn Mb 3cyHyTi BiJi HE3MIIIIEHOT KOMITOHEHTH Ha

v _ nﬂsing, (1.1)
1% c 2

AV, :Zn&sing, (1.2)
1% Cc 2

7e N—-TIOKa3HMK 3aJIOMJICHHS CEPEIOBHINA, C—IIBUAKICTh CBITIA, f—KyT pO3CIIOBAaHHS.
OCHOBHUMH TapamMeTpaMu, SKi BU3HAYarOThes 1Mo criektpaM PMBP e Bennunau

3cyBiB Av 1 Avy Ta BIJHOIIEHHS 1HTEHCHUBHOCTEH PEICEBCHKOI 1 MaHJIEIbIITaM—
OpULTIOEHIBCBKUX ~ KOMIIOHEHT  clekTpy  (BigHomeHHs  Jlanpay—Ilmaueka
Rpn = Ip/2lyg). 3a momomororo (1.1) 1 (1.2) MoXHa BU3HAUUTH BUCOKOYACTOTHI
3HAQYEHHS WIBUJKOCTEH TMOMEPEYHOro 1 TMO3/I0BKHBOTO 3BYKY, IO MPEICTaBIsE
IHTEepeC MpU JOCHIKEHHI JUCHEpPCii 3BYKY B CTEKJIAX, a TaKOX BHUCOKOYACTOTHI
3HAQYEHHS MO3/I0BKHBOTO MOAYJIS €11 1 MOAYJISI 3CYBY Ca4 BIJIIOBIAHO:

Cyy = PUY, (2.1)

Cyy = PU;, (2.2)
K1 JaI0Th MOXKJIMBICTh BUSHAYMTH MOJIYJIb BCECTOPOHHBOTO CTUCKY K, CTUCIIMBICTD
p=K", momynb IOHura E i xoediuient ITyaccona u [2]:

E= 2C44(1+ ,U)1 (3)
Cpy — 2C44
po=— 4
2(011 - C44) ( )
4
K :C11_§C44v (5)

Axmo iHTeHCMBHOCTI KommoHeHT MBP Iyp 1 KOMIOHEHT po3citoBaHHS Ha
MOTIEPEYHIN TIMEeP3BYKOBIN XBUJI [t BUpa3uTu depe3 mpyKHHOONTHYHI KOeDIIieHTH
[Tokenbca pi1p 1 pag, BITKPUBAETHCS MOKIIMBICTD BUKOPUCTOBYIOUH JIaH1 JJISl €TAIOHY
(B AIKOCTI SIKOTO 3BMYAMHO HailyacTille BUOMPAIOTh KBApLIOBE CKJIO), BUSHAUYUTH 3
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cuektpiB PMBP Benuuunu pip 1 pay. 3HAUCHHS p1; MOXKe OyTH OEpKAHO 3 YMOBU
Ko 151 (p;,) 130TPOIHOIO TBEPAOTO Tijia
P11~ P12—2pa=0. (6)
TakuM 4YHMHOM, BIiJICTaHI MDDK KOMIIOHEHTaMH Ta IHTCHCHUBHOCTSIMHU JyOJICTIB B
criektpi PMBP mictars moBHy iHGoOpMaIiito mpo IpyKHi 1 MPy>KHLOONITHUYHI MTOCTIHHI
cTekos, a BigHomeHHs Jlanmay—Ilnaueka pae MOMUIIMBICTH OIIIHKH KOE(DIIIEHTY
ONTHYHMX BTpatT Ha PP ag 3a qomomororo criBBigHOMICHHS [2]:

a5 = (R + 1) 87k 1324 (n" pro)* ¢y, em ™, (7)
abo

0s=0.434-10% o5, OB/icm . (8)
3HayeHHsS IMIBUIKOCTI MO3J0BXKHIX 1 MOMEPEYHUX TIMEpP3BYKOBUX XBUJIb B CKII
MOKHa BU3HAUWTH 3 (1), 3HAI0YM 9acTOTHI 3¢yBU Av| 1 Avy MO3I0BXKHIX 1 IOTIEPEYHUX
KOMIIOHEHT crekTpa MBP. Buwmiproroun BigHomeHHs iHTeHcuBHOCTEH MBP
R=lyg/ IME0 JTOCITI/DKYBAaHOTO  B3IPIIIB 1 JIEIKOIO €TAJIOHHOTO 3  B1JIOMOIO
NPY>KHBOONITUYHOK TOCTIHHOIO (p12)o MOKHA BU3HAYMTH a/ia0aTH4HI 3HAYCHHS
NPY)KHbOONITUYHUX TOCTIMHUX (P12)ag TA MOPIBHATH I1X 3 i3oTepMiuHuMH. [lo
BI/IHOIICHHIO I[UX IHTEHCUBHOCTEM MOXHA BHU3HAYUTU CTPYKTYPHO—UYTIIMBI
napameTtpu (cmiBBinHomeHHs Jlanmay—Ilnadeka, MBUAKICTh TIMEP3BYKOBUX XBUIIb,
aniadaTU4YHy MPYKHBOOIITUYHY TOCTIHHY (p12)ag, BUCOKOYACTOTHUH IMO3T0BXKHIN

NpYXHIA MOIYIb M., 1 BTpaTH Ha pO3CitOBaHHS (0p, Oms),

ExcriepuMeHTanbHO  oneprkaBiM  BigHomieHHS  n=lp/lyy  MOXKHA — 3HAHTH
KOE(DIIIEHT EKCTUHKIII Uil pPEeNieeBCbKOI KOMIIOHEHTH PO3CIIOBaHHS B CTEKJaX
ap=n-0ys (B CM'l). ExcniepumeHTanbHi it cTeKOJT cUCTEMH  (AS;S3)100-x(SD2S3)«
HaBe/ICH1 B TaOJHIIL.

Tabnuis
[Toka3HKK 3aJIOMIICHHS N, 4aCTOTA TIEeP3BYKY Vv, ajfiadaTndHa nocTiiHa (P12)ad,
KOe(IIiEHT eKCTUHKIIT 5 TA MUTTEBUHN TIO370BXKHIN MpYyXHIM Moysib M, criiaBiB

cucteMu (AS;S3)100-x(SD2S3)x

Cxman |Nn(6328 A) | v, ITn | (pp)e | 2% 10 oM 2?;?/142 >
0 2,6107 146 |022 [11,11 2,43
3 2,622 146 019 |852 234
15 2,646 153 017 6,92 251
20 2,654 156 |0,19 |8,16 2,53
25 2,660 158 |023 |11,88 245
30 2,671 161 |036 |2893 2,55

1. ®abemuuckuit M.JI. MonekynsipHoe paccessHue cBeta. — Mocksa. — Hayka, 1965. —362 c.

2. Puryc AWl. HccrnenoBaHnue MaHIENbIITAM—OPUIUTIODHOBCKOTO pacceMBaHUsl CBETa B
KpucTtajuiax u crekiax.— Merog MBP B KBaHTOBOM 3JIEKTPOHMKE U JIA3EPHOE Pa3pyLICHHUE.
(Tpymet ®UAH; T. 137): (COopruk crarreit). — Mocksa. — Hayka, 1982. — 192 c.
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Thermal diffusivity and phase transitions in
(PbySn14)2P2(SeyS1.y)s crystals

Liubachko V.*2 A Oleaga.!, Salazar A.}, Vysochanskii Yu.?

'Departamento de Fisica Aplicada I, Escuela de Ingenieria de Bilbao, UPV/EHU, Plaza Ing.
Torres Quevedo 1, 48013 Bilbao, Spain
?Institute for Solid State Physics and Chemistry, Uzhgorod University, 88000 Uzhgorod, Ukraine.
e-mail: correctus@live.com

Single crystals of (Pb.Sn;).P»(Se,S:.,)s have been grown with the aim of
studying the influence of Pb on the ferroelectric phase transitions. The thermal
diffusivity D measurements were carried out with a high resolution ac
photopyroelectric calorimeter technique in the back detection configuration with
LiTaO; as a sensor [1]. Fig.1 shows the thermal diffusivity curves in the vicinity of
the phase transition.
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Fig.1. Phase transitions for (Pb,Sn;.,),P2(Sep2Sos)e With x = 0.1, 0.2, 0.3.

The measurements have been performed in cooling/heating modes with
different temperature rates (50 — 10 mK/min) in order to check the character of the
phase transition. For the case of x = 0.1 the shape of curve does not alter in heating or
cooling runs which could be the evidence of a continuous second order phase
transition while for the samples with the concentration x = 0.2 and 0.3 the hysteresis
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(AT = 0.8 K for x = 0.2, AT = 0.3 K for x = 0.3) was present as well as different
shape of curves in heating/cooling mode.

The low thermal diffusivity of these crystals confirms the fact that these
ferroelectrics are poor thermal conductor materials, where heat is mainly transported
by phonons. Well seen that increasing the Pb concentration leads to a decrease
transition temperature. This can be explained as follows: when substituting tin by
lead, strongly stereoactive Sn®* cations is diluted by weakly stereoactive Pb?* cations,
which also have a bigger ionic radius. In addition to the dilution effect, the ionicity of
the Sn — S chemical bonds increases [2-3] and the stereoactivity of the remaining Sn**
cations decreases. The combined influence of the intercell interaction strengthening
and the decrease of the stereoactivity of the two cation sublattices determines the
decrease of the second order ferroelectric transition temperature down.
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Fig.2. Thermal diffusivity for (Pbg 05SNo.95)2P2(SeyS:1.y)s With y = 0.4 (a) and 0.3 (D).

Concerning the samples (Pbg 055N g5)2P2(Se,S1.y)s With Se concentration higher
than the one corresponding to the Lifshitz point, figure 2 shows the thermal
diffusivity curves for y = 0.4, 0.5. The measurements have been performed in
cooling/heating modes with different temperature rates (50 — 10 mK/min) in order to
check the character of the phase transition. In these compounds the separation of the
paraelectric-incommensurate and the incommensurate-ferroelectric transitions takes
place.

1. A. Oleaga, A. Salazar, M. Massot, Yu. Vysochanskii, Thermochimica Acta 459 73
(2007).

1. D. Baltrunas, R. Mikaitis, V. Slivka, Yu. Vysochanskii, Phys Status Solidi A 119 71
(1990).

2. Yu. Vysochanskii, D. Baltrunas, A.A. Grabar, K. Mazeika, K. Fedyo, A. Sudavicius,
Phys Status Solidi B 246 1110 (2009).
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Dielectric and electric properties of 6CB liquid crystal with
Me,GeSsl (Me=Ag, Cu) nanoparticles

Luchynets M.M.", Poberezhets S.1.%, Pogodin A.1.%, Studenyak I.P.}, Kovalchuk O.V.2

'Uzhhorod National University, 88000 Uzhhorod, Pidhirna St. 46
?Institute of Physics, National Academy of Sciences, 03028 Kyiv, Prospect Nauky 46
luchynetsm@gmail.com

Cu,GeSsl and Ag;GeSsl crystals belong to the family of compounds with
argyrodite structure [1]. It should be noted that among the well-known argyrodites
there many compounds with high ionic conductivity, with different types of phase
transitions, with ferroelastic properties and order-disorder processes as well as the
capability to cation and anion mutual substitution [2].

In order to expand the limits of the practical application of the liquid crystals
(LC), it is necessary to be able to predictably change their properties. One of the
methods of expanding the functional properties of the LC is the introduction of
various types of nanoparticles [3, 4]. As we showed in Ref. [5], significant changes in
the properties of the LC, in particular, those electric and dielectric properties, are
observed when nanoparticles of superionic conductors are introduced.

Thus, the aim of this research was to study the dielectric properties and electric
conductivity of a planar-oriented nematic 6CB LC with Ag;GeSsl superionic
nanoparticles and a comparison with the same results for this LC with Cu;GeSsl
superionic nanoparticles.

The synthesis of Ag;GeSsl compound was performed from Ag, Ge, S, and Agl.
Ag;GeSsl powders were milled with a planetary ball-mill. The maximum milling
time of the powder was 30 min. 6CB LC without/with Ag;GeSsl nanoparticles were
studied in a sandwich-type cell with transparent ITO electrodes. The electrodes were
coated with an appropriately processed polymer layer to provide the planar
orientation of the LC molecules. The concentration of nanoparticles of a near-
spherical shape with the average size of 220 nm in the liquid crystal was 0.1, 0.5, 1
wt. %. The cell thickness was 20 um. The LC cell was filled using the capillary
method at a temperature by 5-10 K above the nematic-to-isotropic phase transition
temperature. The dielectric properties of the obtained sandwich cells were
investigated at 293 K within the frequency range from 6 Hz t010° Hz by using the
oscilloscopic method.

The frequency studies of the real part of the complex dielectric permittivity €'
have shown that the Ag;GeSsl nanoparticles more significantly affect the value of &'
then Cu,GeSsl nanoparticles. Moreover, this effect is significantly dependent on the
frequency range. Therefore, for the analysis of such a result, it is logical to divide the
entire spectral dependence €' into three sections. In section A (f < 10° Hz), a sharp
increase in the value of €' with a decrease in frequency is observed. In Ref. [6] we
have shown that this is due to the fact that in order to ensure the charge transfer in
near-electrode area and the dispersion of €' in the section A of the dielectric spectrum
can be described by the Debye equation. This dispersion is caused by the rotation of
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the dipoles of the LC molecules at angles corresponding to the fluctuations of the
order parameter. For 10°<f<10° Hz frequencies (section B) the €' value does not
depend on the frequency. This corresponds to the condition where the electric field
strength in the thickness of the sample will be the same. In this case, the &' value will
correspond to the dielectric permittivity of the sample volume. On the dielectric
spectrum at f>10°> Hz (section C), a decrease in the &' value is observed with
increasing frequency. From the theory of relaxation processes, it is known that the
dispersion at the section C is characteristic of all liquids and is caused by the fact that
during the change in voltage within % period (during the rise or decrease of the
voltage of the measuring signal), the dipoles of the molecules do not have time to
return to a certain angle [6].

Figure presents the concentration dependencies of the conductivity for 6CB LC
with Cu;GeSsl and Ag;GeSsl nanoparticles. It is shown that the difference in the
concentration dependencies of the conductivity is explained by the various effects of
Cu,GeSsl and Ag;GeSsl nanoparticles on the conductivity of 6CB LC. For the
Cu,GeSsl nanoparticles, there is almost linear dependence of the conductivity of 6CB
LC on their concentration. At the same concentrations Ag;GeSsl nanoparticles
significantly change the conductivity of 6CB LC. Moreover, the dependence of the
LC conductivity on the concentration of Ag;GeSsl nanoparticles is nonlinear. It
should be noted that the greatest changes in the LC conductivity are observed for the
largest (0.1 wt.%) concentration of nanoparticles.
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Fig. Concentrational dependencies of electric conductivity at 293 K for planarly
oriented nematic 6CB LC with different type of superionic nanoparticles:
Cu,GeSsl (1) and Ag;GeSsl (2).

. Nilges, A. Pfitzner, Z. Kristallogr. 220 (2005) 281-294.

M. Kranjcec, |.P. Studenyak, M.V. Kurik, J. Phys. Chem. Sol. 67 (2006) 807-817.
N. Paul, R. Dhar, R. Verma et al., Mol. Cryst. Lig. Cryst. 545 (2011) 105-111.

. Podoliak, O. Buchnev, M. Herrington et al., RSC Adv. 4 (2014) 46068-46074.

V. Kovalchuk, M.M. Luchynets, I.P. Studenyak et al., SPQEO 21 (2018) 407-411.

1. T
2.

3.S
4. N
50
6. O. Yaroshchuk, A. Kovalchuk, R. Kravchuk, Mol. Cryst. Lig. Cryst. 438 (2005) 195-204.
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BB KOHLEHTpaLii BOAHIO HA eJICKTPUYHI BJACTUBOCTI KePpaMIiYHUX
MAJUBHUX KOMIPOK

Jucynenko H.O.!, Mokiitayk B.M.?

1 . . o
Incmumym npobaem mamepianozuaecmea im. I.M. @panyesuwa HAH Yrpainu
2 . o . o . . - o . . oo,
Hayionanonuii mexniunuii ynieepcumem Yrpainu « Kuigcokuii nonimexuivnui incmumym
im. leops Cikopcbko2coy

B manwmii yac y 3B's13Ky 3 NIBUIKAMH BUTpPaTaMHu €HEPreTUYHUX 3amaciB HabyBae
AKTyaJIbHOCTI TTUTAHHS JOCIIKEHHS 1 BUKOPUCTAHHS HOBOTO BUAY abTEPHATUBHUX
oKepen eHeprii — kepamiyanx nanuBHUX Komipok (KIIK). He menm BakimBuM €
€KOJIOTIYHUH acleKT MUTaHHA. AK€ B OCHOBHOMY JIJIsl 3a0€3MeUeHHS eHEPreTUYHHIX
noTped JIIOJCTBA TOTIPIIYETHCA €KOJIOTIYHA CHUTYyallisl Ta BiJOYBalOThCS 3MIHU
kiiMary. Tomy HaOyBae akTyaldbHOCTI pO3poOKa, JAOCHIHKEHHS 1 BIPOBAKEHHS
€KOJIOT1YHO YUCTIIINX JIKEPEI EHEePTii.

KIIK sBisie co0ot0 MpuCTpiil, SIKUl MEPETBOPIOE XIMIUHY €HEPTii0 MajanBa B
CJEKTPUYHY 1 TEIJIOBY, HE YMHSYM IIKIJJIMBOTO BIUIMBY HAa HABKOJIUIITHE
cepenoBuilie. BUKOPUCTOBYIOUM BOJIBT-aMIIEPHY XapaKTEPUCTUKY PO3PAXOBYIOTh
OCHOBHI €JIEKTPUYHI MOKa3HUKU A owiHKK edexktuBHOCTI podoTn KIIK, no sxux
BIIHOCATHCS: Hampyra po3IMKHYTOTO KOJia, MUTOMa MOTY>KHICTh HPH HANpyKEHH1
0,7 B, makcuMmanbHe 3HAUEHHS MUTOMOTO HANpPY)KCHHS, 3arajlbHUN MUTOMHI OIIp
Bciel KIIK.

Ha mnokasnuku edextuBHoi podotn KIIK, okpim 3acTtocoBanux s ii
BUTOTOBJICHHSI MaTepiajiiB Ta CTPYKTYpH 1i CKJIaJOBHX, CYTTEBO BIUIMBAIOTH YMOBHU
TECTyBaHHS, TaKl sIK: podoya Temreparypa, KoHIeHTpaiis H, B MojienbHOMY ManuBi
Ar-H, Ta moTiK KHCHIO.

Hocmimxenns enepreruunux BiactuBocte KIIK npoBoammm 3 BUkopuctanHsm
MoienbHOTO majrBa Hp-Ar 3 pizHoro KoHIeHTparllito BoaHio (5-100-06. %) i moBiTps,
y SKOCTI OKHCHHKa, SKI IOJaBaJliCh HA aHOJ 1 Karoj 31 IIBHUIKICTIO ITOTOKY
90 murxB ', BigmosinHo. PoGoua Temnepatypa cranosuia 800 °C. Bymn mocmimkeni
MajuBHI  KOMIpKM 3  XiMiyHUM  ckiagom: aHonx  NiO-3,5YSZ/enextposnit
10Sc1CeSZ/6ap’epumii map 20GDC/katronq LSM Tta anox NiO-10SclCeSZ/
enextporit 8YSZ/ xaron LSCF-20GDC.

B naniii po60oTi MU JOCHIIUIN 3MIHY TMOTY>KHOCTI, SIK HaWOUIbII Ba)KJIMBOTO
noka3Huka edextuBHocTi podotu KIIK, B 3ayie’kHOCTI BijJl KOHIIEHTpaLlli BOJAHIO B
naguBHid cymimi. Ha Beix wnukiax 3MmiHM KoHuUeHTpamii mnanuBa  KIIK
MPOJIEMOHCTPYBAJIa Maii’ke OJHAKOBUM PIBEHb HAINPYTd MPHU PO3IMKHYTOMY KOJIi
Oom3pko 1 B, 1m0 CBiMYUTH TIPO TapHY Ta30HENPOHUKHICTH EIEKTPOJITHOI TUTIBKU.
Hatikpamii nokasanku po6otu KIIK memoHcTpye mpu momadi HEi YMCTOTO BOIHIO:
CNEKTPUUHY TOTYkHicTh 26,6 MBrecM > mpu 0,7 B i MakcuManbHe 3HAYEHHS
noTysxHocTi 35 MBTcM .
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Martepianu cuctemu ZrQ, — Y,03; — CeO,, criiiki 10
HU3bKOTEMIIEPATYPHOI Jerpajamii BJacTuBoOCTel

Mapek L. O.

Inemumym npobnem mamepianosnaecmea im. 1. M. @panyesuuva HAH Vkpainu,
03142, Kuis, Yxpaina, sya, Kpoatrcuosicanoscwvkoeo, 3,
e-mail: mega_marekirina@ukr.net

Martepianu Ha OCHOBI OKCHIY IIUPKOHIIO € MEPCTIEKTUBHUMHU ISl BUTOTOBJICHHS
PI3HOMAaHITHHX KOMITO3UTIB MEIWYHOTO Tpu3Ha4YeHHS. Hampukimam Ha ChOTOAHI B
€HOMPOTE3yBaHHI KYJIBIIIOBOTO CYIJI00a BUKOPHUCTOBYIOTHCS KEpaMmidyHi TOJOBKHU 3
TBEPJIOTO0 Po3unHy Ha ocHOBiI ZrO, (ZrO,, crabimizoBanuii 3 Mon.% Y,0; (YSZ),
KUl He ocTymaeThest Al,O3 3a 0101HEPTHICTIO Ta 010CYMICHICTIO, a 32 MEXaHIYHUMU
BJIACTUBOCTSIMUA Ta TPINMHOCTIMKICTIO 3HA4YHO mepeBuinye ioro. Ile oco6imBo
BKJIMBO JUISl KEPAMIYHUX TOJOBOK, SIKI B OIBIIIOCTI BUIIAIKIB (DIKCYIOTHCS HAa HIXKII
EHJONpPOTe3a 3a PaXyHOK TYroi KOHYCHOI MOCAJKH, YHACIJOK 4YOro B TOJIOBIII
CTBOPIOIOTBCSI  3HA4HI po3Tsaryoun Hampyru. Kepamika Ha ocHOBI  ZrO;
BUIPI3HAETHCSA: 1) MiABUIIEHUMH (DI3UKO-MEXaHIYHUMHU XapaKTePUCTUKAMH; 2)
BHCOKOIO YMCTOTOIO ¥ TYCTUHOIO; 3) TOMOT€HHICTIO XIMIYHOTO Ta (pa30BOTO CKJIALY;
4) manuM po3MipoMm 3epHa. lIpoTe mpu 3aCTOCYBaHHI KE€pamikH 3 TETPAroHAJIbHOIO
TBEPJOr0 pO34YMHY Ha OCHOBI ZrO,, HE3BaXKal0uW HA BHUCOKY XIMIUHY CTIMKICTh U
1HEPTHICTB, CIIIJI yPaxoBYBaTH ePeKT “‘cTapiHHsA’ (HU3bKOTEMIEPATYPHOI Jerpajanii
BJIACTUBOCTEHN), 110 BHUHUKAE B PE3YJIbTATI BIUIMBY BOJIOTOIO CEPENOBUINA Ha ii
(13UKO-X1Mi4HI BIIACTUBOCTI.

Mera pobotu: mocaiautu Marepianu cucremu ZrO, — Y,03 — CeO,, criiiki 10
HU3BKOTEMIIEPATYPHOI JIeTpajiallii BJIaCTUBOCTEH.

JIns mociipkeHHs 00paHO HAHOKPUCTAIIYHUM MOPOIIOK ckiamy: 95mon. % ZrO,
— 3 M0n1.% Y203 -2 MOH.%CCOQ_

Meronu pocnimxeHHs: peHtreHodaszoBuit anamiz (P®A), mudepeniiambHO-
tepmiunuii anamiz (JTA), emekTpoHHa MIKpPOCKOIMIis, MIKPOCTPYKTYPHUN aHai3
3/11MCHEHO TeTporpad®igyHIM METO0M, Ta METO]T TeII0OBOI ancopoirii azoty (BET).

TaOmus 1.
3miHa ¢$a3oBoro ckiagy 3pa3KiB 3 HAHOKPUCTAJIIYHOTO MOPOIIKY ckiamy (mon %):
957r0,-3Y,03-2Ce0, micinist mprcKopeHoro crapinug (7 rojm)

Temneparypa TepMiuHOT da3zoBuii cKiiaj 3pa3kiB, %
00poOKH BUX1THOTO 95moi1. % ZrO, — 3 Mm01.% Y,03; —2 M011.%CeO,

nopoiky, °C T-ZrO, M-ZrO,

400 95 5

550 94 6

700 62 38

850 80 20

1000 61 39

1150 95 5

1300 87 13
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BusznaueHo ¢b13uKo-x1Mi14HI 3aKOHOMIPHOCTI 3MIHH BJIACTUBOCTEN
TAPOTEPMAIBHOTO HAHOKPUCTAIIYHOTO MOPOIIKY ckiany (Mon %): 95Zr0,—3Y,03—
2Ce0, micns oaepkaHHs, Ta TepMiuyHOi 00poOku B iHTepBaimi 400-1300 °C.
BcTaHoBiieHO yTBOpEHHS Miciis TIAPOTEPMAIBHOTO CHHTE3y HU3bKOTEMIIEPATypPHOIO
mertactabuipbHoro F-ZrO,. ®dazose neperBopenns F-ZrO,—T-ZrO, y BkazaHoMy
nopouiky npoxoauts B iHTepBam 700-850 °C. YtBopenus M-ZrO, He 3adikcoBaHo.
[Topomiok xapakTepu3yrOThCS MIJBUIIEHOI0 AaKTUBHICTIO JO cHikaHHg. [lutoma
TOBEPXHS 3MiHIOEThCS Bix | 10 82 M/

[IpoBeneHO MOCHIMKEHHS CTIMKOCTI /0 HHU3BKOTEMIIEpPATypHOI Jerpajaarii
BJIACTHBOCTI (CTapiHHS) KOMIIO3UTIB 3 MOPOIIKY BKa3aHOTO CKJIATy, IO TEPMIYHO
o0OpoOnenuii 3a pi3HUX yMOB. BecranoBneHo 30epexkents 95 % T-ZrO, B kommo3uTax
cknany (mox %) : 95Zr0,-3Y,03-2Ce0,, mo Bka3ye Ha iX MiJBHUINCHY CTIHKICTh 10
ctapiafs (tabmn.1). BctanoBieHo, mo onTuManbHa TEMIEpaTypa TepMidHOT 00poOKH
BuxigHoro mopomky — 1150 °C. BusHaueHO NEpPCHEKTUBHICTH BUKOPUCTAHHS
nopomiky ckiany (Mo %) 90ZrO,-2Y,0;-8CeO, miigs MIKpOCTPYKTYPHOTO
MIPOEKTYBaHHS O101HEPTHUX MaTepialliB PI3HOMAHITHOTO MPU3HAYCHHS.
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Relaxation of mechanichal stress and strain in chalcogenide glasses

Minkovitch V.V., Horvat A.A.

Uzhhorod National University, Uzhhorod, Ukraine

Noncrystalline chalcogenide materials are comfortable model objects for
research of different physical processes, thanks to their thermodynamical
unequilibriumity, metastability and disordered structure. Such instability, naturally,

Makes existence of various relaxation processes, which appear in temporal,
temperature and frequency dependencies of dielectric, magnetic properties and in
behavior of mechanical elastic modules.

The research of mechanical properties can be seen out on the basis of study
temperature — frequency and time dependencies of shear module and internal friction.
At research longtime (slowly changing) relaxation properties information about
relaxation spectrums in glasses not far from glassy transition temperature and to
classify a behavior of glassy systems, conditioned by change of near and middle
order can be obtained. Last caused by effects of selforganisation, formation of
clusters or fractals, and glass forming can be considered as nonequilibrium second
order phase transition. From point of view of mechanical properties of As-S(Se) type
glass are mostly unexplored in low and infralow domains of frequencies. That’s why
this work is consecrated to study of mechanical stress and strain relaxation with
characteristic time 1-10° in binary glassy As,(Se)ix alloys near glass forming T,
temperature region.

The investigation was carried out by inversed torsion pendulum method. The
pendulum system is positioned on massive base, which is fastened on metallic bars,
mounted into wall contributing to underestimation of influence of external vibrations.
A pendulum 1 is suspended on special yoke and equilibrated by counterpoise . On
lower pendulum end hard fastened a clench. For exclusion of side oscillations in
point of fastened pendulum end is foreseen a centring needle, which goes into ruby
bearing, that is found in top part of pendulum. Pendulum inertia moment can be
changed by the medium of additional loads—nozzles and so to vary frequency of free
damping oscillations of pendulum from 1 to 15 Hz. For creation of torsion moment it
is used an electromagnetic system of special construction 5, which consist of constant
magnets with ring pole tips and two bobbins, fastened in diametrical contrary around
point of pendulum axis. Linear dependence between torsion moment and outgoing
voltage of signal generator is provided by transformer “voltage to current”.
Deformation, which arises in sample, is determined by means of photo-electric (in
case of small deformations) and capacity sensing elements (in case of big
deformations).

A described system allows in automatic mode in temperatures interval from 77
to 600 K, mechanical stresses from to 10" Pa, amplitudes of relative torsion
deformation from 107 to 10 to investigate materials on crawling (to learn a temporal
deformations relaxation of mechanical stress) in a mode of static loadings.
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The dynamic properties of As—-S(Se) glass systems in dependence on
temperature to nowadays was investigated by two different methods. For
temperatures lesser Tg was measured internal friction and shear module. Higher Tg
were measured the parameters of viscous flow. However according to principle of
temperature-time equivalence the same rheological models must be used for both
approaches. Here is brought a selection attempt of rheological model for As-S(Se)
glass on base of research of stress time dependence, which is necessary for
supporting constant relative deformation, and also relaxation of last one after
suppression of mechanical stress.

To nowadays plasticity physics of noncrystalline solids is an insufficiently
developed theme, and that’s why does not exist theories, which can correctly treat
experimental results. An attempt of explanation of plasticity was based on conception
about temperature — dependent molecules jumps from engaged local minimum to free
places in structural glass framework.

However such approach can not account with peculiarity of viscous flow,
which is frequently described by empiric Fogel — Fulcher — Taman dependence is
n =m0 exp (T-To).

For more correct description of behavior of internal friction two different
conceptions are used:

*conception of free volume;
*conception of variation — configuration entropy.

Both theories were compared by Holdshtein, who came to conclusion, that
while does not exist satisfactory correlations, which from one side use few
parameters with a real physical meaning, and on other hand well describe a materials
behavior in wide temperature interval around Tj,.
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HanoTexHoJI0TiI HEIaJIeKOro MandOyTHHOI0 — BiJl Jia3epiB 10 raMmMma-
JiazepiB

MokoJia I.IO.l, 3asmb T.M.l, Cumynuk B.M.?

1Y9fceop0()CbKuL7 Hayionanvuuii Ynieepcumem, Inowceneprno-mexuiunuil ghaxyiomem, kageopa
enekmpoHuux cucmem, eyi. Kanimynona 13, 88000, m. Yauceopoo
e-mail: moshkola96@gmail.com
2I;Ltcmumym enekmponnoi ¢izuku HAH Yxpainu,eyn. Yuieepcumemcoka 21
88017, m. Yaczopoo
e-mail: vsimulik@gmail.com

ChorogHi He ICHy€ >XOAHUX CYMHIBIB, IO 3HAYHWUU MPOrpec y IOCITIKEHHI
HAHOYACTUHOK 1 HAHOTEXHOJIOTIM JOCATHYTO 3aBISKH 3aCTOCYBaHHIO JIa3epiB.
JloctaTHbO 3rajatud xo4ya O Ja3epHe MaHIMYJIOBaHHS aTOMaMH Ta MOJIEKyJaMu.
Jlameko HEMOBHUM IepelliK 001acTel 3aCTOCYBaHHS Jla3epiB Y HaHO(I3HUIIl BKIIIOYAE:
nazepHy jgiTorpadiro, Ja3epHy IIJATOHKY IapaMeTpiB, JIa3epHUM BIKHUT TUTIBKOBHX
CTPYKTYp, IMITYJbCHE JIa3€pHE HAHECEHHS IUIIBOK, JIa3€pHY OYHMCTKY ITOBEPXHI.
3po3yMmisio, 110 Mepexia 10 OUIBII KOPOTKUX XBUJIb 3a0€3MEUUTh CYTTEBE 3MEHILICHHS
PO3MipiB MIKPOYIMIB 1 OTPUMAHHS 3HAYHO OUIBIIKMX 00’ €MIB MaM’sATi. TaKuM 4MHOM,
OJIHa 3 TIEPCIEKTUB BUKOPUCTAaHHS ramMma-ja3epa — IOKPAIICHHS TEXHOJOTIYHUX
MPOLIECIB, Yy SKUX CHOrOJIHI BHUKOPUCTOBYIOTHCS JIa3€pH YIbTPa(IloIeTOBOTO 1
PEHTIeHIBCHKOTO Jiana3oHiB.

Inero cTBOpeHHs ramma-jia3zepa Ha MEepexoJax MK SJIEPHUMHU PIBHSIMHU, B
ramma-aiana3oni 3anatentyBaB JI.A. Piemin [1]. Ilepimii cnpoGu cTBOpeHHS Takoro
naszepa 0azyBaiucs Ha 111 BUKOPUCTAHHS METaCTaOUTbHUX sJIep IPU yMOBaX €heKTy
Meccbayepa [2, 3]. Ha cborogHi BBa)ka€ThCsl, 10 TEXHIYHI TPYIHOIII CTBOPEHHS
SJIEPHOTO TaMMa-Jia3epa 13 3aCTOCYBAHHSIM IIbOTO €(EKTy MO0I0IaTH HEMOKITUBO.

CyyacHuil miaxig B peaiizallii raMmma-jia3epa Ha SJIepHUX IMepexojaax MoJArae y
BIIMOBI BiJi MeccOayepiBCbKUX CXEM 1 MOUIYKY albTE€PHATUBHUX MIJIXO0JIB, B OCHOBI
AKX JICKUTh HAATIMOOKE Jia3epHE OXOJIOJKEHHSI aTOMIB, pealli3allisi ONTUHYHOTO
MIJCUICHHST 0€3 HasBHOCTI 1HBEPCHOI 3acelICHOCTI, MpOsiB 003e-eHHIITEITHIBChKOT
KOHJIEHCallli aToOMIB, PO3BUTOK METOMIB ONTHUYHOI CHEKTPOCKOMii B CEpeaHHi
JOIUIEPIBCbKOT  JIiHII, MoOyJoBa JBOKBAHTOBOIO ONTHYHOrO Jsaszepa [4]. 3apas
OepyThcsl 10 yBaru JBi ajJbTEPHATHBHI KOHIIEMINT MOKJIMBOI peaiizailii sJIepHOro
ramMma-jasepa: 3 KOHJEHCOBAaHUM CEpEIOBHIINEM Majoi MPOTSHIKHOCTI (HAIPHUKIAI
n,=10" cm® i L=1 cM) i 3 pO3PIMKECHHM CEPENOBHINEM OLIBIIOI MPOTHKHOCTI
(manpukaag N,=10" cm™ i L=10° cm) [5].

B pobGorax [6, 7] BUCBITIIEHA KOHIICMIISI OTPUMAHHS CTUMYJIBOBAHOTO TaMMa-
BUMPOMIHIOBAaHHS B OXOJIO/DKCHMX AaHCAaMOJIIX BUIBHHX SIep 3 MPUXOBAHOIO
1HBEPCI€I0, TOJIOBHUM €JIEMEHTOM SIKOT € TaJTbMyBaHHS JOIJIEPIBCHKOTO PO3IIUPEHHS
raMmMa-JiiHii B CHJIbHO OXOJIOJIPKEHUX aHCaMOJISIX BUTBHUX SIIIEP.

MO>KJIMBHM BapiaHTOM OTPHMaHHS CTHUMYJILOBAaHOTO raMMa-BUIIPOMIHIOBAHHS €
Oe31HBepCHa peajizallis, 32 aHAJIOTi€l0 OE31HBEPCHOrO MiJACHICHHS B ONTHYHOMY
nianasoHi [8], sike 0a3yeTbcs HA ATOMHIA KOTEPEHTHOCTI Ta 1HTepdEepeHIlii B aTOMHUX
CUCTeMaX, B SKUX MPUCYTHIH JyOJieT OJHOTO 3 PIBHIB JAa3€pHOrO TMEPEXOIy.
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HalinpocTimmM mOpuKIagoM Takoro Tepexoqy € TpupiBHeBa A-cxema 3
PO3IIEIJICHHIM HIKHBOTO piBHs [8-10].

[lepcnieKTUBHOIO € TINMOTE3a OTPUMAHHS MIJCWICHHS B POOOYOMY CEpeIOBHIIII
AJIEPHOTO TaMMa-Jia3epa, sIKe YTBOPIOETHCS 003e-CHHINTEHHIBCHBKUM KOHJIEHCATOM
[11]. I[IpaBna kBaHTOBa KOTEPEHTHICTh HE € a0COJIIOTHOIO, a caMe 1€ BHU3HAYa€ B
paMKax TMPUUHATOI TINOTe3W MIHIMAIBHO MOKJIMBE 3HAYEHHS HEOJIHOPITHOTO
pO3IIMpEHHs] raMMa-JiHii saep. B pobdotax [12, 13] BigMiueHo, 110 TIpH TIIUOOKOMY
OXOJIO/IPKEHHI 3a JOTIOMOTOI0 ONITUYHUX Jla3epiB KoHaeHcat bose-EinmTeiina MoxxHa
PO3TISAATU SIK Me2aamoMm, B SIKOMY BIIMIHHOCTI B CTaHaX OKPEMHUX aTOMIB 3aBJISIKH
iX B3a€MHIM KBAaHTOBI! KOT€PEHTHOCT] € MIHIMaJIbHUMH.

Oco06muBy yBary MNPUAUBIIOTH JTOBIOKMBYYHMM METACTaOUIPHUM 130MEPHUM
CTaHaM sjiep, B AKUX JyKe Majla MpHUpPOJAHA paidiaiiiiHa mupuHa nepexomiB. Llei
(dakT BHOCHUTH TEBHI OCOOJMBOCTI B TEpPEXiIHUNA MPOIEC CTUMYIHOBAHOTO
BunpoMiHioBanHs [14, 15]. YacoBa 3anexHICTh Nepepidy NEepexigHOTo IpoIecy
BU3HAYAETHCS KIHETHKOK Tepepidy mepexony o(t) 1 acCHMITOTUYHUM XapaKTepoM
CTAaHOBJICHHSI CHEKTPY MJII0YOI0 EJIEKTPOMArHITHOI XBHWJICKO, IO 3MIHIOETHCS BiJ
HECKIHYEHHOI IIIMPUHU 1 HYJIOBOI aMILNITYAu 1pu =0, 10 KIHIIEBOTO CTaliOHAPHOTO
3HAY€HHS Ha aCUMIITOTHIII.

ABTOpHM MalOTh HaMip TPOJOBKHUTH po3rnoydari y [16, 17] BnacH1 JOCHIKEHHS Y
HaNpsIMKY CTBOPEHHS TEOPETUYHOT MOJIEINI raMMa-Jjiaepa Ha sJIEpHUX Mepexoax.

OcHOBHE BHYTpIIIHE TMPOTUPIUYS Ii€i MpoOJeMaTUKU HaAcTynHe. IcHye
HEOOXIHICTh OTPUMAHHS KPUTUYHOI KOHIEHTpAlli MiI0YuX 30YyJKEHUX slep s
JOCSITHEHHS TOTPIOHOTO KBAHTOBOTO MiJACWICHHS. A 3 1HIIOTO OOKYy, HEOOXiIHE
3BYKE€HHS JIIHII raMMa-BUIIPOMIHIOBAHHSA 110 1l IPUPOAHOI pajialiiHOl MHUPUHU JJIs
OTPUMaHH MaKCUMAJILHOTO Tepepi3y CTUMYIHOBAHOTO BUIIPOMIHIOBAHHS.
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Inelastic properties of multiwalled carbon nanotubes, colouring agents
and polyethylene, polyvinil chloride, porous polystrene

Onanko Y.A.!, Charny D.V.}, Onanko A.P.2, Kulish M.P.?, Dmitrenko O.P.2,
Pinchuk-Rugal T.M.2, Aleksandrov M.A.?

YInstitute of Water Problems and Land Reclamation NAAS, Kyiv, Ukraine,
?Taras Shevchenko Kyiv national university, Kyiv, Ukraine
onanko@i.ua

The anharmonic effects are studied on measuring of elastic characteristics
descriptions of crystals, because elastic constants Cjy is determined through the
second derived quantity from energy of cooperation between the atoms of crystalline
grate F on deformation € Cjj = O°Flog?.

The quasilongitudinal ultrasonic (US) velocity V| = 2828 m/sec, dynamical
elastic module E = pV ||2 = 7,539 GPa, quasitransversal US velocity V1 = 756 m/sec,
shear module G = pV1,? = 539 MPa, Puasson coefficient p = 0,462, specific density
polyethylene with low density high pressure (C,H4), + 0,2% multiwalled carbon

nanotubes (MCNT) p = 942,7 kg/m* was determined from the oscilloscopegramma
[1] on fig. 1.

A AP, FRCo S

Fig. 1. The window illustration of data treatment of quasitransversal elastic waves velocity
measuring VL = 756 + 30 m/sec and the oscilloscopegramma of impulses in nanocomposite
polyethylene with low density high pressure (C,H,), + 0,2% MCNT by impulse-phase
method at frequency fL = 0,7 MGz.

Conclusions. The concentration dependence of static elastic module E(C),
strength limit at compression og(C), elastic limit og(C) are represented in
consequence of the formation of molecules nanoclusters.

1. Onanko A.P. Influence of hydrogen on directional surface of inelastic-elastic body
TipsAly 5 alloy. Metalphysics and New technology. 2011. V. 33, Ne 2. P. 253-261.
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CuHTe3 MATHITHUX PIIMH HA OCHOBi MATHETUTY, reMUUTAOIHY i
anTutisia CD340 Ta mocaigskeHHsI IX BJaCTHBOCTEMH

[Terpanoscrka A.JI., AGpamoB M.B., Onanamyk H.M., [TaBnosceka O.D.,
Kycsak H.B., I'opouk ILII., JIyk’snoBa H.1O.*, Yexyn B.®.*

Incmumym ximii nogepxnui im. O.0. Yytika HAH Yxpainu,,
03164, Kuis, eyn. I'enepana Haymosa, 17, Yxpaina
*IHcmumym excnepumenmanbHoi namooeii, OHKo102ii i padiobionoaii
im. P. €. Kaseyvroco HAH Ykpainu, 03022, Kuis, 8yn. Bacunvkiscoka, 45, Ykpaina

Po3BuTOK mOCHIIKEHh y Taly3l HAHOTEXHOJOTIA 1 HaHOMAaTepialliB CTaB
NEPEeIyMOBOIO  CTBOPEHHS NIPHUHILMIIOBO HOBUX  JIKApChbKUX  3aco0iB  AJis
BUKOPHUCTAHHA y KIIHIYHIN MEIUINHI, 30KpeMa B MPOTUITYXIHHHIN Tepamii. OauH 13
NEPCHEKTUBHUX HANpsMIB y BKa3aHIM Taidy3l OKpPECJIEHO KOHIEMIIE0 CTBOPEHHS
MarHiTouyTuBux  HaHokoMmmosutiB (HK) 3 GaratopiBHeBoro  i€papXiduHOIO
HaHOAPXITEKTYPOIO Ta byHKIIsIMU METUKO-010JI0TTYHUX HAHOPOOOTIB:
pO3Mi3HaBaHHSI MIKPOOIOJOTIUHUX OO’€KTIB y O10JOTIYHUX CEPEeNOBHUINAX; aIPECHOI
JIOCTABKHU JIIKAPChKUX TMpernapariB J0 KIITHH- Ta OpPTraHiB-MIIICHEeH, HAKOMUYCHHS B
HUX TEpaleBTHUYHUX J103 1 JCHNOHYBaHHS; KOMIUIEKCHOI Tepamii XiMio-, IMYHO-,
pamialliiHUM  HEUTPOH3aXOIUTIOBAIBHUM-, TINEPTEPMIYHUM-, (POTOAMHAMIYHUM
METOJaMHM Ta JIIarHOCTHKHU B PEXHUMI peanbHoro vacy [1, 2].

JlaHa po6oTa MPOIOBKYE HAIIi TIOMepeH] JOCTiIKEHH. [i METOI0 € CHHTE3 Ta
JOCIIUKEHHSI ~ BJIACTUBOCTEW HOBUX MarHiTHUX piazuH  (MP) Ha  OCHOBI
MOM(PYHKIIOHATBHUX 0araToOpiBHEBUX MAarHITOUYTJIMBUX HAHOCTPYKTYP, 3aTHUX 10
LIJTbOBOI JOCTaBKM B MyxXJIMHM renarouemtossipHoi kapuunomu (I'TIHK) monnuun
JIKapChKOro TpenapaTry XiMioTepaneBTHUHOro MexaHizmy aii remuutadin (I'1]) Ta
JICIOHYBAaHHS 3a JIONIOMOTOI0 MArHiTHOTO TMOJS 3 JOJAaTKOBUMH (PYHKISIMU
pO3Mi3HABAaHHS MyXJIMHHUX KJIITHH, TIOEpTePMIYHOI Tepamii Ta MarHiTHO-
PE30HaHCHOT TOMOTPaiYHOI JIarHOCTUKH B PEKHUMI PEATHHOTO Yacy.

Y sKoCTi JIIKapChbKOro Impemapary Oyino BuUOpaHO remiurTabiH TeBa — (2—
ne30kcu—2,2) IUPTOPUUTUANH MOHOXJIOPHA) — IUTOTOKCHUYHMIA TMpernapar,
AHTUMETA0OIT 3 TPYNH AaHTArOHICTIB MIPUMIIMHIB. Y SKOCTI Olomapkepa
Bukopuctano aHtutiio (AT) CD340 (Neu, ErbB-2, HER2) — memOpanHuii 010K,
TUPO3MHOBA MPOTEiHKIHA3a CIMEHCTBa pelenTopa emiepMaibHoro (Gaxtopa pocTy
EGFR / ErbB, sikuit kogyetbcs renom moguan ERBB2. Ammmidikanis rena HER2
BIJIIrpa€e BaXKJIMBY POJIb B MATOr€HE31 Ta MPOTPECyBaHHI MEBHUX arpeCHUBHUX THUIIIB
paky. HER2 € TepaneBTHYHOIO MIIIEHHIO 3aXBOPIOBAaHHA, aCOLIMOBAaHOIO 3
arpeCUBHICTIO MyXJIMHU 1 HECIPUSITIUBUM MPOTHO30M.

s AOCHIKEHHST CHHTE30BaHO 3pa3Kd MAarHiTOUYTIUBUX HAHOCTPYKTYP
(ancam6mi HanouactuHok (HY) Fe304 1 HK Fe3O4/T'1l), MaruiTHI piluHA Ha OCHOBI
dizionoriudoro poszuuny (PP), cradbimizoBani onearom Hatpito (OlLNa) Ta
nomerwienrmkonem (ITEI), mo wictare Il Ta awtutino AT CD340
(FesO/TL/AT@OINa@PEG+®P).

CuHTEe3 HaHOIMCIIEPCHOTO MAarHEeTUTY 3/11MCHEHO 332 METOJUKOIO CIIBOCAIKEHHSI
coyiei 3amiza. MeTomaMu €JIeKTPOHHOI MIKPOCKOTIT BCTAHOBWIIM, IIO CHUHTE30BaHI
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ancam6ni HY Fe;O, xapaktepusyBanucs po3mipamu 3 — 23 am. Cepenniit posmip HY
(do) 3amexkaB BiJi yMOB CHHTE3y 1 CTAHOBUB 8 — 15 HM, pO3MOALIOM 3a pO3MipaMu
MO>KHA OyJIO KepyBaTH TEXHOJIOTIYHO.

[Tutromy moBepxHio (S,) 3pa3kiB BU3HAYAIM METOJIOM TEpMoJecopOIlli a3ory.
Tak, Oyno BUSBIEHO, IO S, CHHTE30BAHOIO0 MAarHETUTY, 3aJEKHO BiJ] CEPEIHBOTO
pO3Mipy 4acTHHOK, craHoBmIa S, = 90180 M%/r, B wiil po6OTI BHKOPHCTOBYBAIHA
3pa3ku, s akux S, ~ 110 M /T

Ancop6uiro '] Ha noBepxni Mmaraeruty ta cunre3 HK Fe;O,/T'L] npoBoaunu B
niama3oni koHneHtpanii Co = 0.02 — 0.8 mr/m (g =0.03 v, V=5 mi, pH = 3.0)
IPOTATOM 2 TOJMH B JUHAMIYHOMY PEXHMI MPHU KIMHATHIN Temnepartypi. KinbkicTb
ancopOoBanoro ['l] Ha moBepXHI HAHOCTPYKTYP BU3HAUAIH CHIEKTPO(HOTOMETPUIHUM
METOJIOM TpU A = 268 HM 3a TOMOMOTO0I0 KaniOpyBanbHOTO rpadika. AncopOiiitHa
€EMHICTh 3pa3kiB 4 (Mr/r) cranoBuiia ~ 37,2 mr/r. Ha OCHOBI eKcriepuMEeHTaIbHUX
pe3ynbTaTiB noOyaoBaHo 13otepmu ancopOuii. Cryninb Bunmydenns R (%) ckianas
33,13%, xoedimienT po3ninenus E = 82,58 mi/r.

Hocmimxeno wmarditHi  BractuBocti HK  FesO4/T'L. Ilermi ricrepesucy
MarHiTHOTO MOMEHTY 3pa3KiB BHUMIPIOBAJIM 3a JIONIOMOTOIO0 JIaDOpaTOPHOIO
BiOpamifHoro MmarHitoMerpa (OHEpIBCHKOTO THUITy TpH KIMHATHINA Temreparypi.
BcranoBieHo, 10 CHHTE30BaHUN MAarHETUT 3 HaBEACHUMHU BIIACTUBOCTSIMU
XapaKTEepU3y€eThCs  CyneprnapamMarHeTu3MOM HAHOYACTUHOK 1 3HAaXOJUTHCS B
a0COJIIOTHO OJTHOJIOMEHHOMY CTaHi.

MeTonoM MarHiTHOI TpaHyJIOMETpli OLIHEHO CepeaHE 3HAYEHHS TOBILIMHU
aacopooBaroro mapy 'Ll y ckmami HK Fe3O4/I'Ll, mo cranouts 2,4+0,1 HM.
[ToOynoBano rictorpamu 1 mojironu BimHocHuX yacTtoT giamerpiB HY Fe;O, 1 HK
Fe;O4/T'll. OTpumani pe3ynbTaTd € XapakKTePHUMHU IS ISl CTPYKTYp THILY SIPO-
obosonka [3].

Bcranosneno napamerpu MP Ha ocHoBi marHetuty: konuentpaiisa Fe;O, — 14
Mr/mJ, po3Mmip yactTuHok Fe;O4 — 4-22 uMm, cepenniit po3mip yactunok Fe;O4 — 10,8
HM; cepeaniit po3mip yactTuHOK Fe3O,4, cTabimizoBanux ojiearoM Hatpiro — 16,8 HM;
HaMarHideHicTh HacudeHHs Moo = 14,1+2,5 % I'c, rincomerpuyna Bucota — 25+10%
cM, B's3kicTh 771 = 1,14+3 % wmlla-c, ryctuna pyp = 1,14 £1,0% r/em’; KOHIICHTpAITis
I'l]— 1,25 mr/ma, AT CD340 — 3,75 MKr/MmiL.

BuBdeHo npsiMy TUTOTOKCUYHY/IIUTOCTATHYHY Jit0, Bu3HadeHo [C50 mist cepii
eKCIIepUMEHTaIbHIX 3pa3kiB MarHiTHUX piguH Ha ocHoBi HY Fe3O,4 TI'Ll, HK
Fe;O/T'L, AT CD340, B mMoHO- a0 KOMIIJIEKCHOMY 3acCTOCYyBaHHi, Ha KIITHHHU
['TILK in vitro. BuseieHo cuHepriyHuii xapaktep e(eKTy BIUIMBY KOMILIEKCY
FesO4/T'LI/AT na xmituam HepG2. Ilokazano, mo MP B xommiekci 3 I'l] i AT
JI03BOJISIE TIJBUIIUTH ITUTOTOKCUYHY AaKTHUBHICTH Kommo3uty Ha 18-20% mnpu
smeHiieHHi go3u 'Ll B 10 pasiB, nopiBHsHO 3 edekrtuBHicTIO mii 'Ll y
MOHO3aCTOCYBaHHI.

BusiBieHnii  CMHEPriYHMM ITUTOTOKCHYHHM/IUTOCTATHYHUNA €(EeKT MOKHA
MOSICHUTH BUCOKOIO O10JIOTIYHOIO aKTUBHICTIO KOMIUIEKCY 3 IHTETPOBAHHUM JIITaHAOM
MP-T'I-AT, sxuit po3Mmi3HA€THCSA MyXJIMHHUMHU KIIITHHAMH.

JliticHo BiOMO, IO B MEXaHI3Max peai3allli mporpamMu amomnTo3y BHACIHIIOK
dbopmyBanHs MeaukameHnto3Horo BrumBy I'1l 3a HasBaocti HK, cyrTeBy poinb
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BIJIITPalOTh TOPYILIEHHS OOMIHY €HJIOTEHHOro 3ajli3a B OHKOKJIITHHaX. BxazaHi
MOPYIIEHHS] BUKJIUKAIOTh MIABUILECHY MOTPeOy KIITUH B 3aji31, KA 3aI0BUIHHAETHCS
HAKOIMUYEHHSIM 3HAYHOI KUIBKOCT1 HAaHOYAaCTUHOK Fe304 3 HAHOKOMITO3UTHOI CUCTEMHU
MP. Bucokuii piBeHb «BUIBHOTO 3ajii3a» y ¢hopmi HakonmueHoro FezO4 Ta xucmoro
Cepe/loBUIIla B KJIITHHAX OOYMOBIIIOE TPHUCKOpPEHE YTBOPEHHS 10HIB 3aiiza Ta
akTuBHUX (opMm KkucHiO0 (peakiis PeHTOHA), 10, B CBOIO 4Yepry, MPU3BOJIUTH JIO
OKCHUJIATUBHOTO CTpecy KIITHH Ta mocuieHHs amontuyHoi naii I'Ll. B cBoro uepry,
HasBHICTh AT crpuse po3ni3HaBaHHIO Ta apecHii noctaBul komiuiekcy MP-I'T[-AT
10 KJIITUH-MIIIEHEN.

Omxe, In VIlro Ha mnpuKIagl BIUTMBY HOBOI MAarHiTOKEPOBAaHOI KOJOiTHOI
CUCTEMH, JI0 CKJIaTy SKOi BXOAWTH MAarHETHUT, nMpoTtunyxiauHaui npenapat 'L 1 AT
CD340, na xmitunax ['IK meuinku mroaunau minii HepG2 mokasaHa MOKIUBICTH
JOCATHEHHS I[MTOTOKCHMYHOTO €(eKTy Ta amomnro3y IMpH CYTTEBO MEHIINX
KOHIICHTPAIISAX XIMIO- 1 IMyHOTEPAIeBTUYHOIO MpernapaTiB Ta CTBOPEHHS YMOB JJIs
3MEHIIICHHS] TOKCUKO-AJIEPTTUHUX PEaKIId OpraHi3mMy B LIJIOMY.

1. C. B. T'opoGemnp, O. 1O. I'opobenp, I1. I1. T'opbuk, 1. B. YBapoBa. @yHkiioHanbHi 6i0- Ta
HaHOMatepiaau MeauyHoro npuszHadeHns. Monorpadis. K.:, Konnop, 2018, 479 c.

2. le. V. Pylypchuk, M. V. Abramov, A. L. Petranovska, S. P. Turanksa, T. M. Budnyak, N.
V. Kusyak, and P. P. Gorbyk. Nanochemistry, Biotechnology, Nanomaterials, and Their
Applications. Ed. Fesenko, L. Yatsenko. Springer Proceedings in Physics. 2018, V. 214,
p. 35-47.

3. M. B. Ao6pamo, C. II. Typancbka, II. II. T'opOuk. MarHiTHi BJIaCTUBOCTI
HAaHOKOMITO3HUTIB THIy CyIepliapaMarHeTHe sapo-o0osioHka. MeTtamiodizuka 1 HOBITHI
texnouorii. 2018, 1. 40, Ne 4, ¢. 423-500.

4. I1. I1. T'opOuk, A. JI. IlerpanoBcrka, M. B. A6pamos, C. I1. Typanceka, €. B. [Tununuyk,
H. M. Onanamiyk, M. I1. Kynim, O. I1. Imutpenko, T. O. bycko, O. JI. I1aBnenxko, C. B.
I'opo6ens, H. K. 3axapuyk. Hanokomno3utnauii matepian. [Tarent UA 118524 C2. broxn.
Ne 2,25.01.2019.
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CuHTe3 MaTepiajiiB 3 BU3BHAYECHOK CTPYKTYPOIO B pe3yJabTaTi
B3a€MO/Iil Jia3epHUX (pakeJaiB

Kuryi 10 .1O., Onauko LI., Onauko L.I. (MmoJ.)

JIBH3 « Yarceopoocvkuii HayioHanbHUll yHigepcumemy,
88000, Vceopoo, Vrpaina

Beryn. MoXauBICTh pO3IrpiBy PEUYOBHHHU JI0 TepMOsiAepHUX Temmeparyp [1,2] B
pe3ynbTaTi Jii BUCOKOIHTEHCUBHOI'O CBITJIOBOTO OIPOMIHEHHS T4 YTBOPEHHS IIa3MU
BiJl 3aCTOCYBAHHS JIa3ePHUX YCTAHOBOK, SIKi CTBOPIOIOTH TYCTHHY TOTYxkHOCTI 10%*-
10'° Br/cM® MOCTAaBHIO HAYKOBY Npo0iieMy, IIOB’S3aHy i3 BHSBICHHAM
0COOIMBOCTEN B3a€MOJIIi MOTY>KHOTO JIA3€pPHOTO BUITPOMIHIOBaHHS 3 PEYOBHUHOIO 1
MOJajbIIMM BHU3HAUYEHHSM HE TUIBKM YMOB B3a€MOIl, ajle HW MOMKIUBOCTEH
MIPOTHO3YBaHHA HEOOX1THUX (a3 1 CTPYKTYp Ta BUBUEHHAM iX OCOOIMBOCTEM.

Meta pociixxeHHss. BcTaHOBIEHHS yMOB, KpUTEpPiiB Ta po3po0JIEHHS HA OCHOBI
LOT'O TEXHOJIOTIi CUHTE3Y (pa3 Ta CTPYKTYpP B pe3yiabTaTi (OpMyBaHHS BIAMOBIAHHX
XapaKTePUCTHK KOMIIOHEHT JIa3epHOl IJIa3Md 3 TMOJAJIBIINM  JOCTIIKEHHSIM
BJIACTMBOCTEH KOHJIEHCATy Ta CTBOPEHOI'O MaTepiamy.

Teopernuni nocaimkeHHsi. BBaxarouu, 110 ONPOMIHEHHSA JUISHKU IOBEPXHI
wiomer S 3 KoedilieHTaMH TEIUIo- 1 TEeMIIEPaTypONPOBITHOCTI K 1 k BiAMOBIIHO
IPOBOAMTHCS JIa3€pPOM 13 3arajibHOI0 TPUBAIICTIO Lyra 7 TPUBAIICTIO OKPEMOTO
IMITYJIBCY 7, MIKIMITYJIbCHUM 1HTEpBaJOM {; IMITYJIbCHOIO TYCTHHOIO IOTOKY Ha
MimreHi q. [Ipu npomy Ha OpoTA31 LYTY IMIYJIBCIB PEATI3yETHCS OJHOMIPHUM PEXKUM

S

TeIuIonepeadi Teria J0 MaCUBHOI MIIIICH], SIKMH BIJIIIOBIIa€ YMOBI T< ; .

Peanizariisi BuOyxoBoro BunapoByBaHHs BciMa Ny iMITysIbcaMu B 11y31 JOCATAETHCS
32 YMOBH:
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TIpy BUKOPHCTAHHI TBEPAOTLILHIX Ja3epiB 3 mapamerpamu 7=5-10" ¢, =5-10° ¢
onepxumMo No=100. OueBUIHO, BEpXHBOIO MEKEIO KIJTBKOCTI “BUOYXOBHX™ IMITYJIbCIB
B OJHOMY IIy3l, SIKI MOXHa peajizyBaThd NIpPH ONPOMIHEHHI MIIIEHI HaNHOIbII
MOIMPEHUMHU TBEPAOTUIBHUMH JIa3€PaAMHU.

ExcnepumentanbHi gociaimkennsi. IloctaBieni mepuri kK  €KCIIEPUMEHTH
J03BOJIJIA  OTPUMATH HE TIIBKH BHUCOKOTBEPJl CTPYKTYPH, SKi HEMOMXJIHBO
CUHTE3yBaTH TPAAMIIIMHUMU METOJAMH, aje ¥ JOCHIAUTH OCOONMBOCTI iX
BIIACTUBOCTEH. JlazepHuii MacCIIEKTPOMETPUYHUN aHAII3 BUSBUB, 1[0 Y HAMMUICHOMY
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miapl 3’SIBUIMCS BUCOKOTBEpAl CTpyKTypu — aHanmoru kapOimiB WC ta W,C. Ilpu
IbOMY OJIKY€ 1O IMOBEPXHI HAMWJIEHOTO IIapy BHCOKOTBEPAOrO CHHTE30BAHOIO
Marepialy o0’eMHa 4yacTka KapOigiB WC nepeBakae TMpU  CIIBBIIHOIICHHI
WC 0,60-0,65
W,C ~ 0,40-0,35.

OpnnouacHO y (a30BUiA CKJIAJ MaTepiaay MOTpanmuiu 1 (a3u 3amisa, siki OYeBHIIHO,
BUHUKIIM Ha MMOYaTKOBOMY €Tarli BUOYXOBOTO BUIIapOBYBaHHS 1 30epiriucs B Hild. Ha
MIKPOCTPYKTYpi pUC. 2 MOXHA YITKO BUSIBUTU KapOigHi (a3m (mokasaHi CBITIUM
KOJBOPOM) Ta (pa3u 3amiza (MapTEHCUTHI Ta NEPIITHI — TEMHHUM KOJILOPOM)

Yeprororo OCOOIMBICTIO METOMYy OTPHMMAHHS HAMWICHOTO BHCOKOTBEPIOTO (B
HAIIOMY BHUIAJKY) MaTepialy € BUSIBJICHHS YIiTKOI JIy’K€ TOHKOI IPaHHULIl MK 30HAMU
HAMUJICHOTO IIapy, MEpeXiHOI 30HOI0 (abo 30HOI0 TEPMIYHOTO BIUIUBY 3
HepexiTHUMH CTPYKTypaMH) Ta 30HOI0 MaTpUYHOTrO MaTepianxy ToBHIMHOIO Bin 0,02
1o 0,05 mmM.

VY mpoueci poOOTH 3 HOBITHBOIO TEXHOJIOTIEID OTPUMAaHHS IMOBEPX1 TaKOTO
IHCTpYMEHTY MeTajliuHa 3B's3Ka JOJAaTKOBO TBEPIHE 32 PAXyHOK JONEPETBOPEHHS
ayCTEHITY y MapTEHCHUT 1 CTapiHHS OCTaHHLOTO. TBEPJICTh Takoi KapOigocTai
nocsirae HV1600-1700 (16000-1700 MITa).

BucnoBxku

Pesynbrat OTpuMaHi MpU MPOBEACHHI TEOPETHUYHUX Ta EKCIEPUMEHTAIBHHUX
JOCIIKEHb JAI0Th 3MOTY 3pOOUTH TaKl BUCHOBKH:

1. TlpoBeneHi AOCHIIKEHHS IO3BOJMIIM BIEPIIE CHUHTE3YBAaTH 3 OPAUHAPHUX
KOMITOHEHT BHCOKOEHEPreTUYHOI Ja3epHOi TIUIa3MH BUCOKOTBEPHl CIIOJIYKH Ha
MMOBEPXHSAX MaTrepiajlliB YHIKaJIbHUM CIIOCOOOM, CHHTE3 SKHX I1HIIUMH METOJIaMH
MIPAKTAUYHO HEMOKJIUBHM.

2. BcTaHOBIIEHO OCOOJIMBOCTI BIIACTUBOCTEU CTPYKTYp, OTPUMAaHUX B Pe3yibTaTi
3aCTOCYBAaHHS JIa3€PHOI TUIa3MHU.

1. ITomoB B.K. MOHIHBIG OKCUMCPHBIC JAa3€pbl M HOBBIC HCTOYHUKH KOTCPECHTHOTIO
M3ITy4YeHHs B BaKyyMHOM yibTpaduonete / YOH. —1985. — T. 147. — C. 587 — 604.

2. Hutt K.W., Wallach E.R. Laser initiated electron avalanches observed in a laser
microprobe mass spectrometer // J. Appl. Phys. —1989. — Ne 66 (5). — P. 127 -130.
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Concentrated suspensions formed from clay minerals/nanosilica as the
base of children's toothpaste

Paientko V.V.!, Krasevec-Lyubchenko I.P.2, Skliarova I.A.%, E Skwarek.?

Chuiko Institute of Surface Chemistry, NAS of Ukraine,

17 General Naumov Str., Kyiv 03164, Ukraine, payentkovwv@gmail.com
’The True Essence LTD, 2A Morehidna Str., 213, Mikolayiv
3Faculty of Chemistry, Maria Curie-Skfodowska University,

pl. Maria Curie-Sktodowskiej 3, 20-031 Lublin, Poland

Children's toothpastes are hygiene products that are subject to certain
requirements, including low abrasiveness and the absence of flavoring additives that
help to swallow pasta and get used to sweet taste. Usually paste is obtained in the
concentrated form.

In our work it is proposed to use the system of clay-nanosilica as a basic of
children's toothpaste. In our opinion, such a system provides soft abrasive properties
and the ability to form a concentrated suspensions.

The structure of natural aluminosilicates gives them such properties as
dispersivity, adsorptivity, gel formation and abrasivity, which creates great
opportunities for use in cosmetology. Particularly noteworthy is the use of functional
fillers of cosmetics and carriers of biologically active substances(BAS).

In this paper, it is proposed to create composites based on clay minerals and
nanosilica, which provide various forms of inclusion of the active substance by
optimizing the composition and improving the methods of formation. Significant
hydrophilicity of clay increases the moisture content of materials and, as a
consequence, can increase the content of BAS. Thixotropic properties of clay and the
nanosilica influence the processes of structuring that, with the wuse of
mechanochemical approaches, will contribute to the formation of a structure of
composites, which the texture will provide controlled release of BAS.

Composite materials of clay/nanosilica/BAS are promissing basis for many
cosmetics, including toothpastes. In such cases, the composite serves as an abrasive
material, as well as a means of delivering BAS to the oral cavity. There is
simultaneous cleansing and prophylaxis from many diseases(gum inflammation,
tartar, etc).

The formation of toothpaste structure is carred out by mechanochemical
activation, which is promoted the thixotropic properties of the components(clay
minerals and highly dispersed silicas).

As a source of BAS, hydrolates of herbs were used, which, unlike essential oils,
have less irritating properties. Thus, recipes for children's toothpaste were developed
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EnexkTpuuHni BiactuBocTi MmoHokpucTaiaiB Cu;SiSsl, Ag;SiSsl Ta
TBepAUX Po34uHHiB Ha iX ocHOBI (CU(,AQy);SiSs!

Horoain A.lL, Jlyauneus M.M., Cryznensk B.1., Koxan O.IL

Voiceopoocoruii nayionanvrutl yrisepcumem, Iliozipna 46,
88000 Yauceopoo, Vrpaina,
e-mail: artempogodin88@gmail.com

Kpucramu Cu;SiSsl ta AQ;SiSsl HanexxaTh 10 POAMHHU CIOJIYK 31 CTPYKTYpPOIO
apripoanTa, MPEACTaBHUKH SKO1 BiJIOMI SK CyNEpiOHHI MPOBILAHUKHA. MeToro JaHoi poOoTH
Oynu IOCIIKEHHS eICKTPOIpoBiaHOCTI MoHOKpHCTamiB Cu,SiSsl, Ag;SiSsl ta TBepamx
po3unHiB Ha X ocHOBI (CuUy,AQgy);SiSsl (x = 0, 0.25, 0.5, 0.75, 1), sKi TPOBOAUIHCS
METOIOM iIMITeTaHCHOI CIIEKTPOCKOIIi B yacToTHOMY (2x10'—2x% 10° I'y) Ta TEMIIEPATYPHOMY
(293-378 K) miama3zonax 3 BukopuctanusaMm BucokoTounoro LCR-merpa Keysight E4980A.
AminiTyna 3MmiHHOro crpymy ckimagana 10 mB.  BuwmiproBanHs mnpoBoauiocs
JIBOXEJICKTPOJHUM METOJOM, Ha OJIOKYIOUHMX (EJIEKTPOHHMX) 30JI0TUX KOHTaKTaX. 30JI0Ti
KOHTAaKTH JUIsi BAMIPIOBaHb HAHOCWJIM METOJIOM XIMIYHOTO OCa/KEHHS 3 PO34MHIB. B siKOCTI
BuXimHUX po3unHiB BukopuctoByBamm 0.02M Na[AuCl,] Tta posumn dopmaniny
(BimHOBHUK) y cmiBBigHOIIEHHI 5/1. OcamkeHHs] MPOBOAWIA IIPU TEMIIepaTypl HE Oinbliie
293 K.

JUis  MOCHiKyBaHMX MOHOKPUCTAJIB OJIEPKAHO YACTOTHI 3aJIEKHOCTI 3arajlbHOl
MPOBIIHOCTI, $AKI HOCATh THUIOBUH XapakTep, a caMe CIOCTEPIra€ThCsl 3POCTaHHS
MIPOBIHOCTI 31 30UIBIIEHHSM YacTOTH (puc.l).

01 E T T T T T ]
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.z
Puc.1. YacToTHi 3a1€XHICTh 3arajbHoi eeKTponpoBigHocTi npu 298 K nms
monokpuctanis: CuzSiSsl (1), (Cuo.75A00.25)7SiSs! (2), (CuosAdos)7SiSs! (3),
(CUo.25AT0.75)7S1Ss1 (4), Ag7SiSs (5).

Jns meranpHUX JOCHIIKEHh YacCTOTHUX TOBEIIHOK €JIEKTPONPOBIAHOCTI Ta 1l

pPO3MiJICHHS Ha 10HHY Ta €JIEKTPOHHY CKJIaJ0BI BHKOPHCTAHO CTAaHAAPTHUN WiAXid 3
BUKOPHUCTAHHSM €JIEKTPOJHMX €KBIBAJIEHTHUX CXEM, Ta IX aHaji3 Ha Alarpamax HailikBicra.
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CuHTe3, BUPOIYBAHHSI TA BUBYEHHS CTPYKTYPHHUX NapaMeTpiB
KkpuctajgiB TBepaux po3uuniB (Cu, ,Agy);GeSesl

Horoain A.L, SImkosuit O.0., Koxan O.I1., Cryaensik LIL

Voiceopoocoruii nayionanvrutl yrisepcumem, Iliozipna 46,
88000 Yauceopoo, Vrpaina,
e-mail: artempogodin88@gmail.com

Kpucramm Cu;GeSesl ta Ag;GeSesl manexats 10 cynepioHHUX HpOBlI[HI/IKlB 31
CTPYKTYpPOIO ~ apripojauTy. AKTyaJIbHI/IMI/I AK Y (bszLaMeHTaﬂLHOMy, Tak 1 y
NPUKJIATHOMY acHeKTaX € CUCTEMaTH4HI JOCIHIIKEHHS BIUIMBY KaTIOHHOTO 3aMiIllEHHS
Ha (i3UYHI BIACTUBOCTI TBEPAMX PO3YMHIB Ha OCHOBI KpuctamB Cu;GeSesl Ta
Ag;GeSesl.

Crnemudikoro MoaudikoBaHOT METOAMKHA BUPOITYBaHHS MOHOKPHUCTAIIB Yy BHUMAJAKY
oJiep KaHHS 1HANBIAYATBHUX CIOJYK € TE, 110 B POCTOBY aMITyJly 3aBaHTaKYIOThb BUXIJHI
mpocti pedoBunu Ag (99,999%), Cu (99,999%), Ge (I'TI3 — 2), Se (99,9999%) Tta
nornepenHbo cuaTe3oBanuidi Cul (Agl). B sikocTi BUXiTHUX pEYOBUH Ui BUPOIIYBaHHS
MOHOKpHcTaliB TBepaux po3uuHiB (Cu;Agy)7GeSesl BUKOpHCTOBYBaNIM MONEPEIHBO
CHHTE30BaHI1 TeTpapHi rajoreaxanbkorerian Cu,;GeSesl ta Ag;GeSesl. Pexxum cunTesy
Ta BUPOIIYBaHHS MOHOKpHCTaNiB sK iHauBimyanbHux Cu;GeSesl ta Ag;GeSesl, Tak i
tBepaux po3unHiB (Cu;Agy);GeSesl metomoM cripsMoBaHOT KpUCTaTi3allii i3 poO3IUIaBy
CKJIaIa€ThCs 3 JACKUIBKOX eTamiB. Ha mepmiomy eTarmi MpoBOJUTHCSI CHHTE3, MPH SIKOMY
Temreparypa mniaBuiyerbes 1o 873 K mporsrom 6 ron (Burpumka 24 rof), IO
MOB’s13aHO 3 HEOOXIAHICTIO TIOBHOTO 3B’sI3yBaHHsI ceneny (ams terpapHux Cu,;GeSesl ta
Ag;GeSesl). lani BigOyBaeThCs MiIBUILIEHHS TEMIIEPATypPH MPOTATOM 00U 10 3HAYCHb
Ha 50 K Bumie temneparyp ruiaBieHHs Ta 24-roquHHa BUTPUMKA, TIPU SIKii Bi10OYBa€eThCS
MOBHA TOMOreHi3amis po3rmiaBy. [lomanbiie TOHWXKEHHS N0  TeMIeEpaTypu
TOMOT€HI3YI04Oro Bijnany, mo ckiuanae 2/3 T, (72 rox) BinOyBaeThes 3 mBHaKicTIO 100
K/ron. OxonomkeHHs 10 KIMHATHOI TeMIIEpaTypH MPOBOJSATh B PEXKHMMI BUKIIOUYEHOT
nieul. Onepxani 3pa3ku fgociimpkyBanucs merogamu JITA ta POA.

Bupormysanust monokpuctaniB  (CuiAgy)7GeSesl (x=0, 0.25, 0.5, 0.75, 1)
BKJIOYaio B cebe ¢GopMyBaHHS MOHOKPUCTAIIYHOTO «3apOJKYy» B  HIDKHIN
KOHYCOMOJIOHIM 4acTUHI poCTOBOro KoHTeWHepy (48 ron). IIIBuakicTh mepeMilieHHs
¢dponty kpucramizamii ckinagana 0.4 mv/roa. [ns omepkaHHS OAHOPIAHMX 3a CKJIAJA0M
MOHOKPHCTAJIIB 1HIMBIyaTbHUX TETPAPHUX CTOIYK Ta TBEPAMX PO3UYMHIB HA iX OCHOBI
BUKOPHCTOBYBABCSl METOJl BEPTHKAIbHOI 30HHOI KpucTamizamii. [licnmsi mepemimieHHs
aMITyJId 3 KPUCTAJIOM y 30HY BIANANy 3A1MCHIOBABCS TOMOTEHI3YIOUMH BIAMAN MPOTITOM
3 116, HEOOXIAHMM 71l 3HATTS TEPMIYHUX HAMPYT B KpHUCTalax. TakumM 4HMHOM Oynu
onepxani MoHokpuctaym ckiany (CuiAgy);GeSesl (x=0, 0.25, 0.5, 0.75, 1) 3
posmipamu |= 20 — 40 mm i d= 10 — 15 mm.

[IpoBeneni cTpykTypHi AochimkeHHs wMetogoM PDOA mokazamu, MO CHOTYKH
Cu;GeSesl, Ag;GeSesl Ta TBepai po3unHHM Ha iX OCHOBI KPUCTANII3YIOTHCSA B KyOIUHIH
cunrouii, [1I" F-43m, Z=4. [1o6y10BaHO KOHIIEHTpAIliiHI 3aJIeXKHOCTI TapaMeTpa rpaTku
[P KaTIOHHOMY 3aMiIlI€HHI.
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MikpopaMaHiBCbKI J0CTIIKeHHS CTEKOJ I aMOp(PHUX ILIIBOK B
cucremi As-Sb-S

Casuun €.3.}, Ion M.M.l’z, OHOIIKO B.B.l, Makxkap H.I.z, TConom6 P.M.%,
I'opBat I0.A2, HypxoT M.O.2

! Yoiceopoocoruii nayionanenuti ynisepcumem, ni. Hapoona, 3, 88000 Yoceopoo, Ykpaina
z Voiceopoocvka nabopamopis mamepianie onmoenekmpoHixu ma pomouniku Ilncmumymy npooiem
peecmpayii inghopmayii HAH Ykpainu, eyn. 3amxoei cxoou,4, 88000, Yaceopoo, Vipaina,
email:center.uzh@gmail.com

XanpKoreHigHi ckionoaiOHi HamiBrpoBinHuku (XCH) 3aBnsku yHIKambHUM
ONTHYHUM BJIACTHUBOCTSM TMPEACTABIAIOTh 3HAYHUK 1HTEpeC 3 TOYKHA 30py iX
3aCTOCYBaHHS B ONTOCJICKTPOHIIli, POTOHIII, HaHOTIIa3MoHiIi (emeMenTu [Y TexHikn
Ta aKyCTOOINTHKH, ONTUYHI (QUIBTPU 1 XBUJICBOAU, (POTOHHI KPUCTAIHU, CEPEIOBUIIIA
st rojorpadii, cucreM 3amnucy iHdopmariii). B 1poMy miaHi nmepcreKTUBHUMU €
crekiia i amopdHi rmiBkU cucteMu AS-SD-S (AS40ShSeo, AS,S3-Sh,S3). B [1-3] Oyio
BCTAHOBJICHO, IO TUTIBKM JIJAHOT CHCTEMH 3 HEBEJIMKUM BMICTOM CYPMHU BOJIOIIIOTH
BUCOKHM piBHEM (OTOIHJAYKOBAHUX 3MIH ONTHYHHUX XaPAKTEPUCTHUK, BUKIUKAHUX
CTPYKTYPHUMHU TpaHChOpMAIlisIMU, [0 MPOXOIATh B IUIIBKaX MNP iX Ja3epHOMY
onpomineHHi. OJlHaK, Ha JaHUI Yac B JITEpaTypl MPaKTUYHO BIACYTHS 1H(OpMaIis
PO CTPYKTYPHI JOCTI/DKEHHS CTEKOJ 1 IUIBOK cucteMu AS-Sb-S 3 Hepenmukum
BMICTOM CypMH. JlaHa poOoTa mpucBsiYEHA JOCIIHKEHHIO METOJOM PEHTI€HIBCHKOI
CTIIEKTPOCKOIIIT CTPYKTYpU CTEKON 1 TUHBOK AS40,Sh,Sey (0<x<12) Ta cTpyKTypHHUX
MEPETBOPEHD B IUTIBKAX MiJ €0 JJA3€PHOTO BUIIPOMIHIOBAHHS.

Crekina ASyxShySe (0<X<12) omepkyBajiX METOJAOM BaKyyMHOTO ILIaBJICHHS
BIJIMTOBITHUX CYMIIIIEH MOMIEPETHHO CHHTE30BAHNUX 3 BUCOKOYUCTUX MUIII SIKY, CYpMH
i cipku As,;S3 Ta Sb,S;. ITix yac cuHTE3y BUKOPHCTOBYBAIM CTYIIHYACTE TTiABHUIIICHHS
temnepaTypu. TeMreparypu roMmorenisaiiii po3rmiaBiB As,Sz 1 Sb,S; ckmaganu 780 i
870 K, BiamoBigHO, a Yac romoreHizamii — 48 roxa. PosmmaBu mepioguyHO
nepeminryBasid. OXOJI0/KEHHS PO3IUIaBIiB 3A1MCHIOBAINA B PEKUMI BUKJIIOUEHO] Teyi.
[Tpu TakoMy pexuMi OXOJIOKEHHS AS;S3 oJiep)KaHO y BUIVISIII CKia, a SDS; — y
BUTJISII TIOJIIKPUCTAIIIYHOTO 37MUBKY. [[og10HMM YMHOM OJiep>kKaHi CTeKJIa MOTPIHHOT
cucteMu. TemrepaTypa i 4ac ToMoreHizaiii po3miaBiB ASsy.xShySey Oymu 780-830 K i
36 roa., BianoBigHO. OXOJOMKEHHS PO3ILJIaBIB MIPOBOAWIA HA MOBITPI.

Tonki mmiBkH AS4,Sh,Seo (X=0, 0.8, 1.6, 4, 6, 8, 10, 12) ToBmMHOWO ~1 MKM
OJICP>KYyBaJId METOJIOM BaKyyMHOT'O BUIAPOBYBaHHS CTEKOJ BIAMOBIAHUX CKJIAJIB 13
KBa313aMKHYTUX €(y31MHIUX KOMIPOK Ha XOJIOJHI CKJISHI MIKJIaJAKU. 3aCBITKY ILTIBOK
3MIMCHIOBANIM pOC(HOKYCOBAaHUM BHUITPOMIHIOBAHHSIM HAIIBIPOBIAHUKOBOTO Jia3epa
(A=530 um) motyxHicTio 100 MBT. MikpopamMaHIBCbKI CHEKTpU CTEKOJ Ta
CBDKOIIPUTOTOBAHUX 1 OTIPOMIHEHHUX MPOTATOM 1 1 2 XB. IUIIBOK Oyl OTpUMaHi mpu
KIMHATHIH Temriepatypi 3a gomomororo crekrpomerpa Renishaw System 1000
(A,5.=785 nm).

CriekTpu KOMOIHAIIIIHOTO PO3CIIOBaHHS CBITIIA CTEKONT AS40,SD,Seo HaBeaeHI Ha
puc. 1. PamaniBcbkuii criekTp ckiia ASySgyp MICTUTH IHTEHCHBHY IIIMPOKY CMYTY 3
MaKCHMYMOM TpH 336 cM i psix cnaGkux cmyr mpu 157, 184, 230 i 488 cm™ Ta
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0coGrBOCTI (Y BHMIISIAI HEBEIHKOro mieda) mpu 316-318 i 357-362 cm'. OcHoBHA
cMyra 0OyMOBJIEHA KOJIMBAHHSIMHU aToMiB AS 1 S B TpuroHaiabHux mipamigax ASSs.
[lneue mpu 316-318 cm™’ moB’s3aHo 3 gedOpMALiMHEME KOMMBAaHHAMH S-As-S
3B’s13K1B mipamig ASSs, 3a ydacTi sikux noOyaoBaHa citka ckiia. Cmyru npu 157, 184 1
230 cM™ Ta mwiede mpu 357-362 cM 0OYMOBIICHI HASBHICTIO B MATpHI CKiIa
CTPYKTYpHUX TpyIl 3 romomnojsipHumu 3B’si3kamu AS-As (As;S,) [2]. HasBHicTio
TOMOTIOJIAPHUX 3B’S3KIB S-S B MOJEKYIsApHUX (parMeHTax Kiulellb 1 JIAHIFOXKKIB
cipkn 0byMOBIeHa cTabka CMyra B paMaHiBChKHX criektpax mpu 488 cm™. He
BHKITIOYEHA MOXIIMBICTh BKIady KOJHBaHb 3B’s3KiB S-S i B cMyry 230 cm™. Ilpu
BBEJICHHI Cynb(]iny cypMu B Cynb(din MHIISKY 1 30UIbIICHHI HOTO KOHIEHTpAIii
MaKCUMyM OCHOBHOI CMYTH 3MIIIYEThCS B HU3BKOYACTOTHY IUISHKY CIEKTPY (Bin
336 cM™ s ckma AS;Se m0 308 oMt s ckia AS25S1,Sg0). Lle cBimuuTh TIPO
MOCTYIIOBY 3aMiHy atomiB AS atomamu SD B TpuroHampHHUX Tipamigax. [Ipu mpomy
B1IOYBa€TbCsl PYyHHYBAaHHS MICTKOBUX 3B’S3KIB AS-S-AS 1, MOXJIMBO, YTBOPEHHS
3MimaHux MiIcTKiB AS-S-Sh. TlinTBepKEHHSM I[LOTO MPHITYIIECHHS MOXe OyTH
HE3HAYHHII 3CYB MAKCHMYMY CMyrH OpH 157 oM B HH3BKOYACTOTHY IiISHKY
CHEKTPY Ta 3pOCTaHHS IHTEHCUBHOCTI 111€1 CMYTH MpU 301IbIICHH] BMICTY CypMu. Sk
BUIHO 3 puc. |, 3pocTaHHS KOHIICHTpamii SO y ckmami cTekoa HpU3BOAMTH [0
CYTTEBOrO 3MCHIICHHS IHTGHCHBHOCTI cMyru mnpu 184 oM™’ i mpaktuuso 10
BUpOKeHHs cMyr mpu 230 i 488 cm™. Lle CBimuMTh mMPO 3MEHIICHHS B MATPHIL
CTEKOJI CTPYKTYpHHX (DparMEHTIB 3 TOMOTIOJSIPHUMH 3B’ SI3KAMHU MUIII SIK-MHII SIK Ta
cipka-cipka.

I. B.O.

T
100 200

T T T
300, 400 500
V, CM

Puc. 1. PamaHiBchKi crieKTpH cTeKOIT ASyg ShySeo
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Puc. 2. PamaHiBCBKI CIIEKTPHU CBIKOTPUTOTOBAHUX (2) Ta ONPOMIHEHUX MPOTSToM 2 XB. (0)
ILUTIBOK AS40-XSbXSGO

MikpopaMaHiBChbKi CHEKTPH ILTBOK ASsy4ShySeo YOTHPHOX CKJIaiB, HaBEICHI
Ha pHC.2,a, MICTATh 3HAYHY KUJIbKICTh KOJIMBHHUX CMYT Pi3HOi IHTEHCHUBHOCTI 3
Makcumymamu mipu 168-170, 191-193, 220-221, 231-233, 267-271, 340-343, 358-
361, 420-425 1 480-487 cm™ Bigmitumo, mo pmua 1mmBok 3 x=0, 0.8 1 12
iHTeHcHBHimOW € cMyra mpu 340-343 cm™, a s mmiBok 3 x=4 i 6 — cmyra npu
360 cm™. Jlnst mtiBok 3 x=1.6, 8 i 10 iHTEHCHBHOCTI LUX CMYT MPUOIH3HO OXHAKOBI.
Cmyra npu 340-343 cm™ now’szama 3 konuBamHsMu artomiB As(Sb) i S B
TpUroHanbHuUX mipamizax As(Sb)S;. Cmyra npu 358-361 cm™, ocoGmuBocTi mpu 377-
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380 cm! i wacTorax Hmkue 240 cM™ BimmoBimaroTh CTPYKTYPHUM ONUHHIIIM AS;S,,
K1 B aMOp(HIA MaTpHUIll 3HAXOAATHCS SIK B MOHOMEPHiH, Tak 1 MOJIMEpHii dopmax
[2]. Cmyra mpu 267-271 cM™ cBifunTh PO HASBHICTD B CBIKOIPUTOTOBAHKX ILTIBKAX
MOJIeKYIsIpHUX dparmentiB As,S; . Cmyru B aimsaui uie 400 cm™ o6ymoBieHi
HAsBHICTIO B IUTIBKaX CTPYKTYpPHUX (parMeHTIB KuUIelb 1 JIAHIFOXKKIB CIPKH.
OcobmuBocTel, siIKi MOTJIM O CBIIYMTH NPO HASIBHICTh B CTPYKTYPHIN CITI TUTIBOK
cuctemu AS-Sb-S MonekysipHUX (parMeHTIB 3 TOMOIOJAPHUMH 3B’SI3KaMH CypMa-
CcypMa, He BUSBIICHO.

AHami3 oJepKaHUX Ppe3yJbTaTiB  JIO3BOJISIE 3pOOMTH  BHCHOBOK TIPO
HAHOTETEPOTeHHY OyIOBY CTEKON 1 TUIiBOK cuctemMu AS-Sh-S: cTpykTypHa citka
IpeICTaBIsie Cco0O0K CyMilmnl mipaMifaibHHX CTpyKTypHuUX Tpym  AS(Sh)Ss,
MOB’SI3aHUMH MDK COOOIO [IBidl KOOPAMHOBAHUMH aTOMaTH CIPKH, 1 YacTKOBO
MOJTIMEPU30BAHUX HEYITOPSIIKOBAHUX MOJIEKYJI 3 TOMOTIONSIPHUMHU 3B’ si3kamu AS-AS 1
S-S (As4Ss, AS4S3, Sp). I3 30LIbIIEHHAM BMICTY CYpMH y CKJIaJi CTEKOJ 1 ILIIBOK
KOHLIGHTpAIlil  CTPYKTYpHUX  yIPyNyBaHb 3  TOMOIOJSIDHUMH 3B SI3KaMU
3MEHIIY€ETHCS.

OnpomiHeHHS IUTIBOK MPU3BOJIUTH 10 PO3PUBY 1 IEPEMUKAHHS 3B’ 3KiB AS-AS
1 S-S B IMX MOJIEKYJIIPHUX TPYIax, 10, B CBOIO YEPry, CIPUUUHSIE TX MOJTIMEPU3AILIIO
B CITKy TpuroHaibHuX mipamin ASS;. Ha pamaHIBCHKUX CHEKTpax OIMPOMIHEHUX
mwiBok  cucremMu  ASS3-Sb,S; (puc. 2,0) Taka  CTpyKTypHa  IepeOymoBa
CYHPOBOJI)KYETHCA 3MEHIICHHSIM 1HTEHCUBHOCTI 1 HAaBITh 3HUKHEHHSAM JESKUX CMYT,
BI/IMMOBITaTbHUX 3a TOMOMOJSIpHI 3B’si3ku AS-AS Ta S-S. OpHak, KITBKICTB
MOJIEKYJISIpHUX PparMeHTiB AS;S, 1 Sp.B CTPYKTYPI IUTIBOK 3aJIMIIIAETHCS 3HAYHOIO.

Tpancdopmariist XiMIYHHX 3B’SI3KIB CYIPOBOIKY€ETHCS I'€HEPALIE€I0 0COOIMBOIO
TUIY CTPYKTYPHHUX AE€(EKTIB Hal- 1 HETOKOOPAUHOBAHUX aTOMIB MHUULI'SIKY 1 CIPKH
(As,", Asy, Si', Si). B momanbimioMy 3apsjkeHi JeeKTHi CTaHH PeNaKkcyloTh B
CTPYKTYpY HipaMifaibHuX ASS; OJIMHUIIB.

1. V.M. Rubish, E.V. Gera, M.M. Pop, V.M. Maryan, S.O. Kostyukevych,
N.L. Moskalenko, D.G. Semak, K.V.Kostyukevych, A.A. Kryuchin, V.V. Petrov.
Photo-thermoinduced changes of transmission spectra of Assox Sb,Sgg amorphous layers.
/I Semiconductor Physics, Quantum Electronics & Optoelectronics, 2009. — V.12. — Ne3.
—P.251-254.

2. B.B.Ilerpos, A.A. Kprouumn, B.M. Py6um. Marepuansl MEPCIEKTUBHBIX
ONTORJIEKTPOHHBIX ycTpoiucTB. — K.: HaykoBa nymka, 2012.—336 c.

3. V.M. Rubish, M.M. Pop, O.A. Mykaylo, A.A. Kryuchyn, V.M. Maryan, M.O. Durkot,
T.1. Yasinko, S.O. Kostyukevich, K.V. Kostyukevich. Laser-induced changes in the
optical characteristics of amorphous films of the As-Sb-S system // Scientific Herald of
Uzhhorod University Physics series. — 2017. — Ne42. — P.14-26.
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Oc001MBOCTI ONITUYHOTO MPONMYCKAHHA PIAKOKPUCTAJIIYHUX
aucnepcin CeO,

CamoiisioB O.M.

Inemumym cyunmunayiunux mamepianie HAH Yrpainu

Bymu pocnmimkeHi CneKTpu ONTHYHOrO NpomnyckaHHs pinkux kpuctaniB (PK) mgomoBanmx
HAaHOYACTUHKaMH OKkcuay uepis. B sxocti PK maTtpuis Oynu BUKOpUCTaHI HEMATUYHHUN PiIKUAN
kpuctan 5SCB Ta cymim edipiB xonecrepuny MS. [ucnepcii PK + CeO; B KOHIIEHTpalliiHOMY
nmiara3oHi
0,01-0,1% Oynu oTpuMaHi MIJISXOM J0JIaBaHHs BiJIMOBIIHUX Mac HAHOYACTHHOK po3MipoM ~ 10 HM
70 PIIKOKPHCTANIYHOI MaTpUlli B 130TPOMHOMY CTaHi, 3 TMOAAJBIINM aucnepryBaHHsAM. [leBHi
0COOJIMBOCTI B ONTHYHOMY MPOITYCKAaHHI cCIIocTepiranucs aia Manux KoHreHTpamii CeO; B
HEMAaTUYHIA MaTpHlli, Ta TOMIYEHO HE3HAYHI TeMIIepaTypHO-3aJeKHI €()EeKTH B XOJIECTEPHYHHX
Matpunsix. Ockinbkun B Jitepatypi CeO; po3risgaeTbcs HacaMmiepel sSK HEOpraHIYHHMA
«HaHOIIOMIHODOPY, TO OyIH TaKOX TOCIiHKeHI criekTpu ominecteHiii CeO; B PK matpwuiti .

AHaJi3 OTpUMaHUX JaHUX J1aB MOMJIMBICTh BIIMITUTH OCOOJIMBOCTI MOBEIIHKA HAHOYACTHHOK
B 3aiexHocTi Bix Trmy PK martpuii, a gociikeHHs 3pa3KiB SK B PiIAKOKPUCTANI4HINA ¢a3i Tak i B
130TPOMNHIN - BCTAHOBUTHU MPUYUHHU aHOMAIBHOI MOBEAIHKU ONTUYHOTO MPOIYCKaHHS AMCIEPCiit
PK + CeOg, mpu Manux KOHIICHTPALISAX JOMAHTY.

213



\ CM®XT — 2019

Mexaniuni BaactuBocti kpuctaiiB (Cu;SiSsl)100x(Ag7SiSsl)y

Cky0ennu K.B., IToronin A.l., biranna B.C., Crynensik LI1.

Vorceopoocvkuii nayionanbruil yHigepcumem
katjaskubenytch@gmail.com

3aBasgKu BUCOKIHM 10HHIHM npoBigHOoCcTI KpucTanu (CuyAgigox)7S1Ss| mpeacTaBiasioTh
MPaKTUYHUHN 1HTEpeC A1 TBEPAOTUIbHOI 10HIKH. [Ipu BUpOIyBaHHI TBEPAUX PO3YHHIB
UX KPUCTANIB pPiBE€Hb JE(EKTHOCTI, OJHOPIAHOCTI MOXHA OLIHUTH 3 JIOTIOMOTOIO
BUMIPIOBAHHS iX TBEpJOCTI. BUKOpUCTaHHSI CTaHIAPTHUX 1HACHTOPIB Ta BUMIPIOBAHHS
MIKpPOTBEPAOCTI MiA €0 pI3HUX HABaHTAXEHb HAa IHACHTOP Ja€ MOKJIUBICTh
MpoaHaizyBatu mnpouec GOpMyBaHHS IJIACTUYHOI AedopMallii y JaHUX Kpuctanax. B
JaHii  poOOTI MpEACTaBlICHI pe3yibTaTH  JOCHIDKEHHS 3MIH  MIKPOTBEPIOCTI
MOHOKpHUCTAIIB (CUyxAJ100x)791Ss51 Yy 3aiiexkHOCTI Big iX XIMIYHOTO CKIAAy Ta Bif
rUOMHU  BIIOMTKY, a TakKoX pO3MIpHI edeKTH mnpu MIKpPOIHAEeHTyBaHHL. s
BUMIPIOBaHb OYyJIH BHKOpHUCTaHI KpucTaau TBepAux po3uuHiB (CUyxAJ100.x)7S1Ssl,
BUpolieHi merogamu bpimkMena-Crokbaprepa. 3pa3ku ik BUMIpIOBaHb BUTOTOBIISLIN Y
BUTJISIII TIapajielienine/liB 3 BEPXHbOIO MPHUPOAHOIO TPaHHIO, Ha SKIA TPOBOIWIH
MikpoiHaeHTyBaHHs: y Hampsamky (001). BumiproBanusi mikporBepaocti HV naHux
MaTepiaigiB MpPOBOAWIM 3a JIOIOMOTOIO

i (Cu,SiS )., . (Ag.SiS,|). MIKpOTBEpIOMIpa I[IMT-3 ' 3
301 BUKOPUCTAHHSAM iHJEHTOpa Bikkepca.
UYucnoBi 3Ha4YeHHA MikpoTBepaocti HV

g 5 BU3HaYaIIu 3a (HOpMYJIO0
© a
> 200 2Psin— p
T | H=—_2_-1854—, ne a=136°, P —
d? d?
151 .
1 CWJIa HaBaHTaXCHHA Ha iHaeHTop, d —
L1 L 1 L. 1 mjaroHadb BIAOWTKY. 3MiHa YHCIOBUX
0 20 40 60 80 100 . . .
Concentration (Ag,SiS),, at.% 3HAQUYCHb MIKPOTBEPAOCTI JOCIIDKCHUX

KpUCTAJIB  HAaBEJEHAa Ha  PUCYHKY.

BcraHoBiieHo, 110 TpU  130BaJICHTHOMY
3amimenHi CU-Ag MIKpOTBEpAICTh KPUCTAIIB MOHOTOHHO 3MeHInyeTbes Big 3.03 I'Tla
1o 1.46 T'Tla. Po3mipuauii edext npu mikpoingeHTyBanHi kpuctaiiB (CUyxAgioox)7SiSs!
MIPOSIBIISIETCS Y BUTJISAII HETTHIHHOTO 3pOCTaHHS YUCJIOBHUX 3HAUYE€Hb MIKPOTBEPIOCTI TIPH
3MEHIICHHI TJIMOMHM BIAOWTKY BHACHIAOK 3MEHIICHHS CWJIM HAaBaHTKEHHS Ha
iHaeHTop. Po3MipHi edexTu mpoiHTeprnpeToBaHl y paMkax Mojeil AedopMaIiiftHOro
rpajgienta. BctaHoBneHo, 0 Tipu i30BajieHTHOMY 3aMillieHHI CU-Ag XapakTepucTHUYHI
napameTpu Hy HOCHIKEHUX KpUCTANIB y AaHiil Mozeni 3MiHoThCs Bia 6,34 I'Tla no
0,54 I'Tla. [Tokazano, 1110 po3MipHI €PEeKTH MPU MAIUX pO3MIpax BIIOUTKY MOXYTh OyTH
oOyMmoBIieH1 reomeTpuyHuM (aktopom. [Ipu 3pocTaHH TMUOMHY 3aHYPEHHS 1HJIEHTOpA
po3MipHI  e€(DeKTM MOKHAa  TOSICHUTM  BHUHUKHEHHSM  JedopmalliiiHuX  30H
(TigpocTaTUyHOI, FPaJIEHTHOI, IPYKHOIUIACTUYHOI, IPYXKHOi) y 0071aCTI MIKPOKOHTAKTY
Ta iX MOLIMPEHHSM Y TNIMOMHY JTOCIIKYBAaHOTO 3pa3Ka Ipu 3pOoCcTaHH1 P.
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Quantum dots in biomedical applications: theoretical viewpoint
Bokotey O.V., Slyvka V.A., Bokotey O.0., Slivka A.G.

Faculty of Physics, Uzhhorod National University, 46 Pidhirna Str., Uzhhorod,
88000, Ukraine; e-mail: bokotey ov@ukr.net

The recent advances in optical devices have opened up new opportunities for
sensing and biomedical imaging techniques. It is interesting to note that the main
advantage of optical devices is to obtain more detailed information about the subject
of the study. The paper is focused on application of multifunctional nanoparticle
probes based on semiconductor quantum dots for biomedical imaging in modern
diagnostics. Quantum dots are known as nanoscale semiconductor crystals, are
nanoparticles with unique optical and electronic properties [1]. The size of quantum
dots are only several nanometers, but their optical and electronic properties differ
from those of larger particles. Many types of the quantum dot emit light or specific
frequencies if electricity or light is applied to them, and these frequencies can be
precisely tuned by changing the dots’ size and material, giving rise to many
applications [2-3]. The remarkable progress was achieved in the study of the physical
and chemical properties of HgsTe,Cl, crystals [4-5]. Optical and electronic properties
of nanomaterials based on Hgs;Te,Cl, can be controlled by tuning and quantum dots.
It should be noted that it is possible to change the quantum dots composition, size,
shape, and surface chemistry to fabricate a material that’s tailored for applications
[6]. By combining spectroscopy results with computer simulations of the electron
transport process it is able to produce ordered, large-area structures well suited for
different medical devices.

Nanoparticles are thought to have potential as novel intravascular probes for
both diagnostic (e.g., imaging) and therapeutic purposes (e.g., drug delivery). While
innovations in medical diagnostics are by now well-established, newer technologies
continue to emerge following the same basic concepts of design [6-9]. As these
innovations advance to clinical application, attention must be paid to environmental
and societal implications, particularly in areas such as quantum dots.

1. C. Matea, T. Mocan at al. Quantum dots in imaging, drug delivery and sensor
application. Int. J Nanomedicine. 2017; 12: 5421-5431.

2. Swarnkar A, Chulliyil R, Ravi V, et al. Colloidal CsPbBr3 Perovskite Nanocrystals:
Luminescence Beyond Traditional Quantum Dots. A. Angew. Chemie. Int. Edit. 2015,
54, 15424,

3. Sabaeian M, Khaledi-Nasab A. Size-dependent intersubband optical properties of dome-
shaped InAs/GaAs quantum dots with wetting layer. Applied Optics. 51(18), 2012, 4176-
4185.

4. 0. V. Bokotey. Investigation of gyrotropic properties for HgsX,Cl, (X=Se, Te) crystals. J.
Alloy. Compd. 2016, 678, p.444-447.

5. 0.V. Bokotey, Theoretical calculations of refractive properties for Hg;Te,Cl, crystals.
Nanoscale Res. Lett. 2016, 11:251.
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. Shashi K Murthy. Nanoparticles in modern medicine. Int. J Nanomedicine. 2007, 2(2):
129-141.

. Akerman M.E., Chan WCW, Laakkonen P, et al. Nanocrystal targeting in vivo. Proc.
Nat. Acad. Sci. USA. 2002; 99: 12617-21.

. Gao XH, Cui YY, Leverson RM, et al. In vivo cancer targeting and imaging with
semiconductor quantum dots. Nat Biotechnol. 2004; 22:969-76.

. Stauffer N.W. Novel methods of synthesizing quantum dot materials. Nanophys. Phys.
Org., 2018.
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MIiKpOCTPYKTYpHE NPOECKTYBAHHA KOMIIO3UTIB CHCTEMH
A|203 -Z2r0O, - Y,03 - CeO,

CmupnoBa-3amkoBa ML.IO., Py6an O.K., buxos O.I, Mapuentok 1.C.,
Mocina T.B., Menax JI.M., lynnik O.B.

Inemumym npobnem mamepianosnaecmea im. I.M. @panyesuwa HAH Ykpainu
3 Kporcuoicaniscokozco 8yn., m. Kuis, 03142, Yrpaina
e-mail: smirnovazamkova@ukr.net

MikpocTpykTypHe TpoekTyBaHHS KOMIO3UTIB cuctemu Al,O;—ZrO,—Y,0;5—
CeO, 3acHOBaHe Ha B3a€MO3B’SI3KYy: CKJIaJl — JHUCIEPCHICT — CTPYKTypa —
BJIACTUBOCTI. BUMOTH 10 BIaCTMBOCTEN OKCHIHMX KOMIIO3UTIB BU3HAYAIOTh BHOIp 1X
CKJIaZy, MHUCIIEPCHOCTI BHXITHUX TOPOIIKIB Ta METOAIB KOHCOJIiAAIii 3 METOIO
oJiepKaHHSI TEBHOI MIKPOCTPYKTYpU. B CBOIO depry, BIacTHBOCTI BHXIJHUX
MOPOIIKIB BU3HAYAIOTHCS METOJaMU iX ojepskaHHA. KoMro3utu BkazaHoi cucTeMu
BUKOPUCTOBYIOTh JUIsl CTBOPEHHSI KOHCTPYKIIMHOI 1 (PYHKIIOHAJIBHOI Kepamiku
PI3HOMAHITHOTO TPHU3HAYEHHS, Y TOMY WYHCII, JJIS HOCIIB Karaii3aTopiB, sKi
EKCIUTYyaTYIOThCSl B arPECUBHUX CEPEIOBUIIAX.

Jlnst ofepkaHHA TOpPYBaTUX KOMIO3UTIB Ha OCHOBI Al,O3;, BHUKOpHCTaHO
Np1OHO3epHUCTUN MOPOIIIOK, BUPOOJICHU M KOMOIHOBaHUM METOA0M
rIAPOTEPMAIBHOIO CHUHTE3Y / MEXaHIYHOro 3MillyBaHHA. [1apoTepManbHUM
CHUHTE30M Y JIY’)KHOMY CEPEIOBHUII OJEP>KaHO HAHOKPHUCTAIIYHHII MOPOIIOK TBEPAOTO
po3umHy Ha  ocHOBi  ZrO, cxmamy  (Mom.%)  90ZrO,—2Y,03;-8CeO,
(ZrOy(Y,03,Ce0,)), 3 muToMo0 moBepxHeo 94 M2/r. Lleif MOPOLIOK MeXaHIdHIM
METOJIOM 3MiIiaHo 3 mopomkoM a- Al,O3 (muToMa moBepxHs 5 MZ/F).

JlocniKeHHsT BJIACTUBOCTEM MOPOLIKIB 1 KOMIIO3UTIB MPOBEIEHO METOJaMHU
pentrenrodasoporo aHamizy i BET, ckanyto4uoi e1eKTpOHHOT MIKPOCKOMIT 1 ONTUYHOL
MiKpocKorii. XapaKTepUCTUKH OJIepKaHUX JIPIOHOIMCIIEPCHUX TIOPOIIIKIB HABEACHI Y
Tabnui. Jya 3HIKEHHST yCaaKd KOMITO3UTIB Y MPOIEC] CIIKaHHS BUX1JIHI MOPOIIKH
Biananeno npu 700°C npotsrom 1,5 roauH y moBiTpi.

Ta0mumst
Ckuaz 1 XapaKTepUCTHKHU TTOPOILKIB
da30BUi CKIIaQ [IuToma noBepxHs,
ITopomok Cknan, mac. % M/T
Ho [Ticns Ho [Ticns
BiJIIIATY BiJIIIAITY BIIMIATTY | BIAMIATY
AZ90 90A|203- o- Alzog, o- A|203, 14 17
10Zr0O,(Y,03,Ce0,) T- 210, T- 210,
A258,5 58,5A|203— o- Algo;g, o- A|203, 57 19
41,52r0,(Y,05,Ce0,) | T-ZrO, T- Zr0O,

Bunno (Ta6muiist), mo (a3zoBuil ckiaa MOPOIIKIB MICHS OJEPXKAHHS Ta TICHA
TepMIdHOI 0OpPOOKM HE 3MIHUBCS, a MUTOMA TOBEPXHS MOPOITKY AZ58,5 3MeHINIach
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Maike y Tpu pasu. CiiJ 3a3HauMTH, 10 OPU TEPMIUHIM 00poOIl MOPOUIKIB iX
MOP(OJIOTIS 3MIHIOETHCS TOIOJIOTIYHO Oe3nepepBHO: Gopma arnomepartiB [ — ro ta Il
— IO NOPSIZIKY, OM3bKa 10 chepuydHOi, 30epiraeTbes Mpu TEPMIUHIN 0OpoOIIi.

st dhopMyBaHHS 3arOoTOBOK KOMIIO3UTIB BUKOPUCTAHO METOJ| XOJIOJHOTO
JIBOCTOPOHHBOTO OJIHOBICHOT'O TIpeCyBaHHs. B mpecnopoiiok 1oaaHo miactudikatop
(5 % po3uMH MOJIBIHUIOBOTO CHUPTY y JUCTUIBOBAHIA BOJi), KUIBKICTH SIKOTO
ckiaagana 20 mac. %. BigHocHa mUIBHICTE 3arotoBok craHoBmia 0,42-0,43.
Onepxani Tabnmetkn cnedeni mpu 1400°C. Ilicns cmikaHHS BiHOCHA IIUTBHICTH
KOMITO3MTIB 30ubImiIacey 10 0,5. Ycaaka KoMmo3uTiB He3HadHa 1 ctaHoBmia 11%
it kommo3uty AZ90 1 16% niis kommo3uty AZ58,5.

MikpocTpykTypa KOMIO3HUTIB IpencTaBieHa Ha Pucynky. Bumgno, mo micins
crikaHHs 3pa3ky AZ90 chopmyBaniack mopyBaTa MIKpOCTPYKTYpa, 110 BMIIILY€E MOPU
po3mipoM 10 1-2 MKM, 110 3’€/IHaHI Y HEBEIUKI JIaHII0KKU. [Ipu 301IbIIeHH] BMICTY
HaHokpucTaigiuHoro ZrO,(Y,03,Ce0,) 3MeHIyeThCsS KiIbKICTh JAPIOHUX IOp, aie
CIIOCTEPIraeThCsl YTBOPEHHS OKPEMUX TOpP, po3MipoM A0 10 MKM.

AZ90 AZ58,5

Pucynok — MikpocTpykTypa 3pa3kiB micis crikanns npu 1400°C

OpnepkaHa MIKpOCTPYKTypa CHpHsi€ 30UIBIIEHHIO TBEpAOCTI 3a BikepcoM y
KOMIO3UTIB, 1 cTaHOBUTH 490 MIla mis 3pazky AZ90 1 610 MIla s 3pasky AZS58,5
BIJIIOBIIHO.

OpepkaHi  JaHl  CTaHOBJISITh  HAyKOBY  OCHOBY  MIKPOCTPYKTYPHOIO

MIPOCKTYBaHHS MOPYBaTUX KOMI0O3uTiB Ha ocHOBI Al,O3 crctemu Al,03-ZrO,—Y,03—
CeO,
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Po3paxoBaHi BeJJHUMHHU 3MiHH BiJIbHOI eHeprii riopuan3amii
80-0CHOBHMX OJIITOHYKJICOTH/IiB Ta eKCIIEPHMEHTAJIbLHI pe3yJibTaTH
CIIEKTPOMETPIi MOBEPXHEBOT0 MJIA3MOHHOT0 PE30HAHCY

Cot6oaescknii M.C. 2, Kyuepon A.L*® Paukos O.E.

1I;Ltcmumym monexynapHoi oionoeii' i eenemuxu HAH Ykpainu,
Kuis 03143, éyn. akademixa 3abonomnoeo, 150
2Inemumym éucokux mexnonoziti Kuiscoko2o nayionansno2o yuisepcumemy
imeni Tapaca lllesuenxa, Kuie 03022, np. akademixa I nywkosa, 2, kopn.5
3Haui0HaﬂbHuL7 mexHiyHuu ynieepcumem Yxpainu "Kuiecokuu nonimexniunuu
incmumym imeni leopsa Cikopcwvkozo”, Kuig 03056, np. [lepemocu, 37

XpoHIYHA MI€JIOiIHA JICMKEeMisi BAHUKA€E BHACIIIOK PEIIUIIPOKHOT TpaHCIOKaIli1
MDK 9-010 Ta 22-0l0 XpOMOCOMaMH JIIOJWHU, IO TPHU3BOJAUTH JO YTBOPEHHS
riopuanoro rexa bcer-abl i BigmoBimHOro Oijika, SKHM 1 € TOJIOBHUM (DaKTOpOM
PO3BUTKY 3axBoproBaHHS [1,2]. OIHUM 3 CydaCHMX METOJIIB aHaJli3y MOCI1OBHOCTEN
HYKJICTHOBUX KHCJIOT € BUKOPUCTAHHS 010CEHCOPIB Ha OCHOBI SIBUIIA TTOBEPXHEBOIO
maa3MoHHoro pe3onancy (IITTP). Ile#i metonm m03BOJsiE ACTEKTYBaTH HATHBHI
010MaKpOMOJIEKYJIM B PEXKUMI PEaIbHOTO 4acy 1 0e3 3aCTOCYBaHHSI MOJEKYIISIPHHUX
MiToK [3]. Biocencop IIIIP peecTpye 3MIHU AI€IEKTPUYHUX BIIACTUBOCTENW TOHKOTO
mapy CepeoBHINa, 0 MPHIATae 10 poO0Y0i TOBEPXHI CEHCOPHOTO YUIIA, HA SKOMY
IMMOO1II30BaHO OJHOJAHIIOTOBl OJITOHYKJICOTHUAU-30HAM. SIK MOKa3aliu MONepeHl
JOCJIIIPKEHHST 3 BUKOPUCTAHHSIM KOPOTKHUX (24-OCHOBHHMX) OJIITOHYKJICOTHUIIB, TICIs
(dbopMyBaHHS HAHOPO3MIPHOTO KBa31-MOHOINIAPY OJIITOHYKJICOTH/IIB-30H/IB  Ha
CEHCOPHI MOBEPXHI 1 MPU HASIBHOCTI y JOCHI)KYBAaHOMY 3pa3Ky KOMIUIEMEHTapHHUX
MOCJIIOBHOCTEN (TapreTiB) Ha TOBEPXHI CEHCOPHOTO 4YHWIa BIiIOYBAa€ThCs iX
ribpuau3zaiis, 1Mo BUKIMKAE BIATYK OioceHcopa [4].

[TomanpIin HOCHIKEHHS 3 METOI0 HAOMMKEHHS IO aHali3y peallbHUX 3pa3KiB
NOoTpeOyIOTh BUKOPUCTAHHS OUIBII JIOBFUX TapreTiB. 3O0UIbIIEHHS JIOBXKHUHU
MOCJIIJIOBHOCTEN HYKJICTHOBUX KHUCIOT 32 BHCOKOI 10HHOI CWJIM CHpHUSE Tepediry
TaKMX TMPOIECIB 3a Y4YacTI0 MOJIEKYJ OJIITOHYKJICOTUIIB-TApTeTiB, SIK (HOIIUHT
(bopMyBaHHS BHYTPIIIHBO-MOJIEKYJISIPHUX 3B'SI3KIB) Ta cend-TiOpuauzaiiis JIBOX
OJIHAKOBUX MOJIEKYJ ((opMyBaHHS MDKMOJEKYJISIpHUX 3B'aA3kiB). LI mpouecu
MOXYTh HETaTHBHO BIUIMBAaTH Ha e(EKTHUBHICTh TIpolecy ix TiOpumusamii 3
IMMOO1TI30BAaHUMH ~ OJITOHYKJICOTHIAMHU-30HJIaMHA 1, BIAMOBIHO, TOTIPIITYBATH
BIITYK Oi0CeHcopa.

JIns mpOTHO3YBAaHHS TEPMOAMHAMIYHMX TMapaMeTpiB MpoueciB  (POIAUHTY
OJIHIET OJTHOJIAHIIOTOBOI a00 ri0puau3allii ABOX OHOJIAHITIOTOBUX IMOCHIAOBHOCTEH
HYKJICTHOBUX KHUCJIOT Y TOMOT€HHOMY CTaH1 (y pO34YWHI) IMIMPOKO BUKOPHUCTOBYIOTH
BeO-cepBep DINAMelt [5]. Po3paxyHku TepMOIUHAMIYHUX TTOKa3HHUKIB IPYHTYIOThCS
na mozem NN (nearest neighbor) 3 yuidikoBanumu mapamerpamu Santal.ucia, sika
nepeadavae, 1Mo cyMapHa BUTbHA €Hepris GOJIIUHTY a0 riopuan3aIlii JOpIBHIOE CyMi
3MIH BUIBHHUX €HEPril KOXXHOTO TUHYKIJIEOTHHa, 10 OepyTh ydacTh y (hopMmyBaHHI
HaWOIBII €HEePreTHYHO BUTIMHUX BOJHEBUX 3B'A3KIiB. B 3al€KHOCTI BiJ CTYIEHS
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KOMIUIEMEHTApPHOCTI MOCIiAOBHOCTEN HYKJIETHOBHX KHUCIOT MK HHUMH BiI0OyBa€ThCA
MOoBHA a00 YacTKOBa riopuausaiiis. [HOII B AYIUIEKC] JOMYCKAEThCA OJHA a00 KiJbKa
HeBAMOBITHOCTEH, BiItouaroun mapu G-T  abo G-U. Ilpu  domnaunry
OJIHOJIAHIIIOTOBOI MOJIEKYJIU B Hil YTBOPIOETHCS SIK MIHIMYM OJTHA TIETJIS.

Tpeba BIAMITUTH, IO MiJ 9ac O10CEHCOPHOTO JETEKTYBaHHS CHEIU(IUHUX
MOCTIIOBHOCTEH HYKJIETHOBUX KHCJIOT BIOYBAIOTHCS MPOIECH 1 B TOMOT€HHOMY, 1 B
TrEeTEPOreHHOMY (Ha CEHCOpHIM ToBepXHi) cTaHax. Tomy mOuUTaHHSA, B SKIA Mipi
pO3paxoBaHi TMOKA3HUKKA MOXYTh BIANOBIIATH EKCIIEPUMEHTAIBHO OTPUMAaHUM
CEHCOPHHUM BITYKaM, 3aBXKJIH JTUIIAETHCS BIAKPUTUM.

Jnsa nmanoi pobotu Oynu oOpaHi HACTymHI TMOCTIAOBHOCTI  JIOBIHX
omironykieotuaiB 80-ber-abl, 80-ber ta 80-abl. Tlepmmii 3 HUX mpeacTaBisie co60t0
KoMIUIeMeHTapHy nociinoBHicTh 10 MPHK riGpumHoro rena ber-abl mpu mepeGymosi
el3a2 (b2a2), mo MicTUTh QparMeHT AUISHKH CTHKYBaHHS €K30HIB JABOX BHXITHHX
rediB (mo 12 mykneoruniB Bia koxHOro) AGCAGAGTTCAA AAGCCCTTCAGC.
Ileit 24-ocHOBHUMIT (pparMeHT € MOBHICTIO KOMILJIEMEHTApPHHUM JI0 1IMMOO11130BaHOTO
Ha CCHCOpHIA TMOBEpPXHI ONIrOHYKJICOTHAY-30HAYy MOd-Ph. JIBa iHmi moBri
OJIITOHYKJICOTUIU — I11€ TOCIIIOBHOCTI BIJMOBIIHUX BUXITHUX T'€HIB, SKI MalOTh B
CBOEMY CKJali 12-0CHOBHI (pparMEeHTH YacTKOBO KOMIUIeMeHTapHi 10 mod-Ph. Sk
B1JIOMO, €(DEKTUBHICTb Ipolieca TiOpuau3ailii HyKJIECTHOBUX KHUCJIOT AYXKE 3aICKHUThH
B1Jl 10HHOI CHJIM cepefoBuIna. ToMy 3aBlaHHs JaHOI POOOTH MOJSATAIN B OTPUMAHHI
3a mormomoror BeO-cepBepa DINAMelt TepMonnHamMiuHUX MapaMeTpiB MPOIECiB
dbonaunry Ta cend-riopunuzaiii oopanux 80-0CHOBHUX OJITOHYKJICOTH/ IIB-TapTeTIB,
a TakoX I1X TiOpuaM3aIii 3 OJIrOHYKJICOTHIOM-30HI0M MOd-Ph B 3amexHOCTI Bix
10HHOT CHJIM CepelloBMINA, B TMPOBEACHHI 3a jomnoMorow OioceHcopa IIITP
EKCIIEPUMEHTAJILHOTO  JOCHKeHHs1T  TiOpuamzaiii  oOpanux  80-OCHOBHUX
OJIIFOHYKJICOTUAIB-TApreTiB 3  IMMOOUII30BAHUM  HAa  CEHCOpPHIM  MOBEpPXHI
OJIITOHYKJICOTHAOM-30HA0M MOd-Ph Ta B CHIBCTaBACHHI pO3PaxXyHKOBUX Ta
€KCIIEPUMEHTAIILHO OTPUMAHUX PE3yJIbTaTiB.

1. Nowell P.C., Hungerford D.A. Chromosome studies on normal and leukemic human
leukocytes // J. Nat. Cancer Inst. — 1960. — Vol. 25, Ne 1. — P. 85-109.

2. Rowley J. D. A New Consistent Chromosomal Abnormality in Chronic Myelogenous
Leukaemia identified by Quinacrine Fluorescence and Giemsa Staining // Nature. — 1973.
—Vol. 243, Ne 5405. — P. 290-293.

3. Homola J. Surface plasmon resonance sensors for detection of chemical and biological
species // Chemical reviews. — 2008. — Vol. 108, Ne 2. — P. 462—493.

4. PaukoB O.E, Xomomosa lO.B., JImoxkoB M.B, Temerees I'.Jl., Compmarkin O.I1.
dopMyBaHHS Ta JOCITIDKCHHS O10CEIEKTUBHOTO E€JIEMEHTY CEeHCcOpa IOBEPXHEBOTO
MJJa3MOHHOTO PE30HAHCY JIJIsi PO3Mi3HABaHHSA CHENU(DIYHUX  OJIITOHYKJICOTHIHHUX
nocaigoBHocrei // Sensor Electronics and Microsystem Technologies. — 2009. — Ne4, —
€.63-72.

5. Markham N.R., Zuker M. DINAMelt web server for nucleic acid melting prediction //
Nucleic Acids Research. — 2005. — Vol. 33, Issue suppl. 2, — P. W577-W581.
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BaactuBocTi riOpuaHUX KOMIIO3UTIB NPUPOAHUNA MiHepPaJ/moJiaHLTiH

Cunopko M.C., 3axapuyk L.b., Aunmmn M.M.

Kageopa gizuunoi ma xonoionoi ximii,
JIvsiscokuil Hayionanvhull yHieepcumem imeni leana @pamka,
éyn. Kupuna i Megoois, 6, 79005 Jlveis, Yrpaina,
e-mail: sydorkomaria98@gmail.com

[loeqHaHHSIM BIIACTHBOCTEN HOJIiaHiJ'IiHy (ITAH) Ta mpupogHHUX MiHepaJIiB (HM)
CTBOPIOIOTEH riopumai kommnosutu (I'K), sxi Ha6yBaIOTB JTy’Ke BaXIJMBI (PI3UKO-XIMITHI
BiacTuBOCTI [1]. Lli KOMITO3UTH MOXYTh OyTH SIK MIKPO-, TaK 1 HAHOCTPYKTYPOBaHUMH.
HaiiOuibin nommpenrmu cepesi BukoprctoByBanux [IM e ¢inocinikati Tpu- Ta ABOIIA-
poBoi ctpykTypH, sk oT (T-O-T) monT™OpwmioHiT Ta (T—0O) KaomiHIT, BIAMOBIIHO, a
TaKOK KapKacHI MiHepaJi, SIK OT TI0i3uT, iem3a Ta 1ieoT [ 1]. He nuBistauch Ha Garari
MiHepaiaMu Hajipa Ykpainu, [IM ykpaiHChKOro MoXOMKEHHS He JOCTIHKYIOTh BITUM3HSIHI
HaykoBui-xiMikd Juia ctBopeHHst ['K 3 ITAH. Cepen BenMkoi KUTBKOCTI MIHEpaIiB
YKPATHCHKUX pOJIOBUII — TIayKOHIT (I'71), kaomiHiT (kaomiH) (Kt) ta neomit (LI1).

Mera Hamoi poOOoTH moJyisirana B CHHTE31 KOMIIO3UTHHX MaTepiaiiB Ha OCHOBI
riaykoHity Ta nomianunny (I'/T1AH), kaoninity Ta nomanutny (Kt/I1AH), nieomty Ta
nomanutiny (LIT/ITAH) Ta gocmipkeHH1 1XHIX (Pi3UKO-XIMIYHUX BiacTUBOCTEi. Bcei Tpu
MIHEpaJIi YKPAiHCBKOTO MOXOpKeHHs. CHHTE3 MPOBOAMIM OKUCHEHHSIM aHUIIHY aMOHIN
nepokcorcyib(aroM in Situ y Bogaux 0,5 M pozunnax H,SO,4 3a HassBHOCTI aucepeiit
[IM. CuiBBigHomenHs: aHutiH : [IM cranoBwio 1:1 (mac). [IpakTuyHO TakuM ke
samuianiock criBigHomeHHs [IM @ TTAH B cunTe30BanuX 3paskax. [lepen mociiHkeHHSIM
ITM Butpumysamu 3a 300 °C Bripoosx 3 rof. J{yist BUBYEHHS BIaCTHBOCTEH KOMITO3HTIB
BUKOPHCTOBYBAJIM Cy4acHI (P13MYHI METOM JIOCTIKEHb, 4 CAME PEHTIeHIBChKU ([IpoH—5-
04), indppauepronuii 3 Dype (IY—DIT) nmeperBopennsm (Nicolet IS 10 ATR), Tepmiunuii
(Derivatograph Q—1500 D) anamizu. [{nst migxrBepmkenns Gopmu-crany [TAH Bu3Hauamm
IATOMY  €JIEKTPOIPOBiaHicTs 3paskiB 3a 20 °C [2]. AmcopOLiliHy 31aTHICTH 3pa3KiB
JOCIKYBa 3a joroMororo dorokonopumerpa KOK-3 3a norxunu xsuit 400 HM.

BcranoBneno, mo otpumani komno3utd [IM/ITAH BOJOAIIOTH KpHUCTAIYHO-
amopdnoro cTpyktyporo. [lomaniiiH B KOMIO3UTaX € MEPEeBAXHO aMOPPHUM, 1110 € BU3-
HAYAIBHUM TSI BUKOPUCTAHHS IIMX KOMITIO3HTIB SIK aJCOPOEHTIB. Mk MakpoOMOJIeKy-
namu ITAH Ta noBepxHero [IM HasBHa Mik(pa3zoBa B3aEMOJIA, B OCHOBHOMY, 3aBJISIKU
YTBOPEHHIO BOJHEBOIO 3B’s3KYy. 3a pe3yibraramu aociipkeHHs: [Y—DII-criektpiB Ta
BU3HAUEHHSI TUTOMOI eNeKTporpoBiAHOCTI 3paskiB [IAH Ta kommnosutiB [IM/ITAH
MOKA3aHO, IO 3pa3KH MAalOTh BIJHOCHO BHCOKY €JIEKTPOIPOBIIHICT, 3YMOBIICHY
YTBOPEHHSIM eMepalbAMHOBOI conli cynbdatHoi kuciotn, a IIAH y Kommo3uTax
nepe0yBae B HaMiBOKHMCHEHOMY cTaHi. JloCiipkeHHsT aicopOIiiHOI 3MaTHOCTI 3pa3KiB
[IM/TTAH ctocoBHO Cr(VI1) 13 BOTHMX pO34HHIB IMOKA3aJI0 BUCOKY TXHIO €()DEeKTHBHICTb.

1. Sl M., Makoron B., Iiko VY., Pemernsk O. KommosuTHi Marepiaim Ha OCHOBI
MOMIAHUTIHY Ta MPUPOAHMX MiHEpaliB: KOpoTkuii ormsia. 1. OcoOnuBOCTI  CHHTERY,
BiacTuBOCTi Ta 3actocyBaHHs // [pami HTILL Xim. nayku. —2018. — T. 53. — C. 92—131.

2. Cyxapa A., Bepemarin O., SAuumma M. CuHTE3 Ta BJIACTUBOCTI KOMIIO3HUTIB
LeTI0J103a/TI0IaHTIH, JOTIOBAaHUN IIUTPATHOIO KucioToro // BicHuk JIbBiB. yH-Ty. Cepis
ximiuaa. — 2018. — Bumn. 59. Y. 2. — C. 414-424.
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Diagnostics of the technical state of the exploited oil pipelines

Shtoyko 1.

Karpenko Physico-Mechanical Institute of the NAS of Ukraine, Ukraine, Lviv, 5 Naukova St,
e-mail: ivan.shtoyko@gmail.com

The calculations of the residual lifetime of long-term exploited pipes of oil
pipelines for X60 and X70 steels are presented taking into account their
hydrogenation at variable oil flow. It is shown that steel degradation decreases
essentially pipe residual lifetime.

Keywords — pipelines diagnostics; hydrogen embrittlement; residual lifetime;
corrosion; material degradation; energy approach.

In many cases, oil pipeline fracture begins with pipe internal surface where
surface cracks are initiated as a result of steel degradation. It is well known that under
turbulent oil flow pipe is subjected to dual-frequency loading. In this case, the high
frequency w, = 0,6 second™* (period of the cycle 1; * 1,7 second) is caused by turbulent
oil flow, and low frequency w, = 2,1-10%(period of the cycle T, ~ 476190 the second)
— as a result of pumping oil stops, by shutting off the pumps, closing the latches, etc.
That is in one cycle of low frequency n, fluctuation of high frequency is passed. Such
a dual-frequency type of loading is taking into account in the residual life-time of the
oil pipeline calculation. The main aim of the residual life-time of oil pipeline
calculation in this case is as follows.

Considering oil pipe, radius 3 = 710 mm and wall thickness h; = 18,7 mm
made of steel X70 with internal surface semi-elliptical crack, in which turbulent oil
flow is moving under pressure p #~ 4 MPa and turbulence emission Ap ~ 0,25 MPa.
The change of pressure in a pipe changes at the same time, according to dual-
frequency law. The task consists in the determination of the oil pipeline residual life-
time namely the number of loading cycles of low-frequency N = N, after which the
crack contour passed through the pipe wall and its decompression starts.

Based on the energy approach such a problem solution reduces to the nonlinear
partial differential equation. To approximately determine pipe residual lifetime with
sufficient accuracy for engineering purposes well known equivalent areas method is
used. In this case, the task solution reduces to the following mathematical model:

dp ail_R)‘L[KI‘I;nax(l_FNl(l_Rl)q‘)_‘r{tﬁt]

dN (Hlef o Hﬁnax)
N =0,p(0) = p = \/aghy; N=N., p(N.) = h, (6)
p —is a radius of semi-elliptical crack the area of which is equal to the area of real
crack; @, K.y, K¢ — is a characteristics of the fatigue crack grow diagram; R, R, —
coefficients of cycle asymmetry under low- and high-frequency loading
correspondently (R =0,1; R; =0,94); Kimax — SIF maximum value in one cycle
and on a semi-elliptical crack contour.
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However, during operation, the pipe material is degraded i.e. parameters
a, K., Krc will be depended on operation time t and changed in the direction of

reducing its fatigue fracture resistance. The characteristics dependency @, Ky, K¢ on

time we consider as linear and on this base, the correlation could be written as:
a(N) = 1072[1,6 — 2 - 10~*(V + Np)] (MPa) 2 (cycle)™;
Kn(N) =91—1,3-1073(N + Ny) MPaym;
Kec(N) = 98— 1,3 - 1072(N + Ny) MPaym. (7)

Ny — initial operating time (loading cycles number) of pipe time before gas pipeline
residual lifetime estimation. When known value K., put in equation (6) and
correlation (7) with numerical values of pipe geometry parameters and loading, we
will get a new differential equation with vary coefficients and its integration is only
possible when the numerical method is applied. It is established, that the increase of
the initial defect size and initial operation time essentially decreases oil pipeline
residual lifetime.

In the next case, the pipe made of the X60 pipeline steel with the external
surface semi-elliptical crack, subjected to soil corrosion and hydrogenated, was
considered. The pipe thickness h = 18 mm and pressure p = 8 MPa were used for
calculations. The task consists in the determination of the pipe residual lifetime
N = N, taking into account loading, corrosion medium action, hydrogenation and
steel operation. The task was solved in the same way as the previous one. To
determine the pipe residual lifetime, taking into account the before mentioned
operational parameters and material degradation, the following equations were
obtained:

N, = /(10 + Ng)¥ + 14,3 - 107(0,0187 — by) — 10 — Ny, cycle;
t, = 0,015[,/(10 + Ng)®+ 14,3 107(0,0187 — by) — 10 — Ng], year. (9)
It was revealed, that the pipe residual lifetime essentially decreases with an
increase in both initial defect size and initial operation time.
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JlocaiiskeHHA IPOLecy HAHECEHHS MiPpOBYIJielleBUX MMOKPHUTTIB y
eJIEKTPOTEPMIYHOMY MCEBAO3PIAKEHOMY LIAPi

Cimeiiko K.B., [Baukin 41.0.

Inemumym eazy HAH Ykpainu, eyn. /leemapiecoka, 39, 03113, Kuis, Yxpaina

[TipoByrnenesi Ta miporpadiToBi MaTepiaadl 3aBAsSKH YHIKaJIbHUM (PI3UKO-
XIMIYHUM BJIACTHBOCTSIM MalOTh MEPCIEKTUBY 3aCTOCYBAHHS y aTOMHIN €HEpreTHIll,
€JIEKTPOTPAHCIIOPTI,  CIELMETaIyprii, MalmMHOOYyIyBaHHI, PpaKeTOOyIdyBaHHI,
TEIUIOOOMIHHIM amapaTypl Ta MeaunuHl. PosmupeHHs cdepu MTPOMHUCIOBOTO
3aCTOCYBaHHS IMIPOBYIVICIICBUX Ta TMiporpadiToBUX maTepiaaiB OOMEXYEThCS iX
BHUCOKOIO BapTICTIO. 3HWKEHHS EHEPrOBUTPAT, MIABUIIEHHS BHUXOAY MPUAATHOI
IPOJYKIli, CKOPOYCHHS TEXHOJIOTIYHOTO IIMKJIY BUPOOHMIITBA JaHUX MaTepialliB
3HIMae OOMEXEHHS MO iX 3acToCyBaHHIO. ToMy JOCHIJKEHHS HampaBieHl Ha
CTBOPCHHSI HAaWMEHIII €HEPro3aTpaTHUX TEXHOJIOTIM OJepKaHHS IUX MaTreplaiiB €
aKTyaJIbHUMHU.

[Ipotsirom octanHix pokiB, B IHctutyTi razy HAH VYkpainu npoBoauiuch
JOCIIUKEHHS. 3 HAHECEHHs IMIPOBYIJIELEBUX IMOKPUTTIB HA KBapLOBUH IMICOK B
peakTopax 3 eJEeKTPOTEPMIUYHHMM IICEBAO3PIIHKEHUM MIapoM. [l mnpoBeneHHs
JOCJIIIKEHb CTBOPEHO psif jabopaTopHux [1-2] 1 mijoTHa ycTaHOBKa, [3]. BuzHaueHo
3QJIEKHICTh BMICTY MIPOBYIVICLIO BIJ TEMIEPATypu Ta CcHoco0y HarpiBaHHA
ncepao3pipkeHoro mapy. OpepkaHO KarcylbOBaHUW Marepial 3 MIHUPOKUM
CIIEKTpOM BMicTy mipoByriemio (Bix 2 mo 97% wmac.) [4-7]. ExcrniepuMeHTaIbHO
BJIAJIOCS MIJITBEPAUTH TMPUHIIUIIOBY MOKJIMBICTb OTPUMAHHS KapOiqy KpEMHIIO Ta
YUCTOrO KPEMHII0 3 KBAapLOBOrO0 IMICKYy HOKPUTOrO MipoByrieneM. YacTuHKU
KBapLOBOTO MICKY TaKOX PO3TIISAAIUCS SIK MOJIETb MIKPOTBEIY SJIEPHOTO PEAKTOPY.

[Ile omguuM HampsAMOM IOCHIDKEHb € IMMOOUTI3aIlis paJlOaKTUBHOI 30JIM SKa
yTBOpWJIACSd y pe3yibTaTi (PYHKIIOHYBaHHS OO’€KTIB EHEPreTHKH IIUISIXOM
razo(a3zHoro ymuibHEHHs i mipoByryieneM. B sKOCTI Mojelni paaioakTUBHOI 30711
aBTOPM BHUKOPUCTOBYBAJIM 30JIbHI 3aJIMIIKU BYTIJIBHOI TEIUIOEHEPTETUKH, SKi
MOTEHIITHO MOXYTh IIPEICTABIIATH JKEPEa 10HI3yI0U0ro BUIIPOMIHIOBaHHA [8-9]. ¥V
pe3ynbTari cepii JOCHIAIB Yy CIHEliaIbHO CTBOPEHIN J1abopaTopHI yCTaHOBLI 3
CJIEKTPOTEPMIYHUM TICEBIO3PI/PKEHUM IIIApOM BAAJIOCS HAHECTH IiPOBYTJICIEBE
MOKPUTTST Ha JaHuii Tun 301d. IlpoBeneHa oliHKAa pagialliifHO-3aXHUCHUX
BJIACTMBOCTEH TMOKPHUTTIB, TMOKAa3aHO, IO TMICAS TMOKPHUTTA YACTUHOK 30U
MIPOBYTJICIEM 10HI3yI0UE 3- BUTTPOMIHIOBAHHS 3HU3WIOCSA Mpubim3Ho Ha 30-35 %, a-
aKTUBHICTH 3MeHIMIacs Ha 28 %.

1. TIlar. 117157 Vxkpaima, MIIK BO1J 8/18(2006.01), BO1J 8/42(2006.01), BO1J
19/14(2006.01), CO1B 33/021(2006.01), C01B 33/021(2006.01), C30B 25/10(2006.01),
C30B 28/14(2006.01), C30B 31/12(2006.01). Peaktop s BHUCOKOTEMIIEpATypHUX
nporeciB y ncepaospimkenomy mapi / K.B. Cimeiiko, b.I. bongapenko, O.I1. Koxan,
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I[10310BKHI eJIeKTPOMATHITHI XBWJIi Yy IJ1a3Mi, JIa3ePHUX MYYKaX Ta
HAHOCHCTEMAaX

Copoxonva A.M.l, Mirmak A.A.l, 3asnp T.Ml, Cumynux B.M.?

1Y9fceop0()cw<uﬁ Hayionanvuuii Ynieepcumem, Inowcenepno-mexuiunuil ghaxyiomem, kageopa
enekmpoHuux cucmem, eyi. Kanimynona 13, 88000, m. Yauceopoo
e-mail: sorokopudam@gmail.com
2IHcmumym enekmponnoi ¢izuku HAH Yxpainu,eyn. Yuieepcumemcovka 21
88017, m. Yaczopoo
e-mail: vsimulik@gmail.com

HaykoBi mociikeHHs MpoOJIeMaTHKH MO3A0BXKHIX €JIEKTPOMArHiTHUX XBHJIb
3anouyatkyBaB Hikona Tecna. 1106 xoua 6 yacTkoBO BigoKpeMmuTH JiereHau mpo H.
Tecny Big Horo (akTHUHUX MAOCTIMKEHBb, I[IKABO IMEPErIsfsHyTH, Hampukiaam, [1].
[lepmia Bimoma TeopeTHyHa poOOTa MPO MO3JOBXKHI EJIEKTPOMArHiTHI XBWIl [2]
3’gaBunacs 'y jganekomy 1941 p. TBepkeHHS HamMX J[AHIB MPO TO3J0BXKHI
€JIEKTPOMATHITHI XBWJI1 y IJIa3M1 HaBEeEH1, Hanpuknazn, y [3, 4], y ma3moHnax —y [5],
B HAHOCHCTEMAax y MeTajylax 1 Ha MOBEpXHI MeTamB — y [6], a y cydacHUX
€KCIIEpUMEHTAax 3 JIA3€pPHUMHU IMIYJIbCHUMHU IMyYKAMU CIIOCTEPIraeThbCs IMO3I0BKHS
eJIeKTpUYHa 3BUJIA [7], 1 T.1.

CydacHe TeopeTuyHe OOIPYHTYBaHHS ICHYBaHHSI TaKMX XBHJIb 8] OCHOBaHE Ha
3B’sI3Ky piBHSHb MakcBesuia 3 0e3macoBuM piBHSIHHAM [lipaka, 115 SKOTO 1CHYBaHHS
MO3JIOBXKHIX KOMIIOHEHT pPO3B’s3Ky € odeBuaHMM. Crtapt y [8] MeBHOIO Miporo
3aBaAuye pesyiabTaraMm [9], e BHU3HAUYEHO BIANOBITHOCTI MIXK PO3B’SI3KAMH,
CUMETPISIMHU, JIarpaHXiaHaMH Ta 3aKOHaMHU 30epexeHHs 0e3MacoBOr0 CIIHOPHOIO
noJisi Ta eJIeKTpOMaFHlTHOFO HOJI1 y TEpPMiHAX HampyKEHOCTCH eJIeKTpUYHOro E i
marmitHoro H  momiB. besnocepemtHso mpobiemi  iCHYBaHHS — MO3I0BKHIX
€JIEKTPOMArHITHUX XBWIb Oysn npucBsueHi podotu [10, 11]. Oxgna 3 11e# nonsdrana y
BUKOPUCTaHHI JIJIsl 1[l€i METM MEBHUM YMHOM Yy3arajbHEHUX piBHSAHb MakcBesuia
BBEJICHUX Y PO3IJISAJ Ha OCHOBI MPUHUMUITY MAaKCUMaJIbHO MOXJIMBOI CUMETPIi, AMB.,
Harnpukiaz, [12]. Ane HalnepCneKTUBHIIIMM BBa)KA€EMO BHBYEHHS TaKUX XBUIb Y
paMKax cTaHAAapTIB KJIACUYHOI €JIEKTpOoIMHaMIKu MakcBea.

PosrisitHemMo craHgapTHy cucTteMy piBHSHb MakcBemia (cucremMa OAMHUIh
h=c=1)

d,E —curlH = —gradE®, d,H +curlE =0,
divE=-3,E°, divH =0,
y SIKIM TYCTHHH CTPYMY 1 3apsily MatOTh BUTJISA
1(x) = —gradE*(x), p(X)=—-3,E°(x). (2)
TyT BUKOpPUCTAHO HACTYMHI MO3HAYEHHS KOOPAUHAT MPOCTOPY-4acy MIHKOBCHKOIO:
M(L3) ={x=(x")=(x"=t, x=(x"))}; #=03, j=12,3.

Po3Bsi3ok cuctemu piBHsiHb MakcBemia (1) mykaemo metogom Dypbe, TOOTO y
BUrsiAl iHTerpany ®@ypoe. KiHieBo 1eil po3Bs30K Ma€ BUTIISIA:

1)
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E(x) = ﬁ [d 3k\/§ [(c§61 +C6, + o &, ) + (ce; + 76, + o€, )eikx]’
Ao - W Jor 2] (e oo (7 7)o ®)
E°(x) = (2r )3/2 J.dsk\/7 o elkx)

VY (3) BUKOpUCTAaHO HACTYITHI TO3HAYCHHS:

kx =t —kX, w=+k?, (4)
wk? —ik'k? B}

g = ! -k —ik’k®|, &, =8, észﬁ (5)
oy 2(K'K! +k%k?) KK+ K2K) @

JloBunbHU# KoediieHT Metoay Dypre y (3) BuUOpaHO 3 YMOBH HOPMYBAaHHS €HEPTii
€JIEKTPOMAarHiTHOTO MOJIS:

pe :% Jax(E7+ A7) = fdko|ct] +/ci[ ) (6)

OueBU/IHO, 10 BEKTOP HANPYKEHOCTi eleKTpuyHoro nons E(x) y (3) micTuts
TO3JJ0BKHIO KOMIIOHEHTY, aMILTITy/a sikoi «, . CxansipHa dyHkuis E°(x) y (3) mae Ty
caMy aMmIUNTyly ¢, 1 Tako)X BHM3HAYa€ IIO3J0BXKHIO XBHJIIO, HamNpsMOK

PO3IOBCIOIKEHHS K0T 3a71a€ XBUIILOBUI BEKTOP &, =k /.

OCKUIBKY TYCTHHHU CTPYMY 1 3apsiy y (2) 3a0at0ThCs TIEI0 CaMOI0 aMILTITY/I010
@, IO 1 MO3I0BXHI EJIEKTPUYHA Ta CKaIApHa XBUIi Yy (3), TO pOOMMO BUCHOBOK, L0

eleKTpuuHa KommoHeHTa E(X) Ta ckanspna xBuis E°(X) icHyIOTb y OKoJi CTpyMiB i
3apAniB (2), Kl 1X NOPOJKYIOTh. TakuM YMHOM, SIKICHY T1MOTE3y 0ararbox aBTOPIB,
TIUB., HaMpUKiIaa, [3—7], 110 TMO30BXKHS €JIEKTPUYHA XBHJIS ICHYE y OKOJII 3apsiB i
CTPYMIB, SKl1 ii TOPOPKYIOTh, TYT JIOBEJIEHO CTPOrO MaTeMaTUYHO.

[IpencraBiennii pe3yiabTaT Mae Oe3MocepelHe BITHOIIEHHS J0 (I3UIHOT
iHTepnpeTanii excrnepuMeHTiB [3—7] 1 BHUKOpUCTaHUX TaM (I3UYHUX MOJIEICH.
CranoM Ha chOrojHiI 3 pIBHAHHAIMHU (1) MOXeMO 3B’S3aTU JIMIIE TO3TOBKHIO
CJIEKTPUYHY XBHIIIO, aJie caMe PO TaKy XBUJIIO CBITYUTH €KCIIEPUMEHT [7].

1. S. Nedic, Infotex-Jahorina 16, 221 (2017).

2. V.C.AFerraro, H.T. Flint, Proc. Phys. Soc. 53, 170 (1941).

3. L.M. Kovrizhnykh, V.N. Tsytovich, Sov. Phys. JETP 19, 1494 (1964).
4. L.S. Bogdankevich, A.A. Rukhadze, Sov. Phys. JETP 35, 126 (1972).
5. E.Yu. Petrov, A.V. Kudrin, Phys. Rev. A 94, 032107 (2016).

6. V.V. Datsyuk, O.R. Pavlyniuk, Nano. Res. Lett. 12, 473 (2017).

7. G. Miyaji et al, Appl. Phys. Lett. 84, 3855 (2004).

8. N.P. Khvorostenko, Rus. Phys. J. 35, 223 (1992).

9. V.M. Simulik, Theor. Math. Phys. 87, 386 (1991).

10. 1.Yu. Krivsky, V.M. Simulik, Uzhg. Univ. Sci. Herald: Ser. Phys. 2, 121 (1998).
11. V.M. Simulik, arXiv: 1606.01738v1 [physics.class-ph] (2016).

12. V.M. Simulik, 1.Yu. Krivsky, Rep. Math. Phys. 50, 315 (2002).
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Sb-doped Sn,P,Sg photorefractive crystals in dynamic interferometry
Tsyhyka M., Grabar A.

Institute of Solid State Physics and Chemistry, Uzhgorod National University,
Pidhirna 46, 88000 Uzhgorod, Ukraine

One of the most prospective applications of the photorefractive crystals is dynamic
interferometry based on a two-wave mixing of laser beams that can be used for remote
detection of small dynamic phase variations produced by vibrations of various objects
[1]. Using a photorefractive crystal with fast response and high two-wave mixing gain at
the used laser wavelength as a basic element of such interferometer provides adaptation
to slow variation of phase, i.e. occurring in time longer than the response time of the
photorefractive grating. These interferometers find numerous applications in optical
schemes of laser diagnostics, measurements of small displacements, dynamic novelty
filters etc.

We present the results of studies of the several schemes of dynamic interferometers
based on doped Sn,P,Sg (SPS) crystals known as efficient photorefractive materials for
red spectral range. The high photorefractive parameters of SPS:Sb allow to construct a
holographic scheme applicable for optical detection of microvibrations in wide
frequency range by using a heterodyne principle, and frequency, amplitude and relative
phase of the testing point can be measured.

The SPS:Sb crystal allows to construct a lensless scheme applicable for optical
detection of microvibrations, and partially to observe 2D-patterns of vibrating rough
surfaces, basing on the image formation in a space-limited dynamic hologram acting
similarly to an optical pinhole. We demonstrate that such scheme can be used for the
visualization of the dynamical wavefront distortion of the coherent light scattered by a
vibrating rough surface.

Using the strong and fast beam fanning in SPS:Sh one can construct also a simple
one-beam interferometer it which phase modulation of the input beam can be detected by
modulation of the scattering intensity. By introducing the reference phase modulation
(piezomirror) into this scheme, one can realize the advantages of the heterodyne
principle and to measure frequency, amplitude and phase of the vibrating object by
compensation of the phase modulation.

The main advantages of the dynamic interferometers on the basis of Sn,P,Ss:Sb are
an applicability of this material in red (600-700 nm) spectral region, partially possibility
to use the irradiation of the low power CW diode lasers, without applying electric field
to the sample. The cut-off frequency of the interferometer can be varied by change of the
beam intensity, as well as the angle between interacting beams. The frequency region of
the dynamical interferometer can be substantially enlarged by introducing the phase
modulation into the reference beam. In this case one can register the frequency shift
between the phase-modulated signal and pump beams. Besides, the phase-modulation
technique can be used for measurements the material parameters, partially to study the
peculiarities of the two-wave mixing gain dispersion in various doped compounds of the
Sn,P,Sg crystals.

1. Grabar A., Mathey P., Tsyhyka M., Gadrét G., Stoika I. Dynamic Holographic Interferometry
with Doped Sn,P,Sg Photorefractive Crystals. J. Phys.: Conf. Ser. 2017. Vol. 867. 012027.
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CtpykTypHi ¢a30Bi mepexoau B OpraHiyHUX KpUcTajaax

Tpousknii €.M.! Jlukax B.0.2, Cupkin €.C3

1Xap1<i60b7<uii HayionanvHul yHieepcumem imeni B. H. Kapa3zina
Hayionanenuii mexniunuii ynigepcumem
«XapKiscbKull NOJIMexXHIYHUL IHCIUmMYmy»
S @TIHT imeni b. I. Bepxina HAH Ykpainu, m. Xapkie

VY CcKIagHMX OpraHIYHMX KpHUCTalax pi3HI (PI3UYHI BIACTUBOCTI BKIIIOYAIOYH
CTPYKTYpHI Ta €JIEKTPOHH1, MOKYTh MPOSBISATHCS IPU HU3BKUX TemmepaTypax [1]. ¥
i OMOBII MM JOCTIIKYEMO TPOCTY MOJENb, SIKa MOXKE ONUCYBAaTH (Ha30BHIA
nepexij BiJ BIOPSIKOBAHUX 10 HEBIOPSAKOBAHUX (a3 y pO3TIISIHYTIH CUCTEMI.

JlocaiauMo OJHOBHMIPHY MOJENb KpHCTaja, B SIKIM IMJIOCKI BETUKI OpraHiuHi
MOJICKYJI KOHTAaKTYIOTh MDK CO0OI0 HIMPOKMMH IUIOIIMHAMH. B3aeMomis Mix
IUIOUIMHAMM BEJIMKUX MOJIEKYJ Ma€ CKIaJHy (popMy, ajge MU IPUITYCKAEMO, 1110 BOHA
BH3HauvaeThbcs noTeHIianom Jlenapa-/xonca y ¢popmi:

u(r) = ‘{(Lﬁf —2(1;))6] 1)

ne rlp - pIBHOBaXHA BIJICTaHb MIK BEJIMKUMH MOJIEKYJaMH, a € - TJIMOuHA
MOTeHLIIbHOT siMU. [IpumycTuMo, 1m0 JBI MaJICHbKI MOJIEKYJH 3aiiMalOTh TIEBHE
MOJIOKEHHS MK BEIMKUMHU. [l B3aeMojii Majaux MOJIEKYJl OJHa 3 OJHOIO 1 3
BEJIMKOI0 MOJIEKYJIOI0 BUKOPUCTOBYEMO dopmyiy (1) 3 3amiHOIO Iy Ha I

Ha main. 1 mokaszano, mo npu Bapiailii nmapamerpa S=r,/I, Majga MOJIEKyJia Ma€

CIIOYATKY JIBOSMHHM MOTEHIIIAll, SKUH 3MEHIIYEThCS 31 30ubIeHHsM S Big 0 o 0,44,
a IIpU MEePEBUILEHHI OCTAHHBOT'O 3HAYEHHS Oap'ep MK sIMaMU 3HHUKAE.

Use Use Use

a) rs =0.1 6)rs =023 g) rs=0.45

Maua. 1. T'padikn 3ame:xHocTi OPMU MOTSHITIATY MATHX MOJIEKY BT BIMCTAH] Mi3K BETHKUMI.

JIist GBI TOYHOIO aHaIi3y MM BUKOPHCTOBYEMO MEpUIy MOXIJHY MO I, sKa
TOYHIIIEe BigOOpa)ka€ 3IUTTA MOTEHUIATBHUX eKcTpeMyMiB. Hym  mnoxigHoi
BIJINOBIJIAIOTh eKcTpeMyMy (pyHKIii. CepenHiid eKCTpeMyM BIAMNOBIIA€ MAKCUMYMY, a
7Ba OIYHUX - MIHIMyMaM, 1 K1 JAJIEKO B TOYKU 3JIUTTA €KCTPEMYMIB OMUCYIOTHCS
HAaOMKEHHSM I = Is 1 I = ro-fs. SIK BHIHO 3 puc. 2, came MOOIW3Y 3JIUTTA IIe
HaOMKEHHS HE TOAUTHCS. MM 3HAXOAMMO TOUYKY 3JIUTTS, BUCOTY Oap MOTpiOHO mpu
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IIbOMY YTOUYHIOBaTH. ['padik misg TMOXiMHOI JO3BOJIIE Kpalie MOOAYUTH MOMEHT
3JIUTTS KOPEHiB, TOOTO OidypKaliiro (eKCTpeMyMH Ha pHC. 2).

Maua. 2. T'padikn, mo iTHOCTPYIOTh TOUHE 3HAUCHHA MOTEHITIATY MaTHX MOISKYI.

Masi MoJieKysIu 3MIITYIOTh TOJIOKEHHS! PIBHOBAarM MiK BEJIMKUMH 1 3MIHIOIOTH
BI/ICTAaHb MDK HHMMHU. Tak, HOBE TMOJIOKEHHSI OJIHI€] BEJIMKOI MOJIEKYJU BIJHOCHO
1HIIIOT 3HAMIEMO, PO3KJIaBIIN BUPA3 B3a€MO/11 OOJIU3Y TOUKH [

U =g[s”-25°+125(s° ~ %) +365" -1 ];

r=r,1+9)
YMmoBa MiHiMymy OU /05

MOJIEKYJI MK COOOI0 30LIBIIYETHCA, MPU LOMY NEPIOJT MOJEKYJIAPHOTO JAHIIOKKA
3MeHIyeTbes. [loka3aHo, Mo AN eNeKTPOHEUTPATbHUX MOJIEKYN TPHU HU3BKUX
TeMIiepaTtypax BiOyBaeTbcs CTPYKTypHuil (azoBuit mepexin. Ilpu mBuaKOMy
OXOJIO/IPKEHH1 BUHMKA€ HEBIOPSIKOBAHUN PO3IMOJALT MaUX MOJIEKY]I Y JBOSIMHOMY

MOTEHIIATI.

1. Kagawa F., Oike H. Quenching of charge and spin degrees of freedom in condensed
matter //Advanced Materials. — 2017. — Vol. 29. — Ne. 25. — C. 1601979

)
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e)rs=0.45

0 [pPU3BOAMTL /O TMOJIOKEHHS pPIBHOBAru:
5, =—(s*~s%)/6<0. To6TO, IpU BBEIEHHI MAlOi MOJEKYJIU IPUTATAHHS BEIMKUX



Onep:xaHHS KOMIIO3UTY 3aJi30-ByrJielleBi HAHOTPYOKH

Ymakosa JI.M., Cemenuos 1O.1., Kaptear M.T., Maxuo C.M.

Incmumym ximii nosepxnui imeni O.0.Yyiika HAH Ykpainu, Kuis, éyn. Haymosa, 17
milushakova@gmail.com

Byrnenesi nanotpyoku (BHT) me 3 gacy cBoro BiakputTs [1] € imeanpbHUMEI
JUTSE apMyBaHHs 0aratbOx MarepiajiiB. 30KpeMa, XOpOoIll pe3yJbTaTh IOKa3an
TOCIIKEHHS 13 ToJiiMepamu, rpaditom torno [2], [3]. Taki Mmarepianu qar0Th 3MOTY
BUKOPHUCTOBYBATH iX TaM, Ji¢ MOTPIOHO 30UTHIIMTH BUTPUBANICTh, 3MEHIIUTH Macy,
7Ie BaXJIMBY POJIb Bifirpae MimHicTb. OCHOBHI iX BJIACTUBOCTI 1I¢ MaJlui JiameTp,
BHUCOKa MIIHICTh, XIMIYHA CTa0lIbHICTh. [IpoTe, oTpuMaTu OJHOPIIHY JUCIEPCIIO
BHT B Marpuiii o4ikyBaHOTO MaTepially € OJIHIEIO 13 MPOOJIEMHUX 3a/1a4.

OCHOBHOI0O METOI0 JIaHOi pPOOOTHM € OJAEpKAHHS METaeBO-MaTPUUHHUX
KOMIIO3UTIB, /1€ METAJIEBOI0 MAaTPUILICIO BUCTYTIAE 3aJ1130.

Fomonbeprom  [4] 3a  [1OMOMOrOK  €IEKTPOHHOI  MIKpOCKOMmii — OyIio
npoanainizoBaHo 3pa3ku Fe-BHT Ta mokazano mpucyTHicTh 1ieMeHTuTy. [lnak [5] Ta
1H. 32 JIOTIOMOTIOI0 PEHTreHIBCHbKOI Au(pakiiii BUSBUIM, IO B TaKUX KOMIIO3UTaX
3a1mi3o (pikcyeThes B TphOX (azax: aycTeHiT y-Fe, ¢pepur a-Fe ta mementut 6-Fe 3 C.

B pe3ynbTaTi peHTreHorpadiuHux AOCTIIKEHb OTPUMAIN HACTYIIHY KapTUHY:
3 KOHLIEHTpauiew 1 % ByrieneBux HAaHOTPYOOK MpPH KOPOTKOTPUBAIIOMY HarpiBaHHI
3pa3Ky CIOCTEpIraloThCa Ciliau KapOimy 3amiza. [lpy Hammumiky  BYTJICLIEBUX
HaHOTPYOOK B pe3yibTaTl peakilii kapOinuzalii 3aiiza yrBopuioch 1 % kapOimy
3amiza, 40 % rpadiry, 4 % FesO4 Ta 3 % Fe,0s.
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Otxe, IOCHIPKEHHS TOKa3ylTh, IO BHUBYEHHS MOJKJIMBOCTI OTPUMaHHS
HAHOKOMIIO3UTY 13 3aJII3HOI0 MaTPUIICI0 3 BYTJEHEBUMU HAHOTPYOKaMH € JOBOJI
MEPCIIEKTUBHUM HAIPSIMKOM.

1. lijima S., 1991. Helical microtubules of graphitic carbon, Nature, 354, 56-58.
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. IO.I. CemennoB, C.M. Maxno, C.B. Xypascekuii, M.T. Kaprens. BmactuBocrti
KOMITO3HTIB MOJIIETHIICH-BYTJIEIIEBl HAHO TPYOKHU. XiMmisl, i3UKa Ta TEXHOJIOTIS TOBEPXHI.
2017.T. 8. Ne 2. C. 107-119.

. S JIx., @an 3., Ku J1., 2012. OyHKIIMOHAIU3UPOBAHHBIE YTIEPOIHBIE HAHOTPYOKH U UX
yaydiieHHele moiaumepbl  (rnmaBa  8.17), Hayka o mnonmMepax: BceoObeMITIONIUI
cupaBouyHuK, Kmmmrod Marusmesckuii uw  Maptun Memrep (pen.), Elsevier,
Awmctepnmam, 2012, 439 -478.

. Golberg D., Mitome M., Miiller Ch., Tang C., Leonhardt A., Bando Y., 2006, Atomic
structures of iron-based single-crystalline nanowires crystallized inside multi-walled
carbon nanotubes as revealed by analytical electron microscopy, Acta Materialia, 54(9),
2567-2576.

. Shpak A.P., Kolesnik S.P., Mogilny G.S., Petrov Yu.N., Sokhatsky V.P., Trophimova
L.N., Shanina B.D., Gavriljuk V.G., 2007, Structure and magnetic properties of iron
nanowires encased in multiwalled carbon nanotubes, Acta Materialia, 55(5), 1769-1778.
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Kopo3iiina TpuBKicTh cTpiukoBUX aMOpP(}HUX cIJIaBiB HA OCHOBI €
Xpyumwmk X.L., lanunsax M.-O.M., Jlonayak M.M., IBamiko C.II., boitunmun JI.M.

JIvsiscokuil Hayionanvhull yHieepcumem imeni leana @panka,
Kageopa ¢hizuunoi ma xkonoionoi ximii, eyn. Kupuna i Megoois, 6, 79005 Jlvsis, Yrpaina
e-mail: hrystynahrushchykchemist@ukr.net

Amopdai Mertanesi craBu (AMC) xapakTepu3yrThCs MIIHICTIO 1 TBEPIICTIO,
IO 3YMOBJIIOE iX BUCOKY 3HOCOCTIMKICTD, SIKA CYTTEBO MEPEBUIIYE 111 K BJIACTUBOCTI
iX KpucTaniuHux aHajioris [1]. B 6aratbox arpecuBHHX cepefoBHINax (MOPChKa BOJIA,
OCHOBHI Ta KHCJIOTHI PO3YMHH) BOHH, MPAKTUYHO, HE KOPOAYIOTH 3a BIJICYTHOCTI
ne(EeKTIB KPUCTATYHOI IpaHUIll Ta MDK3EpeHHHUX Mex [2]. BmactuBocTi nmx
MaTepialiiB 3yMOBIIOIOTHCS MPHUPOAOI0 OCHOBHOTO METaly, a TaKOXXK KOMIIO3UIIIEI0
JIETYIOUMX JIO/IaTKIB, IXHBOIO 37JaTHICTIO A0 OKUCHEHHs. Brucoka xopo3iiiHa CTIHKICTD
3 OJIHOTO OOKY, Ta XIMiYHA aKTUBHICTh B OKMCHO-BIJTHOBHHUX IIpoIiecax 3 iHIIOTO, J1a€
MOKJIUBICTh BUKOPHCTOBYBAaTH aMOp(HI MeTajeBl CIUIaBU SK KaTall3aTopH Yy
rereporeHHoMy Kataimizl [3]. Tomy AMC € oO'ekramu sk (yHIaMEHTaIbHUX
JOCIIKEHB, TaK 1 MPUKIATHUX PO3POOOK JIJIsl 3aCTOCYBAHHS Y PI3HUX MPOMHUCIOBUX
rainy33sax. Memorw oanoi po6omu — nocmautd BIUIMB JeryBaHHs RE amopdnoro
CIUTaBy Ha Kopo3iHy TpuBKicTh Y 1M poszunni KOH. O6’ekmom oocnioscenns —
AMC cknaay Fe-Nb-B-RE Burmisiai crpiuku topmuHoo 30 1 mupuHO0 20 MM
orpuManu B [HcTuTyTi Metanodizuku im. I'. B. KypatomoBa HAH Ykpainu, Kuis.

Koposiiiny TpuBkicTh amopduux mertaneBux cmiaBiB (AMC) Fe-Nb-B-RE
JTOCIIKEHO MeToAoM moTeHiiomeTpii B 1 M BomHomy po3unHi KOH, dikcyroun
BUIbHUI MOTEeHITIa] nmoBepxHi (E), puc. 1, Tabn. 1. CrabiunbHe 3HaUYeHHS £ MOBEpXHI
BCTAHOBJIIOETHCA 3 YacoM, TOMY BHMIPIOBaHHS TPOBOIWIN TpoTsirom 20 XB.
[loBeninky AMC—enextopnie y po3undi KOH oniHeHo 3a mapameTrpamu
HaBeleHUMHU B Tabmuui 1: mouarkoBe (£p) Ta kiHuese (E,;) 3HAUYCHHS BLIBHOIO
MOTeHIiay, X pi3HuI (AE) Ta mBHUAKICTh 3MiHH E 32 60 ¢ (Vg).

Tabnuug 1. Pe3ynbTaT XpOHONOTEHLIIOMETPUYHOTO AociikeHHs: AMC-enekTpoiB
y 1 M po3uuni KOH 3a temneparypu 298 K

Crxiaag AMC | Eo, B | E, B | |AE|, B | vgo 10, Blc

FegsNb,B14 -0.31 | -0.62 0.31 6.67
FegszzBl4Y2 -0.28 | -0.51 0.23 1.67
FegoNb,B,Gd, | -0.28 | -0.36 0.08 1.67
Feg,Nb,B14Th, | -0.24 | -0.34 0.10 1.67
FegoNb,B,Dy, | 0.29 | -0.44 0.15 1.67
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Pucynok 1. Bcranosnenns BiibHOro motenuiany AMC-enektpomis: 1 — FegsNb,Biy,
2 — FegnggBl4Y2, 3 - FegngzBl4Gd2, 4 — F@gngzBmeg, 5 — FegszgB]_4Dy2 3
gacoM y 1 M posuuni KOH 3a temnieparypu 298 K

[3 orpumaHuMX pe3yabTaTiB BUAHO, 1m0 JeryBanHs RE cmmaBy FegsNb,Bi4
30UTbLIY€E 3HAYEHHS BUIBHOTO MOTEHIllaly, TOOTO MOKpAIlye KOPO31iMHY TPUBKICTh Y
TaHOMY cepeoBHIi. AMopdHUi crutaB jieroBanuii 2 at. % TD mposiBisie HaWBHIILY
Kopo3iiiHy TpuBKicTh 1 M pozunny KOH mpu 298 K.

1. bennapceka JI.M. BmiuB enemMeHTHOTO CKiIaay amop(HHX MeTaleBUX ciuiaBiB Fe—Me—
Si-B Ha karamiTHUHYy aKTUBHICTHP Y OKHCHO-BIJHOBIIOBAIbHHX peakiisx / JL.M.
bemnapcrka, O.M. I'epriuk, M.O. KoB0Oy3 // ®i3. i xiM. TB. Tinma. — 2007. — T. 8, Ne 3. — C.
53-57.

2. Green T. Kinetics of the deuterium and hydrogen evolution reactions at palladium in
alkaline solution / T. Green, D. Britz // Electroanalyt. Chem. — 1996. — Vol. 412. — P.
59-66.

3. I'epiiuk O. M. Amopdi3altis Ta eIeMEHTHHI CKJIaJl METaJIeBUX CIUIABIB SIK aHTUKOPO31iTH1
yuHHUKY / O.M. I'epuuk, M.O. KoBOy3, JI. M. bennapceka // ®i3.—xiM. MeX. Matep. —
2001. — Ne 2. - C. 172-174.
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JliarpaMu cTaHy CHCTEM HA OCHOBI OKCHIIB PiIKiCHO3eMeJIbHUX
eJIEMEHTIB Ik OCHOBA CTBOPEHHS HOBHUX MaTepiaJjiB

Yyninosuu O. B.

Inemumym npoonem mamepianoznascmea im. 1. M. @panyesuua HAH Yrpainu,
eyn. Kpowcuorcanoscokoco 3, m. Kuis, 03142, Vkpaina,
e-mail: chudinovych_olia@ukr.net

JliarpaMu cTaHy Ha OCHOBI PIJIKICHO3EMEJIbHUX OKCHJIIB IPEACTABIAIOTH SIK
HAyKOBUH, TaK 1 MPAKTUYHUMA 1HTEpEC JJii OTPUMAHHS MEPCIEKTUBHUX KEpamMidHHUX
MaTepianiB (yHKIIOHAIBHOTO MpU3HAYEHHS. JleryBaHHS OKCHAY JIaHTaHy pi3HUMH
okcumamu pingkicHoemenpbHEX eneMeHTiB (P3E) mo3Bomsie orpumarm marepiamu 3
OCOOJTMBUMH ONTUYHUMH, JTFOMIHECIICHTHUMHU, IICJICKTPUYHIMH BIACTUBOCTSMH, IO
pPOOUTH MO0 MPUBAOIMBUM B SIKOCTI Matepiany A (poToneperBoproBayiB. OTpuMaHHs
MPO30POi  aHI30TPOIHOI KEpaMIKM MOXJIMBE HA OCHOBI CKJIQJHUX OKCHIHUX (a3
LnLn'O3; (Ln, Ln" = P3E) i3 cTpykTypor THUNIYy HEPOBCKHUTY, JIETOBAHOIO
nroMinectienTHEME go6askamu (Yb**, Er¥) [1, 2].

Jlns BUBYEHHS B3aeMoOJli (a3 y JOCTIHKYBAaHUX CHCTEMax SK BUXIJTHI PEYOBUHU
BukopuctoByBayim La;03, Y03 Yh,03 Ta Er,O3 3 BMICTOM OCHOBHOTO KOMITOHEHTY
99,99 % Tta azotHy kucioTy mMapku “YIA”. 3pa3ku roTyBaiM 3 KOHIEHTpaIliHHUM
KpokoM 1-5 Mon. % 13 pO3uYuHIB HITpATiB 3 HACTYIHUM BUIIAPIOBAHHSIM Ta
PO3KJIAJIOM HITPATIB Ha OKCUAM NUIAXoM mpoxkaptoBanHus npu 800 °C mpotsrom 2
rojauH. [Topomiku npecyBaiu B TaOJMETKHU 11IaMETPOM S5 1 BUCOTOIO 4 MM ITiJi TUCKOM
10-30 MlIla. TepmooOpoOKy 3pa3kiB mpoBomwiaM y Tedi 3 HarpiBadamm H23UST
(pexpanp) mpu 1100 °C 1y nedi 3 HarpiBayamu 3 aucuimnuay momonaeHy (MoSiy) npu
1500 °C na noBiTpi. 3pa3Ky HarpiBajy BiJ KIMHATHOI 10 MOTPIOHOI Temmeparypu i3
HBHUIKICTIO 3 Tpan/xB. Buman 3paszkiB OyB HenepepBHUM Da3zoBuid CKIajJ 3pa3KiB
JOCHIJIKYBaJIM METOJIOM peHTreHoga3zoBoro aHamizy (POA).

PentrenogazoBuii aHani3 3pa3KiB BUKOHAHO 332 METOJIOM MOPOIIKY Ha YCTaHOBIII
JPOH-3 npu kimHatHid Temmnepatypt (CuKo — BumpominioBanHs). Kpok
ckanyBanHs ckianas 0,05-0,1 rpan, excriosuiist 4 ¢ y aiana3oni KyTiB 20 Big 15 1o
90°. Tlepioan KpUCTATIUHUX TPATOK PO3PAXOBAHO MO METOYy HAMMEHIITUX KBaJpaTiB,
BukopuctoBytoun mnporpamy LATTIC 3 moxubOkoro He Hmxkde 0.0001 vm s
KyOiuHOi ¢a3zu. [[ns Bu3HaueHHS (Ha30BOro CKJIAAy BHUKOPHCTOBYBAIU 0aszy JaHUX
MiKHapOJHOTO KOMITETY MOpOoIIKOBUX craHaapTiB (JSPDS MixnapoaHuii neHTp
mudpakiiianx qanux 1999).

Y motpiitaux cucremax La,03—Y,05-Yb,03(Er,03) HOBI (asu He BHSBICHO.
XapakTtep (a3oBUX pIBHOBAr BHU3HAuUae OyJ0Ba OOMEXYHOUMX IOABIMHUX CHCTEM.
Bcranosiieno, mo B cuctemi LayOs—Y,03-YDb,03 npu 1100 °C yTBOPIOIOTHCS OIS
TBEP/IMX PO3YMHIB Ha 0CHOBI KyOiuHOI (C) Mmomudikamii Y,03 1 Yh,03, rekcaronaisHOT
(A) Ta monoximinHOi (B) Momudikari La,O3 Ta BiopsiakoBani (a3u THUITY MEPOBCKUTY
LaYO; i LaYbO; (R), a B cuctemi La,05—Y,03—Er,0O3 mpu 1500 °C yTBOPIOIOTHCS OIS
TBEpIUX po3unHIB Ha 0cHOBI KyOi1uHOi (C) Mmomudikarii Y,03 1 Er,O3, rekcaronambHoOi
(A) Ta monoxmmiaHOI (B) Momudikarii La,O3 Ta BopsakoBaHux (a3 TUITY TEPOBCKUTY
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LaYO; i LaErO; (R). YV mociikeHUX CHUCTEMax YTBOPIOETHCS HETEPEPBHHUU DS
TBEPJIMX PO3UMHIB HA OCHOBI YIIOPSAKOBAHUX (Da3 THUIY MEPOBCKUTY. JloaBaHHs 10HIB
itep6ito Yb** ta Er*" mpusomuts 1m0 3amimenss Humu ioHa itpito Y*¥ y By31i B Ta
M1BUIIEHHS cTa01IbHOCTI R — (pa3u (301IbIICHHS TEMIIEPATypH MIEPETBOPEHHS ).

1. Wang S. F. Transparent ceramics: Processing, materials and applications / S. F. Wang, J.
Zhang, D. W. Luo [et al.] // Progress in Solid State Chem. — 2013. — Vol. 41. — P. 20-54.

2. Liu Zehua. Composite ceramic with high saturation input powder in solid-state laser
lighting: Microstructure, properties, and luminous emittances / Zehua Liu, Shuxing Li,
Yihua Huang [et al.] // Ceramics International.- 2018.- Vol. 44, Iss. 16 - P. 20232 -
20238.
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3aKOHOMIPHOCTI BILIMBY XOJIOJHOI0 i30CTATUYHOIO NIPECYBAHHS HA
BJIACTHUBOCTI TBepaoro ciiasy BK8

Illepemer B.I.l, AxiMOB F.}I.Z, AHJIpeeB I.B.S, Pomanenko IO.M.l,COHOBﬁOBa T.0.!

1Haui0HaJ1bHiﬁ mexuiunuu ynisepcumem Ykpainu « Kuiscokuui nonimexniynuii incmumym imeHi
lzops Cikopcbkoeoy, m. Kuis, Ykpaina
2 Toneybkuii @izuxo-mexniunuti incmumym imeni O.0. [ankina HAH Ykpainu, m. Kuis, Yxpaina
SHaykoeo-dowzi()Huii incmumym nHaomeepoux mamepianie im. B.M. baxynas HAH Ykpainu,
m. Kuis, Ykpaina
scheremet.vitaliy@yandex.ua

TBepnal cmmaBu, 30KpeMa  BOJIb(QPaMOKOOABTOBI, OTPUMYIOTH METOJIOM
NOpOIIKOBOI ~ MeTanyprii. Hemonikamu, CTaHmZapTHOTO MJis  TBEPAOCIUIABHOI
IIPOMMCIIOBOCTI, OJTHOBICHOT'O MPECYBaHHS € HEPIBHOMIPHUHN PO3MOJLI IIIIBHOCTI MO
00’eMy Ta YHEMOXJIHMBJICHHS (POpMyBaHHS BUPOOIB MPU BIJHOCHO BUCOKUX THCKaX
(>90MIla). PimeHHsIM 1uUX MpoOJIEeM € 3aCTOCYBaHHS XOJIOJHOTO 130CTaTHYHOTO
npecyBanns (XII1) Ha 3a31aneriab chopMOBaHUX 3arOTOBKAX.

B ¢yngamentanpaux mparsx [1, 2] ommcyeThes MOBEAIHKA TOPOIIKIB TMPH
130CTaTUYHOMY TIPECYBaHHI 1 TEHJACHIlIA 3MIHU BIIACTUBOCTEH B 3aJIEKHOCTI Bij
pexumiB XIII. IlopiBHSIHHA BJIACTUBOCTEN MarepiaiiB OTPUMAHHUX OJHOBICHHM
MIPECYBAHHSM 3 BJIACTUBOCTAMM THX caMuX MmaTepiaiiB oTpumanux XIII BUCBITIEHO B
poborax [3, 4].

MeTta po00TH: JOCIIKEHHS Ta MOPIBHSHHS BIACTUBOCTEH OTPUMAaHUX 3pa3KiB
BKS npu XIIT 0.2, 0.3 Ta 0.4 I'Tla. Onrc nporiecis, 1o BiI0OYBatOThCSA B MaTepialii HA
KOXKHIM CTajii BUTOTOBJICHHS 3aroTIBOK Ta BIJCHIJIKOBYBaHHS 3aKOHOMIPHOCTEH iX
B3a€EMO3B 513Ky 3 OTPUMAHUMHU BJIACTUBOCTSIMH, SIK PYIIIA 3aJaHHS TapaMmeTpiB
Marepiaiy.

MeToauka npoBeaeHHs gocaimxkenb. Cymim 8%,,,. mopomky Co i 92%,..
noporiky WC nipecyBanu mig tuckom 70 MIla. Otpumani 0JHOBICHUM MPECyBaHHIM
chopmoBani mrabuku mignaBanu XIIT B 0.2, 0.3 Ta 0,4 I'lla, micns, cmikaaud B
BakyyMi rpu Temnepatypi 1440 °C.

TBepaicTh BUMIpIOBaJlach METOJOM I1HJEHTYBaHHS 3a Bikkepcom. Mertogom
TAPOCTATUYHOTO 3BaKyBaHHsA, Ha Barax «BJIP-200m», BuMipioBajiach IIUIbHICTD
3paskiB. KoepuutuBay cuiny Hem (kA/M) BumiproBanu Ha npuiaai «KoGambT-1».
Mopdororist Ta CTpyKTypa BiAMOIIPOBAHUX 3pa3KiB JOCIIKYBaJlaCh HA ONITUYHOMY
MIKpPOCKOIII.

PesyabTatn Ta 00roBopeHHsi. IIpo 301ibIIEHHS AMCHEPCHOCTI KOOAIbTY
AKICHO CYJUJIOCH 3 MiJABUIIEHHS KOEPUUTUBHOI cuiM (puc. 1 0), ocKuIbKU ii picT
CBITYUTH MPO 30UIBIICHHS TUTOMOI TJIOIIMHYN TTOBEPXH1 3€peH [5].
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BucnoBku. 3actocyBanns XIII Ha cdopmoBaHuX 3pa3kax IO3UTHUBHO
MO3HAYMWIIOCh HAa BJIAcTUBOCTSAX TBepaoro cruiaBy BKS8. 3okpema, croctepiraerbes
pICT BHUPIMAIBLHOTO, JJIA OUIBIIOCTI TBEPAOCIIABHUX BHPOOIB, IIOKa3HHWKA —
TBepAOCTI. Bu3HaueHo, 1110 BUpINIAILHUM B CTAaHOBJICHHI TBEPJOCTI € KoOanbT. L1
(hakTOpH 3yMOBIIIOIOTH HAYKOBY 3alllKaBJICHICTh Ta mepcrnekTtuBHicTh XIIT B skocTi
TEXHOJIOTI{ 3 MOXKJIMBICTIO TIPSIMOTO BIUIMBY Ha BJIACTHBOCTI MaTepiay.

1. AxumoB I'. . SBnenue camonepoOpMUPOBAaHHS MPU THAPOCTATUYECKOM CHKATHU
MMOPOUIKOB, COCTOAINUMX H3 HNOHHO-KOBAJICHTHBIX MOHOKPHCTAIIOB CY6MI/IKp0HHOFO
pasmepa. ®@usuka Teepmoro Temna. — 1996. - 1. 38. - Ne2. - ¢.654-658.

2. AxumoB [I'.fl. XomogHoe wu30CTaTHUECKOE TMPECCOBAHUE KaK CIOCOO MONTYYeHHS
KepaMUYECKUX M3IEIUA C BBICOKMM YPOBHEM (DU3HKO-MEXAHUYECKUX CBOMCTB.
Oraeymnopsl 1 TexHUYecKas kepamuka. — 1998. - Ne§. - ¢.21-26.

3. Influence of cold isostatic pressing on compaction and properties of Mg-PSZ ceramics /
Dusan Galusek, P. Znasik, Jan Majling // Journal of Materials Science Letters (August
1999). — P. 1346-1351.

4. Influence of cold isostatic pressing on the magnetic properties of Ni-Zn-Cu ferrite /
Trong Trung Le, Zarel Valdez-Nava, Thierry Lebey [et al.] // AIP Advances 8, 047806
(2018). — Access mode: https://doi.org/10.1063/1.4994210

5. [Ipeobpakenckuit A.A. Teopust MarueTusmMa, MarHUTHbIE MaTEPUAIIBI U JIEMEHTHL. — M.
Breicur.mk., 1982, — 288 c.
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TemmnepaTypHi i 4aCTOTHI 32JI€5KHOCTI JieJIEKTPUYHUX BJIACTUBOCTEN
CTEeK0.J B cucTemMax Ag-As-S(Se)

Hlnak O.1.

YVoiceopoocoruii nayionanvnuii ynieepcumem, Yxpaiua,
88000, Vaiceopoo, eyn. Iliocipua, 46

Pesynbrati nociipkeHHA AMcriepcii JieNeKTPUYHOI HMPOHHMKHOCTI € JAESIKHX
CKJIaaiB cTekoln cucteM Ag—As—Se mpencrasieHi Ha puc.l. BumiproBanHs mokasasm,
[0 YacTOTHA 3aJICKHICTh JIE€JICKTPUYHOI MPOHUKHOCTI B IIMPOKOMY IHTEpBai
YacTOT MPAKTUYHO BIJACYTHS, a TAHTEHC TICJICKTPUYHUX BTPAT /g0 3MEHIIYETHCS 31
301IBIIEHHSAM YaCTOTH. 301UTbIIEHHS BMICTY SIK Ag,S(S€) MpU3BOAUTD 0 30UTBIIICHHS
¢ BUXimHUX As,Se3(Ses). Taka moBemiHka mapameTpiB ¢ 1 tgd xapakTepHa 1 JUIs
cruiaBiB cuctemMu Ag—As-S.

€

12 -
11 — O-

l | | |
10° 10° 107 flTy

Puc.1. YacTtoTHa 3a1€KHICTh JieNeKTPUIHOI MPpOHUKHOCTI pu T=295 K
JJIA CTEKOJI CUCTEM Ag—AS—Se: 1-As,Ses; 2 — (A928e5)10(ASZSe5)90;
3 — As;Ses; 4 — (Ad2Se)7(As2Se3)03; S — (Ag2S€)10(AS2SEq).

BiacyTHicThe aucnepcii Ai€JeKTPUYHOI TPOHUKHOCTI Ta il HE3HAUYHA 3aJIEKHICTh
Bl TeMnepaTtypu st oomacti Temneparyp T<Ty cBIOUMTB Ipo Te, IO BEIUYUHA &
CIUTaBIB IIUX CHCTEM BH3HAYAETHCS B OCHOBHOMY MPYKHUMH BUAAMH TTOJISPH3AITii:
€JICKTPOHHOT 1 aToMHOi. [licas BUMKHEHHS €JISKTPUYHOIO TIOJISI 3MiIeHa TMOJIeM
cucteMa 3apsmiB 3a gac 107°+10™" ¢ (emexrponna momspumsamis R) i 10°-10" ¢
(atomHa monsipuzantisi P,;) MOBEpTAETHCSA y BUXIIHE MOJIOKEHHS, IO MPU3BOIUTH 10
3HUKHEHHS JUIOJIBHOTO MOMEHTYy. BHacmimok manoi iHepIiHOCTI eIeKTPOHHOI 1
aTOMHOI  TOJSIpU3aIliii, JieJIeKTpUYHA TMPOHUKIUBICTH OOyMOBJIGHA  IIUMHU
MEXaHi3MaMH, MPAaKTHYHO HE 3aJICKUTHh BiJl YacTOTH 1 €Ia00 3ajJeKUTh BiJ 3MIHH
temnepaTypu. B Marepianax, gieJeKTpUuYHI BTpaTH SKUX BHU3HaydalOThesa R 1 Py,
JUCIIEPCIsl € BIACYTHS 10 4acTOT MOPSAKY 10*2 I'n, a 3ami3HeHHs (TOOTO AUCHEPCis)
€JIEKTPOHHOI 1 AaTOMHOI TOJIIpU3alliil TMOBUHHO NPOXOJUTH B ONTHYHOMY 1
iHppauepBoHOMY Alana3oHi yacToT. Ciaba TeMnepaTypHa 3anexHicTh (1) npu T<T
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MOB’s13aHA 3 KOPCTKICTIO CTPYKTYypHUX oaunuilb (CO), mo OepyTh y4acTh B MPYKHIN
€JICKTPOHHIN 1 aTOMHIN TOJISIpU3aIIisX.
B o6macti T>Ty cmocrepiraeTecs 3HauHe 30UIbIICHHA &(7), mpU4YoMy JUId

OUIBIIIOCTI XaJIbKOTCHIIHUX MaTepiaiiB I11e 30UIBIICHHS Ma€ EKCIOHCHIaJbHUN

. e(M —AE,
XapaKkTep 1 OMHUCYETHCS BUPA3OM %~exp( po=
MPOHUKHICTh MPH KIMHATHINA Temmepatypi, a AE, — enepris aktuamii. O0nactb
TEMIIEpaTyp PO3M AKIICHHS XapaKTEePU3YEThCS OLIBII JIA0UIBHOIO CTPYKTYpOIO, B
pe3yibTaTi 4YOro TOJIETHIYyeThCs dYacTkoBa opieHTtanis CO abo AUNOIBHUX
yIpylmyBaHb B €JIEKTPUYHOMY TIOJdI, IO MPU3BOJUTH 1O TMOMITHOIO POCTY
JeeKTPUYHOI TPOHUKIIMBOCTI. Taka moBedinka ¢(7) Moxke OyTH MOB’s3aHa TaKOX 3
noJIsIpu3alli€ro, 00yMOBIICHOIO B3aEMOJIIEIO TIOJIS 3 HOCISIMHU CTPYMY.

Pesynpratn  nmochimpkeHHsS — AMCHEpCii  JIGNEKTPUYHOI  IMPOHUKHOCTI B
JIOBTOXBHJILOBOMY Jlama3oHl MOKa3ylTh, MO 30UIBIIEHHS YaCTOTH MPHU3BOIUTH IO
HE3HAYHOTO 3MEHIIEHHA & 1 {gd. 3MEHILCHHS € TOB’s3aH0, MaOyTh, 3 BIIJAJICHHIM
BUMIPIOBAJILHOT YaCTOTH BIJ YaCTOT MAaKCBENIBChKOI penakcaiii. Ilpu mpomy He
MOKHA BUKJTIOUATH 1 POJTH AUTOIBHUX PeNIaKCAIIHIX BTPAT, BUKIIMKAHUX HASIBHICTIO
B ciuiaBax cucreM Ag—AS—Se cnabo3B’s3aHUX 10HIB cpibia, a TaKOX HASBHICTIO
JUNONBHUX CTPYKTYpPHHMX yIpymyBaHb Ty Ag Se AsSe,. 30ilblIeHHS BMIiCTY
Ag,Se B crmmaBax MpU3BOAUTH 10 3POCTaHHA & Tak, IS CTEKOJ po3pi3iB Ag,Se—
As,Ses(As,Se;) npu T=300 K wa wactori 15 I'Ti BenuywHa IieNeKTPUYHOT
MIPOHUKHOCTI 3HaXOAUTHCS B Mexkax 6.0 — 8.5 onunuib. TemneparypHa 3aineKHICTh &
B I[bOMY YacCTOTHOMY Jiala3oHi HE3HayHa, MpU I[bOMY 3O0LIBIICHHS YacTOTH
MIPU3BOAUTH A0 OLIBII C1a0KO1 3MIHU J1€JIECKTPUYHOI MPOHUKHOCTI.

PesynbraT eKcrepuMEHTaNIbHUX JOCHIKEHb MPOBIAHOCTI XaJbKOTCHIIHHUX
CTEKOJI BKa3ylOTh Ha HACTYITHI 3aKOHOMIPHOCTI ay(w, T). IIpu HU3bKUX TemmnepaTrypax
o(w) HE 3aexuTh BiA TemmepaTypu. [Ipu temmeparypax 7>100-150 K moxa3HUK
cTerieHi S y Bupasi o(w)~w°T" 3MeHmIyeThest 3 pocToM 7. 3HAYCHHS LBOTO MTOKA3HUKA
3HaxoAsAThes B Mexax 0.7 — 0.9. Hapewri, npu BUCOKMX 7' CIOCTEPIraeThcs IMIK B
3alIeKHOCTI 0(w) Bif TeMIepaTypu, MPUEIOMY TeMmiepatypa miky T~|In(wto)|?, e 7 —
XapaKTepHHH 4ac penaKcallii, mo 3HaX0muThes B Mexkax 10™°+10™ c.

), e &(Ty ) — HieneKTpuIHa
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TepmoonTuveckue CBOMCTBA CTEKJI000Pa3HbIX CILIABOB
cucrembl As-S

HInaxk U.N.

Yoiceopoockuii nayuonanehvili yrnusepcumem, Ykpauna,
88000, Vaiceopoo, ya. Iuoeupna, 46

XaJabKOreHUHbIe cTeksiooOpa3nbie mnonynpoBoguuku (XCII) Haxomar mmpokoe
MPUKIAJHOE HMCIOJIB30BAHUE B ONTOXJIEKTPOHMKE M JiazepHoil TexHukn MK-mmanazona,
ONTUYECKOHN 3amucu MHPOpMalUU, BOJIOKOHHOW ONTHKE M ONTUYECKOW MUPOMETPUH, TIe
CYILIECTBEHHBI UX pe(pakTOMETpUUECKUE MapaMmeTpbl, B TOM YHCIE U TEMIIepaTypPHBIH
koa(urmeHT nokasarens npenomieHus dn/dT. B nanHoi paboTe mMpUBOIATCS PE3YIbTaThI
HCCIIEI0BAaHUSI TEMIIEPATYPHON 3aBUCHMOCTH MOKA3aTeNs MPEJOMIEHHS N CTEKOJI CUCTEMBI
ASyS1.x (10§XS40)

s ananuza 3aBUCUMOCTH 71(7), B OCHOBHOM HCIIOJNB3YIOTCS WM JMIIMPUUYECKUE
JTUCTICPCUOHHBIC BBIPAXKEHUS, aHAJOTUYHbIE BBIpAXEHHsIM 3enbMmeiiepa wuiu JlopeHi-
Jlopenta, tne xodpdunmeHT dn/dI HaXOOUTCS U3 TEMIEPATYPHBIX 3aBHUCHUMOCTEH
COOCTBEHHBIX YaCTOT U JUCIIEPCUOHHBIX MapamMeTPOB IKBUBAJICHTHBIX OCHWIIISTOPOB, WIH
e JUIsl TOU 1IeJI TPUMEHIOTCSI COOTHOIICHHUSI, CBS3BIBAIOIINE TTOKA3aTeNb MPEIOMIICHUS U
IIUPUHY 3alpenieHHON 30HbI (B YAaCTHOCTH, M3BECTHOE MpaBWiio Mocca, COOTHOIIEHUS
Yommna—/Iu JloMeHuko, ONTUKO—pedpakTOMETPUUECKOE COOTHOIICHHE U T.A). Takoi
noaxon [1] mo3BonmMi AaTh B IIEJIOM YIOBJIETBOPUTEIHHOE KAue€CTBEHHOE OIHMCaHUE
TEMIIEpaTypHBIX 3aBUCUMOCTeW n(7) Kak B KPHUCTAJUIMUYECKHX, TaK U B aMOP(HBIX
MOJIYIIPOBOAHUKAX, B TOM YHCIIE OMNPEACNUTh 3HaK dn/dT W OLIEHUTh €ro BEIUYHHY C
TOYHOCTBIO B MIpejiesiax MopsaKa.

3r
2..
YT\
8 0
lré 1 \ ~ . = e
S5
3F
4
5t
or \Q_L
Ki7dl ® T "y - 2
8+
I S——a—a - e ——n
-~ - -. - 4
-10F k.- A - - - —a 5
11 | ! 1 1
1 2 3 4
A, MKM

Puc.1.CnexrpanpHas 3aBUCUMOCTb ko3 dunrerta dn/dT

CTEKJI000pa3HbIX CIUIaBOB paspesa AS,Sigo..: 1 — AS40Se0 ;3 2 —
AS30S70; 3 — AS28572; 4 — ASp5575 5 5 — ASSgp -

Ha pwuc.l npencraBieHbl pe3ysibTaThl HMCCICIOBAHMS 3aBUCUMOCTH KO3 (UIIUCHTA
dn/dT cteknoo0Opa3HbIX CIUIAaBOB CHCTeMBI AS,Sigo, OT JUIMHBI BONHBL. M3 Hero ciemyer,
gyro On/dT 3aBUCHUT OT JUIMHBI BOJIHBI A M B HCCIIEIyEeMOM
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CHEKTPAIbHON 00JacTH 3Ta 3aBUCHMOCTh HamOoJee CHIBHO BhIpakeHa B oOjactu A< 1.5
MkM. Jlns  crexna cocraBa AS,S; mapamerp dn/dT npu M3MeHEHWH JJIMHBI BOJHBI B
o0nactu A~1 MKM MEHSET 3HaK., a JAJI1 OCTAIbHBIX COCTABOB XapaKTEPHO €ro OTPUIATEIbHO
3HadeHne. Kpome 3Toro, s BCeX MCCIIEOBAHHBIX COCTABOB HAOIOJACTCS 3HAUMTEIbHAS
3aBHUCHUMOCTb TEMIIEpATypHOIl MPOU3BOJHON IMOKa3aTessl MPEIOMIICHUS OT TEMIEPATypBhI:
dn/dT pacret ¢ noBsimenuemM 7. CormacHo [2], UCTIONB3YS OJHOOCHMILISATOPHYIO MOJEIb,
ko3 durment dn/dT s XambKOTEHHIHBIX CTEKON B OOJIACTH, OTHAIICHHOH OT IIOJIOC
(OHOHHOTO TIOTJIOLIEHUSI MOKHO MPECTABUTh B BUJE CYMMBI JIBYX COCTaBIISIONINX:
dn_ bry, 4my, 1do, 1
dT  n n o, dT 2’
1—| =
a)g

rae o — Ko3p@UIMEHT JIMHEHHOTO PAaCIIMPEHNS, ), — DIEKTPOHHAS IOJIAPU3YEMOCTbD, (g —
yactota ocuwuistopa. I[lepBas cocTaBisitonass BO3HUKAET 3a CYET M3MEHEHUS C
TEeMIepaTypol TIUIOTHOCTH CTEKJIa, Jpyras — 3a CUYeT HW3MEHEHHUS C TEeMIIepaTypoil
DHEPreTUYECKOH CTPYKTYphl CTEKJIa, T.€. BEJIHUUHBI (g YUHUTHIBas, YTO mapameT dwg/dT
MPUHUMAET OTPULIATETIFHOE 3HAUY€HUEe, COCTaBIsAOMUE (2) MMEIT NPOTHUBOMOJIOKHBIE
3Hakd. B BuanMoit obmactu ciekTpa i crekon As-S peobaanaeT nepBasi COCTaBIISIONIAS.
ITo mepe mnpubmmKeHHs K II0JIOCAM COOCTBEHHOrO TNOIJOMIEHH (w—w®gy) BTOpas
COCTaBISIIOIIAs  BO3pacTaeT, M TMpPH  ONpeNeJCHHOW JJIMHE BOJIHBI  YKa3aHHBIC
COCTABJISIFOIIMECS TIPUBOMAT K UX paBeHCTBY, T.¢. AN/dT npuaumaet HyneBoe 3HaueHue. s
JUTMH BOJIH, MEHBIIIE HEKOTOPOH MPENeNbHON Ag, BTOpas COCTaBISIONIAs OYAET ONMpeaeysTh
3HaK TeMIepaTypHoil mpou3BoaHoM N. Kpome »53Toro, momydeHHbIE pPE3YJIbTATHI
MOKA3bIBAIOT, YTO 3HAYEHHUE Ao 3aBHCSIT OT BEIUYMHBI 3alPEIICHHOW 30HBI HCCIEIyEeMbIX
CTEKOJI, HHBIMU CJIOBAMH, YEM MEHBIIE (g, TeM Oonblie Ag. Cpeam HCCaeIyeMbIX CTEKON
ToNbKO AS,S; mpuHuMaeT 3HaueHue dn/dT=0 wu ompenencHHOe HAMHU 3HaYCHHUE Ay PABHO ~
0.96 MxM. [I71s1 OCTambHBIX COCTABOB TOYKH HAXOJSATCS BHE MCCIIENYEMOM 00IacTH CIIEKTpA.
OtpunarenvHoe 3HaueHue  kodd¢umuenta dn/dT cBuaETENTLCTBYET O TOM, YTO B
ucclieyeMoil 001acT! CIEeKTpa JOMUHHUPYIOIIYIO POJIb UTPAeT TeMIepaTypHOe H3MEHEHHE
TUIOTHOCTH CTEKOJL.

Takum  oOpa3oM,  TeMmMIepaTypHO—CHEKTPaJIbHYIO  3aBUCUMOCTh  IOKa3aTelss
MPETIOMJICHHS CTEKI000pa3HBIX CIUIABOB CUCTEMBI AS-S MOXHO yIOBIIETBOPUTEIEHO
OOBACHUTh B paMKax OJHOOCHWJUIITOPHOM Mojenu. BenmnuumHa u 3HAK TeMIlepaTypHOU
MPOU3BOJHON TOKa3zaTeNlsl MPeJOMIICHHUS ONpeenseTcss JByMs BKJIaJaMH: 3a CYeT
U3MEHEHHUs] C TEMIEpaTypoll IUIOTHOCTH CTEKOJI U TEMIIEPATypHBIM H3MEHEHHEM
DHEPreTUYECKON CTPYKTYpPHI CTEKJIa. YCTaHOBIICHO, YTO yKa3aHHas MOJENbh HEmpuemiIeMa
JUTSI KOJTMYECTBEHHBIX OIICHOK B CIIEKTPaIbHON 00J1acTH, OJU3KOM K TI0JI0CaM COOCTBEHHOTO
MOTJIOIIEHUSI.

1. A.B.Me3enos, JI.LH.Comc, A.M.CtemanoB. TepMoONTHKa TBEPAOTEIHHBIX JIa3€pPOB. —
Jlenunrpaa.: MammHoctpoenue, 1986. — 183 c.
2. Y.Tsay, B.Bendov, S.S. Mitra. Phys.Rev.B. -1973.-V.8, N11.— P. 2688-2694.
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Po3paxyHok npodisiB po3noaisly eJIeKTPOHHHUX CTAHIB B 00J1aCTi
KPalo BJIACHOT0 NMOTJIMHAHHSA CTeK0J Ag—As-Se

Hlnak O.1.

YVoiceopoocoruii nayionanvnuii ynieepcumem, Yxpaiua,
88000, Vaiceopoo, eyn. Iliocipua, 46

Jnst peanbHOi KapTUHU po3nofuty ryctuHu ctadiB (I'C) B OKodl KpUTHYHHX
eHepriit £, 1 E, HeoOX1IHO BpaxOBYBaTH SIK PE3YyJIbTAaTH TEOPETUUHUX PO3PAXyHKIB
€JICKTPOHHUX CTaHIB B 00JIaCTi XBOCTIB IPH PI3HUX THUIIAX PO3YMOPSIKYBaHHS, TaK 1
eKCIIepUMEHTaJIbHI 1aHl IO ONTUYHOMY MOTJIMHAHHIO B 00JIaCT1 Kparo.

Bynemo BUXOIUTH 13 3arajdbHUX BUpa3iB [l TYCTHHH CTaHy B 00JacTi KpaiB V—1i
C—3omH [1]:

-1
9(E)~(E,—E)"" mpu E<E, (1a)
~(E — vel
9(E)~(E-E)"™" mpu E>E, (16)
1€ 9y 1 ). BA3HaY€Hl TONOJIOTTYHUMH 1HBapiaHTaMu HEHTpiB cMyr B C—1 V— 30Hax.

B o0nacTi kparo g anamzy posnofury I'C aiis crekolt B miTepatypi po3risgaloThbes
HACTYyMHI BUpa3U:

p(E) ~e’F

p(E)~e”

i BuxigHi Bupasu s posnoauty ['C xapakTepHi NpaKkTUYHO JUISL BCIX

TEOPETHUYHUX POOIT, TPUCBIYCHUX PO3PAXyHKAM T'YCTHHHU CTaHIB B 00JACTI Kparo i

JOCIIKEHHSI ~ BIUIUBY  PI3HUX THUMIB 0O€3Nagy Ha EHEPreTMYHUN  CIEKTP
HEBIOPSAAKOBAHUX MaTepiaiis [1,2].

Jlns po3paxyHKy KoedilieHTa moriauHaHHsS B oOiacti kpato o(hv) BuOepemo
HACTYITHI MOJIEJI TyCTHHHM cTaHiB [1]:

npu E,<E<E, (2)

p.(E)=0(E, —E)p ™= +9[E - E, ]ac\/E ~E. +(5—J : (3a)

c

v

2
p;(E-hv)=0(E-hv-E,)pe*& =™ 1 g[E, -E+ hv]év\/Ev ~E+ hv+[&j . (36)

ne #e<0)=0, Oe>0)=1 T 6le<0]=0, O[> 0]=1— pynkuis Xepicaiina.
Bynemo BuxoauTH i3 3araipHoro Bupasy mis a(hv):

hv-a(hv)=> A [ p,(E)p;(E—hv)dE (4)
i
ae ij = Ny, Ng Ly, L. TloBHuiI aHamiTHYHHH pPO3PAXyHOK BCIX CKJIaJOBHX
ahv)=a, +a, +a +a,, TpuBeacHO B HAOMMWKEHHI f. =/f, Ta Pe _Pv IS
ac av

mozeneir I'C (3a) i1 (30). PosB'si3aHHA  BIAMOBITHOTO IHTETPAIBHOTO BHUPA3Y
BU3HAYAJIOCH Ha KJacl mapaMeTpuyHo 3ananux Qyukriit (3, a—0). [lapamerpu moaemni
3HAaXOJIWJINChH 13 YMOBHU MIHIMYMY (DyHKI[IOHAITY
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?(A,;c,;v,ac,av,...):jdgp(g)[éa(g)—ﬂjdlzgi(E)gj(E —o)f (5)

o IIyKaHWM mapameTpaM, ae P(¢) — BaroBa ¢yHkimis. [Iisxom BapitoBaHHS JTBOX
napameTpiB  f. 1 fy, AoOUBanMcs Yy3rojkeHHS (HOpMH 1 CHEKTPadbHOI MOBEIIHKU
a(hV) 1 MeBHOTO CKIIaay 3 EKCIIEPUMEHTALHOIO KPUBOIO TorTMHAaHHS. OTpUMaHi B
pe3ynbTaTi po3B'SI3Ky IHTETPAIBLHOTO PiBHSAHHA (5) mapaMeTpu BUKOPHCTOBYBAIHUCH
UL po3paxyHKy iHTerpaiabHOi Ns TYCTHHH CTaHy B XBOCTI BQJICHTHOI 30HU 1 30HH
poBigHOCTI (puc.1.)
NS = [ p(E)dE (6)
[3  pospaxyHKiB 1  MOJENIOBaHHS  Kpaw  TOTJMHAHHSA  CIUIaBIB
(AgySe) (AsySes)100.x BHUILUIMBAIOTH J1Ba Ba)KJIMBI BUCHOBKH: a) IS BCIX CKJIaJIiB
x>0+10 xBicT 30HH HpOBiI{HOCTi Crajiae Pi3Kille XBOCTa BAJIEHTHOI 30HH, TOOTO
p=Py; 0) 301b1IeHHS BMICTY AgySe MPUBOAUTH A0 YIIMPEHHS, K XBOCTAa BAJIEHTHOI
30HM, TaK 1 30HM MPOBIJHOCTI, ajle MOYMHAIOYM 13 ckiany Xx>5 — f>>p,. lle
3HAYUTh, 110 ONTUYHUN XBICT, 3aPEECTPOBAHUN HA EKCIIEPUMEHTI, SBIISIE COOOIO XBICT
PO3MOJIITy TYCTUHM CTaHIB BaJleHTHOI 30HU. Crenudiuna noBeainka N, 11 cKiajiB
x=5,10 (3ruHM), MOKa3ye, 10 MOSBA «ILJIEYa» ONTUYHOTO XBOCTA MPHU LIUX CKJIaJaX HE
€ BJIACHUM, a MOB'A3aHa 3 Je()EeKTaMH CTPYKTYPHOIL CITKH CTEKOJL.

3 (-E+E, )% a (E-E )"

9(E)

Puc.1. CxeMaTuuHUA pO3IOIiT CTaHIB 3 €KCITIOHSHIIIAIbBHIMHU
xBoctamu ['Cy 1 I'C,.. lo po3paxyuky a(hv) mo dopmymi (4).

[IpoBeneH1 po3paxyHKH, CydacHi €KCIIEPUMEHTAIbHI PE3YIbTaTH IO ONTUYHOMY
MOTJIMHAHHIO TOKa3yI0Th, IO PO3TISHYTa MOJENb SKICHO TMOSICHIOE 3MIHH (HOpMHU
Kparo mpu Bapiamii ckiany cmiaBiB cuctemu Ag—As-Se. Xoua dopma kparo i
YCKJIaJIHEHA  €JIEKTPOH—(OHOHHOI  B3a€EMOJII€I0, 3MIHA Haxuily, HMOBIPHO,
B1J100paka€e 3MiHHM PO3MOALLY CTaHIB B XBOCTI.

1. 1.bonu-bpyesnuu  B.JI.  Bompockl  3JIeKTpOHHOW  TEOpUU  HEYNOPSAOYCHHBIX
nonynpoBoauukos / B.JI. bonu—bpyesuy // —Y®H. —1983. -T.140, B.4. —C.583— 636.

2. 2.Crynensik LII., Kpansuen M., Kypuk M.B. OnTuka po3ynopsaKoBaHUX CEpPelOBHII. —
Vxkropona: ['oepaa, 2008. — 224 c.
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HIBuakicuuii Mmeroa GopMyBaHHS MAaCUBIB HAHOYACTHHOK MeETAJIB
Scinko T.I.l, Yk P.B.l, Ilom M.M.l‘z, ITicax P.H.l, Onomnko B.B.l, Kupunenko B.K.!

1Y3fc20p000b1<a nabopamopis mamepianie onmoeiekmporiku ma pomouixu Incmumymy npoonem
peecmpayii inghopmayii HAH Ykpainu,
éya. 3amxosi cxoou,4, 88000, Yoceopoo, YVrpaina, email:center.uzh@gmail.com
ZVOfCZOPOC)CbKMﬁ HayioHanvHul yHieepcumem, ni. Hapooua, 3, 88000 Yaceopoo, Ykpaina

B [1-4], Oyno moxka3aHo, 10 HEyHmoOpsAKoBaHI MacwBu HaHodacTHHOK (HY)
OJ1arOpoJHIX METalliB MOXKHA OJIEP’KYyBaTH IIJISIXOM TEPMIYHOTO BigNaly Ha MOBITPI
TOHKMX HAHOPO3MIPHUX IITIBOK 30JI0Ta 1 cpibia, MpUUOMY CEpedHiil po3mip
HAHOYACTHHOK 3aJICKUTh BiJ] HOMIHAJbHOI TOBUIMHM IUTIBOK AU 1 Ag, TemmepaTypH
iX BiAMamy Ta MIBUIKOCTI HarpiBaHHs. Taki MOp(OJIOTIYHI 3MIHM MPU3BOIATH 1 10
CYTTEBUX 3MIH B CHEKTpax MorjauHaHHA. [3 30uibmieHHsaM po3mipiB HU Au 1 Ag
MOJIOKEHHSI MAaKCUMyMY CMYTH TOBEPXHEBOTO I1a3MOHHOTrO pe3oHancy (IIIIP) A,
3CYBAa€ThCA B JUISHKY OIIBIIUX JOBXKUH XBWIb. JIJIsi MacuBIB HaHOYacTHHOK AU
3HAYCHHS A, 3HAXOAHUTHCA B Mexkax 520-580 um [1, 2], a ;s HY Ag — 480-510 uwm [3,
4]. B 1ipboMy IJ1aH1 MEHIII BUBYCHUMH € TJIA3MOHHI CTPYKTYPH Ha OCHOBI TUTIBOK MIIi.
B [5] mocmimkyBamucs onTHYHI XapaKTePUCTUKU TOHKUX IiiBok Cu (20-120 Hm),
HaHECCHUX SK Ha HEmiAIrpiBadi, Tak 1 Ha mmirpiti 10 573 K ckistHl migkinaaku. B
creKkTpax TmoriMHaHHsS T1UTiBOK CU BUSBIEHI CMYTH TOTJIWHAHHA (MiHIMaJbHE
3HaUY€HHA NOpu A=560 HM), IHTEHCUBHICTb SIKMX 3MEHIIYEThCS IPU 3MEHILIEHHI
TOBIIMHM TUTiBOK. CMyra morimHanHsa npu 700 HM, Ha JyMKy aBTOpiB podotu [5],
OB’ s13aHa 3 €)EeKTOM IIJIa3MOHHOTO TTOTJIMHAHHS.

B nmaniii poOOTI HaBeleHI pe3yJbTaTH EKCHEPUMEHTIB MO (HOPMYBaHHIO
HeynopsiakoBaanx MacuiB HY Ag, Au, CU MeTomoM MIBHUAKOTO pamiamiitHOTOo
HarpiBaHHSI.

Tonki muniBku cpidna (4-20), 3omota (2-25) 1 migi (10-40 am) Oynu oxepkaHi
Ha cepiifHii BakyyMmHii yctaHoBili BVYII-4, noocHamieHiii psgom By3IiB, SKi
3a0e3meuyoTh 3aJaHHs, CTa0UT3allil0 1 KOHTPOJb OCHOBHUX TEXHOJOTIYHUX
napameTpiB TPOIECY HAMWJIEHHS: TEMIIepaTyp BHUIIAPOBYBAHHS Ta KOHJEHCAIII],
TOBIIMHU KOHJICHCATYy Ta IMIBUJKICTh Horo pocty. ®opmyBanus macusiB HU Ag, Au,
CU mpoBOAMIIOCH 3a JOMOMOIOK po3pobiieHoro mpuctporo [3], skuil 3abe3neuye
pajianiiiHe HarpiBaHHs MIIKJIAI0K 3 MeTaieBoto IuiiBkoro A0 700 K 31 mBUAKICTIO
20-25 K/c na moBiTpi Ta crabimizamio ix temmepatypu B iHTepBaim 400-700 K.
HocnimxkernHss Mopdoyiorii HAHOYACTUHOK MIJ1I MPOBOAMWIM 3a JOMOMOTO aTOMHO-
cuioBoro mikpockorry Nanoscope Il a Dimension 3100. CrnekTpu mnporycKaHHS
MacHBIB HAHOYACTHHOK JOCHIDKYBaJld 3a JIOIOMOIOK  CleKTpodoToMeTpa
Ocean Optics.

Ha puc.1 naBemeni ACM-300paxennss macuBiB HU Ag (a, 0) Ta cmektp
MPOITYCKaHHS OJHOTO 3 MacuBiB (B), onepkaHux muisixoMm mBuakoro (30-60 c)
pamiaiiHOTO HarpiBaHHs IUTIBOK cpiOja pi3HOI TOBIIMHM Ha TOBITpi. AHaI3
pesynbTatiB. ACM noCHipKeHb Ta CIHEKTPIB TPOIYCKAaHHS OJIepKaHUX MAaCHUBIB
mokasas, mo po3mipu HU Ag B Hux ~20-80 HM, a 3HaYEHHS A,; 3HaXOAATHCS B JTUISHIT
cnektpy 490-510 am. ACM-300pakennss HY Ag Ta iX criekTpu mpoIrycKaHHs
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Puc.1. ACM-300paxxennst macusiB HY cpibina, chpopMoOBaHUX HIISTXOM HIBUAKOTO
paziaiiiiHoro HarpiBaHHs IUTIBOK pi3HOI TOBIIMHM (2, 6) 1o T=673 K, Ta cnexp
MPOITYCKaHHS OJIHOTO 3 MAacUBIB (B)

DAIM_AFM2018\Rubishirubish_n3.003.4th90 DAIN_AFM\2018\Rubishirubish_cu_300_0.002.dth90 ¢

Height Range: 59.24 nm

Height Range: 8.058 nm

\N_AFM2018\Rubishirubish_cu_300_2x.000.0th90

Helm Range: 21.01 nm

Puc. 2. ACM-300paxeHHs MOBEPXOHb CBIXKO MTPUTOTOBAHOI (a)
ta Bignanenoi mpu 573 K (6) 1 623 K (6) muriBok mifi
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Puc. 3. Ilepepizu ACM-300paxeHb MOBEPXHEBUX pebe]iB, HABEACHUX Ha puc. 2

noi0oHi HaBeaeHuM B [1, 2]. Beranosnero, 1mo po3mipu HU Ag i AU Ta 3HaYCHHS A,
3aJIeXaTh B1Jl TOBIIMHYU BUX1IHHUX IUTIBOK Ta TEMIEPATYPH BiANAILY.

Ha puc. 2 naBeneni ACM-300pakeHHs, a Ha puC. 3 BIANOBIAHI TEpepi3u
BUOpaHMX penbediB TMOBEPXHI CBDKOMNPUIOTOBaHOI (@) Ta BiANAJICHOI MIpHU
temnepatypax 573 K (6) 1 623 K (8) mniBku Miai ToBmuHow 30-35 am. BunHo, 1o
IIBUJKE pajialiiiHe HarpiBaHHA IUTIBOK MIJIl HAa MOBITPI NPU3BOAUTH 10 (POpMyBaHH:
HeynopsiakoBanux macusiB HU Cu 3 po3mipom HaHOYacTHHOK ~ 15-30 HM (puc. 2 6)
ta ~ 30-50 M (puc. 2 8), BiNMoBiAHO. JJOCTIIKEHHS CIIEKTPIB MPOITYCKaHHS MaCHUBIB
HY Cu 3a momomoror BosoKOHHOTO criekTpodoTomeTpa Ocean Optics moka3zainu, 1o
MOJIOKEHHSI CMYTH MOBEPXHEBOTO TUIA3MOHHOTO PE30HAHCY 3HAXOJIUTHCS Y BUIIMMIM
obOnacTi cnekTpy. BcraHoBieHo, 1o cepefHiii po3Mip HaHOYACTHHOK 1 MOJOKEHHS
Makcumymy cmyru [1T1P 3anexuTs Big TeMOeparypu Bianary.

1. Trunov M.L. Light-induced mass transport in amorphous chalcogenides/gold nanoparticles
composites [Text] / M.L. Trunov, P.M. Lytvyn, P.M. Nagy [et al.] // Semiconductor Physics,
Quantum Electronics & Optoelectronics. — 2013. — V. 16. — N. 4. — P. 354-361.

2. Trunov M.L. Light-induced mass transport in amorphous chalcogenides: Toward surface
plasmon-assisted nanolithography and near-field nanoimaging [Text] / M.L. Trunov, P.M.
Lytvyn, P.M. Nagy [et al.] // Phys. Status Solidi B. —2014. — V. 251. — N. 7. — P. 1354-1362.

3. Oypxotr M.O. ®opmyBaHHS MacHBiB HAHOYACTUHOK Cpibia pizHOI MOpdoIIorii Ta iX onTHUYHI
xapakrepuctuku [Tekct] / M.O. [dypkor, B.K. Kupunenko, I1.M. JIutsun Ta iH. // Tezu VIII
VYkp. HayK. KoH(. 3 (izuku HaniBnposigHukie (YHK®H-8). — Vikropon, Ykpaina. — 2018. —
T.1. - C. 194-195.

4. Durkot M.O. Formation of Ag nanoparticles arrays and their optical transmittance spectra
[Text] / M.O. Durkot, V.K. Kyrylenko, P.M. Lytvyn [et al.] / Mat. Intern. Meeting “Clusters
and nanostructured materials (CNM-5)”. — Uzhgorod, Ukraine. —2018. — P. 163-164.

5. bapabamm M.IO. MWnentudukanus mIa3MOHHO-PE30HAHCHBIX XapaKTEPUCTUK TOHKHUX
MeTtaimyeckux mieHok // JXKypHan HaHo- Ta enekTpoHHOi (izuku, 2018. — T.10, Nel. —
01025 (S5cc).
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Kinernka (pazoBux neperBopeHs B aMOP(PHMUX IUIIBKAX CUCTEMU

ASgSg'SbSl

SAcinko T.LY, Uuuypa LL2 Tapnaii A.A.Y, Onomko B.B.2, MotpyHuu B.B? Ko3ycenok 0.B.?

L Voiceopoocvra nabopamopis mamepianie onmoenekmpoHixu ma pomouniku Ilncmumymy npooiem
peecmpayii inghopmayii HAH Ykpainu, eyn. 3amxoei cxoou,4, 88000, Yaceopoo, Vrpaina,
email:center.uzh@gmail.com
2 Vaiceopoocoxuii nayionanvruil ynieepcumem, ni. Hapoona, 3, 88000 Yoczopoo, Ykpaina

Omaum 13 meroniB XCH, sAkuil [1o3Bosise BUBYATH IpoliecH (ha30BUX
neperBopeHb B amoppHux miiBkax XCH Ta Bu3Ha4yaTu iX KIHETUYHI NAapaMmeTpH, a,
BIJIMOBIAHO, 1 MEXaHI3MU KpUCTali3alii, € onTuaHuil Meton [1, 2], 3acHOBaHMI Ha
peecTpallii 3MiHH ONTUYHOTO MPOMYCKAHHS TpU il 30BHINIHIX YMHHUKIB, 30KpeMa,
Temreparypu. BUB4eHHs KIHETUKU 1 MeXaHi3MiB (pa30BUX MEPETBOPEHbB, CKIaay (a3,
K1 BUAUIIOTBCA NPH KpUCTaJi3alliil IJIIBOK, A€ MOXKJIMBICTh BUPOOUTH KOHKPETHI
pEeKOMEHJalli MO MiJABUIICHHIO 1X TEMIEpPaTypHO-4acOBOi CTAOLIBHOCTI, KEPOBAHIM
3MiH1 BJIACTUBOCTEH MPHU Baplallisgx CKIaTy, YMOB OJIepKaHHs, TEPMIYHOI 00OpOOKHU Ta
iX MOXJIMBOMY BHKOPHUCTAaHHIO B SIKOCTI €JIEMEHTIB ONTO- 1 HAHOEJIEKTPOHIKH,
(OTOHIKM, CEHCOPUKHU. B 1IbOMy MIlaHI 3HAYHUI 1HTEpEC MPEACTaBISAIOTh aMOpQHI
IUTIBKK Ha OCHOBI cyibdoioauny cypmu (SbSI), kpucramiunuii aHajor sSKoro €
SCKPaBO BUPAKEHUM OJJHOBHUMIPHUM CETHETOEIEKTPUKOM.

Hana poOoTa mpHUCBAYEHA JOCHIPKEHHIO TEMIIEPATypPHO-4aCOBUX 3MIH
ONTUYHOTO TMPOIyCKaHH aMop(dHUX IUIBOK cuctemu AS-Shb-S-1 (BuBuaBcs po3spis
As,S3-SbSI) Ta BU3HAYCHHIO KIHETUYHUX MApaMETPiB 1 MeXaHi3My iX KpucTasi3aliii.

Tonki mmiBku (AS;S3)100x(SBSI)y 3 x=55, 60, 70, 80 i 90 mon. % TOBIIMHOIO
~ 1 MKM OepKyBaJIUCh IUIIXOM BaKyyMHOTO BHUIIAPOBYBAHHS CTEKOJ BiAIMOBITHUX
CKJIAJIB 13 KBa313aMKHYTUX €(y31MHUX KOMIPOK Ha HEMiAIrPiBaHl CKJIAHI IMiJIKJIAJIKH.
JIoCiDKeHHST  TeMIIepaTypHO-4acoOBUX 3MiH omTu4yHOro mnpomnyckanus O(T, t)
npoBoawiauck Ha A=850 HM B iHTepBasi Temneparyp Bin kiMHaTHOI (7.=293 K) mo
450 K o meToutti, mpuBeAeHii B [1].

1,0 [ oo ysnaRRR 4 ’
—o—0,64 Klc 09} —o5—0,64Klc
—o0—1,28Klc —o—1,28 K/c
08l —4—2,56 Klc —a— 2’56 K/c
= o06] =06
% 2
e =
® 04} s
0,2+ o
0,0 b1 L 1 1 L 1 L L L .-E%
300 320 340 360 380 400 420 360 400 440
T,K T,K

Puc. 1. 3anexnocti 0(T)/0(7}) Bix TemmnepaTypu miiBok (AS;S3)10(SbSI)g (a) 1
(AS2S3)20(SbSI)g (6) mpu pi3HKUX MBUAKOCTIX HArPiBaHHS
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JlocmimKkeHHsT He130TepMIYHOT KpUCTami3amii TIIBOK MOKa3aiu, 0 3aJIeKHICTh
0(T) mae cximyacTuii XapakTep, a TeMIeparypa nepexony 7, Ta iHTepBall IEPEXOLY 3
aMop(HOro cTaHy B KpucTali4Huil AT 3aiekaTh BiJ CKIany IUIBOK Ta IIBUAKOCTI
HarpiBaHHs (. 3aJ©KHOCTI MIBUAKOCTI 3MiHM ONTHYHOTrO mpomyckanHs dO(T)/dT
WIBOK (AS2S3)10(SPS1)go 1 (AS2S3)20(SbSI)g0, a, 3HAYNTS, 1 BUAKOCTI 3MiHU YaCTKH
kpuctamigydoi ¢asu  N(t) Bim 7, npu pisHEX (, OAepKaHI YHUCEIHHUM
audepenmiroBandsam 3anexHocreid 0(T)/0(293)~ f(T) (puc. 1 a 1 1 6), HaBeacHi Ha
puc.2 a i 2 6. Cxuagamii xapaktep 3anexnoctedt 0(T)/0(293) 1 do(T)/dT
0OyMOBJIEHUH 3MiHaMU MEXaH13M1B KpUCTai3allii Ta MipHOCT1 KpUCTaIiuHoi dazu [2,

3]. Pesynbraté AOCHIIKEHHS KIHETHKHA 130T€PMIYHOI KpHCTami3amlii IJIiBOK
MiATBEPKYIOTh JaHUI BUCHOBOK.
0,15
0,07 a 6
,,,,,,,,, 0,64 Klc 1-0,64Klc
0,06 —1,28Kl/c 0,12 2- 1,28 Klc
2,56 K/c 3-2,56 Klc
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Puc. 2. 3anexnocti dO(T)/dT Bix Temnepatypu miiBok (AS;S3)10(SbSH)gg (@) 1
(AS2S3)20(SbSI)go (6) ipu pi3HUX MIBHIKOCTSIX HArpiBaHHS
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Puc. 3. Po3paxoBaHi 3a1€KHOCTI |n[r(t)/r(0)]~ f(t) (a)i In[ln(l— N (t))] ~f(In7) (6) mrs

BHU3HAYCHHS CTAJIMX Yacy pesiakcallil Ta MoKa3HUKa CTETICHS PeakKIlii i30TepMivHO1
KpI/ICTaJIi3aL[i.l. ILJIIBOK (A3283)10(8b8|)90 (1) 1 (Astg)zo(SbSDgo (2)
(Tion., K: 1-388, 2-396). (TOUKH — €KCIIEPUMEHT; JIiHIT — alPOKCHMAIIist)

JocnipkeHHst moka3aiiy, mo 3aiexxHocti 3miHu 0(T) Big yacy Bianany t mpu
pizHuX T, MaloTh penakcariiHuii xapaktep. Kineruka mpoiiecy KpucTamizaiii
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OMUCYETHCA EMITIPUYHOIO 3anexHIcTI0O KonMoropoBa-ABpami [3], sika BCTaHOBIIOE
3MiHY 9acTKu KpucTaiaigHoi ¢a3u N Bifg yacy:

N(t)=1-exp(-Kt") (1)
Tyr K — mocTiiiHa MBUIKOCTI MpoIecy, N — MOKa3HUK ABpami (MOKa3HUK CTEIICHSI
peakiii KpucTamizaiii, SkAd BH3HaYae MexaHi3M mporecy). 3menmieHHs 0(T)
BIIOYBA€ThCSI HE MHTTEBO, a XAPAKTEPU3YETHCA IMEBHUM YacOM 3aTPUMKHU To.
OueBHIHO, HA I cTaJlli TPOXOAUTH MPOIIEC YTBOPEHHS 1 PICT IIEHTPIB KpUCTai3alli
70 JTOCSTHEHHST HUMH KPUTHUYHOTO po3Mipy. Benmwumua 7 3aleXHTh Bia CKIIamy
WIBKU Ta Ty, . 13 30utbmenusM 7T, BeTWYMHA To 3MEHITyeThcs. KiHeTwuHi
mapamMeTpH Ppeakilii Kpucrtamizamii BH3Ha4Yaauch 13 Bupazy (1) meromom (a3oBux
TpaekTopiii [2, 4] 3 BHUKOPUCTAHHSIM pO3PAXOBAHUX MPOMIKHHUX 3aJEKHOCTEH,
HaBeJICHUX Ha puc. 3 4, O.

Bcranosneno, mo npu t<ty mokasuuk N<l. Lle o3Hayae, 110 B MBI MPOXOIUTH
3apOJIKOYTBOPEHHS 1 PICT HAHOPO3MIPHUX KPUCTAIIYHMUX BKIHOYeHb. Ha HacTymHii
ctanii (t>1p) BenmnuuHa N ckinanae 1.6-1.8. [IpakTuuno, moka3HUK ABpami N BU3HAYAE
YHUCJIO CTEIMEHIB BUILHOCTI POCTY KPHUCTATIB 1 Y KJIACHYHOMY BHUIIAJKY JJIsl OJIHO-,
JIBO- 1 TPUBHMIPHOTO POCTYy BeiauduHa N ckiagae 1, 2 1 3, BianosiaHo. Lle o3Hauyae,
1110 B aMOpQHIi MaTpuIli TUTiBOK cucTeMu AS;S3-ShSI rmpu meBHUX yMOBax TepPMiuHOT
00poOKH (HOPMYIOTECS 1 POCTYTh OJTHOBUMIPHI JIAHITFOXKKOB1 KPUCTAIYHI BKITFOUEHHS
SbSI. Onepkani HaMH HELUIOYMCENIbHI 3HAYCHHS N CBiAYaTh MPO T, HIO MPOIEC
KpHUCTali3alii CylpoBOIKY€EThCSI HECTALIIOHAPHUMHU JU(DY31HHUMH IPOLECAMHU.

1. Rubish V.M., Kozusenok O.V., Shtets P.P. et al. Crystallization study of (As,S3)100-
«(SbSI), amorphous films by the optical method // Semiconductor Physics, Quantum
Electronics & Optoelectronic., 2012. — V.6. No.3. — P. 294-297.

2. Kozycenok O.B., I'opina O.I'., Map’sta B.M., I'opsar 0.A., Typsuaums L1., Py6im B.M.
Mexani3m kpuctaiizamii amopdHux miiBok Sh,Se; // HaykoBuii BicHuk Yxkropoa. yH-
Ty. Cepist @i3uka, 2013. — No 34, — C.64-67.

3. Avrami M. Kinetics of phase change I. General theory // J. Chem. Phys., 1939. - V.7. —
P.1103-1112.

4. Typsauis LI., Kozycenok O.B. KinetnuHni mapamerpu KpucTanizailii TOHKHX TUTIBOK Ha
ocHOBI ctekon cucreMu Ge-As-Te ta ix tepmoonTtuyHi 3MiHu // HaykoBuil BicHuk
Yxropoa. yH-Ty. Cepis @i3uka, 2006. — B. 19. —C.50-56.
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