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PEJIKOJIET' I

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

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

Hpykyerbes 3a pimeHHsM Oprkomitetry CM®XT-2021 1 Buenoi pamu Inctutyry mpobiiem
peectparii iHpopmartii HAH Vkpaiau

Marepianu Ikonu-koHdepenuii monoaux BueHNX «CydacHe MaTepialio3HaBCTBO: (i3HKa,
ximist, Texuosorii (CM®XT — 2021)» — Vxkropoa: @OII Cabor A.M., Ykpaina — 320 c.

Martepianu BioOpa)xaroTh 3MICT JIEKIIM BITUM3HAHUX Ta €BPOIEHCHKUX HAYKOBLIB y Taiysl
¢bi3uky, XiMii Ta TeXHOJOTii HOBMX (YHKIIOHAJbHUX MaTepiayliB Ta JONoBined KoHpepeHwii 3a
pe3ynbratamMu (yHIaMEeHTaIbHUX Ta MPUKIAJAHUX HAyKOBO-JOCIIAHUX POOIT 3 aKTyaJIbHUX MUTaHb
B 00JIaCTI Cy4acHOr0 MaTepiajlo3HaBCTBA 3a PI3HMMHU HaNpsIMKaMH: MeTalld, CIUIaBH, Kepamika i
KOMITO3UI1MHI MaTepiajii; HaliBIPOBIJHUKOBI, J1€JIEKTPUYHI, MarHiTHI Ta CKJIONOI0HI MaTepiaiu;
HAaHOCHCTEMH, HaHOMaTepiajlu, HAHOTEXHOJOril; pO3MIpHI eQeKTH, caMoopraHizamis 1
MOJIETIIOBaHHS HAHOCTPYKTYp; IUIIBKHM, MOKPUTTS 1 MOBEPXHEBI HAHOCUCTEMHU; O10(yHKIIIOHAIbHI
HaHoMaTepiajii, HAHOCUCTEMHU B 010JI0T1i Ta METUIIMHI; MOJIMEPH, CYPaMOJIEKYISIpHI CTPYKTYpH,
KOJIOIHI ~ CHCTEMHM, aeporeill; TEXHOJOTis, JIarHOCTHKa Ta 3acTOCYBaHHS  MarepialiB
PI3HOMAaHITHOTO IPU3HAYEHHS.

Bunanus po3paxoBaHO Ha HAyKOBMX MpalliBHHUKIB, 1H)KEHEPIB, BUKJIa/1a4yiB BY31B, aCHIPaHTIB 1
CTYJICHTIB BiATIOBITHUX CIIEI1aTbHOCTEH.

© IIIPI HAHY
ISBN 978-966-02-9688-6 © Oprkomirer «CMOXT — 2021»
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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)

bensier O.€., becmanos C.A., bponin M.C., BoeBozain B.M., Bucouancekuii F0.M., Kaprens M.T.,
Kinaneko B.I1., Komicapenko C.B., Komeuko B.I'., Kyuyk-fuenko C.I., MansueBcbkuii [LA.,
Mapuenko O.A., [lerpos B.B., [lexurso B.1., [Toxonenko B./I., [Ipokonenko B.A., Paryns A.B.,
UYexyn B.D.

IIporpamumii oprkomirer:
Kprounn A.A., Pizak B.M., Py6im B.M., Ctyznensk LI1., YBapos B.M.

JlokaabHMii Oprkomirer:
Py6im B.M., Makap JLI., [Ton M.M., fcinko T.I., Koporyn A.B.
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National Academy of Sciences of Ukraine
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 — 2021)

Uzhgorod Vodogray Ukraine,
4 - 8 October 2021

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 M.M., Rubish V.M.

Published by the decision of the Organizing Committee of MMSPCT - 2021 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 - 2021)» — Uzhgorod: PE Sabov A.M. , Ukraine — 320 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.

© IIIPI HAHY
ISBN 978-966-02-9688-6 © Oprkomirer «CMOXT — 2021»
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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 O.E., Bespalov S.A., Brodin M.S., Chekhun V.F., Kartel M.T., Kladko V.P.,
Komisarenko S.V., Koshechko V.G., Kuchuk-Yatsenko S.I., Malchevskii I.A., Marchenko O.A.,
Pekhnyo V.1., Petrov V.V., Pokhodenko V.D., Prokopenko V.A., Ragulya A.V., Voevodin V.M.,
Vysochanskii Yu.M.

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

Local Organizing Committee:
Rubish V.M., Makar L.I., Pop M.M., Yasinko T.I., Korotun A.V.
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Henins, 3 :xxoBTHa 2021

10%-19% - Peectpanis yuacuukis llIkonu-kongepenuii monoaux BueHux «CyyacHe
MaTepiano3HaBcTBO: Qi3zuKa, Ximisi, TexHosoriny (CM®XT - 2021)

IMounexninok, 4 :xoBTHa 2021

9. 15% Peectpanis yuacuukis llIkonu-kongepenuii monoaux BueHux «CyyacHe

MaTtepiajio3HaBcTBO: (izuka, ximis, Texnomaoriny (CM®XT — 2021)
13%- 14% — 06in

15%-15% - BinkpurTsa lHIkoan-kondepenuii moroaux BueHux «CyyacHe
MaTepiajio3HaBCcTBO: (pizuka, Ximist, Texnosoriin (CM®PXT - 2021)

3anpouieni Jekuii

lNonoByrounii: Pyoim B.M.

15%- 16*° — «Hanopo3mipHi cHcTeMH: JOC/TiIKeH s | pO3POGKH B HALIOHAIB Hii
akajeMil HayK yKpaiHu
ynen-kopecnondenm HAHY YBapos B.M.
Haymogenp A.T'., YBapoB B.M., ManbsueBcekuii I.A., becrianio C.A.

16%- 16 — IIepepBa Ha KaBy

16°-17°° - «MyJabTH(pepoiku (pochopBMiCHUX XaIbKOICHIAIB MeTAJIB 115
HAAIUIBHUX Ta HAMIIBUAKUAX cHcTeM 00poOKH iHdopMmamii»
akaoemik HAHY Bucouancbkmii F0.M.
Bucouancekuii 10.M., I'nyxoB K., I'punis B., Korytuu A., Kyaaps M.,
JIro6auko B., Menymua M., [lunom 1O., €Buy P.

17°°-18%° — « HanocTpykTypa B iepapxii HeogHOpiaHOCTeil aMOpQHUX PEYOBHH »
npog). IBanunbkuii B.I1.

19%- 20% — Beueps

15%-19% _ Crenaosi 1onoBiai
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BiBTopok, 5 skoBTHs 2021

g%0- 9% _ CHiZaHOK

3anpoueHi Jekuii

['onoByrouuii: YBapos B.M.

9%.10%—  «Features of thin film materials for thermoelectricity on the case of
PbCdTe ternary system » online
prof. Nykyruy L.
Nykyruy L., Naydych B., Chernikova O., Yavorsky R., Tsymbalyuk T.,
Yavorsky Y.

10%- 11%° —  «Colloids of noble metals: synthesis, characterization, application»,
Dr. sc. (Chem.), Senior Researcher I. Mukha
Mukha 1., Vityuk N., Eremenko A., Khodko A., Kachalova N.,
Lyberopoulou A., Katifelis H., Gazouli M., Ohulchanskyy T., Chepurna O.,
Chmyrov A., Ntziachristos V., Ludmyla S., Yanish Y., Zaletok S.,
Malysheva M., Pivovarenko V., Rusinchuk N., Lozovski V.

11°-11%° - IlepepBa Ha KaBy

YcHi ponosini
11%° — 11 _ «JlepapxiuHi HeoiTH SIK MePCIEKTHBHI KATATI3aTOPH MpoLECy
o/Iep:KaHHs KapOOHATIB 32 peakli€cl0 KOHAeHCcAIlil eMOKCUIIB 3 JiOKCHI0M
BYIJIEL[I0»
Kypmau M.M., Konumesa K.M., fApemos I1.C., [lIgens O.B., lllep6ans H./I.
11% - 12 — « Influence of Cold Plastic Deformation on a-Fe Recrystallization »
Kaverynskyi V., Verbylo D., Bagluk G.
12%°- 12— «Tena0Bi B1aCTHBOCTI CKIOMOXIGHUX MaTepiaTiB»
Kpupuikos O.
12%° - 12— «Antibacterial activity of doped ZnO nanostructures against Escherichia
coli» online
levtushenko A., Garmasheva I., Karpyna V., Myroniuk D., Myroniuk L.,
Kasumov A., Bykov O., Olifan O., Kolomys O., Strelchuk V., Petrosuan L.
13% - 14%° — O6in

I'onoyrounii: Becnanos C.A.

3anpouieHa Jexkuis

14% — 15% _ «Methods for creating nanoscale elements by optical radiation», online
ynen-kopecnonoenm HAHY Kryuchyn A A.
Kryuchyn A.A., Petrov V.V., Rubish V.M., Melnik O.G.,Kostyukevych S.O.

Ycni nonosini

15% — 15%° — «JloctimkeHHsT MACTOK YJIbTPa3ByKOBMMH BiOpanissmMu B
rerepocTpykrypax GaN/AlGaN »
Kamroxnuwmii B.B., JIroouenko O.1., Tumouko M.JI., Onix .M., Knansko B.I1.,
bense O.€.

15%° — 15" — «Mexawniuni BracTHBOCTI HeTiHIHO-ONITHYHUX MOHOKPHCTAJIIB
GaSe:Cr»
Kanycrauk O.K., Tepsin I.C., Codponos J[.C., Kosanenko H.O.,
[Mpuryna .M., IyGina H.I'.

11
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15% —16% —

1600 _ 1620 .

«HaH030H10Ba 1IarHOCTHKA MPOCTOPOBOI0 PO3MOALTY eJIEKTPOHHUX
BJIacTHBOCTeH cekTopiB pocty MmoHokpuctaiais HPHT-anma3zy Tumy IIb »
online

Martora C.B., JIuteun I1.M., Cty6pos FO.1O., Hikonenko A.C.,
Crpenbuyk B.B., KoBanenko T.B., [Baxuenko C.O.

IIepepBa Ha KaBy

lNonoByrounii: bapadam M.IO.

1620 . 1640 .

16% - 17%° -

«HaHocTpyKTypoBaHi GioMaTepiajiu Ha OCHOBI iOAUIY XITO3aHY 3
0i0JI0TIYHO aKTHBHUMH OapBHUKaMu» online

Tpodumenko A.B., Kaninkesuu O.B., 'onyonnua B.M., Cxisip A.M.,
Kaniakesnu O.M., Jlaauiapueako C.M.

«BnjanB TOUKOBHX Je(eKTiB HA (Pi3HYHI BJACTUBOCTI XaJIbKOTeHiTHUX
HamiBnpoBigHHUKiB» online

Huyuniox T., Menvnuuyk K., I'anan B.

17%° - 17%° — «PbSnTe-Based Thin-Film Structures for Thermoelectric Applications »

1770 - 17% -

online

Naidych B., Parashchuk T., Yavorsky Y., Yavorsky R., Kostyuk O.

«How the size, stabilizer and concentration of Ag nanoparticles influence
on their antiviral and antimicrobial properties?»

Rusinchuk N., Lozovski V., Lysenko V., Mukha lu., Vityuk N., Bilyavska L.,
Naumenko K., Zahorodnia S.

17%° - 18% — «Bcranosienns BigminHocTeii XapPaKTePUCTHK 3Pa3KiB, OTPUMAHHX 32

TEXHOJIOTI€H0 IHKeKIiHHOT0 JIUTTH MOPOIIKIB»
Conositora T.O., 3aBaatok C.B., llItodens O.0., TpocHikona L.1O.,
Jlo6ona I1.1., Kapacescbka O.I1.

19%°-20% - Beueps

g% 1% _

CrenyoBi 1onoBiai

12
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Cepena, 6 :xoBTHa 2021

goo_ oo _

CHI11aHOK

3anpouena Jekuis
lNonoByrounii: Pyoim B.M.

9. 10% _

1000_ 1100 .

1100 _ 1120 .

«MopgeqbHi po3paxyHKHu Aucnepcii poHOHIB B KOHIENIiT HA/I MIPOCTOPOBOL
CHUMETPii»,

npog. Hedoaa L.1.

He6ona I.1., Kataaumg A.®.. HlkupTa .M., ITan }0.0., Ouxkaii 1.1
«MoaugikyBaHHsl Ta NOTEHUilHI 3aCTOCYBaHHS HeJiHIHO-ONTHYHUX
KpHUcTadiB TNy SnyP,Se

npog. I'padap O.

['pabap O., luruka M., Korytuu A., I'myxos K., 'acunens C.

IlepepBa Ha KaBy

Ycui gonmosini
I'onoByrounii: bapadam M.IO.

1120 _ 1140 .

1140 _ 1200 .

1200 _ 1220 .

1220 . 1240 .

13%-14% -

«The rise of 2D Indium Selenide: a novel van der Waals material for
electronics and optoelectronics» online

Kudrynskyi Z. R. Kovalyuk Z. D., Patané A.

«BnjiuB i30BaJIEHTHOIO 3aMillleHHA HA MeXaHiYHi BJacCTHBOCTI
cynepionnux kpucrajiiB (Cu; ,Agy);SiSsl Ta kepamik Ha iX ocHOBI »
Cky6ennu K.B., Koposcbka JI.M., becnanos B.B., bimaaua B.C.
«TenJioBHii CTAaH KOMiPKH BUCOKOI0 THCKY NpH Kpuctagizanii GaN»
online

Jrongivenko O. I1., T'opuees C. O., Jlenyk O. O., [lerpyma I. A.
«[TodynoBa giarpam Ilypoe nns cucremu Fe-Cr-Al» online

[omimyk A.YO., Kynementnes O.1.

O0inx

YcHi gonosiai
INonosytounii: becnanos C.A.

14%- 147 -

14%°-14% —

14%-15% -

15%. 18% _
199 2% _
9. 19% _

«PamaHiBCbKI 10CTiaKeHHA MOAU(DIKOBAHUX NIAPAMM PTYTI
MOJIIKPUCTAJIYHHUX IUTIBOK TEJIYPY»

['pemyk O.M., FOxumuyk B.O., Scinko T.I., ITicak P.I1., Py6im B.M.,
becranos C.A., YBapos B.M., Muckkis [1.M., IOpkin .M.,

«BriiuB Temneparypu Ha npouecu ¢popmysanns IIPI' B amopguux
ILTIBKAX ceJIeHY B yMOBaX MOJISIPU3aliifHOT0 3a1KCy»

Tpynos M.JI., Kupunenko B.K., ®egopuis B.B., 3asus T.M., lypkot M.O.,
Tapnaii A.A.

«Rapid formation methods of arrays of randomly distributed Au and Ag
nanoparticles, their morphologies and optical characteristics»

Rubish V.M., Kyrylenko V.K., Durkot M.O., Makar L.I., Tarnaj A.A.,
Trunov M.L., Yasinko T.I., Matyashov A.l., Yurkin I.M.

Exckypcis

Beueps

CrenpoBi nonosini

13
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Yetrep, 7 :xoBTHa 2021

8°-9% _  Cuinanox

3anpoueHi Jekuii

lNonoByrounii: Pyoim B.M.

9°.10" - «Yacrorn HeBuamMocTi 1st mapysatux 0D- i 1D-cTpykTyp>,
K. ¢b.-m. H., Ooy. KopoTyH A.B.

10%°- 11— «The latest technology of synthesis of materials with special properties»,
prof. Zhiguts Yu.Yu.

11°-11%° - IlepepBa Ha KaBy

YcHi ponoBini

I'onoByrounii: ZAKuryn 1O.1O.

11%° - 11" — «MeToanka po3paxyHKy CKJIaAy eK30TePMidHHX HIMXT
Kuryn 10.10., [Mapiroxk M.M

11%-12% - «BucokoBoJIb(ppaMoBi KapOizocTaIi CHHTE30BaHI CBC i METAJI0TEPMi€I0»
online
Kurym FO.10., Jlerera S.11., bByrip M.C.

12%° — 12%° _ «Combined technology of synthesis materials with special properties»
online
Zhiguts Yu., Lazar V., Kupec F.

12%° _ 12*° _ «Influence of Si**, Mg?* additives on the structure and properties of YAG
transparent ceramics»
Vorona I., Yavetskiy R., Parkhomenko S., Doroshenko A., Kryzhanovska O.,
Safronova N.

13% - 14%° — O6in

Ycui nonosini

I'onoBytounii: bapadam M.IO.

14%°-14*° —  «Bnums OpPraHiYHMX MOAU(IKATOPIB POCTY HA MATOIeHe3 KPUCTAJIIB
KaJbIiI0 oKcanaTy MoHoTiapaTy» online
Tapanens FO.B., [Tputyna .M., bezkpona O.M.

14%° — 14™ _ «Influence of asymmetric donors on molecular structure-property
relationships of the compound containing 4,6-bis(4-chlorophenyl)-2-
phenylpyrimidine as acceptor» online
Starykov H., Simokaitiene J., Grazulevicius J. V.

14" - 15% — «Variation of the nc composition and stoichiometry in colloidal
Ag,Cuy,ZnSnS, nanocrystals»
Mazur N., Dzhagan V., Havryliuk Ye., Kapush O., Yukhymchuk V.,
Selyshchev O., Raievska O., Zahn D. R.T.

15%° — 15% — «®a3zoBo-cTpykTypHi Tpancdopmauii mapysatux crpykryp VO,» online
Knanpko B.I1., Mensauk B.I1., JIro6uenko O. 1., Pomaniok b.M.,
I'ymumenxo O.J., Ca6os T.M., Jly6ikoschkuii O.B., Makcumenko 3.B.,
Kocyns O.B., €Eppemon O.0., Kynsbaunacekuii O.A.

20 4 200 .
157 - 16" — IlepepBa Ha KaBy Ta OOTOBOPEHHS CTCHIOBUX JIOTIOBiIeH

14
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YcHi nonosini
l'onoyrounii: IBannubkui B.I1.

1600 _ 1620 .

1620 . 1640 .

16%-17% -

17%° - 17%° -

1770 -17% -

1740 _ 1800 .

1900_ 2 000 .

g% 1% _

«MexaHi3MH PO3CilOBaHHA B KPUCTAJIAX XaJbKOI€Hi/liB CBUHII0 P-THILY
nposigHocTi» online

Bopona A., Huxuukesud B.

«MaTteMaTH4YHe MOJeJIOBAHHS MOBEPXHi COJIiTyca YOTHPUKOMIIOTIEHTHOI
cnouryku PbSnTeSe» online

Cinak B., JIyunupkuii P.

«IHTEepmONSAiHHNI MeTO MPOTrHO3YBAHHSA 3HAYEHHSI Pi3HUX MapaMeTpiB
YOTHPHMKOMIIOHEHTHHX TBepAuX po3unniB PbSnTeSe i CdHgTeSe» online
Boiitnuyk O., Jlyunnbkuii P.

«JlocaigskeHHsI mpoueciB KpucTajizamii aMopQHUX IJIIBOK CeJIeHy
HaHOMeTpOoBoI ToBHIUHU SERS-MeTo10M»

Hypxot M.O., Makap JLL,, 'at’ss1 M.A., I'pemyk O.M., [Ton M.M.,
FOxumuyk B.O., 3asups T.M., Py6im B.M.

«EJIeKTpUYHI BJaCTUBOCTI aMop(}HUX MIIBOK cejieHy, MOAU(iKOBAHUX
napamMm pTryTi»

Py6im B.M., Makap JI.I., Kupunenxo B.K., Hukupyii JI.1., 3anyxisk K.P.,
ITonosuu B.B., Pizak I'".B., Cnecusux O.0.

«JlocaigskeHHss MOaU(pIKOBAHUX MAPAMHU PTYTI IJIIBOK TeJYyPy MeTOA0M
X-npomMeHeBOi TudpakToMeTpii»

ITicak P.I1., Conomon A.M., Mosnap M.B., I'acunens C.M., becnnanos C.A.,
VYBapos B.M., [lypkot M.O., Sciako T.I., Cnecuux O.O.

Beueps

CrenyoBi 1onosiai

15
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II'aranng, 8 :xoBTHs 2021

82°-9% _  Cuinanox

3anpouena Jekuis

lNonoByrounii: Pyoim B. M.

9% .10 -  «®opmyBaHHS PYHKIIOHATLHHX HAHOMATEPIATIB i3 3aCTOCYBAHHIM
TeMILJIATIB»
o0.m.H., c.H.c. Bapadam M.IO.
Bbapa6amt M.IO., Xosasko O.1., bamunacekuii S1.B., KonecHiuenko A.A.,
Cezonenko A 1O., JIluteun P.B., buba €.1".

10%° - 11%° - «Jlocmimxenns (paxTopis, AKi BIVIUBAKOTH HA CIEKTPAJIbHI
XapaKTEePUCTHKHU 0araTomapoBUX ONTHYHUX MOKPUTTIB NpH
BUI'OTOBJICHHI»
0.m.H., ooy. Miua O. B.
Mina O. B., Ilenxo B. 1., Bapra C. @., Kormua-I'opsiukina I'. E., Kypyna O. C.,
CuuoB M. B., Copoka [I. C.

11%°- 11— ITepepBa

YcHi ponosini

lNonoByrounii: Mina O. B.

11%° — 117 — «Jlocmimkennst TMHAMIKH 3MiHK napametpiB 17-mapoBoro
BY3bKOCMYI'0BOro (pLIbTPa NPH MAAIHHI CBITJIA i KyTOM»
Pa6ouryk O. M.

11%-12% — «Jlocmimkenns AMHAMIKH 3MiHK napaMetpis 17-maposoro
HINPOKOCMYT0oBOro GpiibTpa NpM NaaiHHI CBITJIA M KyTOM»
[Tanouka A. L.

12%° — 21% — «JlocminKeHHs {HHAMIKH 3MiHH napaMetpiB 17-mapoBoro Biapizarw4oro
¢inbTpa npu nmaginHi cBiTIA Mg KyTOM»
TostrH M. M.

1220 -13% 3akpuTTa mKoJIu-KoH$epeHuii mosoaux BueHux «CyyacHe
MaTepiajo3HaBcTBO: (pizuka, ximis, Texnomoriin (CM®PXT - 2021)

16
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JIETYH401 JoMilIKU 0OpPY B HAMIBNPOBITHUKOBUX aJIMa3ax pP-THITY
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Hybrid nanostructures based on polyarenes doped with carbon clusters
Horbenko Yu. Yu., Olenych I. B., Aksimentyeva O. 1., Starykov H. O., Konopelnyk O. I.

HiesekTpuyHa (QyHKIlisi KOMIIO3UTY 3 aXipaJbHUMH OJHOCTIHHHUMH BYTJlelleBUMH
HAHOTPYOKaMu
Kapanpgace S.B., Koporyn A.B., TitoB LM.

Kommno3uTn 0CHOBHMX MeTaJIIB 3 iEpapXiYHMMU He0JiTAMHU — KaTaJli3aTOPU NMpoleciB
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Koposcbka JI.M., lpadeBcekuii A.A., Qutsarkia O.P.
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MOXO/’KeHHsI B mporpaMmuomy cepeaouii ImagJ ta SCiDAVi
Kosinuyk [.B., Cokonbcbkuii I'.B., I'atox H.B.

Model of a system of nanostructured plates covered by a magnetically sensitive coating
Kovtunovych V.

Ab initio simulation of electron and optical properties of layered CdPS; crystal in the
different phases
Kharkhalis L.Yu., Kryzyna M.S., Horvat P.P., Glukhov K.E.

Po3paxyHok Ta BizyaJuizaniss MAaTpuLb NPYKHUX NapaMeTpiB cynepioHHNX NPOBiIHNKIB
cimeiicTBa apripoaury
Kimr €.B.,Orasuuk LI, Ilerpymka P.P., ®enenerm B.1.

Solar panels. Application and future prospects.
Kulai V.V., Mahnovskyi M.K., Mazur T.M.

JlazepHe nmoBepxHeBe 3MillHEHHSI MeTaJleBHX BUPOOIB 32 cl10COOOM MiATPUMAHHA
NOCTiHHOI TeMIIepaTypu
Jlecuk JI.A., Maptine3 C., [xemenincekuii B.B., Jlamikiz A.

IloBepxHeBe gedopmaniiino-qudy3siiine 00podaeHHs THTAHOBOTO ciiiaBy BT22
JlaBpucey C.M.

Scattering of charge carriers in polycrystalline films of lead telluride.
Mazur T.M., Mazur M.-Yu.M.

CuHTe3 Ta ONTHYHI XaPAKTEePUCTHUKH KBAHTOBUX TOUok Ag—Ga-S
Jlonymanceka b.B., [Toroain A. 1., Jlonymancekuii B.B.
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Tapmnaii A.A., Kupunenko B.K., Tpynos M.JL, Ilicak P.I1., [Ton M.M., Mopo3os O.1O.,
Jlykma O.B.
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Pavlyshche N.I., Korotun A.V., Rubish V.M.

Electrical properties of single crystals of AgssPosGeosSsl solid solution
Pogodin A.l., Filep M.Y., Shender 1.0., Malakhovska T.O., Kokhan O.P., Studenyak I.P.

YaockoHa/leHHs METOY XijlJIepTa HA PO3PAXyHOK AKTUBHOCTEH KOMIOHEHTIB MOTPiiiHMX

CHCTEM
Kuryn F0.1O., Kpaitnsii L1, [Hoyine M.M.

BB mixkdgasznoi B3aemoaii Ha gieeKTpu4uHy (pyHKIi0 chepruyHOI MeTaaeBol
HAHOYACTUHKH, BKPUTOI IIAPOM acOpPOOBAHUX MOJIEKYJI
Pesa B.1., Cmupnosa H.A., Koporyn A.B., TitoB .M.

Structural properties of (As;S3)x(GeS;)1-x (0<x<1) chalcogenide alloys
Revutska L., Stronski A., Kavetskyy T., Shportko K., Kaban 1., Jovéri P., Popovych M.

/Kugi 1adopaTopii B Teopii i NpaKkTHLIi HAHOTEXHOJIOTIH 1JIsl eHePreTHKH TA eJIeKTPOHIKH
Psa6ouryk M.M., AkimoB €.A.

Heniniiino-onTuuHi BJaacTuBocti MoHoykpuctany AgGaGeSe8 : Lu
Puwxyk A., ITonenensrik C., Muponuyk /l., Hluropin O.

JocaixzkeHHs1 B3a€MO/1il KOMILIEKCiB HA OCHOBI XJIOPHH €6 3 MoJeJIbLHUMH MeMOpaHaAMK
CamoiinoB O.M., Amyk B. M., HaBozenko O. M., Jlocuupkuii M. 10, Ilonycr I'. I1.,
I'puns . B., derona B. 4., Kacan, H. O., JIucenpkuii JI. M.

Sonochemical doping witH Fe* as alternative method of activation of SnO, photocatalyst.
Samsonenko M., Khalameida S., Starchevskyy V., Kotynska L.

Growth and electrical studies of germanium-enriched Ag7Sio4GepsSsl and Ag;Sip2Geg gSsl
single crystals

Shender 1.0., Pogodin A.l., Filep M.Y., Malakhovska T.O., Kokhan O.P., Suslikov L.M.,
Studenyak I.P.
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CuHTe3 mapyBaTHX MaTepiaJiB 3a 10MOMOI0I0 TAPHIHOIO MiIX01y MOPOIIKOBOI

MeTagyprii
Craciok O.0., Cassakin /I.I'., Opumuy /I.B

IIpouecu MexaHiyHOI pesiakcairii B cTekjax As-Se

[licapyk €.€., JIucauenko f1.1.

Onep:kaHHs aHTHOAKTEPIiAJIBLHUX IJIIBOK 3 MPUPOJIHIMM CHJIIIKATHUMH HAHOTPYOKaAMu
Typuun H., bpuuka C.41.

HocaixxeHHss KyOi4HOT ONTHYHOI HEJTIHIHHOCTI y JIETOBAHUX CerHeTOeJIeKTPUYHHX

Kpuctagax SnyP,Sg
Tumouko H. L., ITamummn P. €., I'padap O. O.

EaexTponHa cTpykTypa i onTuuHi BiactuBocti AgrSiSes|
Bakynbuak B.B., breukan /I.1., Ctynensx LII.

Ab initio po3paxynku gucnepcii poHoHiB B SnyS3
bnenkan /I.1., Bakynsuak B.B., Ilapnumun P.€., Yepsinuk JI.P.
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Boiitouu B.B., Pynenko P.M., Kpaceko M.M., Konocrok A.T'., [ToBapuyk B.IO.
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HaHopo3MipHi cucTeMu: 10CTIIKeHHS i po3po0KH B HAIOHAJIbHIM

akajemii Hayk YKpaiHu
Haymogenp A. r.t , YBapos B. M.? , ManpueBchkuii 1. Al , becnnanos C.A. !

Hpeauaiﬂ HAH Vkpainu, Kuis, Yxpaina
2]Hcmumym memanogizuku im. I'. B. Kyporomosa HAH Ykpainu, Kuis, Yxpaina

AHoTtanifa. OOroBoplOIOTECS  pe3ydabTaTH poOIT, IO TNPOBOJATHCA B
Hamionaneuiit Axamemii Hayk VYkpainu, 31 CTBOpEHHs, AOCHIIKEHHS OYIOBH 1
BJIACTHBOCTEH, MO BUKOPUCTAHHIO TBEPAOTUIHHUX MOBEPXHEBUX Ta 0araTolapoBHX
HAHOCTPYKTYp, BYIVICLIEBUX HaHOMarepiaiaiB, HAHOYACTUHOK, HAHOMOPOIIKIB 1
KOHCOJIIJTOBAHUX Ha 1X OCHOBI MarepialliB, HaHOMAaTepialliB MEJIUKO-010JIOTTYHOTO
MIPU3HAYEHHS, CIUIaBIB B HAHOCTPYKTYPHOMY CTaHi, HAHOKOMITO3UTHUX MaTepiaiB.

Knrwouosi cnosa: HaHOTEXHOJIOTII, HaHOMarepiainu, (Qi3uKa Ta XiMisd Ha-
HOPO3MIPHHUX CUCTEM, HAHOOI0TEXHOJIOT11, HAHOMATEPiaAId METUYHOTO MPU3HAUYCHHS.

CtBOpeHHSI Ta JAOCTI/DKCHHS HAHOPO3MIPHHX CHCTEM 1 HaHOMAaTepialliB €
OJIHUM 13 CTpaTEeriuHO BAXXJIMBHX HANpsIMKIB JisiibHOCTI BueHMX HAH VYkpainu. B
oprasizamiiiHomy miaHi, poOoTu 3 2015 poky BHUKOHYIOTBCS B paMKax IIbOBOI
KOMIUIEKCHOI ~ mporpamu  (yHaameHTanbHuUX  gociaipkenb HAH  Ykpainu
«DyHaameHTanbH1 MpoOJeMU CTBOPEHHSI HOBUX HAHOMATEPIaJiB 1 HAHOTEXHOJIOT1.
3aBJlaHHs MPOTPaMH 3TPYNOBaHI B YOTUPHOX OCHOBHUX po3auiax: (hi3uka 1 METOAU
I[OCJ'IiI[)KeHHH HAaHOPO3MIPHHX  CHCTEM,; XiMiH HaHopo3MipHHx cucrem;
MEIUYHOTO MPU3HAYCHHS.

TemaTuka TOCHIIKEHb: PO3MIpHI 1 KBAHTOBI €()eKTH B HAHOCUCTEMAX; MPOIIECH
camooprasizaiii,; J1arHOCTHKa 1 MOJIEJIIOBAaHHS HAHOCUCTEM; HaIliBIPOBITHUKOBI
HaHOMATEepiaId 1 TPWIATU EJIEKTPOHHOI TEXHIKH; TUIIBKH, TMOKPHUTTS, MOBEPXHEBI
SABUIIA;, TETEPOCTPYKTYPH; HAHOYACTUHKM 1 TOPOIIKH; HAHOKEpaMIKH 1
HAHOKOMIIO3UTH,  HAaHO(OTOHIKA, HAHOIUIA3MOHIKA, CCHCOPHMKA;,  BYIJICICBI
HaHOMAaTepiaJik; METaJu 1 CIVIaBU B HAHOCTPYKTYPHOMY CTaHI1; 3'€/lHaHHS €JIE€MEHTIB
KOHCTPYKIII; HAHOENEKTPOXIMisl; KaTajli3, COpPOCHTH; TOJIMEPHI 1 KOJOigHI
HAaHOCUCTEMH,  CYNPAMOJIEKYJSIpHI  CTPYKTypH; OIOCYMICHI ~ HaHOMaTepialu;
HaHO(apMaKoJIoris 1 HaHOO100e3meKa.

Hwxye mpencraBieHi OCHOBHI pe3ysbratd, orpuMani B IHcturytax HAH VYkpainu
MIpY BUKOHAHHI MTPOEKTIB MPOTpamu.

PDizuka i MeToaM AOCTIIKEHL HAHOPO3ZMIPHHX CHCTEM. Y JIOCKOHAJICHA
TEXHOJIOT1sl OTPUMaHHS TMOPUCTUX IUTIBKOBHX CTPYKTYpP Ha OCHOBI chepuyHux
TIENCKTPUYHUX SJIep 3 OCa[KEHUMH Ha 1X TOBEPXHI KBAaHTOBUMHU TOYKAMU
HaIIBOPOBITHUKIB A,;Bs. MeTONUKM MO3BOJIAIOTH Y JOCUTHh IMHPOKUX MeEkKax
BapIiOBATH PO3MIPH SIK sIEp, TaK 1 CAMUX KBAaHTOBHX TOYOK, a TAKOK KOHTPOJIHOBAHO
3MIHIOBATH CTYIIHb TMOKPUTTS SiJIEp KBAHTOBUMH TOYKAMH. 30KpeMa, Ha KBapIOBUX
MIIKIAKaX OTPUMaHI 3pa3ku OlHApHHUX TUTIBOK, chopmoBaHuX dacTHHKamMu SiO; i
TOpPUJIHUMH KOMIIO3UTAMU «SIp0-000JI0HKa» 3 siapamu 31 cdep SiO; pagiycom ~
150 am 1 0000HKOIO 3 KBaHTOBUX TO4oK CdS miametpom ~ 4 HM. CTyIiHb TOKPUTTS
YaCTUHOK JIIOKCHJly KPEMHII0 B PI3HUX 3pa3kax IUIIBOK BapiroBajacs 1 MorJa
nepesunryBatd 50 %. BusBineHo, mo B TakuxX OIHApHUX IUTIBKaxX MEPKOJISAIINAHI
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KJIACTepU MOXXYTh YTBOPIOBATUCS TIIbKUA TIOPUAHUMH YaCTUHKAMH, TOMl fAK IX
B3a€EMO/JIIE 3 MPUCYTHIMU YacTUHKaMu SiO; MiJBUINYE MEPKOIAIAHUNA TOPIT.
BusiBiieHO icHyBaHHSI JBOX IMEPKOJIAIINHUX MMOPOTIB JIJII €KCUTOHIB B JOCHIKEHUX
IiBKax — kBasijiBomipHoro (2D) 1 o6'emHoro (3D). Ilepmmii 3 HUX crOCTEpPIraeThCs
IIPU HU3BKUX KOHIICHTPAISAX TIOpUIHMX YaCTMHOK B IUIIBKax 1 BHCOKOK (OiIbIIe
50%) cryneHs iX TmMOKpUTTA KBaHTOBUMH ToukamMu CdS 1 o00yMoBieHui
JIeJIoKai3aIli€l0 XBUJIbOBUX (DYHKIIH €KCHUTOHIB y TMOBEPXHEBOMY IIapi Cyib(iay
kaaMmito. [1inBHUIIEHHS! KOHIIEHTpallii TaKuX T1IOPUAHUX YaCTUHOK B IUIIBKAaX /0 PiBHSA
B 60% Brimouae mexaHizm o0'emHoi (3D) mepkossuii. BusiBieni edpektu MOXyTb
OyTH CYTTEBMMH TIPU BBEJICHHI HAHOYACTUHOK B O10JI0T1UHI cepemoBuia. Kpim Toro,
BOHH MOXYTh MPOSBISATHCS B CHUCTeMax (HOTOBOJIBTAIKH, A€ BiAOYBA€TbCA TMOALI
€JIEKTPOHIB 1 JIPOK MpH moriauHaHHiI coHsuHoro cBimia (M.C. bpoain - Incrturyt
¢13uku, H.A. MatBiiBcbKa - [HCTUTYT MOHOKPHCTAJIIB).

Po3po6iieHo opuriHanbHy TEXHOJIOTII0 OTPUMAaHHS IJIa3MOHHHUX CTPYKTYp Ha
OCHOBI HAaHOYACTHMHOK OJarOpoJHUX METalliB 3 aJcopOOBaHMMHU Ha iX MOBEPXHI
OpraHiuHUMHU MoOJeKyJamMu. B 11 ocHOBy moknaneHo rmpouec (opMyBaHHS
HAHOYACTUHOK y BOJHHUX 1 HEBOJHUX CEPEIOBUIIAX IIIAXOM XIMIYHOTO B1JIHOBJICHHS
10HIB METaJIIB B MPHUCYTHOCTI iX MPEKYPCOPIB 1 Py OPraHiYHMX 1 HEOPraHIYHHUX
PCUOBHMH-BITHOBHHUKIB. EJIEKTPOHHI Ta ONTHYHI BJIACTHBOCTI (YacTOTa IUIA3MOHHOTO
pE30HAHCY, CHEKTPH IOTJMHAHHS 1 €MICil CHHTE30BaHUX CHCTEM) BU3HAYAIOTHCS
dbopmMor0, po3MipamMH, BHYTPIIIHBOIO CTPYKTYpPOIO Ta CTPYKTYpPOIO IOBEPXHI
YaCTUHOK. PO3BUMHEHI METOAMKU BIAKPUBAIOTH MOXIIMBICTh €()EKTUBHO YHPABISATH
[IMMU  XapaKTePUCTHKAMU 1 BHKOPUCTOBYBATH OJACPXKYBaHI CTPYKTYpH B
HAHOEJIEKTPOHILl,  HAHO(POTOHILI, MEAMIMHI, a TaKoX MNOpU  Ppo3pooii
OpraHOMEeTaJIeBUX HAaHOKOMMO3MTIB. [IpuKiiaom € CTiiiKl CycleH3li HearperoBaHux
KpUCTaJIYHUX YacTUHOK 3010Ta 3 'K pemnriTkoro y BUIIISA/AI MIIOCKUX HAHOMPU3M 3
30BHIIIHBOI0 TPUKYTHOIO, TPUKYTHO-YCIYEHOIO 1 TEKCOTOHAJIBHOK OTrPAHKOIO.
HeBucokuii piBeHb MIOPCTKOCTI TOBEPXHI TaKWX HAHONPHU3M 3 30BHINIHBOI
TPUKYTHOI, TPEYroJbHO-YCIY€HOI 1 TeKCOTOHAJIbHMM OrpaHroBaHHSM. HeBucokuii
pIBEHb MIOPCTKOCTI TMOBepxHI Takux HaHouacTUHOK (0,8-2,0 HM) m03BOJISIE
PEKOMEHIyBaTH iX B SIKOCTI MOXKJIMBUX MapKepiB MPHU AIarHOCTHUIIl HOBOYTBOPEHH B
xuBux opraizmax (O.A. Mapuenko, A.I'. Haymosens - [HcTUTyT i3ukn).

Po3pobneno ¢izuuHi TPUHIMNN 1 METOJUKA KEpOBaHOTO (OPMYBaHHS
JBOBUMIPHUX  HAHOCTPYKTYp, 10 CKJIAQJalOThCsl 3 TIOPUIHUX  METaJeBUX
HaHOYACTHUHOK. OTpUMaHO MepioAUYHI HAHOCTPYKTYPU Ha OCHOBI JaHI0kKIB Co-C,
HAHOOCTPIBIIIB 30JI0Ta 3 TETPALICHOM, fKI MalOTh YHIKajJbHl €JIEKTPOMNPOBIIHI 1
JIOMIHECIICHTHI BJIACTUBOCTI. METOAMKHA JI03BOJISIIOTH CTBOPIOBATH  IUIaHApHI
JOKEpena CBITJa 3 BEJIMKOK KIJIBKICTIO KBa3ITOUKOBUX €MICIMHUX IICHTPIB,
CHEKTpaJbHUN CKJIaJ] BHUMPOMIHIOBAHHS SKHX BH3HAYAETHCSA K MaTepiajaoM
HAHOYACTHHOK, Tak 1 JoMmiHopopom (O.A. Mapuenxko, P.J[. demopoBuu - IHcTUTYT
Gb13uKn).

Po3po6sieHi MIKpOKOHTaKTHI Ta304yTJiMBI HAHOCEHCOPH 3 BUKOPHUCTAHHSIM
KBa310JJHOMIPHUX OpTraHiyHUX MpoBiIHUKIB 3 MoJekynamu TCNQ. B ocHOBI
CEHCOPHHMX BIJIACTUBOCTEM TaKuUX MaTepiaiiB JEKHUTh BUCOKA aHI30TPOMIs IX
€JIEKTPOTPOBIAHOCTI, TOCUTh YyTJIMBOI 10 Majoi KUTBKOCTI aTOMIB ra3y Ha IOBEPXHI
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OpPraHiyHOrO MPOBITHHUKA. JlOCHIIKEHO TPAHCMOPTHI BIACTHUBOCTI TaKHX CEHCOPIB,
CTBOPEHO TpOTpamMHE 3a0e3MeUeHHS] CUCTEMH PO3Ii3HABAHHS KOMIIOHEHTIB Ta30BHX
cepenoBunl. Po3poOku pearnizoBaHi B cepli BHUCOKOC(PEKTHUBHUX TMOPTATUBHUX
OPUCTPOIB JUIsI aHaATI3y TIOBITPs, IO BHJAMXAETHhCS TAlllEHTaMH, B MEAUYHIN
npaktuii. CTBOPEHO TaKOX KOMIAKTHUI MEPEHOCHUN KOMIUIEKC «Ta30BUN NaTYHK —

iHTepdeicHuil MpUCTPIi — TEePCOHATBHUN KOMIT'IOTEP» [JIi HEIHBA3WBHOTO
BUSIBIICHHS KaHILIEPOTEeHHUX HITaMiB OaxTepii Helicobacter pylori
(M.O. Crpxxemeunnii — DI3UKO-TEXHIYHUN I1HCTUTYT HU3BKUX TEMIeEpaTyp IM.

b.I. Bepkina).

CtBopeHO 7aboOpaTOpHUN KOMIUIEKC [JJIi OTPUMaHHA 1 JIOCHIKCHHS
BJIACTHBOCTEH 0araromapoBHX IJIIBKOBUX METAJIEBHX HAaHOCTPYKTYp. [IpuzHaueHHS
TaKUX TeTEePOCTPYKTYp — CEPEAOBHILA I 3alUCy 1H(OpMaIllli, CCHCOPU MArHiTHOTO
TOJIsI, PUCTPOI CIIHTPOHIKU (CIIHOBI 1HXKEKTOPH, BEHTWJIl, KOMYTAaTOpH Ta 1H.). 3
BUKOPUCTAaHHAM 0araTolapoOBUX TE€TEPOCTPYKTYp «(PEpOMarHiTHUA MeTan -
HAJIIPOBIIHUK - (DEPOMATHITHUI MeTal» pO3po0JIeHI eKCIePUMEHTAIbHI METOIUKH
BU3HAYCHHS CIIHOBOI ToJiApu3aiii (EepMi€BCHKUX EJIEKTPOHIB. Y KOMIUIEKCI 3
KBAaHTOBOMEXAHIYHUMH PO3PAaxXyHKaMH €JEKTPOHHOI CTPYKTypU KOMIIOHEHTIB
reTepOCTPYKTYpP BHKOHAHMU IUIECHIPIMOBAHMM IMOIIYK CHOJYK 1 CIUIaBiB 31
CTOBIZICOTKOBOIO CITIHOBOIO ToOJIsipu3aliiero ¢GepmieBCbKUX enekTpoHiB. Henapi
poOOTH TMOKa3anv, IO I LbOr0O MOXYTh OYTH BHUKOPUCTaHI (EepOMarHiTHO
ynopsaakoBani criaBu  ['eiicnepa 3 koOambToM 1 3amizom  (B.M. YBapos,
10.B. KynpsieiieB — [HcTutyT Metanodizuku im. I'.B. Kypmtomoga).

Ha ocuoBi rerepoctpyktypu CdHgTe/Si  po3poOnenuii  mpoToTHI
¢dotonerekTopa s peectpauii  iHPpauepBoHoro (IY) BumpomiHioBaHHS 0e€3
BUKOPUCTAHHA  €JIEKTPUYHOTO  3MIIIEHHd 1  OXoJio/keHHs.  OTpumani
EKCIIEPUMEHTAJIbHI  PEe3y/IbTaTH TMIATBEPIKYIOTh BHCOKY OIIHKY 3/IaTHOCTI J0
BHSIBIICHHS TaKoi retepoctpykryp Ha pisai D=10° BremeI' ™ (mpy mmpuHi cMyru
gactoT Af=1 I'nm). BusiBineHno HeniHiHUN XapakTep 3aj€KHOCTI BUXIJHOTO CHUTHATY
dboToaeTeKkTOpa BiJ IMOTYKHOCTI MaJar0yoro BHUMpOMiHIOBaHHA. Ll HemiHIAHICTH
Hagae [Y-poromeTexkTopy KOPHUCHI BJIACTHUBOCTI, Y TEPILy HYEepry — MOXKIUBICTh
MIJCUTIOBATH CNA0Ki Ta 3TIa/PKyBaTH BHCOKI PIiBHI BXIJHOTO CHTHANY 1 3aBISKH
[IbOMY HE 3acCHIIUTIOBAaTH (HOTONETEKTOP MPH BHUCOKWX PIBHSAX BUIPOMIHIOBAHHS
(®.®. Cuzos — [HcTuTyT (Pi3uku HamiBIpoBiAHUKIB M. B.€. JlamkaproBa) .

HamiBnposinuukoBi Hanonpotu (HJl) aeMOHCTpyIOTH psii HOBUX (DI3MUHUX
e(eKTIB 1 MalOTh XOPOIll MEPCHEKTUBHU JJII BUKOPUCTAHHS iX B HAHOEJIEKTPOHIII],
HaHO(OTOHII, CEHCOPHUIl Ta 1HIMX cepax 3acTocyBaHHSA. BUKOpHUCTaHHS pi3HUX
MarepiaiiB 1 MeToauK QopMyBaHHa oauHOouHuX HJI Ta ix MacuBIB J03BOJISIE
LIJIECOPSIMOBAHO KepyBaTU iX BIAcCTUBOCTAMU. CTBOpEeHI Ta AOCHIIKEHI MaCHUBH
napajieIbHUX HAHOAPOTIB PIZHOTO TEpepidy, OTPUMAHMX HaA OCHOBI IUIAHAPHUX
AlGaN/GaN rerepoctpykryp. OcTaHHi BUPOIIEHI METOIOM €MIiTaKCil Ha IMiIKIaIKax
Al,O3;, a cami HaHOAPOTH BHUTOTOBIIEHI 3a JOMOMOTOI0 EIEKTPOHHO-TIPOMEHEBOT
mitTorpadii 1 aproH-iOHHOTO TpaBieHHS. JOCHiKeH1 eIeKTPONPOBIAHICTh 1 IIYMOBI
xapaktepuctuku HJI 3 pisHumu momepeuyHumu nepepizamu. [Ipu HU3BKINM Hampysi,
TOOTO B JIIHIMHOMY PEKHUMi, BCTAHOBJICHO, 110 PO3/IJICHHS MTO3UTUBHUX 1 HETATUBHUX
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3apsiB uepe3 eeKT 3aps10BOro BUCHaXXEHHA Ha rpaHullix HJ[ iHaykye enekTpuyHi
IoJIsl 32 MEeXaMu HaHoNpoBigHUKA. [lons Bemukoi HampyKeHocTi (mecaTtku kKB/cm)
NOIIMPIOIOTHCS. Ha BIACTaHb MOPSAJKY TOBIIMHU HAHOMPOBiAHWKA. | e edekr
HEOOX1IHO BpPaxXxOBYBAaTH MpPH CTBOPEHHI 010- Ta xeMoceHcopiB. [Ipu BHCOKHX
NPUKJIAJICHUX HAMpPyTrax Ha CTPYMOBI CTaHH BIUTMBAE MPOCTOPOBUM 3apsii, MIUTbHICTD
AKOTO 3aJeKHUTh BiJ TMepepidy mpoBiaHuKa. LI mporecu CynpoBOMKYIOThCS
IITyMOBUMHU e(PeKTaMu: IPU HU3BKIA HaMpy3i piBE€Hb IIYMIB 3pOCTA€E 31 3MEHIIICHHSIM
nepepizy H/I, a B pexxumi mpoCcTOpOBOTO 3apsiay IIyMu 0araTopa3oBo (10 YOTHPHOX
MOPSIZIKIB) TIOCHIIIOIOTHCSA 3 OJHOYACHOIO 3MiHOIO ¢dopmu crekTpiB (A.€. bemses,
B.O. Kouenan — [HctutyT (hi3uku HamiBmpoBiaHUKIB iM. B.€. Jlamkapbosa).

Po3BUHYTO METOAWYHI MIAXOAHM, IO YAOCKOHATIOIOTH JA1arHOCTUKY eJeK-
TPUYHUX 1 MArHITHMX BJIACTUBOCTEH MIKPO- Ta HAHOCTPYKTYp 3a JOMOMOTOIO
30HJ0BOI MiKpockomii. Po3po0iieHo opuriHaibHi MOJEN1 1 KOMIT'IOTEPH] alrOPUTMH,
Ha OCHOBI SIKHX CTBOPEHO 1 ampoOOBaHO NporpaMHe 3a0e3NEYEeHHs], 1110 BPaXxOBYE
CkJamHi (i3WYHI TPOIECH B KOHTAKTI HAHO30HJI-TIOBEPXHS B MPUCYTHOCTI
€JIEKTPOCTATUYHUX 1 MarHiTHUX TouiB. [IporpamMHi Koau YUCICHHUX 1 aHATITUYHHUX
MoJiesel peanizoBaHi Ha 6a3i Microsoft Visual Studio 3++/C#, MathWorks Matlab 1
Comsol Multiphysics. AnekBaTHiCTh Mojeneii 1 JOCTOBIPHICTh pPE3yJIbTATIB
nepeBipeHa JOCIIKEHHSIMU peaJbHUX HaIiBIPOBITHUKOBUX HaHOCTPYKTyp GaN /
AlGaN 1 MarHiTHHX cucTeM Ha 0a3i YFeO 3 BHpakeHOI JIOMEHHOK CTPYKTYpPOIO
(ILM. JIutBuH - [HCTUTYT (13MKH HaIMIBOPOBIIHUKIB IM. B.€. JlamkaproBa).

Ximiss __HaHOpo3MipHHMX _ cucTeM. CTBOpPEHO METOJMKHA  OTPUMAHHS
HAaHOYACTHHOK 3aji3a, KoOasJbTy, IJIATUHU 1 Majaail0 KOHTPOJbOBAHUX PO3MIPIB B
nianasoHi 1-20 am. Po3po0reHi cnocoOr HaHECEeHHsI HAHOYACTUHOK METaJIIB Ha Pi3HI
HOCIi, 30KpeMa Ha BYIJICIIEBI HAaHOTPYOKH 1 BOJIOKHA, OKCHUJ alllOMiHII0. MeToIuKu
3a0€3MeuyoTh PIBHOMIPHUM PO3MOALT HAHOYACTMHOK Ha TOBEPXHI HOCIIB 0e3 ix
arperaiiii. BusHaueHo yMOBH, MpHU SKUX BIIOYBAE€THCS arjioMeparlisi HaHOYACTHHOK
Ha PI3HUX HOCISX y Tpolieci iX TepMidyHOi oOpoOKHM 1 KaTamiTUYHUX peakiiid. Ha
NpUKIaAl HaHO(A3HUX 3aJ30BMICHUX KaTali3aTOpiB MPOJEMOHCTPOBAHO BILIWB
HOCisi Ha (OpMYBaHHS aKTHBHOI (a3u BHCOKOTEMIIEpATypHOi CTamii peaxirii
BOJIHEBOI'O 3CyBY. BUsBII€HO, IO KaTali3aTOpH 3 PO3BUHEHOIO TUTOMOIO ITOBEPXHEIO
1 BEJIMKUM 00'€éMOM MIKpOTIOp XapaKTepPU3YIOThCsI HU3HKOIO aKTUBHICTIO B peakilii. ¥
TOM XK€ Yac HaHOYACTUHKM 3aji3a, HAaHECeHI Ha BYTJEIeBI HAaHOTPYOKH, XapakTe-
PU3YIOTHCS HAWBHUIIOI aKTHBHICTIO, [0 OOYMOBJEHO iX HH3BKOI MHUTOMOIO
MOBEPXHEI0 1 BIJACYTHICTIO B HHUX Mikponop. Takum 4uHOM, 3poOJieHUN
y3arajJpHIOIOUNN BUCHOBOK TIPO TE, IO 3pPOCTaHHS AaKTHUBHOCTI CHHTE30BaHUX
KaTaJli3aToOpiB B pEaKIlii BOJAHEBOTO 3CYyBY KOPEJIOE 31 3MEHIIEHHSM MUTOMOI IO
MOBEPXHI HOCIIB 1 3MEHIIEHHSIM KIJIbKOCTI Mikpornop. OTpumaHi pe3yJbTaTH
BKa3ylOTh Ha MOJJIMBI MUISIXH CTBOPEHHS HOBHUX €(EKTHUBHUX TIPOMHCIOBUX
KaTali3aTopiB BUCOKOTEMIEpaTypHOi cTadii peakmii BogHeBoro 3cyBy (ILE.
Crpuxax - [acturyT ¢di3uanoi ximii iM. JI. B. TlucapkeBchkoro).

[TokazaHo, MO OTpUMaHI MEXaHOXIMIYHHM CIIOCOOOM HAHOKOMIIO3WTH Ha
OCHOBI TOJIIaHUTIHY 1 HAHOCTPYKTypoBaHoro rpadity (PAni / nG) MOXyTh CIIyXUTH
aKTUBHUMHU KOMITIOHEHTaMHU €JIEKTPOJIB CylNepKOHIAeHcaTopiB. Taki HAaHOKOMITO3UTH
XapaKTEPU3yIOThCS BHCOKUMHU 3HAYCHHSAMH THUTOMOI €MHOCTI (mo 550 d/r), sxa
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3HAYHO MEPEBAXKAE€ CyMapHy €MHICTh BUX1THUX KOMIIOHEHTIB. 32 TOMIOMOT0I0 HOBOTO
MEXaHOXIMIYHOTO CHHTE3y OTpHMaHa cepis HaHOPO3MIpHUX TIOpUIHMX MeTaj-
opraniunux nepoBckuTiB (R-NHsHal), siki MoxxyTh OyTH BUKOPHUCTaH1 JIJIs1 CTBOPEHHS
(hOTOBOIBTATYHUX KOMIPOK 1 CBITJI0/10/1IB. BcTaHOBIIEHO, 110 T1OpUAHI TEPOBCKITH
tuny CgHisNH3Pb,Hal (Hal-Cl, Br a6o 1) xapakTepu3yroThCsl IHTCHCHBHORO
3eneHor0 (oTomoMiHECTIeHITier0, B Tol dac sk s R=CHj; a6o C,Hs cmyru emicii
3HaxonAThes B OmmxkHiM YU obmacti (B.J. [Toxomenko, B.I'. Komeuko - Inctutyt
¢i13uunoi ximii im. JI. B. IlucapxeBchkoro).

Po3po6ieno TexHosorii OTpMMaHHS HOBHUX TiIOpHUIHHUX HAHOKOMIIO3UTIB 1
HAHOCTPYKTYP 3 TJIa3MOHHUM PE30HAHCHUM 1 €KCUTOHHUM IOTJIMHAHHSIM Ha OCHOBI
pinkux kpucrtaiiB (PK), MeraniB 1 HamiBNPOBIAHKUKIB Yy BHUTJIAII ONTHYHO MPO30PUX
CTEKOJI, KOJOITHUX PO3YUHIB, TUIIBOK 1 IUIAaHAPHUX reTepocTpykTyp 3 PK-matpuiiero.
PK-da3u ankoHaTiB MeTadiB BUKOPUCTaHI SK HAHOPEAKTOPU JJIsi CHHTE3Y,
cTabumzaiii Ta BIOPSAKYBAaHHS HAIIBIPOBITHUKOBUX HAHOYACTHHOK CYIb(DIMIB 1
cenenimiB Zn, Cd, Pb. Ilokazano, mo B psAy CHOIYK 3 IHUMH METaJlaMH
MIJBUILYETHCS KPUCTAIIYHICTD MOHOPO3MIPHUX XaJbKOI€HIJHUX HAHOYACTHUHOK 1
MOKPAIIYIOThCs iX (uryopeceHTHI BaacTuBOCTl. Y PK-po3mnasi kanpuiaty KaaMmiro
orpumani rerepodyacTuHk CdSe+CdS, Au+CdSe 1 Ag+CdSe tuny «saapo-
000JIOHKa» 3 MOJKJIMBICTIO YMPABIIHHS I1X ONTHYHUMH BIACTUBOCTSAMHU IIITXOM
3minn ckiaxy PK-marpumi 1 ymoB cuHTte3y. IlokazaHo, 1m0 OCHOBHY poJib B
eKCUTOHHIN (yopecnermii HaHOKOMNO3WTIB 3 rerepodactuHkamu (CdSe/CdS
BIJIIrpalOTh HAHOYACTUHKH celeHIay KaaMmito (A=390 HM), a HAHOYACTUHKU CYIb(1Ty
KaJIMII0 CHOPUSIOTH MiJICUJICHHIO (UIyOpECIUICHINI, Y TOMY 4YHCIl 1 3a paxyHOK
3HIDKCHHsSI TIoBepxHeBoi ewicii. [lpu gocmimxeHHi edexkTy TerioBoi ONTHYHOI
HEJTIHIHHOCTI B HAHOKOMITO3UTax KampwiaTy Kaamito 3 HaHouyacTuHkamu CdSe
CIIOCTEPITAEThCS IIBUIKE camMone(POKyCyBaHHS Ta BENUKI 3HAYEHHS 1HJEKCY
neniniitaoi pedpaxiii (10-10° cm?/Bt). Brcoka ontruyHa HemiHifHICTS 1 Mal dacu
BIITYKY CUCTEMHU Ha 30Yy/KEHHS B MOEIHAHHI 3 XOPOLIOK (POTO- 1 TEPMOCTIMKICTIO
BIIKDUBAIOTh MOXJIMBOCTI BUKOPUCTaHHS OTPUMAHHUX HAHOKOMIIO3UTIB B SIKOCTI
MEePCIIEKTUBHUX AKTUBHUX ONTHYHUX CEPEIOBUII JIsi CTBOPEHHS HOBHUX IPHUCTPOIB
ONTOENEKTPOHIKM Ta Jja3epHoi TexHiku (T.A. Mupna — IHCTUTYT 3aranbHOi Ta
HeopraniyHoi ximii iM. B.I. BepHaacekoro).

MeTtonoM OCaKeHHSI 3 PO3UMHY JICTUJICHTJIIKOJIO 3 HITpaTaMH METajiB B
SIKOCT1 BUX1JHUX peareHTiB cuHTe30BaHO HaHoyacTUHKU NiFe,O4 B mianazoni 2-8 um
3 BY3BKMM pO3MOAUIOM 3a po3mipamu. OTpuMaHi HAHOYACTUHKH OJHO(A3HI Ta
MaloTh CTPYKTYypy IimiHeail. MarHiTHUMH BHMIpaMU BCTaHOBJIEHO, IO BOHHU
XapaKTEpU3yIOThCS CyNeprapaMarHiTHUMHA BJIACTHUBOCTSIMH B JUISHII KIMHATHUX
TEeMIIepaTyp, KOEPIUTUBHOIO CHJIOK 70 | KA/M 1 HaMarHideHicTio HacuueHHs 10-
40 A/M°kr. BoHM TakoX ClabKO HATPIiBAIOTBCS Yy 3OBHIIIHBOMY 3MiHHOMY
MarHiTHOMY TIOJi, TIPOSIBJISIIOYM HU3bKI 3HAYEHHS MUTOMHUX BTPAT €HEPrii Ha PiBHI
0,03-1,5 Br/r. Ha ocHOBI TUIIBOK 3 IMX HAHOYACTHHOK CTBOPEHI E€JIEMEHTH 3
KEpOBAHOI MAarHITHUM I10JIEM PE30HAHCHOIO YaCTOTOIO 1 BTpaTamMu eHeprii B 00J1acTi
(dhepomaruiTHoro pezonancy (PMP). XapakTepucTHUKU TaKUX €JIE€MEHTIB J03BOJISIOTh
BUKOPHUCTOBYBATH iX B pousi ¢uibTpiB y ckiaai HBY reneparopiB abo B mpuUCTpoOsX
TUITY BEHTWIIB 1 UPKYJIATOPIB 3 MAJIMMHU HABEJICHUMH €HEPreTUUHUMU BTpaTaMu 3a
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obnactio ®MP (A.I'. binoyc — InctutyT 3aranpHOi Ta HeopraHiuHoi ximii iM. B.L
Bepnazacwkoro).

OtpumaHo cTallIbHI AucHepcii 0araTOCTIHHUX BYIJICIIEBUX HAHOTPYOOK 1
HAHOYACTUHOK TpadeHy y BOAHUX PO3UYMHAX MOBEPXHEBO-aKTUBHUX PEUOBHUH, SKI
MOXYTh CIYXUTH cylepriacTudgikatopaMd B OYMIBHUITBI NpU BUPOOHUIITBI
OCTOHHUX 1 3a71300€TOHHUX BUPOOiIB. BBeAeHHs aucnepciii 10 CKiIaay EeMEHTHOIO
TiCTa 1 IEMEHTHO-IMIIAHOI CYMIIIl MOMITHO IiJIBUIIY€E XapaKTEPUCTHUKH MIITHOCTI
OCTOHIB, $KI TPOMOPIIAHO 3ajekaTh B pO3MIPIB arjlioMepariB BYIJICLEBUX
ckianoBux (M.T. Kaprens - [nctutyT Ximii noBepxHi iM. O.0. Yyiika).

Cunre3oBaHi MoaudikoBaHi OaraTromrapoBi ByIJIeNeBi cepuyHi Kiactepu 13
CepemHIM pO3MIPOM HAHOYACTHMHOK Yy miamazoHi 5-10 HM. BcranoBieHo, 110
J0/TaBaHHS TaKMX HAHOYACTHHOK JIO PIAKUX CIHUPTIB, a TaKOX IO MOTOPHHUX TaJIUB
cTabuII3ye MpOLIECH aBTOOKHUCIEHUS NpH iX 30epiraHHl. BBeneHHs OTpUMaHHMX
HAaHOYACTMHOK B €TAHOJIbHE TMallbHEe JI03BOJIsi€ 3OLIBIIUTH  pecypc podoTu
aBTOMOOUTbHUX MAJTMBHUX HACOCIB. MOTOPHUMU JOCTIHDKEHHIMU MTOKA3aHO, 110 MaJll
(0.001% mac.) no6aBku B OCH3WH CHHTE30BaHWX HAHOYACTUHOK IMIIBUINYIOTh K.K.J. 1
MOTYXKHICTh JBUTYHa Ta 3MEHIIYIOTh MUTOMI €(EeKTHBHI BUTpaTu mnaybHOro. [lpu
[[bOMY TaKOX 3MEHIIYIOThcsl y 2-3 pasu Bukuaud CO 1 KUIBKICTh HE3rOpLIUX
ByriieBo/1iB (E.B. [Tonynkin — [HcTuTyT Gl00praniyHoi xiMmii Ta HadTOX1Mii).
JlocnmipkeHo BIUIMB Ha O10JIOTIYHY AKTHBHICTH INTYYHOTO IPYHTY PO3POOICHHUX
HAaHOKOMIIO3UTIB Ha OCHOBI MYJOBOIO OIOTedl0 1 akKpUIOBOTO TIAPOTENio 3
IMMOO1TI30BaHUMHU  Ol0oesieMeHTaMu. B 1HCTpyMEHTaNbHUX BHMIpax OILIIHIOBAJIACA
(epMeHTaTUBHA AKTUBHICTh Yypea3u MpH pO3LIEIUVICHHI KapOamily, MpPOBOJMIIUCA
BUMIPIOBaHHA MIKpPOOIOJIOTIYHOI aKTMBHOCTI 1 3A1MCHIOBaBCS BaroBUi KOHTPOJIb
BpOXKaMHOCTI pociuH. BusiBneHo, 1mo g00aBku OlorejieBUX HAHOKOMIIO3UTIB Y
301IHEHI TPYyHTH NiABUINYIOTH Ha 20 % ¢depMeHTaTuBHY akTUBHICTH 1 y 10 pa3iB
MIKpOOI0JIOT1YHY AaKTHUBHICTh TPYHTIB, JOBOJASYM iX 10 piBHS dYopHOo3emy (3.P.
VYaws6epr - [nctutyTt 610K010iMHOT XiMiT iM. D.J[. OBUapeHKO).

HanomaTtepiaju Ta TexH0JI0riI iX oTpuManHsa. OTprMaH1 BUCOKOCHTPOMIiiTHI
HAaHOCTPYKTYPOBaHI1 MOKPUTTS HAa OCHOBI TBepaoro po3unHy 3 ['TIK-pemriTkoro, s
SAKUX XapaKTepHI BUCOKI 3HAYEHHS TBEPJOCTI 1 MOAIYJsS TPYXKHOCTI Ha piBHI 15-
19TTIa 1 170-190 I'ma, BignoBigHo. Ili 3HayeHHs Habarato BHINI, HIK Y
BHCOKOCHTPOIMNHNX HAHOCTPYKTYPOBAaHUX MOKPUTTIB Ha 0a3l TBEPAMX PO3UMHIB 3
OLK-peuritkamu, g sskux TBepAicTh He nepesuurye 10 I'Tla. Po3poOneno HoBuit
METOJl HANWJICHHS TMOKPUTTIB y TIUIa3Mi BaKyyMHO-IYTOBOTO pO3psAy i 3 #oro
JOTIOMOT'OI0  BIIEPILIE OTpUMaH1 KapOiJHI BHCOKOEHTPOIiiHE MOKPUTTS HA OCHOBI
crutapy TiZrHfVNbTa. BusiBneno, mo TBepaicTh KapOiAHMX TMOKPUTTIB MpH
ONTUMAaJIBHUX PEKUMAX HAMWIEHHS 3Haxoauiach B Mexax 42-48 I'Tla, a momynb
npyxHocti — y wMexax 350-400 MIla (C.O. ®ipctoB — IHcTUTYyT mnpoOiaem
Marepiano3HaBcTBa iM. [.M. dpanneBnya).

JlocmimkeHi 3aKOHOMIPHOCTI CTPYKTYpHO-(a30BHX NEPETBOPEHb B HAHOIIAPOBUX
¢donprax (H®) na ocuosi cuctem Ni/Al+Cu ta Ni+Ni/Al+Ni npu ix HarpiBaHHi y
KOHTAaKTl 3 JKapOMIIIHUMH CIUTABaMH TpPH PI3HUX TepMmoaehopMaliiHuX HUKIaX
audysiitHoro 3BaproBaHHs y Bakyymi. [lokaszano, mo HeomHopinHa cTpyktypa HO
MEePENIKO/KA€ BUHUKHEHHIO KPHXKHX 1HTEPMETAICBHX CIOJIYK Y 30HI 3'€THaHHS
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€JIEMEHTIB KOHCTPYKIIM, a HEBHCOKI TeMmIepaTypu mepexony Qoasr y
HAAIUIACTUYHUN CTaH CHPUSIOTH 3HIKEHHIO Temmeparyp 3BaproBaHHsA. CyKynHICTb
X  (aKTOpIB CTBOPIOE MOXJIMBICTH OTpUMaHHs Oe3aedeKTHUX 3'€/THaHb
PI3HOPIAHUX MaTepiaiiB MpH ix 3BaptoBanHi TUCKOM (C.I1. Kyuyk-SAuenko — [HCTUTYT
enekTpo3BaproBanHs im. €.0. [laTona).

OTprMaHO KOMITIO3UTH HA OCHOBI CITYACTHX MOJIIypPETaHIB 3 BBEJICHUMHU B HUX
0araTOCTIHHUMM BYIJICIIEBUMH HaHOTpyOKamu 1/a00 HaHo4yacTHHKaMu FeszOy.
JlocmikeHa 30aTHICTh TaKMX MaTepiaiiB JO0 €KpaHyBaHHS €JEeKTPOMAarHiTHOTO
BUIIPOMiHIOBaHHSA. OJHOYacHE BBEJCHHS B MOJIMEpP BYIJICLEBUX HAHOTPYOOK 1
HAHOYACTMHOK MAarHeTUTy Yy KuibkocTi 10 MacoBHX BIACOTKIB IOCIA0IOE
MPOITyCKaHHS eJIeKTpoMaruitTHoro BunpoMiHioBanas y 5000 pa3iB. BusiBieHo Takox,
[0 J0/aBaHHS HAHOTPYOOK 30uIbllye KOE(IUI€HTH BIAOMBAaHHS 1 MOIVIMHAHHA
BUIIPOMIHIOBaHHS 33 PaxyHOK IIJIBUILEHHS €JIEKTPONPOBIIHOCTI Marepiany. Takum
YUHOM, 11 KOMIIO3UTHU NEpPCHEKTHUBHI JJIi CTBOPEHHS HA X OCHOBI IMOJIMEPHHUX
MarepiaiiB, 0 €KPaHYIOTh Pi3HI MPUCTPOI 1 )KUBI OPraHi3MU BiJl €IEKTPOMATrHITHOTO
BuripoMiHioBaHHs (B.B. Kienko - [HCTUTYT XiMil BACOKOMOJIEKYJISIPHUX CIIOYK).

CTBOpEHa 10CIITHO-IPOMHUCIIOBA YCTAHOBKA 3 00EPTOBOIO TPyOUaCTOIO MIUYIO
JUTSI CHHTE3y HAaHOIMOPOIIKIB 3 MPoAyKTUBHICTIO 710 20 T. y pik. Ha ii 6a3i po3pobiieHo
TEXHOJIOT1I0 OTpuMaHHs HaHomopomkiB (15-30 um) BaTiO; 3 TuTaHuI-okcanaty
Oapiro 1 MepoKCOoTUTAaHATYy Oapiio JUIsl BUTOTOBJICHHS OaratomiapoBHX KepaMidyHUX
KOHJeHcaTopiB HOBoro mnokoiiHHA Tuny X7R, X8R (A.B.Paryns — Iucrturyt
npo0JieM MaTepiaiio3HaBcTia iM. .M. @paniieBuya).

Po3po6iieHo MeToan oTpUMaHHS MAaCHBHUX, HAHOCTPYKTYPOBAHUX, aMOp(PHHUX
CIUIaBIB aOMiHitO 3 mepexigHumu 3d- 1 4f-enementamu. B iX OCHOBY MOKJIaA€HO
ABoCTaAlitHUI mpouec. Ha mepiioMy etamni 3a paxyHOK MIHIHTYBaHHS PO3IUIaBIB Ha
MAaCHBHOMY MIJIHOMY JHMCKY, 1110 00€pTa€ThCA,0TPUMYETHCS aMOp(HA CTPIUKa, B SKIH
MPUCYTHI HAHOMETPOBI KJacTepHi yTBOpeHHs. Ha nmpyromy erari cTBOpeHUH 3 Hel
MacuB 0araropa3oBO «IPOTAHSIOTH» YEpPe3 YCTAHOBKY T'BHUHTOBOI EKCTpY3ii,
CTBOPIOIOYM TUM caMHM A00pe chopmoBaHuii 00'eMHuii criaB. Bin 6arato B yomy
YCHaJKOBYE BJIIACTUBOCTI aMOPGHOT HAHOCTPYKTYPOBAHOI CTPIUKH, 1 B TIEPIILY YEPry —
il BHCOKI MIIHICHI, KOpo3iiiHi Ta MarHiTHI BiactuBocti (B.K. Hocenko — IHcTuTyT
metanodizuku im. I'.B. Kypaiomosa).

CrtBopeHo oOnagHaHHS Ta po3pobIieHi criocoou OTpUMAaHHS
BEJIMKOrabapuTHUX OaratoniapoBUX METajl0-HAHOKOMIIO3UTIB. TyT Ha MOYaTKOBOMY
eTani CTBOPIOIOTHCS BHXIJIHI IIApyBaTi Mapu ACKIIbKOX THUINIB — HANPHUKIAI, Milb-
CTajib, ayCTEHITHA CTaJlb — MEPJIITHA CTaJlb, ATFOMIHIA-TUTAH, MiJb-TUTaH, AJTFOMIHIH-
CBUHEIb, CTalb-THTAaH-BOJNbPpaM. VY TMOAANBIIOMY, KOXXHA 3 HHUX MiJJA€ThCA
Oararopa3oBiii LMKIIYHIM 00poOI: rapsiua BakKyyMHa 1 XOJOJIHa armocdepHa
MpoKaTKa, TepMiuHa oOpoOka, (opMyBaHHS BUXIZHOrO makeTy. Ha «BuUXomi»
IpOLECY OJIEPKYETbCA CTPYKTypa 3 HAHOMETPOBHMHM IlIapamMH, HOpujaTHa IJis
BUKOPUCTAHHS B SIKOCTI PaJlialliifHO-3aXMCHUX KOHCTPYKIIM B aTOMHIN €HEPreTHIli,
aBlaniiHii 1 kocmiuHii TexHimi (B.A. binoyc - HarionanpHuii HaykoBUM LEHTP
«XapKiBChbKUH (P13UKO-TEXHIYHUI IHCTUTYTY).

KomOiHarmiero ekctpysii, Bigmamxy 1 BOJOYIHHS 3pasKiB TPyOO3epHUCTOTO
(~10 MKM) ITUPKOHIIO OTPUMAHHUN ITUPKOHIN 13 cepeHiM po3mipoM 3epeH B 200 HM.
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Taxuit HaHOCTPYKTYpOBaHMM IMPKOHIA B 1HTepBayi temmeparyp 4,2-300 K mae y
2,5-3 pa3u OUIBITY MEXY TeKYUOCTI1, HDK Y BUXIJIHUX 3pa3KiB IUpKoHito. Lle mo3Boise
BUKOPHCTOBYBATH MOT0 B IKOCT1 KOHCTPYKIIMHOTO MaTepiainy KplOreHHO1, aBialliitHo1
Ta KOCMiIYHOi TexHikW. [Ipu remieBUX 1 a30THUX TeMIIepaTypax 3apeecTpPOBAHHIMA
e(deKT 3pOoCTaHHS 1HTEHCHUBHOCTI YTBOPEHHS JBIWHUKIB MPHU 3MEHIICHHI PO3MIpPIB
3epeH, 10 MOXe OyTH IMOKJIAJEHO B OCHOBY METOJUK Ae(hOpMAIIITHOTO 3MILIHEHHS
HAHOCTPYKTYPOBAHOI'O IIMPKOHIIO MPH HU3bKUX Temmeparypax (B.A. MockaneHko —
®Di3UKO-TEXHIYHUH 1 IHCTUTYT HU3bKHUX TEMIIEPATYD im. B.I. Bepkina ).

B yMmoBax cmikaHHS TpH BHUCOKMX THCKax 1 TeMmIepaTypl CHHTE30BaHI
HAHOKOMITO3UTH aliMa3-kap0ia Bomb@pamy. [lokazaHo, mo y mporeci chikaHHs B
MPOMDKKaX MK alMa3sHUMH HAaHOYACTHMHKaMH yTBOPIOIOTHCS HAHOYACTUHKU KapOidy
BOJb(PpaMy, XIMIYHO TMOB'SI3aHI 3 aJMa3HUMH. Y BCbOMY OO0’€M1 KOMIIO3UTY
(bopMyeTbCs CTPYKTYypa, B SIKIil 3epHa KapOigy BoJibPpaMmy Ta anMasy pO3MIillleHI
PETYJIPHO 1 € JOCUTh OJHOPIIHUMU 32 po3MipaMH. Y HAaHOKOMIIO3UTI MOETHYIOThCS
Bucoka TBepAicTh (25 I'Tla) 1 TpimmHOCTIHKICTE (6.6 MHa°M1/2), 10 J03BOJIsIE
BUKOPHCTOBYBAaTH HOTO y BUPOOHHUIITBI JICIMIEBUX IHCTPYMEHTIB JIsi MIKPOTOUIHHS
(O.0. boueuka — [HcTuTyT HaaTBEepAUX MaTepiamiB iM. B.M. bakys).

3 BUKOPHUCTAHHSIM HAHOJBIMHMKOBOI Miai 1 HaHokommosuty Al-(Fe, Cr) na
MOBEPXHI TUTAHOBUX JIOMATOK Ta30TypOIHHUX JBUTYHIB CTBOPEHI TBEP/Ii, IBOIIAPOBI
HAaHOCTPYKTYPOBaHI BHCOKOJEMII(EPYIodl MOKPUTTSA, MEXaHIYHO CTIMKI TpH
MUKIIYHAX HaBaHTaKEHHsX. Jlemmdyroua 34aTHICTh TUTAHOBHX JIOMATOK 3 TaKUMU
MOKPUTTAMU MiABUIIYEThCS y 3-5 pasiB. [HCTpyMEHTaNbHUMH TOCIHITKCHHIMH
BCTAHOBJIEHO, 110 MiJBUIICHA AUCUTIALIL MEXAHIYHOI €Heprii HAHOCTPYKTYPOBAaHUMHU
Marepiajiamu 00yMOBJIEHa, B OCHOBHOMY, TpoliecaMu Ha Mexkax 3epeH (A.l. YcTuHoB
— IHcTuTyT enexrpo3BaproBanHs M. €.0. [1aTona).

Po3po6ieno cnocié oTpuMaHHs HAHOCTPYKTYpOBaHOTO KOMIO3UTY CugoFey 3
PIBHOMIPHO PO3MOJAUIEHUMHU y MIJHIA MaTPHIl HAHOYACTHHKAaMHU 3ajiza. TBepaiCcTh
Takux KoMmo3uTiB y 1,5-2,0 pasu Buima, HiXK y 3pa3KiB 3 TpyOOIUCIIEPCHOIO
MIKPOCTPYKTYpOt0. Maruitoonip iX Takox OUTBIINHN, HIXK Yy 3pa3KiB 3 MOPOIIKIB, 110
BUTOTOBJISIFOTBCS.  BUCOKOCHEPT€TUYHHM  PO3MENIIOBAHHSIM  CyMILIl  METaJieBUX
nopotikiB. KoMmo3utu MOXyTh OyTH BUKOPHUCTAaHI B TEXHOJIOT1SIX CTBOPEHHS HOBHX
¢dynkmionansaux  Mmarepianie (B.B. Cxopoxonm  —  Iactutyr  mpobGiem
Marepiano3HaBcTBa iM. [.M. ®panneBuya).

HaHoO0ioTeXHOJIOTil i HAHOMATEPIiaJ¥ __ MEJIWYHOI0  NPU3HAYCHHS.
CuHTe30BaH1 KalllIKCapeHHU, SIKl € MEePCHEKTUBHUMHU MOJIEKYJISPHUMH IUIaTGopMaMu
JUTSI CTBOPEHHS JIIKIB HOBOTO MOKOJIIHHSA — aHTUTPOMOOTUYHUX IMpenapariB 1 3aco0iB
JKYBaHHS NATOJIOT1H, MOB'SI3aHUX 3 MOPYLUIEHHSMUA 10HHOTO TOMEOCTa3y: IepTeHs3ii,
niabeTy, 1meMii, TINoKCli, pI3HOMaHITHOI MPUPOIX HEWpomarii, clabKoCTl JITOPOAHOI
¢ynkuii 1 T.n. (C.O. Kocrepin, E.B. JlyroBcbkuit —- Inctutyt 6ioximii im. O.B.
[Tammanina; B.1. Kanpuenko - [HCTUTYT opraHigHOT XiMmifi).

CTBOpeHi yCTaHOBKAa 1 METOJIUKH OYHUIICHHS ITUTa3MU KPOBI BiJl BIPYCHHUX
iHGekuiid. B sSKOCTI peareHTy Ha MPUCYTHI B MJIa3Mi KpPOBI BIpYCH po3poOsieHuit
Moau(piKoBaHUN HaHoposMipHHﬁ MarHeTuT 3 aHTUTLIAMHU, SIK1 3[1HCHIOIOTh (I)yHKuiIo
«KIII0Y-3aMOK». B sikocTi MonudikaTopi MarHeTHTy BUKOPUCTAHA cepm OKCH/IIB
METaliB MEpIIOi MEepexiHOl TPYyNU eJEeMEHTIB, KpeMHilo 1 amomiHio. Ha Bxin
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YCTaHOBKH IO PI3HUX KaHajaX HaIXOJATh Ia3Ma KpOBI — «370pOBa» Ta 1H(IKOBaHA
BIpycamMH, a TaKOX CaM KOMIUIEKC-peareHT. Y MOJAJIbIIOMY, CYMilll KOMILIEKC-
BIpyCH, siKa MpopearyBalia, BUJIOBIIOEThCS CTIHKAMHU KOJIOHU 3 BOYJOBaHUMU B HeEi
NoCTIHMMU MarHiTamMmu. Ha BHXiJ YCTaHOBKM HAaAXOAUTh <«3J0pPOBay, OYMIIECHA
iazMa. BusiBnieHo, 1110 MOBHE OYHMIIEHHS KPOB1 BIIOYBA€ThCS MPU BUKOPUCTAHHI B
AKOCT1 peareHTy KoMIuiekcy «Marnerut-anaraz-kiarou» (ILII. TopOuk — IHCTHTYT
ximii moBepxHi iM. O.0. Yyiika).

Po3pobiieHi MpOTHMYXJIMHHWM TIpermapaT Ha OCHOBI HAaHOYACTHMHOK 30J10Ta
(~20 aM) 1 wmeTomuKka (HOTOMUHAMIYHOI Teparii 3 BUKOPHCTAHHSAM JIa3€PHOTO
BUNPOMiHIOBaHHS (A=635 uM). Busneno, mo y 50% miamochigHux MAIeH capkoma
S180 3HMKae yepe3 JBa THXKHI MICJS OJHOTO BHYTPIIIHBOBEHHOTO YKOJIy Mpenapary
HAaHOYACTHHOK 30JI0Ta 3 MoJicaxapuaamMH 1 MOJAJbIIMM ONPOMIHEHHSM MyXJWHU
nazepHuM BunpoMiHioBaHHsIM (B.P. Ectpena-JIponic - IHcTUTYT 610K0JIOTAHOT XiMiT
iM. @.J1.OBuapeHnka).

CTBOpeHO Ta BOPOBA[DKEHO B  KIIHIYHY TMPAKTUKy TPOOIOTHK 3
HAaHOPO3MIPHUMHM YacTMHKaMu 3o0JioTa «OxapuH-Au». OCHOBHE MPU3HAYCHHS
npenapary — JiKyBaHHs XBOpoO Ha (oH1 qucOakTepio3y KUIEYHUKA (y TOMY YHUCII
CaJIbMOHEIIbO3Y Ta EHTEPOKOJITIB): MPU OHKOJOTIYHUX 1 TYOEpKYyJIbO3HHMX CTaHAX;
npu aBToMmiHO3ax (ocobnuBo Bitaminu B, C, K); mpu HeoOX1AHOCTI MiJBUILECHHS
iMyHHOTO cTtatycy opraHi3zmy (3.P. Yiebepr, T.I'. ['py3ina — IncTuTyT 610KOJI0IAHOT
ximii im. @.J[. OBYapeHKo).

Po3po6eni: HOBHI mpenapar 3 HAHOAUCIEPCHOTO KpeMHezeMy «CHITIKC IS
BUKOPUCTAHHA B MEJULMHI (I€TOKCHUKAIli OpraHi3My); TEXHOJOIid OTPUMaHHS
KOMIO3UTY HaHO3alli3a 3 AacCKOPOIHOBOI KHCJIOTOK, IO BOJIOJIE CHUJIBHUM
nporuBoanemiunuM  epexkrom  (B.B. TypoB — IHcTuTyT XiMmii  MOBEpXHI
iM. O.0. Uyiika; [.C.Yexkman —  HamioHanbHMI  MEAMYHHN  YHIBEPCUTET
iM. O.0. boroMobIs).

CrtBopeHO e(heKTUBHUN COPOEHT I1€31F0 HAa OCHOBI JIITHIHY, IMIIPETHOBAHOTO
KaslikcapeHoM-kpayHoM-6 (5.0%). BumpoOyBaHHS TIO OYHMIIEHHIO Pal0aKTUBHOI
Bo/iu 3 HOpHOOMIILCHKOT 30HM MMOKa3ajM, 1o 11 BuxigHa akTuBHICTE 630 B/ (100%)
3MeHIIyeTbest 10 piBHA 359 bx/n (56%) mnpu ouwMineHHI TUIBKH JITHIHOM 1
MOHWXKYEThCs A0 3HaueHHs 2 bk/n (0,3%) mpu BuKopucTaHHI COpOEHTY JITHIH-
kanikcapes (B.1. Kanpuenko — [HCTUTYT opranidHOi Ximii).

Hocnimkeni  Mopdo-GyHKIIIOHAIBHI ~ XapaKTEPUCTUKU  ME3eHXIMaJbHUX
ctoBOypoBux KiiTuH (MCK) KICTKOBOrO MO3KY UIypiB MiJ JAi€t0 HaHOouacTuHOK (HY-
15 uM) 30m10ta. BeTanosneno, mo gonaBanHs HY 300Ta B KOHIEHTpaIlli BOJHOTO
po3uuny 10 1,5 Mxr/mi He npu3BoAATh 10 3MiHM MCK KiCTKOBOro MO3KY, TOA1 SIK
Opu  KOHIICHTpAIlifX HAHOYACTHHOK, IO TEPEBUINYIOTh 3HAYECHHS 3 MKI/MII,
BHUSIBJICHO TOKCHYHHM BIUIMB Ha KIITHHW, IO TPOSBISETHCA B 3HWKEHHI IX
npoJiipepaTBHOI aKTHBHOCTI Ta aKkTHBalii mporeciB amonto3dy. I[IpoBeneHi
JOCIIIKEHHS PO3IIMPIOIOTH ICHYIOU ysiBJIeHHs mpo BiiuB HY 3010Ta Ha cToBOYpOBI
KJIITUHH, @ OTPUMaHI JJaHI MOXKYTh CIIY>KHTH OCHOBOIO JiJisl BUkopuctanus HY 3omota
B MpakTHIll BiamoBiguux KiiHIK (A.M. ['ombueB — [HCTHTYT TIpOGIemM Kpio6ioJorii i
KpPIOMEIUIINHU).
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Myabtudepoiku ¢pochopBMICHUX XaJIbLKOTeHIAIB MeTAJIB I
HAAIIUILHUX Ta HAAMBHIKUX CHCTEM 00poOkM iHGopmaii

Bucouancekuii 10., I'myxos K., I'puiis B., Korytuua A., Kyaapst M., JIro6auko B.,
Menynuy M., unom FO., €Buy P.

Incmumym ¢hizuxu i ximii meepoozo mina, Yoceopoocvkuil HayioHanbHULL YHIGEpCUmMen,
Yorceopoo, Vrpaina

Jns  yuiIpHEHHS  €HEProHE3aJIeKHOro  3amucy  1H(opMarii  IIHUPOKO
JTOCIKYIOTBCSI MOYKJIMBOCTI BUKOPHUCTAHHS CETHETOCTIEKTPUKIB Ta MYJIbTH(EPOIKiB,
IO MpU MEBHUX YMOBAX BOJIOAIIOTH CIIOHTAHHOIO MOJSIPU3AIIEI0 Ta CIIOHTAHHOIO
HamarHiueHictio. Ha Temep nns mapyBaTux kpuctaniB ceraetuenaekTpukis CulnP,Sq
ta CulnP,Ses nocarHyTi HaHOMETpUYHI PO3MIPH JTOMEHIB 3 KOHTPOJIHOBAHOIO
OpIEHTALII€0 BEKTOpa CIOHTAHHOI MOJSIpHU3alii, IO BIAKPUBAE NEPCHEKTUBU
PO3BUTKY HOBUX TE€XHOJIOT1H st 00poOku nanux [1,2]. OxkpiM po3mipHOTro (akTopy
BAXKJIMBOIO MPOOJIEMOIO € MIJBHUILEHHS BUIKOCTI MEXaHI3MIB 3aMuCy 1H(POpMAILIii.
VYBara 30cepe/KyeTbcsi Ha BUKOPUCTaHHI CBITJIOBHX IMITYJIBCIB (PEMTOCEKYHIHOI
TPUBAIOCTI AJs  30yJKEHHS KPUCTAIIYHUX CTPYKTYp 3 METOK  HIBUAKOI
Mepenosisipu3ailii  JOMEHIB y CerHeToeNeKTpuuHid ¢azi. HasBHI iMIybCHI
(dbeMTOCeKyHIHI JIa3epy B TMOEIHAHHI 3 MeToJaMu (HEeMTOCEKYHIHOI AudpaKiii
PEHTIeHIBCHKUX TMPOMEHIB CHPUSIIOTH AOCTI/DKEHHSIM JIUHAMIKA TPATKU KPHUCTAIIIB
MpU CYTTEBUX BIAXWICHHSX KPHUCTATIIYHOI CTPYKTYPH BiJl PIBHOBAKHOTO CTaHy.
BuByeHHsT aHTapMOHIYHOI AMHAMIKH BKa3y€ MOKJIMBOCTI peati3allli HaJIlIIBUIKOTO
NEePEeMHUKAHHS  CETHETOCNIEKTPUYHMX  JOMEHIB  HAJAKOPOTKUMH  Ja3epHUMHU
IMITyJIbCaMH, 10 CTBOPIOIOTH BUCOKI HAIIPYEHOCTI1 €IEKTPUYHOTO OIS, OJIM3bKI 10
MDKaTOMHUX TOJIB B KpPUCTATIYHUX CTpyKTypax. [Ipm 1pomy, 3aBASIKM KOPOTKIN
TPUBAJIOCTI IMIYJBbCIB, KPHUCTAIM HE pO3IrpiBalOThCSA, IO 3arnodira€ iXHbOMY
pyiiHyBaHHt0. Panime miaTBepakeHa [3,4] TEpPCHEKTUBHICTb  JIOCHIIKEHHS
HEPIBHOBAXHUX (PEMTOCEKYHJHHX MPOIECIB B CErHeToelekTpukax SnyP,S(Se)s 3
ONTHMI30BAaHUMHU BJIACTUBOCTSIMU IS PO3POOKM HOBUX HAIIIBUAKHX METOIIB
00pOOKH JTaHUX.

B pamkax HaOmmxeHHS @yHKuiOHany €JIEKTPOHHOI T'YCTUHU BCTaHOBJICHO, IO
npo(diib JIOKaJbHOTO TMOTEHLIaNy I (UIYKTyalil CIOHTaHHOI NOJspHu3alii B
CETHETOCNEKTPUKaX THUIy SNyP,Sg € TpbOXSIMHUM 1 BH3HAYAETHCS BTOPUHHUM
edextom Sfna-Temnepa [5,6]. BuBuena nmepeOynoBa XiMIYHHMX 3B’SI3KiB B KpHCTalax
NPy BUHUKHEHHI CMOHTAaHHOI MOJISIpU3aIlii, OTpUMaHi BIOMOCTI MPO OCOOJIMUBOCTI
aHrapMOHI3MY  JMHAMIKM TpaTKd, €JIEKTPOH-(POHOHHY B3aEMOII0, €(QEeKTH
€JIEKTPOHHUX KOPEJISIIii, 1110 BU3BHAYAIOTh CTPYKTYPHI CTAHW KPUCTAIIIB B 3aJI€KHOCTI
B1JI TEMIIEpaTypH, THCKY Ta XIMIYHOro ckiajay. BcTaHoBieHuil 3B'a30K (POHOHHOTO
aHTapMOHI3MY (30KpeMa TEeIJIONPOBIAHOCTI) 1 XapakTepy CTPYKTYpHUX (Ha30BHUX
nepexoiB. JlocaipkeHi ONTHUYHI, HAMiBIPOBIIHMKOBI Ta CETHETOCJIEKTPHUYHI
XapaKTePUCTUKN KPUCTAIIIB B 3aJICKHOCTI B1J HECTEXiOMEeTpli CTpyKTypHu. BuBueHO
BIUIUB  TIAPOCTATUYHOTO Ta OJHOBICHOTO THCKIB Ha CErHETOCJIEKTPUYHE
BIIOPSJIKYBaHHA B TPHOXMIPHHX KpPHUCTAJIIYHUX TIpaTKax Tumy SNn,P,Sg Ta B

32



n s» CM®XT - 2021

[IapyBaTUX KPUCTAIIYHUX CTpyKTypax TuUmy SnP,S¢ um CulnP,Sg. Bcranosrewi
YyMOBU peaiti3allii IepexoJiiB HAMIBIPOBIIHUK — MeTajl Ta ICHYBaHHS CTaHy
TOJIIPHOTO METAITY.

1. A. Dziaugys, K. Kelley, J.A. Brehm, L. Tao, A. Puretzky, T. Feng, A. O'Hara, S. Neumayer,
M. Chyasnavichyus, E.A. Eliseev, Ju. Banys, Y. Vysochanskii, F. Ye, B.C. Chakoumakos,
M.A. Susner, M.A. McGuire, S.V. Kalinin, P. Ganesh, N. Balke, Sokrates T. Pantelides, A.N.
Morozovska, P. Maksymovych. Nature Communications, 2020, v. 11, p. 3623-1 - 3623-7.

2. A. Belianinov, Q. He, A. Dziaugys, P. Maksymovych, E. Eliseev, A. Borisevich, A.
Morozovska, J. Banys, Y. Vysochanskii, S. V. Kalinin. Nano Lett., 2015, v. 15(6), p. 3808 -
3814.

3. S. Grubel, J. A. Johnson, P. Beaud, C. Dornes, A. Ferrer, V. Haborets, L. Huber, T. Huber, A.
Kohutych, T. Kubacka, M. Kubli, S. O. Mariager, J. Rittmann, J. I. Saari, Y. Vysochanskii, G.
Ingold, S. L. Johnson. arXiv:1602.05435 [cond-mat.mtrl-sci], 2016.

4. M. Kubli, M. Savoini, E. Abreu, B. Burganov, G. Lantz, L. Huber, M.J. Neugebauer, L. Boie,
V. Esposito, E.M. Bothschafter, S. Parchenko, S. Griibel, M. Porer, J. Rittmann, P. Beaud, U.
Staub, M. Yabashi, Y. Tanaka, T. Katayama, T. Togashi, A.A. Kohutych, Y.M. Vysochanskii,
S.L. Johnson. Appl. Sci., 2019, v. 9, p. 525-1 - 525-11.

5. K.Z. Rushchanskii, Yu.M. Vysochanskii, D. Strauch. Phys. Rev. Lett., 2007, v. 99, p. 207601-1
- 207601-4.

6. K. Glukhov, K. Fedyo, J. Banys, Yu. Vysochanskii. Int. J. Mol. Sci., 2012, v. 13, p. 14356 -
14384.

33



CM®XT - 2021

HanocTpyKkTypa B i€epapxii HeoqHOpiAHOCTEH aMOP(PHUX PEHOBHH.

IBannnbkui B.I1.

Vaiceopoocokuii HayionaneHull yHigepcumem, iH’CeHepHO-MeXHIYHUL (aKyibmem
ivancvp7@gmail.com

CydacHi [OCHIPKEHHS CTPYKTYpH amMop(HOro CTaHy pI3HHX MaTepialiB
JIeXKaTh y PI3HUX IUIONIMHAX TIXHBOI CTPYKTYPHOI 1€papxii, 10 SAKUX BIAHOCATHCSA TaKi
OCHOBH1 MacIiuTaOHi piBHI: OMIKHIN MOPSIIOK, MPOMIKHUN MOPSIIOK; ME30CKOMIUHE
YIOPSAKYBaHHS; HAHOCTPYKTYpa; MIKPOCTPYKTypa. Ha KOXHOMY 3 IUX CTPYKTYpHUX
pPIBHIB  IHTEHCHBHO MPOSIBISIIOTBCS  PI3HOMAHITHI ~ €JIEMEHTH  CTOXaCTUYHOI
HEOJHOPITHOCTI, KOTpPl MOJUIAIOTHCS Ha JBa SIKICHO Pi3HI BHJIMU: JUCKPETHI
HEOJHOPIAHOCTI aTOMHOI CITKM Ta HEOJHOPIAHOCTI aMop(HOi MaTpuui sK
HENEPEPBHOTO KOHTUHYYMY.

3  eJIeKTPOHHOMIKPOCKOIMIYHUX JOCHII)KEHb BUIUIMBA€E, 110 OUIBIIICTh
amMmopHMX MaTepialiB y Tid abo 1HIIN Mipl MICTSATh IPOCTOPOBY (IIyKTyaIrito
KoHTpacty. [Ipu anHasmi3l HaHOCTPYKTYpH SIK KpUTEpid CTymneHs ii HEOJAHOPIAHOCTI
JIOIIJIBHO BUKOPUCTOBYBATH BEJIMYHUHY CEPEIHBHOTO KOHTPACTY HA MIKPO3HIMKAaX MiX
JOKaJIBbHUMU JUISHKAMHU 3 MaKCUMaJIbHOIO Ta MiHIMAJIbHOIO 1HTEHCUBHICTIO ,,[I0Y0P-
HiHHg”. [lpu npomy OuIbIn ,,TeMHI” 001acTi 300pakeHb SBISIOTH COOOI0 OKpeMi
YTBOPEHHsI-3€pHa OKpyriioi dhopmu 13 cepeanimu po3mipamu 20 — 50 HM, OoTOYEHI
OuIbII ,,CBITIIMMU JIISHKAMU-KaHaJaMHU 31 CepeAHhOI0 MMUpPUHOW 3 — 15 HM.
BpaxoByroun mnpocTopoBui MacmitTad AaHUX CTPYKTYPHUX OCOOJMBOCTEH, iX
BIJIHOCSITh /O HAHOCTPYKTYPHOI HEOJHOPITHOCTI aMOp(HHUX MaTepiaiiB.

HaHoHEOo1HOP1AHICTh KOHTPAacCTy Ha €JIEKTPOHHOMIKPOCKOIIYHUX
300paXECHHSIX BU3HAYAETHCS MEPEBAXKHO TAKUMU OCHOBHUMU (haKTOpaMHU:

- PI3HUIIEIO TOBIIMH PI3HUX IUISHOK JOCIIKYBaHUX 3pa3KiB;

- PI3HUIICIO0 ATOMHUX TYCTHUH ITUX JUISHOK;

- BIIMIHHICTIO XIMIYHOTO CKJaay pi3HUX AUIIHOK. lle 3ymMoBieHO TuM, 110
3HIMKH OTPUMYIOTh Y peXuMi (OpMyBaHHS 300paK€Hb aMILUTITYHUM KOHTPACTOM, Y
SKUW CYTTE€BUA BKJAaJ BHOCATH EJEKTPOHHI aAMIUNITYAW PO3CIIOBAHHA XIMIYHUX
€JIEMCHTIB;

- BIIMIHHICTIO ME30CKOIIYHOI CTPYKTYPH Ta MPOMIKHOTO TOPSIKY JAUISTHOK.

Cymapna ngis 1ux (akTopiB BH3HAYa€ MPOSIB B amMOp(HHUX Marepianax
HACTYMHUX BHUJIIB MIKPOCTPYKTYPH.

1. Ha piBHI HenepepBHOro KOHTHHYYMY OJHOpiAHA MIKPOCTPYKTypa
MaciTadiB Bijl KITBKOX HAHOMETPIB IO COTEHb MIKPOMETPIB B aMOP(HUX pEeyOBUHAX
peanizyeTbesl PIAKO 1 MPOSBISIETHCS JIUIIE y CTEKJIaX 3 XOPOIIOK 3JaTHICTIO 10
CKJIOYTBOPEHHS Ta y TUTIBKaX, OTPUMAHUX MPHU KPUTUYHUX TEXHOJOTIYHHX YMOBAaX.
Ha 300pakeHHsiX Takux 00’€KTIB BICYTHI Bapiallii K aMIUTITYTHOTO, TaK 1 (ha30BOro
KOHTPACTY.

2. Y maTpulll nepeBa)xarovoi O1IbIIOCTI aMOP(PHUX PEYOBHUH CIOCTEPIralOThCs
PI3HOMAaHITHI HEOAHOPIAHOCTI PI3HOI IHTEHCHUBHOCTI. 3a XapakTepoM MpOsBY iX
MOKHa PO3AUTUTH Ha JIBa SKICHO pi3HI TUMU: (a30Bl Ta CTPYKTYpHi. 3a BUIOM
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HEOJTHOPITHOT MIKPOCTPYKTYpH aMop(H1 MaTepiaiu MOXKyTh OyTH (pa30BO 0THOPIIHI,
ajie CTPYKTYPHO HEOJHOPIJHI, CTPYKTYpPHO OJHOPIAHI, ayie ($a30BO HEOIHOPIIHI,
OJIHOYaCHO MaTH 0OMJIBa TUITH HEOJHOPITHOCTEH.

30kpeMa, JuIg  pI3HUX 3a XIMIYHHM  CKJIQJIOM amMoOp(HHX pedyOBUH
XapaKTEPHUMH MOXYTh OyTH:

- HAHOHEOHOPIAHICTh, HAa 300paKEHHSAX SKOI MPOSBISIOTHCS HAHOPO3MIPHI
Bapiallii KOHTPACTy PI3HOTO CTYIICHS;

- XBUJIENo1i0Ha TOPOUCTO-TOMEHHA;

- cyOCTpyKTypHa MIKPOHEOJAHOPIAHA 13 TOMOJOTIYHUMHU YTBOPEHHSMHU PI3HOT
(dbopMU MIKPOHHHUX PO3MIpiB;

- TeTepOreHHa, SIKa MICTUTh y CBOEMY CKJaJl PO3IUICHI MIX c000I0 AB1 abo
KUJIbKa HEBIOPSAKOBAHUX (Pa3 OJHOIO 1 TOTO K XIMIYHOTO CKJIAAY;

- TETEepOT€HHA HEOJHOPiJHA, 0 MICTUTh B OJHOPIAHIA MaTpuUlll OJHIET
amopduoi (a3zu HeBenMKiI BKIIOYEHHS 1HINOI amMopdHOoi (a3u, sKi MOXKYTh
BIJIPI3HATHUCS BIJT OCHOBHOI MATpHUIIl CTPYKTYpOIO, XIMIYHMM CKJIaJoM abo 1
CTPYKTYPOIO 1 XIMIYHUM CKJIaJIOM OJIHOYACHO;

- TeTeporeHHa aMop(HO-KpHUCTaliyHA Yy BUAl aMmopdHOi MaTpuil 3
KPUCTATIYHUMH BKJIIOUCHHSIMH, XIMIYHUH CKJIaJl KOTPUX CIiBHagae abo HE CITIBIAIAE
31 CKJ1aI0M aMOp(HOI MAaTPHIII.

Kpim 1mporo  peanizyrorbest  crenudiudi  aMOp(HO-TOTIKPUCTATIUHI
MIKPOHEOAHOPIAHI CTPYKTYpH, Y KOTPUX YacTKa KpUCTaIiyHOi (pa3u MOpiBHsSHA 3
4acTKO0 aMOp(HOi Pa3u abo 1 CyTTEBO MEPEBUILYE ii.

[IposiB meBHOTO THUIy HEOMHOPIAHOCTEH MIKPOCTPYKTYPH BU3HAYAETHCS SIK
XIMIYHUM CKJIaZIOM PEYOBHHHM, TaK 1 YMOBAMH ii OTpUMaHHS Ta OOPOOKH.

Jns  npuknagy, y aMopdHHUX IUJTiBKaX XaJbKOTEHIJIB B OCHOBHOMY
peanizyeTbcsi  HAHOHEOJHOPIIHA  CTPYKTypa  XBWISICTOTO, 3€pHUCTOrO  abo
nabipuHTHOTO THUMIB. Ha  eneKTpOHHOMIKPOCKOMIYHMX  300paKEHHSX BOHA
MPOSIBIIIETHCS Y BUTIISAI OUTBI ,,TeMHUX 0O0JlacTei, OTOYCHUX OUIBII ,,CBITIIMMU”
ninstHkaMu Po3Mipu Ta KOHTPACTHICTh MPOSBY HAHOHEOIHOPITHOCTEHM 3aJal0ThCs
XIMIYHUM CKJIQJIOM PEYOBUHU Ta TEXHOJIOTIYHUMU MMapaMeTpaMu OCaHKEHHS ILTIBOK.
XBUIACTUIA THUN HAHOHEOJHOPIAHOCTI YTBOPIOETHCS TEPEBAXHO B TUTIBKAX, IO
GOpMYIOThCS TpU Jy’KE€ BETUKHX IIBUIAKOCTSIX KOHJICHCAIl Ha TMIAKIagKax 13
TEMIIEpaTyporo piakoro aszory. I[lpum 1pOMy HAHOHEOTHOPITHOCTI CTPYKTYpPH
aMOp(PHUX KOHJEHCATIB XAJIBKOTEHIJIIB y 3HAYHINA MIpl 3yMOBIIIOIOTHCS 3aPOJKOBUM
MEXaHI13MOM MEPIIUX CTaJli OCaPKEHHSI TUTIBOK 1 MOCIIIYOUOr0 X CTOBIMYMKOBOTO
pocty. HaHOHEOAHOPIAHOCTI y BU/II 3€pEH Ta CTOBITYUKIB BUABISIOTHCS W Y TOBCTUX
mapax 1 iX HasBHICTh € BaXKJIMBOKI 3arajibHOK CTPYKTYPHOI OCOOJIMBICTIO
aMop(HUX TITIBOK XaJIbKOTECHIIIB.

BB Te€XHOJIOTIYHUX YMOB OCAJPKEHHSI HA HAHOCTPYKTYPY aMOPGHUX TUTIBOK
MIPOSIBISIETHCS] B HACTYITHUX 3aKOHOMIPHOCTSIX:

- 13 POCTOM TeMIEepaTypu MiAKIAAKKA OUIBII YITKOIO CTAa€ 3EpHUCTA Ta
nabipuHTHA HAHOHEOJHOPIAHICTD, TOJII SIK XBUJISICTA MIPH LIOMY 3HHKAE;

- TBUIIEHHS MIBUIKOCTI KOHACHCAII] MPYU BUKOPUCTAHHI METOJIIB JIA3€PHOTO
HANWJICHHA 3MEHIIYye HAHOHEOJHOPITHICT aX N0 TMepexXoAy [0 TOBHICTIO
HAHOOJHOPIAHUX TUTIBOK;
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- Ha BEIMYMHY HAHOHEOJHOPIAHOCTI  CHJIBHO  BIUIMBAIOTh  Mac-
CHEKTPOMETPUYHUHN CKJIAJ] Ta CHEPIEeTUUHUI CTaH MapoBoi (a3u.

[Ipu poMy ciij BKa3aTH, 110 BIAMIUEHI BHIIE 3aKOHOMIPHOCTI, SIK TPaBUJIO,
NPOSBIISIIOTECSA SIK TEHJEHIi, a HE SK YITKI MpaBWia, OCKUIbKM HAHOCTPYKTYypa
(hopMy€ETHCS MPH OJTHOYACHIN 1T 0araTboX KOHKYPYIOUHMX TEXHOJOTTYHUX (HaKTOPIB 1
4acTO Ma€ CTOXaCTUYHUHN XapakTep.

3aranpHOI0 TEHJACHIEI0 (OPMYBAaHHS CTPYKTypU aMOppHUX PEUYOBHH €
YTBOPEHHS HAHOHEOJHOPiAHOI MaTpuii. i ocobmuBocTi B 6araThbox JeTajsax
HArajayloTh MOBEAIHKY CHUCTEM, K CAMOOPTaHi3ylOThCsS Ha HAHOMACIITAOHOMY PiBHI
BHACJI/IOK aKTHBI3allll 3BOPOTHHUX 3B’S3KiB, 00YMOBJICHHX 3MIHAMHU CHJI MI>KaTOMHOI
B3a€MOAII B JIOKAJIBHUX JUISHKAX Marepially. 3a XapakTepoM  MpOsBY
HaHOHEOIHOP1AHOI Oy/10BH aMOp(dHI PEUOBUHU YaCTO TAKOXK MOAIOHI PpaKTaJIbHUM 1
KJIIACTEPHUM CTPYKTypaM. 3MIHOIO TEXHOJIOTIYHUX IMapaMeTpiB OTPUMAHHS MOXKHA
CTBOPUTH YMOBHU Ul KEPyBaHHS B LIMPOKUX MEXaxX CTYIIHHIO MPOSIBY TaKHX
CTPYKTYp a@X J0 IOBHOI'O iX 3HHUKHEHHS. Ajie B 0ararboxX BHIIAJKax peani3allis TOro
a00 1HIIOrO TUITY HAHOHEOJHOPIAHOCTI B aMOP(MHUX MaTepiajiax MOXKE MPOSBISTUCS
AK cJ1a00 KOHTPOJIbOBAaHUI CTOXACTUYHMI MpoLIEC.

Jig  ToHKMX  amMop(HUX  KOHJAEHCATIB  XapakTep 1  BeJIMYMHA
HAHOHEOJHOPIIHOCTI CYTTEBO 3aJE€KUTh BiJl TEXHOJOTIYHUX YMOB OTpUMaHHs. Sk
MpaBUJIO, 30UIBIICHHS TEMIIEpaTypu BUIIAPOBYBAHHS MaTepially 30LIbIIY€E CTYIIHb
HaHOHEOAHOPIAHOCTI. [Ipy ogHOMY 1 TOMY X 3HAUYEHHI TEMIIEPaTypyu BUNAPOBYBaHHS
CTYIIHb HAHOHEOJHOPIHOCTI IJIIBOK MOXKE SIK 301JIBIIYBATUCS, TaK 1 3MEHIIYBATHUCS
31 3MIHOIO XIMIYHOrO CKkjiaay. Taka TIOBeNIHKA, SK TPaBUIO, KOPEIIE 3
KOHLIEHTPALIHHUM XOJIOM CTYIEHIO MEPErpiBy Mapy BIAHOCHO TEMIEPATYp JIKBIYCY
($a30BoO1 AlarpamMu BiJIMOBIAHOI CUCTEMU. TOMY OJHHUM 13 TOJOBHUX YMHHHKIB, SIK1
BHU3HAUYAIOTh YTBOPEHHS HEOIHOPIAHOI HAHOCTPYKTYpH aMOppHUX IIIIBOK MPH
IHIIUX PIBHUX YMOBax, MOXXHA BBaXaTH PYXJUBICTb YACTHMHOK TapH, SKi
KOHJECHCYIOThCS Ha miaknanui. [Ipy npomMy naHa pyXJUBICTh 3MIHIOETHCS MPU 3MiHI
cTyneHto mneperpiBy napu. OIHaK TYT TNPOSBISETHCS 1 MOMITHA KOHKYpyroda Jis
IHIIMX TEXHOJIOTITYHUX YMHHUKIB, fKI BHU3HAYaIOTh NPOILECH POCTYy IUTIBKH Ha
MIJKIaAMi: OB CKIQJHUA BIUIUB TEMIIEpAaTypy BUITAPOBYBAHHS Ha CKIam 1
CHEpPreTUYHy AaKTUBAIlIl0 YAaCTUHOK TMapW, IMiJBUIICHHS IMOBIPHOCTI pEaKIlii
acorriarfii 0araToaTOMHUX KOMIUIEKCIB Ha MIAKIAANI 3 OIBII MPOCTUX YACTUHOK
napu, TOIIIO.

Crin BiI3HAYMTH, 110 N011I0HA HAHOHEOAHOPIAHA CTPYKTYpa CIIOCTEPITa€ThCA 1
y KpUCTAIYHUX KOHAEHCaTaX pi3HUX PEUYOBHUH. SIK TOKa3yloThb YHCIIECHHI
€KCIIEpUMEHTAJIbHI JOCTIIPKEHHs, OCOOJMBOCTI HAHOHEOAHOPITHOCTI aMOppHUX 1
KPUCTATIYHUX TUTIBOK JOCHTh CXOXIi: CTOBHII ab0 3epHa, SIK MNpaBUJIO, MAarOTh
OJIHAKOB1 PO3MIPH 1 OpIEHTAIII0 Ha BCIW IJIIBII; HA MPOLIECHU iX YTBOPEHHSI CYTTEBO
BIUTMBAIOTh TEXHOJIOTIYHI YMOBHU OJICp)KaHHS KOHJIEHCATIB; (DOPMYBAHHIO OiIBII
OJTHOPITHOI CTPYKTYPH CHIPHUSAIOTH 30UIBIICHHS] KIHETUYHOI €Heprii YaCTHHOK TapH,
3MEHIIEHHS THCKY 3aJMIIKOBUX Tra3iB MiJKOBIAYHOIO 00’eMy Ta HaOMMKEHHSA
HANpPSIMKY TOCTYIUIEHHSI MApOBOr0 MOTOKY Ha MIAKIAAKY A0 MEPHEHAUKYIISIPHOTO
IUTOUIMHI TMiAKIaAKA. BiqMiueHi TeHAeHIi BKIaJal0ThCsl B 3arajibHy 3aKOHOMIPHICTh
— TpOILIeCy YTBOPEHHS CTOBMIIB Ta 3€PEH CIPHUSAIOTH TI TEXHOJIOT1UHI (aKToOpH, AKi
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3MEHIYIOTh PYXJHMBICTh aJCOPOOBAaHMX YACTMHOK Ha MIAKIAAI 1 30UIBIIYIOTH
MO>KJIMBOCTI MTPOHUKHEHHS JOMIIIOK 3JIMIIKOBHUX T'a31B Y MAaTPUIIIO KOHJEHCATY.

[Tpu aHajizi pe3yJbTaTiB EKCTIEPUMEHTAILHUX JOCITIKEHB
HAHOHEOHOPITHOCTI IIIBOK OCOOJIMBY YBary CIiiJi 3BEpTaTH Ha €HEPTril0 YaCTUHOK,
Kl KOHACHCYIOThCS. llpu nuCKpeTHOMY METOII TeMmIepaTrypa BUIAPOBYBAHHS
CYTTEBO BHIIA, HIXK MPH IMTPOCTOMY TEPMIYHOMY OCaJKeHHI. BiAmoBiiHO, O1IBIIOO € 1
€HEepris 4YacTUHOK, fKI TNOTparvisiioTh Ha miaxkiaaky. Lled ¢akTop 3ymoBIOe
MIIBUIIEHHS PYXJIHBOCTI ancop6OBaan YaCTMHOK Ha MAKIAANI 1 CIHOpHUsE
(dhopMyBaHHIO OUTBII OJHOPIMHOI HAHOCTPYKTYpH. Y pe3yJbTaTi MpH TEPMIYHOMY
BUIIAPOBYBaHHI PEalli3y€ThCsl CYTTEBO 3€PHUCTAa HAHOCTPYKTYpa, TOMI SIK ILTIBKH,
OTpUMaHi JMCKPETHUM MeETOJI0M, Oinbin HaHoomHopigHi. Ille Oinmbmie  posb
MIIBUIIEHHS CHEPTeTHYHOI aKTHBHOCTI YAaCTUHOK IMAapy MPOSIBISIETHCS B METOAX
JIA3epHOTO BUITAPOBYBAHHS, y paMKax SKHX YTBOPIOIOTHCA KOHJIGHCATH 3 JYXKE
MaJIOl0 CTYIIHHIO IPOSBY HAHOHEOIHOPIAHOCTI.

Heoano3HauHMM € BIUTMB Ha CTYMiHb HAHOHEOIHOPIMHOCTI aMOP(PHUX TIITIBOK
JUIIIEe TEMIEPATYPH iX KOHACHcAIlil a00 TEXHOIOTIYHUX TeMreparyp miakiaaku. [Tpu
iX maBWIIEHHI B  OUIBIIOCTI  BHUIAJKIB  CIOCTEPITa€TbCS  PICT  CTYMEHS
HAaHOHEOJIHOPIAHOCTI amopdHUX KoHJeHcaTiB. OjHaK, B OKpeMUX aMOphHUX
pPEYOBHHAX MPOSBISIACS 1 MPOTUIICKHA MOBEAIHKA. Y TOHW e 4ac, y KPUCTATIYHUX
IUTIBKaxX MIABUIICHHS TEMIIEpaTypu MIAKIAJAKKA 3aBXKIU 3yMOBIIOE 3MEHIICHHS
MIPOSIBY 3€PHUCTOCTI Ta CTOBIYMKOBOCTI HAHOCTPYKTYpH. [HIII TeHIeHLIIT MPOSBY IIUX
BJIACTUBOCTEH B aMOp(HHUX KOHJIEHCAaTax CBIIYaTh MpPO ICHYBaHHS CYTTEBUX
BIZIMIHHOCTEH MIX MpOIeCaMH 3pPOCTaHHSI, KOAJECLEHIIl Ta KOaryJsilii OKpeMHX
KpUCTATIYHUX 1 aMOp(HUX OCTPIBKIB HAa TOBEPXHI MiAKIAAKA. BUSBICHHS TaKuX
BIIMIHHOCTEd €  BaXJIMBAM  3aBAaHHSAM  TEOPETHUYHUX 1  OCOOJIMBO
eKCIIEPUMEHTAIbHUX JOCTI)KEHb Ha MallOyTHE.

Y CTpyKTypi MacHMBHUX XaJbKOTEHIJIHMX CTEKOJ TAaKOX Peali3yeThbCs ILITHN
CHEKTp PI3HUX HAHOHEOIHOPITHOCTEH, THTEHCUBHICTh Ta XapakTep MPOSBY SKHUX
BU3HAYAETHCS yMOBaMU CHUHTE3y. Po3risiHeMo iX Ha mpUKIaai CTEKOJ TPUCYIb(ITY
MUII’SIKY, SIKI OTPUMYBAJIMCh TPH PI3HUX TeMIeparypax 130TepMIUYHOT BUTPUMKH
posrmaBy T, =870 K, T, = 1120 K, T3 =1370 K 1 mBHAKOCTIX HOTO OXOJOMKEHHS

Vo = =10 K/c, v, = 1,5 Klc, v; =1,5- 10% K/c. BigmiTumo, 110 mepina TeXHOJOT19HA
temriepatypa Ha ~300 K Buia remneparypu miaBieHHsS KpucTaliB AS,S3, a TpeTs Ha
~100 K Builia TeMriepaTypu KUITIHHS pO3IUIABY IPU HOPMAIbHUX YMOBAX.

Ha ocHOBi aHamizy 0co0JMBOCTEH €IEKTPOHHOMIKPOCKOIIIYHUX 3HIMKIB Ta
EJIEKTPOHOTpaM 3pa3KiB TaKMX MaTepialiiB moOymoBaHa [V-giarpaMa BIUIMBY YMOB
CUHTE3Y CTEKOJ AS40Sg0 Ha 1X HAHOCTPYKTYpY (puc.l), sika MICTUTh I’ SITh 00IacTei:
A — cTekia 13 MPaKTUYHO HAHOOJHOPITHOK CTPYKTYPOIO, B MaTpHUIll SKUX HAsIBHI
edekTu ciaboro ¢GazoBoro po3aiuieHHS; B — cTekia 13 mMpakKTUYHO HAHOOHOPITHOIO
onHodazHoro Marpunero; C — cTekiga 13 HaHOHEOJHOPIAHOK  3€PHHUCTOIO
onHo(azHow Matpulielo; D — crekna 13 HAaHOHEOAHOPIAHOW BO(a3HOI aMOp(hHOIO
Mmatpuliero; E — crekna 13 HaHOHEOHOPITHOK JBO(A3HOK aMOP(GHO-KPUCTATIYHOIO
MaTpPHUIICIO.
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logv, K/c

Pucynoxk 1 - TemneparypHo-IIBHIKICHA Jiarpama BIUTUBY YMOB CUHTE3Y CKJa ASi0Seo Ha HOTO
HaHOCTPYKTYpPY

[Ipn HHM3BKHX TemIepaTypax po3IuiaBy (OPMYIOTBCS CTEKIa 3 MPAKTHYHO
OJIHOPIJTHOI0O MAaTpHUIICI0, Y KOTpiil MpOSBISETHCS ClIabka HAHOHEOIHOPIIHICTH 13
cepeaHiMu po3mipamu 3epeH 15 — 20 uM. [Ipu HU3BKHUX MIBUAKOCTAX OXOJIOIKCHHS B
MaTpHIll YTBOPIOIOTHCSA TAKOXK OUIbII TEMHI 32 KOHTPACTOM BKJIIOUEHHSI CEPEIHIM
posmipom 20 — 40 HM. BpaxoByrouu, II0 €JIEKTPOHOTPAMU TaKUX CTEKOJ HE
BKa3ylOThb HAa MPUCYTHICTh KPUCTAIIYHUX (a3, JaHl BKIIOYEHHS SIBJISAIOTH COOOIO
JoKaiabHI 00nacTi ($a30BOr0 PO3AUICHHS, IIBHUJIIE BChOTO 30aradyeHi MHII SKOM
BIJIHOCHO JIO XIMIYHOTO CKJIaay OCHOBHOi Mmatpwuili. [lpu 3017bIIeHH] IIBUIKOCTI
OXOJIO/KCHHS pO3IiaBy (ha30Be PO3IITICHHS MATPHIll BXKE HE MPOXOIAUTH, a CTYITIHb
HAHOHEOIHOPITHOCTI TAKUX CTEKOJ 3aJIUIIAETHCS MPAKTHYHO HE3MIHHUM Ha PiBHI
BeNM4YMH KoHTpacty 61y 0,1.

[Ipu miaBUINEHHI TEMIlEpaTypyd pO3IUIaBYy 3aKOHOMIPHOCTI yYTBOPEHHS
HAHOHEOIHOPITHOI CTPYKTYpH CTEKOJ TPOXH 3MIiHIOIOThCA. [lo-mepimie, B Takux
3pa3Kax BKE€ HE CIIOCTEpIraloThCcsi mpouecu (a3oBOro PO3AUICHHS HAaBITh MpU
HaMEHIIINX IIBUIAKOCTSIX OXOJIO/pKeHHS. [1o-1pyre, mpu Mammx Vo po3IUIaBy CTYITiHb
HAaHOHEOAHOPiAHOCTI cTekos 3HayHo MeHma (K = 0,02 — 0,04), y nopiBHSHHI i3
CTEKJIaMH, OTPMMAaHMMH OXOJIO/DKCHHSIM BiJl MEHImUX Temmeparyp. I[lo-Ttpete, B
OTPUMAaHHUX TPH BUCOKUX IIBHJIKOCTSIX OXOJOKCHHS CTEKJIaX PO3MipH HaHO3EpPEH
3MEHIIYIOThCSI B KIJTbKa pa3iB 1 Bxke ckiamarTsh 3 — 5 um. L 3aK0H0MipHOCTi
3YMOBJIIOIOTBCS K XapaKTepOM 3MIHU CTPYKTYPH PO3ILIABY TpHcynbcbu:[y MHUIIT }IKy
mpu Bapiailii H#oro TEMIIEPATyPH, TaK 1 BIIMIHHOCTSIMH TIPOIIECIB CaMOOpraHizarlii
MaTpHIll CKJIa TIPH PI3HUX MIBUIKOCTSAX OXOJIOKEHHS PO3IUIaBy. 30KpeMa, MOXKHa
BBaXkatH, 110 npu temmeparypi 870 K posmiaB AsypSgy XIMITHO O1IBII TETEPOTCHHUH,
Hbk npu 1120 K, mo cmpusie #ioro (a3zoBomMy pO3AUICHHIO TpPU TMOBLILHOMY
OXOJIO/I>KEHHI.

[leperpiB po3maBy AsgSgy BHUIIE TEMMEpaTypu KHUIIHHS TPUBOAUTH [0
YTBOPEHHS CTEKOJ] 13 YITKO BHUPAKEHOIO reTeporeHHoro matpuiero. [lpu pizHux
MIBUAKOCTSX OXOJIOJKEHHSI XapaKTep T€TePOTeHHOCTI CYTTE€BO 3MiHIOEThCS. [lpu
Majux V, GopMyroThcs ABOoGa3H1 CTEKIIa 13 MPUOIU3HO OJHAKOBUMHU YacCTKaMHu 000X
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amop¢pHux ¢a3 1 cepeaHiMH po3Mipamu obnacteit ¢azoBoro posaiaeruas 100 — 150
HM. [3 TIABUIIEHHAM INBHIKOCTI OXOJIO/KEHHS Ha [Ba TOPSIKH CTYIiHB
reTepOreHHOCTI MAaTPHIll 3HAYHO 3MEHIINYEThCA. B Takux 3paskax mepeBakae OJiHa
amopdHa ¢aza, y KOTpii BKparuieH1 AUITHKH 1HIIOI aMopdHOi (a3u 13 cepeaHiMu
posmipamu 5 — 10 uM. Ille Oinbmie miaBUINEHHS V, Belle 10 YTBOPEHHsS amopdHO-
KPUCTAIIYHUX 3pa3KiB, MPO IO CBIAYATH SIK XapakTep eJeKTPOHHOMIKPOCKOIIYHUX
300pakeHb, TaK i €JEKTPOHOTPaMM JaHHX 00 €KTiB. IX posmmdpoBKa BKasye Ha
BUJUICHHS B amMOp(HIA MaTpHUIll KpUCTANIB CIpKU o-MoAudikaiii poMOoeapuyHOi
cuHroHii. Taka HEMOHOTOHHA TIOBEIIHKA HAHOCTPYKTYPH CTEKOJ MOXKE BU3HAYATHCS
JUCOMIAIIEI0 po3MIaBy AssSe Ipu T, = 1370 K. Tlpu 1y’Ke BUCOKMX MIBUIKOCTSAX

OXOJIO/DKCHHS JUCOIiioBaHa CTPYKTypa 3aMOPOKYETHCSA 1 B HIM KPUCTAMI3yHOTHCS
OKpeMmi 30araueHi CipKOIO JIOKaJIbHI 00Js1acTi 13 cepeAaHiMu posmipamu 50 — 60 HM.
Yactka kpucTtaiaiyHoi pa3u B Takux 3paskax HaOmmwkaetses 10 10 %. [Ipu menmmx v,
3a yacu oxonokeHHs 10 1120 K (4 — 5 XBWIMH) CTYIIHb AMCOLIALII PO3IUIABY
BCTUra€ 3MEHILIUTUCH O TaKOi MIpH, IPH SIKIM BUAUICHHS (a3 KpUCTAIIYHOI CIPKH
CTa€ HEMOXXJMBHM. Y Takiil MaTpulll BCTUTa€ NPOUTH JIMIlEe HE3HauyHe (a3zoBe
pO3AUICHHS 13 30epekeHHSIM aMop(pHOCTI CTpykTypu. Ilpm mnOBUIBHOMY X
OXOJIO/IPKEHH1 (Pa30Be PO3AUICHHS JOCATAE 3HAYHUX BEJIMYMH. BiaMiTUMO, 110 Pi3HI
32 XapakTepoOM TeTePOreHHOCTI CTEKJIa MAaloTh SKICHO OJHAKOBY 3€pHHUCTY
HaHOCTPYKTYPY CBO€i Matpuili. OCOOIMBOCTI 3MIH CTPYKTYpPHU CTEKOJI, OTPUMAHUX 13
pO3IUIaBIB 3 PI3HOI0 TEMIEPATYypOl0, IMIATBEP/KYBAIUCS 1 BHUBYECHHSIM PEILIIK,
HAaHECEHHUX Ha iX MPOTPaBIIEHY MOBEPXHIO.

3araapHOBIZIOMO, IO MPHUIIOBEPXHEBI 00JACTI CTEKON (OPMYIOTHCS B 1HIIMX
TEXHOJIOTIYHUX YMOBaX 1 3 OUIBIII UMHU IIBUAKOCTSIMH OXOJIOJDKCHHS, HDK 1X 00’€M,
[0 MOYXE TPOSBIISITUCS Y BIAMIHHOCTSIX HEOJAHOPITHOCTEH CTPYKTYpPU TaKUX PI3HHX
TUITHOK OAHOTO 1 TOro 3K 3paska. [laHi epexkTu TakoX YiTKO MPOSIBISIOTHCS TPH
JOCIIKEH1 CTEKOA TPUCYIb(PIAY MULI SIKY.

[ToBepxHs ckma AssSg0, OTPUMAHOTO i3 po3miaBy 3 Temmeparypor 870 K i
MpU MIBUAKOCTI MOTO0 OXOJIOKEHHS ~107? K/c, cunbHO 3akpucrtanizoBana. Ha Hiii
CIIOCTEPITaloThCsl TBOMIPHI KPUCTAJIH, PO3MIIIEH] B3JOBXK MOBEPXHI 3pa3ka. [TomiOH1
CTPYKTYpPH1 YTBOPEHHS, aJi€ 3 MEHIIIUM PO3MIPOM, BUSIBJISIFOTHCS 1 Y IPUTIOBEPXHEBIM
obOnacti. HesakpucranizoBaHa YacTMHAa MOBEPXHI YTBOpPEHAa HAHOHEOHOPIIHOIO
amopdHOIO Martpuiero, SK 1 00°’em 3paska. Jlmg 3’ACyBaHHA  TOBIIUHU
3aKpHUCTAII30BaHOI 00JIacTi OyfauM OTpPUMaHI BIJIKOJKH B TEPHEHAMKYJISAPHINA 0
MMOBEPXHI  IUIOIIHHI. Ixuai  mocmimKeHHs MOKa3yl0Th, W10 TOBIIMHA CHUJIBHO
3aKpucTaiizoBaHoro mapy ckimagae Ot 250 wM. Ilpu upomy CTymiHb
KpucTamiyHoCcTi moBepxHi ckiagae 70%. Bimpasy 3a TakuMm ImapoM MOYMHAETHCS
CMyra MIKPOKPUCTIIYHUX BKJIIOYEHb, YaCTKa SKUX PI3KO 3MEHIIYETHCSA IO Mipi
npocyBaHHs B 00’eM. ToBIIMHA L€l cMyru He mepeBUINye 2 — 3 MKM. Y OUIbII
MIMOOKUX 00JIaCTSX TOBEPXHI MAaTpHUIld CKJIa HAHOHEOJIHOPIAHA 13 OKPEMUMHU
HEBEJMYKMMHU BKJIIOUYEHHSAMHM, YacTka skux He mepesulnye 1 %. Ilpu npomy cami
BKJIFOUEHHS 32 XapaKTEepOM iX KOHTPACTY 1 BHUJly €JIEKTPOHOTpaM B)KE€ HE MOKHA
BIJIHECTH JI0 KPHUCTAIIB.

[TinBuIIEHHS MIBUAKOCTI OXOJO/KEHHS PO3IUIaBy JI0 1,5-102 K/c mpuBoauth
70 YTBOpPEHHS CKJa 3 HAHOHEOJHOPIAHOIO 3EPHUCTOI0 CTPYKTYPOIO IOBEpXHI,
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no/1i0Ho0 10 00’ emy. OHAK, HAHOHEOAHOPIAHICTh MOBEPXHI Ma€ OUIbII BUPAKEHUN
xapakTtep. HaHozepHa B HIM 4YITKO BHAULIIOTBCS B aMopdHIA MaTpuil 1 3a
XapakTepoM IX KOHTpPAcTy JaHy CTPYKTypy MOXXHAa BBaKaTH OJIM3BKOIO JI0
HaHOKPHUCTATIYHOT.

IToBepxHeBi 007acTi ckila AsS40Sg, OTpuMaHoro mpu temmeparypi 1120 K 1
IIBUJIKOCT1 OXO0JIO/KEeHHs po3miaBy 1,5 K/c ta npu temneparypi 1370 K 1 mBuakocTi
10 K/c, MatoTh HAaHOCTPYKTYPY, MOIOHY 06’ €My 3pa3Ka.

KpiM 1poro, Ha eneKTPOHHOMIKPOCKOIIYHUX 300paKEHHSIX TOBEPXHEBUX
oOyacTedt CTEKON TPHUCYIb(DIMYy MHUII Ky YacTO CIOCTEPIraloThCA 1 PI3HOMaHITHI
BKJIIOUEHHS, PO3MIIIIEHI, SK MpaBHI0, HeBeNMUKUMH rpynamu. [loniOHi xapTuHuU Yy
BIJIKOJIKaX, OTPHUMaHUX 3 00’€My 3pa3KiB, BHABISIOTBHCS Ayxke pinko. Cdepudne
PO3MIIIEHHS BKIIOYEHB y TPYyMax JI03BOJISIE MPUITYCTUTH, IO 1€ € abo 3a0pyaHeHHS,
ab0 meBHI OCOOJMBI €JIEMEHTH CTPYKTypH pO3IUIaBy. 3axOIUIEHI CHJIaMU
MOBEPXHEBOr0 HATATy B OynbOalIKW Mapu, BOHM BHHOCSTBHCS Ha IOBEPXHIO, i€
3aCTUTAIOTh MPU 3aKaJIl.

1. Physics and application of disordered materials / Ed. by M.Popescu. — Bucharest: JNOE
publishing house, 2002. — 390 p.

2. Bakai A.S. Heterophase fluctuation in glass-forming liquids and random field Ising model //
Cond. Mat. Phys. — 2020. — V.3. — P.675 — 681.

3. mak A.Il., Kynunkuit FO.A., JIsicoB B.1. KnactepHble U HaHOKIAcCTepHbIE MaTepHUambl. —
Kues: Axagemnepuoauka, 2007. — 539c.

4. lvanitsky V.P., Dalekorej A.V., Kovtunenko V.S., Stoika M.V. Modelling the Initial Stages of
Condensation of As-S Atomic Clusters // Journal of nano- and electronic physics - 2018. - V.
10, Ne 3. — P.03012-1 - 03012-9.
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Features of thin film materials for thermoelectricity on the case of
PbCdTe ternary system

Nykyruy L.}, Naydych B.}, Chernikova 0.2, Yavorsky R.}, Tsymbalyuk T.%, Yavorsky Y.

Vasyl Stefanyk Precarpathian National University, Ivano-Frankivsk, Ukraine
Kryvyi Rih National University, Kryvyi Rih, Ukraine

1. Introduction

IV-V1 semiconductor films are promising materials for detectors and sources of
the IR range of the optical spectrum and thermoelectric devices [1]. The main factor
that determines the performance of the devices structures is the defect subsystem of
the crystal structure of the base material, which in turn is determined by the
technological factors of the growing process. Among the IV-VI materials, special
attention is paid to narrow-band materials (~0.2 eV) PbTe, SnTe [2,3] and solid
solutions on their base.

The study of the structure of solid solutions depending on the technology
modes is important for understanding the mechanisms of formation of interfaces,
dislocations or other disorders of the structure. It is the strategy of the form of
interfaces that leads to increased phonon scattering and reduced thermal conductivity,
which allows to create materials with high thermoelectric characteristics. For these
reasons, it is important to study in detail the microstructure of the solid solution, in
particular, the analysis of the formed defects, interfaces, nanoscale inclusions, the
study of patterns associated with the periodicity of such defects and inclusions. The
most accurate method for such needs is the use of transmission electron microscopy
(TEM) and scanning electron microscopy (SEM) [4].

The study of a solid solution of the PbCdTe type is relevant for a variety of
reasons [5]. Cd has limited solubility in the basic compound PbTe [6,7]. This
provides a certain range of values of the charge carriers concentration. In addition, the
base material PbTe is characterized by high values of the dielectric constant (~ 400),
which reduces the contribution of the scattering of carriers on the impurity ions and
reduces the effective mass of the main charge carriers. It is possibility to smoothly
adjust the width of the band gap by changing the composition of the solid solution.
Therefore, the selection of the optimal composition allows to obtain material in which
the contribution of non-basic charge carriers to the total electrical conductivity will be
minimized, which will ensure its high values.

The effect of changing of composition of the solid solution is differentiated
depending on the influence of the formed nanostructures. Thus, it is possible to
determine the role of nanoscale defects in lattice thermal conductivity mechanisms
for extruded samples. Accordingly, the understanding of the correlation between the
elements of the microstructure and the associated scattering of phonons extends to the
nanostructured defects of the system under study [8,9].

For film compounds, additional effects related to the choice of substrate
material or deposition processes can be applied by varying the thickness of the
material and the deposition rate. In particular, after prolonged thermal exposure,
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which is characteristic of thermoelectric devices, the nature of the substrate material
should be taken into account, as it has a coefficient of thermal expansion different
from the base material. For example, in [10] proposes to reduce the effect of such
"film-substrate” heterogeneity through the use of an epitaxial buffer layer (eg, ZnTe,
CdTe), which acts as an intermediate between the lattice deposited base material and
the substrate.

The nature of atomic defects in thin-film material is insufficiently studied.
Problems related to the study of defects in thin films of Lead and Cadmium
Tellurides, as well as the development of physical principles for controlling the type
and concentration of point defects are relevant. The homogeneity range of Cadmium
Telluride is completely on the chalcogen side. Excess tellurium causes p-type
conductivity. Thus, when growing a CdTe film, defects of predominantly acceptor
type are formed.

Such analysis indicates promising ways to create economically competitive and
highly efficient material, the technology of which is shown in this paper: the creation
of thin-film systems based on solid solutions with simultaneous substitution in
cationic sublattices with the possibility of dimensional effects.

2. Experiment

Chemical analysis of the PbyCdy Te:Pb (3 at.%.) film was performed using
X-ray fluorescence spectra. Identification of chemical elements was carried out by
the energies at which the main peaks in the spectrum are observed and compared
them with tabular data. No additional chemical elements were detected in the studied
film. Background peaks correspond to the chemical composition of the mica substrate
[8,11,12]. The mass ratio of Pb : Cd : Te for the film PbyoCd,;Te:Pb on a substrate of
mica-muscovite may indicate the presence of Pb nanoinclusions (relative error ~ 3%)
(Table 1).

b)

Fig. 1. The PbygCdoiTe deposited film on
ceramic substrate for electrical measurements
(@), structural studies (b) and scheme for Hall
measurements (c).
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Thermoelectric coefficients (Seebeck coefficient S, specific electrical
conductivity o, Hall carrier concentration p, charge carrier mobility p) were
measured in the temperature range (290-390) K by the 4-probe method in constant
magnetic field. Silver was precipitated to form ohmic contacts. The current through
the sample was =1 mA. The magnetic field with induction of 1.2 T is directed
perpendicular to the plane of the film [3]. The measurement error did not exceed 5%.

Table 1.
Mass content of elements of the PbyoCdy,Te:Pb (3 at.%.).
Element Mas. at. %
80 0.578+0.115
48Cd 11.463+0.141
52Te 25.691+0.415
82Pb 62.268+0.366

The Seebeck coefficient is measured on a constructed automated installation.
The set temperatures of both hot and cold water are maintained by the
microcontroller using the developed thermostats. The water is heated using an
electric heater. The cooling thermostat is designed on the basis of 12 V Peltier
elements. The power in the heating and cooling mode is set up independently by
PWM modulation using a proportional-integral-differential temperature stabilization
algorithm. To minimize interference, both the heater and the Peltier elements are
switched on via LC filters. The feedback is carried out using digital temperature
sensors with 12C interface. The heat removed from the hot side of the Peltier
elements is carried out by an air fan. Both thermostats maintain the set temperature
with an accuracy of 0.1 ° C.

Sync pulse /\ QO-switched
#* N\ Nd:YAG laser
He—Ne 532 nm
CW laser /
633 nm
- 2
: o
. g
[ =
O . ¥
2 .
£
.......... 0 corsn X il
—— )

Fig. 3. Set up for measurements of thermal conductivity. 1 - attenuator, 2 - diffraction light splitter,
3 - sample, 4 - photodetector.

The layout of the experimental setup for the investigation into the thermal
properties of the films is shown in Fig. 3. Investigation into heat transfer is carried
out by the method of transient gratings, which suggests that the sample absorbing the
light is excited by two mutually interfering beams of laser radiation [1]. The spatial-
periodic effect on the sample forms a transient diffraction grating in it, which is
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probed by a continuous laser. The damping kinetics of the diffraction signal is
subjected to investigation.

3. Results and discussion

The main parameter that characterizes the mechanisms of electronic transport
iIs Hall mobility. It decreases rapidly with temperature (Fig. 2,a). The temperature
dependence of the carrier mobility in the coordinates of In p on In T will be straight
line (Fig. 2, b). It is seen that the slope is very close to -5/2 for all studied
compositions. This angular coefficient is most common for PbTe compounds at high
concentrations and temperatures above 300K [7]. For non-degenerate statistics of
current carriers, the carrier mobility (in this case - holes) due to scattering by long-
wave acoustic phonons is determined by the expression

I~ m-5/2-|--3/2 (1)

It should be noted that the effective mass of PbTe also increases with
increasing temperature according to the law of m®* for holes [1] for the studied
temperature range 300-400 K. This is due to the fact that with increasing temperature
number of carriers also increases with high energy, and hence with a relatively large
effective mass. Given the dependence of the effective mass on temperature, we arrive
at an exponent of -5/2. That is, the dominant mechanism of the scattering of current
carriers is the scattering by acoustic phonons.

Thermoelectric  parameters (Seebeck coefficient, specific electrical
conductivity, Hall carrier concentration, carrier mobility) of thin films of the ternary
system PbgoCdy Te:Pb (3 at.%) Such investigated provides in the region of room
temperatures.

We can also note that the surface of the studied films is quite smooth (Fig. 3),
however, during deposition, probably formed separate phases enriched in Pb, Cd and
Te.

55 4

T em?/Vs Inp

: .
45
L 2
.
4 4

290 310 330T K 350 370 5,65 37 375 58 5,85 59 5,95

a) b)
Fig. 2. The dependences of Hall mobility i on temperature T (a) and logarithm of mobility Inu on
InT (b) for composition films:
A —PbTe, ¢ — PbCdTe:Pb, on fresh chips (0001) mica-muscovite. Points — experiment, lines —
approximation by formula (1).
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Table 2.
Parameters of the studied films of the PbCdTe system.
Composition No of sample Thickness The average size of the
inclusions on the surface
PbCdTe:Pb 4 405 1.2 um
PbCdTe:Pb 5 340 1.1 um

PbCdTe N4_1x 100

»

o

'3x 400

-

Foia

"~ PbCdTe N5

PbCdTe N5_3 x 100

Fig. 3. The PbooCdo1Te:Pb (3 at.%) surface by hardmeter Nexus 402A.

3.1. Thermoelectric characteristics of thin films.

For the studied films there is shown an increasing of the thermoelectric power
S’ and the Seebeck coefficient S with increasing temperature (Fig. 4) for the studied
compositions. Moreover, the PbCdTe:Pb films have a higher thermoelectric figure of
merit at temperatures of 300-350 K due to high conductivity values compared to pure
lead telluride.

Since the nature of the behavior of the curves of the Seebeck coefficient and
concentration for samples of any compositions is different, and the describe of the
dependences S(T) will provide, assuming that the statistics of charge carriers in the
film can be degenerate or nondegenerate.

For the nondegenerate case, and for the case if the concentration, effective
mass and scattering parameter r do not depend on temperature, then the Seebeck
coefficient S is defined as

Szgk—BInT+const, §k—B=129zm<B/I< (2)
2 e 2 e
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Fig. 4. The dependence of the Seebeck coefficient (a) and specific thermoelectric power S% (b) on
temperature T for composition films: A —PbTe, ¢ —PbCdTe:Pb deposited on (0001) mica-
muscovite.

For degenerate statistics of charge carriers, the Seebeck coefficient increase in
proportion to temperature:
S 27°Kim" (r +31/2)
35/36h2 p2/3
For thin films PbTe and PbCdTe: Pb deposited on fresh chips (0001) mica-
muscovite the electron gas of the current carriers is degenerate, because the Seebeck
coefficient increases in proportion to the temperature T.

-T+const. (3)

3.2. The behavior of the effective mass of charge carriers as an energy
characteristic of the material
The effective mass of carriers m* was calculated using both a parabolic model
of energy bands and measured values of the Seebeck coefficient (S) and carrier
concentration (n). The Fermi energy (u) was estimated by equation (6), choosing
A = 0 (scattering by acoustic phonons), where Fj(u) are the Fermi integrals given by
equation (5). The effective mass of the hole was determined from equation (7).

_ kg ((R+AD)F1(0)
s=2 (50 ~#) )
where the Fermi integrals Fj() are defined as
o_plap
FEW =l mee» (%)
here p is the reduced Fermi energy
=ik (6)
= kgT
. W2 " 2/3
mo= 2kpT (4'7TF1/2(H)> (7)

For convenience, in [13] present a convenient value — weighted mobility,
which approximates the exact model of Drude-Sommerfeld of the free electron:

IS| 3|8
— 3h30_ exp[ko/e 2] + nzko/e (8)
W ™ Sre@@mekal)?7 | Lrexp|-5(EL-1)] | vrexp|s(s1)]|
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The analytical expression for the weighted mobility allows to obtain its value
on the basis of the measured values of the Seebeck coefficient S and the specific
electrical conductivity .

In the free electron model, the weighted mobility is a property of the material
(depending on temperature) that does not depend on doping, whereas drift mobility
depends on doping due to the concentration of free charge carriers n. Usually, the
weighted mobility p,, is associated with the drift mobility p by the ratio:

+\3/2
o =u()" (9)
where m* is the effective mass of the density of states, m, is the mass of electron.
Since the density of electronic states is proportional to m**?, then, accordingly, the
mobility p, can also be called electron mobility the weighted by the density of
electronic states.

It is known that the transport of holes in PbTe and Pb,_,Cd,Te is regulated by
two valence bands: light holes with minima at L points of the Brillouin zone and
heavy holes near points X of the Brillouin zone (Fig. 5) [1,7] Valence bands of light
holes in PbTe and Pb,_,Cd,Te are non-spherical and non-parabolic. Nonsphericity is
due to the location of the minima of the zones at the point L, while nonparabolicity is
due to small values of the band gap E4 and strong k-p interaction with the conductive
band. Since the general symmetry is cubic (structure of the NaCl type), the analysis
of scattering mechanisms can be limited to one spherical energy band with
corresponding nonparabolicity. In the k-p approximation, such a two-band model is
described by the law of disperse

2 2,2\ 1/2
= -2+ ((%) +5) (10

However, the calculation indicated a complete coincidence of the energy
values calculated by expression (10) with the representation of the quadratic
dispersion law:

hzkz
b= (11)
x=0 x ~ 0.05 x~0.1
o B00f | STy
® 200f
E ool . E, (x)
w oL L __AELZ(X)
_100_/>V"L" X :
v. b. Z |_ E L Z

Fig. 5. Band structure of Pb;_,CdyTe with changing of Cd component at 300 K [26].
To analyze the scattering mechanisms, it is convenient to investigate the

temperature behavior of the Seebeck coefficient and carrier mobility. According to
[14], the expression for the Seebeck coefficient can be written as
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where E,(n) is Fermi integral:

B = f, A= dx, (12)

n is specific level of Fermi, n = :—FT

0
Effective mass can be rewrite:
2/3
«_ h? 14
M = kT (471@@)) (13)
E. =k, [Nij

¢/, (14)

I3 Bupazis (8) 1 (9) nerko MokHa OTpUMAaTH 3HAYCHHS €(DEKTUBHOT MacH HOCIIB
3apsiny, ska mae nopsiok (0,16+0,18) my. 1i 3HaueHHs 100pe KOPEIroITh TAKOX 13
po3paxoBaHMMH 3a BUpazoM (13).

From expressions (8) and (9) it is easy to obtain the value of the effective mass
of charge carriers, which has the order of (0.16+0.18) m,. These values also correlate
well with those calculated by expression (13).

Conclusions

1. Thin films PbyoCdy 1 Te:Pb (3 at.%) were synthesized and deposited for the first
time for thermoelectric application. Temperature and time modes of the
corresponding technological cycles are determined.

2. Optimized technological parameters for deposition of thin films
multicomponent compounds based on PbTe by PVD in order to obtain a high
thermoelectric quality factor. To measure the Seebeck coefficient in thin films at a
temperature of T ~ 300 K, an installation was developed that provides the accuracy of
measuring the Seebeck coefficient at the level of 1%.

3. A complex study of transport properties (Hall coefficient Ry, Seebeck
coefficient S, electrical conductivity o, thermoelectric power factor S°c) in a range of
room temperatures (300 - 400 K) for PbCdTe films is carried out. The value of the
effective mass m*/mg, varies from 0.18 to 0.24, which is close to the value of bulk
crystalline materials n-PbTe. Scattering on acoustic phonons is the dominant
electronic scattering mechanism for investigated films.

4. The ab initio calculation methods for the Pbs,Tes, cluster model were used to
study the process of rooting a Cadmium atom into solid solution. The most
energetically advantageous for Cd atoms is substitution the Pb position with the
formation of four bonds. It is shown that the surface plays a crucial role in describing
the properties of the system due to the small size of the studied film structures. A
cluster constraint of 64 atoms to describe the temperature dependences of specific
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heat at constant pressure Cp and constant volume Cy, allows reliable qualitative and
quantitative results to be obtained without the need for more cumbersome clusters.

This study particularly was supported by the Ministry of Education and Science
of Ukraine as the project for young scientists “Technology of thin-film thermoelectric
micromodules based on multicomponent compounds with quantum-size effects”.
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The work is focused on the developing polyfunctional nanostructured materials
based on noble metals in the presence of a biocompatible bifunctional agents — the
essential amino acid tryptophan (Trp) and sodium citrate for the reduction of metal
ions and stabilization of formed nanoparticles (NPs), the defining of regularities of
formation and stabilization of colloids of nanosized metals. Experimental approaches
for the directed chemical and photochemical synthesis of nanoparticles of silver and
gold, their bimetallic compositions, as well as magneto-plasmonic nanocomposites
[Fes04/M] in an aqueous medium have been developed, and biologically active
nanosystems with controlled optical properties and morphology have been obtained.

Key words: metal nanoparticles, localized plasmon resonance, nanoscale
systems, gold, silver, bimetallic, nanoparticles of the alloy and core-shell type,
tryptophan, sodium citrate, biological activity, magneto-plasmonic nanocomposites.

Therapeutic and diagnostic nanomedicine are promising and rapidly
developing areas of nanotechnology. In recent years, researchers in the field of
diagnostic nanomedicine have paid special attention to the creation of multifunctional
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nanocomposites for molecular recognition and visualization of pathological
formations in early stages, while in the field of therapeutic nanomedicine — to the
development of prototypes of nano drugs for targeted treatment of a variety of
diseases, especially in oncology.

Cancer is a large-scale problem worldwide. According to the State Statistics
Service of Ukraine, malignant neoplasms (cancer) are the second leading cause of
death in Ukraine after cardiovascular disease.

The potential of noble metals as anticancer smart agents for targeted drug
delivery, molecular diagnostics, biomolecular imaging, and individual therapy of
various diseases is constantly growing [1, 2]. Moreover, there is confirmation of the
results of basic research in clinical practice, and drugs based on nanosized gold are
already used in such methods as hyperthermia and immunotherapy [3].

The following study is mainly focused on the development of functional
nanoscale systems based on gold, silver, and their bimetallic compositions for
biomedical use, in particular for the treatment of cancer, considering therapeutic and
possible toxic effects of nanosized metals.

Noble metals nanoparticles have a specific bright color. It is caused by the
phenomenon of plasmon resonance (localized surface plasmon resonance - LSPR).
Due to the LSPR, absorption bands of nanosized gold and silver are observed in the
visible range of the spectrum.

The characteristics of the band, like intensity and the position of its maximum,
first of all depend on the properties of the metal from which the nanoparticle is
formed (content). The main LSPR band can be shifted when the particle size changes.
Also, the shape of the band (width and additional bands) depends on the shape of the
particles and their self-organization in the system. Thus, the changes in the system of
metal nanoparticles and related processes can be tracked by the changes in the LSPR
band.

Gold and silver nanoparticles can be obtained both in a liquid and on the
surface of various solid carriers. For therapeutic use in most cases, nanoparticles must
be in a colloidal state in an aqueous medium.

Typically, for the synthesis of metal nanoparticles in colloids, strong reducing
agents of metal ions (like sodium tetrahydroborate (NaBH,)) and particle stabilizers
in the form of surfactants (like sodium dodecyl sulfate (SDS) or
cetyltrimethylammonium bromide (CTAB)) are used. Such reagents make it possible
to obtain stable colloidal systems of nanosized metals, but at the same time, they can
cause toxic effects.

In the work, we replaced the traditional metal ion reducer and particle stabilizer
with a biocompatible component — the essential amino acid tryptophan, which plays a
dual reducing and stabilizing function [4].

This allowed to improv a number of biological parameters during in vivo
animal studies. In particular, when using a bimetallic silver/gold composition in mice
with Lewis lung cancer, a decrease of the size and weight of the primary tumor and
the average size of metastases were observed, as well as an increase in survival of
animals in general. Also, the use of tryptophan resulted in reducing the hepato- and
nephrotoxic effects of the nanocomposite [5].
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The promising results on biological effects of nanoparticles, obtained in the
presence of tryptophan, encouraged the improvement of experimental methods of
their synthesis in order to increase the stability of colloidal solutions and determine
the optimal composition of particles to achieve their highest biological efficiency.
Thus, the method was developed to obtain a number of colloidal systems of
silver/gold nanoparticles, and an important problem of stabilization of metal NPs in
such systems is solved and long-term stability of colloids under normal conditions
(more than 3 years) is achieved.

The pH of the medium of the initial components is the main factor influencing
the properties of the formed NPs, in particular optical properties (localized surface
plasmon resonance band characteristics), surface charge (zeta-potential) and size
distribution. This is due to the existence of tryptophan in cationic, neutral and anionic
states formed at different pH, as well as the formation of metal hydroxocomplexes,
which, in turn, affects the redox process. It was shown that in order to obtain the most
stable nanoparticles with the narrowest size distribution, the chemical reduction of
metal ions should be carried out in the initial alkaline medium at boiling temperature,
when the LSPR band was intensive and narrow (Fig.1) [6, 7].
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Figure 1 - Absorption spectra of nanoscale Au/Trp systems in the LSPR region, obtained using
different combinations of acidity of the initial reagents, marked as "pH (HAuUCI4)/pH(Trp)", namely
at pH(HAuUCI,) =2 (a) , 4 (b) and 6 (c).

In the studied systems, spherical particles with an average size up to 30 nm are
formed, which is confirmed by electron microscopy. According to absorption
spectroscopy and mass spectrometry, it was determined that the transformation of
tryptophan in such systems occurs through the kynurenine pathway, similar to the
conversion of the amino acid in the human body. That is, both tryptophan and its
oxidation products are biocompatible and affect in reducing the toxicity of
nanoobjects [7].

The developed experimental method was used for the synthesis of bimetallic
silver/gold nanoparticles as a potentially more efficient therapeutic agents. The
optimal experimental conditions for the synthesis of the number of stable bimetallic
nanoparticles of the alloy type with different metal ratios [8] were determined. It was
demonstrated that the composition of nanoparticles is a key factor that determines the
optical properties of the system.
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Colloidal solutions of nanosized metals have a characteristic yellow (for silver)
and red (for gold) color (Fig. 2a). In the absorption spectra the maxima of the LSPR
bands of metals are located in the visible region of the spectrum at 420 and 525 nm,
respectively (Fig. 2b).

In the case of bimetallic nanoparticles of silver/gold (Ag/Au) of alloy type, the
maximum of the LSPR band is located between the maxima of the bands of
individual metals and depends on their content in the particle. The position of the
LSPR band shifts to the long-wavelength region from silver to gold gradually, in
accordance with the decrease in the molar ratio of metals in the nanoparticle (Au:Ag
= 3:1, 1:1 and 1:3), that is accompanied by a sequential color change from yellow to
red.

O.D. (norm)

400 500 600 776'0‘
%, hm
b
Figure 2. Optical properties of noble metal colloids: color (a) and absorption spectra (b) of mono-

and bimetallic Ag/Au nanoparticles.

The dependence of the biological activity of nanoparticles (anticancer effect)
on the content of gold and silver in the particle was revealed. In particular, in vitro
studies on three cancer cell lines and control group of cells showed that among the
obtained samples of mono- and bimetallic nanoparticles with different ratios of gold
and silver, the bimetallic Ag/Au particles with a metal ratio of 3:1 showed the
maximum anti-cancer effect. and can be a promising basis for the development of
prototypes of antitumor nanopreparations [9-11].

It is shown that the use of polymer pluronic F68 used during the synthesis as

an additional stabilizer allows increasing the metal content in the nanoscale system
up to 40 times (Cy = 4-10M), which corresponds to the value of 0.4-0.8 mg/ml of
metal, when particles do not lose nanoscale (Fig. 3) and retain the initial optical
characteristics [12].

Bimetallic AgAu nanoparticles of the core-shell type were obtained using the
method of sequential reduction of metal ions. Such NPs are characterized by the
presence of a single LSPR band in the absorption spectra, and its position depends on
the distribution of metals within the NPs.

The formation of a metal shell on the surface of another particle is evidenced
by the appearance of a new absorption band of LSPR after the disappearance of the
absorption band of the preformed core. This process occurs for both the Ag ¢ore AU shen
and AU ¢ore AQ shel Systems.
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d
Figure 3 - SEM images of nanoparticles in concentrated metal systems: Ag NPs (a), AgAu NPs (3:

1) (b), AgAu NPs (1: 1) (c), AgAu NPs (1: 3) (d) and Au NPs (d). The scale is 100 nm.

b

It is shown that the composition and topology of NPs are factors that determine
their antitumor activity. It was found that in the conditions of invitro and in vivo
experiment (with mouse Lewis lung cancer), the most effective bimetallic NPs where
AUAQ(3:1) and Ag core AU shenr, that can become the basis of effective antitumor
nanomaterials [13].

Since tryptophan is a photoactive molecule that has a band maximum in the
ultraviolet range of the absorption spectrum, a method of photochemical reduction of
metal ions in the presence of tryptophan using ultraviolet irradiation with A = 280 nm
iIs proposed to obtain low-toxic and highly efficient metal NPs, including
nanostructures of the core-shell type. UV light activates the redox process at lower
temperatures due to the excitation of photoactive indole moiety of Trp. It was shown
that this approach allows accelerating the process of NPs formation up to 2-10 times
(compared to chemical reaction), depending on the experimental conditions
(irradiation power, exposure time and temperature), and obtain stable nanosized
metal systems with defined particle size (25-50 nm), due to the influence on the
initial stage of the process - the reduction of metal ions (Fig. 4) [14, 15].
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Figure 4 — The dependence of the intensity of the absorption band of gold NPs on the reaction time
carried out in neutral (a) and alkaline (b) media at the ratio of reagents v(Au):v(Trp) = 1:1.

The activity of Au NPs in biomedical processes (as well as their toxicity)
strongly depends on the size and association of particles in colloids. In its turn, the
morphology and stability of Au NPs are greatly affected by experimental approaches
and parameters of the reaction. Even classical procedures of obtaining of Au NPs like
“citrate method” can be a challenge.

It was established that, when using biocompatible organic molecules to obtain
metal nanoparticles (tryptophan, sodium citrate) in colloids and stabilize them
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through the charge on the surface of particles, the involvement of functional groups
of molecules simultaneously in three processes should be taken into account —
reduction of metal ions, their binding to the Au NPs surface and charge formation to
stabilize due to electrostatic repulsion. The key factor affecting the mechanism of
particle formation is the pH of the medium (Fig. 5), according to its value, there is a
change in the ratio of protonated and deprotonated forms of reducing agent
(simultaneously stabilizer) and the composition of ligands (hydroxide anions) in the
complex structure of the metal.
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Figure 5 — Absorption spectra of Au NPs obtained by citrate method (a) and DLS size distribution
of particles by number (b) and intensity (c) bases after the synthesis (top) and after a week of
storage (bottom).

The effect called “plasmon coupling”, which appears as a change of color of a
noble metal system when nanoparticles interact with each other, can be used in
medicine for diagnostic purposes. The association (or aggregation) of gold
nanoparticles causes superposition and amplification of electric fields at the points of
their interaction and, as a consequence, shifts the absorption ban maximum of the
system in the long-wavelength region of the spectrum. The red shift of the LSPR
band was demonstrated for gold nanoparticles, obtained with sodium citrate, during
their interaction through thiol-containing compounds that served as a bridge between
nanoparticles [16].

The possibility of using gold and silver nanoparticles in colloids was
investigated to detect polyamines, namely spermine and spermidine, as a marker of
human prostate cancer. Metal nanoparticles, prepared in colloids in the presence of
sodium citrate and tryptophan, were used to combined spectroscopic and colorimetric
detection of spermine (spn) in the presence of extremely high concentrations of
spermidine (spd), based on the shift of the absorption band maximum of metal (Fig.
6) as a result of the interaction with the target molecule (through the polyamine
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bridges) [17].
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Figure 6 — Absorption spectra of Au NPs interacting with spn (a): curve 1 — control solution of Au
NPs, 2 — AuNPs/spn systems with spn content of 9; 3 — 36; 4 — 90; 5 — 450; 6 — 600 ; 7 —
690; 8 — 750; 9 — 900 nM; the spn calibration curves (dependence of the ratio of absorption
intensities L./L..of the LSPR band maxima A.. and A.. on the spn content),where curve 1 was
calculated using intensities of LSPR bands defined in their maxima (L./I..),curve 2 was calculated
using intensities of LSPR bands at fixed position, namely at A..= 520 and A..= 620 nm (I./L.).

The long-wavelength shift of the absorption band of gold nanoparticles makes
it possible to use the near-infrared light for therapeutic purposes, in particular in the
method of hyperthermia for heating the nanosystem (photothermal effect). Thus, the
combination of optical properties of the noble metal and the magnetic properties of
iron oxide will allow the creation of magnetically controlled plasmonic nanosystems
adapted to the near-infrared range.

Based on the developed chemical and photochemical methods for the synthesis
of plasmonic nanoparticles, the magneto-plasmonic nanocomposites (MPNCs) were
developed [18, 19]. The presence of nanosized iron oxide allows the magnetic field
induced concentration of MPNCs with further increase of the optical response of
obtained systems in the long-wavelength region (at 800-1000 nm) due to the
formation of MPNCs aggregates. It was demonstrated in vitro that laser irradiation of
MPNCs [FesO4/Au] with a core-satellite structure attached to the surface of Hela
cancer cells leads to the photothermal effect of gold. (Fig. 7) [20].
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Figure 7 — Magnetophoretic effect of core-satellites Fe;O4/Au nanocomposites during 5 min
exposure under magnet (a) and magnetic field induced changes in absorption spectra of FezO4/Au
nanocomposites (normalized absorbances), obtained by photochemical method in the presence of

magnetic field (solid curves) or without it (dashed curves).
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Therefore, as a result of the conducted studies, experimental methods were

developed and worked out, which open ways for the creation of a functional
nanopreparation on the basis of silver and gold nanoparticles for complex therapy of
oncological diseases. The use of a biocompatible reducing agent/stabilizer - an
essential amino acid of tryptophan can reduce the toxic effects of nanosystems, while
the core of iron oxide will allow targeted delivery of the drug to a specific area of the
body applying a magnetic field, and further near-infrared irradiation. Optimal
conditions were found to produce metal nanoparticles with tunable size and
prolonged stability.
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Introduction

Lithography is one of the key technological processes in the production of
semiconductor integrated circuits, storage devices and precision devices for optics
and micromechanics. Laser lithography, near-field and probe technologies, and
radiation exposure methods are widely used to create nanoscale structures. Among
the methods of obtaining nanoscale structures, it is necessary to note laser
lithography, which allows to carry out mask less image formation in the photoresist
layer on the surface of the substrate with a laser beam. Research in the development
and manufacture of nanostructures for various purposes is largely determined by the
level of development of technologies that allow atomic accuracy to obtain
nanostructures of the required configuration and dimension, as well as a
comprehensive diagnosis of the properties of nanostructures. Modern methods of
nanoscale optical recording are based on the use of various methods, including
photoinitiation with high beam intensity. A significant limitation on the size of the
elements is due to the ability to focus optical radiation to sizes smaller than the
diffraction limit. Many technical solutions are proposed and developed to realize the
possibilities of optical nanolithography. Special photosensitive materials can be used
to form nanosized structures with focused laser radiation. Among these materials
should be noted inorganic resist based on films of chalcogenide glassy
semiconductors (ChGS). The use of these materials is based mainly on their
sensitivity to various types of radiation, which cause phase and structural changes in
ChGS films, and transparency in the infrared range.The diffraction nature of light
prevents us from achieving sub-diffraction or nanometre resolution in an optical
beam lithography system. It is necessary to develop special recording methods based
on nonlinear interaction with photosensitive materials and conversion of the energy
of incident radiation.

1.Using the method of thermolithographic recording for the formation of

submicron structures.

The recording of elements on photosensitive materials is carried out by a
focused beam with a non-uniform intensity distribution (usually with a Gaussian
intensity distribution) and this allows on a photosensitive material with a nonlinear
exposure characteristic to record elements smaller than the diameter of the focused
beam. One of the first experiments on recording on a semiconductor-metal material
with a nonlinear exposure characteristic showed the possibility of reducing the size of
the elements recorded by laser radiation by 2-3 times compared to the diameter of the
laser beam measured at 1 / e [1]. formed on the films of chalcogenide vitreous
semiconductors was determined mainly by the resolution of the optical focusing
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system and the accuracy of the automatic focusing system. Previous analysis showed
that microrelief structures on ChGS films, the width of which is less than the
resolution of diffraction-limited optics, can be created using the thermolithographic
recording mode. Local heating of the film in the recording area by radiation with a
non-uniform intensity distribution allows to reduce the size of the prints by selecting
the recording mode [3,4].
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Fig.1.Principle of thermolithographic recording [5]

The creation of micro- and nanorelief structures by focused laser radiation on
films of chalcogenide glassy semiconductors is facilitated by the nonlinearity of the
exposure characteristic associated with local heating of the material in the recording
area and the generation of a large number of electron-hole pairs. The effect of
increasing the photosensitivity of ChGS films in the process of pulsed irradiation has
been observed by many researchers [3,4,6]. On photoresists based on , radiation with
a wavelength of 405 nm can record relief images with an element width of 0.3-0.8
um [2, 7].0btaining the sizes of the marks smaller than the diffraction limit (the
diameters of the labels are approximately 1/10 of the focused light spot) is explained
by the nonlinear absorption of a thin film of radiation with a Gaussian intensity
distribution [8-10]. The minimum size of elements recorded on films of chalcogenide
semiconductors with phase transitions by thermolithography was 100nm [10]. The
use of this technology was of interest for optical disc recording systems in CD, DVD,
BD [2,7] and the creation of diffractive optical elements [2]. Examples of
thermolithographic recording on chalcogenide semiconductor films are shown in Fig.
The recording beam diameter was 1.0 mm. Elements 0.7-0.8 um wide were recorded
[2,11].
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Fig. 2b. The relief microstructure on the negative inorganic resist As,S; [2]

Limitations of the thermolithographic recording mode are associated with a
significant effect of fluctuations in the power of laser radiation on the size of the
elements recorded on nonlinear photosensitive material. The formation of nanoscale
relief structures on thin films of chalcogenide glassy semiconductors by diffraction-
limited optical systems is problematic.

Use of near-field optical radiation focusing systems for the formation of

submicron structures.

For the formation of nanoscale elements and structures, it was proposed to use
near-field systems for focusing optical radiation. Lines with a width of 100 nm and a
depth of 23 nm on the As,S; film were recorded with a near-field probe with an
aperture of 120 nm [6]. The main disadvantage of recording by this method is the low
scanning speed (100 um / s), which is due to the low efficiency of near-field probes
based on conical optical fibers [6,12]. The situation with the use of near-field probes
for recording nanoscale elements on inorganic resistors may change with the creation
of new more efficient probes for focusing laser radiation, in particular, microstrip
pyramidal probes [12]. Images of different types of probes are shown in Fig.3. The
near-field scanning optical microscopy (SNOM) with a microstrip probe was
proposed for significant improvement of optical efficiency . One of possible types of
a microstrip probe is the pyramid-type microstrip probe (PTMP) (see schematic
drawing in Fig. 3). Microstrip pyramidal probes are much more efficient than conical
near-field probes.
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Fig. 2. a) Most commonly used near-field tapered fiber probe, b)Near-field probe based on optical
plasmon microstrip line (optical microstrip probe)

The pyramid-type microstrip probe (PTMP) has a transparent pyramid-like
core with a truncated corner. Metal strips coat two opposite sidewalls of the
pyramid. The transparent body and two metal strips form a tapering microstrip line,
similar to an ordinary microstrip line where two opposite sides of a dielectric
rectangular slab are coated with metal films, as shown in Fig. 2. The incident beam
(either a focused beam or a dielectric waveguide mode) couples to the probe
through its wide end, and propagates along the probe, reaching the narrow end that
forms the aperture. The light passing through the narrow end interacts with the
scanned sample. In far-infrared band metal strips can be represented with high
accuracy as perfect conductors which can support quasi-TEM wave which has no
cut-off size. The incident light should have electric field polarization orthogonal to
the metal strips in order to excite the quasi-TEM mode that has no cut-off size. A
microstrip probe has a significant advantage over a conventional near field probe in
far field transmission coefficient, especially for the small aperture size (a<100 nm)
since it decreases with decrease of the aperture size as a square of the aperture
diameter.

The use of nanocomposite photosensitive materials, the formation of

images on which is carried out using the methods of nanoplasmonics.

To form nanoscale structures, it is proposed to change the structure of the thin-
film recording medium - it is proposed to move from homogeneous films to granular
films [14].The Super-RENS design has significant opportunities for the creation of
superdense recording systems, in which a layer of precious metal oxides (AgOX,
PtOx and PdOx) was used instead of the Sb layer. Irradiation of the oxide layer led to
the decomposition of the oxide and the formation of a layer of metal nanoparticles.
The process of chemical decomposition occurs in the temperature range from 400 ° C
to ~ 500 ° C. Surface plasmons, excited by light on the formed nanoparticles of
precious metals, generate optical near-field radiation, which is exposed to the
photosensitive layer. The structure of such a medium is shown in Fig. 4 [14].
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ZnS-8i0, / 40 nm

PdO, (PdO_, AgO, ) / 40 nm

ZnS-810; / 130 nm

Polycarbonate disc / 600 nm

Fig. 4. The structure of the media made by technology
Super-RENS using precious metal oxides [14]

The media with the Ag,0 layer were studied in the most detail. The Ag,O layer
in the Super-RENS carrier plays the role of the center of strong light scattering in the
local region of the multilayer carrier. The optical near field, which is created around
the scattering center with Ag,0, is 40 times stronger than the field created by the
antimony layer [15]. Studies have shown that the higher efficiency of high-resolution
super-RENS disks with an AgOx layer is associated with the formation of localized
surface plasmons by silver clusters dissociated from the AgOx layer. The diameter of
the silver nanoparticles was approximately 4 nm. The density and distribution of
dissociated silver nanoparticles are affected by the intensity of focused laser
radiation. Localized surface plasmons improve the reading efficiency in such media
[16].

The technology of excitation of metal nanoparticles and the use of optical near-
field radiation for the exposure of photosensitive layers has proved to be quite
effective and continues to develop in the creation of new types of media for recording
nanoscale structures. Schematic representation of the information carrier with a layer
of nanoparticles of precious metals is shown in Fig. 5.

Nanoparticles of nobel metals with sizes of the order of tens of nanometers can
have a significant impact on the processes of recording information in different types
of optical and magnetic media.
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Fig. 5. Information carrier with a layer of nobel metal nanoparticles

Another approach to creating superdense media is to use granular nanoscale
particles. The formation of a recording layer by isolated nanometer-sized dots is very
effective in suppressing thermal diffusion and allows increase the recording
density. Nanodot media would be very effective in combination with a plasmonic
electrical field produced on the tip of a tiny metal antenna, e.g., a silver alloy plate,
around 100 nm in length and 20 nm thick in response to laser exposure. The near-
field light is confined to a narrow region between the nanodot, and the antenna
closely placed above it with a gap of 10-20 nm.. The image of the The image of the
granular restorative center is shown in Fig. 6 [13].
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Fig. 6. Construction of a nanoantenna and a recording medium with phase-change nanoparticles and
dual metal layers in the proposed high-density optical memory system: cross-sectional views on
(@) XY plane atz =0, (b) YZ plane at x = 0, and (¢) medium with 5 x 5 squarely-arrayed
nanoparticles on XZ plane. [13].
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Scientists from Australia and China jointly proposed a simple and broadly
applicable method based on resonance energy transfer from lanthanide-doped
upconversion nanoparticles to graphene oxide for nanoscale optical writing. The
transfer of high-energy quanta from upconversion nanoparticles induces a localized
chemical reduction in graphene oxide flakes for optical writing, with a lateral feature
size of ~50 nm (1/20 of the wavelength) under an inhibition intensity of 11.25
MW/cm?. Upconversion resonance energy transfer may enable next-generation
optical data storage with high capacity and low energy consumption, while offering a
powerful tool for energy-efficient nanofabrication of flexible electronic devices[17].
The principle of the proposed recording method is shown in Fig. 7.
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Fig. 7 Principle of nanoscale resonance energy transfer (RET) optical writing on a graphene oxide
(GO)-conjugated Lanthanide-doped upconversion nanoparticles (UCNPs) nanocomposite [17].

(A) The writing beam induces GO reduction through RET of high-energy
quanta from Lanthanide-doped upconversion nanoparticles (UCNPs) , while the
inhibition beam inhibits GO reduction through suppression of high-energy quantum
generation in UCNPs. (B) The experimental setup of a dual-beam super-resolution
configuration that enables writing of subdiffraction features on the nanocomposite.
(C) Simulated intensity distribution of the 980-nm writing beam with a Gaussian
shape (writing), the 808-nm inhibition beam with a doughnut shape (inhibition), and
their spatial overlap (writing + inhibition) along the radial direction in the focal plane.
(D) Simulated intensity distribution on the nanocomposite irradiated with the dual-
beam super-resolution configuration (writing + inhibition) with a writing beam
intensity of 0.13 MW/ cm?and an inhibition beam intensity of 11.25 MW/ cm?. (E)
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Simulated intensity profile along the dashed line in (D). (F) The 450-nm
upconversion luminescence emission intensity from the nanocomposite after
irradiation with the dual-beam super-resolution configuration (writing + inhibition).
(G) Intensity profile along the dashed line in (F). [17].

Super-resolution photoinduction-inhibition nanolithography

It is proposed to use two-beam exposure systems to form nanoscale structures.
There are significant problems in the choice of materials with large two-photon
absorption cross-section, high mechanical strength and sufficient photoinhibition
function for the implementation of two-sided optical lithography based on the
polymerization and photoinhibition strategy [18-21]. Compared with single-beam
optical lithography , two-beam optical lithography utilizes a doughnut-shaped
inhibition beam to inhibit the photopolymerization triggered by the writing beam at
the doughnut ring, leading to reduced feature size and improved resolution (Fig. 8).

Single-beam Writing Focal spot

Focal spot

Inhibition beam

=— Writing beam

< 100}1m

a b
Fig. 8.Comparison of the effective region of polymerization for a one-color laser spot and for a two-
color photoactivation/photoinhibition laser spot (Image: Swinburne University of Technology) [19]

>> 100 nm

Two-beam optical  lithography which utilizes a doughnut-shaped inhibition
beam to inhibit the photopolymerization triggered by the writing beam at the
doughnut ring, leading to reduced feature size and improved resolution . Although
both focused writing and inhibition beams result in the spot size limited by
diffraction, the fabricated feature size and resolution by two-beam optical lithography
can break the limit defined by the diffraction spot size of the two focused beams. In
fact, the smallest feature size and the highest resolution are limited by the mechanical
strength of the solidified material, which can be far beyond the diffraction limit
provided that an appropriate photoresin with high mechanical strength can be
developed [19]. Chemical and physical processes driven by multiphoton absorption
make possible the fabrication of complex, 3D structures with feature sizes as small as
100 nm.

Although both focused writing and inhibition beams result in the spot size
limited by diffraction, the fabricated feature size and resolution by two-beam optical
lithography can break the limit defined by the diffraction spot size of the two focused
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beams. In fact, the smallest feature size and the highest resolution are limited by the
mechanical strength of the solidified material, which can be far beyond the diffraction
limit provided that an appropriate photoresin with high mechanical strength can be
developed. But this breakthrough has not yet been achieved. The Australian
researchers demonstrate 3D deep sub-diffraction optical lithography with 9 nm (1/42
for the wavelength of the inhibition beam) feature size and 52 nm (1/7) two-line
resolution in a resin that can efficiently harness two-photon polymerization (2PP) and
single-photon inhibition [19].The key to 3D deep sub- diffraction optical lithography
Is the development of a unique material with twochemical activation channels. One is
for photopolymerization and the other is for photoinhibition. For this aim, the
material should be designed to satisfy the following requirements. First, it should
include an initiator that is highly photosensitive to two-photon absorption generated
by a writing beam, which allows for the near-threshold fabrication. Accordingly, it is
possible to achieve a minimum degree of photopolymerization required for building
solidified structures with a feature size smaller than the focal spot of the writing
beam. Second, it should exhibit an effective inhibition of the two-photon
photopolymerization ( 2PP ) process, which is achieved by a doughnut- shaped
inhibition beam in a wavelength region different from the writing beam. The cross
excitation between the writing and the inhibition beams, which means the excitation
of the inhibitor by the writing beam or the excitation of the initiator by the inhibition
beam, should be avoided. Third, the threshold intensity Iy, for the writing beam to
generate 2PP should be as low as possible to avoid photodamage and uncontrolled
thermal process. Fourth, it should exhibit the sufficient mechanical strength so that
the structures fabricated at the near-threshold condition can survive during the wash-
out developing process and withstand the unavoidable stress [19].

Conclusions

Increasing the resolution of recording media based on vitreous chalcogenide
semiconductors can be achieved by choosing the recording modes and composition of
glasses, in which the most pronounced nonlinearity of the exposure characteristics of
photosensitive material, as well as the introduction into the structure of recording
media nanoparticles of nobel metals. .
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MopenbHi po3paxyHku aucnepcii GOHOHIB B KOHI eIl HAa/
NMPOCTOPOBOI CUMETPII

He6oaa L.1., Katanuusa A.©., lkupra .M., [1an FO.O., Ouxaii LI

Beryn

[Ipobnema po3paxyHKy AMHAMIKM TPATKH KPUCTANIB 3QJIMIIAETHCS OJHIEIO 3
BAXIMBHUX 3a/a4 (i3UKU TBepAoro Tina. J(oCmiKeHHS AMHAMIYHUX BIIACTUBOCTEN
peanbHUX (I3UIHUX 00’ €KTIB (KPHUCTAJIB, CHCTEM) Tiependadae mopss 3 ACTaTbHAM
aHaJli30M EKCIIEPUMEHTAIbHUX JaHUX MPOBEACHHS TEOPETUYHOTO BHBYCHHS.
HeMoXHMBICTh B JESKUX BUIMAJKaX KIJIbKICHO OMUCATH JUHAMIKY TPaTKU pealbHUX
Ae(PEKTHUX KPUCTATIYHUX YTBOPEHb AaHAIITHYHO, CTUMYIIOE PO3BHUTOK YHCEIHHUX
METO/I1B PO3PaxyHKYy B paMKaxX KOHIIEMIIT KOPEKTHUX MIKPOCKOIIYHUX MOJIEIIEH.

UucenbHe MOJCIIOBAHHS KOJIMBHUX CIEKTPIB BIAKPHUBAE MEPCIEKTUBH B IJIaH1
MPOTHO3YBaHHA (I3UYHMX BJIACTHMBOCTEM HOBUX MaTepiaiiB, M0 OCOOJHMBO
BUSIBJISIETHCS] 3HAUMMHM TIPU BUBYCHHI JTUHAMIKH IPATKU HEBMOPSIKOBAHUX 00’ €KTIB
3 PI3HOTO POy MOPYIICHHSIMH SIK CTPYKTYpH, TaK 1 XIMIYHOTO CKJIaay.

Po3paxyHku (OHOHHMX CHEKTPIB CKJIAJHUX KpUCTaliB 0a3yloTbCcs Ha JABOX
metonax. OauH, po3B’si3ye cucteMy piBHSIHb HblOTOHA BHXOAAYM 3 a1abaTHUYHOIO
HaOJMKCHHS, JIe MiJCHCTeMa sIep OMUCYeThCs KiacuuHo [1]. Inmmi, oOxomsum
aniabarnuHe HAOMMKEHHS, 3HAXOAUTh 3MIHY MOBHOI €HEprii CUCTEMHU aTOMIB MpHU
BpaxyBaHHSA Maiux 3MimeHb saep [2]. OOumaBa  migXoAW  MOCIHIIOBHO
BUKOPUCTOBYIOTh BHCHOBKH TEOPETUKO-TPYIIOBOTO aHami3y [3].

Po3rnssHeMO [OTOBHEHHS, IO BUHHUKAIOTH MPU PO3TISIII  AWHAMIKA
I'PaTKH, MPHU OMUCI KPUCTAJIIYHOI CTPYKTYPH B KOHUENLIi HaJl MIPOCTOPOBOT CUMETPIi
[4-7].

Bynemo BUXOAWTH Uil OMMCY CTPYKTYpPH €JIEMEHTapHOI KOMIPKH CKJIAIHOTO
KpUCTA/UTy 3 i1ei IpaTkoBoi pemniTku mopsaky 3*n [8]. Kpucramiyna ctpykTypa
[IJIOTO PSIYy CKIATHUX KPUCTATIYHUX CIHOJIYK KyOIYHOT CHHTOHII TOJII MOXe OyTH
ornMcaHa B HAOJIMKEHH1 HaJ TPATKH TIEBHOTO MOPSJIKY.

[IpoimocTpyeMo cxeMy MOJEIBHUX PO3PaxyHKIB (POHOHHUX CHEKTPIB JUIs
BUITAJIKy OJTHOMIPHUX JIAHITIOT1B.

Mopnens iHBapiaHTHUX CKJIAAHUX OJHOMIPHHX KPHUCTATIB, YMOPSIKOBAHUX B
J01IaTKOBOMY OJIHOMipHOMY TipocTopi Ve @V, nipuBeneHa Ha puc. 1.1.

Puc. 1.1. Monenb iHBapiaHTHUX JABOXaTOMHUX
OJIHOBUMIPHHMX KPHCTAJIB

(1+1) - BuMipHHMIA IPOCTIP OIMUCYETHCS 0A3UCOM
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P N Ta 0OEPHEHUM JI0 s oN 27 o
a1(2)—(a, 2)1 (1) HEOT'O a1(2) ( 3 ,O), (2)
2 2 = O,b, *
=00 ay(2)=(Z )
ab

VY3aranpHeH1 BEKTOPH TPaAHCHIALII, TOOTO BEKTOPH TPAHCIALIL Y HaJ MPOCTOpPi
Ve@Vy, 300paxkeni Ha puc. 1.1 TOBCTUMH JIHISIMH .

Brxurouennst B po3risia (3+d)- BuMipHUX 0a3uCIB Ta MOHATTS MPOTOKPHUCTATY
7A€ MOXJIMBICTh OMMCYBATH CTPYKTYPY CKIIATHUX KPHUCTAIIB Yy BUTJISAAI TIPHUPOIHOT
HaJIPaTKH.

[TpoBenemo aHami3 MOJEINi OJHO MapaMeTPUIHOTO OJHOMIPHOTO KPHUCTAIY, IO
CKJIaJIa€ThCS 3 aTOMIB TPhOX COPTIB (puc. 1.2.a).

aMﬂAﬁAﬂAﬁE%

f—
| o L Puc. 1.2. MO,Z[GJ.IB OJIHO MapaMETPUIHOTO
PAAAAAAA ](l} a— OJIHOMIPHOTO KpHcTaJa.

OnHO mapaMeTpUYHICTh O3HAYaE€, 110 PO3IJISAAETHCA YHOPSAIKOBAHA MOJEIb
TBEPJOr0 PO3UYMHY, Y SIKOMY BY3JIM BIAPI3HAIOTHCSA OJUH BiJ OJHOIO JIMILE COPTOM
atomy. OHIHO mMapaMeTpPUUYHICTh Takoi  MoOJenl  mepeAadadae  ICHYBaHHS
HEYNOopsAAKOBaHO1 (a3u 3 mnapameTpoM Ipatku a. Lo TpaHCasuiiHO 1HBapiaHTHY
“HeynopsaKoBaHy” (a3zy MOXEMO pO3IIAIATH SK MPOTOKPUCTAN 3 OAHO COPTHUMU
“cipumn’ atomamu y By3nax Ve®Vy Han npoctopy (puc.1.2.6).

VY KoHIEeNIii Haa MPOCTOPOBOi cuMeTpii BBOAATHCS (3+d)-BumipHi (QyHKILT
MOBTOpEHHs, BU3HaueHI B VE®Vy mpoctopi. B 3arampHOMy BuUTIIAII iX MOXHA
MPEICTaBUTH TakKuM YrHOM: je (a-Ab;), (0, bj) yrBoprorots (3+d)-BumMipHuii 6asuc, a
y BUTaAKy GYHKIIIM MOBTOPEHHS 0a3UC Y IPSIMOMY MTPOCTOP1

Ta 00epHEHOMY

* 271'
a]_:(a,_b/4), a]_:(_!o)i
3,1 =(0,b) ) . aﬂ o (4)
a1+1:(£’F)-

Bekrop monymsiii =n/2a, BU3Ha4YeHH 4yepe3 oOepHeHuit O6a3uc (4), 1 3amae
npu ymoBi 4g=K(BekTop 00epHEHOI IpaTKh MPOTOKPUCTATY) CYKYITHICTh YOTHPHOX
BEKTOPIB MOJYJISIT, [0 pO3MaJal0ThCs B 3aJIEKHOCTI BiJ] TOUYKOBOI CHMETpIi Ha
YOTUPHU OJHO BEKTOPHI 3ipKu ab0 OJHY JBOX BEKTOPHY 3ipKy ((,- (), Ta ABl OJHO
BekTOpHi (0), ( 2(). AKIIO BKJIIOYUTH BC1 BEKTOPH MOJIYJISIT B PO3TJISL] TO MOTHUB
KpUCTaTy MOKe OyTH Mpe/ICTaBICHUN y BUTIISIL

3 . N
Prp(MAN) =" p(sq,sh™ Je'(san=s0 An). o
s=0
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HeBaxxko Oaumtu, mo sxmo Bu3zHadyuTH P(0,0) K MOTHB MPOTOKpHUCTAITY, a
cyneprosuwito p(g,b),p(29,2b"),p(3q,3b") - sk Mozlymoroqm”l JIOJaHOK, TO

p(N,An) = po(n,An)+3p(n,An). (6) " dp(n,An) = Szlp(sq s Jeistan- -b"an) (7)

MoTus IIPOTOKPHUCTATY MA€ BUTIAL:
m; +m, + My + M
pO( n ,An ) = 1 2 4 3 4 = const, ®)

a aMILUTITYd MOAYJTIOIOUYUX JI0JIaHKIB —
. Mg—mg—i(m, —m . Mg+mg—m,—m
,O(Cl,b ): 1 3 2 2 4); p(2q,2b ): 1 34 2 4.

m; —mg +i(m, —my )
1 .

1. OcHOBHI acHeKTH MeTOAMKH PpO3PaxyHKY (OHOHHUX CIIEKTpiB B
KOHUENUii HaJl MPOCTOPOBOI CMMeETPii.

KoMmo3umiitHi  0coOMMBOCTI peani3amii CKJIaJHUX KpPUCTAJIIiB Ta CHUCTEM
TBEPAMX PO3UMHIB 3a MEXaHI3MOM 3allOBHEHHsS PI3HOCOPTHUMHU aTOMaMH Ta
BAKAHCIIMM  TPAHCIAIIAHO  €KBIBAJCHTHUX  MO3WINHM, 3agaHuX  Oa3ucom
POTOKPUCTATY, OXOIUTIOIOTHCS KOHLIETILIEI0 HaJl MPOCTOPOoBOi cuMeTpii. [lpu npomy
MOXYTh OyTH BpaxoBaHi pi3HI KOMOIHalii 0a3uCiB MPOTOKPHUCTATY 1 PEATbHOTO
KPUCTAJIIYHOTO YTBOPEHHS Pa3oM 13 BCIMa MOXIJIMBUMHU BaplaHTaMHU KOMIIO3HIIIIHOTO
3aMOBHEHHS KpHCTaTorpadiuHux mo3ulliii. BukopucTaHHs TMMOBHOI CYKYIMHOCTI
BEKTOPIB MOMYJAIII J03BOJISIE BHU3HAYUTH aMIUTITYId MAaCOBHX MOIYJISIIIHHUX
(GyHKILIM 1 HA iX OCHOBI 3r€HEPYBATH y3arajbHEHY AMHAMIYHY MATPULIIO PEATbHOTO
¢13u4HOro 00’€KTY Ta MaTpPUII0O MacoBOro 30ypeHHs. llepia 3amaeTbest y BUIIISIIL
CYTNEpMO3HIIi TUHAMIYHAX MaTPHIlb MPOTOKPUCTATY, BUSHAUYEHUX y PI3HUX TOYKaX
3ouu bpummoena (3b), moB’si3aHux BekTopamu Moayisuii. Jpyra — omucyerbes
aMIUTITYIaMA MaCOBUX MOIYJISIIIMHUX (PYHKITIH.

PO3B’SI30K MAaTpPUYHOIO pIBHAHHS BITHOCHO o°(K) [03BOJIS€ BH3HAYUTH
JUCHEPCIHI 3aJIeKHOCTI (DOHOHHOTO CIEKTPY, a BpaxyBaHHS pI3HUX BaplaHTIB
KOMITO3UIIIHHOTO 3alTOBHEHHS — BiJICJIITKOBYBATH 3a 1X TeHe3ucom [4-7].

B koHmeniii Haj MOpoOCTOPOBOI CUMETPIl AMCHEPCIiiHI KpUBI (POHOHHOTO
CHEKTPY KPHUCTAIIYHOTO YTBOPEHHS BHU3HAYAIOTHCS SIK PO3B’A3KM MaTPUYHOTO
PIBHSIHHS IPU YMOBI PIBHOCT1 HyJI€BI BU3HAYHUKA BUTY:

D,5(k+ ;) 0°8,,,6, - &’ py 5,5 =0, (10)

ne D, (k+q,)-1MHAMi4HI MaTpHI[ OJHOATOMHOIO TPOTOKPUCTANy, BH3HAYEHi Y

©)

p(39.30 )=

toukax 3B (k+q,), p, , =pla,AN,) - ammwiiTyau MacoBoi Moxysswiiitoi dyHKuii,

3aaHl i1 BEKTOpa MOJYJISIT (qi—qj), k —XBUJIbOBUH BEKTOp, @; — BEKTOpHU

MOAYJISAII, a, 8 — KOOPAWHATH X, Y, Z
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Junamiuni  matpuni  npotokpuctany  D,(k+q)  BU3HAYAOTBCA i3
CIiBBITHOIIICHHS:

s(k+g)= j:a Doy g gitcan) (11)

(n=0)
1€ «,—CuioBa TOCTiHHA B3aemonii atoma y 0-1if mo3umii i n—HUM CYCIIHIM
aToMoM, n,,n, —IIPOEKIIii BEKTOpa n Ha ocl «,f.

Po3paxyHOK 4acTOT JOHOHHHX MOJ MOXHa OTPUMATH, MIPUPIBHSIBIIN A0 HYJIS
BU3HAYHHKA, 3a[MCAHOTO Y JICHIO 1HIIOMY BUTJIIsI [S]:

‘ (D)(k q.,Ab,*j) W°8,y05 =@ P8, =0, (12)

ne p®(k—q,Ab)=p® — aMIULTYIH MOIYISLifHEX (QYHKUIH y3araabHEHOI

JUHAMIYHOI MaTPHUIll peabHOTO (H13UYHOTO 00’ €KTY (KPUCTATy YA CUCTEMHU).
Po3B’s13yt0un cuctemMy piBHIHb

Dorzk,e(k +q; ) = ipi(D)(k - qi’A*bi*j )3iquk ' (13)
=

BITHOCHO aMIUTITYA MOIYJSIIAHUX QYHKIIH p{> NUHAMIYHOI MAaTpHIl, OTPUMYEMO
PO3B’S3KU Yy BUTJISIII CYNEPIO3UIlT TUHAMIYHUX MaTpPUIlb, BA3HAYEHUX JIJIs1 KOXKHOT 13
N MO3HUIIIN (Sax sax sa)—HaJl IPATKH.

Y 3araJlbHOMY BHMAJKYy 3HAaXO/KCHHS BJIACHUX 3Ha4eHb s (DOHOHHOTO
CHEKTPY 3BOAUTHCS JI0 CEKYIISIPHOTO PiBHIHHS BUY:

A-Bao’|=0, (14)

ne A-auHaMiuHAa MaTpUIll peanbHOI CTPYKTYpH, B-maTpuis macoBoro
30ypeHHSs.

VY  eKkBIIMCTAHTHOMY HAaOJMKEHHI JUIsi MOJENi JOMYyCKAaeMO, IO CHUJIOBa
XapaKTePUCTHKA 3aJICKHUTh TIIBKH BIJ BIJICTaHI MDK aTOMaMH 1, TOJi, B3a€MOJIIS
PI3HOCOPTHHUX aTOMIB, SIKI 3HAXOAATHCS Y PIBHOBIIIAIICHUX MO3MIIISNX, OJHaKoBa. [le
no3Bosisie  (opmyBaT  Marpuiro Ay KBasiglaroHaJIbHOMY  BUTUISAOL. Y
HEEKBIJJUCTAHTHOMY HAOJIMKEHHI KpIM BiACTaHI MK aTOMaMU BPaxOBYEMO TaKOX 1
pi3HMIIO MK HUMH. [Ipu 1boMy, po3paxyHOK AMHAMIYHOI MaTpHULll 31HCHIOEMO Y
touni (k —q;), a il po3KJIa IPOBOAMMO II0 [TApaMeTpy b .

AHaJOri4Ho, po3B’sI3yI0YH CUCTEMY PIBHSHb

)= plak, (15)

BIJIHOCHO aMIUTITYJl MacOBMX MOAYJIALIMHUX (YHKIIH p(q;)=p;, S—KUIbKICTb
aTOMIB Y MPUMITHUBHIN KOMIPIIl KPUCTAIIYHOTO YTBOPEHHS.

Takum 4MHOM, MOOYJOBa y3araJlbHEHOI JWHAMIYHOT MaTpuii p™ (k—qi,A*bi* J.)
po3mipHOcTi (35x35) JTeKUTH B OCHOBI PO3PAaxXyHKy IMHAMIKH I'PATKH, a il eTeMeHTH
3aJIe’KaTh BiJl CUJIOBUX MOCTIHHUX «,,.

Haiibinpimr  3py4yHor0 It AEMOHCTpaAIlli OIIbIIOCTI MOMJIMBOCTEH Ha
IIPOCTOPOBOTO TIAXOAy MOXE PO3IJIAATHCS MOJCIh KPHCTAIIYHOI CTPYKTYpH
ciMeICTBa MEPOBCHKITY SIK MPUPOIHOI (2ax 2ax 2a) —HaJl IPATKH, JUIS SIKOT BIIACTHUBE
EKBIICTAaHTHE PO3MIIIEHHS aTOMIB pi3HOTO copty. Kpim TOro, omumemo 1o
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CTPYKTYpPY 1 B 0a3uci Takox y 0a3uci (4ax4ax4a)—HaJ IpaTKd, BBIBIIN B PO3TIIS
IITAN P T0JIaTKOBUX KpUcTalorpadiyHuX opoiT.

Peamizallis moeTramHOro YCKJIAaJHEHHS  OMHCY peaJbHUX KPUCTAIIYHUX
CTPYKTYp IUISIXOM Ha0Opy HaHOLIbII OYeBUJIHUX (3+d)—MIpHUX Oa3HUCIB J03BOJISIE
BBECTH (3+d)—MipHUN HaJ MPOCTIp, TKUA OXOIUTIOE MOKJIMBICTH 3alIOBHEHHS BCIX
nmo3uwiii mpocroi kyOiunoi rpatku (ITKI) cTpykryp 3 (saxsaxsa)—Haj IpaTKaMu
3araJbHOIO KUJIbKICTIO, III0 JOPIBHIOE §°.

2. Moaeab kpucTagiunoi crpykrypu BaTiOs i ii Hax mpocTopoBmii onwuc.

Buxogsuun 3 Oasucy IIKI, (3+d)—MipHuili ommc KpucTamiB cimelicTBa
MEPOBCHKITY 3 (2ax2ax2a) — HAATPATKOI0 OXOILIIOE CYKYINHICTh 13 BOCBMU BEKTOPIB

MOAYJIAIII, sfKa MoOke OyTH po3kiajeHa 3a 4 3IipkaMH BEKTOPIB MOMYJISIIT

(tabm. 1)[9].
Tabnuys 1
CyxkynHocTi no3uuiii, 06’€1HaHuX B 0p0iTH, Ta MOAYJIALIMHUX BEKTOPIB - y 3ipKH
crpykrypu Tuny ABC, 3 (2ax2ax2a) — HaArpaTkoo ciMeiicTBa mepoBCHKITY

HON.[ep IMo3uuii aromis L0089 5 BekTopu Mmoayasimii
AToMHu opoiTn , . . (BexTOpa , . ’
() 00’eqHani B op0OiTH Moxyasmil) 00’eqHaHi B 3ipkn
B 1(2) [0,0,0] 1(1) [0,0,0]
A 2(2) [a,a,a] 2(2) [z/a, zla, x/a]
C 3(3-5) [2,0,0];[0,a,0]; 3(3-5) [7/a,0,0];[ /4,0, z/a];
[0,0,a] [0, z/a, x/a]
4(6-8) [a,a,0];[a,0,a]; 4(6-8) [z/a,zla,0];[~/a,0, =/a];
[0,a,a] [0, z/a, x/a]

BoHu BiNOBIIAIOTH YOTHUPHOM OpOITaM, $IKI BHU3HAUYAIOTHCS 3a JOMOMOIOIO
paniyc-ekTopis: Iy =(0,0,0), r, =2a(1/2,1/2,1/2), r, =2a(1/2,0,0), fene =2a(1/2,1/2,0).

OCKUJIBKM Hac IIKaBUTh aHaJi3 CUTyalli 3 YaCTKOBUM 3alOBHEHHSM pI3HUX
KpucrtajgorpadiyHuX OpoIT aTOMaMH OJIHOTO COPTY, TO, BBIBIIH JIOAATKOBO B PO3TJIS
MITUA  psan opOIT, MpU TEpPexXoAl BiA CTPYKTYpU TNEPOBCBHKITY 3 (2ax2ax2a)—
HAJrPATKOIO JI0 TaKOl 3 (4ax4ax4a)—HaaArparkoro, B Oasuci HKF, AK BHJIHO 3 pHc.l,
IpyU OMNHUCI Takoi MOJYJIbOBAHOI CTPYKTYpU HEOOXIHO BpaxOBYBaTH IOBHI
CYKYMHOCTI 13 64 mo3uliid Ta 64 BEKTOPIB MOIYJIALIL, IKI MOXKYTh OyTH PO3KJIAJEH] 32
10 3ipkamu [5]: nBoMa l-BekTopHMMHM 3ipkamu - [0,0,0] Ta [z/a, z/a, #/a]; nBOMa 3-
BEKTOPHUMH 3ipKamu - [7/a,0,0] Ta [ z/a, #/a,0]; 1BoMa 6-BEeKTOPHUMH 3ipKamu - [
712a,0,0]Ta [x/2a, x/a, x/a]; omHiew 8-BEKTOPHOIO 3IpKOIO - [ 7/2a, x/2a, 7/2a]
Ta TphoMa 12-BEeKTOPHHMH 3ipkamu - [z/2a,7/2a,0], [#/2a,7z/2a,x/a] Ta |
rl2a, z/a,0]. Y 1mpomMy BHUMAAKy 00’€M MPSMOI IPaTKu 30UIBIIYETHCS y 8 pasis, a,
BIJIMOBIAHO, 00’eM 3b 3MEHIIy€eThCS y CTUIBKU K pasiB. Po3MipHICTH y3araabHEHOT
JAMHAMIYHOT MaTPHIIl MOIYJILOBAHOT CTPYKTYpH (192x192).

[Tpu BuOOpi B sIKOCTI 0a30BOi CTPYKTYpU MPOTOKPUCTATY TPAHELIEHTPOBAHO1
kyoiunoi (I'LIK) rparku HeoOxigHO 3a0e3MmeyuTHd BakaHCli y BCIX TIO3HUIIIAX,
BiaminHux Bijx ['TIK 6a3zucy.
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B upomy BHmanky Asisi CTPYKTYp CIMEWCTBa MEPOBCHKITY MOBHA CYKYIHICTh
BEKTOPIB MOAYJIAILIT MICTUTh 16 BEKTOPIB MOIYJIAIT, SIK1 PO3MOAIISIOTECS 3a 11’ IThMa
MOAM(DIKOBAaHUMH 3IpKaMH BEKTOPIB MOJYJALIi: JBoMa 1-BEeKTOPHUMHU 31pKaMH -
[0,00] Ta [7z/a, z/a, x/a]; nBOMa 3-BeKTOpHUMHU 3ipKamu - [z/a,0,0] Ta [z/a, z/a,0]
Ta OJIHI€I0 8-BEKTOPHOIO 3ipKoI0 - [ 7/ 2a, /24, 7/ 2a].

(3+ 3) —MipHU# 6a3uC y IbOMY BUPAJIKy Ma€ HACTYIIHI 0a30B1 BEKTOPU:

IIPSIMOTO: 00EepHEHOTO:

a, =(a,a,a,b/2,b/2,b/2); a, =(0, n/a, n/a,00.0);

a, =(a,a,a,b/2,b/2,b/2); a, =(r/a,0,7/a,000);

a, =(a,a,a,,b/2,b/2,b/2); a, =(r/a,z/a,0000);

a, =(00.00,b,b); &, =(7/2a 712 7123, xh, wh, wb): (16)
a, =(00,0,b0,b); a; =(n/2a,7/2a,712a, w/b, zl, w/b)

a, =(000,b,b0); a, =(r/2a,7/2a,712a, w/b, /b, wlb).

OTpumaHUil pe3yabTaT J03BOJISE Y3aralbHUTH CTPYKTYPY THITY ITEPOBCHKITY, a
came, 16 BekTOpiB MOAYJALIL 3a7al0Th 16 aTOMIB y NMPUMITUBHINA KOMIpIIi, a I1'ATh
31pOK JIOMYCKaIOTh HAsBHICTH IT'SITH Pi3HUX cOpTiB atromiB. CTpykTypHa (opmyra
TaKOTO KJIacy PEUYOBHH CiMeHCTBa MEPOBCHKITY Mae Burisin AB(CD),E,. Po3mipHiCTh
y3arajibHEHOI TUHAMIYHOI MaTPHIIl TaKOT MOAYJIbOBaHOI CTPYKTypH ( 48x48).

3ayBaXUMO, 110 MPU OMHUCI CTPYKTYpPU CIMEMCTBA MEPOBCHKITY, BUXOIAYU 3
OLK-06a3ucy mpoTokpucTaidy, MOBHA CYKYIHICTb BEKTOPIB MOJYJIALIl MICTUTH 32
BEKTOPY MOAYJIAIIT, a PO3MIPHICTh y3arajJlbHEHOI JUHAMIYHOT MaTPHUIIl MOYJIbOBAHO1
CTpYKTYypH (96%96).

3. Moaeasb kpuctaiaiuioi crpyktypu CugPSsBr i ii Hag npocTropoBuii onuc.

CiMeCTBO aprUpOUTY € OJHHUM 13 MIKABUX CIMEUCTB KPUCTATIUHUX CTPYKTYD,
[0 XapaKTePU3yIThCS YaCTKOBOIO 3aCEICHICTIO YaCTUHH KpucTamorpadiyHux opoit
aTOMaMH OJTHOT'O COPTY 1 MPOSBISAIOTH cynepioHHy mposiaHicTh [10]. Kpucramiuna
CTpYKTypa TIpeJCTaBHMKAa IhOTO ciMelcTBa — cymepioHika Cu,PS;Br B

HU3BKOCUMETPUYHIN (a3l CKIaAaeThCs 3 aHIOHHOTO KapKacy 1 XapaKTepHHUM IS
KpHUCTaJIB CIMEWCTBA aprUpOAUTY 3allOBHEHHSIM aTtoMiB CU B MO3ULISAX KaTIOHHOTO
kapkacy (puc.l). Ha 300paxxennsix IlaTepcona miku 3a7at0Th 3aCeIEHICTh HACTYITHUX
H0JI0KEHE: 24-KpaTHO BUpOIKeHol nmo3umii (J), 16-kpaTHo Bupomkenoi no3uuii (€)
Ta JBOX 13 4OTUPLOX 4-KpaTHO BHpomxeHoi nmosuuii (a), (b), (¢), (d). Bignosiguo
710 I[LOTO BUOPAHO HACTYIHI po3MirieHHs aroMiB: Cu y 24(g) 3 x=0, 161320 S y
16(e) i3 x=3/8,a4 S y 4(c), 4 Br y 4(a), aromu P y 4(b).

Amnaini3 300paxenb Oyp’e i 1HII pe3ynbTaTH BKa3ylOTh Ha Te, 10 atomu Cu
posynopsiakoBani i3 24(9) y worupu pi3Hi (cymikui) mosumii, a came, 48 (h)
[Cu(@), Cu(2), Cu(3), Cu(6)], y 16(e) iz x=1/8 [Cu(5)] Tay 24(f) i3 x=1/4 [Cu(4)]. Kpim
toro, mojoxenns 4(a) ta 4(C) marorTe 3MmimaHy 3acejeHicTh atromamMu Br Ta S, a
aromu P, mo Oyau npus’ssani go nonoxens 4(b), wactkoBo 3mictuiucs y 4(d),
TOMY OOHMIBI TIO3UIIIT 3aTTOBHEH] TUTHBKH YaCTKOBO.
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B  poGorax  po3moyato = JOCHIMKEHHS  KPUCTAIIYHOI  CTPYKTypHU
BHCOKOTEMIIEPaTypHOi a3y kpuctamy Cu,PS.Br. Ii aHani3 Bkasye Ha 3Ha4YHy 3MiHY
3aceJIeHOCTI 6araTh0X KpUCTANOTrpaiuHUX MO3UIIIHN.

Jiis po3paxyHKy (POHOHHOTO CIIeKTpy Kpuctany Cu,PS.Br merozom ab initio B

B po60Ti Oya BUOpaHa MOJIEb CTPYKTYPH 3 KOOPAMHATAMH aTOMIB 1 iX 3aCEJICHICTIO,
HaBEJICHUMU B TaOI.2.

Tabnuys 2.
Kpucranorpagiuni no3uuii aromiB mogeabHuX KpuctadiyHux cTpyktyp CusPSsBr
3ace-
3ace- 3ace- | Koopauuar .
. . . JIEHICTh
Koopaunatu JIeHiCT Koopannaru JIeHicT | M 3riaqHo .
ATOM s . . 3riiHO
3rigHO b 3rigHo b HaIIol Hawoi
3riiHO 3riiHO podotu po6oTn
Cu(l) | (0.02362,0.250.25) 0.624 (0.01747,0.25, 0.25) 10 (00,/4,94) | 10,(5/61
4/6)
Cu(2) | (0.01914,0.30918,0.30918] 0.376 00 | (0,5/16,5/16 0.0
). ,(1/12,2/1
2)

Br (0,0,0) 0.989 (0,0,0) 10 (0,0,0) 10
S(1) (0.25,0.25,0.25) 0.989 (0.25,0.25,0.25) 10 (V4,14,14) 10
S(2) | (062183,062183,062183)) 10 | (062183,0.62183,062183 10 (5/8,5/8,5/8) 10

P (0.5,0.5,0.5) 10 (0.5,0.5,0.5) 1.0 (1/2,1/2,12) 10

[IpoananizoBana naucrepcis (QOHOHHOTO CIEKTPY B MOJAENI KPUCTAIIYHOI
CTpYKTYypH Kpuctamy Cu,PS,Br 3 BpaxyBaHHSM 32-KpaTHOI MyJbTHILTIKAI 00’eMy

npumituHoi OIIK rpaTkm mporokpucrany B 0Oasuci (@aa) (aaa) (aaa) ;

CTPYKTYpOIO peanbHOTro KpucTtany 3 npumituBHO I'TIK Haarparkoro 3 6Gazucom

(424a,0) (4a04a) (04a4a) 5 HYJI5OBOIO 3aCEJIEHICTIO TO3MILIT Cu(2)

Cnpo0a BpaxyBaHHS YaCTKOBOI 3aCEJIEHOCTI MO3MIIT Cu(2) pumarae nepexony
0 MOJENl 3 BpaxyBaHHSAM S512-KpaTHOiI MYJBTUIUIIKALII €JIE€MEHTapHUX KOMIPOK
npotokpucrany 3 I'LIK Gasucom (&20) (a0.8) (0.a,8) j yanrparku 3 TLK 6asucom
(8a,82,0) (8a08a) (08283) 5 came, 8%8*8=512 MyJIbTHILTIKALIEIO.

VY mpoMy BHMAAKy ONMUC OKymamiiHo-MoayaroBanoi [ TIK Hanrpatku ((8a,8a,0)
, (8a08a) (08a8a)) s5naerpes B (3+3) ~mipromy mpocTopi mpsamoro i 06epreHOrO

npocropy B merpuni I'K rparxu ((0:28) (a0.8) (a,a0)y;

alz(a,a,0,5/8,5/8,0); a :(;?/a,n/a,n/a,o,o,o);

a,=(2,0,a,b/8,0,b/8); &, =(7/a,x/a,z/a,0,0,0);

a,=(0,a,a,0,b/8,b/8); & =(/a,7/a,7/a,0,0,0);

a,=(0,0,0,b,b,0); 8, = (7/8a.x/8a,x/8a,7/b,x/b,7/b); (17)
a;=(0,0,0,b,0,b); & =(7/8a,7/8a,7/8a, /b, x /b, 7/b);

a, =(0,0,0,0,b,b); a =(7/8a,7/8a,7/8a, /b, z/b, 7 Ib).

CykynHicTb 512-TH MOXKIIMBUX MO3UIIIH aToMiB oxorutioe 30 opOiT, a MHOKHHA
512-1u BeKkTOPiB MOAYJIALIT po30uBaeThes Ha 30 31poK.

75




@\) CM®XT — 2021

4. llpuknaam MoaedbHUX (POHOHHUX 3AJI€KHOCTEN PO3PAX0OBAHUX VISl CKJIATHUX
OJHOMIPHHX CTPYKTYp, KpuctajdiB tunmy BaTiO; i mpeacraBHukiB cimeiicTBa
apPrupoauTIB

Ha puc. 4.1. 1 4.2 nna umocTpalii MPUBEICHO PO3PaxOBaHI CXEMaTHYHI
KOJIMBHI CIIEKTPU YOTHPHUATOMHOI OJHOMIPHOI CTPYKTYypH TpHBeaAeHOI Ha puc. 1.2. 3
pI3HUM BHOOPOM 3HAaY€Hb MACOBUX XapaKTEPUCTHK B PI3HUX MO3HUIIAX. BiamiTumo.
[I{o ciexTp Ha puc.4.1 UTIOCTPY€E €KBIBAJEHTHICTh PO3PaXyHKIB B 2@ 1 48 CTPYKTypax
3 BpaxyBaHHSM HasBHOCTI IBOX MacCOBHUX XapaKTEPUCTHK.

_L-r

Ve Puc. 4.1. CxemaTHuHU CEKTP
/ 4OTUPHATOMHOI OJJHOMIPHOI CTPYKTYpH, A€
~ my; = 400, m; = 300;
S m,=m,=0; a; =3,a, =1;

Frequency, sm-1

J— Puc. 4.2. CxematuuHuii cekTp

— YOTHPUATOMHOI OJTHOMIPHOT CTPYKTYpH, 1€
my; = 80, m3 = 50;

— m, = my, = 40;

——] a; = 140,a, = 130,a3 = 130;

Frequency, sm-1

[TpoBeneHi po3paxynku ais kpuctaniB Tumy BaTiOz B pamkax (2ax2ax2a) i
(4ax4ax4a) mpoAEeMOHCTPYBaIM, IO BUOIp PI3HUX BapiaHTIB CHUJIOBUX MOCTIMHHUX
(exBiBaJICHTHE 1 HEEKBIBAJICHTHE HAOJIKEHHs) Ta PI3HUX BapiaHTIB 4YaCTKOBOTO

3alIOBHEHHS HOSI/IHH/I OpOIT POSIBIIIETHCS B (bOHOHHI/IX CIIEKTpax (puc.4. 3 4.5)).

| BaTiOs | | |
8001 J ‘ 800 8001 | } 800

- E—
600 4 T 600 600
. | | i == [
s e — e n e —— ; ,» ol I {
o IS —_— — A - 1 O m—— — A —_— x4
& 4001 _1400 4007 1400
S ‘ \ /_/ J : P
-‘\"02.- . ] -E:m 204 :;/- ‘1 B -
:’ | | | |
r X M r R X R M

Puc 4.3. MoaenbHi qucnepciiini 3anexHocTi kpuctaniB BaTiOz B ekBiBaJeHTHOMY
HaOJIMKEHH]1 13 HA0OPOM CHIIOBUX MOCTIMHHUX

(@ =220 By, a50 = 1100/, 2z = 101/, a5 = 30,51/,
g1 = 5H/M:“4-2 = 3H/Mr_a43 = 13H/M)

4001

2001

r 4 X M r R \ R A\.l
Puc 4.4. MopenbHi nucnepciiini 3anexxnocti kpucraiaiB BaTiO3 B HeekBiBaJIeHTHOMY
HaOIMKEHH] 13 HA0OPOM CHIIOBUX MOCTIHHUX

(aq = 2201/, a, = 1101/, a5 = 30,5 /5,y = 5H/yy5)
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Puc. 4.5. Monenbuuit pononnuii ciektp kpucrainy BaTiOz (Bumagok KOHCTpyKIii 3 1BOMa
YaCTKOBO 3alIOBHECHUMH opOiTaMu aTromamu KUcHIO) (a1 =220(H/m), ap = 110.5(H/m), as =
10(H/m), a4 = 5(H/m), o5 = 3.5(H/™m), as = 2(H/m))..

Po3risin cTpykTypu 1 poO3paxyHKH JHUCIEPCIMHUX 3al€KHOCTEW Il Haj
MIPOCTOPOBOI MoAem Oyld MPOBEAECHI IUIAXOM PO3B’SI3KY CEKYJISPHOTO PIBHSHHS
tuny (1, 4) amanoriuno [11], mopsaky 1536x1536 i3 3amyueHHSIM 512 MOXIMBUX
No3wilii, 3 sskux 14 3ansti atomamu cTpykTyp CusSiSsl ta Ag;SiSsl, a came: 1 [0, 0,
0], Cu2(Ag2)(142) [3, 3, 0], Cu2(Ag2) (153) [0, -3, -3]", Cul(Agl) (370)
[4,4,0],Cul(Agl) (371) [4,0,4], Cul(Agl) (372) [0,4,4], Cul(Agl) (373) [-4,4,0],
Cul(Agl) (374) [-4,0,4], Cul(Agl) (375) [0,-4,4], S2(490) [6,2,2], S2(491) [2,6,2],
S2(492) [2,2,6], S2(493) [-6,2,2], S1(498) [4,4,4], Si(512) [8,0,0]. 3ipouxkammu
BIIMIYEHI1 TTO3HMIIIT 3aHSATI B PI3HUX CXEMaX PO3PaXyHKIB.

JluHaMiyH1 MaTpHIll MPOTOKPHUCTATy BUpPaxXOBYBajducs B 512 Toykax 30HU
bpunnmroena. Moaudikyroun 3aceneHiCTh KpUcCTaIorpadiuHuX MO3UINA aTOMaMH 1
KOPETylour 3HAYEHHS CHJIOBUX IOCTIMHUX B EKBIAMCTAHTHOMY HaOMMXeH1 Oynu

oTpyuMaHi (D)OHOHHI CTIEKTPH ISl BACOKO CUMETPUYHUX HAIPSIMKIB 30HU bpuintoena
I'IK r’patku [12-15].

Cu7SiS5l, (5+2)

Puc.4.6. MonenbHi pOHOHHI aucTiepciitai 3anexxHocTi kpuctaniB Cu;SiSsI po3paxoBani [uist BHCOKO
CHUMETPUYHUX HANpPSAMKIB 30HU bpuimoena B cxemi a) (5+2) (5 aromiB jokamizoBani B opoiti 18 (4a,4a,0) i 2
B opOiTi 10 (3a,3a,0)) i cxemi b) (6+1) (6 aromiB JiokamizoBaHi B op0OiTi 18 (4a,4a,0) i 1 B opbiti 10 (3a,3a,0))
Mpy BUOOPi OJJMHAKOBHX 3HAYEHb CHIIOBUX TOCTiitHUX (powerConstants :=[82.1,0, 0,0, 0,3.1,2.2, 1.7, 1.,

1,00000.70,1,50,00,20,0,10.0, 53, 0.6, 19 (n/m)])).
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AgSiSsl, (5+2) AG:SiSsl, (6+1)

L-1T1-X, X-W W-K K-1 L-1T1-X X-W W-K K-1
—_

Frequency, sm-1
Frequency, sim-1

Puc.2 MopenbHi (hOHOHHI AuCTIepCiiiHi 3aMe)HOCTI KprcTamiB Ag;SiSsI po3paxoBaHi st BHCOKO
CUMETPUYHHX HAIPAMKiB 30HU bprmmoena B cxemi a) (5+2) (5 Ag atomiB nokaizoBaHi B opoiTti 18
(4a,4a,0)12 - B opOiTi 10 (3a,3a,0)) i cxemi b) (6+1) (6 aromis sokanizoBani B op0OiTi 18 (4a,4a,0)1 1

B op6iti 10 (3a,3a,0)) mpu BUOOPI ONMHAKOBUX 3HAUYEHBb CUIIOBHX MocTiiHUX (powerConstants :=

Vector[row](28, [52.1, 0, 0, 0, 0, 0.1e-1, 9, 0.1e-1, 9., 0.1e-1, 0,0, 0,0, 1,0, 1, 5,0, 0, 0, 2, O, O,
0.8e-1, 3, 1, 23.5 (n/m)]).

3HaYCHHSI CWJIOBHX KOHCTAHT «, —HABEACHI B MOPSAKY 3POCTAHHS BiITasIMU
MK nosuiero opoitu 1(0,0,0) 1 n+l, mpu HbOMYy BpaxOBYBaJIHMCs BCl MOKJIMBI
BaplaHTH BIJJaJIel Mk MmapaMu 3alHATHX atoMaMmu. CHUIIOBI MOCTIiMHI BUOUpaIHUCS B
eKBITUCTAHTHOMY HAaOJMKEHHI, B3a€MOJIII BHU3HAYajacs TUIBKA BIAJAIIO 1 HE
3aimexana BIJ COPTY B3a€EMOJIIOUMX TMap arTomiB. Hampuknan, mans CTpyKTypu
Cu;SiSsl (o, — cHIIOBa MOCTiiiHA, IO OMHCYE B3a€EMOJII0 HA Bimnami 4a+/3 piHa 3.1
n/m, a iummn BigmosigHo:( powerConstants :=[82.1, 0, 0, 0, 0, 3.1, 2.2, 1.7, 0.6, 1, 0,
0,0007015000,20,0,10.0, 53, 0.6, 19 (n/m)]). Ans cnonyku Ag;SiSs|
BignosigHo: (powerConstants := [52.1, 0, 0, 0, 0, 0.01, 9,0.01, 1, 1, 0,0, 0, 0, 0.7, O,
7,50,0,0,20,0,0.08, 3,1, 23.5)).
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MoaugikyBaHHS TA MOTEHUiHI 3ACTOCYBAHHSA HEJIHIMHO-ONTHYHHUX
KpUCTaJiB THILY SN,P,Se

I'padap O., [uruka M., Korytuu A., I'nyxos K., I'acunens C.

1liozipna 46, Yoceopoo, 88000, Vrpaina
alexander.grabar@uzhnu.edu.ua

Beryn. XanbKkoreHigHI KpUcCTaiau cimedcTBa SN,P,Ss TpuBanuii yac J0CIIjI-
KYIOTBCSL B SIKOCT1 MOJIETbHUX CETHETOCNEKTPUUYHUX MaTepialiB 3 Pi3HUMHU THUIIAMU
($ha30BUX MEpexXOoAiB Ta MOJIKPUTHYHHUMHU ToukamMu Ha (a3zoBux miarpamax [1]. Lli
MaTepiaal TaKOXK XapaKTEPU3YIOThCS BHCOKHMH €ICKTPOONTHYHUMH, GoTopedpax-
TUBHHUMH, IMIPO- TA I €30€JEKTPUUHUMH [MApAMETPaMHU, 110 OOYMOBIIIOE MOKIUBOCTI
HU3KH iX TMPAKTUYHUX 3aCTOCYBaHb.

Kpucramu Sn,P,Sg € cerneToHamiBIPOBIAHMKAMH 3 BITHOCHO BY3BKOIO 3a00-
poHeHo10 30HOK0 (2.3 eB), mo pobuts meit marepian GOTOUYTIUBUM Yy BUANMOMY
Jiara3oHi Ta 3abe3nedye JesKi cruenu@iudl BIacTUBOCTI OO Martepiay, 30Kpema
dboropedpaktuBHuiit (DPP) edext, skuil mnpenacrabise coO0K 3MiIHY ONTHYHUX
napameTpiB MPU ONTUYHOMY OIPOMIHEHHI 3 HU3BKOIO MOTYkHIcTIO. Lleit edekT €
MOETHAHHIM (POTOMPOBIIHOCTI Ta JIHIHHOTO €IEKTPOONTUYHOTO €PEKTY, 1 JCKUTh B
OCHOB1 pOOOTH HHM3KH ONTHYHHX CXEM Ta MPHUCTPOIB 3 BUKOPUCTAHHSAM IPUHIUIIIB
auHaMivHO1 rosorpadii [2].

VY mnopiBasHHI 3 iHmMMH OP marepianamu Sn,P,Sg mae Taki mepeBaru, siK
YYyTJIUBICTE Yy YepBOHOMY Ta OmmkHboMy [Y crnekTpanbHOMY miama3oni [3-6],
BIJIHOCHO KOPOTKHI 4ac BIATYKY (MOpsAKa MUTICEKYHA), Ta AU(PpakiiiHy edeKTHB-
HICTb, 1110 JO3BOJISIE Peali3yBaTH ONTHUYHI CXEMU KEpPYBaHHS MMapaMeTpamMu JIa3epHUX
MIPOMEHIB, (PA30BOTr0 CHpPSDKEHHSA, AMHAMIYHOI 1HTepdepoMeTpii, CIEeKTPaTIbHOT
¢unpTparii Ta Oararbox 1HmMX [7,8]. IHIIOW BaXXJIMBOK OCOOJMBICTIO LBOTO
Marepiany € JomiHyrounil audysiinunidi mexaHism OP edexty. Ilpu Takomy mexa-
HI3M1 (OpMyBaHHSI I'pPaTOK MPOCTOPOBOTO 3apsiy iX MPOCTOPOBHI MEPEPO3MOAILT
B1I0yBa€ThCsl 3a paxyHOK audy3ii (GOTOIHAYKOBAHUX HOCIIB [3,6], 10 COPUUYUHIOE
3amuc TUHAMIYHUX (Pa30BUX roJioTpaM 3a PaxXyHOK €JIEKTPOONTHYHOTO edekty [9].
Taxuit mexaHi3M 3a0e3meuye HENOKAIbHICTh UX (Pa30BUX IPATOK, OCKUIBKH MaKCH-
MyMH TIOJIi TPOCTOPOBOTO 3apsily BIAMOBIAAIOTH O0OJACTAM 3 MaKCHUMaJIbHUM
TPaJliEHTOM 1HTEHCUBHOCTI CBiTJIa. HemokanpHUN MeXaHi3M 3amucy MPUBOIUTH IO
€HEepProoOMiHy MI>K KOTEPEHTHUMU MTPOMEHSIMHU, SIK1 3alUCYIOTh TPaTKYy, 110 JICKUTH B
OCHOB1 OaraThoXx 3acTtocyBaHb [2]. EHeprooOMiH SK MpaBUIIO XapaKTEPU3YIOTh
koe(dimienToM JBOXBMIBOBOI B3aeMoxii (JAXB) I, mo BH3Hayae MakCUMaJbHY
nepeaayy eHeprii MiXk B3aEMOJIIIOUNMH JIA3EPHUMHU MPOMEHSIMHU.

TexnoJioriss BupomyyBaHHs Ta Moaudikanii kpucragiB. ONTHUYHO SKICHI
KpUCTaIM SN,P,Sg BUPOIIYIOTH 3@ JIONOMOTOK0 TPAIUIIIHUX CIIOCOOIB, B OCHOBHOMY
METOZIOM XIMIYHHMX TpaHcnopTHHUX peakiiil (XTP), skuii m103BosIE OTpUMATH JTOCHUTH
Besuki 3pasku (~ 1 cm®). Ilepuri Hemerosari 3pasku Sn,P,Sg mpoaeMOHCTpyBaH
nocuth BucOoki ®P mapamerpu [3,6], 30kpema uyTnuBicTh B OmmkHbomMy [Y
niana3oHi. B momanbmmx pobotax Oyino mokasaHo, 10 ONTHYHI, AleneKTpuuHi Ta OP
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napaMeTpu IHUX KPUCTAIB MOXYTh OyTH €()EeKTHBHO 3MIHEHI LUISIXOM JIETYBAaHHS.
BupoiyBanas nux kpucraiiB 3 gogaBaHHsM Sb 1 Te [6, 8] 103BOIMI0 MOKpaNTUTH
O®P napamerpu. OnHUM 13 HaWKpalux NPUKIAIIB Moaudikaiii kpucrana OyB Tak
3BaHUM “TeMHUi” 3pa3ok SN,P,Sg [10], sxuii, mBualIe 3a Bce, OYB BUPOIICHUH 13
3HAUYHUM BIIXWJICHHSM BiJl cTexiomerpii. JloTenep 1eil 3pa3ok XapaKTepU3yeThCs
HaWBUIIMM JOCSATHYTUM 3HaueHHsIM Koedimienta miacwieHHs (I'~ 38 et npu
633 HM), 1 € CBIZOLITBOM BEJIMKOI IMOTEHIIHHOT 3AaTHOCTI MoanuiKyBaHHS SNyP,Se sik
®P martepiany. Ha xanb, MeToiMKa BUPOIILYBAaHHS 3 BIIXWJICHHSIM BiJl CTEX10METPIii €
HEJOCTaTHHO BIATBOPIOBAHOIO, TOMY TEXHOJIOTIYHI poOoTH Oynu CHpsAMOBaHI Ha
MOIIYK HOBUX €(EKTUBHUX JIETYIOUMX J00aBOK, a TaKOX Ha pPO3POOKY 1HIIUX
CH0C001B MICIAPOCTOBOT MOAM(IKaLIli 3pa3KiB.

JleroBani kpuctamu SNP,Sg  BHpOITyBaIMCh Takok MerogoM XIP 3
BUKOPHCTAHHSAM CTEXIOMETPUYHOTO CKJIaAy KOMIIOHCHTIB Ta 3 TOAaBaHHSAM JOMIIIKH
y POCTOBIif amITyi, 3a3Bu4ail y mexax Bia 0.5 no 5.0 mon.%. Bussneno, mo Te, Sb,
Bi, Se ta Ge mimBumytors ®P 4yTiauBIiCTh y MOPIBHSHHI 3 HOMIHAJIBHO YHUCTUMHU
3pa3kaMu, TOJI SIK BBeJeHHS |N HaBmaku, 3HUWXKYe Iied edekTt. BumiproBaHHs
ONTUYHOTO TPOIYCKaHHS Ta (HOTOMPOBITHOCTI MOKA3yIOTh, 1110 OOUJBA IIi CIEKTPH
JIETOBAHUX KPUCTAJIB JIEMOHCTPYIOTh JOJIATKOBI CMYTH IMOOJIM3Y OCHOBHOTO Kparo
MOTVIMHAHHS, SK1 IMJICWIIOIOTECSA 13 30UIBIICHHSAM KOHIIGHTparii goMimok. J{is
PI3HHX JIETYIOUMX €JIEMEHTIB (DOpMHU CMYT MOTJIMHAHHA Ta iX Bapialliil BHACIITOK
JIETYBaHHS JIOCUTH Pi3HI, 10 BH3Hayae MOxuBOCTI 3MiHU PP mapamerpiB (ToOTO
MaKkcuManibHy Judpakiiiiny epextuBHicTh @P rpaTok, iXH1 XapaKTepHI YacHu 3aMuCy-
penakcauli Ta CIeKTpalbHUN Alana30H YyTIMBOCTI), a TAKOX ONTUMI3YBaTH Il Mapa-
METpHU JIJISl PI3HUX 3aCTOCYBaHb. 3ayBaXMMO, 110 HEIIOJaBHO OYyJI0 BCTAHOBIIEHO, IO
Kpuctanu Sn,P,Sg, BupoIeHi MeTonom bpimkmeHa, JeMOHCTPYIOTh JOCUTH BHCOKI
@®P nmapamerpu y OimxkHbOMY 1H(pauepBoHOMY Aiana3oHi (1064 HM), He3BaXKaOuu
Ha HIDKYY ONTHYHY SIKICTh (30UIbIIEHHS po3citoBaHHs cBiTia) [11], mo €
MEePCIEKTUBHUM JIJIS TTOJAAIBIIOTO BJJOCKOHAJICHHS TEXHOJIOT1T POCTY.

OxpiMm seryBaHHs, Moaudikalis KpUCTaliB 3/1ACHIOBaiacs 3a JOMOMOTOI0
TepMOIHAYKOBaHOTO NU(YHIyBaHHA atoMiB okpemux MertaniB (Cu ta Ag) [12]. V
HalllUX EKCIIEpPUMEHTaX TaKuM CrHocoOoM Oynu oTpuMaHi 3pasku  SN,P,Sg 3
rpajieHTaMu JUGyHIOBAHUX 3 MOBEPXHI 3pa3kiB atoMiB CU y370BXK pi3HHX KpHCTa-
norpadiyHUX HaNpSIMKiB. BuMiproBanucs 3MiHU J1€JIEKTPUIHOI POHUKHOCTI, ONITHY-
HOTO mpornyckanHs Ta koedimienta JXB npu 633 HM B3A0BXK HamnpsMKy Iudys3ii.
Takoxx BuUBHanMCs Kpuctamu Sn,P,Sg, nmerorani momepeanro Sb ta Te, Ta Momau-
¢ixoBan1 Tepmoaudysiero Cu micias BupollyBaHHA. Byno BUSIBIEHO, 1O BIUIMB SIK
neryBanHs CU un AQ npu 3pocTaHHi, Tak 1 micis TepMoaudy3ii 1ux metaniB Ha OP
rapaMeTpu TMPOSIBIAETbCS Yy 30UIBIIEHHI KOMIICHCAIIMHOI CKJIagoBoi (POTOIHIY-
KOBAHO1 TpaTKH MPOCTOPOBOrO 3apsiy, TOOTO MOCHIIOIOTHCS €KpaHyroul edeKTH
BHACIIIIOK 30LJIBIICHHS SJICKTPOIPOBITHOCTI.

BuporyBanucs Takok 3pasku Sn,P,Sg, nmerosani oxnouacHo Cu (0,5-1%) ta
Sb (0.5-1%), i BusIBIEHO, IO CHEKTPU ONTHYHOTO TNOTJIMHAHHA [UX MaTepiajiB
no/i0HI 10 BWIAAKy 3pa3Ka, JIEroBaHoOro Sb, ajie YacTOTHI XapaKTEePUCTUKH
MOKa3ylOTh ICTOTHY BIAMIHHICTB: AMHAMiKa (OpPMYBaHHS TPATOK MPOCTOPOBOTO
3apsAly € MOHOEKCIIOHEHIIHHOI0, Ta 0€3 MpOsBIB KOMITCHCAIIMHUX MPOIECIB, IO
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BiI0YBaIOThCS Yepe3 €KpaHyBaHHS NMEPBUHHOI TPATKU MPOCTOPOBOTO 3apsday 1 TAKUM
YMHOM 3MEHIIye 3HaueHHs Koedimienta mifcwienHs [. Lle € cyrreBoro mepeBaroro
JUTsl BUKOpUCTaHHS 11boro @P matepiaily B royiorpadiuHux cxemax, Ta MepeKOHINBO
UTIOCTPYETBCS BHCOKOIO CTAOUIBHICTIO JUHAMIYHHMX IHTEpPEpOMETpiB Ta 1HIIHMX
doTopedpakTUBHUX CXEM 3 BUKOPUCTAHHSAM TaKWX MOABIAHO JETOBAHUX KPHUCTAIIIB
Sn,P,Ss: (Sb, CU)

Komn'torepue mopaenoBannsi. OTpuMaHl €KCIIEPUMEHTAIbHI pe3yJbTaTH
KOperoloTh 3 ab initio po3paxyHKamu €NEKTPOHHHX CIIEKTPIB y KPHCTaTiuHiH
pemnitii SNyP,Se 3 pisHUME AedekTamu. MonenabHl po3paxyHKH OylIu BHKOPHUCTaHI
JUIA OLIHKH PiBHIB Ie(eKTiB y 3a00pOHEH1N 30HI, YTBOPEHUX PIZHUMHU JTOMIIIKAMH
(Sb, Te, Cu Ta inmi). Po3paxoBaHi moOTeHMiNWHI Oap'epu MiX HMOBIPHUMHU
MOJIOKEHHSAMHU aaTOMIB y penmiTiii SNyP,Sg KOpemoroTh 3 eKCIepUMEHTATbHUMH
pe3ynbTaTaMu TEPMOIHAYKOBaHOI AUQY31i y pI3HUX KPUCTATIOTPAPIUYHUX HAIPSIMKaX.
Kpim Toro, mMonenbHUIl po3paxyHOK €JIEKTPOHHUX CIEKTPIB y peurnTil SnyPeSe 3
napaumu  nedexkramu (Cut+Sb) B onHIN eleMEeHTapHIA KOMIpIl Ja€ TMOSCHEHHS
B1JICYTHOCTI TIPOIIECIB KOMITEHCAIlll Y KPUCTaIl 3 MOJABIMHUM JIeTyBaHHSM. SIK OyIo
mokasano B [13], momimka Sb*" samirmye xarionu Sn*, koMIeHCOBaHi 3a PaxyHOK
nosiBM BakaHcii Sn. Lle mpuBOIUTh A0 yTBOPEHHS AEPEKTIB IBOX THUIIIB, BKIOYAIOUU
BaKaHCIi 0JI0Ba, 1110 MOKE OyTH MPUYMHOIO E€JIEKTPOHHO-AIPKOBOT KOMIIEHCAIll MpH
dbopmyBanHi ¢doTopedpakTUBHUX TrojiorpaM. SK BUIUIMBAE 3 PO3PaXyHKIB €HEp-
FeTHYHHX CIIEKTPiB, fomimka Cu'’, posramopana mo6au3y Sb**, yTBoproe 101aTKoBi
€JIEKTPOHHI CTaHW, SIK1 BIAMOBINAIOTH Til camiil eHeprii, 1 TOMy YTBOPIOIOTh €IMHHIA
€JICKTPOHHUN PiBEHb Y 3a00poHeHii 30H1. [le m100pe Kopemntoe 3 MOHOEKCIIOHEHIII-
IBHOIO JMHAMIKOIO YTBOPEHHS TPATKM MPOCTOPOBOTO 3apsdy, SKy IMepeadadae
oxHopiBHeBa Mojenb OP edekty [2].

3acrocyBanHsi. OgHMM 3 HaWOUIBII MEPCHEKTUBHUX 3acTOoCyBaHb @OP
KpUCTaJIB € TuHaMiuHa iHTepdepomeTpis Ha ocHOBI JIXB nazepuux npomeHis. Taki
iHTEephEpPOMETPH BUKOPUCTOBYIOTHCS HAMPUKIAN JUIsl JAUCTAHIIINHOTO BUSBICHHS
MajauxX JUHaMIYHUX (pa30BUX 30ypeHb, 1[0 BUHHUKAIOTH IM1J] Yac KOJMBAHb PI3HUX
00’€KTiB, SIK1 BIJOMBAIOTH MPOOHUI JIa3epHUI TPOMiHb. [ 0JIOBHOIO MEpEeBaroro TakKux
CXeM € iX ajanTailis 10 MOBUIbHUX (BIAHOCHO MOCTIHHOT Yacy YTBOPEHHS IOJIOTPaMH)
3MiH (pa3u, ToOTO BiAOYBaEThCS y yaci, OUIbLIOMY, HXK 00epHeHHH yac BIATyKy DP
rpatku. J[uHamiuHi iHTEpPEepOMETpH 3HAXOIATH IMUPOKE 3aCTOCYBAaHHS B ONTHYHUX
cXemax JIa3epHOi JIarHOCTUKHM, TpPU BHUMIPIOBaHHI HEBENUKHUX JAepopMmariid, y
dboToakycTUUHUX cxeMax Toiro. OCHOBHMM €JIEMEHTOM Takoro iHtepdepomerpa €
OP kpucrtan 3 MBUAKAM BIATYKOM 1 BUCOKMM Koediumientom J[XB Ha BuKO-
PUCTOBYBaHIN NOBXHMHI XBWJI Jazepa. MoHokpuctainum Sn,P,Sg, nmerosani Sb (0.5-
1.5 M01.%), € XOpolmuM MPUKIAIOM TAaKOTO MaTepiandy: BiH JAEMOHCTPYE JIOCUTh
BHCOKI 3HAYEHHS Koe(]ili€eHTa MiACUICHHS JBOXBUIBOBOTO €HEProooMiHy (10 18 emt
MpU JTIOBXHUHI CBITIOBOI XBWIl 633 HM) pa3oMm 13 BIIHOCHO KOpOTKMMH yacamu DP
Biaryky (10...100 mc) [5,6]. ¥V Hammx poOoTax TecTyBajocs JEKiJIbKa BapiaHTIB
iHTep(epoOMETpUUHUX CXeM, MOOYJOBaHMX Ha OCHOBI Kpuctama Sn,P,Sg:Sb. Ilo-
nepiie, e JIBOIpoMeHeBa cxemMa [14], mo 103BoJIsg€ BUABISATH TapaMETPH KOJIUBaHb
OJTHOTO J3epKaja, SIKe MPUBOJUTHCS B PYX I'€30€JIEKTPUYHUM MIPHUBOJOM 1 BiOUBAE
npoOHUI na3epHuil mpoMiHb. CxeMa i€ SIK 4YaCTOTHUH (UIBTp, B SKOMY 4HacTOTa
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3pi3y f 3anexuTh BiJl IHTEHCHBHOCTI JIA3€PHOTO MPOMEHS Ta MPOCTOPOBOTO MEPIOIy
@OP rpatku. B Hammx ymoBax eKCHEpUMEHTY 11€ 3HAUCHHS 3HAXOJAMUJIOCS B Jllara3oH1
f~ 10 I'u, mo BignmoBizae 0OEpHEHOMY 3HAUEHHIO XapaKTEPHOTO 4acy (popMyBaHHS
O®P rparku. Jlyig nepeBipku OUIBII IIMPOKOTO Alana3oHy 4YacTOT KOJMBaHb TaKOX
BUKOPUCTOBYBAJIM T€TEPOAUHHUIN MIPUHIUI, KOJIU OMOPHUN MPOMiIHb OJTHOYACHO TEX
MOAYOEThCS 3a (pazoro. dopma CUTHATY 3aJCKHUTh Bl aMIUTITYId BiOpyrHOUOro
00'ekTa, 1 mpH OUIBII BUCOKUX aMIUIITy/JaX B CHUTHAJI, IO PEECTPYEThCA Ha (HOTO-
npuiiMayi, 3'SBISIOTHCS BUIII TAPMOHIKH MOJYJIALII CUTHANBHOTO mpomens. Lle mae
MO>KJIMBICTP BHUMIPIOBATH aMIUNITYAH BiOpamiii 00’€KTIB HUISIXOM aHalizy (GopMmu
3MIHHOTO CHUTHAJTy MPHU PI3HUX aMIUTITyAaX (a30BOi MOIYJSALII ONOPHOTO MPOMEHS.
CkanyBaHHs 4acTOTH ()a30BOT MOAYJISIIT OMOPHOTO MPOMEHS JT03BOJISIE 3 BHCOKOIO
TOYHICTIO BH3HAa4YaTH 4YacToTy BiOpawii o0'ekra. 3ayBaxumo, IO MeTOJ (pa3oBoi
MOAYJIALII TaKOXK MOKE€ OyTH BUKOPHCTaHWM 11 BUMIPIOBAaHHS NapameTpiB MaTe-
piany, 30KkpeMa Jjisi BUBYEHHSI 0coOIMBOCTeN nuctiepcii koedirienta JIXB y pizaux
JIETOBAHMX CITOJIYKaxX KpUCTaiiB SNyP,Se.

Bucoke 3HaueHHs KoedillieHTa JBOXBHILOBOI B3aeMO/IIT B KpucTati SNyP,Se:Sh
J03BOJIsIE MOOYyAYyBaTH OE3JIIH30BY CXEMy, NPUIATHY JUJII ONTHYHOTO BHSIBJICHHS
MIKpoBiOpaIiif, 30kpema Jyisi Bi3yali3allii JBOMIPHHUX Mall PO3MOAUTY aMIUTITYAH
KOJIMBaHb BIOPYIOYMX MOBEPXOHB, OCBITJIEHUX Ja3epHUM npomeHeM [15]. Llg cxema
0a3yeTbcs Ha (popMyBaHHI 300pak€HHsI B TPOCTOPOBO OOMEKEHIN IMiACHITIOIOYii
JUHAMIYHIN ToJIorpaMi, YTBOPEHIH BY3bKHUM (C(OKYCOBAaHMM) ONOPHUM ITyYKOM, 1
sgKa 1€ TMOAIOHO 0 ONTUYHOTO OTBOPY Y BIIOMOMY MPHUCTPOI «Kamepa-oOCKypay.
30Kpema, TaKy CXeMy MOKHA BUKOPUCTATH ISl Bi3yaii3allii JMHAMIYHUX CIIOTBOPEHb
(pOHTY XBUJII KOTEPEHTHOTO CBITJIA, PO3CITHOTO Ha BiOpYHOYil HIOPCTKIM MOBEPXHI
[15]. Taky Oe3iH30By CXeMy TaKOX MOYKHA BUKOPHUCTOBYBATH JUII ONTHYHOTO
BUSBJICHHSI MIKpOBiOpailiii, yactota sikux 3Ha4Ho BuIa 3a yac OP Biaryky marepiany
32 JIOTIOMOTOI0 TE€TEPOJMHHOTO MPHUHIUIY, aHAJIOTIYHO SK y Bumlesragadiii JIXB
cxemi. [lepeBaru y mopiBHSHHI 3 BIIOMUMH AMHAMIYHUMU 1HTepdepomeTpamu, 110
BUKOPUCTOBYIOTH JIXB edektu, moasraroTe y HacTymHoOMY: Iie 0e3(poKycHa ONTHYHA
cxema, sika He ToTpedye perytoBaHHs B3a€MOJIIIOYMX MPOMEHIB Ta €JIEeMEHTIB (POKY-
CyBaHHS, 1 fKa 3/laTHA OTpUMATH JUHAMIYHY KapTUHY BiJ 00'€KTa, IO PO3CIIOE
CBITJIO.

Ha ocHOBiI cuibHOTO Ta MBHUAKOTO €dEeKTy Tak 3BaHOrO ‘“‘¢GaHiHTry”’, TOOTO
nuHamiyHOoro @P miJcuUIeHHST PO3CISHOIO CBITJIA BCEPEIMHI 3pa3Kka, Ha OCHOBI
Kkpucrana Sn,P,Sg:Sb [6] MoXkHaA Takok peai3yBaTH OJHONPOMEHEBHUI AMHAMIYHHMA
iHTepdepometp [16]. OCHOBHOIO MEpPEBAror0 IIi€i CXeMU € Te, 1[0 BOHA HE MoTpedye
BUPIBHIOBAHHSI ONTUYHUX IUIEYEH, SIK Y JBONMYYKOBIN cxemi, a (a3zoBa MOIYJSLIS
BXIJIHOTO TIPOMEHsS MOXe OyTH BHUSBJICHA 3a JOIMOMOIOK MOAYJsLii abo i1HTEH-
CHUBHOCTI pO3CiIOBaHHS, ab0 NUISIXOM peecTpallli 1HTEeHCHUBHOCTI 30YIKYH4Oro
Ja3epHOTO MPOMEHS. 3IINCHIOIYHN JOMATKOBY (ha30BY MOJYJISIIIO IIHOTO MPOMEHS,
MOXKHa TaKOX peali3yBaTH IepeBaru TeTEPOJUHHOTO MPHUHIUITY Ta BUMIPSTH
4acToTy, aMIUTITyay Ta (a3y BiOpyrodoro 00’e€kTa HUISIXOM KoMmTeHcarlli (ha30Boi
MOJYJALIT CIOCOO0M, MOAIOHUM JI0 3rafaHOro BUIIE, TOOTO HUISIXOM HalalllTyBaHHS
4aCTOTH, aMILIITyId Ta (ha3u KOJIMBaHb APYTOTO J3epKaa.
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JleroBani kpuctanu Sn,P,Sg MOKyTh OyTH 3aCTOCOBaH1 JUIsl peati3alii CXeMH
“moBimbHOTO cBiTiIa” [17-19], TOOTO KepoBaHOI 3aTPUMKHU JIA3€pHOrO IMITYJIbCA B
cxemi JIXB. BenmuunHa 3aTpuMKH IMITYJIbCY Aocsrajiacs J0 3Ha4eHb e(PEeKTHUBHOI
IPYIOBOi MIBUJAKOCTI B JEKUIbKAa CM/C, TOOTO € TEPCHEKTHBHOI JIsi MOOYI0BU
ONTUYHUX JIHIN 3aTPUMKH. ByJ0o Tako MPOJAEMOHCTPOBAHO, 1110 JIa3€pHE KePyBaHHS
IMITYJIbCaMH MOK€ OYTH JIOCATHYTO 3a JIoroMororo (aniury [17], mo podbuts nmoaioH1
OPUCTPOI Ay’Ke KOMIIAKTHUMHU Ta MPOCTUMHU.

OpHuM 3 HaWOLTBI MEPCTIIEKTUBHUX 3aCTOCYBaHb KpHUCTATB SN,P,Sg: Te Oyio
iX BUKOPHUCTaHHS y CXEM1 aKyCTOONTUYHOI IarHOCTUKU O10JI0TIYHUX 00’ €KTIB, TAKUX
K JoJicbke Tijo. OCHOBHA 171esl TAKOTO MPHUCTPOIO - JTOKAIbHE TECTYBaHHS 00'€KTa y
TOYII TIEPETHHY aKyCTHYHO! CPOKYCOBAHOI XBHUII Ta JIA3EPHOTO TPOMEHS 3 JTOBXKH-
HOIO XBWJI, WO 3HAaXOJUThCA B “TEPANEBTUYHOMY CIEKTPaJbHOMY BIKHI~
(~790 HM), 1 sIKa CHJILHO PO3CIIOETHCSA B TaKOMy cepenowimi. Jlyxe ciiabke audpa-
roBaHe Ha aKyCTHYHIM XBUJIl CBITJIO 31 3MIIIEHOIO BHACHIIOK qudpakiiii Ha ODLKy4ii
XBWJI 4acToTor0 migcuitoerbest y P enementi (kpucran Sn,P,Sg:Tel%) 3aBasku
JIXB 3 onopHUM jazepHUM IPOMEHEM 3 JAPYTroro ONTUYHOTO IUIeYa, Ta 3 BBEJACHUM
TaKUM >K€ 3CYBOM YacTOTH, 1110 3a0e3Meuye iX KOrepeHTHICTh. TakuM 4YMHOM MO>KHA
MIJICHJIATA Ta BUIUIMTH ONTUYHE PO3CISHHS 3 €JIEeMEHTYy 00’e€My, 10 OOMEKEeHUMU
MEPETUHOM aKyCTHYHOI Ta ONTHUYHOI XBWIb. OTpuMaHi pe3yNbTaTH MOKa3YyIOTh
MO>KJIUBICTh BUSIBJICHHS ONTHYHUX 3MIH Y BHUJ HEBEJIMKUX BKIIOUYEHb 3 PO3MipaMu
~0.5 cm. Llg MeTomKa € JOTIOBHEHHSM JI0 3BUYAHHOTO YJIBTPa3BYKOBOTO METO/LY, 11O
BUKOPUCTOBYETHCS JIJIsl PAHHBOT'O BUSIBJICHHS PaKoBUX myxiuH [20-23].

BucnoBku. TakuM umHOM, KpUCTad SN,P,Ss 3 pIi3HUMHU JIETYIOUHMH
JOMIIIKAMU JTO3BOJISIFOTh BapilOBaTU OCHOBHI MapaMeTpH y MIUPOKOMY X Jiara3oHi 3
BUKOPUCTAHHSM PI3HUX TEXHOJOTIYHMX MeTomiB. lle mo3Boise iX po3rismaTd sk
MEePCHEKTUBHI MartepiajgamMu JUisi JuHaMIvyHOI rojorpadii, (OTOHIKM Ta HENIHIHHOI
ONTHKHU, 3 3HAYHUM TOTCHINAJIOM /I TOJAJBIIOTO BIOCKOHAJIICEHHS Ta HOBUX
3aCTOCYBaHb.
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Yacrorn HeBuaumocTi aiaa mapysatux 0D- i 1D-cTpykryp

KopotvHu A.B.

Hayionanvnuii ynisepcumem «3anopizvka noaimexuikay, 8yi. Kykoecvkoeo 64, 3anopidicorcs,
69063, Vkpaina; e-mail: andko@zp.edu.ua

1. Beryn

JlocTipKeHHST MOJKJIMBOCTI  CTBOPEHHSI MOKPUTTIB-HEBUJUMOK  OTPHUMAIU
CYTTEBHI TOINTOBX TMIC/Is HOBATOPCHKUX poOIT [1,2], B AKuX OyJ0 3ampOIIOHOBAHO
BUKOPHCTOBYBaTH MPOCTOPOBY TpaHCHOpPMAIIO [UIsi CTBOPEHHS MaTepialbHUX
00’€KTiB, HEBUAMMHUX JJIs1 BXIJHOTO €JIEKTPOMArHiTHOrO BUIIpOMiHIOBaHHS. OnuH 13
MIIXOMIB /IO JIOCATHEHHS MaiXKe 1JIealbHOI HEBUIAUMOCTI IPYHTYEThCS Ha
tpanchopmariiitaiii  ontuii  [1-3] 1 morpeOye BHKOPHCTaHHS MarepiaiiB i3
HEOJHOPITHUMHU aHI30TPOMTHUMHU J1€JIEKTPUYHOIO 1 MAarHITHOIO MPOHUKHOCTAMHU. Lle
HEMOJKJIMBO 0€3 BHKOPHUCTaHHS MeramatepianiB [4,5], 10, sk IpaBHIIO, MarOTh
BY3bKYy CMYTy NpPOIyCKaHHs, BUCOKI BTpaTH Ta IHIII MPAKTHYHI CKJIAJHONI TPH
BUKOPUCTAHHI B ONTHUYHOMY Jiama3oHl YacTOT. AJIbTEpHATUBHUM TIJIXOJOM €
MPUTHIYCHHS  PO3CIAHHS IUIA3MOHHUMHM a00  JICJIEKTPUYHUMU  [IAPYBATUMHU
cTpykrypamu. OJIMH 13 NepUIMX NpUKIaAiB OyB mpojaeMoHcTpoBanuil Kepkepom s
chepudHOi CTPYKTYypH THITY «sIApo — oOojoHKa» [6]. IlportuBodazHi enexkTpudHi
JUTIONBHI TIOJIIPU30BHOCTI CYOXBWJIBOBUX METAJICBUX 1 JIEJICKTPUUYHUX OOJIacTen
MPU3BOJATH O MIOBHOI'O MPUTHIYEHHSI PO3CISIHHS Y AanbHii 30H1. [1i3HilIe uen miaxizg
HaOyB TOMIUPEHHS JJIsi PI3HOMAaHITHUX MIAPYBATUX IUIA3MOHHUX CTPYKTyp [7-13].
byno moka3aHo, 110 MpW BUKOPUCTAHHI LBOTO MIAXOAY 1 3BMYANHUX MaTepialliB
repepi3 po3CissHHA MOKe OyTH MIHIMI30BaHUM, IO 3a0e3Nedye MOBHY a00 YacCTKOBY
HEBHUJIUMICTh METAJIEBUX SIEP KOMIIO3UTHHX IIAPYBAaTHX HAHOCTPYKTYp THUITY
«METajeBe sNpO — JieJeKTpuyHa 000J0oHKa». Big3HaunMMo TakoX, IO JJIs
HAHOPO3MIPHUX 00’€KTIB BUKOPUCTAHHS MeTaMarepiajiB B SKOCTI MacKyBaJbHUX
MOKPUTTIB € HEMOXKIIMBUM, a, OTXKE, €UHUM T1X0J0M 3aTHINAETHCS BUKOPUCTAHHS
OJIHOPITHUX J1€JICKTPUIHUX 0OOJIOHOK.

VY 3B’s3Ky 3 UM JOCHIKEHHS PO3MIPHUX 3aJIEKHOCTEH 4YacTOT MOBHOI abo
YaCTKOBOI HEBUIMMOCTI € aKTYyaJIbHOIO 3a/1a4€lO.

2. OcHOBHI ciBBITHOIIEHHSA

2.1 Mertan-nienekTpu4Ha cdepa i HecKiHUeHHUH HWITIHAP

BBaxatumemo, 110 po3mipu gociikyBaHux komno3utHux 0D- 1 1D-ctpykryp
MaJli MOPIBHSIHO 3 JOBXWHAMHU Maar0u0i 1 pO3CisTHOT XBUII1. Y I[bOMY BHUIIAJIKY 3a7a4ya
MOke OyTH pO3B’si3aHa B KBa3ICTATMUHOMY AMIOJBbHOMY HAOIMKEHHI 32 YMOBHU
HEXTYBaHHS BCIMa BUIIMMU MYJBTHIIOIRHUMUA MOMEHTAaMU BHACTIOK TOTO, IO
JIUTIOJIEHE BUIPOMIHIOBAHHS HAHOCTPYKTYPH J1a€ OCHOBHHI BHECOK y PO3CISIHE TOJIE.

BiampaBHOIO TOYKOIO Uil JOCHIIKEHb OyayTh CITIBBIIHOIIEHHS  JJISt
0e3p03MiIpHOi ITUIOIBHOI TOJSIPU30BHOCTI MeTajdeBUX cdep 1 HECKIHUCHHO IOBTHX
HWTIHJIPIB, BKPUTHX A1€IEKTPUYHOI0 000JIOHKOIO

e fo)= DRG0 o
" (a(@)+2a) (@ +20,)+ B (o (0)-a)(20 -4,
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_,((@)+a)(a-04,)+ (4 () -4) (& +4,)
acyl(w)_z(b(w)_'_‘) . Y T\ ! (2)
(@) +)(Q +6,)+BY (& (w)-a ) (& -a,)
K1 MOYKHA 3aIIMCAaTH B y3araJlbHEHOMY BUTJISI1
e (0) = (s OO G B R0 10)_(phe - (g)
(oc(oa)+vos)(oS +vaQ, ) +PBe (0C ((x))—os)(vq = Z.,

Y dopmynax (1) — (3): o Ta §, — MAiCJICKTPUYHI MPOHUKHOCTI MaTepiaiB
000JIOHKH Ta OTOYYHOYOTO CepeOBHIIA BIAMOBIAHO; k=0,1 — PO3MIPHICTh CUCTEMH,
v=1 abo 2 mus 1D- i OD-cucrem, Bimmosimuo; B°=p™ =(R/R)’, B:=p>'=(a/b)’ —
00’eMHMIA BMICT MeTaJIeBOi (hpakiiii y KOMIIO3UTHIA HAHOCTPYKTYpi, R, 1 a — paaiycu
chepudHOi Ta MIJIIHAPUIHOI METAJIEBOI CEPIICBMHU, BIATOBIAHO, R 1 b — 3arambHi
pazailycu cpepuyHOi Ta HHJIIHAPUYHOI KOMIIO3UTHUX CTPYKTYD.

BBaxkxatumemMo, 10 Ui ONMKCY BIACTMBOCTEH METAJEBOTO sijipa CIpaBeAIMBa

teopis Jpyne, 3rigHo 3 KO0 JIieTeKTpUYHa (PYHKI[ISI MAa€ BUTIIS
2

o o eh oy
OC(Q))—q(O))+|02(OJ)—O (02+y2+|0)(0)2+y2), (4)

— yacToTra 00’€MHHUX INIa3MOHIB, 0° — BHECOK

A€ y — IBHMIKICTh penakcamii, o,

KPUCTAJIYHOI IPATKU B IIEIEKTPUUHY (DYHKIIIIO.

3 METOI0 JOCIIDKEHHS MUTAHHS IMoA0 HeBUIUMOcCTl kKommo3utHux 0D- 1 1D-
CTPYKTYp 3alUIIEMO BUPaA3H JJIsl YACTOTHHUX 3JICKHOCTEH Tepepis3iB MOTJIMHAHHS 1
PO3CitOBaHHS

Cys (0) ~ 0IMa, (0); (5)
C.. (m) ~ o' |o, (o))|2 . (6)

Sk BiZIOMO, HAHOYACTMHKA HE J1a€ BHECKY Y PO3CISHE MOJe 1 HE TOTJIMHAE

€Heprii 30BHINIHBOT XBWUJ, AKIIO 1 Tepepi3u TMOTJIMHAHHS 1 PO3CIIOBAHHSA

JOPIBHIOIOTH HYJI0. 3 BUpasiB (5) 1 (6) Jerko 6auuTH, 110 1€ Ma€ MICIIC JIMIIE TO/I,
KOJIU 3aracaHHs BiJIcyTHE (y=0). Y npomy Bumanaky 3 opmy (3) i (4) maemo

Imo, (0)=0; (7)
RN
o (0)=0 5 (8)
a Tomy 3 (5) BUILUIMBAE, IO
Cys (0)=0. 9)
OT1xe, yMOBOIO HEBUIUMOCTI Oyie BUpa3
O () =0,
abo
A, =0. (10)
Bupa3s (10) MoxHa 3anucatv y po3ropHyTOMY BUTJISII
(& ()= )| (1+ B )a —(1-B)a, | =0, (1)
ae
éjz—Q V(l_ﬁc )Q_(V_Bc )6rn (12)

(L+vBtJa — (1=t )a,
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Posrnsmemo Bumankuw, komm criBBigHOMmEHHS (11) mepeTrBoproeThes Ha
TOTOKHICTb
Bunaoox 1.

(L+ B )a — (1Bt )3, =0,
abo
. 1+VBl
W= (13)
3 Bupa3y (13) BuminmBae, MO [I€IEKTPUYHA TPOHUKHICTH OTOYYIOUOTO
CepenoBUIlla TTOBUHHA OYyTH OIIBINOI0 3a MPOHHMKHICTH Marepiany OOOJOHKH, IO
Hapasi jorernep He 3ycTpidanocs. OTke, Ha CHOTOAHI e BUITAOK 3aTHIIAETHCS
TIIMOTETUYHUM.
Ha BinMiHYy BiJ1 IbOTO, APYTHUI BUNAJ0K € OUIBII PEATICTUYHHM.

Bunaoox 2.
& (o )Eo#:—qv(l_ﬁs)os_(v_sz)q“ =<‘>“>—°°—i, (14)
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3. Pe3yaibTaTH po3paxyHKiB Ta iX 00roBOpeHHsI.

Pospaxynku npoBoaunucs aisg komrno3utHux 0D- 1 1D-ctpykTyp 13 30510TOHO
ceprieBuHow. [lapamerpu matepianiB, HEOOXiIHI Il pPO3paxyHKIB, HaBEJCHI B
Tabmn. 1.

Ta6mung 1. [lapamerpu Mmatepialib

Au [14] JlieneKTpuK
0° Tou:10C7 ho, eB Q O
9,84 0,35 9,07 3 2,3

Ha puc. 1 HaBeneHO po3MipHI 3aJ€XKHOCTI YacTOT HEBUAMMOCTI I MeETal
TeNeKTpUYHuX [WIHApiB (v=1) 1 cdep (v=2). BiamiTumMo, 10 4YacTOTH
HEBHUJIUMOCTI 30UIBIIYIOTBCA 31 30uIblIeHHAM ., npudomy st 1D-ctpykryp mi

4acTOTH 3aBxau Oubinl, HDK st 0D-06’extiB. Tpeba BiAMITUTH, IO 11 4YaCTOU
3HAXOAATHCSA y BUIMMIN 00nacTi criekTpa jumie npu f, <0,45 g chep 1 B, <0,15 —

JUIST  WWTHAPIB. 3a IHIIUX 3HAY€Hb B, YaCTOTH HEBUAMMOCTI HaJEXKaTh

ynbTpadioneroBomy miana3ony. Omxke, naias TOro, mo0 3poOUTH HEBUAMMOIO
MPOBIAHY 00JIACTh OUIBLI-MEHII CYTTEBOTO PO3MIPY 3a SAKOICh YACTOTH 3 BHAMMOIO
Jlara3oHy creKTpa noTpioHo, moo 11 00gacTh Maia chepudny Gopmy.

0.4 T r T T

0.15 L L N L
0 0.2 0.4 0.6 0.8 1.0

X

Puc. 1. Po3mipna 3anexHicts yactotu HeBuaumocTi it 0D- i 1D-ctpykryp AU, BKpUTHX
IIApOM JIieNIeKTpHKa 3 Q =3

Ha puc. 2 300pakeHO po3MipHY 3aJICKHICTh «ACUMIITOTUYHOD» J1€JIEKTPUIHOL
MPOHUKHOCTI 000JIOHKH ¢ , TOOTO TAaKOTO 3HAYEHHS IPOHUKHOCTI ¢, , 3a AKOI ®, —> 0,

Binmitumo, mo & <2,3 ans Oyap-sSKOTO 3HA4eHHs 3., TOMY AJIs BCIX JIENEKTPHUKIB,
10 BUKOPUCTOBYIOTHCSI HA MPAKTHII, BHACTIAOK TOTO IO 0>2,3 BKa3aHUI BUIAJ0K
HE peaizyeThes.
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2.5 T T r T

1 A 'l A
0 0.1 0.2 0.3 0.4 0.5

B

Puc. 2. Po3MipHa 3aJIe)KHICTh «aCUMIITOTHYHO» Ji€NCKTPUIHOI MPOHUKHOCTI mig 0D- 1 1D-
CTPYKTYp AU, BKpUTHUX IIAPOM JTiCTICKTPHKA.

P03MlpH1 3aJI€KHOCTI HOHGpG‘-IHOl Ta HO3I[OB}KHI>OI qacCcToT HGBI/II[I/IMOCTl JIIA
30JI0TUX ,Z[I/ICKlB 1 CTpI/I)KHlB BKPpHUTHX 000JIOHKOIO I[lGJ'ICKTpI/IKa 3 0s 3

MPOIEMOHCTPOBAHO Ha puC. 3. BinMiTUMO, 1110 31 30UJIbIIIEHHSIM 3HAYEHHS (3, 4aCTOTU

HEBHUJIUMOCTI 3pOCTAIOTh, AHAJIOTIYHO JO BHIAJKYy KOMIIOBUTHMX HaHOchep 1
HECKIHYEHHO JIOBTMX HaHOIWIiHApIB. [IpoTe, MiX HUMH BUMAJAKaMU € W CyTT€Ba
pi3HuIA. Tak, SKmO s HaHocdep 1 HEeCKIHYEHHO JOBIHX IWIIHAPIB YaCTOTH
HEBHMJIUMOCTI HE MOXYTh HaJleXkaTH 1HppadepBOHIA 00JaCcTl CEKTpa, TO AJisl AUCKIB
3HAYCHHS TO370BXKHBOI, a JUII CTPWIKHIB — TOMEPEYHOI YaCTOT HEBUAMUMOCTI TIPH
B. <0.025 nexaTh caMe y LIbOMY Jiana3oHl €JIeKTPOMAarHiTHUX XBWJIb. Takoxk ciij
3a3HAYUTH, 10 o, 1 ©, HAJIEKaThb BUIUMIA YAaCTHHI CIEKTpa IJisi JHUCKIB TIPH
B.<0.15 i B, <0.25 (puc. 3, a), a s cTpwkHiB ipu B, <0.33 1 B, <0.09 (puc. 3, 6). 3
IIbOIO0 BUILJIMBAE, IO JIOCATHCHHS HEBUIMMOCTI HAHOOO €KTy MPOCTIIIE B TOMY
HaIpPsIMKY, B SIKOMY PO3MIp CTPYKTYPH MEHIIIUNA, OCKITLKH PO3Mip 000JIOHKH B I[LOMY
BUITAJIKY OJIM3BKHI 10 PO3MIPIB METATIEBOI CEPIICBUHH.

Ha puc.4 mnokazaHo po3MipHi 3aJ€KHOCTI TMO3M0BXKHBOI Ta TIOMEPEYHOL
«aCUMNOTOTUYHUXY JIICTEKTPUYHUX TIPOHUKHOCTEH OOOJIOHKH JIJIsl TUCKIB 1 CTPUKHIB.
Sk BUAHO 3 PUCYHKY, 3a OyIb-SIKUX 3Hau€Hb P, § <2,3 TaK caMo, SIK 1 y BHUIIaJKy
KOMMO3UTHUX cdep 1 JOBrux muwiHapiB. OTke, IS JUCKIB 1 CTPUKHIB BHUIIAJIOK
;) =0 HA MPAKTHULI TAKOK HE Peasti3yeThes.
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BC

Puc. 3. Po3MipHa 3a1e’KHICTh ITONEPEYHOT Ta MO30BXKHBOI YaCTOT HEBUIUMOCTI
JUTSE TUCKIB (@) 1 CTpUKHIB (6) AU, BKPUTUX LIAPOM JieIeKTpHKa 3 Q = 3.
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25 T T T T

a

1 ' L [

0 0.1 0.2 0.3 0.4 0.5

BC

Puc. 4. Po3mipHa 3aJI€KHICTh MOMEPEYHOI Ta MO30BXHBOI «ACUMIITOTHIHHX)
JICIIEKTPUYHUX TPOHUKHOCTEH IS JUCKIB (@) 1 CTPKHIB (6) AU, BKPUTHX IIApOM
JleJIeKTpUKA.

4. BUCHOBKH.

OpepkaHo  PO3MIpHI  3aJ€KHOCTI  4YaCTOT HEBUAMMOCTI T MeTaj-
aienektpuyHux 0D- ta 1D-cTpykTyp SIK HECKIHUEHHOI JAOBXKUHH, TaK 1 CTPHXKHIB Ta
JIACKIB.
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BcranoBiieHo, 1m0 y BCIX pO3MISTHYTHX BUIAIKAX YaCTOTH HEBUIUMOCTI
MOHOTOHHO 3pOCTalOTh 31 30UIBIIEHHSIM 00 €MHOTO BMICTY [, MeTajeBoi (pakiii y

KOMITO3UTHHX YacTHHKax. [IpW 1bOMy 4YacTOTH HEBHIMMOCTI JUISI HECKIHYEHHOTO
MATiHApa 3a Oyap-AKOro 3HA4YeHHS [, OUIbIN, HDK IS BHIAIKy MeETa-

JieneKTpuuHuX HaHocdep. B cBorwo depry, s AHCKIB 1 CTPHXKHIB YacTOTH
HEBHIMMOCTI O1JIBIII Y MONEPEYHOMY Ta MO3J0BKHbOMY HaIpsSMKaXx, BiJIMOBIIHO.

ITokazano, 1o 1HTEpBaau OO0 €MHOrO BMICTY MeTalieBoi (Qpakiii, SKuii
BIJIMOBIA€ YaCTOTaM HEBHJIMMOCTI 3 BUJIUMOIO J1alla30Hy CIEKTpa, HAMOUIBIINMU €
Uit chepuyHUX HAHOYACTUHOK Ta JJIsl JUCKIB 1 CTPIXKHIB Yy HampsMKax, IO
BIJIMOBI1AAIOTh MEHIITUM PO3MipaM.

PesynbraTt  poO3paxyHKIiB ~ PO3MIPHUX  3aJIEKHOCTEH  «aCHMITOTHYHOI»
JIEIEKTPUYHOI MPOHUKHOCTI Marepiaidy OOOJIOHOK CBIIYaTh MPO HENOCSAKHICTH Ha
MPaKTULl MOXJIMBOCTI PI3KOrO 3pOCTaHHS YacTOT HEBUAMMOCTI, L0 IOB’SA3aHE 3
BIICYTHICTIO I€JICKTPUKIB 3 MOTPIOHUMHU JJIsi BOTO 3HAYCHHSMU J1€JICKTPUYHOI
MIPOHUKHOCTI.
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The latest technology of synthesis of materials with special properties

Zhiquts Yu.Yu.

Department of Machinery, Uzhhorod National University, People's area 3,
Uzhhorod, 88000, Ukraine

Abstract. The lack of necessary materials complex physical and chemical.
mechanical, technological and service properties for that functionality put urgent
problem of synthesis of appropriate alloys and develop technologies of their receipt.
The synthesis of materials with special properties will not only open new areas of
application, but also to formulate new directions for future research. Combined
methods of synthesis of materials based on the use of two types of reactions, namely
metallothermic of selfpropagating high-temperature synthesis (SHS). Versatility
combined process is the ability to synthesize virtually any cast material: cast ferrous
alloys, nonferrous metals and alloys, tool, high-speed and special steel and materials
that previously received only powder metallurgy — solid alloys karbidostal and others.

Keywords: metallothermy, SHS, materials, technology, synthesis.

1. Actuality. The most urgent problem today in industry are not only new
materials but also to improve the properties of traditional technologies and improve
their production. A detailed study of this problem suggests that it can be successfully
solved using a specially synthesized alloys obtained by the combined processes based
on combustion exothermic powder mixtures.

These technologies based on combined processes, can synthesize the structure

caused by pre-defined properties of alloys in the formation of castings using
synthesized materials for emergency repair or restoration of the surface layers of
detail and use of synthesized alloy casting saving technologies in exothermic foundry
applications.
The technologies differ from traditional synthesis of a number of obvious advantages:
no need powerful sources of electricity; possibility of simple, cheap foundry
equipment; high performance process (the synthesis of the alloy can last from 30
seconds to several minutes); the possibility of secondary waste, namely grinding of
graphite electrodes, aluminium or magnesium shavings, iron scale, pus'yers — dust
filters industrial foundries that produce manganese alloys. All this led to the urgent
need to implement these in the research. These technologies can be successfully used
for metal savings in factories and high-volume mass production of castings and tools.
Creating materials based on Self-propagating high-temperature synthesis (SHS) and
combined (metallothermy + SHS) process and study the impact of new technological
ways of reception of metal on the microstructure, chemical composition, mechanical
properties of castings produced acquired great practical importance. Their use of
already existing technologies making castings, such as technology reception of
thermite steel castings foundry applications, significantly improve efficiency.

2. The purpose of the study. The main goal of the study was predicting the
structure and phase composition of synthesized alloys, installation combined impact
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of technology on the properties of materials and determining the most optimal use of
these alloy industries. In this paper aims to research synthesized materials such as
thermite iron, alloy structural and stainless steels, high-speed steel, carbide and
karbidostal, ferrous alloys and others.

3. Materials and methods of research. In the performance of used materials:
carbon black, aluminium powder brands “TIA-3”, “IT1A-4”, iron slag (rolling mills)
with an average chemical composition (% by weight): C 0.05; 0,10-0,35 Si; 0,10-0,35
Mn; 0,01-0,03 S; 0,01-0,03 P; 40-50 Fe203; 50-60 FeO and others. The powder
charge dried, mixed, compacted and then placed in metallothermic reactor in the
simplest version in metal thermal crucible.

The essence of technology and combined metallothermic synthesis is simple — to
metalothermic reactor covered with powdery mixture ingredients that burning special
fervours. After the burning at the bottom of the reactor ingot is formed on top of the
same, due to significant differences in the relative weight of the reaction products, is
going to slag.

To determine the mass of bar and exit alloy charge in the first phase studies were
conducted at a mass charge micromelting 100-150 g metallothermic crucible.
Initiation of the combustion process conducted by a special titanium fervours made
from titanium powder (“T1X-2").

After setting the charge by stoichiometric chemical reaction and correction
coefficients mastering its components performed calculation adiabatic combustion
temperature metallothermic reaction to establish the possibility of the division of
alloy and slag.

The method allows to establish the composition metallothermic charges and
calculate adiabatic temperature of combustion. The main condition of the synthesis —
the need to get a real charge combustion temperature above the melting point of the
slag (to 2400 K).

To reduce the impact on the thermite metal high temperature, eliminating
associated with this high porosity, shrinkage in the casting in the composition of the
charge imposed inert impurities — chips appropriate alloy and ferro alloys. In order to
increase stability and improve combustion Kinetic characteristics of the reaction, the
composition of the mixture was administered as 1-2% (by weight of the mixture),
fluorspar, which not only reduces inflammation temperature exothermic powder
mixture, but also increases the output of the metal from it.

4. Theoretical part. Given the need for predicting the structure, phase
composition, properties of alloys, the authors developed principles of formation of
synthesized alloys, methods based on established adiabatic combustion temperature
exothermic charges, improved thermodynamics geometric methods for optimization
and forecasting predetermined structure.

Theoretical foundations of fusion. The organization of the synthesis of ferrous
alloys used thermite reaction, based on oxidized aluminium and iron recovery, or
metallothermic reaction of metal oxides with oxidizer and classic response "oxygen-
free" burning — SHS.
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Past micromelting found thermite metal patterns of assimilation of carbon (as
graphite silver) and other alloying elements necessary for the synthesis of the desired
chemical compound thermite steel exothermic when calculating charges.

Methods installation adiabatic combustion temperature exothermic mixture
and selection of suitable alloys for synthesis reactions. To set the boundary
conditions of synthesis alloys authors developed a technique based on adiabatic
temperature dependence of the molar composition of the synthesized compounds. It
Is possible to distinguish between fusion into two main groups. In the first group are
summarized adiabatic reaction temperature is above the temperature separation
synthesized alloy and slag. These reactions are suitable for the formation of alloys.
The second group of reactions in the interaction of ingredients leads to the formation
of the alloy in the form of individual "grains” in the slag or not the separation of slag
from the alloy. These reactions are unsuitable for further experimental use.

After setting the charge for the stoichiometric coefficients of correction and
mastering components of the charge recommended to calculate the adiabatic
combustion temperature metallothermic reaction (7,) [1-3]. When calculated to
determine the adiabatic combustion temperature of the charge for the developed
method did not account for sublimation aluminium that gives and error and heat of
reaction (Q,). However, despite this, the reaction mixture temperature should be with
regard to heat sufficient to melt the components of the reaction and its products (

T,ure0) =1640K 5 T, e,y =1810K ; T,y =1800K ; T, =830K; Tin0,) =2320K) is

n

the main criterion for obtaining ingots — and all the reactions should be above the Tm
reaction products. Calculation and, of course, ignores the heat during combustion and
completeness conversion reagents in the reaction products.

Given the condition basis that all the heat spent on heating the mixture, i.e.
enthalpy initial and final products are the same, we find:

k
> (H(T,)-H(T,) =Q, (1)
and where T, — adiabatic combustion temperature; T, — initial temperature; Q — the
heat of reaction; k — the number of reaction products.

In more complex equations in the formation of more than three reaction products
and set the formula:

T = Q_ZHi(valii)_zLi+Zcip 'Tmi i (2)
“ chiquid
where C; and L; — heat capacity and heat of fusion reaction products, respectively;

v — the share of the liquid phase in a product of combustion;
{}/ =0for T, < Trer; (3)

y=0for T,>T

Clearly, the reason for the lack of complete data table dependencies of C at T, high

temperatures [1-3] performed extrapolate values in accordance with the proposed
conclusions:

melt

Cgo”d (Tme|t)=7n'k (J/m0| " K), (4)
where T, — product specific heat at the melting point; n — the number of atoms in a
molecule formed product; k — a transition rate from to Joule.
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In a simplified scheme of calculations and determined without regard to the exact
heat, and the thermal effect set at medium temperature (eg, 2500 K). A change in the
thermal effect when reaction products are in the liquid state, can be neglected.

This technique was the basis for calculation and Q, and for special alloy steels, cast
irons, hard alloys, karbidostal, copper, aluminium and other alloys [3-10].

Further, based on the stoichiometric ratio of reaction components, set the charge,
which is checked by thermodynamic parameters. Then take into account factors
assimilation of certain elements of the charge. After correction of the chemical
composition of the charge carried its layout, drying and placing in a graphite or metal
crucible. Charge compacted, and then set fire to glow. Synthesis process lasted
several tens of seconds separated metal from slag, evaluated the structure of the
material and perform control weighing and set out with a metal charge explored
synthesized ingot. The third stage [1, 3] was in charge of the correction by making
appropriate ferro-impurities (ferromanganese, ferrochrome and others). Which
provide the required chemical composition of the alloy. When the calculations
necessary to extrapolate the dependence C (T) in higher temperatures [1-3]:

S HE)-HT)] -Q. (5)

For linear dependence of specific heat on temperature for Tiq<T<T mer:
Tfc(T)dT =Q-/L (6)

where C — experimental value of heat capacity at T=T*; T* — the highest
temperature in the experiment in determining the C (T).

_ {0, atT, <T.. (7)
LatT <T,~
Using (6) and (7), we find:
A =(T)= JC(r)T. (8)
Q- AH(Tw)
v= S meml 9)

When set enthalpy of combustion products and easily calculated using the formula
(10):

CsuI(Trnell ) = 29,3”(

o) (9
: j (11)
mol - K

Method of determining the phase composition of the alloy synthesized by the
methods of geometrical thermodynamics. The problem of establishing the actual
internal temperature combustion exothermic mixtures is that the adiabatic combustion
temperature reaches 2400-3500 K, and when used in combination exothermic
reactions chromium oxides — 6300 K, which exceeds the luminance surface
temperature of the sun. To determine the real extremely high temperature combustion
cannot use pyrometric and dynamic television thermometric methods because of the
possibility of determining only the surface temperature that emits heat also cannot
use thermometric contact methods because of the temperature sensors and destruction

C

= 33,5n[

liquid
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due to changes in the combustion front position spacious and dynamic changes in the
temperature of the sample. Therefore, methods of geometrical thermodynamics is the
most appropriate for the installation phase of the alloy. Note also that at the time they
intensively developed and refined.

Pipeline authors geometric methods allow thermodynamics clearly indicate the
phase composition of the alloy, depending on the chemical composition and
temperature of the reaction components. Authors obtained data from experimental
studies confirmed the installation phase composition performed in [3-9].

6. Example calculation. Spread the calculation method Hillert activities ternary
systems components for two- and three-phase region isothermal phase diagrams of
sections that are not in contact with diagrams of binary systems

When using the classical method Hillert [11] and its modifications [3, 12, 13]
initial value of the most important activities in settlements along the tie lines a;-phase
task pane insulated cut three-component (angle h system h;) activity diagrams is
along the eponymous tie lines a;° dual system h;. But this implies that the considered
two-phase region is located close to charts hi. Otherwise, as shown in Fig. 1?

Vi A

Fe Ve

Fig. 1. Scheme of the calculation of activity a; tie lines along a+f3 two-phase region in the
isothermal section diagrams of the ternary system hj; (angle h), where
J — additional alloying element that affects the activity of component i. The case when a+f region is
not adjacent to a dual system h; (orthogonal coordinate Schreinemakers and — at the same scale
interval; where X — the content component mole fractions)

In this case it is necessary to know the activity a;° along at least one tie lines three-
component two-phase area a+f3 (see fig. 1), and then the tie lines is taken as the base,
although it is inclined to the axis of hi (vj=0) and removed from the last area o-+f.

Isothermal section in fig. 2 executed in the coordinates Schreinemakers because it
allows the use of the calculations is simple and accurate equation in which no node
coordinates or figurative points alloys [12, 13]:

Ina" =Ina’ —n, +ng, (12)
where a° — activity component along the base ("zero") tie lines at X;=0 (binary
system hi when a+f region is adjacent to the tie lines on this chart binary hi); a, —

slope of tie lines two-phase equilibrium in the studied system h;.All of this allows
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you to, in turn, in the case shown in fig. 2, calculation of a; along conode o;B;
according to the equation:

Ina" =Ina’ —n, +n, (12)
when n; and ny — tangent angles of inclination of konode o;; and 0P, respectively;
a;5 — the knowledge of the value of the underlying a; konode along o,of0.

A a+|\/|23C5+M3C2 M-C» N
v a+ M;Ca+MxCa :
53
v
<
3C+M;Csq
a+7+M7C3
N
7+M3C+Corapni S0
a.>1,0

Ve

Fig. 2. Diagram of half-cut the chart status of alloys Fe-C-X, in which the graphite is formed when
ac > 1.0 (on condition that the graphite is selected within the standard state of carbon) and carbon
phases of M3C (cementite), M;C3, M23Cg and M3C,

Easy ensure that Hillert equation [11], which includes the coordinates of nodes
(not to mention the significant approximation that were necessary when it derivation),
not adapted for such calculations, because the transition from the tie lines to tie lines
aoPo ouPy, and after to tie lines ayPy they significantly changed.

Fig. 2 shows a schematic example of using the proposed method in respect of
isothermal section (in the field of supercritical temperature) systems such as Fe-C-X
(where X — manganese, chromium or their equivalents). In the two-phase region a+C
(austenite+graphite) carbon activity greater 1,0. In konode triangle a+MsC+Cr
(austenite + cementite + doped graphite) activity by definition become carbon
(ac=1,0). Above this triangle ac<1 and these alloys are not able graphitic a+M;C tie
lines of said triangle is the basic tie lines aoPy (fig. 2) along it ac=1,0. Using
calculations with equations of type (12) and (13) in the region a+MsC (here the
activity decreases monotonically to the value ac<1,0) until the tie lines a+MsC
triangle next konode o+M3;C+M;C; (ac reduced activity because that n, and
accordingly n-ng progressively increasing). In that triangle was active carbon,
allowing the use of (19) and (20) for calculations in the quadrangle a+M-Cs;, where ac
activity continues to decrease with increasing degree doping alloys. Triangle
a+y+M-Cs, in the interior of which was active carbon, ac allows you to transfer value
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from the lower right to the upper triangle tie lines and tie lines to extend payments for
such equations (12) and (13) in the quadrangle a+M,Cs;. Continuing the above
construction to areas that lie above the triangle a+Mx»Cst+M;Cs, at+M,3Cq quadrangle
and triangle o+My3Cs+M;3C,, calculations can prove to the area highchrome alloys,
although with great power of the approximation method because Hillert in basically,
perfectly designed just for dissolved systems.

7. Analysis of the theoretical results. The results indicate the possibility of
calculating the character of phase diagrams using the modified method of geometrical
interpretation of the equation in coordinates Hillert-Schreinemakers. In high-
temperature synthesis SHS alloys metallothermy and this method [3-9, 14-17] (one of
the few), allows the activity of components on diagrams of calculation with sufficient
accuracy and use the data correction of metalothermic charges (eg., thermochemical
calculations and to calculate the adiabatic temperature interaction of components).
Equation (13) very well interpreted geometrically.

Thus, the successful application of approximations made in Hillert equation, are
without a theoretical basis. Using coordinates Schreinemakers instead of the usual
coordinate a unique opportunity for simplifying and solving equations Hillert and
reduces the number of approximations only two, both of which fully confirmed in
most cases of practical application. The relationship that was established, can provide
the basis for the calculation of certain types of ternary phase diagrams provided the
known main double chart and some thermodynamic data concerning the distribution
of elements on the alloy phases. The results of these calculations and used to study
high-temperature alloys and cast alloys combined synthesis processes.

The original method Hillert suitable for solving a number of problems related to
the synthesis of high-temperature alloys, as opposed to modified method that uses
orthogonal coordinate system Schreinemakers. The reason is that the modified
method does not require the definition and use in the calculation of coordinates
corresponding node.

8. Experimental. Experimental study authors due to the need confirmation
developed complex theoretical positions. This work was carried out for the synthesis
of thermite steel and iron of different classes, alloy steel, tool material (of high-, high-
speed and high-alloy steels) and cast carbide karbidostal, nonferrous alloys (copper,
aluminium, etc.).

Given the research findings was developed and implemented to obtain various
grades of carbon steels resulting aluminothermic reduction of iron scale with the
introduction of additional carbon and thermite ferroalloys. On the basis of special
alloys exothermic thermite charges received steel — “20I'JI-35I'J1”, “30I'CJI”,
“32X06JI-40XJ17, “20X5MJI” (with ferritic-pearlite structure) and “20X5TJI”,
“40X9C2J1” (with martensitic structure) [3, 6]. As a result, found that the
introduction of more than 20% of impurities in the thermite mixture leads to the
cessation separation thermite alloy and slag in laboratory conditions micromelting
thermite mixture with a mass of 300 g Mass exothermic mixture of 0.3 to 5 kg
Impurities in it can prove to 25%, and for masses from 5 to 50 kg — 30%.
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Data analysis of mechanical properties suggest that thermite steel not inferior to
these parameters foundry, and the impact strength is 20% better, which is associated
with additional microalloying deoxidation aluminium.

Add to ordinary thermite steel significantly reduces the size of grains in the cast
state. For the same reason under the foundry appendix rafting in the area of steel
castings synthesized using thermite casting technology applications of high
temperature gradient obtained more fine-grained than using ordinary technology [17].

A high percentage of impurities and ferroalloys over "cooling" exothermic reaction
and then the composition charge high-thermite steel does not ensure optimum
combustion temperature exothermic mixture. In this case it is necessary to use other,
other than described above, referral synthesis alloy steels. It lies in the synthesis of a
given alloy chemical composition is not the introduction of a number of ferroalloys
and layout exothermic special charge, which consists of oxides of alloying elements
(eg, et al). And iron scale, renewable aluminium during aluminothermic process. For
Termite high alloy developed a method corresponding calculations and fusion
technology. For example, the so synthesized steel “12X18H10T” based on oxides of
Fe, Ni, Cr [17]. Titan introduced in the composition of the exothermic charge not in
form, but as ferrotitanium (30% strength) due to the small of his re-establishment
titanium aluminium oxide. The composition of the charge: Cr,0, — 17,2%; Fe,O, —
50%; NiO — 6,6%; Al — 26,2% [3, 17]. Carbon and titanium as you type them in
metallothermic charge transferred synthesis reaction from class to class
metallothermic combined, ie, consisting of metallothermic reaction and response of
SHS. Chemical analysis of samples showed poor synthesized metal reproducibility
chromium from its oxides.

In conducting thermite processed by the proposed method must be considered
"active” elements that make up metallothermic charge. Speaking about the uneven
distribution of elements in ingots synthesized aluminothermal restoration oxides, one
cannot point to a sequence of interactions with aluminium oxide. In the initial period
of recovery is easily renewable elements as Fe, Ni, etc., and difficult to restore oxides
pass into the slag melt. After, metal, thermite, which contains excess aluminium
passing through the slag layer, restores and difficult to restore oxides.

Thus, the synthesis of steel “12X18H10T” initially carried reduction of oxides of
nickel and iron, chromium and after. This is due not high Cr content in the resulting
thermite alloy steel. To improve the completeness of restoration of all oxides, is
necessary to exothermic melting of large masses of a charge.

Continuing this work were conducted in pilot experiments terms of use above the
charge Termite casting application casting, alloy steel [3]. The following
experimental micromelting were directed to the synthesis of four types of high-iron —
nihard analogues industrial cast iron (type I, II, Il and special). The chemical
composition of the obtained alloy is shown in Table. 1, confirms the correctness of
the results of calculation of the charge [4, 8]. This synthesis reaction was carried out
as a chill in the reactor type, and with graphite lining to establish the impact of heat
treatment on mechanical properties nihard type I, 11, 11l and 3-2-1.

Using graphite crucible leads to a slight increase in strength nihard. In general, the
conditions set micromelting so intense cooling mode alloy, in principle, the effect of
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lining the reactor ceases to dominate. All castings of nihard had no outward signs of
piping, cutting castings and macro-analysis confirmed these results. Segregation of
chemical composition by volume castings were found.

Synthesized thermite resistant cast irons — nihard relate to the martensitic
chromium-nickel cast irons, the probability of graphitization which the synthesis
aluminothermic alloy by significantly reduced due to the significant temperature
gradients and high heat rates. Microstructural analysis showed that thermite cast iron
cementite content is at least 50%, resulting in hardness from 1000 to 1050 HV.

It is well known that the wear resistance of cast iron with abrasive wear depends
micro hardness, shape, location and number of structural components. The main
phases in the structure nihard (as shown by X-ray analysis) that affect most intense
wear resistance, cement is more resistant carbides Cr, Mo and others. By X-ray
structure analysis of the iron found except carbides and carbide, which provided
microhardness — 15 GPa. Microhardness carbides for NV 10,0-10,5 GPa, and —
14,5-17,5 GPa. However in alloy cast iron thermite with increasing manganese
content [4, 6-8], despite the high temperature synthesis observed deterioration fluidity
while maintaining shrinkage within 1,6-2,2%. To improve the moulding properties
and the quality of castings with thermite nihard metallothermic reactor heated to 420-
520 K.

Synthesized handled badly cast iron machining [4]. Nihard exposed even when
processing grinding to the formation of microcracks. This leads to the need for low-
castings for dispensing with endurance of 4-6 hours or normalize the next vacation.

In continuation of this work successfully carry out combination metallothermic and
SHS processes for tungsten-cobalt carbide scheme of reactions:

AO—->A+BO 1 A+C—>AC,

where A, B, C — synthesis elements; O — oxidant (oxygen and etc.). AC — reaction
products (carbides, silicide, etc.); BO — slag.

Developed on the basis of these schemes to make technology allowed
"unconventional” way other than high-speed steel (“P9”, “P6M5”, “P12”
microstructure is shown in fig. 3), cast hard alloys (such “BK3”, “BK4”, “BK6”,
“BK8”, “BK15” [14] etc. The microstructure obtained by the classical SHS-reaction
karbidostal of tungsten carbide in an amount of 15 wt.% thermite mixture.
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Fig. 3. Human dendritic microstructure tool steel R12 [3]
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For the first time synthesized and so-called karbidostal — material, analogue for
tungsten-cobalt solid alloy structure in which soft and ductile cobalt high speed steel

replaced. The microstructure of a type karbidostali shown in fig. 4 [14, 17]
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Fig. 4. Microstructure: a) carbide “BK4”, b and c) karbidostal “B(P18)15x™ of the binder in the
form of high speed steel “P18” — 15% and tungsten carbide W,C (small globular shape light
inclusion) and WC (large faceted) — 85 % in WC with massive carbides in a matrix of high speed
steel; d — speed steel matrix with complex carbides spherical type W,C (x1500 left, right — x250)

Study of microstructure and properties of alloys obtained results allow to include
the following, for example, steel R18: score 10 grains hardness HRC 65-67, 6,=2600
MPa, heat resistance 913-928 K.

The next step in this direction was the synthesis of ductile iron based on the classic
thermite reaction. Additional ingredients were metalotermic charge carbon, oxides of
nickel, chromium, molybdenum and excess powdered aluminium (except iron scale
and primary aluminium) [5-7]. As is known, feature technology based on the conduct
metallothermic reaction is the ease of transition from laboratory experiments to
industrial production, while in large volumes metallothermic charge considerably
facilitated the flow of the combustion process and improve its performance [3].

Another area of use of combined (SHS+metallothermy) is the synthesis of carbide
surfacing materials for steel or iron surfaces. Particularly promising in this view
looking technology, combining the laser surface hardening of welding using SHS. An
example of such use of complex technologies below [3, 17].

Instead light-absorbing paint was used a mixture of powdered Ti (68%) in the form
of carbon black (18%) and Fe (14% by weight), which was applied to the surface of
steel grades Steel 10 and Steel 20, followed by drying in the air, forming a thick layer
80, 200 or 500 microns.
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Thermochemical calculations showed that this mixture almost all Ti reacts by
burning oxygen-free carbon to form carbide TiC. Excess carbon and a very small
amount of titanium alloying iron, forming liquid steel of eutectoid that the rapid
cooling is transformed into troostitis in layers of 80 microns thickness. These layers
was set on fire CO,-laser beam continuous with longitudinal pumping power of 150
W at a power density of 25-35 W-m™ (with a diameter of "spots" 0,3-2,0 mm). Scan
speed varied within 10-20 mm-s™. In a number of studies to further protect the weld
surface from oxidation using focusing attachment with the possibility of additional
blowing inert surface and less-active gases (Ar, CO,, N, etc.). After the experiment
was measured in macro and microhardness doped layer, heat affected zone and the
main alloy. fig. 5 shows a typical microstructure of the hardened layer thickness
combined processes about 500 microns in a combination of SHS and PSI (laser
surface hardening). This layer consisted of ~ 50% and ~ carbides TiC 50% (by
volume) of metallic bonds - carbon tool steel type “Y8”. Two vertical arrows shown
(fig. 5), two TiC particles during their synthesis "burned" steel and deeply rooted due
to the high local heat.

Fig. 5. Microstructure of layer hardness semi-fused TiC particles after combined its strengthening
laser surface strengthening (LSS) and SHS. Digestion was performed by nital

It is also seen that in the area of intense heat exposure microstructure of steel has
become very fine columnar structure with a small inclination thin dendrites (which
almost no branches) in the opposite direction scanning laser beam. Inclined light
arrow (top) shows the direction along which the measured microhardness diamond
pyramid. As studies have shown, microhardness carbides TiC almost several times
higher hardness steel.

Thus, in the given study managed to organize SHS process in a relatively thin layer
through the use of MPI technology simultaneously to solve two problems: heating,
melting and carbonized iron, as well as melting particles Ti and his "burning" of
carbon with the formation of carbides TiC.

Adiabatic combustion temperature of oxygen-free mixture ekviatomic Ti-C is 3200
K. The actual temperature combustion mixture selected 68%Ti+18%C+14%Fe (% in
mass fractions) exceeds 1850 K, providing education on the steel surface solid-liquid
slurry melt-TiC with a large interval between the liquidus and solidus lines. The
formation of melt-phase slurry instead of a positive effect on the quality of surface
hardened layer after complete solidification and cooling, as well as the retention of
this layer even on inclined surfaces. It is important to note that the listed oxygen-free
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combustion of any non-metallic phases and their inclusion is not formed. Welding
hardened layer of the base metal is obtained automatically "metal*, eliminating the
need for soldering or other connection methods alloy (eg. tool) with others (eg. with
the base of the tool).

Overview of materials synthesis technologies and their application makes it
possible to judge the nearest future prospects of SHS and combined processes.

Despite the higher price components of the charge considered technologies have
considerable advantages: no complex expensive equipment (melting furnaces,
powerful energy sources), complete autonomy process (technology can be used to
repair mobile platforms, mobile workshops and even field) and high performance
speed (the synthesis alloy is few minutes). This indicates the possibility of wide
application in different conditions.

9. Conclusions. The results of theoretical and experimental research related to the
synthesis of materials combined technology based on metallothermy and SHS. Based
on the method of calculation established by the charge and synthesized a wide range
of different types of alloys. The features of the melting process combined
investigated mechanical properties and structure derived alloys set digestibility
coefficients alloying elements in metalotermic and combined processes. Also
developed technologies thermite welding and surfacing on detail highhardness
surfaces, and combining the LSS and the SHS in one operation allows to solve a
range of technical problems with getting materials such karbidostal and hard alloys
on the metal surface.

10. Prospects for further use of combined technologies and synthesized cast
alloys. Theoretical, experimental and pilot-scale works created by authors can solve a
number of problems related to the creation of materials specific functionality and
application of new technologies in unconventional synthesis conditions. This
eliminates a number of major technical problems that hinder the development and use
of combined processes in industrial practice.

In the short term must:

1. To develop common technologies based on the synthesis of combined materials.

2. Expand the practice of developed technologies for casting and welding and
others.

3. Develop typical equipment for the synthesis of these materials.

4. A method for use of synthesized alloys for the elimination of extreme
emergency repairs at the expense of moving train platforms; the sea swimming sites
both on the surface and below the water surface; for spacecraft that suffered
microdestruction during flight; if necessary repair work on rigs and territories in the
Arctic Circle or other remote places of power.

5. Expanding the range of synthesized alloys and determine their structure and
phase composition for optimal use.

6. Improved use of laser surface hardening and combined the synthesis of alloys.

7. Install the most appropriate use of the industries synthesized materials.
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®opmyBaHH QYHKIIOHAJbHUX HAHOMATEPIAJIB i3 3aCTOCYBAHHAM
TEeMILJIATIB

Bbapa6am M.IOl., XO0BaBKO O.IZ., bammnacrkui H.B.l, KomecHiueHko A.A.l,
Ce30HEHKO A.IO.l, JInTBUH P.B.l, Buba €.

YTexniunui yenmp HAH Ykpainu, m. Kuie-04070, eyn. Ilokposcvka, 13
2Inemumym 2azy Hayionanshoi akademii nayx Ypainu, m. Kuis-03113, ya. [Jeemspiscora, 39

Beryn. Metoro nmaHoi poOOTHM € BH3HAYeHHsS MeXaHi3MIB (OpMyBaHHS
(YHKIIIOHATBLHUX MaTepiadiB 3 MeTal-TICeKTPUYHUX CHCTeM 3a JIOIOMOTOIO
TeMIuIaTiB. [cHye mpobiema CTpyKTypyBaHHSI MaTepialiB y HAHOMACIITa0l HUIIXOM
CTBOPEHHSI TEXHOJIOTii BUTOTOBJIGHHS KEPOBAHUX CBITIIOM HAHOCTPYKTYPOBAHHUX
MeTaj-I1eJIEKTPUYHUX Ta KOMIIO3UTHUX TUIaTGOpM. AKTYalbHICTh pOOOTH MOJISITa€ B
oprasizaifii K€poBaHWX HAHOCTPYKTYPOBAHHMX IOBEPXHEBHX IIAPiB 3a JOMOMOTOIO
TEMILUIATIB, MO0 € €e(EeKTUBHUM 1 BIJHOCHO JOCTYIIHHM 3acO000M (OpMyBaHHS
NEPIOJUYHUX METal-NieIeKTPUUYHUX CTPYKTYp PI3HOI HPHUPOIU 3 PE30HAHCHHUMU
BJIACTUBOCTAMU. OO’€KTOM JOCHIPKEHHS € MEXaHI3MU Ta Npouecu (PopMyBaHHA
HAHOPO3MIPHUX YIOPSAKOBAHUX CTPYKTYp Y METaj-IIeIeKTPUYHUX CHCTEMAax.
[IpenMeTroM nOCHIKEHb € TEMIUIATM Ha OCHOBI METaj-II€JIEKTPUYHUX IIApiB Ta
IUTIBKM  aMOp(MHUX MOJICKYJSIpHUX HamiBIpoBiaHUKOBUX (AMH) wMarepianiB Ha
CKIISTHUX Tiakiagakax. Temruiat abo (mabioH) — € THCTPYMEHTOM JIsl opraHizaiii y
npocTopi Ta 4aci (I3MKO-XIMIYHHMX MPOLECIB CTPYKTYPYBAHHS PEYOBHMHM Ha HOro
MOBEPXHI 32 paxyHOK OJMKHBOMOJIBOBOI B3a€EMOJII.

OCHOBHUM 3aBAaHHSIM POOOTH € PO3pOOKAa KOMIIO3UIIIITHOTO KEPOBAHOTO
TEMILIATy JUIsl KOHCTPYIOBAHHS TOIOJIOTTYHO-YHIOPSAIKOBAHUX TUIaTGopM (OTOHIKH,
CEHCOpUKH. Br3HaueHHsI MeXaHi3MIB ioro opmMyBaHHA B eleKTpodoTorpadiyHOMy
mpoileci Ta MPU HAMWICHHI 30J0Ta Ha TMOBEPXHIO aMOpP(GHOTO MOJEKYISPHOTO
HaIIBIPOBIIHUKA. BW3HAUYe€HHS BIUIMBY €JIEKTPUYHOTO IOl HA MeEXaHIi3M
CEJICKTUBHOTO 3apOJIKOYTBOPEHHS, PO3MIp Ta PICT 3apoOJKiB 30JI0Ta y TpoIeci
KOHJIeHcallli 13 Ta30Boi ¢a3u Ha moBepxHI TemruiaTy. CTBOpEHHS aJalTHBHOTO
IIPOrpaMHO-aNapaTHOrO KOMIUIEKCY peecTpalii ONTHYHUX TMOMIB i CTBOPEHHS
TOMNOJIOTTYHO-YTIOPSAKOBAHUX MIIaTHOPM.

@DOTOIPOBIIHI MaTepiaiu Uil CTBOpeHHs TemiuiaTiB. [Inpoko BUKOPUCTOBYIOTH
¢doronpoBignukn AMH [1] nHa ocnHoBi mnomi-N-inutkap6azony (IIBK), momi-N-
enokcunponuikap6azomny (I1EIIK), nomanrpaueninriimuaiiosoro edipy (ITATE), momi-
N-rmimuaukap6azony (III'K), kap6azonsmicHoro mnomiopranocuiiokcany (KCIIO).
®doronposigHicTh X AMH 00yMOBI€Ha HaAsSBHICTIO B HUX KapOa30JbHUX SEp, 110
MalOTh BEJIMKY 3aMKHEHY CHPSDKEHY T — eJIEKTPOHHY CHCTEMY, PETYJIIPHICTIO iX
pO3TaIllyBaHHS B IPOCTOPI 1 TYCTUHOIO, SIKA € JOCTAaTHBOIO JUIS peaiailii CTprOKOBOTO
TPAHCIIOPTY 3apAHKEHUX HOCIB y CHJIBHOMY €JIEKTpUYHOMY moii. Bigomo, mo y
ctpyktyp AMH 'y ckmami [IBK-TIEIIK-IIT'K-KCIIO peanizyerbcs  TOJIMIIICHHS
PEOJIOTIYHUX BJIACTUBOCTEH, 3 30UIBIIEHHSAM BiJICTaHI MIXK KapOa3oJpHUMU sapamu. B
AMH yrtBopenux Ha ocHoBl III'K 1 ITAT'E crpykrypa naHIfora 3ajauIIacTbes
NPaKTUYHO HE3MIHHOIO, a 3MIHIOETHCS JIUIIE BUTIIAJ JOHOPHOrO BKItoueHHs. [lepexin
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BiJl IOHOpHHUX siiep Kap0azoily O 3aMIHHMKIB 13 OUIBII MPOTSDKHOIO CHUCTEMOIO T
€JICKTPOHIB 3MEHIIIYE SHEPrito 10H13allli JoHOpa 1, OTXKEe, MIPU3BOJAUTH JI0 POIMIUPEHHS
crekTpaibHO1 uyTmBocTi AMH B yepBOHY 0071aCTh CIIEKTPY.

B sikocTi ceHcnO1Ti3aTOpiB BUKOPUCTOBYIOTHCS €IEKTPOHHOAKIIENTOPHI CIIONYKU
2,4, 7—tpuniTpo- abo 2,4,5,7 — TeTpaHiTpo (PIIOOPEHOHY, KUCIOTH 2,4, 7—TpUHITPO-9-
JAULMAHOMETUICH(ITIO0OpEH-4-KapOOKCHITIKY, TETpalllaHOKBIHOJMMETaHa, aHACLMIIIKA
edipy kucnotu, 2,7 — auniTpo, dyneperu Cgy 1 Czo. BuxopucTanus nepepaxoBaHUX
AMH [no3BONsiE CHMHTE3yBaTd CBITJIOUYTIMBI MaTepiaid, 00JacTh CIEKTPaIbHOI
YYTJIMBOCTI SIKUX OXOIUTIOE BUAMMMUIA T1ara3oH.

Enexkrpernnii TeMIuiaT SIK IHCTPYMEHT TPYNOBOI HAHOTEXHOJIOTIL.
3anpornoHOBaHO HOBUHM MiAX1J 1070 TEXHOJIOTi BUTOTOBJCHHS TEMILIATIB Ha OCHOBI
JIOKaJIi30BaHOT0 00’ €MHOTO 3apsily AI€JIEKTPUYHOIO IIapy y TOMY YHCHI 3 BaKyyMHHM
HAMWICHHSIM METAJIEBUX TOHKUX IUTIBOK. OTpUMaH1 KOMITO3UIIT 13 3a/1aHOI0 TOMOJIOTIE0
00’€MHOr0 3apsy JO3BOJIAIOTH BIUIMBATH HAa ONTHYHI Ta E€JIEKTPUYHI BIACTHBOCTI
JaHUX 00’ €KTIB, TEXHOJOTIS (OPMYBaHHS SIKUX IOJISATA€ y CTBOPEHHI HAHOBUMIPHHUX
AKTUBHUX CTPYKTYp Ha OCHOBI TOHKHMX IIapiB Mertan-mienektpuuynux ta AMH 13
BUKOPUCTaHHSIM  0araTONPOMEHEBOI  CXeMH  eJIEKTPOPOTOhI3UYHOTO  TPOIIECY.
[IporpamyBaHHs TOIOJIOTIT TEMIUIATY 3A1MCHIOETHCS IHTEHCUBHICTIO CBITJIOBOTO T0JIs1. B
ENEKTPOCTATUYHUX TEMITIATaX JHKEPEIOM HEOTHOPITHOTO eNEKTPUIHOTO TIOJS € Penbed
MOBEPXHI (ITPU OJHOPIIHINA MOBEPXHEBINA T'YCTHHI 3apsy), a00 MpH IIaaKiid MOBEPXHI
MOJlyJIbOBaHa IIOBEpPXHEBA T'yCTHHA 3apsay, ab0 MOIyJbOBaHHMA OO0 €MHHI 3apsl.
OcTaHHI{ TUIT TEMIUIATY € EIEKTPETHUM.

Eaexrpodororpadiunmii meroa. PopmyBaHHS JIOKAII30BAHOTO 3apsi1y B IUTIBIT
HAHOKOMIIO3UTY 3[IIHCHIOETHCS eleKTpodoTorpadiuaum MeTogoM [2,3] mpu eKCro3uilii
3pazka TOJIOTpaMOI0 3a TPHUIPOMEHEBOIO CXEMO. Peectparriss rojorpamM Ha IDTBII
HAaHOKOMIIO3UTY BKJIFOUAE TPU OCHOBHI cTaii (puc.l).

3pa3ok 13 TUIIBKOI0 HAHOKOMIIO3UTY PO3MIIITYBAIU MOOIU3Y aHOY KOPOHYIOYOTO
MIPUCTPOIO B MOBITPsIHIM aTMocdepi. B pe3ynbraTi ocaykeHHsI 10HIB Ha TIOBEPXHI TUTIBKH
B TEMpsABI (POPMYBaJIM OJHOPIIHO PO3MOJAUICHUI MO3UTUBHUN TOBEPXHEBUU 3apsil.
[ToTeHuian noBepXHi IUIBKY ITpu boMy ctaHoBuB 120 B (puc.1).

Po3moaut iIHTeHCUBHOCT] Y €KCIIOHYIOYOMY CBITJIOBOMY TOJIi (JOPMYE TOIOJIOT1HO
temriary. DopMyBaHHS HAWMPOCTIIIOrO CBITJIOBOTO TMOJISI Yy BUIJISIAL JBOBUMIPHOI
IPaTKU 3AIACHIOIOTH 3a JIOMOMOIOI0 ABOX 1HTephEpyrouMx Ja3epHUX MpomMeHiB. Kyt
MDK TMPOMEHSIMHU BH3Haudae (a3oBUil 3CyB 1, OTXKE, IMPOCTOPOBY YaCTOTY TIPATKHU.
3MIHIOIOYH KUTBKICTh JIA3EPHUX MPOMEHIB, X B3a€MHE PO3TAIlyBaHHS y MPOCTOPI Ta
J0JJATKOBO MOJIYJIIOIOUM aMIUTITYTHUMH a00 (a3oBUMHU TpaHCMapaHTaMH MOXHA
CTBOPHUTHU CBITJIOBE IOJIC TEBHOTO KJIACy CHUMETpIi 13 Hamepea 3aJaHuM PO3MOALIOM
IHTEeHCUBHOCTI. B Hammx excrnepuMeHTax sl €KCIIO3UITT TeMIUIATy BUKOPUCTOBYBAJIH
TPU JIa3ePHHUX TMPOMEHS, COPSIMOBAHMX HA IMIJKIAIKYy B3JIOBXK OIYHOI TOBEpXHI
MPaBUIIBHOTO KOHYCA 13 KYTOM IpH BepivHi 25°.,
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] \m NP R 111 R Puc.1. brnok-cxema ¢opmyBanHs Temruiaty: | —
‘E{ I e MITOTOBKA JI0 PEECTpallii CBITIOBOTO TIOJA —
N 4 /‘x\‘i\\\\ npcm piBHOM‘i.pHa 3apsiika HdePXHi TUTIBKH Y KOPOHHOMyY

% DOCGANNNN po3psni; ll— excrosuiiist iHTEpEPEHITIHHOTO MO,

Bnok BumiptoBaHHs

I Yac sIKOi BiIOYBAETHCS MOMYJIALIISL TTOBEPXHEBOT
TYCTUHH EJIEKTPOCTATUYHOTO 3apsily 1 CTBOPEHHS
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«J Briok HarpisaHhs: '—' CIICKTPOCTAaTUYHOI'O 306pa)KCHHH Ha HOBerHi
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}J TUTIBKH B pe3yNbTaTi (POTOIHYKOBAHOI MPOBIIHOCTI;
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ASNAY AY
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i — TIePETBOPEHHS €JIEKTPOCTATUIHOTO
300pakeHHs B o0’emumii  3apsn  AMH
KOHTPOJIbOBAHUM IIIBUJIKAM HArPiBaHHSM TUTIBKH.
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’_EJ'IOK 3apaaku

Taiimep 3apsgHoro o .. | |Taiimep HarpiaHHs| | Taiimep HarpiBaHHs
NpuUcTpoio Taiimep excrosuut (3anuc) (3TMpaHHs)
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KOHTpOJ'IbHa naHenb KepyBaHHA

[Tpu excrio3utlii CBITIOM IUTIBKM HAHOKOMIIO3UTY B €JEKTPHUYHOMY TOJ IJIACKOTO
KOHJIEHCATOpa, YTBOPEHOT'O €JIEKTPOIIPOBIIHOO MIJKIAIKOI0 Ta TOBEPXHEBUM 3apsaoM,
BiZIOyBaeThCs (poTOreHepallisi HOCIB CTpyMy 1 BHHHUKae (HOTONpOBiaHICTE [2,4-6].
I'yctuHa cTpyMy (OTONPOBITHOCTI BHSBISETBCA MOIYJIBOBAHOK 1HTEHCHBHICTIO
CBITJIOBOTO TOJISI, SIKUM EKCIIOHYIOTh IMOBEPXHIO IUNBKH. B pe3ynbraTi mpoTiKaHHA
(OTOCTpYMIB  BIAMOBIHO 3MEHIIYETHCS MMOTEHLIAJ MOBEpXHI IUIBKUA. [licnd
3aBEpIIECHHS] E€KCHO3MIi Ha TMOBEpXHI (OPMYEThCS HEOAHOPIIHUN  PO3MOJILT
MOBEPXHEBOTO 3aps1y. | 'ycTHHA TOBEPXHEBOTO 3apsay MPOMOIYJIbOBAHA EKCIIOHYIOUHM
CBITJIOBUM MojieM. MoJlyJlbOBaHE y TPOCTOpl MOJIE€ MOBEPXHEBUX 3apsjliB 3/1aTHE
nepopMyBaTH MOBEPXHIO IUTIBKU MPH 11 pO3M SKILIEHHI.

Ekcnoauuis ceitnoBum nonem ronorpamm

10.0 500
cdoronposigHa nniska 5%
58 s
nigknaauHka
| a
l dopMyBaHHA NokanisaoBaHoro 3apsiay e
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+ + + +
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OcagkeHHs Ta caMmoopraHisauis
Knacrtepis B enekTpu4Homy noni
H " -0
(@] (@] (@] HARORNACIOR 0 23 5.0 Ty 10.0
6 pm

2

Puc. 2. Cxema ¢opMyBaHHS Ha MOBEPXHI TEMILIATYy CHCTEMH BHOPSAKOBAHO PO3TAIIOBAHMX 30JI0THX
KJIACTEPIB: @ — €KCIIO3MIIIsl CBITJIOM 3aps/PKEHOI IUTIBKU (DOTONPOBIAHUKA, O — YTBOPEHHS 3aXOIUIEHUX
3aps/iB MPU eKCIIO3UILl, 6 — afcopOLis 30JI0Ta B IyYHOCTSX €IEKTPHYHOTO MOJIs MPY HAMMJICHHI 30J10Ta
y BakyyMi Ta YTBOPEHHs 30J0THX KjacTepiB, ¢ — Mopdororis noBepxHi ¢oronposigHoro AMH,
OTpHMaHa 3a JIOTIOMOTO0 CKaHYFOUO01 aTOMHO-CHJIOBOT MIKPOCKOTIIT

Yac ¢opmysanus penvedy moBepxHi ckinamaB <(0.1 cexynn. BinTBoproBaHICTBH

XapaKkTepUCTUK 3a0e3nedyBaiach aBTOMATU3ALIEI0 MIPOLIECY peecTpaliii roJorpaMmu 3a
JOMIOMOT010 Kepyrodoro moayJst [7]. Ilpu mpotikanHi GoTOCTpyMiB Uepe3 TUTIBKY MOXKE
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BiIOYBAaTUCS TAaKOXK 3aXOIUIEHHS HOCIIB 3apsAqy Ha TAHOOKI MacTKU 1 (opMyBaHHS
00’€MHOTO JIOKAJTI30BAaHOTO 3apsiy, MPOMOIYJIOBAHOTO EKCIOHYIOUMM CBITJIOBUM
noseM (puc.2). VIMOBipHICTH 3aXOIUICHHS HOCIS BH3HAYAETHCS TYCTHHOIO Ta
CHEPreTUYHUMHU XapaKTEPUCTUKAMH TITMOOKMX MACTOK, SKI B HAIIMX €KCIIEPUMEHTaX
(hopmyBaHCsl, BUIUMO, TIPH OCa/PKEHHI HAHOKOMITO3UTY CITIBKOHJICHCAITIEIO Y BaKyyMi.

OTxe B MICIISIX ONPOMIHEHHS TUTIBKH MOKIJIMBE (POPMYBAHHS HE TUTBKU penbedy
(penpedHOTO TEMIUIATY), @ M 3aXOIUICHOTO 3apsay (eleKTpeTHoro teMiuiary). I'yctuna
JIOKaTi30BaHOTO CJEKTPUIHOTO 3aps/ly BUSBISCTHCA MOJIYJILOBAHOIO MPOMOPLIHHO
IHTEHCHBHOCTI CBITJIOBOTO TIOJISI Y €KCIIOHYIOUMI rojiorpami i, OT)Ke, Mae Ty camy
TOIIOJIOTIIO.

EjexkTpeTHuii TeMmiar JJsi  MeTaJ-AieIeKTPUYHUX TOBEPXHEBHX
cTpyKTyp. CHiibHI TPOCTOPOBO-HEOAHOPIIHI MOOINU3Y MOBEPXHI TEMILIATY €IEKTPUYHI
noJist MOXXyTh Oyt copmoBani enekrpodororpadiuanm meromom (puc. 1). Orxe,
TOHKI TUTIBKM (DOTOMPOBITHUX MaTepialiB MOXKHA PO3MNIAIATH SIK CEpEellOBHINE, a
enekrpodoTorpadiyHuil mpoiec — SK IHCTPYMEHT it (POpMyBaHHS TEMIUIATIB.
Penbepra Ta  mospoBa  TOMOJIOTIT  MOBEPXHI — TEMIUIATy  (OPMYIOTBCS B
enekTpodoTorpadgigHOMy MpoIeci 3a JOMOMOTOI0 €KCITO3MINIi CBITIIOBMM moseM [8,9].
Po3Mip TemiiaTy CTaHOBUTH KiJIbKa KBAJAPATHUX CAHTUMETPIB. XapaKTepHa MPOCTOPOBa
MPOTSDKHICTE  C(DOPMOBAHMX TAaKUM YUHOM CTPYKTYp JIEKUTh B CYOMIKPOHHOMY
niana3oHi. HampyXeHiCTh €NeKTPUYHOIro MOJsi Ha MOBEpXHiI Temruiaty mnopsaky 100
MB/M. JlokanbHi 1O TOBEPXHI IUNIBKM KOMIIEHCYIOTBCS IUIIXOM HAHECEHHS
Metogamu [10] opraHiyHMX MOJIEKYJSAPHUX CIOJYK, HAaHOYACTMHOK, KOMIIO3HTIB
opraHika-HeopraHika Ta OIlOJIOTIYHUX O0’€KTiB. TOMONOTiYHMNA MOTHUB TEMIUIATY
BUKJIIMKAE TIPOCTOPOBY OpraHi3allil0 HAHOOO’€KTIB Ha MOro TMOBEpXHi, sKa
KOHTPOJIIOETHCS CYYaCHUMHM ONTHYHUMH MeTomamu [11,12].

Kap6a3onBmicTki OpraHiyHi MOJEKYJSpHI HAHOKOMIIO3UTH € e()EeKTUBHUMU
doTorpoBiHUKaMu B elekTpuyHuX moysx 30-100 MB/M, Tomi sk 13 3HMKEHHSIM
HAMPY>KEHOCTI EJIEKTPUYHOTO TMOJIs iX (DOTO- Ta ENEeKTPONPOBIIHICTH 3MEHIITYEThCS
excroHeHIiiHo [1,13] 1 maTepianu HaOyBalOTh JTIENEKTPUIHMX BIACTUBOCTEH. B Hammx
EKCIEepUMEHTAX BUCOKA (DOTOMPOBITHICTh TOHKOIUIIBKOBOIO MaTepialy HEOOX1AHa IS
(hopMyBaHHSI MPOCTOPOBOTO PO3MOALTY (POTOCTPYMY Y BIAMOBIIHOCTI 13 THTCHCUBHICTIO
CKCIIOHYIOUYOTO CBITJIOBOTO TOJIsI, SIKE 3aJa€ TOMOJIOTi0 Ta po3Mmipu Temiuiary [14].
Pazom 13 1uM BaXXJIMBUM MapaMeTPOM € 1 Yac A1ETEKTPUYHOI peslaKcallii 3aX0rieHOro B
MacTKU  3apsily, SKUW BHU3HAYa€ MAKCHUMaJbHMA TEepMIH MDK (HOpMyBaHHIM
EJIEKTPETHOT'O CTaHY IUTIBKH Ta OCA/HKEHHIM (DYHKIIIOHAI3YIOUHX CIIOIYK Ha MOBEPXHIO
TEMILIATY.

[Tpu mpotikanHi (POTOCTpYyMIB Uepe3 IUTIBKY, SIKI MPOMOPINiHI 1HTEHCUBHOCTI
CBITJIA, BIIOYBA€THCS 3aXOIUIEHHS HOCIIB 3apsily Ha TJMOOKI MacTKu 1 (OpMyBaHHS
00’€MHOT0 JIOKaII30BaHOTO 3apsily, MPOMOIYJIHOBAHOIO EKCIIOHYIOUHM CBITJIOBUM
nosiem. [le BUKIMKAHO TUM, IO PYXJIMBICTH MIpoK y miiBknk AMH Oinbiie yum Ha 2
MIOPSIZIKY PYXJIMBOCTI €JIEKTPOHIB, a 30HH iX TPAHCIOPTY HE 30iratoThes. Y pe3ynbTaTi,
npu GoToreHeparlii HOC1iB 1 iX Apeidi B eJIeKTPUUHOMY I10J1, CTAa€ MOYKJIMBUM TJIMOOKE
3aXOIUICHHSI E€JIEKTPOHIB HaBITh B 00JacTi €JIEKTpUYHUX mojiB Outbimn 10 B/mkwm.
[TacTkaMu €JEKTPOHIB y I[bOMY IIPOLIECI CIYXaTh MOJIEKYJIH 3 OUIBIIOK EHEPri€ro
CHOPIIHEHOCTI IO €JIEKTPOHY, HIXK Y MOJIEKYJI 30HM TPAaHCHOPTY €JeKTpoHiB. [lacTku
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HaOyBalOTh JWMOJBHUNA MOMEHT, SIKUM TOCHJIIOIOThCA y PE3yJbTaTi OpleHTaIiiHOT
nossipuzanii mwiiBkik AMH mnpu 1 HarpiBaHHI y 30BHIIIHBOMY TIOJI TTOBEPXHEBOTO
3apsiy.

B sxocti dyHKIIOHANI3yI040r0 Matepiany Uit GOpMyBaHHS TEMILIATy IUISTXOM
HAaHECEHHS Ha IIOBEPXHIO HaMu Oyjo oOpaHe 305I0TO, 3 OIVISly HAa BHCOKY
MOJIIPU30BHICTH MOTO aTOMIB B €JICKTPUYHOMY I10J11, CTAOUTBHICTD B 3BUYAHUX YMOBAX,
HECKJIaJHICTh BAaKyyMHOIO HANWJIECHHS Ta MPOCTOTY JOCTIKEHHS WOro HANTOHIIUX
0Ca/liB JOCTYMHUMHU MeTofaMu. HamuneHHs 3070Ta MPOBOIWIM TEPMIYHUM METOIOM
TP THCKY 3aIMIIKOBUX ra3iB ~107 I1a BUMapoByBaHHSM i3 TAHTANOBOTO YOBHHKA. Yac
30epexeHHs 3pa3ka y TEMpPsBI MK orepaiisiMu GOopMyBaHHSIM €JIEKTPETHOTO CTaHy Ta
KOHJICHCAITIEI0 30J10Ta Y BAKYyyMi CTAaHOBUB 3 JT00U.

JlocnipkeHHsT 3pa3KiB MPOBOAMJIM 33 CXEMOIO Ha MPOCBIT HAa ONTHYHOMY
Mmikpockori bionam mpu 36utbiienHi 800. Mopdomerpito MmoBepXHI MPOBOAMIN Ha
CKaHyIOuOMYy aTOMHO-CHiioBoMy Mikpockoni (ACM) NanoScope Illa B nepionnanomy
KOHTAKT1 KPEMHIEBUM 30HJIOM 13 HOMIHAJILHUM PaJilycoM 3a0KpyTieHHs BiCTps 10 HM.

300paskeHHs TOBEPXHI TEMILIATy B ONTHYHOMY MIKPOCKOII HaBEACHO Ha puc. 3.
JIBOBUMIpHa TPOCTOPOBO TMEPIOAMYHA CTPYKTypa CQPOpPMOBaHA MOIYIHOBAHIM
penmbeOM TOBEPXHI TUTIBKM PHUC. 3 @ BHU3HAYAETHCS TOTMOJOTIIO EKCIOHYOYO1
iHTepepeHIIItHOT KapTHHU.

Puc. 3. 300paxkeHHs 3pa3KiB IUTIBOK Y ONTHYHOMY MiKpockorti [15]: a — penbed moBepxHi MITiBKU
AMH, orpumaHuii B pe3yibTari ii HarpiBaHHS HICJIs 3apSJIKU B KOPOHHOMY pO3ps/i 1 OCBITIEHHI
iHTepdepeHITIHHOI0 KapTHHOIO, 6 — TuTiBKA (@) AMH micist TepMivHOTO HATUJICHHS 30J10Ta (TEMHI
00J1acTi 1€ 30J10T1 YaCTUHKH cOopOoBaHi Ha moBepxHi). [lepioq cTpykTypu OJU3BKO 2 MKM

B pesynbTari BakyyMHOrOo TEpMIYHOTO HANWJICHHS 30JI0Ta HA TIOBEPXHIO
TeMIiaty (opMyeTbcs CTpyKTypa puc. 3, 6, siIKa € CHCTEMOI MPOCTOPOBO
BIIOPSIIKOBAHMX  30JI0TUX OCTPIBIIB. 3BepTac yBary Toi ¢akr, 10 30JI0TO
KOHJICHCYEThCSI Yy TIEBHUX YITKO JIOKQJII30BaHUX OOJIACTSIX, a HE PIBHOMIPHO
po3noLIAEThCs MoBepXxHEr0. Ciiif OyJ10 YeKaTH, 1110 P HAMUJIEH] 30J10Ta Ha pebePHy
MTOBEPXHIO, 30JI0TO TaKOXK Oy/ie KOHJIEHCYBATHCS Ha JIHI JIYHOK, ajie IIe He BIJI0YJI0CH.
[TopiBHsHHS puc. 3, @ Ta 6 JO3BOJSIE 3pOOMTH BHUCHOBOK, IO PO3TAIlyBaHHS Ta
CUMETpIS HAHECEHUX HaIWJICHHSIM HaHOKJIACTEePIB 30JI0Ta 3aJaf0ThCS  TOIOJIOTIEO
CBITJIOBOTO 110J1s1 (TOJIOrpaMH), sike OYJ10 BUKOpUCTaHe it popMyBaHHs Temiuiary [16].
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[ToBepxHs MOMIMEPHOro TEMILIATY Ma€ MEPIOJUIHUN penbed BrcoTor0 Ot 350
HM puc. 4-5, Toni K TeMmiuiary i3 mapom 3ojota 500 HM. TakuM YMHOM, MOXKHA
MPUOJU3HO BU3HAYUTH CEPEIHI PO3MIPU 30JI0THX OCTPIBINB: JiaMeTp cTaHoBUTH 400-
600 1M, BucoTa-150 HM.

Puc. 4. TpuBumipHe 300parkeHHsI penbedy MOBEpXHI IUTIBKH (TTOKa3aHOi Ha puc 3), ojepkaHe
metoaoM ACM [15]: a — penbed moniMepHOT MITIBKU MICHs 3anucy iHTepdepeHLiHOT KapTUHH, O —
penbed MoBEpxXHI Mic/d HAWJICHHS 30J10Ta Ha MOJIIMEPHY IUTBKY a. Maciitad ropu3oHTalbHUN 5
MKM/TIOJIIKY, BepTHKanbHUH — 1000 HM/moainky/

[3 criBcTaBiIeHHs TOMOJIOTIT €KCIIOHYIOUOTO CBITJIOBOTO TOJISA, SIKa B HAIIOMY
EKCIIEPUMEHTI Bi3yalli3ye€Tbcsl Yy BUIIISIAL Mpodiato penbedy moBepxHi puc. 4, a Ta
puc. 5, a, 3 TOMOJIOTIEID 30JI0TOTO Ocaay puc. 4, 6 Ta puc. 5, 6, MOXHa 3pOOUTH
BHCHOBOK, 1110 30JI0Ti OCTpiBIl (POPMYIOTHCS BUKJIIOUYHO B O0JACTSAX MaKCHUMalbHOT
IHTEHCUBHOCTI CBITJIA, K1 BIJMOBIIaIOTh MAaKCUMAaJbHIM HAMPyKEHOCTI JIOKAJILHOTO
MOJIsE 3aXOIUICHOTO 3apsay B o0macTi moBepxHi. EnekTpuyHe mose i3 3HAYHUM
IpaJlEHTOM HamNpyXEHOCT1 JIOKaJIi30BaHO MOOJIM3y MOBEPXHI TEMIUIaTy B 00JacTi
PO3TalllyBaHHS €JIEKTPUYHOTO 3apsily, 3aXOIICHOr0 y (hOTOMPOBIIHIN TUTIBII Mif] Yac
€KCTO3UIIii CBITJIOBUM MojieM. B o0sacti JyHOK, Jie¢ IHTEHCUBHICTh €KCIIOHYIOUOTO
CBITJIOBOTO TIOJISI Majla MIHIMYM 1 3aXOIUJICHHUH 3aps]l HE YTBOPUBCS, 30JI0TI KIacTepu
HE OCa/KYIOThCS (IuB. puc. 4, 6 Ta puc. 5, 6) [17].
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Puc. 5. Penped moBepxHi 3paskiB moniMepHoi wmiBkH (puc 3), oxep:kanuii metogom ACM [15]:
a — penved wiiBku AMH micns 3anucy iHTepedepelHINHOT KapTUHHU, 6 — pelbed TUIBKU MICIs
HaHECEHHS 30J10Ta

HamnpyxeHicTh €JIEeKTpUYHOrO TMOJis B [HUX OOJacTIX OLIHIOBaJIach 13
JOATKOBUX  E€KCIEPUMEHTIB 32 METOAUKOW [9] 1UIIXOM  CIIBCTaBJICHHS
mupakiifHuX eQeKTUBHOCTEH CHHYCOIJaIbHUX peibediB, CPOPMOBAHUX Y TOJI
MOBEPXHEBOTO Ta JIOKATI30BAHOTO 00’ €MHOTO 3aps/iiB. TakuM 4YHHOM OyJIO OJIepKaHO
OIIIHKY CepeaHhOAPU(PMETHUYHOTO TOTEHIIATY TMOBEPXHI TUNBKU B E€IEKTPETHOMY
ctani 6 B. OTxe MakcMManbHUN TOTEHINAJ HA TOBEPXHI IUIBKM B MPHUIYIICHHI
CUHYCOIIaJIbHOTO PO3MOJAUTY OIHIOEThCs y 12 B mpu ToBmmHI 1Bk 820 HM 1
nepioni  chopmoBanoi  crpykrypu 2,1  wmrMm. JlienexkTpudyHa MPOHUKHICTH
HAHOKOMITO3UTY MOXKE OYTH OIlIHEHA SIK KBaJpaT MOKa3HUKa 3aJOMJICHHS, THIIOBE
3HAQYEHHS SIKOTO JIJIs KapOa30IBMICTKHUX MOJIMEPiB cTaHOBUTH 1,4 [1]. Takum yuHOM,
HaIMpYyXEHICTh EJICKTPUYHOTO TIOJIsI, JIOKAJTI30BAaHOTO B TOBIIMHI TUTIBKH, MOXHa
ouinuT y 150 MB/M, a noOnu3y ii noBepxHi y 120 MB/M. BukopucTani aJist OLIHKA
MaKpOCKOITIYHI €JICKTPOCTAaTUYH1 YSIBJIEHHS HE BpaxOBYIOTh aTOMapHy OyI0BY
IIEHTPIB JIOKaji3alii 3apsay, TOMY HaBe[eHl JaHli € B IEBHOMY pPO3yMiHHI
YCEPENHEHUMH 1 MOXYTh PO3TISIATUCS SK OIlIHKA HAIMpPY>KEHOCTI EJIEeKTPUYHOTO
noyist 3HU3y. He nuBisiunch Ha 1€, 3a3HA4YCH1 €JMEKTPUYHI MOJsS CHIBCTaBIEHHI 13
BHYTPIIIHBO-MOJIEKYJSIPHUMUA 1, 0€3yMOBHO, MOXYTb  BHUKJIMKAaTH  3HAYHI
NoJIIpU3aliiHl e€(peKTH y aTOMiB, MOJIEKYJ Ta HAHOKJIACTEPiB MIMPOKOIO KIacy
cnonyk. ['ycTrHa eHeprii eneKTpOoCTaTUYHOTO MOJIsi OMHCAHOTO EIEKTPETY CTAHOBUTH
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6inst 1-10° Jlx/m® a6o 10* eB Ha KOMipKy MOBEpPXHEBOI IPATKH, 110 CYTTEBO OiIbIIe
kT. OTxe, peanizoBaHuil MPOIEC Mae 3HAYHUN CHEPreTUUHUI MOTCHITIA.

MoxHa NPUIYyCTUTH TaKi MEXaHI3MH CaMOYIOPSIKYBaHHS 30JI0Ta MiJ 4Yac
TEPMIYHOTO HAMMJICHHS B BAKyyMi Ha MTOBEPXHIO TEMIUIATY: TPAHCHIOPT 3apsKEHNX abo
MOJISIPU30BAHUX HAHOOO €KTIB Ta (ha30yTBOPEHHs HA TOBEPXHI B HEOIHOPIIHOMY
ENIEKTPUYHOMY T0JI. TpaHCTOpT aTOMIB Ta KJIacTepiB MOJEKYISIPHOTO ITy4yKa 30J10Ta B
JIOKQTbHOMY €JEKTPUYHOMY TOJI TMOOJIM3y TMOBEPXHI CTBOPIOE EIIEKTPOKIHETUYHUI
edext [18]. BuankHeHHs y aTOMIB 30J10Ta JUITOJILHUX MOMEHTIB Ta BIATIOBIIHUX CHII,
AKI BTATYIOTb aTOMH Ta HAHOYACTMHKUA B OOJACTI TPAJIEHTY EIEKTPUYHOIO TOJI
TEMIUIATy MiJ] 4aC HAIMWICHHS MOXKE MPHU3BOJUTH JI0 TPAHCIOPTY aTOMIB 30JI0Ta JI0
oOJjacTeli MOBEPXHI JIe JIOKAJII30BaHO 3aps/l, B SIKUX 1 BII0YBAaIOThCS SBUIIA (POPMYyBaHHS
TBep10i (pasu 13 mapwu.

Crin 3a3HAYMTH, 110 €IEKTPOKIHETUYHI SIBUILIA CTIOCTEPITalOThCS K B BaKyyMi,
TaK 1 B Tra3ax, pilMHaxX, KOJOiJHUX PO3UYMHAX Ta po3Tomnax. B 1UX sSBUIIAX MOXKYTb
MpUMaTH y4acTh K 3apsiKEHI YaCTHMHKU (10HU, KJIacTepU OPraHIYHHX CHOJYK),
CJIEKTPOHEUTPaAIbHI YaCTUHKHA 13 CTAaTUYHUM JUMOJIBHUM MOMEHTOM (HAaIpHUKIaa
MOJIEKYJIM OpPTraHIYHUX OApBHHKIB, HEUTpaIbHI KJIACTEPU ACUMETPUYHOI OyI0BH), TaK
1 €JICKTPOHEHUTpaJIbHI MOJISIPU30BaH1 30BHIIIHIM €JIEKTPUYHUM TOJIEM YacCTHUHKHU
(aToMH MeTalliB, MOJIEKYJM OpPraHIYHUX Ta HEOPraHIYHUX CHOJYK, (yJlepeHH,
HaHOTpYyOKu). TpaHcmopT 3apspkeHoi abo0 TOJIAPU30BAHOI YACTHHKU Oyje
B1IOYBaTUCS y HANpSMKy TPAIIEHTY €IEKTPUYHOrO MOJs 3a BIACYTHICTIO YMOB
MI0JI0JIAHHSI YaCTUHKOIO €JIEKTPUYHOI MOTEHILIAJIBHOI SIMU JIOKAI130BaHOIO 3apsiay, 3a
PaxyHOK PO3CISIHHSA y MOJEKYJSIPHOMY MYy4Ky, nudy3ii, TemioBux (ayKTyaiii i T.11.
aBull. ToOTO (yHKITIOHAMIZAIII0 TEMIUIATy MOXKHA MPOBOAUTH JYyXKE IIUPOKUM
PSZIOM HEOPTaHIUYHUX Ta OPTaHIYHUX CIOJYK y BaKyyMi, ra3oBiit abo pijkiit ¢asi.

B HaBegeHOMY TEXHOJIOTIYHOMY E€KCIIEPUMEHTI 00’€M Ta PO3MIPU OCAKEHUX
30JI0TUX HAHOKJIACTEpPIB BU3HAUYAIMCS KUIBKICTIO KOHICHCOBAaHOTO Ha IOBEPXHI
TEMIUIATy 30JI0Ta, SKE MOXE BapiloBaTHUCA B MeXaxX BiJl aJcOpOOBAaHOIO Iapy Ji0
KUIBKOX MIKpOHIB. Le#l (hakT CBITUMTH PO CYTTEBY CEIEKTUBHICTH (pa30yTBOPEHHS
Ha TIOBEPXHI TEMILIATy, OCKUIBKM IMPU TOBIIMHI 30JI0TOTO OCaay KiJbKa JECSATKIB
HAaHOMETPIB HEOJHOPIJIHE EJIEKTPUYHE TOJIe EKPaHYe€ThCS 1 TPAHCIOPT CTae
MIPOCTOPOBO OJHOPITHHUM.

Haiimenmmii  nepion chopmoBaHoi roiorpagiyHUM METOJIOM  CTPYKTYpHU
CTAaHOBUTb YBEPTh JOBXHHU XBWJI TPH 3yCTPIYHOMY PO3MOBCIOKEHH] Ja3epHUX
npomeHiB. OTxe, y BHUIAAKy BHUKOPUCTAHHS Jia3epiB, IO BUIPOMIHIOIOTh Y
KOPOTKOXBHWJIEBIM BUAMMIN Ta OMMKHIN yIbTpadioneToBiit 061acTi, MOXKIMBO OTPUMATH
Ha TIOBEPXHI TEMIUIATy CTPYKTYpH 13 miepionom ~100 am. HanmpykeHicTh e1eKTpUIHOTO
TOJIS1 3POCTATUME TIPOTIOPIIIIHO, IO MOYKE BUKIIMKATH HEOOX1THICTh MPOBOJUTH MIPOIIEC
OCa/IKeHHS (PYHKIIOHAJII3yI0u0i pEUOBHHHU BUKJIIOUHO Y BakyyMi. CyTTeBa pocTopoBa
HENIHIAHICTh SBUMI (HOPMYBaHHS JIOKATI30BAHOTO 3apsiAy Ta EJIEeKTPOKIHETHYHOTO
TPAHCIOPTY MOKE JIO3BOJMTH II€ Ha TMOPSAOK 3MEHLIMTH XapaKTEepHUI po3MIp
(YHKIIIOHAII30BaHUX O00JIaCTE Ha TMOBEPXHI TEMILIaTy IPH YMOBI JOCTaTHHOTO
PO3BUTKY METOMK BUTOTOBJICHHS.

TakuM YMHOM 3allPONOHOBAHO HOBHUW MiAXiA 10 (HOPMYBaHHS EIEKTPETHUX
TeMIUIATIB y enekTpodoTorpadiunomy mporeci Ta cHOPMOBAHO TaKWM TEMILUIAT

116



CM®XT - 2021

mromero 1 cM®, mepiomom 6imt 2 MkM enekTpooTorpadiuHAM METOIOM IpH
€KCITO3UII1T TUTIBKK HAHOKOMITO3UTHOTO (POTOMPOBITHUKA T'OJIOIPAMOIO.

[lokazaHo, 10 pO3TallyBaHHS Ta CHUMETPIS OCa/PKEHUMX Ha IOBEPXHIO
€JIEKTPETHOTO0 TEMIUIATy HAHOKJIACTEPIB 30J10Ta, OJEP)KAaHUX HAMWIECHHSIM Y BaKyyMi,
3aJ]al0ThCSl  TOTIOJIOTIE€I0  CBITJIOBOTO TMOJII TOJIOTpamMH, SIKE BHUKOPHCTaHE  JUIs
(dbopMyBaHHs TeMIuiaTy. HanpyskeHIiCTh eeKTpUYHOro Mol B 00JIACTSIX OCAJKEHHS Ha
noBepxHi TemiuiaTy ckiagaita 120 MB/m. Ha mnoBepxHIO TeMIuiaTy MOMIIMBE
OCa/KEHHS IIMPOKOTO KOJIa OPraHIYHUX Ta HEOPTaHIYHUX CIIONMYK Y BaKyyMi, 13 Ta30BOi
Ta piakoi §as.

@izuyni nmpouecu npu GopMyBaHHI ejleKTpeTHOro temmiary. Ha puc.6
MOKa3Ha 3MiHA MOTEHIlaNy BIUIbHOI MOBEPXHI IUIIBKA aMOP(PHOTO MOJEKYISIPHOTO
HaIlIBIPOBIJIHUKA, TEMIIEPATYPH, PO3BUTOK T€OMETPUYHOI0 pelbe(y MpH i1 HarpiBaHHI
miCHIS 3apsIKU Ta eKCIOHyBaHHs cBiTiioBoro monst [15,19]. HaBenmena penaxcaris
NOTEHITiay BibHOT moBepxHi miiBku AMH (kpuBa 2) 3 Hacammepel CTBOPECHUM
BiI’é€MHUM 00’eMHUM 3apsijoM. Ha kpuBiii penakcailii mOBEpXHEBOTO MOTEHIIATY
MOXHa BUIIIUTH 3 XapaktepHux auistHku [20,21]. Ha mnepmniii BigOyBaeTbcs
YTBOpPEHHS 00’ €MHOTIO0 3apsay 0€3 MOMITHOI pelakcallli IOBEPXHEBOT0, Ha IPYIrOMY —
B11I0yBa€THCSI B OCHOBHOMY peJIaKcallisi IOBEPXHEBOTO 3apsily, Ha TPEThOMY — KIHIIEBa
pelakcallisi IOBEpXHEBOIO Ta 00’€MHOTr0 3apsiiiB. 3HAYEHHsSI TEPMOCTUMYJILOBAHOTO
3apsany (TC3) 3anexxuthb B TeMIiepaTypH, BEIMYUHU 1 3HAKY 3apsjly Ha MOBEPXHI

AMH, i BruIMBae Ha KIHETUKY pellakcallii TOBEPXHEBOro 3apsiay (kpusa 1).
e o Puc. 6. KiHeTI/IKg ¢dopMyBaHHA 00’€MHOro 3apsay B
' enexkTpodororpapiauHOMyY (hoToTEpMOITIIACTUIHOMY
npoueci [15]: 1 ta 2 — 3MiHA MOTEHLiany HOBEpXHi
Opra”iyHoro (oTonpoBiHUKA B PE3yJbTaTI HArpiBaHHS,
2 — 13 nomnepeiHIM (popMyBaHHS 00’€MHOTO 3apsiay, 3 —
penakcatiisi 00’ €MHOTO 3apsiny, 4 — pO3BUTOK pesbedy Ha
MIOBEPXHI TEpMOIUIACTUYHOTO marepiaiy, o -
TEeMIIepaTypa IIiBKY.

5

o

1204 2

100+ 17,5

o)
o
!

15,0

o
o
!

N
o

125

N
o
L
Judpaki. edexTHBHICTH

Tlorenuian nosepxui AMH,
Temnepatypa

o
!

; ; ; - ; —loo0
0 20 40 60 80 100 e

Koxxna kpuBa Oyna oTpriMaHa He MEHILE HIX ITSTh pasiB. Ha puc. 4. npuBeneHi
Cepe/H1 3HAYCHHS KPUBHUX.

BucnoBku. Brnepmie 3amnpomoHoBaHO HOBUK miaxig 10 (OpMYBaHHS
€JIEKTPETHUX TEMILIATIB y eliekTpodoTorpadiuHoMy MpoIieci Ta chOpMOBAHO TaKUN
TeMmiuIar mwiomero ~1 cm® i3 mepiogoM Gimst 2 MKM eleKTpohoTorpahiuHIM METOIOM
MpU  EKCIO3WINT TUTIBKM HAHOKOMIO3UTHOTO (DOTOMPOBITHUKA TOJIOTPAMOIO.
ExcriepuMeHTanbHO MOKa3aHO, IO PO3TAllyBaHHS Ta CHUMETpPIS OCa)KEHUX Ha
MOBEPXHIO €JIEKTPETHOTO TEMIUIATy HAHOKJIACTEPIB 30J10Ta, OJIEPKaHUX HAHIICHHSM
y Bakyywmi, 3aJal0ThCSl TOIOJOTIEI0 CBITIOBOTO IIOJIA TOJIOTpamH, sike Oyio
BUKOpUCTaHE i1  (GOpMyBaHHS  TEMIUIATy.  3alpOMOHOBAHMNA  MEXaHI3M
CaMOBIIOPSIIKYBAHHS IMiJl Yac TEPMIYHOIO HANWICHHS B BaKyyMi Ha MOBEPXHIO
TEeMIUIATy, 110 TMOJISArae y pyci ajcopOOBaHMX Ha MOBEPXHI aTOMIB a00 KJIACTEPIB B
JIOKAJIbHOMY €JIEKTPUYHOMY TOJII MOOIM3y MOBEPXHI Ta iX KOHJAEHCAIlli Ha MOBEPXHI
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IUTIBKY 13 YTBOPEHHAM TBep0i pa3u. HampykeHicTh eIeKTpUYHOro Mo B 00JacTsIX
OCaIPKEHHSI Ha TOBEPXHI TeMIuiaTy oiiHeHo y 120 MB/M. Ha noBepxHIo onucaHoro
CJIEKTPETHOrO0 TEMIUIATY MOKJIMBE OCaKEHHS HAJI3BUYAlHO MIMPOKOIro KoOJia
OpraHIYHMX Ta HEOPraHIYHUX CIOJIYK y BaKyyMi, 13 Ta30B0i Ta piakoi ¢a3. TopmmHa
miapy  pEYOBHUHH, caMO30UpaHHs  SIKOTO e(eKTUBHO KOHPOJIIOETHCS
CJIEKTPOCTAaTUYHUMU  3apsilaMud  MOOJIM3y TOBEPXHI TEMIUIATy, BU3HAYAETHCS
yMOBaMU €KpaHyBaHHS 1 CKJIaJIa€ BiJl KUIbKACOT HAHOMETPIB VISl JIIENEKTPUKIB 10
JIECATKIB HAHOMETpPIB Juisi MeTamB. [IpocropoBuii mepiog CTPYKTYp, SIKi
BUTOTOBJISIFOTBCS. TaKMM TEMIUIATHAUM  METOJOM OOMEXYEThCS MPOCTOPOBUM
PO3MOIIIOM 1HTEHCUBHOCTI B CBITJIOBOMY IOJi, @ PO3MIPH 1 CTPYKTypa OKpEMHUX
€JIEMEHTIB BH3HAYAIOTHCSA TMpoIlecaMu camoopradizamii. TemmiaTHUM MeTOI0M
€KCIIEPUMEHTAJIbHO BUTOTOBJIEH! MOBEPXHEB1 AICIEKTPUYHI Ta METaJ-IIEIEKTPUYHI
NEepioNYHI CTPYKTYPH 13 XapakTepHUM mepiogom Oins 2MkM. [IpogemMoHCcTpoBaHO,
[0  CIOEeKTpH  iX  TMOIVIMHAHHS,  BUMIPSHI ~ METOJAOM  MOJIYJSLIHHOT
CHEKTPOMOJSAPUMETPii, MalOTh O3HAKW, XapaKTepHi s (OTOHHUX KpPHUCTAIIB.
ExcriepyuMeHTansHO MpPOJAEMOHCTPOBAHO, IO BUCOKOE(HEKTHBHI HAHOKOMITO3UTHI
CEpe/IOBHILla Ha OCHOBI CIOJYK Kap0a3oily ISl €JEKTPETHOrO TEMIUIATy MOXKYTh
OyTH BUTOTOBJICHHI METOJIOM CIIUJIBHOI KOHJEHCcallli y BakyyMi. Po3po0sieHi metoau
iX aBTOMaTHU30BaHOTO KOHTPOJIO MPU BUTOTOBJICHHI.
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Jocaixxenus GpakTopiB, siki BINIMBAIOTH HA CIIEKTPAJIbHI
XapaKTEePUCTUKHU 0araromapoBUX ONTHUYHUX MOKPUTTIB NPHU
BHUIOTOBJICHHI

Miua O. B., ITeuko B. 1., Bapra C. ®., Konmya-T'opstukina I'. E., Kypyna O. C.,
CuuoB M. B., Copoka /I. C.

JIBH3 «YaiceOp0ocwkuil naylOnansrutl yHieepcumeny
M. YoiceOp0o, 3axkapnamcovka 0b1acmo, Yxpaina

[Tpu po3pobii Momeneit nist OGaraTomapOBUX ONTHYHMX CHUCTEM BUHUKAE
HEOOX1/THICTb BpaxoBYyBaTH (aKTOPH, AKi HEBIJ €EMHO OB’ sA3aHi 3 iX BUTOTOBJICHHSM.
[le wacTkOBa HEOMHOPIAHICTH Ha Mexax posnity [1-3], amcrepcis ToOKa3HHKA
3anmomiieHHs [4], mac-TpaHcnopt [5-6], Hanomedektn [7-8] Ta okcumamis [9]. bes
BpaxyBaHHA LUX (akTopiB (puc. 1) Ta BpaxyBaHHS CTIMKOCTI JO TEXHOJOTIYHHX
MOXMUOOK HEMOXKIIMBO MPOEKTYBATH Ta PO3POOISATH ONTUMATIbHI MOJENI ONTUYHOTO
[IapyBaTOr0 MOKPUTTS, SIKI MOBUHHI 33JJ0BOJIBHATH Hallepe]l 3aJjaHl XapaKTePUCTUKH.

I > HeonnopigaicTh Ha Mexax
O3y
Jucniepcis moka3HUKa
I > 3aJIOMJICHHS
daxkropu, AK1
noTpioHO
BpaxoByBaty mnpu ||I > Mac-tpaHcnopT
MOJIEJTFOBAHH1
CHEKTPaTbHUX
XapaKTEPUCTHK
6araromapoBoro || > Hanonedextu miuiBok
OTNITHYHOTO
MTOKPUTTS
[ > Oxcupalis IIBOK
| > UyTauBICTh MapaMeTpiB IIapiB 10
TEXHOJIOTTYHUX TTOXHOOK

Pucynox 1. ®akropwu, siki mOTpiOGHO BpaxOBYBaTH IPH MOOYI0BI MATEMATHYHOT MOJIEII ONTUYHOTO
[IapyBaTOrO MOKPHUTTS

Haituacrime npu MOJIETIOBaHHI1 CIIEKTpaIbHUX XapaKTePUCTUK
OaraTolmapoBUX ONTHYHUX TOKPUTTIB MOTPIOHO BpaxoBYyBaTH HEOAHOPIAHICTH Ha

120



@3 CM®XT - 2021

Mmexax po3airy [10-20]. Ycix iX MoXKHA MO€THATH B OJHY YHIBEpPCaIbHY MOJIEIb
OararomapoBoi ONTHUYHOI CTPYKTYpH, L0 MA€ HEOJHOPIAHOCTI HA MeXaxX PO3JLITY
(puc. 2). MareMaTuuHMi amapar, HEOOXITHUN IS TPOBEICHHS MOJICIIOBAHHS
CHEKTPaJIbHUX XapaKTEPUCTUK, HABEIEMO JJIsi KOXKHOI MOJIEI OKPEMO.

OnTuyHi TOBIIMHUA 0araTomapOBUX ONTUYHUX CUCTEM MPUB’A3aH1 J0 TOBKUHU
xBul Ag. Hampuknan, “deTBepTHXBWIBOBUHM IIap” oO3Hayae, M0 ILIEW Imap Mae

A )
ONTHYHY TOBIMHY Nd :ZO, a “HamiBXBMJIBOBUM IIap” — Ma€ ONTUYHY TOBLIUHY
A
nd =—2.
2
d |

LieHTpanbHa YacTuHa Wwapy

NpPUNOBEPXHEBMIA Wap

Pucynok 2. YHiBepcanbHa Mojieb OaraTonapoBoi ONTUYHOIT CTPYKTYPH, 110 Ma€ HEOAHOPIAHOCTI
Ha MeXax po3ailTy

byaemo MopentoBaTu HEOJHOPIAHY 00JIacTh poO3OUTTAM ii HaA pIiBHI 3a
TOBIIIMHOIO 30HU (Tabi. 1). YBegeMo mo3HayeHHs: MV, MP — KUIbKICTh 30H PO30UTTS
MIPUIIOBEPXHEBOI Ta IMepexigHoi o0yacTeil BiAMOBiaHO; Nf — MOKAa3HHMK 3aJTOMJICHHS
LEHTPAJIbHOI YAaCTUHU TUNBKUA. Y TPUIIOBEPXHEBIM 00JACTI MOKAa3HUK 3aJOMJICHHS
Oyxae 3MmiHtoBatHch Bix Nf 10 Nv, a B mepexinHiii obmacti — Big Nf 1o Np 3a nmeBHUM
3aKOHOM PO3IOJLITY.
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Tabmurs 1
PosrasiHyTi po3moiian NoKa3HUKIB 3aJIOMJICHHST HEOTHOPITHUX 00IacTe
Toxasznux sanomnenns Toxasznux 3anomnenns
Posznodinu J-0i 30nu nepexionoi J-0i 30Hu npunosepxuesoi
obnacmi, NP; obnacmi, NVj
CryniHvacTuii np nv
N p—nf n—nf
Jliniitani nf + -1 nw—-———: (-1
f mp — 1 G-1 — G—-1
np —nf nv—nf
Ksagpatuununii nf + —1)? nw————_(G—-1)?
. np —nf nv —nf
Jlorapudmiuauii nf + In(j n———=In(j
puch f In(mp) 0 In(mv) 0
np —nf 1 nw-—-nf ..
ExcrnoHeHmiaTbHUM nf + mp—1 _ 1( I = 1) nv-— emv—1 _ (ef - 1)

[IpomoaentoeMo BIUTMB HEOJHOPIAHOCTI Ha MEXaxX PO3JAUIY Ha CHEKTPasbHI
XapaKTEPUCTHKU BY3bKOCMYTOBHX (UIBTPIB, Kl MAOTh YAaCTKOBO HEOIHOPIIHUN
HU3BbKO3JIOMITIOIOUHIA 11ap. BizpMemo sik Bucoko3anomitorounii matepian GeTe, BiH
Ma€ MOKa3HMK 3aJJOMJICHHS, PIBHUHM 5. SIK HU3bKO3aJOMIIIOIOYMI MaTepiall BI3bMEMO
GeS,, skuif Mae MOKa3HUK 3aJJOMJICHHS, piBHUMA 2.1. Y miapo3/iii po3riasgacThbCs, M0
marepian GeS, mae mnepexigHy o00JiacTb 3 TIOKa3HMKOM 3ajoMJIeHHA 2.6 Ta
reoMeTpUYHOI0 TOBIIMHOIO 30 HM. OOUYUCITIOBAIBHUN €KCIIEPUMEHT MPOBEACHO IS
PI3HUX POOOYMX JOBKUH XBUJIb.

3.002x10° 3.004x10°

2.008x10° 310
A HM
Pucynox 3. CrhekTpaibHi XapaKTepUCTHUKH 17-11apoBOro BY3bKOCMYTOBOTO ONTHYHOTO

2.006x10°

¢ietpa THny S-BHB..2B.BHB  (4p=3000 HM) 3a HasBHOCTI mepexigHOi  oOJjacti
HU3BKO3JIOMJTIOIOUOTO APy 3 PI3HUMHU PO3MOIiIaMH TMOKa3HUKA 3aJIOMJICHHsS: | —  imeanbHUi
BUIIAJOK; 2 — 31 CTYMIHYaCTHM; 3 — 3 JMHIMHUM; 4 — 3 KBaJpaTUIHUM; 5 — 3 JIorapupMiyHuM; 6 — 3
€KCIIOHEHIIAJIbHUM.
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[IpoBoasiun MoJEIOBaHHS, MOXHa 3BEPHYTH YBary Ha Taki OCOOJMBOCTI.
30UTbIIEHHST KITBKOCTI IIapiB  BY3bKOCMYTOBOrO (uIbTpa HE MPU3BOAUTH O
30UTbIIEHHST KOE(QIIIEHTa MPOMYCKAHHA Ima. 3 1HIIOrO OOKy, HamiBIIMpUHA
npornyckanHs Adgs Ta muMpuHa cMyrd Ady; CYTTEBO MEHIN y 25-MIapoBUX
BY3bKOCMYTOBUX (PUIbTPIB, HUK y 17-mapoBux, — K mpu poOOUiil TOBXHHI XBUII
A0=3000 ©BM, Tak 1 mpum pobouiii moexkmHi xBWI A;=5000 amM. HasBHICTH
HEOHOPITHOI MEePEXiIHOI 00acTi 3yMOBIIIOE 3CYB IOJIOKEHHS JOBXKHHU XBUJII MPH
MaKCHUMYMI MPOMYCKAHHS Amax B CTOPOHY JOBTUX XBWIb. [Ipy 1IbOMY 301IbIIYETHCA
HaITIBIIUPUHA TIPOITYCKaHHS A5 Ta MUpUHA CMYTH Adg 1.

HaiiGinpiie BruiMBae Ha pO3TJSAyBaHl XapaKTEPUCTUKU BY3bKOCMYTOBUX
GUIBTPIB CTYNIHYACTUM, Ayl WAYTh JorapudMIdHUMN, JIHIMHUN, KBaIpaTUIHUN Ta
CKCIIOHEHIIAIbHUNA ~ PO3MOJIIM  TMOKa3HUKa 3aJOMJIEHHA TepexigHoi  o00JacTi
HU3bKO3aJIOMITIO0UOro 1mrapy (puc. 3). SIKIO po3risimaTH po3MOaLIM TOKa3HHUKA
3aJIOMJICHHSI 3a CepefHIM 3HAa4YeHHSIM I[IOKa3HMKa 3aJOMJICHHS, TO, BHXOIAYU 3
OTPUMAHHUX PE3yJbTaTiB, MOXHA CTBEP/KYBaTH, IO PO3MIIAIYyBaHI PO3IMOIUIN
30UTBLIYIOTh BIAXWJICHHS BiJ 11€aJIbHOTO BUIAJIKY, 3 POCTOM CEPEIHBOIO 3HAYEHHS.

CepedHe 3naueHHs NOKA3HUKA 3AN0MAEeHHS nepexioHoi ooracmi 3 po3nooilom
NOKA3HUKA 3a10MAeHHA N, (Z) 6yoe pigHum

i
—d—-jnp(z)dz
p 0

s KodtcHO20 pO3NOOINY 3HATIOEMO 1020 Y YUCTOBOMY GURTIAOL:

dp 30
— cmyninuacmui. Ng, =5 _[ Npdz=_—- I2.6d2:2.6;
p 0
— NHIUHUU:
1 dJP Z ( ) 1 3J9 Z ( )
ng +—-(ny—ng )|dz=—- (21+—- 2.6—2.1)dz=2.35;
. dp " 30 | 30
— Keac)pamutmuu:
d
1 P 22 1 30 22
=—- —-n, - dz=—-|| 21+—-(2.6-2.1) |dz=2.27;
— no2apupmivHulL;
dp 30
nsp:i. [ (nf +"‘_(Z).(np_nf)]dzzi.j(2_1+ In(z) -(2.6—2.1)jdz:2.45;
dp 3 In(30) 30 § In(30)
— eKCNOHEeHYIanbHUlL:
1 % X: 1 %0 o2
nspza-g nf+£—p-(np—nf)dz=%-£ 21+ 5+(26-2.)|dz=2.12.

OTxe, 3a BENMYMHOI CEPEIHBOTO 3HAUEHHS TIOKa3HWUKA 3aJIOMIICHHS
nepexigHoi 00JiacTi TUIMM PO3MOJUIIB TOKa3HWKA 3aJIOMJICHHS PO3MIIIYIOThCS B
TaKOMy MOPSJKY: CTYNIHYaCTHH, JOrapupMIYHUM, TIHIAHUMA, KBaJApaTHUYHUN Ta
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eKcroHeHIianpHuid. To0TO B TOMYy TOpSIIKY, y SKOMY BOHU BIUIMBAIOTh Ha
BIIXWUJICHHS JOBXXUHU XBWI Amax, HAMIBIIMPUHHM TPOMYCKaHHS Adgs Ta IIUPUHU
cmyru Adgy Bim iaeanbHOTO BHIAnKy. lle came mpaBWioO MONIMPIOETHCS 1 HA
BiJIpi3aioui Ta MIUPOKOCMYTOBI onTHYHI (PinbTpu. ocmimkeHo, 110 HEOJHOpPiAHA
nepexigHa 06J1acTh Y HU3bK03aJOMITIOIOUOMY IIapl BY3bKOCMYT'OBOTO (PiIbTpa 3CyBae
MOJIO)KEHHS JIOBXKUHU XBUJII MPU MAKCUMYMI MPOIMYCKAHHS Amax B CTOPOHY JIOBIHX
XBWJIb, TPU LbOMY 3OLIBIIYETHCS HAMIBIUIMPUHA MPOMyCKaHHA Adygs Ta IIMpHHA
cMyru Adgi, 3HAUEHHS MAKCUMYMY MPOIYCKAHHS [ s 3aJUIIAETHCS HE3MIHHUM.Y
BiJIpi3atouoMy (QUIBTP1 HAABHICTh HEOJHOPITHOCTEH Ha MEKax PO3AUTY MIXK IIapaMu
3MEHIIy€ Jiama3oH BiAOMBaHHS. Y IIUPOKOCMYTOBUX (IIbTpax HasBHICTD
HEOJTHOPITHOCTEN Ha MeXaxX PO3JALTY 301JIbIIy€e 3HAUYEHHS MUPUH CMYT Adgs Ta Adg;,
a 3HAYCHHSA CEpPEIUHM [lalna3oHy IpOIYCKaHHSI A, 3CyBa€ y JOBIOXBHJIBOBY
CIIEKTPaAJIbHY 00J1aCTh.

Bynb-ske HOBE AOCIHIJPKEHHSI 3 MOJICJIFOBAHHS HEOJHOPITHOCTENH B ONTHYHUX
CTPYKTypaxX MOTHUBYETHCS HOBUMH 3aCTOCYBAHHSIMHU PO3POOTFOBAHUX MaTeMaTHYHHIX
Mozenei. Tomy 1€ OJHAM CTHMYJIOM JO BpaxyBaHHS TMPUIIOBEPXHEBUX Ta
NepexiIHUX 00JacTed MK IIapaMHd ONTUYHUX MIAPYBATHX CTPYKTYP € PO3IIMPEHHS
CHEeKTpaiabHOi 00JacTi iX 3acTOCyBaHHS B OIK KOPOTKUX JOBXKHH XBWIb, JI€, SIK
B1JIOMO, BILJTUB HEOJTHOPITHOCTI MIXK IIapaMH Pi3KO 3pOCTAE, SIK 1 BIUIUBAE AUCTIEPCIs
MOKa3HUKa 3aJJOMJICHHA 11apiB. Take ceKTpaibHe PO3IIMPEHHS MOB'SI3aHO, 30Kpema,
3 TUIAHOBaHUM TEpeXoJoM JaszepHoi JjiTtorpadii B 007acTh BaKyyMHOTO
yibTpadiosieTy, MO B CBOIO Yepry, A03BOJHUTH MEPEHTH B HAMOIMKYI POKHU IIIE O
O1IBIIT KOMITAKTHUX HAHOTEXHOJIOT1H B HAHOEJICKTPOHIIII.
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IepapxiuHi He0JIiTH K MEPCHEKTUBHI KATAII3aTOPHU MPoLecy
OJIep:KaHHSI KApOOHATIB 32 peaKUi€l0 KOHJAeH calil emoKCHIIB 3
TIOKCHJI0M BYIJIEII0

Kypmau M.M., Konumera K.M., fpemos I1.C., [lIsens O.B., Hlep6ans H./I.

Inemumym ¢hizuunoi ximii im. JI.B. [ucapocescoxoco HAH Ykpainu,
03028, Vkpaina, m.Kuis, np. Hayku, 31.

OaHuM 3 MOXJIMBHX CHOCO0IB YTWIi3allli JIOKCHIY BYIJICHIO € WOT0o XiMiuyHa
Gdikcaris, IO MOXE 3IMCHIOBATHCS SK 3a JIOMIOMOTOK) BHKOPHUCTAaHHS PIi3HUX
OCHOBHHMX OKCHJIB, TaK 1 TMEPETBOPEHHsS B I[IHHI OpPraHiyHI MPOAYKTH, 30Kpema
MeTaHoy, kKapboHatu Ta 1H. Cepen MOTEHIIWHUX MOJEKYJI B SKHX MOXKIIUBE
MEPETBOPEHHS JIOKCUAY BYIJICIIO IMKIIYHI KapOOHATU TMPEJCTaBISIOTh BarOMHIA
1HTEepeC Jisi JOCHITHUKIB SK BUXIJHI MOHOMEPH HJIA OJEp>KaHHS Oi10pO3KIaTHUX
nojimepiB [1]. I{ukmiuni kapOOHATH € TPOJYKTAMHM PEakilii MK CIMOKCHUIaMHU Ta
JIOKCUJIOM BYIJICIIO, IO MPOXOJUTh Ha Kartajizaropax - ocHoBax Jlproica
(TeTpabyTmnamoHii Homua, Tomo) [2]. HemomikamMu BKa3aHWX KaTajli3aTopiB € iX
TOMOT€HHICTh Ta TOKCHUYHICTh MPU BHUKOPUCTAHHI B MPOMHCIOBOCTI, IIO CYTTEBO
00OMEXYIOTh MOXJIMBICTh BUKOPUCTAHHS TAKUX KaTaJl13aTOPIB B POMUCIOBOCTI.

B po6oTi pociikeHo AeKUIbKa TUIIB MaTepialiB 3 PO3BUHYTOIO 30BHIIIHBOIO
MOBEPXHEIO 1€papXiyHl LUEONITH Ta ME30MOPUCTI MOJIEKYISpHI cuta Tuny MCM-41.
IepapxiuHi LeoiTH OyaM OJep>KaHi 3 BUKOPUCTAHHAM MOJIYETBEPTUHHUX aMOHIMHUN
coneri  (Gemini-ITAP) sk crpykrypo-cnpsmoByrounx arentiB (CCA) [3]. Ak
KaTaai3aTOpd BHUKOPUCTOBYBAIM QJIIOMO- Ta OOpOCHIIIKATHI TEMIUIATBMICHI Ta
JIETEMIUIATOBaHl 1eomiTH cTpykTypHoro Ttuny BEA. Kommo3utu 3 ocHoBHUMU
OKCHJaMU Oynu OJepXaHl TMOCT-CHHTETHYHO TP TPOCOYYBAHHI MAaTpPHIIb
BUIMOBITHUX IICOJITIB COJISIMH BIAMOBITHUX METANIB 3 IMOJAJBIIUM X PO3KJIAIOM.
OkpiM  KOMITO3UTIB 3 OCHOBHUMH MeETaJlaMH, OJIep)KaHO  MoJu(]iKoBaH1
amiHomponisHUMHU Tpynamu 3pasku NH2-MCM-41, mo B nogansuiomMy ankiTyBaiu
3 BUKOPHCTAHHSIM METHITHOTUIOM.

KartaniTuuyny akTHBHICTH CHHTE30BAaHMX MaTepiaiiB JOCTIHKEHO B MpOILECi
B3a€MOJI1 OKCHUIY CTHPEHY 3 JTIOKCHIOM BYTJICIIO. BUSBIEHO BUCOKY KaTaliTUYHY
aktuBHICTH Cs-AIBEA 1eomity 3 100 koHBepcieto cyoctpary Ta 99% CeneKTUBHICTIO
[0 BIJHOUIEHHIO JO IUIBOBOTO TPOIYKTY. BHCOKOI CENEKTUBHICTIO TaKOXK
xapaktepuzyroTbess NH2-MCM-41 (sx BuXigHUH, Tak 1 aJkiJIoBaH METHJIMOIUIOM)
Ta TUTAHOCWITIKATHI 1IeosiTu MTW.

1. Webster, D. C. Cyclic carbonate functional polymers and their applications.// Progress in organic
coatings — 2003. — 47, Nel. — P. 77-86.

2. Clements, John H. Reactive applications of cyclic alkylene carbonates. Industrial & Engineering
Chemistry Research. —2003. — 42, Ned4. — P, 663-674.

3. Choi M., Na K., Kim J., Sakamoto J, Terasaki O., Ryoo R. Stable single-unit-cell nanosheets of
zeolite MFI as active and long-lived catalysts //Nature. — 2009. — 461, Ne 7261. — P. 246-249.

127



CM®XT - 2021

Influence of cold plastic deformation on a-Fe recrystallization

Kaverynskyi V., Verbylo D., Bagluk G.

Institute for Problems of Material Science NAS of Ukraine
Ukraine, 03142, Kiev, Krzhizhanovskogo st., 3

Processes of work hardening and recrystallization of ferrite based steels seem
to be actual for manufacture of metal products though cold deformation. An example
of such products is steel wire, produced from hot rolled wire by cold drawing with
subsequent annealing. The purpose of the annealing is to overcome the deformation
hardening and obtain product of low strength and high ductility. The last could be
important if the annealing is intermediate and subsequent cold deformation is
assumed. Under the scientific consideration here was correlation between
combination of initial deformation hardening and annealing temperature with finally
obtained structure and mechanical characteristics of the material.

The considered material is steel with low content of carbon and alloying
elements (almost technically pure iron), which averaged chemical composition is
given in table 1 below.

Table 1. — Chemical composition of the studied material, mass %

Element C Mn Si S p Cr Ni Cu
- 0,04 031— | 0026— |0004— |0008— |002— 0,02— 0,03—
Variation 0,06 0,37 0,080 0,026 0,017 0,07 013 0,05
Average 0054+ | 033+ |0048+ |0009+ |0012+ |0039+ |0044+ |0,041+
content 0,007 0,023 0,018 0,007 00025 | 0,015 0,035 0,006

The initial samples were fragments of wire produced though cold drawing with
three levels of work hardening. Here are the diameters and the average values of
ultimate tensile strength: 3.0 mm, 849+17 MPa; 2.0 mm, 88248 MPa; 1.2 mm,
1040+18 MPa. Initial tensile strength before the cold deformation was similar to all
the samples, about 360...380 MPa. The specimens were subjected to annealing with
different temperatures during different time periods. The studied annealing
temperatures were following: 500, 600, 650, 700, and 750 °C with temperature
hysteresis about £15 °C. The annealing time varied from 2 to 5,5 hours. The annealed
samples were used to study tension mechanical properties and microstructure.

The investigation showed that considered varying of annealing time does not
make a valuable impact on the properties. But according to the industrial data lesser
times could significantly affect them, especially first 30 minutes. Rather more
significant factors are the annealing temperature and initial strength made through
deformation hardening. The plots on figure 1 show the influence of the annealing
temperature on ultimate tensile strength (a) and relative extension (b). Also is given
the plot of correlation between the initial tensile strength after deformation and it
after annealing for different annealing temperatures (c). Figure 1 (d) shows
correlation between tensile strength after deformation and one after annealing. It was
observed that in the more cold-worked samples strength properties decrease abruptly
after annealing at temperatures between 650 — 700 °C.
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Figure 1 — Influence of annealing temperature and work hardening on mechanical
properties of low carbon steel

Less hardened material keeps strength almost stable after annealing at 600 —
700 °C and approach such low values only after 750 °C annealing. For the least
hardened specimens there was observed only an insignificant strength decline on the
annealing temperatures interval 600 — 750 °C. It should be noticed that plasticity
dependence from annealing temperature of all the samples shows a maximum value
at about 650 °C. The following its decline, which has an extremely look for the most
hardened samples, is caused by collective recrystallization that is proofed by
microstructure study. The start of extremely grain growth also causes the mentioned
above abruptly additional strength decrease.

From the figure 1 (d) we can see that material strength after annealing highly
depends on one after deformation. The nature of this dependence changes from the
annealing temperatures. At lower temperatures it is almost linearly increases. For
higher annealing temperatures the dependence qualitatively changes — more cold-
hardened samples become to show less strength values after annealing. The cause of
such behavior is affecting of previous cold deformation on the recrystallization start
temperature, especially collective recrystallization. More significant cold-hardening
activates collective recrystallization, which leads to grain growth at less annealing
temperature, and that causes additional decline of both strength and plasticity. This
effect is additionally proofed by the fact that after relatively lower annealing
temperatures in more hardened surface layers of samples significantly larger grains
were observed than in the core zone. Lifting of the annealing temperature leads to
obtaining of large grains structure though the whole specimen cross section.
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TenoBi BJaCTUBOCTI CKJIONOAIOHUX MaTepiajiB

Kpusuikosn O.

Di3uxko-mexHiuHuy iIHcmumym Hu3oKux memnepamyp im. b.1. Bepxina
Hayionanvnoi akademii nayk Ykpainu, Xapkie

OnHi€l0 3 HEBHUPINIEHUX MpodieM y (iUl KOHIACHCOBAHOI PEUYOBUHU €
MIKPOCKOITIYHE PO3YMIHHS JTWHAMIKA HU3bKOYACTOTHHUX KOJIEKTHBHUX KOJIMBAIHHUX
30yKEHb HEYNOPSAKOBAHUX TBEPIUX TUT 1 KPUCTANIB, K1 BUSBIAIOTH YHIBEpPCATbHI
HU3BKOTEMIIEPATYpPHI TEIUIOBI BIACTUBOCTI. Hampukiman, HH3bKOTEMIIEpaTypHE
HAOJIMKEHHs TETJIOEMHOCT] TBepAUX Tii € HemapHoio (ynkuiero [1] tunmy C(T) =
a,T+a;T>+asT°. V pomosimi Gyge mokasaHo, IO IMONEPEdHi aKyCTHYHI KOJCKTHBHI
30y/PKEHHS 3 HEJIHIMHUM 3aKOHOM JucHepcii BHOCATh AoMiHyrounit BHecok y C(T).
BHECOK I1’SITOFO CTYIICHS, asT°, MOXKE OYTH SIK MO3HTHBHHUM, Y BHIIAAKY i30TPOITHOTO
CEpelloBUIlla 3 HOPMAJIbHUM 3aKOHOM JUCHEpPCii, TaK 1 HETaTUBHHUM, Yy BHUIIAJIKY
CHWJIBHO aHI30TPOIHOTO CEPEIOBUINA 3 aHOMAJIBHUM 3aKOHOM JUCHEPCIi, B SKOMY
peani3yloTbCcsl BUTMHHCTI KOJMBaJIbHI 30y/mxeHHs [2] (auB. puc. 1). Omnwmc
HU3bKOYACTOTHOT IMHAMIKH CUJIBHO aHI30TPOITHUX KpUCTaliB, Hanpukiaa, 2-D Ta 1-
D crtpykTyp, noOpe y3romXyeTbcsl 3 €KCIEpUMEHTAIbHUMU JaHUMU 1 MOXKE OyTH
ATBTEPHATUBHUM TIAXOAOM JIJISI PO3YMIHHS TEIJIOBHX BJIACTUBOCTEH YJIBTPACTIMKUX
CTEKOIL.

Dispersion law

abnormal — I|Qea_r”___,

frequency

f

normal

quasy-momentum

Puc. 1 Cxema HU3bKOYACTOTHOI JUISHKH 3aKOHY AMCIIEPCHI: TPU MOKJIMBI TUIH MOBEAIHKI
AKyCTHUYHOI T'JIKH.

1. E. Schrédinger, in: Handbuch der Physik, edited by H. Geiger and K. Scheel, Band X,

Thermische Eigenschaften der Stoffe (Springer-Verlag, Berlin, 1926), p. 275
2. Kosevich A.M. The crystal lattice, 2ed., Wiley, 2005
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Antibacterial activity of doped ZnO nanostructures against
Escherichia coli

levtushenko A.', Garmasheva 1.2, Karpyna V.}, Myroniuk D.?, Myroniuk L.}, Kasumov A%,
Bykov 0.}, Olifan 0.1, Kolomys 0.3, Strelchuk V.3, Petrosuan L.*

'1. M. Frantsevich Institute for problems in materials science, NAS of Ukraine,
3, Krhyzhanovsky st., 03142, Kyiv, Ukraine
’D.K. Zabolotny Institute of Microbiology and Virology, NAS of Ukraine
154 Acad. Zabolotny str., 03680, Kyiv, Ukraine
3V. Lashkarev Institute of Semiconductor Physic, NAS of Ukraine,
45 Nauky pr., 03028, Kyiv, Ukraine

The application of antimicrobial packaging materials during food processing
and food storage is considered an effective means of controlling microbial
contaminants in food and extending the shelf life of fresh produce. Last years, metal
oxides as inorganic antimicrobial agents and/or packaging materials have received
increasing attention in food applications because they are not only stable under high
temperatures and pressures that may occur in harsh food-processing conditions, but
they are also generally regarded as safe for human beings and animals relative to
organic substances [1].

Among all metal oxides, zinc oxide (ZnO) due to its unique physicochemical
properties, biocompatibility, and synthesis methods availability has found a wide
range of developments from the production of semiconductor and optoelectronic
devices to applications in biomedical devices [2]. It is important that ZnO is listed as
“generally recognized as safe” (GRAS) by the U.S. Food and Drug Administration
(21CFR182.8991).

ZnO nanoparticles (NPs) and nanostructures (NSs) exhibit attractive
antibacterial properties due to increased specific surface area as the reduced particle
size leading to enhanced particle surface reactivity. ZnO is a bio-safe material that
possesses photo-oxidizing and photocatalysis impacts on chemical and biological
species [3]. However, the main disadvantage of ZnO is unable to effectively absorb
light in a wide range of the optical spectrum, which significantly narrows its use for
photocatalysis. We supposed that the incorporation of metals into the lattice of ZnO
can improve not only photocatalytic activity but also their antibacterial activity.

Therefore, we carried out of investigation the effect of metal doping (Co, Mg,
and Ho) of ZnO on their structure, optical and antibacterial properties. ZnO NSs,
doped by Co and Mg, were deposited on Si substrates by Atmospheric pressure
metal-organic chemical vapor deposition (APMOCVD) using a single source solid-
state zinc acetylacetonate (Zn(AA)) precursor. Doping by Co or Mg was realized in-
situ via adding Co or Mg acetylacetonate (Co(AA) or Mg(AA)) with a different
concentration to zinc acetylacetonate precursor. Ho-doped nanostructured ZnO thin
films were grown on glass substrates by using the ion-beam evaporation method. The
details of ZnO:Ho thin films growth are presented in Ref. [4].

X-ray diffraction (XRD), scanning electron microscopy (SEM), energy
dispersive X-ray analysis (EDXA), Raman and photoluminescence spectroscopy
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were used for the characterization of the samples. Escherichia coli ATCC 25922 was
used as a model microorganism to evaluate the antibacterial activity of
nanostructured ZnO samples. The bacterial suspension was placed on the surface of
each test sample and the number of viable bacteria was determined by the agar
culture method after different times of exposition in the dark. All tested ZnO samples
showed antimicrobial activity against Escherichia coli.

The influence of doping elements (Co, Mg and Ho) and the value of their
concentrations on the microstructure, optical and antibacterial properties of doped
ZnO films and NSs will be presented and discusses in our report.

1. Xie Y., He Y., Irwin P. L., Jin T., Shi X., Applied and environmental microbiology. 2011; 77
(7): 2325-2331. doi:10.1128/AEM.02149-10

2. Lashkarev G. V., Shtepliuk I. I., levtushenko A. 1., et.al. Low temperature physics. 2015. 41(2):
129-140. doi: 10.1063/1.4908204

3. Sirelkhatim A, Mahmud S, Seeni A, et al. Nanomicro Lett. 2015;7(3):219-242.
doi:10.1007/s40820-015-0040-x

4. Kasumov A.M., Strelchuk V.V., Kolomys O.F., et al. Semiconductor physics, quantum
electronics and optoelectronics, 2021; 24 (2): 139-147. doi: 10.15407/spge024.02.139
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JocaigsKeHHs MACTOK yJIbTPA3ByKOBUMHU BiOpauisiMu B
rerepocTpykrypax GaN/AlGaN

Kamo:xumii B.B., JIro6uenko O.1., Tumouko M.JI., Onix .M., Knagsko B.I1., Benses O.€.

Tnemumym ¢hizuku nanienpogionuxis im. B.€. Jlawkapvosa HAH Yxpainu, np. Hayxu, 41, Kuig
03028, Ykpaina. E-mail: vladkaliuzh@gmail.com

IaTepec mo HamiBIPOBITHUKIB HA 0CHOBI GaN MiBUIYETHCS 3 KOKHUM POKOM
B BHJY iX BHJATHUX EJIEKTPUYHUX Ta ONTHUYHMX BlacTUBOCTed. BiactuBocTi
reTepoCcTpyKTyp Ha ocHOBI GaN MpoI0BKYIOTh AOCIIIKYBATUCS AJI1 3aCTOCYBAHHS Y
PI3HOMaHITHUX MPHUCTPOSIX, HATIPHUKIIAJ, y O10CEHCOPHIIl Ta TPAH3UCTOPAX 3 BUCOKOIO
pyxiuBicTio  enektpoHiB(HEMT)[1],  onToenekTpoHHux  mpuctposix.  Jus
JOCIIJKEHHS! BIACTUBOCTEN MEPEHOCY IBOBUMIPHOTO eneKkTpoHHoro razy (2DEG) B
rerepocTpykrypax GaN/AlGaN npornoHyeThCs METOJT YIbTPA3BYKOBUX BiOpalliid.

Jlst pocmimpkeHHsT B3ATO TeTepocTpykTypy GaN/Alp,GaggN/GaN 3 HeBMUCHE
JIETOBAHOIO MiAKIAIKO0 13 candipy. st JOCHIIKEHHS €JIeKTPUYHUX BJIACTUBOCTEH
Oyno BukopuctaHo Meron BaH aep Ilay mpu marnitHomy mom go 0.47 Tn Ta
temrnepatypax 80 - 315 K. AxycTuuHl JOCHIKEHHS MPOBOJUIUCH METOJOM
nuHaMiyHUX jAedopmaiiiii. BiOparii reHepyBaiucsi 30BHIIIHIM T’ €30€JIEKTPUYHUM
nepetBoproBayeM 3 LiNbOj3; yTBOprorounm KBa3iCTOSIMy aKyCTHUYHY XBWJIIO Ha
PE30HAHCHIN YacToOTi, y I’ €30aKkTUBHOMY Hampsami [0001].

[Tin yac excrnepuMEHTy crocTepiraiacs 3MiHa PYXJIMBOCTI Ta IMOBEPXHEBOI
KOHIIeHTpaIi HociiB 3apsay. [Ipum wactori 9MHz Ta muToMOMy HaBaHTa)KEHHI
1.35x10° H/M® koHueHTpariist 36i1bimmIacs B 3 pasu mpu temmeparypi 80 K (Pruc.
1(a)), B TOM yac Ik pyXJIMBICTb 3MeHIUIach B 2 pazu (Puc.1(b)).

(a) (b)

T T
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—e— =9 MHz, 7, = 0.45x10° Njm’
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~
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Puc. 1. TemmeparypHa 3a1eXHICTh TOBEPXHEBOI KOHIIEHTpaIlli (&) Ta
pyxiuBocTi (D) HOCITB 3apsay, oTpuMaHi MeToioM BaH jep [lay

3mina mnposimHocTi (Puc. 2) Ac Mae pi3HHMI 3HaK B 3aJICKHOCTI BIJ
TEMIIEPATYpPH, 1110 MOSICHIOETHCS 3MIHOIO PYXJIMBOCTI Ta KOHIEHTpalli AG ~ np-Noplp.
Takoxx 3MiHa TPOBITHOCTI Mae TpPUBAIUM XapakTep, MNOMIOHMA 1O CTIHKOT
doromposinnocti  (PPC), Tomy meilt edexkT MoKHA Ha3BaTH  CTIMKOIO
akycromposigHicTio (PAC).
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JlxepenoM 3MiHU MPOBITHOCTI BBAXKAETHCS Mepedya0Ba MacTOK, B OCHOBHOMY
DX 1meHTpiB, miJ BIUIMBOM aKyCTHYHOTO HaBaHTa)XeHHsS. BiamorigHo 10 Mopeni
Chadi ta Chang [2], nepebynoBa DX 1eHTpa onucyeThCs K Mepexij eIeKTpoHa 3
DX 1eHtpa B 30HY MNPOBIJIHOCTI: d"+ DX — 2d" + 2e, ge d* - noHop. Ilicus
nepexoy enekTpoHiB 3 DX TIeHTpiB BUHUKAIOTHh JIOKaJbHI 3B’s3aHl 3apsiu,
BHACIIJIOK YOTO MOXE BUHUKHYTH HANPY>KEHHS PEIIITKH, 110 MOXHa CIIOCTepiratu
Ha eKCHepuMeHTI. 3 aHami3dy 4acoBUX xapakrepucTuk PAC B 3amexHOCTI BijJ
Temreparypu Oyno BH3HAYEHO €Heprito 3B’sa3ky Omu3bko 0.16 eB, mo Bigmosimae
CJIEKTPUYHO aKTUBHUM macTkaMm B Oap’epi AlGaN. @i3uyHMil 3MICT LIUX MACTOK BCE
11e HeOOX1JHO AOCTIIUTH.

Bapto 3a3HauuTH, 1m0 mNepenavya eHeprii Big MPYXHUX KOJHUBAHb O
BHCOKOYACTOTHUX MOJI TOUKOBUX Ae(EKTIB BUHHUKAE JIUIIIE 3a HASIBHOCTI TUCIOKAIIiH.
[IpuGnn3Ha KOHIGHTPAIis AUCIOKAIiN B 3pasky cknamae 10™° cm™ mo Bimmosinae
rycruHi 06’emunx mactok B 10— 10" cm®. Jlammit dakr cBimumTs mpo
e(eKTUBHICTh METOAY AUHAMIYHUX Jedopmarlii Ajis TOCHiIKEHHS 1e(eKTiB.
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Puc. 2. YacoBa 3a1eHICTh IPOBIJHOCTI MICIISI MPUKIIAAECHHS YIbTpa3ByKy npu 140 Ta
315 K. Ilpuknanena Hanpyra 1.35x10° H/m?

TakuM YMHOM, METOJOM YJbTPa3BYKOBUX BiOpauiidi AOCHIIHKEHO BIACTUBOCTI
nepeHocy B rerepocTpyktypi GaN/AlGaN. byno BusiBieHO, IO 3pa30K Ma€ CTIMKY
akyctonpoBiHicTh (PAC), mo nposBaseTbcs MNpU KIMHATHUX TeMIepaTypax.
BusiBneno, mo ueit edexkt mae kopeinsiito 13 cTiiikoro dotonpoigHicTIo(PPC),
MOB’sA3aHy 13 TJIMOOKOPIBHEBUMH JOMIIIKaMH. JlaHuii MeTon AOCHiKeHHS Oyne
KOPUCHUM JIJISl ONUCY BJIACTUBOCTEH MEPEHOCY JIBOBHUMIPHOTO EJIEKTPOHHOIO rasy
(2DEG) B ctpykTypax GaN/AlGaN.

1. M. S. Shur and R. F. Davis, GaN-based materials and devices. Growth, Fabrication,
Characterization and Performance (World Scientific Publishing Co. Pte. Ltd., 2004).

2. D.J. Chadi and K. J. Chang, Theory of the Atomic and Electronic Structure of DX Centers in
GaAs and AlGa;—As Alloys, Phys. Rev. Lett. 61, 873 (1988).
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MexaHi4Hi BJaCTUBOCTI HEJIIHINHO-ONTUHYHUX MOHOKPHCTAJIIB

GaSe:Cr

Kanycruuk O.K., Tepsin .C., Codponos /1.C., Koanenko H.O., ITpurymna .M., Iy6ina H.I'.

Inemumym monoxkpucmanie HAH Ykpainu, m. Xapxkis, npocn. Hayxu 60, 61072

Kpucranu ceneniny ramro g-nomitumy (GaSe) Biomi 3aBASKH CBOIH 31aTHOCTI
70 TIEPETBOPEHHS 1 JETEKTYBaHHS ONTHYHOTO BHUIIPOMIHIOBAHHS B IIMPOKOMY
Aiama3oHi 4yacToT. BikHO iX mpo3opocti 3aiimae inTepBan 0,62-20 MxMm, a s
HEMOJIIPU30BAHOTO BUIPOMIHIOBAHHS TATHETbes ax 10 S50 wMxMm. Kpucramu
XapaKTEepPU3yIOThCS 1y>KE€ BEJIMKUM 3HAUEHHSAM HEIIHINHOI CIPUMHATINBOCTL IPYroro
nopsinky (d; = 54 mm/B npu 10 mxm 1 24.3 nm/B B Tl'u-gianazoni). Ilopir
ontuyHoro pyiHyBaHHs (GaSe 3aliMae Jpyre Miclieé cepell BCIX aHI30TPOMHHUX
KpUCTaJIIB HeNiHIMHOI ontuku [1]. OnHak, iX IpakTUYHE BUKOPUCTAHHS YCKJIaJHEHE
OTPUMAaHHIM BEJIUKUX MOHOKPUCTAIIYHUX 3JUTKIB ONTHUYHOI SKOCTI uepe3 ix
CXWJIBHICTh JI0 CKOJIFOBaHHS (JJOCKOHAja CIalHICTh), siIka OOyMOBJIEHA IIApYBATOIO
CTPYKTYPOIO KPUCTAIIB 31 CIa0KUMHU BaH-J€P-BaaJlbCOBUMHU 3B'A3KAMH MIX LIapamH.
OtpumaHHs HEOOXITHOI KpHUCTanorpadiuHoi opieHTamii npu oOpoOul 3pas3ka
YCKJIaJIHEHEe TUM, 110 TBepAicTh GaSe mo Moocy npakTuyHO Oyim3bka 10 HyJs [2],
10 YHEMOKJIMBITIOE iX MEXaHIYHy 0OpOOKY.

TakuM YHMHOM, METOI0 J1aHOi poOOTHM OYyJ0 BUBYEHHS BIUIMBY J100aBKHU
CEeJICHIly XpOMY Ha 3pOCTaHHS, MEXaHIYHI Ta ONTHYHI BJIACTHUBOCTI KPUCTAIIB
CelieHimy Taiio. 3a mMeTonoM bpumkmeHa BupoieHi jeroBaHi kpucramu GaSe 3
Bmictom xpomy Big 0,005 mo 0,065 mac.%. Bupomieni kpucramu 30epiraroTh
JOCKOHAIy CHAWHICTh, sIKa BU3HAYAETHCS LIAPYBATOK KPUCTAIIYHOIO CTPYKTYPOIO.
He3anexxno Bij BBENEHOI BUXIAHOI KOHIEHTpAIll XpOMY B IIUXTY, B BUPOIICHUX
KpHUCTajaxX CIOCTEPIra€ThCsl MPAKTUYHO OJHAKOBA JMHAMIKA 3MIHU BMICTY XpOMY IO
JOBXHHI KpHUCTaJB. 3 MIJBUIIEHHAM BMICTY CEJICHIy XpOMY B 3aBaHTaKyBaJbHIM
IIMXTI1, KOHLIEHHTpALls XpOMY Y BEpXHIM YaCTHHI 31UTKa 3pocTae [3].

JleryBanns kpuctaniB (GaSe celeHIIOM XpoMy J03BOJISIE  30UIBLINTH
MikpoTBepAicTs kpuctaniB a0 0,122 I'Tla (0,065 mac.% Cr) 1 He poOUTh ICTOTHOTO
BIUTMBY Ha ONTHUYHI BIACTUBOCTI KPUCTAIIB.

1. J.Guo, J.-J.Xie, D.-J.Li et al., Light: Science & Applications, 4, 362 (2015).

2. G.B.Abdullaev, L.A.Kulevskii et al., JETP Letters, 16, 90 (1972).

3. Mechanical properties of GaSe:Cr®* crystals // A.K.Kapustnik, N.O.Kovalenko, 1.S.Terzin,
D.S.Sofronov, V.S.Zadorozhnii // Functional Materials, 2020, V.27 Ne3, P. 454-457.
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Hano30H10Ba 1iarHOCTHKA MPOCTOPOBOIO PO3MOALTY €JIeKTPOHHUX
BJIaCTHUBOCTel ceKTopiB pocty MoHOKpucTaaiB HPHT-anma3sy tuny Ilb

Mauora C.B.>*, Jluteun [LM.} CrybOpoB 10.10.}, Hixkonenko A.C.% Crpenbuyk B.B.},
KOBEU]GHKOT.B.Z, IBaxuenko C.0.2

! Inemumym izuxu nanisnposionuxis im. B.€. Jlawxapvosa HAHY, np. Hayxu 41, 03028 Kuis, Ykpaina
2 Incmumym naomeepoux mamepianie im. B. bakynss HAHY, eyn. Aémoszasoocvka 2, 04074 Kuis, Yxpaina
3 Hayionanenuii mexuiunuu ynieepcumem Yxpainu “Kuigcoxuil nonimexuiynuii incmumym im. leops
Cixopcokoeo”, npocnexkm Ilepemozu, 37, 03056. Kuis, Ykpaina, e-mail: serhiy.malyuta@gmail.com

OcTaHHI JECATWITTA 3HAUYHUIM IHTEpeC MPUIUIIETbCA aiMmaszy, SIK HOBOMY
(YHKIIIOHAJTbHOMY HAIiBIIPOBIIHUKOBOMY Matrepialy JIJisl eJIEKTPOHHUX MPHIAJIB, 110
3yMOBJIEHE HOrO YHIKQIBHUMHU €JIEKTPO(I3MYHUMU BJIACTHUBOCTSIMH — BHCOKOIO
KPUTUYHOIO HAMPY>KEHICTIO EJIEKTPUYHOTO TMOJIs, PYXJMBICTIO JIPOK 1 EJIEKTPOHIB,
IIMPUHOIO 3a00POHEHOI 30HM 1 MOXJIMBICTIO ii 3MIHEHHS TpU JIETYBaHHI B TPOILIEC]
BupolryBaHHsA. L[i BIacTMBOCTI € TEPCIEKTUBHUMH JJisI CTBOPEHHS CHJIOBHX,
BUCOKOYACTOTHUX Ta PaAlallliHO-CTIMKMX €JEKTPOHHUX MPUCTPOIB HOBOTO IMOKOJIHHS.
OpnHi€rO 3 MEPENnoH Ha NUISXY CTajloro PO3BUTKY alMa3HOI €IEKTPOHIKU € BIACYTHICTb
BUCOKOSIKICHUX CTPYKTYPHO JIOCKOHQJIMX aJMa3HUX MOHOKpHcTamiB. /[[nga mnotped
HaMIBIPOBITHUKOBOI €JICKTPOHIKM HAWOUIbII 3aTpeOyBaHUMHU € TIAKIAIKA Ha OCHOBI
OJTHOCEKTOPHUX IUIACTUH ajiMa3zy 3 OJHOPIIHUM PO3MOJUIOM JIETYIOUHMX JOMIIIOK 1
MAJIOIO TYCTHHOIO JIEEKTIB.

Hamu mnpoBeneHO  OCHIDKEHHS MPOCTOPOBOTO  PO3MOALLY  CTPYKTYpHO-
MOPGOJIOTTYHUX Ta €JIEKTPOHHUX BIACTHUBOCTEN cekTopiB pocty ({001}, {111}, {011})
monokpuctanie HPHT-anmmazy tumy Ilb meromamu ckanyrouoi 30HAOBOiI MIKPOCKOITII,
30KpeMa METOJIaMH aTOMHO-CHIIOBOI Mikpockorii (ACM), mposigHoi ACM (m-ACM),
CKaHyt0401 Mikpockomii onopy posrikans (CMOP) 1 cunoBoi KenbBiH-30H MIKpOCKOTTi1
(CK3M).

BinOip kpucramiB Ta IJIAHYBaHHS TEOMETPIl PI3KM 3I1MCHEHO METOJOM MIKpO-
(doTorpammeTpii Ta ONTHYHOI MOJIIPU3ALIIAHOI MiKpockomii. KOHTposb SKOCTI MIacTUH
MICJISE PO3KPOIO MPOBOJIMBCS METOJAMHU TPAHCMICIHOT Ta MOJISIPU3ALIAHOI MIKPOCKOITIi.
[ToTouHMii KOHTPOJIb SIKOCTI MOBEPXHI 311HCHIOBaBCS MeToioM ACM.

Jlist ociijpKeHb €NEeKTPOHHUX BJIacTHBOCTEM cekTopiB pocty ({100}, {111},
{110}) Oymu BimiOpaHi TUIACTUHM 13 PI3HUM BMICTOM aKUENTOPHOI JOMIIIKK OO0py.
[ImacTriHn BUpi3aHi B37OBXK THUIIOBUX HAMpsMIB pO3Kporo: mapasnensHo Trpadi (111) ta
MIEPIICHTUKYIISIPHO 1 MapaliesisHo Hanpsimy pocty <001>. BimiOpaHi miacTUHH MICTHIIH
KPYITHI CEKTOPH POCTY Ta Oyir 6€3 JOKAITbHUX BKITFOYEHB 1 KOHIICHTPATOPIB 3aJIMIITKOBHIX
MEXaHIYHUX HaIPY>KEHb, 5Kl O MPOSBISUTUCH B KAPTUHAX MOJSPU3AIIIIHOT MIKPOCKOITII.

Ha mactunax 3 piBHEM JieTyBaHHS MOPSAKY 10" cm® Ta Bume cextopu pocty
MPOSIBIISIFOTHCS B MOTJIMHYTOMY CBITJII ONITHYHOTO JTialla30Hy 32 paXyHOK Pi3HOT KIHETHKH
BXO/DKCHHS JIOMIIIKM Oopy y pi3HI cekropu. CriocTepirajgacs THUMOBA KapTUHA
BXO/DKEHHS JIOMIIIKA OOpY B CEKTOPU POCTY PI3HUX HAIPSIMKIB: MIHIMAJIBHUNA BMICT B
cektopax {001} 1 {011} ta makcumanbHMi y cektopax {113} {111}.

CMOP mniarBepauia BUCOKY S[KICTh adMa3HUX IUIACTUH p-THUIY, JIETOBAHUX
JTOMIIIKOK 00py. MDKCEKTOpalibHI TpaHUIll € KOTEepPEeHTHUMH 0e3 reTepyBaHHs
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€JIEKTPUYHO AaKTUBHUX Ae(PeKTiB. B Mexkax cekTopiB pocTy, 0COOJIMBO 3 BHUCOKUM
BMICTOM OOpY, YITKO MPOSBIISIIOTHCS CMYTH POCTY 13 (PIIyKTyalisiMu KOHIIEHTpaIlii
HOCIiB 3aps1y Ha piBHI OJUHHUIIb OJTHOTO MOPSAKY (pHc.1).
20 T
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10 20 I 30 ' 4I0 5I0 GiO
MonoxeHHA Ha NOBEpPXHi, MKM
Puc. 1. Ilpodine nuromoro omnopy (a) Ta BIATOBIAHUIN PO3MOIIT KOHIIEHTPAIIl] BITbHUX HOCITB
BITOTIEpeK cMyT pocTy (0) cextopa {111} B okomi MixcekropaiabHoi rpanuui {111}/{011}},

po3paxoBaHi 3a BinoBiiHUM 1niepepizoM kaptu CMOP, 110 Ha BcTabiii.

KoHueHTpauis Hociig, cm™

Ak 1 Ha kapTtax CMOP, enexrpocunioni BumiptoBanHsi CK3M BUSsIBIAIOTH YiTKi
KOT€pPeHTHI MDKCEKTOpalibHI rpaHuili Ha Mexax cekropis {111}/{113} Ta
{113}/{001}. HamiBKiNbKICHUI TMOPIBHSUIbHUK aHaJli3 IMOTEHIAy CEKTOPIB OIS
BIJIMOBIHUX T'PaHUIlb MMOKa3aB, 110 noteHiian cekropiB {111} Bummit 3a {001} Ha
208,6 mB. Mix cektopamu {113} ta {001} pisauns ckiamae 59,3 MB. Ha rpanwmii
cekropiB {111}/{113} nepenan ckinanae 94,6 mB. 3ayBaxkumMo, 110 B 3aJICXKHOCTI BiJI
toro, un Mexye cekrtop {113} i3 HmwkunMm 3a motenmiaaom cektopom {001}, um i3
ButuM {111} pisHuns B 3HaueHHAX noteHiiany cekropy {113} Ha mux rpaHuisx
cknagae 54,7 mB. BkazaHi 3HaueHHsS] MOBEPXHEBOTO MOTEHIIAY € BiIOOPa’KEHHAM
noyiokeHHs1 piBHA DepMi, MPUMNOBEPXHEBOTO BUTHHY 30H Ta BIAMOBIIHUX 3MiH
KOHIICHTpAIlii HOCIiB 3apsy.

OTpuMaHi MeTOJaMHM 30HJOBOI MIKPOCKOII JaHi IOJO JIOKAJIbHUX
CIIEKTPOHHMX BJIACTHBOCTEH 0araTOCEKTOPHMX IUIacTUH cuHTeTHuHHMX |Ib ammasis
CTBOPIOIOTH MIATPYHTS JJIsi TMPOBEACHHS KUTBKICHUX OIIIHOK KOHIICHTpAIlii BUTHHUX
HOCI11B, 0COOJIMBOCTEM 30HHOI CTPYKTYpHU Ta XapakTepusallii 0ap’€pHUX KOHTAKTIB.

Po6ota BukoHaHa 3a miarpuMku HanionansHoro GoHIy AOCHIIKEHb YKpaiHU B
pamkax mpoekty Ne 2020.02/0160 “Po3poOka HOBUX CKJIaJlIB POZUMHHHUKIB BYTJICIIIO
JUISl BUPOIIYBaHHS MOHOKPUCTAJIIB ajiMa3y B 00J1aCTl TEPMOJMHAMIYHOI CTa01IbLHOCTI
3 KOHTPOJIbOBAaHUM BMICTOM JIOMIIIOK a30Ty 1 O0Opy 3 METOH CTBOPEHHS
KOHIIENIIIHHUX KOHCTPYKI[IH €eKTPOHHUX MPUIAIIB”.
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HaHocTpyKTypOBaHi 0OiomMaTepiajy HA OCHOBI HOAMAY XiTO3aHY 3
0i0JI0riYHO AKTUBHUMH OAPBHUKAMU

Tpodumenxo SI.B."", Kaninkesma O.B.", Tony6umaa B.M.%, Cxsp A.M.%, Kaminkesna O.M.%,
JlaHUTTBYEHKO cwm!

! Inemumym npuxknaonoi gizuku Hayionanvnoi akademii nayk Yxpainu,
gyn. Illemponaeniecoxa 58, Cymu, 40000
2 Meduunuil incmumym CyMcbKo20 0epacasHo2o YHisepcumemy
eyn. Canamopnua 3, m. Cymu, 40007
3 Cymcoruil 0epoicasnuti nedazoziunuil yHieepcumem im. A.C.Makapenka,
eyn. Pomencoxa 87, m. Cymu, 40002
*e-mail: ja.v.trofimenko@gmail.com

3 KOXXHHUM POKOM PE3HCTEHTHICTh MIKPOOPIraHi3MiB J0 aHTHOAKTEepiaIbHUX
MpernapariB 3poCTae, 10 3yMOBIIIOE TONIYKHM HOBHX MaTepiajiiB, /10 SAKUX HE OyJe
dbopmyBaTHCsS CTIMKICTh MATOTEHIB. YHIKAJIBHUM B CBOEMY POJil € PO3UYUH
OlomoJiiMepy XiTO3aHy, SIKMM XapaKTepHU3YEThCA O10CYMICHICTIO, Olojaerpajalli€ro,
BI/ICYTHICTIO MpPOSIBIB aJepPriuHUX, TOKCHUYHHUX, IMYHOJICTIPECUBHUX pEaKIii, Mae
aHTHOAKTepiaJdbHI Ta KPOBOCIHHHI BJACTHUBOCTI. YTBOPIOE CKIaJHI KOMILJIEKCHI
HAaHOCTPYKTYPOBaH1 CHOJYKH, MIACHIIOIOYH 110 KOMIIOHEHTIB, SKI BXOAATH 10 iX
ckinangy. BukopucToByrouM 10 BJACTHBICTH OlomoJiiMepy OyiM  CTBOpEHI
Olomarepiaqu Ha OCHOBI HOAMIY XiTO3aHy 3 O10JIOTIYHO aKTUBHUMHU OapBHUKAMMU:
(GYKOPIIMHOM 1 METUJICHOBUM CHHIM.

st pocnipkeHHsT OyJu BUKOPUCTaHI TYOKH, OJepKaHl NMUIIXOM J10(MITEHOTO
BUCYIIIYBAaHHS PO3YMHY HOAuAy XiTo3aHy 3 ¢ykopuuHoM (X®D) Ta METHICHOBUM
cuniMm (XMC), 3 macoro 200 1 500 k/la, crynenem neanerunoBanns 89 1 80,5%,
BIJITTOBITHO.

AHTHOaKTEepiabHy aKTUBHICTh XITO3aHOBUX I'yOOK OLIIHIOBAJIHU 3a JOMOMOTOIO
Time Kill Test* momo I'pam+ Ta I'pam- wmikpoopranismiB. Bukopucrani B
excniepumenTi mramu E. coli B 926 ta S. aureus B 918 orpumani 3 HamioHansHOi
KoJiekii MikpoopraHi3miB (IHcTtuTyTt wMmikpoOiosorii Ta Bipyconorii iMm. JI. K.
3a6osotHoro). st mociimkeHHs TyOku Macow 4 Mr, crepwiidyBainu mig Y-
MIPOMEHSIMH, 32 YMOB aCENTUKH, IIOMIIIAIN B KOMIPKY TJIAHIICTKH 3 2 MJI TIO)KUBHOTO
6y/IbiiOHy 3 H06OBOO KYIBTYpOR Mikpoopratizmis (10° KYO/ma ta 5*10° KYO/mi)
Ta 1HKyOyBasu ipotsrom 0, 1, 2, 4, 6, 8, 10 ta 24 rox npu 37°C. (Puc.1.) Komipku,
0 MICTATh TOXHUBHE CEpPEelOBHUINE 3 KyJIbTypolo Ta ©0€3 1HOKYJATIB
BUKOPUCTOBYBAIM SIK KOHTPOJb. J[J1s1 00Ky KITBKOCTI MIKPOOPTaHi3MiB TTPOBO UM
mociB 3a MetozoM ['onna Ha damku [leTpi 3 TBEpAMM MOXKUBHUM CEPEIAOBHINEM Ta
inkyOyBamu mpu 37°C mpotsirom 24 rogauH. BunpoOyBaHHS HPOBOAMIKMCH Y TPHOX
cepisix.

VYci nporecToBaH1 ryOKH IEMOHCTPYIOTh aHTUOAKTEpladbHy aKTUBHICTh MPOTH
00ox TumiB Mikpoopranizmi. Time Kill Test mokazaB 3MeHIIEHHS KiJIbKOCTI
KUTTE3IaTHUX KIIITHH S. aureus ta E. coli mpoTsrom mepiimx ABOX TOAWH 1HKYyOAIrii 3
MOJIBIIIMM OBHUM 3HUIIEHHSM JOCIIKYBAHUX MIKPOOPTaHi3MiB.
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HanoctpykrypoBani 6iomarepiaay Ha OCHOBI MOAWAY XiTO3aHY 3 O10JIOTIYHO
aKTUBHUMU OapBHUKAMU MOKa3aJyd BUCOKY aHTUMIKPOOHY aKTHUBHICTH (IMB. Tab.1),
AKYy MO>XHa BUKOPHUCTATHU JJIsI CTBOPEHHS MEPCIEKTHUBHUX 3acO01B IS JIKyBaHHS
paHeBoi 1H(ekIlli, 0e3 BUKOPUCTaHHS AaHTUOIOTHKIB 1 JIOJATKOBHX OI1OIIUIHUX
PEYOBHH, K1 MOXKYTh MaTH HETaTUBHUHN BILJIUB Ha 3]I0POB .

Puc.1. [Tnanmerka 3 10CTiKyBaHUM MaTepiaioM

Tabn. 1.
Pesynprat Time Kill Test fioaun xiTo3aHoBUX ry0oK
S. aureus E. coli

= <t ee] < e]
clel 8 ]S| S| sl2 88 |8| 5]z
= 8 e 5| 3| &2l | 5|35 |&|¢&
N A - N - I =R R
—
0 10° 10° | 5*10° | 10° 10° | 5*%10° | 5*10° | 5*%10° | 5*%10° | 5*10° | O
1 0 |[5*10*| 0O 10° 10° | 3*10° | 3*10°| O 0 |[5*10°| 0
2 0 0 0 0 10° 0 0 0 0 |[5%10°] 0O
4 0 0 0 0 10° 0 0 0 0 |[5*10°] O
6 0 0 0 0 |5*%10°| O 0 0 0 10’ 0
8 0 0 0 0 10° 0 0 0 0 10’ 0
10 0 0 0 0 |5*%10°] o0 0 0 0 10’ 0
24 0 0 0 0 |5%10°] o0 0 0 0 10’ 0

P . - - . . o . . . .
Time Kill Test - e 6a30Buii MiKpOOi0JIOTiUYHHUI METOJ JJISI OIIHKK aHTHOAKTEPiaIbHOI AKTUBHOCTI TECTOBOTO
Marepiaiy, B 3aJIeKHOCTI Bijl 4acy.

Ju. Radwan-Praglowska, M. Piatkowski, V. Deineka, L. Janus, V. Korniienko, Ev. Husak,
V. Holubnycha, Ir. Liubchak, V. Zhurba, Al. Sierakowska, M. Pogorielov, D. Bogdat (2019)
Chitosan-Based Bioactive Hemostatic Agents with Antibacterial Properties—Synthesis and
Characterization Molecules 2019, 24, 2629 DOI: 10.3390/molecules24142629
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BruiuB ToukoBuX AedeKTiB HA (i3MYHI BJACTUBOCTI XaJIbKOT€HITHUX
HANIBIPOBIIHUKIB

Aunnwk T., Menpunuyk K., I'assia B.

Bonuncokuii nayionanonuii ynieepcumem imeni Jleci Yxpainku

baraTokoMMmoHEHTHI XaJbKOTEHIIHI HAMIBIPOBITHUKHA — 11¢ BUHSATKOBHM KJac
MarepiaiiB, IO MICTATh OJWH a00 MEKUIBKOX XaJbKOTEHHHX EJIEMEHTIB (CipKH,
CeNIeHY, TEIypy) 1 XapakTEepPH3yIOThCS BHUCOKOI KOHIICHTpaIlieo acedhekTiB. Y
OUIBIIIOCTI, BOHU MAIOTh TEXHOJOTIYHE MOXOJKEHHS: y CTEKJIaX BUHUKAIOTh 3aBJSKU
IIBUJIKOMY OXOJIOJKEHHIO 3 PO3IUIaBy, B KpUCTaJlaX — IiJl 4aC CUHTE3Y, B PE3YJbTaTI
TEIIOBUX (PIIyKTyaIliif aTOMiB PEUOBHUHH.

HaiiGinpiie mnomupenumMu edekramu, 110 1HAYKOBaHI cBitioM [l1], B
XaJIBKOTEHIJTHUX CTeKIax €: (OTOKpUcTamizaiisi, (QOTOIHIyKOBaHA aHI30TPOIIis,
dboToamopddizalisi, 301IbIICHHS I[MUIBHOCTI PEYOBMHU TIPU OCBITIEHHI, (HOTO-
MOTEeMHIHHA Ta mnpocBiTiHiHHA. [li edexktn mnoB’s3aHl 31 3MiHAMU [OKAa3HUKA
3aJIOMJIEHHS, KOe(QIll€HTa ONTUYHOTO TMOIJIMHAHHS, €Heprii 3a00pOHEHOI 30HH,
00'eMy Ta OCHOBHUX ONTHYHUX KOHCTAHT.

CrnocrepexxyBaHi (OTOIHAYKOBaHI 3MIHM B XaJIbKOT€HIIAX MOXYTh OyTH JBOX
THUIIIB — HE3BOPOTHI Ta 00OpPOTHI (pOTOIHAYKOBaHI Moaudikaiii. B 000x Bumaakax
B11I0yBalOThCs JIesKl (DOTOXIMIUHI peakiii abo (OTOCTPYKTYpHI 3MiHM aMOp(PHHUX
XaJIbKOTeHIIHUX cucteM. s mosicheHHa uux siBunl P. Ctpirt [2] 3amponoHyBaB
MOJIeNIb BIUIMBY CBITJIa Ha BJIACTHBOCTI aMOpP(PHUX XaJlbKOTEHIJHUX CHCTEM,
3aCHOBaHY Ha CTBOPEHHI B Tpolleci MOro Jii eJEKTPUYHO 3aps/KEHUX e(EeKTiB
BHACIZIOK PO3PHBY KOBAJICHTHUX 3B'SI3KiB. 3TiAHO 3 III€I0 MOJCIUIIO, TeHeparlis
€JIEKTPOHHO-TIPKOBUX Tap BiAOYyBaeThCA TiCs TOTJIMHAHHS (OTOHIB, BHACIHIJIOK
Yoro BHUHHUKAE KBa3lUaCTUHKA — EKCHUTOH. 30Y/KEHHS EKCHUTOHIB 30UIbIIyE
Koe(iIieHT MOTJIMHAHHS, 1[0 MPUBOJIUTH JI0 3CYBY Kparo ONTUYHOTO NMoriauHaHHs. [s
MOZeNb Tependayae 3MIHY BaJEHTHHX Map, KOJIM PO3PUBAIOTHCS KaTIOH-aHIOHHI
3B'SI3KM 1 YTBOPIOKOTHCSI TOMOMOJIIPHI 3B’ s13aH1 MapHu.

ToukoBi aedextn 3 00ipBaHMM 3B’A3KOM (pHUC. 1) € TPUYMHOIO BEJIMKOI
KUTBKOCTI €JIGKTPOHHUX TMEPEXOiB, IO 3YMOBIIOIOTH JIFOMIHECIIEHIIII0, ONTHYHE
MOTVIMHAHHS, TepMiuHe 30yHKeHHs Ta pekoMOiHallio. Taka Moaenb nedekTiB go0pe
MOSICHIOE PsJl €KCIICPUMEHTAJbHUX SBHII B XaJbKOT'CHIIHUX HAIiBIPOBITHUKAX.
Biacytnicte EIIP-curnamy mnoB’si3yt0Th 3 BIJCYTHICTIO HECMAPEHUX EJIEKTPOHIB,
TO6TO TpU HOpMabHHX ymoBax BimcyTHi D’-uentpu. Ilpu ocBiTiaeHHi marepiamy
BinOyBaroThes HacTymHi peaxuii: D* — D°+ p, D' — D° + e, BHacmigok woro
YTBOPIOIOThCS HecmapeHi enextponn Ha DC-mentpax i BuHEKae curaan EITP [3].
Mopens 3 oOipBaHuMH 3B’s3kamMH  (1HOAI HA3WBAIOTh MOJEIUIIO KBa31aTOMHUX
nedekTiB) 1o0pe MOSCHIOE 3aKPITUICHHS TTOCepeInHI 3a00pOHEHO1 30HH piBHA Depmi
B IIUPOKOMY TEMIIEpaTypHOMY I1HTEpBali, MPOBIAHICTh HA MOCTIHHOMY CTPYMI,
ONTUYHE MOTJIMHAHHS Ta ()OTOJIFOMIHECIICHIIIIO [4].

JInst XalnbKOTeHIAHUX KPUCTaAIiB (Ha BIAMIHY BiJl CKJIONOIIOHUX) XapaKTEepHUI
JaNeKui MopsAoK, MpOoTe BIACYTHS 17€eanbHa CTPYKTYpHA BIOPSAIKOBaHICTh. HaBiTh
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Opu TEPMOAMHAMIUHIM pPIBHOBA3l ICHYIOTh JACPEKTH KPHUCTAIIYHOI PEUIiTKU
(puc. 1. a), mo € HEBI'€eMHUMHU KOMIIOHEHTaMH KpucTaiay. KpiM piBHOBa)XHHX
ne(dEeKTIB  pElITKA, ICHYIOTh HEPIBHOBaXHI, OOYMOBJICHI  HEJOCKOHAJIUMH
TEXHOJIOTIYHUMH YMOBaMHU POCTY KpPHUCTaly. 3aBIsSKH TEIJIOBOMY pyXy i JeheKTH
HE MOXYTh TOBHICTIO 3HMKHYTH HaBiTh 3a JOCHTHb TpuBaduii yac. Haigacrime
HEPIBHOB&XH1 JACHEKTH PEINTKUA CTaOUII3YIOThCS €JIeKTPOMArHITHUMHU TOJISIMHU, 110
BUHHMKAIOTh TIPH POCTI KpUCTaTy, (Pa30BUX MEPETBOPEHHAX ab00 30BHIIIHIX BIUIMBAX.
KonnenTtpaiiito HepiBHOBaAXHUX JAE(EKTIB PEIITKH BIAETbCA ICTOTHO 3HU3HUTHU
BJIOCKOHAJICHHSIM METO/1B OTPUMAaHHS Ta OOPOOKH KPUCTAJIiB.

2 5856688 44t

Puc. 1. Halinpocrimmi nedexTu, moB’s3aHi 3 TOPYIIEHHSIM MPaBIIIbHOI KOOPAWHAIIIT B
KpucTaliyHoMYy (a) Ta aMmopdHOMY (0) cepeoBHUIIIaX.

Otmxe, HAWBKIMBIII BJIACTUBOCTI XaJbKOTSHIJIHMX  HAITIBIPOBIIHUKIB
BU3HAYAIOTHCA CTPYKTYpPOIO, BMICTOM ONTHYHO U €JIEKTPUYHO AKTUBHHUX JIe(PEKTIB
KPUCTAJIIYHOI PEUIiTKA Ta CKJIOYTBOPIOIOYOI MaTpuill. JloCHiIKeHHs KiTbKICHOTO Ta
SIKICHOTO CKJIaay neeKTiB B XaJIBKOTEHI1ax i MPOIIECiB
MOTJIMHAHHS/BUTIPOMIHIOBAHHS, 1[0 3YMOBJICHO 30BHIIIHIMH YWHHHUKAMH, CTBOPIOE
HOBI ~ MOJJIMBOCTI  JJii  KOHCTPYIOBaHHS ~ MaTepiajiB  MEpPCHEKTHUBHUX B
ONTOCJICKTPOHHIN TEXHIII].

1. Atomistic observation of photo-expansion and photocontraction in chalcogenide films by in situ
EXAFS / A. Ganjoo, H. Jain, S. Khalid. J. Non Cryst. Solids. 2008. Vol. 354. P. 2673-2678.

2. Non-radiative recombination in chalcogenide glasses / R. A. Street. Sol. Stat. Comm. 1977.
Vol. 24. P. 363-365.

3. Optically induced metastable paramagnetic states in amorphous semiconductors / S. G. Bishop,
V. Strom, P. S. Taylor. Phys. Rev. (B). 1977. Vol. 15. P. 2278-2285.

4. States in the gap and recombination in amorphous semiconductors / N. F. Mott, E. Davis,
R. Street. Phil. Mag. 1975. Vol. 32, N°5. P. 961-996.
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PbSnTe-based thin-film structures for thermoelectric applications
Naidych B.}, Parashchuk T.2, Yavorsky Y.}, Yavorsky R.}, Kostyuk O.**

Vasyl Stefanyk Precarpathian National University, Shevchenko Str. 57,
Ivano-Frankivsk, 76018, Ukraine.
2AGH University of Science and Technology, Aleja Adama Mickiewicza 30,
Krakow 30-059, Poland.
3lvano-Frankivsk National Medical University, Halytska Str. 2, Ivano-Frankivsk, 76000, Ukraine.

IV-VI films are promising materials for detectors and sources of the IR range of the
optical spectrum and thermoelectric devices. The main factor that determines the
performance of the device construction is the defect subsystem of the crystal structure of
the basic material, which, in turn, is determined by the technological factors of the
growing process. Among the 1V-VI compounds, special attention is paid to narrow-band
materials (~0.2 eV) PbTe, SnTe.

The study of the PbSnTe-type solid solution is relevant for a number of reasons. Sn
has a high solubility in the basic compound PbTe. This provides high values of the
concentration of charge carriers. In addition, the base material PbTe is characterized by
high values of the dielectric constant (~ 400), which reduces the contribution of the
scattering of carriers on the impurity ions and reduces the effective mass of the main
charge carriers. By changing the composition of the solid solution, you can smoothly
adjust the width of the band gap. Therefore, the selection of the optimal composition
allows to obtain a material with the contribution of non-basic charge carriers to the total
electrical conductivity will be minimized. It will ensure the high values of the electrical
conductivity.

The nature of atomic defects in thin-film material is insufficiently studied.
Problems related to the study of defects in lead and tin telluride thin films, as well as the
development of physical principles for controlling the type and concentration of point
defects are relevant. The homogeneity range of tin telluride is completely on the
chalcogen side. The excess of tellurium causes p-type conductivity. Thus, when the
SnTe film is grown, defects of a predominantly acceptor type are formed.

Thin films were obtained by vapor deposition of the starting compound in an open
vacuum. The temperature of substrates was Ts= 473 K and temperature of evaporator —
Te = 833 K. The thickness of the films was determined by the time of deposition in range
(20-80) sec and measured using microinterferometer Mll1-4.

Thermoelectric characteristics (Seebeck coefficient S, specific conductivity o,
Hall carrier concentration p, charge carrier mobility p) were measured in the temperature
range (290-390) K by the 4-probe method in a constant magnetic field. Silver was
precipitated to form ohmic contacts. The current through the sample was = 1 mA. The
magnetic field with induction of 1.2 T is directed perpendicular to the plane of the film.
Measurement error did not exceed 5%.

In PbSnTe, phonon scattering occurs on nanosized crystallites. However, the
mechanism of phonon scattering on another type inhomogeneities due to the elemental
composition of the studied ternary compound is also very important. Fig. 1 shows the
area of the sample in which the same periodic bands are observed, but at different scales.
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The scale of 300 nm demonstrates
the presence of periodically located bands
over the entire plane of a single crystallite.
The size of the crystallite is a few microns.
The crystallographic planes of individual
microcrystallites are disordered, but have a
single direction within a single crystallite.
Moreover, the presence of periodic bands
does not change this direction. Thus, the
periodic bands are not the boundaries of the
separation of individual crystallites or e
phases, but correspond to regions that are — s ()
enriched in a certain element of solid
solution within a single crystal structure.
No more than 20% of phonons are scattered
on such objects. In fig. 1, B shows the
distances between these bands. They are
about 50-80 nm.

Areas depleted of internodal lead are
enriched in cationic vacancies and may
have p - type conductivity, while the rest of
the sample has n - type conductivity. In Pb;.
«SnyTe, the degree of compensation is
usually quite high, which provides a low
concentration of carriers. For example,
small (approximately 0.1%) deviations
from the homogeneous spatial distribution
of donors can lead to significant (several
times) differences in the Hall coefficient for
two parts of the same sample. As a result,
the transition to the impurity type when the
local concentration of interstitial tellurium
atoms changes by 2 - 3 times is possible
and the instability mechanism provides a
natural explanation for the formation of n-
type inclusions in p-type conductivity
materials. The observed periodic layered
structure according to the proposed model :
can be explained by the excessive : L — ; e
concentration of internodal lead. Due to the C)
presence of acceptor cationic vacancies, Puc. 1. TEM image of the film surface PbSnTe
this can lead to the formation of internal p-n (herigdic strips). A: 300 nm; B: 100 nm; C:
junctions. 30 nm.
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How the size, stabilizer and concentration of Ag nanoparticles

influence on their antiviral and antimicrobial properties?

Rusinchuk N.%, Lozovski V.%, Lysenko V.%, Mukha Iu.?, Vityuk N., Bilyavska L.*, Naumenko K.*,
y

Zahorodnia S.*

YInstitute of High Technologies, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

2V.E. Lashkaryov Institute of Semiconductor Physics,
National Academy of Sciences of Ukraine, Kyiv, Ukraine
%0.0. Chuiko Institute of Surface Chemistry,
National Academy of Sciences of Ukraine, Kyiv, Ukraine
*D.K. Zabolotny Institute of Microbiology and Virology,
National Academy of Sciences of Ukraine, Kyiv, Ukraine

In the work we present results of the study of the interaction of non-

functionalized (without the functional molecules) metal (Au and Ag) nanoparticles
with viruses and microorganisms of different types depending on the size, stabilizer,
and concentration of nanoparticles.

1.

W N

The main experimental results that were obtained are:

Virucidal action is stronger for smaller nanoparticles, for both Au and Ag
nanoparticles.

. Nanoparticles stabilized with triptophan are less toxic.

. Nanoparticles stabilized with triptophan have higher antiviral activity.

. Destruction of the virus interacting with nanoparticles can be observed (see,
e.g. fig. 1).

. Virucidal and antiviral action is observed equally well for all the studied
viruses (adenovirus, influenza A virus HIN1, Epstein-Barr virus).

. Au nanoparticles are more active against viruses compared to Ag
nanoparticles.

. The nanoparticles have an inhibitory effect on the reproduction of
microorganisms, but mainly during the first 24 hours.

b

Figure 1. Au nanoparticles (5 nm) and Influenza virus HIN1 in 1 hour (a) and 5 hours (b) after

incubation (TEM).
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We also propose theoretical models for description of the observed effects
based on the near-field interaction in the bionanosystems. Based on the results
obtained, recommendations can be made for the size and stabilizer of nanoparticles
for potential disinfectants and antipathogens: nanoparticles should be as small as
possible (but still nano-sized) and stabilized with tryptophan (preferably) or citrate.
Experimental data also suggest that for some biosystems these parameters may differ
and may be prognosed with theoretical analysis.

This work was supported by National Research Foundation of Ukraine,

Project 2020.02/0352.
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BcTaHOB/ICEHHS BiIMIHHOCTEH XapPAKTEPUCTUK 3Pa3KiB, OTPMMAHHUX 32
TEXHOJIOTI€I0 iHKEKIIMHOTO JIUTTS MOPOUIKIB

Couosiiosa T.0.}, 3aBamrox C.B.l, [rodensb 0.0.r 2, TpocHikoBa I.IO.l, Jlo6oma IL.LY,
Kapacescbka O.qL.'3

YK im. leops Cikopcvkoeo, m.Kuis, np-m Ilepemoeu, 37, 03056
2IE3 im. €.0.Iamona, m.Kuis, eyn. Manesuua, 11, 03650
SIM® im. I'.B.Kypoomosea HAH Vxpainu, m.Kuis, 6ynveap Bepnaocvrozo,36,03142

[mxekmiitne dopmyBanHs abo mutts mig  TuckoMm  (IJIIT) mopomkoBux
MaTepiaiiB — MEepPCHeKTHUBHA TEXHOJOTIsA, SKa BUKOPUCTOBYETHCA ISl CEPIMHOIO
BUPOOHMIITBA MAJIOTa0APUTHUX JIeTaliel CKiIaaHoi popMu. MeTo1 103BOJIsIE€ TOCATTH
TOYHOCTI 1 CKJIQAHOCTI KOHCTPYKIIi 31 CKOPOYEHHSIM 4Yacy BUPOOHHUIITBA JeTaneil i
3HI)KEHHSI MaTeplalbHUX BUTPAT. BUbI €TanbHO TEXHOJOTIYHUM Mpolec, 00aacTi
BUKOpUCTaHHS 1 nepeBaru TexHodorii IJIIT onucani B pobotax [1-2].

B nmaniii po6oti Oyso JOCIIIKEHO CTPYKTYpPY, F'YCTHHY, YAApHY B’S3KICTH 1
(bpakTadbHICTh CTPYKTYPH 3pa3KiB CIUIaBiB, oTpuMaHuX i3 mopomkiB Fe-Cr-Ni-Si-
Mo. V¥V sKoCTl BUXITHUX MarepiaiiB BUKOPHCTAHO TOTOB1 CyMIlll HU3bKOJIETOBAaHUX
craneii: Catamold 8740 (3pa3ok 1), BupoOnuuTBo ¢ipmu BASF, Himeuumna rta
PolyPOMS8740 (3pazox Il), Bupobuuirsa ¢pipmu PolyMIM, Himeuunna.

3 METOI0 BU3HAYEHHS BIUIMBY PO3MIpIB MOPOIIKIB, iX GOPMHU Ta pO3NOILTY 32
po3MipaMu Ha BJIACTUBOCTI crieueHux 3a TexHosoriero [JII1 marepianiB BUKOpUCTaHO
KUIbKICHUN MeTanorpadiuauii anami3. Pe3ynbTaTi BUMIPIOBaHb CEPEIHBOTO PO3MIPY
YaCTHMHOK TIOKa3alik, IO CepelHid po3mip mopomkiB 3paska II — 2,13 mxM 3i
CTaHJIApTHUM BiaxwieHHsM 1,25, a mna 3paska I — 2,94 MKkM 31 cTaHIapTHUM
BIAXWIEHHSAM 2,67. YacTMHKM MOPOUIKIB [t 000X MaTepialiiB MaroTh CHEpUUHY
dbopmy. 3pazok Il mpu ogHAKOBUX yMOBaXxX CIIKaHHS, Ma€ 3HAYHO OLIbIITY T'yCTHUHY,
HDK 3pa3ok [ (Tabi.1). Y To# xe yac, miomia 3epHa JJjis 3pa3ka | Maiike B 1Ba pa3u
MEHIIA 3a IUlomy 3epeH 3pa3ka Il. 3 migBUINEHHSM TeMmIepaTypu CHIKaHHS
3MIHIOETHCS PO3MOJILT 3a po3Mipamu 3epeH depury. s 3paszka I mpu 1270 °C 3epHa
PO3MIPOM 25 MKM 3aiiMaroTh HalOUIbIIY KUIBKICT Tuiow ~ 25 %, a micns 1340 °C
po3nojain 3epeH B miama3oHi 20-30 mxMm BupiBHIOETHCS Ha piBHI 18%. KinmbkicTb
3epeH po3mipom 15 mxm 3poctae Big 11% mo 21%. Jlns 3paszka Il 31 30inbmeHHSIM
TEeMIIepaTypu CIIKaHHS KIIBKICTh 3epeH po3mipoM 15-20 mxMm 3Mmenmmnack Ha 10%,
BIJIMOBIJTHO, 3pOciia KUIbKICTh 3epeH po3Mipom 20 — 40 Mxm. BigMiHHICTH Y po3Mipax
3epeH martepianiB 3paskiB [ 1 I, crieueHux mpu OJHAKOBHUX yMOBax, IMOB’s3aHA 3
PI3HUM TPaHYJIOMETPUYHUM CKJIQJIOM BHUXITHUX MOPOIIKiB. [[piOHI mOpOmKU 3pa3ka
IT mMaroTh GBIy MOBEPXHEBY €HEPTiiO, IO Y CBOIO 4epry, iIHTeHCU(]IKye mpoiecu
CHIKAaHHS 32 HIDKYUX Temneparyp. JpiOHilI NOpOIIKH yTBOPIOKOTh OUIBILY KUIbKICTh
MDKYaCTUHHUX KOHTAKTIB Ha BCiX cTafisax crmikanHs. [licns crikanHs st 3paska Il
XapakTepHi nepeBaxHo chepudni mopu (94% mop 3 xoedimieaToM okpyriaocti > 0,8)
Ha BIAMIHY BiJ 3pa3zka [. Po3mip mop npuOIM3HO 3alMINAEThCS TaKuM, SIK 1 pO3MIp
YaCTMHOK TMOPOIIKY, a KOHTaKTH MIDK YaCTUHKAMHU MOPOIIKY 30UIBIIYIOTHCS 3a
IUIOLICI0 Ta MIIHICTIO. Y pe3yJbTaTi 3pOCTa€ yaapHa B A3KICTh, SIK 3a PaxyHOK
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3MEHILIEHHS PO3MIpY HOp, K TPIIIMHONOAIOHUX e(eKTiB, Tak 1 poOOTH pyiHYBaHHS
MIKYaCTUHHUX KOHTAKTIB.

Taomung 1
BB napamerpiB TepMidHOi 00poOKH Ha BIacTUBOCTI 3paskiB I 1 11
Martepian [TapameTpu oTpuMaHHs Temneparypa, °C
1270 1340
3pazok I [Tnoma 3epHa, MM 0,00144 0,00115
['ycruna, rlem® 7,45 7,46
®dpakTagbHa PO3MIPHICTH 19 1,88
®paxTabHa PO3MIPHICTH MiCIs 1,96 1,96
rapTyBaHHs 1 BIIIYCKY
Vnapa B’s3kicts, JDK/CM’ 10,39 11,52
3pazok 11 [1moma 3epHa, MM° 0,00204 0,00219
I'yctuna, rlem® 7,64 7,65
®pakTaabHa PO3MIPHICTH 19 1,97
®dpakTanabHa PO3MIPHICTH TIiCA 1,93 1,97
rapTyBaHHS 1 BIITYCKY
yIapHOI B’ S3KOCTI 7,47 15,94

BcranoBneno, mo ymapHa B’SA3KICTh OJIHAKOBHUX 3a XIMIYHHUM CKJIQJIOM
MarepianiB, oTpuMmanux 3a MerogoM LJIII, B mOBHIN Mipl 3aJ€XHUTh BiJl CEPEAHBOTO
PO3MIpYy YACTHHOK MOPOIIKIB, 110 B CBOIO YEPTy BIUIMBAE HA: TYCTHHY, IJIOILY 3€PEH,
dopmy 1 po3mip mop micns crmikanHs. [lokaszano, 1mo ¢pakraabHa po3MmipHicTio [3]
KOpEJIIOE 13 YJIapHOI0 B’SA3KICTIO CIICYCHHX MaTepiajiB, IO Ja€ MOXJIUBICTb B
MOTAJTBIIIOMY BCTAHOBITIOBATH B3a€MO3B’SI30K MK UMM XapaKTEPUCTHKAMHU IS
MOPOUIKOBUX MaTepialliB.

1. Zavadiuk S., Loboda P., Karasevska O. , Trosnikova 1.Y., Soloviova T.O. Fracture Features of
Low-Alloy Steel Produced by Metal Injection Molding. Powder Metallurgy and Metal Ceramics,
2021. — Ne59. — P. 641-650.

2. CyuyacHi TeXHOJIOril B MalIMHOOYlyBaHHI. [H)KeK1iliHe JTUTTS MOPOIIKY : HaBYAJIbHUI MOCIOHUK
/ B. T'. Ilucapenko, B. B. CaBynsk, €. ®. bokosuii, C. B. 3aBagiok. — Binauns : BHTY, 2019. —
242 c.

3. Itogens O.0. 3acrocyBanHs MeTony (pakTalbHOrO aHami3y [0 BHBYCHHS CTPYKTYpH
meraiy, Metalozn. obrobka met., 2019, Tom 91, No. 3,C. 40-46.

147


https://scholar.google.com.ua/scholar?oi=bibs&cluster=6741820016219042386&btnI=1&hl=ru&authuser=1
https://scholar.google.com.ua/scholar?oi=bibs&cluster=6741820016219042386&btnI=1&hl=ru&authuser=1
https://momjournal.com.ua/uk/2019_3_5
https://momjournal.com.ua/uk/2019_3_5

CM®XT - 2021

The rise of 2D Indium Selenide: a novel van der Waals material for
electronics and optoelectronics

Kudrynskyi Z. R.**" Kovalyuk Z. D.?, Patané A.

! School of Physics and Astronomy, University of Nottingham, United Kingdom
2 Advanced Materials Research Group, Faculty of Engineering, University of Nottingham,
United Kingdom
3 Frantsevich Institute for Problems of Materials Science, National Academy of Sciences of
Ukraine, Chernivtsi Branch, Chernivtsi, Ukraine
zakhar.kudrynskyi@nottingham.ac.uk

Atomically thin layers of van der Waals crystals and their heterostructures,
generally called as two-dimensional (2D) materials, have attracted enormous interest
for nearly two decades now. Following the discovery of graphene, the first known
truly 2D crystal, there has been a constant search for novel related materials to enrich
the library of 2D compounds with new properties. Most attention has been focused on
graphene itself, as well as semiconducting crystals of transition metal
dichalcogenides and wide-gap insulator hexagonal boron nitride. However, during the
recent years an exciting and rapidly growing development in the family of 2D
materials involves indium selenide (InSe). This semiconducting crystal has a bandgap
energy that increases markedly with decreasing layer thickness, enabling fabrication
of devices with high broad-band photoresponsivity. In addition, it has a relatively low
mass conduction band electrons and high electron mobility even in atomically thin
films, larger than in silicon-based field effect transistors.

This talk reviews our recent research on this new 2D semiconductor. From the
fundamental studies of 2D layers and heterostructures to the demonstration of
prototype devices, | will discuss how this system can provide a platform for scientific
investigations and new routes to ultra-thin electronics and optoelectronics, including
high mobility field effect transistors and hybrid multi-layered structures for quantum
metrology and photosensing [1-6].

Bandurin, Tyurnina et al., Nature Nanotechnology 12, 223 (2017).
Kudrynskyi, Bhuiyan et al., Physical Review Letters 119, 157701 (2017).
Bhuiyan, Kudrynskyi et al., Advanced Functional Materials, 1805491 (2019).
Ubrig, Ponomarev et al., Nature Materials, 19, 299 (2020).

Kudrynskyi, Kerfoot et al., (Nature) Communication Physics, 3, 16 (2020)
Buckley, Kudrynskyi et al., Advanced Functional Materials, 2008967 (2021).
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BniuB i30BajIeHTHOI0 3aMillleHHS HA MeXaHiYHI BJIACTUBOCTI
cynepionnnx kpucraiais (Cuy,Agy);SiSsl Ta Kepamik Ha iX OCHOBI

Cxyoennu K.B., Koposcrka [I.M., becnasioB B.B., binanuua B.C.

Voiceopoocoruii nayionanvrutl ynisepcumem,
syn. Iliocipna, 46, m. Yoceopoo, 88000, Ykpaina

Y 3B’M3Ky 3 BHCOKOK 10HHOIO TMPOBIJHICTIO CYIIEPIOHHI KPHUCTAIH
(Cu1xAgy)7SiSs| Ta oTpriMaHi Ha iX OCHOBI KepaMiKH MPEACTABISAIOTh K MPAKTHYHHUI
1HTEepec, 30KpemMa, JJIs TBEPAOTUIBHOI 10HIKH, TaK 1 HAYKOBUM 1HTEpeC, SIK MaTepiaiu
3 CYNEpiOHHUM Ta CErHETOEeNacTUYHMM (a30oBUMH mepexogamu. Ilpu oTpumanHi
KepaMiK Ha OCHOBI TBEPJMX PO3YMHIB, BOXKIMBOK € iH(popMalis mpo iX (¢i3u4Hi
napaMeTpu B CyOMiKpoO- Ta HAHOOO €Max, 10 JIJa€ MOKJIUBICTh BIUIUBATH HA PO3MIPU
MIKPOKPHUCTAJIIB Ta CIIBBIIHOIIECHHS MIKPOKPHUCTAJIIYHOI Ta MOJIMEPHOI MaTpull, a
TaKOK ONTUMI3YBaTH TEXHOJIOT1I0 OTPUMAHHS JaHUX MaTepiaiB.

Cymnepionni kpuctamu (Cu;Agy)7SiSsl BuponryBanu meronamu bpimkmena—
Croxbaprepa. KepamiuHi 3pa3ku Ha ocHOBI KpucTaiiB (Cuy.xAgdy)7SiSsl otpumyBam
MPECYBaHHSIM MIKpPO- Ta HAHOMOPOIIKIB aHAJIOTIYHOTO XIMIYHOTO  CKJIATy.
HaHokpucraniudi TMOPONIKA OTPUMYBAJIM PO3MEIOBAHHAM Y IUIAHETAPHOMY
kynboBoMy MinHI PQ-NO04 mpotsirom 60 Ta 30 XBUJIMH, TOJMI SIK MIKpPOKPHUCTaTI4HI
3pa3Ku OJIEP)KYyBalld IIJISXOM MEXaHIYHOrO JUCHEPryBaHHS B araTtoBiil CTYIIIII.
[IpecyBanns 3pa3kiB 3aiicHIOBamM npu TUcKy ~ 400 MIla 3 nmoganpmuM BigmaaoM
npu Ttemneparypi 973 K mporsrom 36 roa. Opmepkani KepamidyHi 3pa3Ku
JOCHDKYBAIM ~ METOJAOM  MIKPOCTPYKTYPHOTO  aHadizy 3a  JIONMOMOTOIO
Metanorpagiuynoro Mikpockony METAM—-R1. Buacniok pekpucTamizaiiii cepeaniit
pPO3MIp KPHUCTANITIB KepaMiku, oAep:kaHoi 3 10-50 MKM MIKpONMOpOIIKY, CTaHOBUB
12 MKM, 3 HAaHOTIOPOIIKiB, OFEPKaHUX po3MeToBaHHAM HpoTsrom 30 Ta 60 XBHUIUH,
~ 5 MKM Ta ~ 3 MKM BIANOBIIHO. BuMipioBaHHs MIKpPOTBEPAOCTI CYNEPIOHHUX
kpuctaiiB (CupAgy)7SiSsl Ta kepamik Ha iX OCHOBI MPOBOAWIM TMPH KiMHATHIH
TEeMIIepaTypl 3a 10NOMOroro iHaeHTopa Bikkepca y niana3zoni HaBantaxeHs 0,02-2 H.

MikpoTBepAICTh AOCTIHKYBAaHUX KPHUCTAIIB TP 130BaJIEHTHOMY 3aMIICHHI
Cu'—Ag’, sMenmyeTscss ~ y 2 pasu. BussneHi po3mipHi egekTH MiKpoTBepAOCTi
OynM MPOANMpOKCUMOBAaHI B paMKaxX TPaTI€HTHOI Teopii TUIACTUYHOCTI Ha OCHOBI
CHIBBIAHOIIEHHS MK MiKpoTBepaicTio H i rimbuHoro BigdouTka h miast cynepioHHUX
kpuctamiB  (CupxAgy)7SiSsl y Momeni reoMeTpuyHO HEOOXiTHUX —JIUCIIOKAIii.
Banexuicts H (h) Oymo anmpoxcumoBano Gopmyiioro:

i= 1+h—.
H, h
Banesxuocti H(h) B koopamuatax “H? - h™” no6pe ampokcuMyOThCS IPSIMOIO
JiHIE, WTIO0 CBIAYUTH NpPO IUIACTHYHY JedopMaliio KpHUCTaliB 3a pPaxyHOK
r€OMETPUYHO HEOOXiAHUX auciokamii (puc. 1 (a)). YTBOpEHHS TakuX AUCIIOKAIln
TaK0X O0OYMOBIIIOE€ IMOSIBY IUIONIMH KOB3aHHS B 00JIacTi MIKpOKOHTakTy (puc. 1 (a)
BCTaBKa). Sk MikpoTBepAicTh H, Tak i mapamMeTpu Mojesi TeOMETPUYHO HEOOXITHUX

auciokaiii Hyo 1 h* € uyTauBUMH 0 CTPYKTYPHHX OCOOJMBOCTEH Ta MEXaHi3MiB
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aepopmyBaHHs ~ KpucTamiB. KoOHIEHTpaliiiHi 3MIHM MapaMeTpiB  KPUCTANiB
(CurxAgy)7SiSsl (puc. 1 (6)) moka3yrOTh, IO TPU 130BAJICHTHOMY 3aMIill[CHHI
Cu"—Ag" Bemuunn H i Hy 3MeHIIyIoThes TIpH 36ibIIeHHI BMicTy Ag. 1le kopetoe
31 3HIKCHHSIM TeMITepaTypH IUIABJICHHS JaHUX KPUCTAJIB 1 MOXe OyTH 00yMOBJICHO
3MEHIIEHHSIM >KOPCTKOCTI KPUCTAMYHOI TPAaTKHW 3a PaxyHOK 30UIbIICHHS 00’ eMy
€JIEMEHTapHOI KOMIPKH BHACJIJOK 3pOCTaHHs KaTIOHHOTO pajiyca R, mpu 3aMilieHHi
Cu" — Ag’, (R, (Cu™) =0,095 am, R, (Ag") = 0,151 um).

10 . T ' ,I v T J T ! i) T T ¥ ¥ T T

(H/H,)’

| L | L | s | L | ‘ | 1

1 L 1 '
0,5 1,0 1,5 2.0 25 00 02 04 06 08 10

W', MM ar.% Ag
a o

Puc. 1. Amnpokcumariisi po3MmipHux edekriB TBepmocti kpuctaiiB (CuixAgx)7SiSsl B
rpagieHTHii Teopil maactuyrocti: 1 - CuzSiSsl, 2 - (Cug 75Ad0,25)7SiSsl, 3 - (CuosAJos)7SiSsl, 4 -
(Cuo,25A0075)7SiSs1, 5 - Ag7SiSsl (a). Konnenrpariiina 3anexHicte MikporBepaocti H (minis 1)
(mpu P = 0,5 H) Ta napamerpiB Mojeli rpaHMYHO HEOOXimHMX auciokamiii Ho (mimis 2) i h'
(orinist 3) xpuctaiiB (Cug-xAgy)7SiSs! (6).

B pesynbraTi JOCHIDKEHb  BCTAHOBJIEHO, IO pO3MIpHI  e(eKkTd 1mpu
MIKPOIHJICHTYBaHHI KepaMiuHHMX 3pa3kiB Ha OCHOBI MikpokpucTamiB (CuyAgy)7SiSsl
0OyMOBJIEHI, B OCHOBHOMY, JBOMa (hakTtopamu: 1) CIIBBIJHOIIEHHSIM XapaKTEPHOI'O
PO3MIPY MIKPOKPUCTATY Ta PO3MIPOM MIKPOBIAOUTKY; 2) CIIBBIJHOIIEHHSIM PO3MIPY
MIKPOKPHCTAITy Ta BeJTMYMHH JehopMariiiHux 30H B 001acTi MikpokoHTakTy. [Ipu h < 3
MKM MEXaHI4HI BJIACTMBOCTI Kepamiku OOYMOBJICHI, B OCHOBHOMY, CTPYKTYPHOIO
YKOPCTKICTIO MIKPOKPHCTAIB, a NMPU BEJIMKUX HABAHTAKEHHSAX Ha iHAeHTOp mpu h > 4
MKM  BEJIMYMHA  MIKPOTBEPJIOCTI  OOYMOBJEHA  MEXaHIYHOIO  YKOPCTKICTIO
MDKKpHCTAIIYHUX oOJacTell. BeraHOBIIGHO, 0 TEHJICHITIS 3MEHIIICHHS MIKPOTBEPIOCTI
KepaMiku Ha ocHOBI kpucTani (CUyAgy);SiSsI npu 3amimenni Cu'—Ag’, ananoridyso,
SK 1 B KpUCTaax, 0OyMOBJICHa 3pOCTaHHIM 10HHOTO pajiyca kKatioHa. OnHaK, y BCbOMY
1HTEpBaJIl KOHIIEHTpaIliid aOCOJIIOTHI 3HAUYEHHSI MIKPOTBEPIOCTI KEPaMIYHUX 3pa3KiB Ha ~
50% MeHI, HBK 11 KpUcTaliB. MakcuManbHe BIJHOCHE 3MEHIIEHHSI MIKPOTBEPIOCTI
NpU MEPEeXOol BiJ KpUCTAy JI0 KepaMiku croctepiraerbesi B Cu-BMICHHX 3pas3kax, a
MiHIMaJIbHE — B KepaMiKax Ha OCHOBI kpucTainy AgzSiSs|.

TakyM 4YMHOM, MPU OTPUMAHHI KEpamiKK METOJIOM TBEPIO(Aa3HOro CIiKaHHS 3
MOJAJIBIIAM  BUCOKOTEMIIEPATYPHUM  BIAMAJIOM HAMOUIBII €(PEKTUBHO MPOXOAUTH
peKpucTaiizaiisi MIKPOKPUCTAIIB 13 BUCOKUM BMICTOM Ag, y 3B’SI3KY 3 UMM MOPUCTICTh
3MEHIIYEThCS. Po3MipHi epeKTH MIKPOTBEPIOCTI TOCTIKSHUX KepaMik B 00sacTi h < 3
MKM OOYMOBJICHI TUCTIOKAIIIHHAM MEXaHi3MOM, a Tipu h > 5 MKM IiacTudHa aedopmartist
KepaMiKH B 00J1aCTI MIKPOKOHTAKTy 0OYMOBIIEHA, 3A€0LIBIIOr0, POIecaMy PYHHYBaHHS
KepaMIYHOI CTPYKTYpH Ta 1i yIIIIbHEHHAM 32 PaXyHOK IOp.
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TenioBuii cTaH KOMipKH BUCOKOI0 THCKY NpHu Kpuctajizanii GaN

JIwasiuenko O. I1., I'opaees C. O., Jlemyxk O. O., [Terpyma 1. A.

Incmumym naomeepoux mamepianis im. B.M. baxyna HAH Yxpainu, éyn. Asmoszasoocwka,
2, 04074, m. Kuis e-mail: ludvial@ukr.net

Ha Ttenepimuiii yac 0e3yid HampsMKIB MIKPOCJIICKTPOHIKM 3acCHOBaHI Ha
YHIKQJIBbHUX BJIACTHUBOCTSX HITPUJY Tajlito, 30KpeMa, 3a JIOMOMOTOK CBITJIOMIONIB Ha
Oro OCHOBI MOXKHa OTPUMAaTH MEPETBOPEHHS EJIEKTPUYHOI €HEprii B CBITJIOBY 3
BucokuM KKJI (10 45%) [1].

HoBum migxoaoM B OTpMMaHHI HITPUAY Tajil0 MPU BHCOKUX TUCKaxX (~ 6
I'Tla) 1 Temneparypax (~ 1800 °C) € i#toro kpucramizailisi B 0araTOKOMIOHEHTHIN
pO34YMH-po3IIaBHii cuctemi Fe—Ga—N, 1mo 6yno npogeMOHCTPOBAHO B OCTaHHI POKHU
3 BUKOPHUCTaHHSM amaparTiB Bucokoro Tucky (ABT) tumy «ropoim». B pesynbrati
TaKMX JOCIIJKEHb CHHTE30BaHO psJ kpuctaiiB GaN po3mipom 10 50 MKM.

OcHoBHOIO TpoOsemMor0 Tpu po3podii komipku ABT € koHCTpyroBaHHS
CXeMH 1i PE3UCTHUBHOTO HArpiBaHHs, W0 3abe3neyye HEOOXIMHUMA PO3MOIiI
TEMIIEpaTypu B KpHUCTali3auiiiHOMy 00’eMmi. EkcnepumeHTallbHe BU3HAYEHHS
HeoOXiaHuX ¢GopM, pO3MIpIB HarpiBayiB 1 €JIEMEHTIB TEIUIO30JISIT HaI3BUYAHHO
TpyaomicTke. ToMy ISl JOCTIIKEHHS MPOILECY €JIEKTPOHArPIBY KOMIPKU IIHPOKO
BUKOPUCTOBYIOTh MAaT€MaTWYHE MOJIETIOBAHHSA, 30KpeMa METOJ CKIHYEHHUX
enemenTiB. Hampukman, B poOoti [2] pospaxoBani TemnoBi pexumu ABT tumy
«0enT» 3 METOIO OLIIHKU I'PAJIIEHTIB TEMIIEPATYPHU B POCTOBOMY 00’ €Mi JJisi peami3anii
HaIIpaBJIEHOr0 MacoIMEepPEHOCY B MPOIIEC] BUPOLIYBAaHHS KPUCTAIIB HITPUAY TaJilo.

Po3pobneno koHdirypaiiro KOMIPKM BHCOKOTO THCKY JJisl BU3HAYEHHS
PO3YMHHOCTI HITPHUIY Tajil0 y 3aji3l IpH BHUCOKMX THCKaxX 1 TeMIiepaTypax.
Po3pobieno maTemMaTH4HY MOJENIb PE3UCTUBHOTO HArpiBaHHS KOMIPKH, IO A€
MOXKJIUBICTh MOJIETIOBAaTH 1 TEIUIOBHM CTaH 3 YpaxyBaHHSAM TeMIEpaTypHUX
3QICKHOCTEH  IMPOBIIHUX  BJACTUBOCTEW 1 1X ©(EKTUBHUX 3HAYCHb IS
KOMITO3UIIIMHNX MaTepiamiB. [Iporpamue 3a0e3neueHHs J03BOJIIE TMPOBOIUTH
CYMICHUH DPO3paxyHOK TIOJIB €JIeKTPONOTEeHIIay, TYCTHHH JKeped KOYJIEBOTrO
TeIia 1 TeMIepaTypu B CKJIaJHUX KOHCTpyKIlisax ABT. [JocnimkeHo TeroBuil cTaH
koMipku ABT, 1110 BUKOPUCTOBYIOTH JIJIs BU3HAUYEHHSI PO3YMHHOCTI HITPUY Talilo Yy
3ami3i. Pe3ynbTaTu po3paxyHKIB NPEACTABJICHI CTAI[IOHAPHUMHU TEeMIEPaTypHUMHU
noyisiMu B pi3HuX eneMentax ABT. OTpumaHno, 110 npu Temneparypi B KOHTPOJIbHIN
tourii komipku B 1800 °C makcumanpHUM 11 mepemnan B 00’ €Ml JOCTIIKYBaHUX
3pa3KiB HITPUAY Tamiro 1 3amiza ctaHoBUThH 25 °C. TakuM 4MHOM, MOKHA 3pOOUTH
BHCHOBOK, II0 3MOEJIbOBaHA KOH(DIrypailisi KOMIpKM 1 BU3HA4€H1 JUIsl HEi yMOBH
HArpiBaHHA € TPUAHATHUMHU ISl €KCIEPUMEHTAIbHUX IOCTIKEHb PO3YMHHOCTI
HITPUAY Tallif0 B KOHTAKTI 13 3aJ1130M B YMOBaxX BUCOKHX THCKIB 1 TEMIIEPATYP.

Po3po6neno xomipky ABT mist mpoBeneHHSI €KCIEPUMEHTIB 3 BHUPOIILYBaHHS
KPHUCTAJIIB HITPUY Tanito MeTooM 1-rpajgienta. TemmepaTypa B KOHTPOJIbHINA TOYII
cranoBuna 1500 °C, wmakcumanbHa Ttemmepatypa (1630 °C) wmama wmicue B
rpaditoBoMy HarpiBadi. OCbOBUH T'paJIIEHT TEMIIEPATYPH Y 3pa3Ky 13 CyMillll apMKO-
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3amiza 1 HiTpuay ramio cknas 7,4 °C/mMm. Po3paxyHku mokazaiu, 1o 30UTbIICHHS
BMICTY rpadiTy B TOPILIEBHUX HarpiBayax 3HauyHO 30UIbIIIY€E 3HAYEHHS TeMIIEpaTypHOTO
rpajiieHTa, HATOMICTh WOTO 3MEHIIEHHS MNPU3BOAUTH 0 BTPATH TOPU3OHTAIBHOI
opieHTalii i30miHiN Temnepatypu y posmiaBi Fe—Ga—N. B pe3ynbrari po3paxyHKiB
BU3HAYCHO ONTHUMAIBHUIN CKJIaJ PE3UCTHUBHUX €JIEMEHTIB KOMIPKH, IO 3a0e3neuye
HEOOX1THUN ISl BUPOLIYBAHHS KPHUCTAJIB HITPUAY Tajiil0 PO3MOILT TeMIepaTypu B
POCTOBOMY 00'€eMi.

1. Typkun A. H. IlonmynpoBOJHHMKOBBIE CBETOIMOMABL: HCTOpPHS, (aKThl, MepcreKTHBbl //
[TonmympoBonnukoBas cBerorexauka. — 2011, — 1, Ne 5. — C. 28-33.

2. Jlemyk A. A. Pacuer pacmpeneneHuil Temmeparypbl B peakIuMoHHOW sueiike ABJ] npu
KpUCTaNIM3aluK HUTpUaa rajuins // CuHTe3, ClieKaHhe M CBOWCTBA CBEPXTBEPABIX MaTepHUaJIOB.
— K.: Un-1 cBepxTB. MaTepuaios uM. B. H. bakyns HAH Vkpaunsi, 2000. — C. 158-171.
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IlooynoBa giarpam Ilypoe nast cuctemu Fe-Cr-Al

Hoaimyk A.FQ., Kynsmentres O.1.

Inemumym npuknaonoi ¢izuku HAH Yxpainu
m. Cymu, 8yn. I[lemponaeniecoka, 58
e-mail: nastya.varennikova312@gmail.com

Y po0OTi PO3TASHYTO EBOJION0 OOOJOHOK TEIUIOBUAUILHUX €JIEMCHTIB
S/IEPHHX peaKToplB Hageneno (1)13I/IKO-X1M1‘{H1 BJIACTUBOCTI, MIEpeBaru Ta HEIOJIIKH
ICHYIOUHX 1 IEPCMNEKTUBHUX CIUIABIB, [0 MOXKYTh BUKOPUCTOBYBATHCS JIIsl TTATMBHUX
o0onoHok. [lokazaHO MOXIHMBICTH BUKOpHCTaHHA niarpaMm I[lypOe nnsi BUBUEHHS
Kopo3ii B peakTopHux Matepianax. [loOymoBano miarpamu IlypOe mns cucremu
Fe—Cr — Al 3 pi3HUMH KOHIEHTpaIlisiMd eJeMeHTiB. HaBegeHo mnuIsXu
MOKPAIICHHS KOPO31MHOI CTIMKOCTI CIUIaBy, BUKOPUCTOBYIOYHM JaHl, OTpUMaHi 3
niarpam Ilyp0e.

[lepeBaxkHa OUIBIIICTH €HEPrii, [0 HUHI BUPOOJIIE€THCS, Oyna OTpUMaHa B
nerkoBogHux (PWR, BWR) peakropax, Kl CKOHCTpYHOBaHi, sIK MIHIMyM, 3 IIICTbMa
Oap’epamu  Oe3neku I 3anoOiraHHs NOTPAIUISTHHSA pajialli B HABKOJMIIHE
cepeZioBUIIE, TOJIOBHY POJIb IpHU IboMY Bigirpae obononka TBEJly. Ha mouatky
PO3BUTKY SAEPHOI €HEPreTUKH MOIYJISIPHUM BapiaHTOM NpU BUOOp1 Marepiany AJis
o6ononkn TBEJly nerxkoBoaHuX peakTopiB Oyfiu ayCTEHITHI HepxkaBiroui ctaii. B
nepion 1960-1975 pp. ne Oynmm Hepxkapitoul ctaimi 316, 304, 304L, 1 347, a Takox
Hikesnesi crutaBu tumy Inconel 800 1 Inconel 600. OnHak, He3Ba)karOuW Ha BUCOKI
eKCIUTyaTalliiiHl XapaKTEepPUCTUKU BIJMOBITHUX OOOJIOHOK (OIIHIOBAaHI 32 YacTOTOIO
BUXOJdY 3 JIaay), HEp>KaBirodl CTaji, sSKl JIeKaTh B iX OCHOBi, MOYald MOCTYIOBO
3aMIHIOBATHCS CIUTaBaMU Ha OCHOBI IUPKOHIIO (Z7). OCHOBHA MpUYMHA I[HOTO -
€KOHOMIsl HEUTPOHIB B aKTUBHIN 30HI. Y Cy4aCHHX JIETKOBOJHHUX PEaKTOpax siiepHE
MaJMBO Y BUIJISA1 MOHOJITHUX TaOJETOK 3 IBOOKUCY YpaHy PO3MIILYETHCS BCEPEAMHI
JOBTUX TPYOOK (JIOBXKMHOIO MPHUOIU3HO 4 M, JlaMeTpoM OJu3bKO 1 CM 1 TOBIIMHOIO
ctinku 0,6 mMMm). 1li TpyOKM BUTOTOBISIIOTHCS 3 PI3HUX CIUIABIB IIMPKOHIIO 1 MpH
po0oTI peakTopa Oe3MepepBHO OMUBAIOTHCS TEIUIOHOCIEM. BiamoBiHO, Ha MTOBEPXHI
TBEJly BinOyBaeTbcsi KOpO3iiiHa peakiisi 3 BUAIICHHSIM BEJIHKOI KUIBKOCTI BOJHIO.
[Ticast BUBUIBHEHHS OCTaTHBOI KIJIBKOCTI BOJHIO 3’SIBISIETCS PU3HMK HOTO BHUOYXY,
OCKIJIbKH CYMIIIl «BOJICHBb-TIOBITPSI-TIapay € JIETKO3aMMHCTOI B IITUPOKOMY 1HTEpBai
komno3uiil. [lomiOHuit BUOyX MOKe cTaTHCs SK Yy pe3yibTaTi ICKpH, Tak 1 IpU
KOHTaKT1 3 rapsdyol0 MOBEpXHEI0; MpPU LIbOMY Ha Kinorpam H, BUBUIbHAETHCS ~
120 M/Ix 1 reHepyeTbes Tapsya napa. BuOyx BoJIHIO B 00MEKEHOMY MPOCTOP1 MOXKe
MPUBECTU JO HAIUIIKOBOTO THUCKY, IO TPUBOJIUTH 10 PYWHYBaHHS HECYUUX
koHCTpyKIid. Came 1el mpomec MaB wmiciie Ha eHeprob6mokax 1,3 1 4 AEC
Fukushima-Daichii. ¥V pe3ynbraTi B HaBKOJHIIHE CEPEAOBHINE MOTPAIMIO Oarato
TaKuX JIETKUX PaJlOaKTUBHUX €JIEMEHTIB, sIK 130Tonu Homy 1 mesiro. Lls aBapis
IPOJEMOHCTPYBajia HEJOMIKM 000JI0OHOK MaJlUBa, 1110 BUTOTOBJISIOTHCS 31 CIUIaBiB. Sk
HACJIJ0K, BHUHMKJIA HEOOXIJHICTh PO3POOKM HOBHUX aBapiiiHO-CTIMKUX IaJIMB,
30kpema marepiamie 06000k ais HuX (ATFC - Accident Tolerant Fuel Cladding).
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OpnuMm 3 MoxnuBHX BapianTiB marepianiB Ay ATFC-npoekTiB - 11€ 3acToCyBaHHs
CUCTEMHU  «3alli30-XpoM-aitoMiHiiy Fe — Cr — Al. Y TenepimHiii yac s
BCTAHOBJICHHSI MEX TEPMOJMHAMIYHOT MOXJIMBOCTI MPOTIKAHHA KOPO31i METaTIYHUX
CHUCTEM BCE YacTillle BUKOPUCTOBYIOTH miarpamu [lypGe. [Hiarpamm IlypGe — 1e
JiarpaMu 3aJeXHOCTI OKHMCHO-BITHOBHOTO TOTEHINay E BiJl BOJHEBOTO MOKa3HUKA
pH nns cucremu Mertan-Boja. Ha mux miarpamax HaHeCEHO 3HAYCHHS MOTEHITiamiB F
Ta pH BIANMOBIAHUX PIBHOBAXHUX EJICKTPOXIMIYHUX Ta XIMIYHHX IPOIECIB, 1, K
HACJIIJIOK, MOKHAa BCTAHOBUTH WMOBIPHICTh MPOTIKAHHA TUX YH 1HIIMX aHOJHUX a00
KaTOJHUX MPOIIECIB.

Concentration in molkg
Fe cr Al
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» Compounds
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e
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° ] S °
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Puc.1. liarpama ITyp6e Fe(33%)-Cr(33%)-Al(33%).
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°
by 1 e,04(s) + 1 Cr(OH)** + L
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° ole
S
o Il ° Fe;04 +0
R eo o | AlOH*
I o
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. ° £ {
g !.z ° % AlOH)s
\ O‘." ° T o (O Fe?* + O Cr* + 0 A
A S o | o
® e L ® r.Fe04(s) + 1 Al(OH), + 1
° °l e o ey Fe0,*
. =
Fe,04(s) + L Cro> + 0
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L 2
L Fe** «
F 1(s) + AlFe.
LD Fe** + W Cr{OH)™ + W0
AIOH*

Puc. 2. [Tliarpama ITypoe Fe(80%)-Cr(15%)-Al(5%).

3 IUX PUCYHKIB MOKHA CKJIACTH 3arajibHe YsIBJICHHS MPO Te, SIK 3MIHIOIOTHCS
KOpO31iiHI ~ BJIACTHBOCTI  PO3TJIAMYBAHOI CHCTEeMH TIpH 3MiHI  BIJICOTKOBUX
CHIBBIAHOIIEHh MK AaTOMHMMH KoMmoHeHTamu. OpmHak, miag dYac BHOOpPY
ONTUMAJIBLHOTO CKJIaay, MOXK€ OyTH KOPHUCHUM 1 3arajibHUW MiJIXiA A0 KepyBaHHS
XapakTepy MpOTIKaHHS KOPO3IWHUX TMPOIECIB, MNPUHHATHI TNpU BUKOPHCTAHHI
niarpam IlypGe.
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PamaHiBCbKI 10CTIIKeHHA MOTU(PIKOBAHUX TAPpaMM PTYTI
MOJIIKPUCTAJIYHHUX IUIIBOK TEJIYPY

I'pemryk O.M.}, F0xumuyk B.O.%, Scimko T.12 icak P.I1.% Py6im B.M.?, Becranos C.A.°,
YBapoB B.M.*, Mucbkis ILM.’, IOpkin LM.>°

1]Hcmumym Qizuxu nanienposionuxis im. B. €. Jlawkapvosa, Kuis, Yxpaina
2IHcmumym npoonem peecmpayii inpopmayii HAH Yrpainu, eyn. 3amxosi cxoou, 4, 88000,
Yoiceopoo, Ykpaina center.uzh@gmail.com
3 Ipe3uois HAH Ykpainu,Kuis, Ykpaina,
4 Incmumym memanogpizuxu im. I'.B. Kyporomosa HAH Yxpainu, Kuis, Ykpaina,
SYMeopOOCbKuﬁ HayionanbHull yHisepcumem, Yoiceopoo, Yrpaina.

Ha cporomui cuHTE3 Ta IOCHIKEHHS BiacTUBOCTEW IUNBOoK PbTe €
HAJ3BUYAMHO  aKTyaJIbHOIO  3ajauero. Tedypua CBHUHIIO €  e()EeKTUBHUM
TEPMOCJIEKTPUYHUM MaTepiajioM I cepeHbo-TemneparypHoi oomacti (500-750) K.
[linBuiieHni 1HTEpEC A0 TEIYPUIIB CBHUHIIO OYB CIPUYMHEHUNA TEOPETUYHUM
nepea0aueHHsIM Ta E€KCIEPUMEHTATBHUM M1ATBEP/KEHHSIM MOMJIMBOCTI 3HAYHOTO
MIJBUILIEHHS TEPMOEIEKTPUYHOI TOOPOTHOCTI Y KBAHTOBO-PO3MIPHUX CTPYKTYpax.

B pobGoti [1] O6yno mokaszaHo, mo npu MoaudikyBaHHI amMOpP(HUX ILTIBOK
CEJICHY PTYTTIO B iX MaTpuill (OPMYIOThCS KPUCTAIIUHI HAHOBKIIIOUCHHS CEJICHITY
pryTi (HQgSe). ®opmyBaHHA TakuX BKIIOYEHb B CTPYKTYpHIH CITII amMopgHOTO
CEJIEHY CYNPOBOJUKYETHCA PI3KUM 3MEHIIEHHSM €JIEKTPUYHOro omnopy [2], mio
CBITYUTH TIPO MOXJIMBICTH CTBOPEHHS HA OCHOBI ITLOTO SIBHINA BHCOKOUYYTIHMBHX
CEHCOPIB MapiB pTyTi. Y 3B’S3KY 3 LIUM, NPEACTABISE 1HTEPEC TOCTIIKEHHS BIUIUBY
napiB PTYTI Ha CTPYKTYPY IUTIBOK TEIYpPY, OCKUIBKU TEIYP KPUCTANIZYETHCS Y TOMY K
CTPYKTYpHOMY THTII, IO 1 TpuroHanepHui cenen, a HgSe 1 HgTe marote monibHy
KpUCTATIIYHy CTPYKTYpy. ToMy B nmaHiii poOOTI BUBYAIHMCS MOJIU(DIKOBaHI PTYTTIO
TUTIBKH TEIypY.

[TniBkm Te ToBmmHOW 130 HM oOXEepKyBaJIM METOJAOM BaKyyMHOTO
BUITAPOBYBAHHS CKJIOMOMIOHOTO TENypY 13 KBa313aMKHYTHX e(]y31iHUX KOMIPOK Ha
HeIAirpiBaHi CKJISHI MIAKIaaKU. Bignan miiBoK MpoBOIUBCS MUISXOM iX HarpiBaHHs
no temmeparypu ~425K npu mBuakocti HarpiBanHs 6 K/xB. MonaudikyBanHs
IJTIBOK TENypy 3A1MCHIOBAJIOCS B CICIIaIbHUX FEPMETUYHUX KOHTEHHEpax IUITXOM
iX BUTPUMKH B MMapax pTyTi OpoTAroM S5-24 roauun npu temmneparypax 290-293 K.

JlocnikeHHsT MIKpOpaMaHIBChKUX CIEKTPIB CBIKOMPUTOTOBAHUX, BIAMATIEHUX
Ta MOAM(IKOBAHUX PTYTTIO TUTIBOK |€ MPOBOJIUIIUCH MPU KIMHATHHUX TEMIIepaTypax
Ha criektpomeTpi Horiba Jobin-Yvon (A5, =457, 5321 671 um).

Ha puc. 1 HaBemeHi pamaHIBCBbKI CHEKTpH cBDKompuroroBanux (1) Ta
BinmaneHux (2) TUTiBOK €, 3apeecTpoBaHUX MpH 30Y/HKEHHI BUIIPOMIHIOBAHHSM
TpbOMa JOBXMHAMH XBWIb (671, 532 ta 457 um). BuaHo, 1110 sK MO MOJIOKEHHIO, TaK
1 10 iX 1HTEHCHUBHOCTI CIIEKTPHU CBIKOMPUTOTOBAHMX 1 BIAMAICHUX ILIIBOK TEIypy
noOpe 30iraroThCcsi 1 CBiAYATh MPO iX CHUIBHY KPUCTAIIUHY CTpyKTypy. IIpo
KPUCTAIIUYHY MPUPOAY IUIBOK [€, OJIep)KaHMX TEPMIYHUM METOJOM CBIiA4YaTh 1
pe3ynbTaTi X-MPOMEHEBUX JOCHIIKEHb. PI3HUI B MOJOXEHHI CMYT, BU3HAYEHUX
IIPH Pi3HUX A, CKIagae BChoro 1-2 cM™”. PaMaHIBCBKi CIIEKTPH MICTSITh i{HTCHCUBHI
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cmyrs mpu 120 i 139 cM™ Ta HH3KY MEHII BHPaXEHHX CMYT i 0COOIHBOCTEH (Y
Buriigi wied) mpu 81, 90, 101-104 ta 266-268 cm™. Ha paMaHiBCBKHX CIIEKTpax
TEIYPY, 3apPEECTPOBAHUINX MPH Ay = 532 HM, MPOSABIAIOTHCS CIIA0KI CMYTH IpH 58 i

70 emt,
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Puc. 1. PamaHiBChKI crieKTpu CBIXONPUTOTOBaHOI (1) Ta BinaneHoi (2) miiBoK Teixypy, 3HATUX NPU
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Puc. 2. PamaHIBCBKi CIIEKTPH IJTIBOK TEIypy MOAN(DIKOBAaHUX B IMapax PTYTTI MPOTATOM 24 rouH
cBikonpuroroBanoi (1) Ta BignaneHoi (2), 3HATUX NP A =671, 532 1475 um.
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Ha pucynky 2 HaBeieHI paMaHiBChKI CIEKTPHU IUTIBOK TEIypY, MOAU(]PIKOBAaHUX
B [1apax PTYTTI NPOTATroM 24 roJuH SK CBIKOMPUToTOBaHMX (1), Tak 1 BiAmayieHux (2).
[TopiBHIOIOUM paMaHIBChKI CIEKTPH, IO IPEACTaBlIeHI Ha I[BOMY PHCYHKY, 3i
CIIEKTpaMHU CBLKONPUTOTOBAHOI Ta BIANANEHOI ILTBOK Te (puc. 1) MoxHa
CTBEP/KYBAaTH, 1110 CTIIEKTPH HOMIHAIBHO YUCTUX Ta MOAU(IKOBAaHUX PTYTTIO TUTIBOK
Te, 3HATUX TIPHU Ay, = 671 1 532 HM, IPaKTUYHO HE BIAPI3HAIOTHCS. JlificHO, YaCTOTHE
MOJIOKEHHS 1 hopMa CMYT Ta CIIEKTPAIbHUX 0COOIMBOCTEN Maii’Ke OJTHAKOBI.

[Hma kapTHHA CHOOCTEpIraeTbcs y BUNAAKY, KOMM Juis 30yIKEHHS
BUKOPHCTOBYBAJIOCS BUIIPOMIHIOBAHHS Ja3epy 3 A,s. = 457 HM (puc. 2). 3po3yMiso,
0 B I[bOMY BUNAAKY TJTUOWHA MIPOHUKHEHHS JIA3€PHOTO BUIPOMIHIOBAHHS CYTTEBO
menmia. [Ipu 30ymkeHHI paMaHiBCBKUX CIEKTPIB Ja3€pHUM BHUIPOMIHIOBAHHAM 3
JOBXHHOIO XBUI1 457 HM CUTHAJI OTPUMYETHCS B1Jl MPUITOBEPXHEBOI 00JIACTI IIJTIBKH.
I, sx cBigYaTh pamMaHIBCBKI CIEKTPHU, caMme I MPUIIOBEpXeBa 00JacTh CYTTEBO
3MIHWJIACS B Tpolieci OOpoOKH TUTIBKY B mapax pTyTi. CEeKTpH BiJl MPUITOBEPXHEBUX
mapiB MOJU(MIKOBAaHUX PTYTTIO IUTIBOK TEIypYy CTaJd MEHII BUPAKEHUMH, OJHAK
KUIBKICTh OCOOJMBOCTEM y BHUIUISIII HEBEIMKUX CMYT 1 IUIeded 30iiIbInuiacs, B
CIIEKTpP1 MPOSIBUIIMCS CMYTH 3 4dactotamu: 78, 86, 92, 101, 109.6, 118, 123, 132-
134.6, 140 Ta 148 cm™. 3a3Ha4ymMoO, WO y CIIEKTPaX HOMIHAIBHO YHCTOTO T€
TIPOSIBIISIIOTECS TUTBKH SICKpaBo BHpakeHi cmyru mpu 121 i 138 cm™ Ta cmabki
ocoGmuBocti mpr 91 i 102 em™ (puc. 1). OcHOBHA CMyTa B CIEKTPi MOAH(pIKOBAHOTO
TEIypy 3Haxoautbesa mnpu 118 cm™. IHTeHCHBHA cmyra npu 138 e’ B CIIEKTpi
HOMIHAJIBHO YHCTOr0 T€ BUPOIMIACS B OCOOIMBICTh Y BUIII mieda mpu 135 cm™.
[TopiBHSHHS OJEpX)aHUX pe3yNbTaTiB 3 ngaHumu poOit [3, 4] mae 3mory
CTBEp/)KYBaTH, IO B CTPYKTYpPHIM CITHI MOAM(PIKOBAHOTO PTYTTIO TEIypy
MPOSIBIIIIOTHCS. HAHOKPUCTAIIYHI BKIIFOUEHHSI TEIIYPUAY PTYTI.

1. Makar L.I., Mudry S., Nykyruy L., Pisak R.P., Rubish V.M., Shtablavyi l., Bespalov S.A.,
Solomon A.M., Yavorskyi R.S. Formation of HgSe nanocystalline inclusions in the matrix of
amorphous selenium films // Mat. Intern. Meeting “Clusters and nanostructured materials (CNM-
6)”. — Uzhgorod, Ukraine. — 2020. — P.267 — 2609.

2. Kyrylenko V.K., Rubish V.M., Nykyruy L.I., Pisak R.P., Durkot M.O., Zapukhlyak Z.R.,
Fedelesh V.1., Uvarov V.N. Electrical properties of mercury modified amorphous selenium //
Mat. Intern. Meeting “Clusters and nanostructured materials (CNM-6)”. — Uzhgorod, Ukraine. —
2020. — P. 138 — 139.

3. Huiging L., Jiaxion F. Raman characterization of ion beam etched Hg,CdiTe surface //
Materials Science and Engineering B75. — 2000. —P. 187 — 189.

4. Churchill Hugh O.H., Salamo G.J., Yu S.-Q., Hironaka T., Hu X., StacyJ., Shihl. Toward
Single Atom Chains with Exfoliated Tellurium // Nanoscale Research Letters. — 2017. — V. 12. —
P.488 — 494,
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BB temneparypu Ha npouecu ¢popmyBanus IIPI' B amoppuux
ILTIBKAX CeJIEHY B YMOBAX MOJSAAPU3ALINHOIO 3aNUCY

TpyHoB M.H.l, Kupunenko B.K.l, Denopuis B.B.Z, 3asnp T.M.Z, Jypkort M.O.l, Tapnait AAL

1IHcmumym npoonem peecmpayii inpopmayii HAH Yrpainu, eyn. 3amxosi cxoou, 4, 88000,
Voccopoo, Ykpaina center.uzh@gmail.com
ZyofceopodCbKuﬁ HayioHanbHUull yHisepcumem, Yoiceopoo, Yrpaina

B [1] Oymo moka3aHo, mo (GOpMyBaHHS IMOBEPXHEBHX PEIbEPHUX TPATOK
(ITPT") B mmiBkax aMOop(HOTO celeHy MeTo/IoM (OTOIHAYKOBAHOTO MacC-TPaHCIOPTY
(OMT) MoxnMBE B YyMOBax CKaJIsIipHOTO rosiorpadiyHOro 3amucy 1 CYTTEBO
MIPUCKOPIOETHCSL TPU 3POCTaHHI TemriepaTypu 3amnucy. OJHaK, HE3BaXKaloud Ha
YUCJIEHHI JOCHIPKEHHS, MEXaHI3M IbOr0 SBHILA 3aJUIIAETHCS HEBITOMHM.
HonatkoBy iH(doOpMaIiio 3 [bOIO MPUBOAY MOXKHA Oyino Ou ojaepx aTu MpH
BpaxyBaHHI TMOJSPU3ALINHOTO CTaHy CBITJIOBUX IPOMEHIB, SKi (POPMYIOThH
noBepxHEeBUH penbed, oaHak gocaiakeHHss ®MT npu BekTopHOMY rojorpadiuHoMy
3alycy Ha IUIBKax aMop(HOro ceneHy (BKJIOYarodu (OpMyBaHHS HOBEPXHEBOTO
penbedy) Ta Horo 3aJeKHICTh Bl TEMIEPATypH 3aMUCy HA TAaHUW Yac BIJCYTHI.

B naniii monoBiai HaBeAeH1 pe3yiabTaTy J0CHiKeHb o GpopmyBanHio IIPI" 3a
paxyHOK (DOTOIHAYKOBAHOTO MAacC-TPAHCIOPTY B IUIBKAaX amMoOp(HOro celeHy B
YMOBaX BEKTOPHOIO (MOJISIPU3ALINHOrO) rojorpapiyHoro 3amucy B 3aJI€KHOCTI BT
TEMIIEPATYPH.

[ToBepxHeB1 penbedHI rpaTku 3 nepiogoM 3.6 MKM, (popmMyBasiMCs Ha MITIBKax
aMop(HOTO CeJleHy TOBIIMHOIO | MKM, OJEp)KaHUX METOJOM TEPMIYHOTO
BUIIApOBYBaHHs. Temmeparypa MiAKIaJAKKA TpPU OCAKCHHI IUIIBKM Oyrla HE BHIIE
25°C, a mBUAKICTh OCAPKCHHS MIATPUMYBaIach B Mexax 3-5 HM/C.

HMudpakuiiina edekTuBHICT, (y BIJHOCHUX OJMHUIIX) BUMIpIOBAJacsi 3a
JIOTIOMOT0I0  BOJIOKOHHOTO — criekTpodotomerpa Ocean Optics USB 4000 Ta
¢ioneroBoro nazepa (A=404 um, P=10 MxB) 1 mopiBHIOBaJIa THTEHCUBHOCTI MPOMEHS
B TIEPIIOMY MaKCUMYyMY TU(PAKIIi 32 CXeMOIO “Ha B1IOMBAHHS .

JlocmikeHHsT TOKa3aiM, IO B P-S-CXeMi 3amucy TOBEpXHEBI penbedu B
IJTiBKax amMop(HOro celieHy Mpu KIMHATHIA Temnepatrypl He (GopMyroThcs. TuM He
MEHIIE, MPU TaKiil ke OPTOrOHANBbHIN MOJsIpU3allii MPOMEHIB 3aluCy, aje B PEKUMI
45°/-45°, TIPI' B miBkax amopduoro ceneHy dopmyrorhest (puc. 1, kpusa 1),
NPUYOMY MiJBUIICHHS TEMIIEPATypH 3alKcy, K 1 y BUNAAKY P-p mossipusarii [1]
NPU3BOJNUTH J0 3HAYHOTO MPUCKOPSHHS MIBUIKOCTI iX pocty (puc. 1, kpusi 2 — 4).

Ak BUAHO 3 ofepkaHUX pe3yabTariB, GopmyBanHs [IPI" cmocrepiraerbcs
HaBITh MIPU TEMIIEpaTypax, OJM3bKHUX 10 TEMIIEpATypU PO3M SIKIIICHHS TUTIBOK (KpHUBI
3 Ta 4), Tobto, mpu Temneparypax Omm3bkux 10 40°C. OmHak, BUMKHEHHS Jia3zepa
3amucy IUTIBOK MPU3BOAMTH JI0 CTUPAHHS ojepxkaHoro penbedy (puc. 1, kpuBa 2 Ta
kpuBa 3, nuisiHKa @). CTUpaHHS MUTTEBO MPUMUHSAETHCS MPU PI3KOMY OXOJIOKEHHI
IUTIBKH JI0 KIMHATHOI Temreparypu (puc. 1, kpusa 3, nijsHka 0).
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Puc. 1. Kinetuka nqudpakiiitHoi eeKTUBHOCTI AJIs TUTIBKK aMOPGHOTO CEJIeHY B 3aJI€KHOCTI Bif
TEMIIepaTypy IpH NOJISIpU3aliitHoMy 3anucy B ymoBax 45°/-45°: 1,5 - 20°C; 2 - 35°C; 3,4 -40°C.
CrpinkamMu MoKa3aHO MOMEHTH BKIIIOUEHHS (T) Ta BUKJTFOYCHHS ( l) Ja3epa 3amnucy

[IponoBxkeHHs 3anucy npu temneparypi 0au3bkoi 10 40° C npus3BOAUTH 10
3HAYHOI BTpPATW IIBUIKOCTI (QopMyBaHHS penbedy 1, SK HACHIIOK, BIIXWICHHS
aupakLiifHOi KpUBOI BIJ JIHIMHOCTI, HI0 CBIAYUTH MPO HASBHICTh MPOLECIB
OJIHOYACHOTO 3aMucy — CTUpaHHs penbedy (puc. 1, kpuBa 4, ningaka a). Kinetuka
dbopmyBanHs penbedy (MBUAKICTH POCTY pelibepy Ta HOTO MakCHMMallbHa BHUCOTA) B
TaKMX YMOBaX BHU3HAYAETHCSl IHTEHCHBHICTIO JIa3epa 3aluCy 1 3aJIEKUTh BiJl IEPIOTy
I'PaTKU.

Takum 4uHOM, B pe3yJbTaTI JOCIIKEHb BCTAHOBJICHO:

— MOBEPXHEBUI penbed B aMOpPHOMY CeJIeHI TIpH MOJIApU3AIlifHOMY 3aIlucy B
yMoOBax P-S He Moxe OyTH cpOpMOBaHHUI 3a peaJbHUN Yac eKCIIEPUMEHTY, 10
CBITYUTh MNP0 BIACYTHICTh MEBHUX CTPYKTYPHHX OJMHHMIb, SKI O
3a0e3revyyBalii HasIBHICTh Mac-TPAHCIIOPTY B TAKUX YMOBAaX 3aIlnCy;

— NOBEPXHEBUI penbed TMpU MNOJSpU3aLIMHOMY 3amucy B yMmoBax 45°/-
45°hopmyeThes, TPUYOMY TIIBHUINEHHS TEMIIEpaTypu 3amucy (HaBiTh 0
TEMIEPATypy PO3M’ SIKIIECHHsI MaTepiaidy) CyTTEBO MPUCKOPIOE MIBUAKICTH HOTO
dbopmyBanHs. MakcuManbHa BUCOTa penbedy MpHU TaKUX TemIepaTrypax Oyuae
3aJIeXaTH Bl IHTEHCUBHOCTI JIa3epa 3amucy Ta mepioay TpaTKH.

1. M.L. Trunov and P.M. Lytvyn “Selective light-induced mass transport in amorphous As,Seio-x
films driven by the composition tuning: effect of temperature on maximum acceleration” J. Non-
Cryst. Solids. — 2018. — V. 493. — P. 86-93.
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Rapid formation methods of arrays of randomly distributed Au and
Ag nanoparticles, their morphologies and optical characteristics

Rubish V.M.}, Kyrylenko V.K.}, Durkot M.O.}, Makar L.1.%, Tarnaj A.A.%, Trunov M.L.%,
Yasinko T.1.}, Matyashov A.1.2, Yurkin 1.M?

! Institute for Information Recording, NAS of Ukraine,
Uzhgorod, Ukraine, e-mail: center.uzh@gmail.com
2 Uzhgorod National University, Uzhgorod, Ukraine

The ordered arrays and arrays of randomly distributed noble metal
nanoparticles (NPs) are widely used to enhance various physical phenomena (surface
enhanced Raman scattering (SERS), amplification of photoinduced mass transport of
matter in chalcogenide films, nanostructuring of their surfaces), as such arrays can
lead to an increase in the electric field by several orders of magnitude due to
excitation of surface plasmon resonance (SPR). This paper is devoted to the
development of rapid methods for the formation of arrays of randomly distributed
gold and silver nanoparticles, the study of their morphology and optical
characteristics.

Techniques and equipment for rapid (30-60s) formation in vacuum (in the
process of silver deposition) and in air of arrays of randomly distributed Au and Ag
nanoparticles with specified morphology and optical characteristics have been
developed. Halogen lamps with a power of 100 and 250 W with mirror-lens
capacitors are used as heaters in the devices. At condensing films and forming Au
and Ag NPs arrays, the control of dynamic changes in their transmittance spectra was
monitored using the Ocean Optics spectrophotometer. The use of a
spectrophotometer in the process heat treatment of Au and Ag films in air and the
deposition of silver in vacuum on heated glass substrates allows to control changes in
the maximum of the SPR band (Aspr) during the formation of NPs arrays and to stop
the process when they reach the preset size.

By the method of rapid radiation heating (at a speed of 20-25 K/s) of Au and
Ag films with a thickness of 4-35 nm to temperatures of 573-693 K in air and in the
process of vacuum deposition of silver on heated (up to 700 K at a heating rate of 10
K/s ) glass substrates formed Au and Ag NPs arrays with nanoparticle sizes from
several tens to hundreds of nanometers, the position Aspr Of which is in the range of
520-597 nm for Au NPs and 424-509 nm for Ag NPs. It is established that the
average size of nanoparticles depends on the thickness of gold and silver films and
the annealing temperature. The results testify that glass substrates with arrays of
randomly distributed gold NPs can be used as effective SERS-substrates for the
investigation of Raman spectra of nanosized (50-100 nm) chalcogenide films.
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MeToauka po3paxyHKy CKJIAAYy €K30TePMIYHHUX IIUXT

Kuryn 10.10., [TaBawk M.M.

Yorceopoocoruii hayionanvhuil ynisepcumem, syn. Iliocipna, 46, Yaiceopoo, 88000
e-mail: yuzhiguts@univ.uzhgorod.ua

Beryn. Jlns 3a0e3nedeHHS HEOOXIHOTO TEMIIEPATYpPHOTO TPali€HTy MpU
TBEpIiHHI BUJMBKIB 3aCTOCOBYIOTh: 1) CTBOpPEHHS TEIUIOI3OIAIIAHOTO IIIapy,
2) mepionWyHe JAOJMBAHHS METally Yy JOAATOK, 3) eNeKTPOILUIaKOBHM O00IrpiB
J0JAaTKIB, 4) BUKOPUCTAHHS ISl KUBJICHHS BUJIMBKIB, METAJIOTEPMIUYHUX JIMBAPHUX
JIOAAaTKIB BUCOKOTO TemmeparypHoro rpaxmieHty [1]. Octanniii MeTon €
YHIBEpCAJbHUM 1 MOK€ BHUKOPHCTOBYBAaTUCS NPAKTHUYHO [UJIs JIIOOOrO THUILY
BHUPOOHHMIITBA Ta CEPIHHOCTI TIPU OTPUMaHHI JUTBa [2].

3araabHi npodjemu. MeToro pob6oTu Oyi0 po3podKa METOJUKHU PO3PAXYHKY
aniadaTU4HOI TEMIIEpPaTypU CHJIBHOEK30TEPMIYHUX peaklii A MOJaJIbLIOro
KOMIIOHYBaHHSI Ha iX OCHOBI METaJIOTEpMIYHOI MIUXTU. L{iIKOM 3po3ymino, MO Jis
BUSIBJICHHS peaJbHOI TeMIlepaTypud TOpPIHHS CyMIilll CKOMIIOHOBaHOiI Ha 0as3i
CaMOpPO3MOBCIOKYBAJIBHOTO  BUcCOKoTeMrieparypHoro  cuHtesy (CBC)  abo
koMO1HOBaHuXx npoueciB (CBCHmeranoTepmisi), mOTpiOHO BpaxyBaTH Macy 1 po3Mipu
IIMXTH Ta 3JMBKA, CUCTEMY TEIJIOBIABOAY, IUCIEPCHICTh IHIPEAIEHTIB IIUXTH, Yac
TOpPIHHA IIMXTH, CXEMY MPOXOKEHHS (DPOHTY rOPiHHS, Yac TBEP/IHHA 3JMBKa Ta 1H.
Ane nns BCTAHOBJIEHHS MOJKIIMBOIO TEPENIKY pEeakiliii Ha OCHOBI SIKMX MOKHA
CHUHTE3yBaTH JIMTUH CIJIaB, HEOOX1THO BpaxyBaTH, IO BIJINBOK OTPUMYETHCS TIIBKU
TOMAl, SAKIIO BHUHHUKAE PO3JAUIEHHS CIUIaBy 1 IIJaKy, TOOTO MpH TeMmmeparypi
pearyBaHHSI KOMIIOHEHTIB, sIka IEPEBUIILLY€E TEMIIEPATypPy IUIABJICHHS IILJIaKy.

Meroauka TepMoXiMiuHUX po3paxyHkiB. Ilicisi BCTaHOBJIGHHSI CKJIaay
IUXTH 33 CTEXIOMETPUYHUMHU KOe(]IIll€HTaMU XIMIYHOI peakIlii Ta KOopekuii ii
Koe(illieHTaMH  3aCBOEHHS  KOMIIOHEHTIB IIMXTH TPOBOJUBCS  PO3pPaxyHOK
aniabaTMyHO1 TeMIEepaTypu TOpPIHHS MeTaloTepMmiuHoi peakuii. [Ipu mpoBeneHH1
pPO3paxyHKIB IO BCTAHOBJICHHIO aJla0aTHYHOI TEeMIepaTypu TOPIHHS IIUXTH 3a
ICHYIOUMMH METOJIMKaMH HE BpaxoByBajacs CyOiiMallisi alfoMiHiIO, IO Ja€ MOXHOKY
BcTaHOBNIEHHA T, Ta Q,. OnHak He 3BaKaroud Ha L€, TEMIIEPATYypU pearyBaHHs
CyMmillli TMOBHMHHI OyTH 13 BpaxXyBaHHSM TEIUIOBIIBOJY JOCTaTHI JUIsl TUIaBJIEHHS
cknanoBux peakuii 1 i MpoAyKTIB (Tryre0)=1640K; Tryre304=1810K; Tryre=1800K;
Trna1y=830K; Tm(A1203)=2320K)-

OcHOBHUH KpUTEp1i OTpUMaHHS 3JIMBKIB — T, MOBUHEH JIs BCIX peakuiid OyTu
Bullle Ty, mponykriB peakuii. Pozpaxynok T, 3po3ymino He BpaxOBYe€ TEIJIOBTPATH Yy
MpoIleci TOPIHHS, a TaKOX MOBHOTY MEPETBOPEHHS PEAreHTIB y MPOJYKTH PEaKIIii.
BpaxoBytoun yMOBY po3paxyHKy, IO BCE€ TEIUIO BUTPAYa€ThCS HA HArpiB IIHUXTH,

TOOTO €HTaJbMIl BUXITHUX MPOIYKTIB 1 KIHIEBUX OJMHAKOBI, 3HAXOAUMO:
K

S (H(r,)- H(T,) =Q n

i—1
ne T, — amiabatnyHa TeMmImeparypa TOpiHHS, T, — IOYaTKOBAa TEMIIEPATYpa;
Q — TernoBuit eekT peakiii; k — KUTBKICTh MPOIYKTIB PEaAKIIii.
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VY cknaaHIMUX PIBHAHHAX NPU YTBOPEHHI OUIbIIE HIXK TPHOX MPOAYKTIB peakiii T,

BCTAHOBJINOE€THCA:
. _ Q- Hi(T,)-D Li+> Cip T, 2
¢ Z Czpzmc

ne C; ta Lj — TEIJIOEMHICTh 1 TEIUIOTH IUIABJICHHS MPOAYKTIB peakilii BiAMOBIIHO;
Y — 9acTKa piaKoi ¢a3u y MpoAyKTI TOPIHHS;

3po3ymino, 1110, 3 TPUYUH BIJICYTHOCTI MOBHO1 TabJMIIl TaHUX 3ajiekHocTel C
Bim T mnpu BHCOKHX TeMIlepaTypax, IPOBOJMIIACA CKCTPAIOJAIIS 3HAYCHb Y
BIJIIIOBITHOCTI 13 3aIIPOIIOHOBAHUMH BUCHOBKaMHu [2]:

Corsrnn=71k (JI>x/Monb rpan), (3)

ne k — nepexigunii koedinieHT Big Kai A0 JkK; Cogtry) — TEIUIOEMHICTD MPOAYKTY IIPH
TEMIIepaTypl IJIABJIEHHS; N — YUCJIO aTOMIB y MOJIEKYJl YTBOPEHOTO MPOAYKTY.

[Ipu crpomeHiii cxemi po3paxyHky T, BU3Hauanocsi 0e3 BpaXyBaHHSI TOUHHX
3HAUYEHb TEIUIOEMHOCTEW, a TEIUIOBHM €(QEeKT BCTAHOBIIOBABCA IPU CEPEIHIN
temriepatypi (Hanpukmnana, 2500 K). 3MiHOIO X TEIIOBOTO €(PEeKTy, KOJIU MPOAYKTH
peaxiii 3HaXOAAThCS y PIAKOMY CTaHl, MOXHa 3HeXTyBaTu. [lomuiiky, mos's3any 13
€KCTPaMoJIALI€I0, OLIHIOIOTh B IEKIIbKA COTEHb IPaaycCiB.

T_p Q-L-aH(,)
a” T (4)
piox

[Is MeToauKa cTae CKIAIHINIOW B PO3PAXyHKOBOMY IUIaHI MPU YTBOPEHHI
JEKUTBKOX TIPOYKTIB TOPIHHSL.

BucnoBku. 1. Po3po0ieHo MeToauKy Jisi BCTAaHOBJICHHS aaiabaTuyHOl
temniepatypy CBC Ta MeTajoTepMiyHUX peakilii TpH BBEICHHI CHCTEMH
EKCTPaMoJIAIliil TEIMIIOEMHOCTEH 1HTpeaieHTIiB. 2. BecTaHoBIeHO TeroBuil eekT mpu
pearyBaHHI KOMIIOHEHTIB cywmimmi. 3. BukopucTaHHS I1i€i METOIUKH J1a€ 3MOTY
KOMITOHYBATH IIMXTY JJIs CHHTE3Y JIMTHX CIiaBiB MeTasioTepmiero Ta CBC.

1. Hossle METOAbI MOJIy4YCHHUA BBICOKOTCMIICPATYPHBIX MaTcpuaJioB OCHOBAHHBIC Ha
ropenun/A.I' ' Mepxkano, W.IL.boposunckas, B.N.IOxBug u ap. // Hayuneie OCHOBBI
MmatepuanoseneHus. — M.: Hayka, 1981. — C. 193-206.

2. Kuryn 10.1O., Jlazap B.®. TexHomorii oTpuMaHHS Ta OCOOJIMBOCTI CIUIaBiB CHHTE30BaHUX
KOMOIHOBaHHMMH TIpolriecaMu. — Y kropoa: BugaBaunrso «IHBazop», 2014. — 388 c.

3. Zhiguts Yu., Kozar O. New combined technologies of synthesis materials. — Advanced chemical
technologies and materials for industry and the environment: Conference Proceedings.
International Scientific and Technical Conference, 22-23 October 2020, Khmelnytskyi
(Ukraine). — Khmelnytskyi National University, 2020. — P. 40-43.
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BucokoBoabsppaMoBi Kap0ixocTai CHHTE30BaHi CBC i METAJIOTEPMI€I0
Kuryn 10.1O., Jlerera A.I1., Byrip M.C.

Yorceopoocoruii hayionanvhuil ynisepcumem, syn. Iliocipna, 46, Yaiceopoo, 88000
e-mail: yuzhiguts@univ.uzhgorod.ua

Beryn.  Cytp  kOMOIHOBAaHMX ~ TpOIECIB,  sIKI  CKJIANalOTbCi 3
CaMOpPO3IOBCIO/KYBAJIbHOTO  BUCOKOTemIieparypHoro  cuatesy  (CBC) i
METaNOTepMii, 3BOAUTHCSA MO IHIIIIOBAHHSA EK30TEPMIYHOI peakiii y MOpPOIIKOBIH
CyMillll XIMIYHUX eJeMeHTIB. DOpPOHT TOPIHHS CaMOBUIBHO TMEPEMIIIYEThCS 3
BH3HAUCHOIO JIiHIHHOIWO mmBuAKicTIO [1,2]. Cama > peakilisi CHHTE3y CTBOPIOE
HAJ[3BUYAHO BUCOKY TEMIIEpaTypy.

IlocTraBiaena mpodiaema. Metoro poOoTu Oysl0 BCTAaHOBJIEHHS MOKIMBOCTI
OTpPUMYBATH SIKICHI HaWHOBITHIINII I1HCTPYMEHTaJbHI MaTepianu (kapOizocTai)
OTPUMAaHHS Ha CTPYKTYPY, XIMIYHHUI CKJIaJl, MEXaHI4HI 1 TEXHOJIOT1YHI BJIACTUBOCTI
CHUHTE30BaHMX CIUIABIB. 3 TEXHOJOTIYHOI TOUKH 30py LIEH MpoLec MOKHA PO30UTH Ha
Takl eTamu: IHIIIIOBaHHS peakilli TopiHHS, (a30pO3AUICHHS, KpUCTam3aiisa 1
OXOJIOJIPKEHHSI MPOAYKTIB peakiiii. JloChiKeHHIO migaaBaaucs TUIBKUA Ti MPOIIECH,
110 MPOTIKAIOTh Yy CTAI[IOHAPHOMY PEKUMIi, TOOTO TOJ1, KOJU TeMIlepaTypa TOPIHHS
(T,) 6impIe Temreparypu miaBinenns nuiaky (T,,) [2].

Marepiaau | MeToANKA NMPOBEACHHS eKCIepUuMeHTy. JlJIsi BU3HAYECHHS Macu
3JIMBKA 1 BUXOJYy CIUJIaBY 3 IIUXTH Ha MEPUIOMY €Tanl JAOCIIIKEHHs Oyl MPOBEACHI
MikporuiaBkd npu maci mmxta 100—150 r y meraneBomy Turii giamerpom 40 MM 3
PI3HHM TIPOIEHTHUM CITIBBITHOIICHHSIM KOMIIOHEHTIB y CyMilm. [HimitoBaHHS
MPOIIeCY TOPIHHS TPOBOJUIIOCS CHEIIaIbHIM TUTAHOBUM 3alaJioOM BUTOTOBJICHUM 3
MoponIKy TutaHoBoro ximiunoro I1X-2 TY 48-10-78-83.

[Ipn BukoHaHHI poOOTH OynM BUKOPUCTaHI Marepiajiu: caxa aleTUICHOBa
(texniunuit Byrneub TY 14-7-24-80), mnopomok amominieBuii [1A-3-T1A-4
I'OCT6058-73 Tta in. IlopomkoBa mMXTa MpOCYIIyBaiacs, IMepeMilryBaiacs,
VIIITBHIOBAJIACS 1 MICIS HOTO PO3MIIIYyBajacs y METAIOTEPMIYHOMY THIJII.

ExcnepumeHTadbHi aociaigxenns. Ha cTpykTypy cCIutaBy BIUIMBAIOTH HE
TUIBKM Maca IIWXTH, BIJHOIIEHHS NHTOMHX Mac, ajieé 1 B3a€EMHAa PO3YHMHHICTh
KOMITIOHEHTIB peakiii. [Ipu crabuibHOMY MpoLECi CHUHTE3Y HOAaHOK TEXHOJOTIE0
MOXXHa OTpUMYBaTH cIuiaBu 3: muibHICTIO 0-1,5%; TtBepaicTio 86-93 HRA;
MirHicTIO Ha 3ruH 900—-1150 MIla; mogynem 3cyBy 158000—171000 MIla; momynem
FOnra 373000406000 MIIa; xoediuientom Ilyaccona 0,14-0,16.

Cxema peakyii 3anucyemucsi popmynoro (1):

WO;+Fe,03+C+Al->WC+Fe+W+AIl,O4 (1)

[Tpu aromuiit maci mus W=183,85; 0=15,999; Fe=55,847;, C=12,011;
Al=26,98; Bu3HayaemMo aT. Macy pearyr4yux KOMIIOHEHTIB Yy IIpaBiil YacTUHI
dhopMyIH 1 X CIIBBIAHOIICHHS y CIUIaB1, BCTAHOBIIOEMO KUTBKICTh 3ajli3a y 3B SI3IIl.

BcranoBumo  crexiomeTpuuHi KoedilieHTH |y QopMyni  peakiii, ska
3aMUIIEThCA Y BUTTISIL (2):
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0,11Fe,05+0,43W0;+0,43C+1,08Al— —0,43WC+0,22Fe+0,01W+0,54A1,0;  (2)

Ha pgpyromy erami 3a BHJIO3MIHEHOIO METOJMKOIO [2] BCTaHOBIIOBAJIach
amiabaTrdHa TeMIiepaTypa peakiiii, sika cranoBmia moHam 4000°K.

Tperiii eranm moJssAraB y KOpEKIii CKJIaay IIUXTH 32 PaxyHOK BBEICHHS
BiAMOBIAHUX depoaomimiok (dbepomapraniro, pepoxpomMy Ta iH.), SIKI JOBOJATH
XIMIYHUHA CKJIaJ] CIUIaBy JO aHaJora CTaHAapTHOMY, IpPHU IbOMY BPaXOBYBAaJHCS
Koe(iIieHTH aKTUBHOCTI CKJIAJJOBUX KOMIIOHEHTIB PEaKIlii.

[Tpu cuHTE31 MMTUX TBEPAUX CIUIaBIB MIKpPOTBEPIICTh KapOi/liB 3MiHIOBAIACS Y
mexax 24000-26000 Mlla. TsepaicTe cuUHTE30BaHOI KapOigocTalni HE HUKYE
BOJIb(paMOKOOaTbTOBOTO 1 aHajmora Mpu 30€peKeHHI Maloi MOPUCTOCTI 1
BIJICYTHOCTI BUIBHOTO Byruento (puc. 1). B Toii ke yac y XiMIiYHOMY CKJIal JTUTHX
KapOiocTajei CrocTepiracThes 3aIuIIKoBUM anmoMiHii ~0,1%.

Tt T T O

-" 3,
'k
.

5

7

Puc. 1. Mikpoctpykrypa kap6igoctami B(P18)15m1, x250

Tabmuus 1
Ckial IMXTH JJ1s1 OTPUMaHHS JJUTUX KapOlgocTalien
Tun kap6izocrani Cxknaj muxTH, Mac. %
Fe,O4 WO, C Al
B(P18)15n 11,51 65,85 3,41 19,23

AHani3 XIMIYHOTO CKJIaJly y 3JIMBKaX JI03BOJIMB BUSBUTH 3aHMXCHHUI BMICT
BYIJICLIIO, IO TMOB’S3aHO 13 YACTKOBUM BHHOCOM HOTrO 3 HIMXTH MpPU TOPIHHI (IUB.

Tabm. 2).

Tabang 2
Oco06aMBOCTI XIMIYHOTO CKJIaAy 1 TBEPJIICTh CHHTE30BaHUX CIIJIABIB
THIL CrL1as Bwmict enemenris, mac. % TBepaicTs,
Tapy C |W [Co Al |Fe HV
Kapb6inoctans B(P18)15n 4,2 1416 | - 0,22 | Pemrra | 1100 (1250%)

*Tlicins rapryBanns 31280°C i motpiiinoro Bianycky npu 570°C.

1. HoBble MeToAbl MOJIY4YEHHUS BBICOKOTEMIIEPATYPHBIX MAaTE€pHalOB OCHOBAHHbIE HA TOPEHHUH /
A.I''Mepowcanos, HU.Il. Boposunckas, B.HM. FOxsuo u Op. // HayuHble OCHOBBI
Mmatepuanosenenns.—M.: Hayka, —1981.—C. 193-206.

2. Zhigyts Yu., Kozar O. New combined technologies of synthesis materials / Advanced
technologies in education, industry and the environment. Monograph: edited by Olga Paraska,
Norbert Radek, Oleg Synyuk. — 2020. — P. 33-46.
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Combined technology of synthesis materials with special properties
Zhiguts Yu., Lazar V., Kupec F.

Department of Machinery, Uzhhorod National University,
People's area 3, Uzhhorod, 88000, Ukraine

The lazer surface hardening (LSH) of metals was discovered in 1965.
Nowadays in the whole world hundreds of patents have been awarded to branch
inventions including those dealing with combination of LSH with SHS (self-
propagating high-temperature synthesis) [1-7]. In the given investigation the mixture
of powders Ti (68%), carbon in black state (18%) and Fe (14% by mass). The
mixture was damped by solution of 2 % latex in benzine, then it was put on the
surface of stalls of mark 10 and 20 and was dried in an open air, forming the layer 80,
200 or 500 mkm thick. Those layers were burnt by CO, lazer of continuous action
with longitudinal pumping of “Cardamon” type 850W of power under tightness of
power 15-20W-m, the speed of scanning was being changed in the limit of 10-20
mm-c ™. After the experiment was made macro- and microhardness in alloy layer, in
the zone of thermal influence and in the base metal were being measured [8-11].

Typical microstructure of metal consists of ~50% particles TiC and ~50% (by
volume) metallic link — instrumental carbon steel of type 48.The investigations made
proved that the microhardness of carbides TiC is almost 10 times higher than the
hardness of steel and reaches HV1400 (14000 MPa). The substitution of a part of iron
in the SHS-mixture by ferrochrome increases greatly corrosion resistance of
carbidosteel and decreases its oxidizing wear in the process of its exploitation. The
substitution of carbon in SHS-mixtures by the powder is also long-range.
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Fig. 1. Microstructure of the reinforced layer with semi-molten TiC particles

Combination of LSH and SHS in one operation allows to solve the whole
complex of technical problems connected with producing of materials with high
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hardness like carbidosteels and hard alloys on metal surface: 1) evolution of inner
chemical heat in SHS-mixtures allows to decrease the power of lazer radiation; 2)
new complex technological process allows to build up wearied surfaces of parts of
machines and devices to the high of 0,5 mm; 3) lazer ray as a source of heat may be
substituted by electronic ray or by another carrier of energy.
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10.

11.
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11, - C. 5-6.

Kurynn FO.}O. CtpykTypa 1 BIacCTHBOCTI CHHTE30BaHUX TBEPAMX CIUIAaBiB// Di3MKO-XiMidHA
Mexanika marepianis, — JIpBiB, —2003, —Nel, — C. 109-110.

Zhigyts Yu. Yu. Thermit smelting of copper alloys// Acta Metallurgica Slovaca. Special issue,
—1999, — Ne2, — P.418-421.

Kuryn FOXO. Ilarent Ne2001106813. Ex3oTepmiuHa cymill Al JKUBJICHHS BWIMBKIB 3
BHCOKOJIETOBaHUX craiier // brom. Ne9, 2002.

Kuryn FO.FO. [Tatent Ne2001129089. Metanotrepmiunuii peakrop// bromn. Nel, — 2003.

Kuryn 10.10., Ckuba F0.1O. [Tatent Ne2001106677. Ex3oTepMiuyHa cyMimn JUisi TEPMITHUX
nuBapHUX aoaatkiB // brom. Nell, —2002.

Kykos A.A., Kuryn 10.10., ununa E.I1., Maxymaap [x. arra. O0paboTka MaTepHralioB
JIII3 u CBC// U3B. BY3o0B. Uepnas meramnyprus, — M.: —1998, — No5, — C.60-63.

Kuryn 10.10., Jlazap B.®., Xo’msx b.5l. Hosi TexHomorii nudy3iifHOro HaCHUYEHHsS] THTAHOM
oBepXOoHb cTayiell / MikHapoaHuil HaykoBui kypHan «OcBita 1 Hayka» — MykadeBo-
Yencroxosa: PBB M1Y; Akanemis im. 5. [iyroma, 2020. — Bum. 2(29). C. 11 - 14.

Zhigyts Yu., Kozar O. New combined technologies of synthesis materials / Advanced
technologies in education, industry and the environment. Monograph: edited by Olga Paraska,
Norbert Radek, Oleg Synyuk. — 2020. — P. 33-46.

Zhigyts Yu. Integrated diffusion saturation of thermite steel surface by polymers / Clusters and
nanostructured materials (CNM-6°2020), 05-09 october 2020.: materials conf. — Uzhorod:
Ukraine, 2020. — C. 162-164.

166



CM®XT - 2021

Influence of Si4+, Mg2+ additives on the structure and properties of
YAG transparent ceramics

Vorona l., Yavetskiy R., Parkhomenko S., Doroshenko A., Kryzhanovska O., Safronova N.

Institute for single crystals NAS of Ukraine, Kharkiv, Nauky ave. 60, 61072

Advanced ceramic technology of solid-state sintering allows to fabricate
transparent ceramics based on Y3;AlsO;, (YAG) with optical quality high enough for
laser applications when doping by rare-earth ions like Nd** or Yb** [1]. To achieve
the required pore-free microstructure of ceramics, heterovalent sintering additives
like Si** are usually used for intensification of diffusion mobility by formation of
charge-compensating cationic vacancies [2]. However, Si** additive also provides
increasing the crystalline grain’s sizes, which may slow down pores vaporization and
have negative effect on the optical properties of ceramics. Divalent additives like
Mg** can inhibit grain grow processes, providing control of grain sizes in ceramics
[3]. Thus, using the complex sintering additive Si**+Mg?" is promising to control
microstructure and, consequently, properties of transparent YAG-based ceramics. In
the other hand, point defects in YAG lattice, formed by substitution of cationic
positions by heterovalent ions [4], can influence on the optical and luminescent

properties of fabricated ceramics.
Equivalent amount of Si4+ and Mg?* ions Current work is devoted to study of
....... o mutual influence of Si*" and Mg*" sintering
g © T | 8 additives on microstructure and optical

il properties of YAG ceramics. Microstrucure,
lattice parameters and optical properties of
YAG:Si,Mg ceramics with  different
concentrations of silica and magnesium was
| investigated. It was found that that the
3 optical quality of ceramics rapidly drops
| . . Mg:0044at%  when atomic concentrations of Si¢ and Mg>
0,00 002 004 006 008 0,10 become equal. In the other hand, ceramics

T@1064 nm (%)
I o ®
1) S o
o

N
o
T

OF

Si** (at.%) shows rapid increase of quality and achieve

decent (at least) transparency when both Cs

Fig. 1 — Optical transmittance of oOr C,, exceed it’s counterpart value for 10%
YAG:Si** Mg* ceramics samples with or more (Fig.1). Analysis of polycrystalline
different concentration of Si*" ions. morphology of studied YAG:Si,Mg ceramics

shows that compound with Cs/C.,=1 has the
smallest grains of all range. Small Mg excess leads to the rapid increase of grain size,
which then decreases with C/C,, decreasing. In its turn, increasing of C./C,,leads to
increasing of grain size, which qualitative correspond to known studies of YAG:SI
ceramics.
Due to obtained results it can be concluded that C./C.,>1 looks like a preferred
direction for transparent ceramics synthesis due to effective pore elimination and
more uniform microstructure, more intense grain grown inhibition in the case of
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C./C.<1 should be considered as an important tool for scaling obtained ceramics size
when large grains become an issue due to insufficient boundary diffusion speed for
the elimination of pores from inner volume. Additionally, it was found that presence
of silica additive increases magnesium solubility in YAG ceramics — at list twice with
0.044 at.% Si+ in this certain case.

1. A. Ikesue, T. Kinoshita, “Fabrication and Optical Propertics of High-Performance
Polycrystalline Nd:YAG Ceramics for Solid-State Lasers” J. Am. Ceram. Soc. vol. 78(4) pp.
1033-1040, 1995.

2. A. Maitre, et. al, “Effect of Silica on the Reactive Sintering of Polycrystalline Nd:YAG
Ceramics” J. Am. Ceram. Soc. vol. 91(2), pp. 406-413, 2008.

3. Y. Li, et. al. “Fabrication of Nd:YAG transparent ceramics with TEOS, MgO and compound
additives as sintering aids”, Journal of Alloys and Compounds vol. 502, pp. 225-230, 2010.

4. Maija M Kuklja, “Defects in yttrium aluminium perovskite and garnet crystals: Atomistic study”
J. Phys.: Condens. Matter vol. 12, pp. 2953-2967, 2000.
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BnuiuB opraniyanx Moau(pikaTopiB pocTy HA MATOreHe3 KPUCTAJIIB
KaJIbIII0 0KCAJIATy MOHOTIApaTy

Tapaneus 10.B., [Tputyna .M., be3kposua O.M.

Incmumym monoxpucmanie HAH Yxpainu, npocnekm Hayku 60, 61072, Xapxis, Yxpaina.

BuBueHHs mporieciB KpucTamizamii 3 MPOTOTUMIB (Di310JOTIYHUX PIAUH €
aKTyaJJbHUM HamnpsIMKOM JOCIDKEHb B Traiy3l (I3MYHOTO MaTepialo3HaBCTBA,
OCKUJTbKHM TIpo0JieMa MaTOT€HHOTO0 KaMEHEYTBOPEHHS B OpraHi3Mi JIIOJUHU HOCUTH
rnobanpHuil Xapaktep. OCHOBHUM KOMIIOHEHTOM MAaTOT€HHHUX OPraHOMiHEPaTbHUX
arperariB, 10 (QOPMYIOTbCS B OpraHi3aMi € KaJibl[li OKcaJaT MOHOTIIpaT
(CaC,04-H,0O, calcium oxalate monohydrate, COM), nponss SKOro Cckjiaaae
~80% [1, 2].

B OlonoriyHMX cuUcTeMax KpHUCTai3allisl PpEryjloeTbCcsl  MOJIEKYyJIaMu-
Moau(iKaTopamu, sIKi 34aTHI KOHTPOIOBATH picT KpucTaniB. Ha npouec 3apomxeHHs
kpuctaiaiB COM i ix moganbIvii picT 3HAYHUH BIUIMB HAIAlOTh HEOpraHiuHi (MarHii,
dochop, 3amizo) Ta opraniuxi gomimku [3-5]. OpraniuHi JOMIIIKH, 30KpeMa
aMIHOKHUCIJIOTH 1 BITaMiHH, BIJIIPalOTh BAXKJIUBY pOJIb y Ipoliecax KpucTaizawii
COM. Bimomo, mo aeski aMiHOKHCIOTH (TJIyTaMiHOBA KHCIIOTA, JIi3HH, TJIIIHH)
YUHATH 1HTIOYIOWy Jil0, a TpOoJdiH, BaliH, CepiH —npomMoTyrouy. Brmus L-
acmaparinoBoi kuciotu (L-Asp), L-aprininy (L-Arg) ta L-tpeoniny (L-Thr) na
kpuctamsamiro COM He BHU3Ha4YeHO, a00 JaHi MIOAO0 iX BIUIMBY CYNEPEWIMBI, BOHU
MICTATBCS B (D1310JIOTTUHOMY PO34YMHI 1 OYJIM BUSBIIEHI Y CKJIaJl HUPKOBUX KaMEHIB,
KpIM TOro, B JOCHIKyBaHid MozenbHii cuctemi COM BOHM MarOTh pi3HUN
3apsiIOBUIM CTaH 1, BIJMOBIIHO, Pi3HI 0COOIMBOCTI B3aemoii 3 kpuctaiamu COM.
Tum yacom, He3BaXarOUu Ha OYEBUIHY HEOOXITHICTh BITaMiHIB B OpraHi3Mi JIOAUHH,
iX posb y nporecax Hykjeanii 1 pocty COM o TenepilHboro 4yacy He BH3HAuY€HA.
BianoBigHo 10 KIIHIYHUX BUNPOOYBaHb, BIIOMO juie, o Bitaminu A, E 1 C 31aTH1
30UTBITYBaTH €KCKpEIlito okcanary y (i310J0TiYHINA PITUHU 1 MIABUILYBATH PHU3UK
kpuctamnizaiii COM. V 3B's13Ky 3 1IuM, BaXKJIMBO BUBUYMUTH npoliecu Hykiealii COM B
npucytHocTi aminokucioT (L-Asp, L-Arg, L-Thr) i Bitaminis rpynu B (By, Be, B1o).
TakuM 4yMHOM, BCTaHOBIIGHHS IN VILr0 BIUIMBY MOJEKYJI-MOJH(]IiKaTOpPiB pocTy Ha
kpuctamzaito COM € akTyanabHOIO 3aJaydero, sika CIpsIMOBaHAa Ha TOLIYK HOBHX
JIOMIIIIOK, 3/IaTHUX TIPUTHIYYBATH PICT maroreHHUX kpuctaiis COM.

Metoro gocmipkeHHsT OyJ0 BHUBYEHHS KIHETUKU 3apO/KEHHS OKcajaTy
KaJIbI[II0 MOHOTIIpaTy, TOCHIIKEHHS BIUIMBY MOJICKYJ-MOJIU(IKATOPIB POCTY Ha
3aKOHOMIPHOCTI KpHcTaiizaii, Mopdoiorito 1 po3mip kpucraiaie COM Ta mnomryk
HOBHUX JIOMILIOK, SIKI 3/1aTHI nmpurHidyBatu picT kpuctanieB COM. Kpucranu COM
OTPUMYBAJIM METOJOM CIOHTAHHOI KpUCTaNi3alli B MOJEIbHIN cucTeMi, OJIM3bKINA 10
(b1310JI0TTYHUX yMoB [6,7]; CH1BBITHOLIECHHS MOJISIPHUX KOHIIEHTpaIii
KaMCHEYTBOPIOIOUMX KOMIOHEHTiB peaxiii [Ca*’]/[C,0,°] mnopisuioBamo 20:1,
NepecudeHHs] po34nHiB (S) BapitoBanm B piamazoHi 4,6-14,0. MogensHa cuctema
dbopMyBanach Ha OCHOBI CKJIay: XJIOPUJ KaJbllil0, OKcallaT Kallilo, XJOpUJ Kalilo,
anetaTHuil  OypepHHMiI pO3YWH, JUCTWIBOBaHA BOJA, OpPTaHIUYHI JIOMIIIKA
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(aminokmcmorn L-Asp, L-Arg, L-Thr i Bitamiam B;, Bg, Bi). Kunetwky
KpucTaiizauii MoaenbHux po3urHiB yuctux COM Ta B NpPUCYTHOCTI JAOMIIIOK
BU3HAYAIU TYPOIIMMETPUIHUM METOJIOM IIJIIXOM BUMIPIOBAHHSI MyTHOCTI PO3UYHHIB.
JUist  mOCHDKIEHHST CTPYKTYpH, Mopdosorii Ta po3MmipiB  kpucrainiz COM
BUKOpHUCTOBYBaaM  IY-cmekTpockomiro, P®A, Ta ckaHyoouy eJIEKTPOHHY
MIKPOCKOTIIIO.

B pe3ynbrari mpoBeNeHUX IOCHIKEHb OyJI0 BCTAHOBJIEHO BIUIUB MOJIEKYJI-
MoudikaTopiB pocty (aminokucioT L-Asp, L-Arg, L-Thr i BitaminiB By, B, Byy) Ha
mpolecu Hykjearii, Mopdororito 1 po3mip kpuctamie COM. Ilokazano, 1o
OPUCYTHICT y MojenbHoMy po3unHi COM aminokuciaor L-Asp 1 L-Arg 3
KOHIeHTpalissMu 20 MMOJIB/T TIPU3BOAUTH 1O YTBOPEHHS OJAMHOYHHMX KPHUCTAIIIB
COM po3mipom 4-5 MKM, a HasgBHICTh BiTaMiHy Bg (y kKoHueHTtpauii 50 MMob/in) —
0 YTBOPEHHSI KpUCTaliB po3MmipoM 2 MKM (y TIOpiBHSIHHI, 0€3 JIOMIIIOK
dbopmyrotbest aeHnpuTH Kpuctaiu COM posmipom 10 MkM), 1m0 00YyMOBJIEHO
ascopOLI€l0 OpraHIYHUX MOJIEKYJI 3a PaxXyHOK YTBOPEHHS BOJHEBHUX 3B'SI3KIB 3
rpanHio {121} COM Ta eNneKTpOCTaTUYHOIO B3AEMOIIEI0 MK 3apsKCHUMU
MOJIEKYJIaMH JIOMIIIIOK Ta aTOMaMU KaJbI[IO 1 OKcajaTy, 110 BUXOJATh Ha TOBEPXHIO

rpaneit {100} 1 {010} kpucrama COM (puc. 1).
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Puc. 1. AgcopOuiist MoOseKyJ1 aMiHOKUCIOT (a) Ta BiTamiHiB (0) Ha rpaHsax kpuctaia COM.

Busnadeno, mo crymninb iHTiOyBanHs kpuctamizamnii COM mpu gonaBanHi L-
Arg i L-Asp 30i1bm1y€eThbesi TPOMOPIIIAHO KOHIIEHTpPAIlli aMIHOKMCIIOT B PO3YWHI Ta
nocsirae 86% 1 90%, BiAMOBINHO, TIPH iX KOHIEHTpalli 20 MMOJIB/JI, a Yac 1HAYKII1
30UThIITy€e€ThCs OlMbII HIK B 6 pasiB, B mopiBHsHHI 3 unctuM COM. 3HaiigeHo
Jiana3oH KoHIeHTpamii amiHokuciaotd L-Thr (2-20 mmonw/i), npu siKoMy BOHa €
npomoytepoM Kkpuctamizanii COM, mo mnoB'si3aHo 31 30UIBIIEHHSM KIJIBKOCTI
3apOJIKiB KpHUCTaTi3allli y MOJCNIbHIN cUCTeMI 1 3MEHIIIeHHIM vacy 1Haykiii COM y 2
pasu. BusneHo iHrioyrouuii BIuiuB BiTaMiHiB By, Bg, By, Ha npornecu kpucTamizarii 1
po3mip kpuctaiaiB COM: crymiHb 1Hri0yBaHHS pocTy KpuctaiiB npu 40-50 Mmoib/n
B;: 1 Bg cranoButh mnonag 95%, 1o mnpakTHYHO MNOBHICTIO 1HTIOye pict COM.

170



@\) CM®XT — 2021

BCTAaHOBIGHO, W0 NPHUCYTHICT y MomensHiii cucremi COM ([Ca®*]/[C,0.*
] =20:1, s=4,6-14,0) BiraminiB B; i Bg 3 konnenTparismu 20-50 MMOJIb/J Ta BiTaMiHy
B, 3 xonnentpariisimu 40-100 MKMOJIB/JT 3MEHIIIY€ ITOBEPXHEBY E€HEPril0 KPUCTAJIIB
COM, nipu 11,b0My BiI0OyBa€THCS TEPEXiJl BiJl TeTEPOreHHOro 3apokeHHs (5=4,6-8,0)
10 romorennoro (5=8,0-14,0).

. F. L. Coe, A. Evan, and E. Worcester, J. Clin. Invest. 115, 2598 (2005).

. J. He, R. Lin, H. Long, Y. Liang, and Y. Chen, J. Colloid Interface Sci. 454, 144 (2015).

. L. Tunik, L. Addadi, N. Garti, and H. Furedi-Milhofer, J. Cryst. Growth, 167, 748 (1996).
. P. Bhadja, J. Lunagariya, and J.-M. Ouyang, Journal of Functional Foods, 27, 685 (2016).
. Sh. Guo, M.D. Ward, and J.A. Wesson, Langmuir, 18, 4284 (2002).

. J. P. Kavanagh, L. Jones, and P. N. Rao, Urol. Res. 27, 231 (1999).

. Y. Ogawa, T. Miyazato, and T. Hatano, J. Surg. 24, 1154 (2000).
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Influence of asymmetric donors on molecular structure-property
relationships of the compound containing 4,6-bis(4-chlorophenyl)-2-
phenylpyrimidine as acceptor

Starykov H.% Simokaitiene J.%, GrazuleviciusJ. V.2
 Department of Polymer Chemistry and Technology, Kaunas University of Technology,

Barsausko 39, LT- 51423 Kaunas, Lithuania
e-mail: hr.starykov@gmail.com

Although abundant purely organic thermally activated delayed fluorescence (TADF)
emitters have been reported, it is still great challenge to construct highly efficient
emitters.*2

Diphenylamine, tertbytulcarbazole, carbazole,9,9-dimethyl-9,10-
dihydroacridine, tertbytulacridine and phenothiazine are using as electron-donating
moieties for this aim.

In our work Phenothiazine and 9,9-dimethyl-9,10-dihydroacridine were used as
electron donors.

Phenothiazine has recently been introduced to design TADF materials.?!
Adachi et al. first reported a TADF molecule, PTZ-TRZ, in which the phenothiazine
group worked as the electron donor.[

Acridine moieties based on the triarylboron-contained emitters achieved
maximum external quantum efficiencies of 12.8% and 17.3%, respectively.!

The  designed compounds  containing 4,6-bis(4-chlorophenyl)-2-
phenylpyrimidine as  acceptor and fragments of 9,9-dimethyl-9,10-
dihydroacridine(HS-5) and phenothiazine(HS-3) as electron-donating moieties were
synthesized by Buchwald-Hartwig cross-coupling and by nucleophilic substitution.
The structures of the synthesized compounds were confirmed by NMR, IR and mass
spectroscopies.

Influence of different donors on molecular structure-property relationships of
the compounds was studied by synthesis of compound with asymmetric donors(HS-

HS-8M ‘ HS-8
HN NH

S

NZ N O NZ N

NZN T g <
| Pd(t-Bu;P),

\ NaOt-Bu Cs,CO3/DMF N .
toluene, 110°C F N heat
Br F ©/S g ©/S

Fig. 1. Scheme of synthesis of asymmetric derivative HS-8
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Fig. 2. PL spectras of not deoxygenated and deoxygenated toluene solution of HS-3(a), HS-5(b) and

HS-8(c)

Table 1.

Quantum yield and decay time of the synthesized compounds.

Quantum vyields, %

Decay Time, ns

toluene

solution
HS-3 5.62 ing ;gé%s
HS5 | 37.85 s 20
s 1 55 319  46.68%

15.14  53.32%

HS-3 and HS-5 achieved a maximum quantum vyield of 5.62% and 37.85%,
respectively. PL spectra of HS-8 shows a hypsochromic shift and decreasing of
difference in intensity are caused by acridine donor. The difference between not
deoxygenated and deoxygenated toluene solutions of compounds confirms TADF.
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In general, this systematic study of the relationship between chemical structure
and photophysical properties provided a strategy to design highly efficient TADF
molecules.

1. M.Y. Wong, S. Krotkus, G. Copley, W. Li, C. Murawski, D. Hall, et al. ACS Appl Mater
Interfaces, 10 (39) (2018), pp. 33360-33372

2. Q. Zhang, J. Li, K. Shizu, S. Huang, S. Hirata, H. Miyazaki, et al. ] Am Chem
Soc, 134 (36) (2012), pp. 14706-14709

3. L.Yu, Z. Wu, G. Xie, C. Zhong, Z. Zhu, D. Ma and C. Yang. Chem. Commun., 2018, 54, 1379
—1382

4. H. Tanaka, K. Shizu, H. Nakanotani and C. Adachi. J. Phys. Chem. C, 2014, 118, 15985 —
15994

5. Qiaodeng Chen, Yepeng Xiang, Xiaojun Yin, et al. Dyes and Pigments, Volume 188, 2021,
109157
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Variation of the nc composition and stoichiometry in colloidal
Ag,Cu,,ZnSnS, nanocrystals

Mazur N.}, Dzhagan V.}, Havryliuk Ye."?, Kapush O.%, Yukhymchuk V.%, Selyshchev 0.2,
Raievska O.2, Zahn D. R.T .2

1V.E. Lashkaryov Institute of Semiconductor Physics NAS of Ukraine, Kyiv, Ukraine
“Chemnitz University of Technology, Chemnitz, Germany

Cu,ZnSnS, (CZTS) is one of the promising materials for absorber layers
of new-generation thin film solar cells. They have gained increasing attention due
to their suitable absorption spectrum, near ideal for photovoltaics bandgap (~1.5eV
for bulk material), high absorption coefficient (10* —10°> cm™), and nontoxic low-cost
earth-abundant components. Also since this material is a direct bandgap
semiconductor, it allows the reduction of absorber layer thickness by at least a
factor of 100, compared to today's Si ones.

However, progress with improving cell efficiency has stopped at a value of
about 13% since it has not been possible to further increase the open-circuit voltage.
The latter problem is generally believed to originate from band tails caused by Cugz,
antisite defects. Partial (or full) substitution of Cu for Ag is supposed to be a
promising approach to reducing the antisite defect density and thus the band tailing.
The formation energy of the Agz, antisite defects is much larger than that of the Cuz,
defect, because of the larger ionic radius of Ag* in comparison with Cu* or Zn?".

It should be noted that embedding a high Ag concentration into the
(intrinsically p-type) CZTS alters the conductivity to n-type. Besides, for Ag,ZnSnS,
(AZTS), the stannite structure seems to be more favorable than the kesterite one that
iIs more common for CZTS. Unlike CZTS, AZTS NCs can be fluorescent. Therefore,
despite all presumable similarities between CZTS and AZTS, the Cu-for-Ag
substitution brings both new opportunities and challenges.

Through a systematic variation of the nominal composition and quantification
of the constituent elements in CAZTS and AZTS NCs by X-ray photoemission
spectroscopy (XPS), we identified the vibrational Raman and IR fingerprints of both
the main AZTS phase and secondary phases of Ag-Zn-S and Ag-Sn-S compounds [1,
2]. The formation of the secondary phases of Ag-S and Ag-Zn-S cannot be avoided
entirely for this type of synthesis.

1. V. Dzhagan, O. Kapush, S. Budzulyak, N. Mazur, Ye. Havryliuk, A. Litvinchuk, S.
Kondratenko, V. Yukhymchuk, M. Valakh. Colloidal Cu,ZnSnS,;-Based and Ag-Doped
Nanocrystals: Synthesis and Raman Spectroscopy Study, Physics and chemistry of solid state,
V.22, No.2, 2021, pp. 260 - 268

2. V. Dzhagan, O. Selyshchev, Ye. Havryliuk, N. Mazur, O. Raievska, O. Stroyuk, S. Kondratenko,
A. Litvinchuk, M. Valakh, D. R. T. Zahn. Raman and X-ray Photoelectron Spectroscopic Study
of Aqueous Thiol-Capped Ag-Zn-Sn-S Nanocrystals, Materials, 14, 2021, p. 3593.
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da30BO-CTPYKTYPHI TpaHcPopmauii mapyBaTux crpykryp VOx

Kinanpko B.I1., Mensuuk B.I1., JIro6uenko O. 1., Pomantok b.M., I'ynumenko 0.1, Ca6os T.M.,
Hyb6ixoBebkuii O.B., Makcumenko 3.B., Kocyns O.B., €ppemon O.0., Kynsbaunncekuit O.A.

Incmumym ¢hizuxu nanienpogionuxie im. B.€. Jlawkapvosa HAH Ykpainu, m. Kuisg

Jliokcua BaHAmil0 HIMPOKO BUKOPHUCTOBYETHCS B SAKOCTI TEPMOXPOMHHX
MOKPUTTIB, a TakoX fAK (yHKUIOHAIBHUA ImMap B  HEOXOJIOIKYyBaHUX
MikpoOosomeTpax. [IpobreMoro CHHTE3y TEPMOXPOMHHUX TITIBOK HA OCHOBI JIOKCHIY
BaHaJiI0 € HasBHiCT, HU3KH (a3 B cucreMi V — O (VO, V,0; V,05 Ta maruemi
ViOon1 Ta Vi Ogne1, e N>2). Ii $a3u MOXyTh OIHOYACHOTO YTBOPIOBATHUCS & Y
IpoIIeCi 0Ca/HKEHHS Ta Bialy, 10 CYTTEBO YCKIaAHIOE oTpuManHs miiBok VO, [1].

OaHuM 3 OCHOBHUX METOJIB oca/pkeHHs 1IBoK VO, € MarHeTpoHHe
posmuienns mimeneit V, V,03 VO, Ta Ha miakmaaky Harpitry po 400-500 °C.
Henmonikom nmaHoro wmeroay € HEOOXITHICTh BHCOKOIPEIU3IHHOIO KOHTPOJIIO
napameTpiB OCa/KEHHsI TUTIBOK, & TaKOXK OJHOYacHe opMyBaHHS HU3KH (a3 OKCUTY
BaHaMil0. B pobotax [2, 3] mpOAEMOHCTPOBAHO MOMKJIMBICTh TOJITIICHHS
TEPMOXPOMHHUX BJacTHBOCTeH TwiBok VO, mpu iX aBocraiiitHoMy (opmyBaHHI:
HanmuiieHHl pu Temneparypi miakaaaky 200 °C i mogansImuM TePpMIYHEME BiATIATIOM.

B naniit po6oti mocmimpkyBamics mwiiBku VO, ocapkeHi Ha KPEMHIEB] TAKIIAIKH,
OTpUMaHi METOJIOM MarHeTPOHHMM po3mmicHHS. OcCapKEHHS TIPOBOIWIOCH B JICKIIbKa
eramiB Ha ycraHoBll BVYII-5M nuisixom po3NuieHHS MillleH] JUOKCHUIY BaHAI0 B
aproHoBiii mwiasmi. Temmeparypa migkmanku ckiagama 230+15°C. Bigmam 3paskis
npoBoAuBCs B atMocdepi aprony npotsirom 0,5 ronunn npu temnepatypi 350C. [amni
1HIMBIAyaJbHI TEXHOJIOT14HI MapaMeTPH TUTIBOK MPUBEACH] B TaOuIll 1.

Taoauns 1 — TexHoJOTIUHI TapaMeTPH HAHECEHHS TUTIBOK.

3pa3ok Yac ToBIIMHA  IUIIBKH, Binna
HAITUJICHHS, XB MM CEM b |

1 10 136

2 (1) 135 +
3(2) 15 370

4 (3) 361 +
5(4) 15 576

6 (5) 570 +

Ha nmocnimpkyBaHMX 3pa3kax MPOBOIMIN BUMIPIOBAHHS MHUTOMOTO OIOPY B
niamasoni Ttemmeparyp Bim 20 mo 105 °C. CrpykrypHi BiacTHBOCTI 3paskis
aHaJII3yBAJIMCh METOJaMH PEHTreHIBChKOI audpaxiiii, peHTreHiBChKoi (oToenek-
TPOHHOI CHEKTPOCKOMII, CKaHYBaJIbHOI eleKTpoHHO1 Mikpockomii (CEM). ToBmuny
TIIBOK BHU3HAYalM 3a Jornomoror mpodinomerpa. Hanopenbed mnoBepXoHB
BIAMAJICHUX IUTIBOK JIOKCHUAY BaHAAII0 JOCHIPKYBaBCSI METOJOM aTOMHO-CHJIOBOI
Mmikpockorii (ACM).
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Ha puc. 1 npuseneni nudpaxktorpamu 3paskiB Nel-Ne6. 3 pucyHka BUAHO, 11O
quist 3pazka Nel Ha criekTpax HNpUCYTHE TibKK amopdHe rajno B o0iacti 28 rpaaycis,
AK€ CBITYUTH PO aMOp(HMIA cTaH aHOT CTPYKTYpH. Y 3pa3ky Ne2, BiJiajgeHOMY IpH
temriepaTypl 350C ta Ne3 micisi MOBTOPHOrO HANWJICHHS IIapy OKCHY BaHAaJIIo,
JOMIHYIOUOI0 KpuctamiuHoo ¢azoro € V,Og KUIBKICTh $KOi ckianae 97% Tta
moHoksiHHa (aza VO, — 3% (puc. 1, kpusi 2,3). Bwmict kpucramiuaux ¢a3
BH3HAYABCSI METOJOM KOPYHJIOBUX YUCE.

v,0, V.0,
(002) (004)
3000 +

V.0, Vo, Vo, Vo, VO, vo,

(220)'(011) (200) (-212) (211) (022)

b '

Intensity, Imp/s

T T T T T T T T T 1
10 20 30 40 50 60

2 Teta, degree

Puc. 1 — Inudppakrorpamu 3paskiB VO, Ha kpemHii Nel-Ne6 (Homepu KpuBUX BiANOBIIAI0Th
HOMEpPaM 3pa3KiB).

Ha pentreniBcbkomy croekTpi 3paska Ned croctepiraerbcsi 3pOCTaHHS
inrencuBHOCTI mika Ha 27.80° (peduiexc 001 VO,) Ta mposBIAIOTHCS iHIII pedIeKcH B
oOmnacTi OiIbIMX KYyTiB (MuB puc.l kpuBa 4) sKi BC1 HaJeXaTh J0 MOHOKIIIHHOI (ha3u
VO,. Bumict dazu VO, ctanoButs 42%, a V4,09 — 58%.

Bwmict ¢asu VO, B 3pazkax Ne5 ta Ne6 Onm3pkuii Ta ctanoButh 37% 1 38%
B1IMOBIHO. I pakTorpamu npeacTaBiIeHO HA pUCYHKaxX 2 KpUBUMH S Ta 6.

[Ipn pocnikeHHI HaHOpeNbey TMOBEPXOHb IUIIBOK JTIOKCUIY BaHa/ll0
MeronoM ACM 3 BHUKOPUCTAHHSM YJIbTpa TOCTPUX KPEMHIEBUX 3O0HIIB 13
HOMIHAJIBHUM PaJlycOM BICTpA 8 HM MOKa3aHO, IO 3arajioM MOBEpPXHsS IUIIBOK €
MacCHBOM IIUIFHO YIAKOBAaHUX 3€PEH HAHOMETPOBUX Ta CYOMIKpOHHHMX po3MipiB. Ha
MIKPOHHOMY DIiBHI TPOSBISIOTHCS XapaKTEepHI HEOJHOPITHOCTI, IO 3YMOBJICHI
peaKkcaIiiiHuMu MpoIlecaMu B IUTiBKaxX MpH Biananax. Tak, Ha 3pa3ky Ne2 mpucyTHs
Mepeka MIKpOTpimuH (puc.2,a), B OKOJI SKHUX IUTIBKA WMOBIPHO BIIIIAPOBYETHCS BiJ
MIIKIAAKA TAHIMAIOYUCh HaJ 3arajJbHUM pIBHEM TMOBEPXHI HAa BHCOTY 4-8 HM.
MikpOoTpillIMHU BUPI3HAIOTH KOMIpPKU (OJOKM) MOBUIHHOI (HOpMHU 13 TOMEPEUHUMHU
po3MipaMH MOPSAKY 2-6 MKM.

Ha 3pazkax Ne4 Ta Ne6 mposiBisieTbCs IBOIIApOBa CTPYKTypa IUTIBKU, 1€ Y
BEPXHIX Ilapax MPHCYTHI 3arauOuMHM (TeMHI OaraTOKyTHHMKH Ha puc.2 b, C),
31eOUTBIIOTO 13 MPSMOMIHIMHUMH KpasMmu. J[HO 3armuOWH € TUIOCKKMM, a TIMOuHA
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cknanae 45-40 um ta 35-40 um 11 3paskiB Ne 4 ta 6, BianosinHo. [Tonepeuni po3mipu
3arJIMOMH BapilOIOTHCS B MEXaxX BiJl KIJTBKOX COTEHb HAHOMETPIB JI0 JBOX MIKPOH.
Crnin 3ayBaxuTH, 10 KpiM 3arimubun 35-50 HM, Ha 1wriBKax Ne2, 6 (oco0auBO

Ned4) mpucyTHi ¥ 3arnmuOuWHM Takoi K MmiIaHapHOi KoHiryparii, ajie rauouHoro a0 10
HM (CBITJIII O0araTOKyTHHKH Ha puc.2,b).

Puc. 2 — ACM 300pakeHHs moBepxoHb miiBok Ne 2, 4, 6, (a, a’), (b, b*), (¢, ¢’), BixmosiaHO.
ITone ckamyBannst 10x10 Ta 3x3 mxwm. [IpuBeneHi BiAMOBIAHI 3HAYEHHS CEPEIHBO-KBAAPATHIHOL
IIOPCTKOCTI MoBepXxoHb RMS.

Takox mpoBemeHo AHaN3 TapaMmeTpiB (Pa3oBOTO TEPEeXOoay HPOBOAHBES 32
XapaKTepOM TMOBEAIHKM TMEpIIOi MOXIJHOI 3aJeXKHOCTI MUTOMOTO OIOpPY BiJ

TEeMIIepaTypu MPH HArpiBi-OXOJOIKEHH1 JUIst 3pa3kiB 2, 4 1 6.

100

10 4

TCR (%/K)

1

T
30 35 40 45 50 55 60 65 VO TS5 80 85 90 95
T(C)
Puc. 3 3anexnicts Tepmiunoro koedirierty onopy (TKO) Bix Temneparypu.
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Ha puc. 3 mpuBeneHo po3paxoBaHl 3HAUYEHHS TEMIIEPaTypHOro koedilieHTta
onopy (TKO) Bix tremnepatypu B mikam log(|TCR|) mis 3paskis: 2 — yopHa kpuBa, 4
— yepBOHA KpHBa, 6 — cuHs KpuBa. [lo3nauka H xpuBa HarpiBanHus (cyiiabHa JiHisg) C
— KpHYBa 0XOJIOJKEHHS 3pa3Ky (mTpuxoBana JiHis). Kpok po3paxynky TKO 2K.

Sk BumHO 3 rpadikiB y 3pa3ka 2 SK HpH HarpiBaHHI Tak 1 IPH OXOJO/KEHHI
BIJICYTHIM €KCTpeMyM, BIJMOBIIHO Tpu HaHeceHl onHoro mapy VO, dazoBuit
nepexia BincyTHi. [ 3pa3kiB 4 Ta 6 Ha kpuBUX HarpiBaHHs (4H ta 6H) npucyTtHii
makcumyM TKO npu 62,5 Ta 58,1°C BigmoBigHO, IO BIiANOBigae Temrmeparypi
¢dazoBoro mepexomy. TemmepaTrypa (a3zoBoro mepexomy MpU OXOJOKEHHI CKiasia
55,1 (4C) ta 54,3 (6C)°C. 3 mporo Mo)kHa 3pOOMTH BHCHOBOK, IO HAHECCHHS
APYToro mapy MpU3BOIUTH 10 (GopMyBaHHS Iapy 3 BUCOKUM BMicToM (azu VO,.
Iicrepesuc ckmaB 7,4 ta 3,8°C BigmosimHo. HaHeceHHs TpETHOro Imapy Bejie 0
3MEHIIEHHS TICTEPE3UCy Ta TemiiepaTtypu (azoBOTro Mepexoy, OJTHAK 3MEHITYEThCS 1
foro BenmumHa. lle cBimuuTh mpo dopmyBaHHS B IUTBII OUIBII OXHOPIIHUX
kpuctamTiB (azu VO, Ta 30UIbIIEHHA pPO3TATYIOUUX HANPYKEHb. 3MEHIICHHS
BEJIMYMHU 3MIHM OIOpPY, @ TaKOX 3MEHIIECHHS OIOpy IUIBKU MpU KIMHATHIN
TeMIiepaTypi Moxke OyTH TOB’si3aHMM 3 (POPMYBaHHSM TPOBIAHMX (MeTaneBux) ¢as
OKCHJTy BaHAJIIIO.

Bigrak tppoxcramiiine ocamkeHHS IUIIBOK VOy 103BOJIIE OTPUMATH TOBCTI
TUTIBKY 3 BUCOKUM 3HaueHHsIM TKO, a Takok XOpOIIor0 aAre3i€ro A0 MiIKIaIKH.

1. H.J. Schlag and W. Scherber. New sputter process for VO2 thin films and examination with
MIS-elements and C-V-measurements. // Thin Solid Films, 366, P.28-31 (2000).

2. Yu. Goltvyanskyi, I. Khatsevych, A. Kuchuk, V. Kladko, V. Melnik, P. Lytvyn, V. Nikirin, B.
Romanyuk. Structural transformation and functional properties of vanadium oxide films after
low-temperature annealing. // Thin Solid Films, 564, P.179-185 (2014).

3. Melnyk V.P., Khazevich I.V., Kladko V.P., Kuchuk A.V., Nikirin V.V., Roma-nyuk B.M. Low-
temperature method for thermochromic high ordered VO, phase formation. // Materials Letters,
68. P.215-217 (2012).
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MexaHi3MH PO3CilOBaHHSI B KPUCTAJIAX XaJbKOT€HIIiB CBUHIIO P-TUILY
NMPOBITHOCTI

Bopona A., Hmwxnukesuy B.

Isano-Dpankiscokuil HAYIOHATLHUL MEXHIYHULL YHIgepcumem Hagdmu i 2azy
Ykpaina, m. Ieano-®Ppankiscwk, eyn. Kapnamcoka 15.
E-mail:galuschak@nung.edu.ua

Hanisnposiguuku rpymn A'VBY' € ocHOoBHEME MaTepianamu i BUTOTOBICHHS
MPUCTPOIB TEPMOEIEKTPUYHOTO MEPETBOPEHHS €HEPTii, 10 MPAaIOI0Th B CEpeIHIi
oOyacTi TemmepaTyp Ta Jla3epiB 1 HpuiiMayiB BUIPOMIHIOBAHHS JIOBIOXBHJIBOBOT
o6JacTi iHGpPaYEpPBOHOTO CIEKTPA.

[Ipo mepeBaxkaroul MEXaHI3MU PO3CIIOBAHHS B HaIIBIOPOBIIHUKAX 3BUYANHO
TrOBOPSATHh 332 BHU3HAYEHHM 13 pI3HUX KIHETUYHUX €(EKTIB 3aleKHOCTeH dYacy
penakcanli BiJi eHeprii, KOHIIEHTPallli HOCIiB 1 TEMIEPATypH. Y CHIBHO BUPOHKEHUX
HaIBIPOBIIHUKAX (HAMIBMETadax) 3aJIeKHICTh PYXJIUBOCTI Bl KOHIEHTpAIlii
BHU3HAUYAETHCS 3MIHOIO Yacy pesakcallii npu 3alil0BHEHHI 30HU.

KineTnuni mapaMeTpu HamiBIPOBIAHUKOBUX MaTepialliB Yy 3HA4YHIA Mipi
BH3HAUYAIOThCA MEXaHI3MaMU PO3CIIOBaHHS HOCIIB cTpyMy. BigoMo, 1m0 nmpu HU3bKHUX
TEeMIIEpaTypax, NOPSAAKY TeNl€BUX, B SBHUILAX NEPEHOCY JIOMIHY€ PO3CIIOBAHHS Ha
BAaKaHCIAX, a MPU BHCOKMX — HA TEIJIOBUX KOJMBAHHSIX KPUCTAIIYHOI TPATKH.
JleTanbHUI TEOPETUIHUIN PO3PAXYHOK BHECKY KOXKHOTO 13 BUJIIB PO3CIIOBAHHS HOCIIB
CTPYMY CYTTEBO 3aJICKUTh BIJ BUOOPY 3aKoHy aucnepcii. JociimkeHo ToMiHyO4l
MEXaHI3MH PO3CIIOBaHHS HOCIIB 3apsy B MOHOKPHUCTAJIaX XaJbKOT'€HIAIB CBUHLIO P-
TUIlYy TPOBIAHOCTI npu Temneparypax 4,2-300 K y xoHUEeHTpauiitHOMYy 1HTepBai
10'°-10° cM® 3 BHKOPHCTAHHSAM KBAAPATHYHOTO Ta  HEKBAAPATHIHOIO
3aKOHIB Aucnepcii. B po6oTi moka3aHo, 1m0 31 30UIbIIEHHAM IMUPUHU 3a00pOHEHOT
30HHU (g5 (PbSe)< g (PbTe)< g4 (PbS)) kpatry BiAMOBIIHICT 3 €KCIEPUMEHTAILHUMU
TaHUMH Jla€ HEKBaJpaTUYHUN 3akoH jaucrepcii. Peamizarmiio HEKBaIpaTHYHOTO
3aKOHY B 00JIaCTI BUCOKHUX TEMIIEPATyp MOXKHA TMOSICHUTH THUM, IO 31 3pOCTaHHSIM
TEMIIEpaTypu 30Ha JIETKUX MAIPOK, sIKa BU3HAYa€ IMIMPUHY 3a00POHEHOT 30HU IpU
HU3BKUX TEMIIepaTypax, BIIAAISETbCS BiJl BAJIGHTHOI 30HU 1 TOMY 3pOCTa€ BILIUB
30HU BXKKHUX JIpoK [1].

JlocnmikeHHsT TeMITepaTypHUX Ta KOHIICHTPALIMHUX 3aJIeKHOCTEH PYXJIMBOCTI
HOCIiB B KpHCTajaxX XaJbKOTCHIJIIB CBUHIIO JO3BOJIMIM OTPUMATH CITIBBIIHOIICHHS
MK 4acoM pejakcallii Ta KOHIICHTpAIl€l0 HOCIiB ~n ", Ky MOYHa TOSCHUTH
pPO3CIIOBaHHSIM BUIBHUX HOCIIB Ha aKyCTHYHMX Ta ONTHYHHUX (POHOHAX MIpH
KIMHaTHUX TeMIeparypax Ta Ha MHOHI30BaHUX JIOMIIIKAX MNP  HU3BKUX
TeMIlepaTypax.

3 BU3HAUYEHHS Yacy peJiakcallii 3a HermapaboJIYHUM 3aKOHOM BHUSIBUJIOCS, 1110 TIPH
temrniepatypi 77 K 3HaueHHs mnapameTpa pO3CIIOBaHHS HaWKpalle MOSCHIOETCS
PO3CIIOBaHHSM HOCIIB Ha aKycTWYHHX (QoHoHax, Tonl sk npu 300 K uei mapametp
MOSICHIOETBCST  CYNIEPIO3UITIEI0 aKyCTUYHOTO PO3CIIOBAHHS Ta PO3CIIOBaHHA Ha
MOJIIPHUX KOJIMBAHHAX KPUCTAIIYHOI IPATKH.
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BpaxyBanHsi poscitoBaHHS Ha (OHOHAX Ja€ MPABHIbHY SKICHY KapTUHY,
HEOOXIHY IS XapaKTEPUCTUKU SIBUII MepeHocy. Pojib ONTUYHUX MOJSPHUX
(oHOHIB 3Ha4HA IpH Temmeparypax 77 ta 300 K st kormentpaniit 10™ — 10" em,
[Tpu 3061IbIIIEHH] KOHIIGHTpAIlli, pO3CIIOBaHHS HA ONTUYHUX (POHOHAX 3MEHIIYETHCS
yepe3 eKpaHyBaHHS.

VY 3aranbHe pO3CIIOBaHHS JAIOTh YK€ MaJMid BHECOK MIXKIOJWUHHI MEepexo]u
mumre B obiacti Brucokux koHueHtpamiit (~10%cm™) i mikomm He € mOMiHyROUHM
BUJOM po3citoBaHHs [3]. Y meBHIA Mipi pO3CIIOBaHHA Ha KOPOTKOXBUIIBOBHX
¢doHOHAX 13 0OMIHOM €JEKTPOHIB MI’K €KBIBaJICHTHUMU JIOJIMHAMU CJIiJI BpaXxOBYBaTH
B XaJIbKOT€H1/IaX CBUHIIIO P-TUITY IPOBiTHOCTI [2].

3a BHCOKHMX KOHIIEHTpariil (BHIIUX 10" em®) pO3CIIOBaHHS Ha ONTHYHHX
(oHOHAX MPOSBISAETHCSA yepe3 iXHIM NeopMaliiHUNA MOTEHLIal, BIUIMB SIKOTO Ha
CyMapHe pO3CIIOBaHHS MPU MEBHUX KOHILIEHTPAIISX CTa€ Jy’KEe CYTTEBUM B 00JacTi
KIMHaTHUX TeMIIEpaTyp.

[HIIMM MeXaHI3MOM PO3CIIOBaHHS, BHECOK SIKOTO MOYKHA OLIIHUTU € PO3CIIOBAHHSA
Ha AedopMaliifHOMy MOTEHIlall ONTUYHUX (DOHOHIB, BIUIMB SIKOT'O CIIOCTEPIra€ThCs
MIPU BUCOKHUX TEMIIEpaTypax 1 KOHIICHTPaIIsIX HOCIIB, ajie y i 00J1acTi 3aJIeKHICTh
yacy pesakcallli Mae BUIJISI, SIK MPU PO3CIIOBAHHI Ha aKyCTUYHUX (poHOHax. Tak,
cTana neopMaiiifHOro MOTEHIlany, OTpUMaHa 13 BUMIPIOBaHb PYXJIMBOCTI, MOXKE
BKJIIOUATH y cebe JesKy YacTKy CTaJIol HEMOJIIPHOTO ONTHYHOrO AepopMariiiiHoro
MOTEHITIAITY.

1. I.M. @peik, JI.I. Hukupyii, M.A. Pysiacbkuii, B.M. IlInepyn, B.B. Huwxnukesuu. Po3citoBanHs
HOCIiB CTpyMY Y KpHUCTaJlaX XaJbKOT€HiMiB CBUHIO N-Tumy // @i3uka 1 Ximis TBEpAOro Tiia,
2(4), cc. 99-102 (2001).

2. H.II. TaBamemxo, II.H. Topneii, B.A. IllennepoBckuii. Y3K030HHBIE MOJYIPOBOJHUKU:
nony4yeHue u ¢puzndeckue coiicta. Hayk.mymka, Kues. 256 c. (1984).

3. 1O.M. PaBuu, b.A. EpumoBa, N.A. CmupHOB. MeTonbl HCCIIEAOBAaHUS IOJYIIPOBOJAHUKOB B
pUMEHEHHH K Xajabkorenuam ceuniia PbSe, PbSe, PbS. Hayka, M. 384 c. (1968).

4. I.M. ®peik, JI.I. Hukupyii, 1.B. Kanutayk, B.B. Huxankesnu. Ocoba1MBOCTI 30HHOT CTPYKTYpHU
Ta MEXaHI3MH PO3CIIOBaHHS HOCIIB 3apsy €JEKTPOHHUX KPHUCTAJlIB XaJbKOTEHIAIB CBUHINO //
Haykogwii Bichuk YHY: ®izuka. Enekrponika, 102, cc. 78-81 (2001).
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MartemaTuyHe MOJIEJTIOBAHHSA MMOBEPXHI CoJIiayca
YOTHPUKOMIIONEHTHOI cmoJiyku PbSnTeSe

Cinak B., Jlyuuupkuii P.
Isano-Dpankiecokuil HAYIOHATLHUL MEXHIYHULL YHIgepcumem Hagdmu i 2azy

Ykpaina, m. Ieano-®Ppankiscwk, eyn. Kapnamcoxa 15.
E-mail:galuschak@nung.edu.ua

OcoOnuB1 TPYAHOILI BUPOILYBAaHHSA MOHOKPUCTANIB YOTUPUKOMIIOHEHTHOL
cuctemu PbSnTeSe monsramu y BH3HAYEHHI IS IICBHOTO CKJIaay 3HAYeHHs
TeMrepaTypu KpHucTai3alii.

Tomy Oynu mnpoaHami3oBaHl BCl JOCTYIHI HaM JaHi MpO JlarpaMH CTaHy
MNOTPIMHUX TBEPAMX PO3UYMHIB, L0 OOMEXKYIOTh JlarpaMHUN KBaApaT CUCTEMHU
PbSnTeSe, i xapakrep 3MiHM KpHBHX CoJigyca 1 JKBimgyca IJIsl CKJIaiB, IIO
KpUCTaJI3YyIOThCsl B KyOluH1i cTpykTypl. [IpoBeaeHuil anami3 mokasas, 10 B IbOMY
BUMAJKy MOXHa JJOCUTh TOYHO OMKCATH KPUBI COMiAyca 1 JIKBiAyca KBaApaTUUYHOIO
3QJICIKHICTIO B1J] CKJIATY.

OTprmaHa TakMM YMHOM (opMyJa Uisl TEMIIEpAaTypu KpUcCTaii3alii TBEpIuX
po3uuHiB cuctemu PbSnTeSe - moBepxHi cosiyca - Mae BUTJIS:

Tc(X,YV)=925- 150X -97Y +28X2 +252V2 + 96XV - 28X2Y - 406XV2,
a I TeMIlepaTypH TUTaBJICHHS - IOBEPXHI JIIKBIyca — BUTJISI

Tn(X,¥)=925-106X - 7Y + 16X2 + 162V2 - 276XV - 132X2V + 166XVY2.
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106 BuOpaTy MOTPIOHUN TEXHOJIOTIYHUHN PEXHUM, TEMIepaTypa KpucTaizamii
BU3HAYAJACh CIIOYATKY 32 OTPUMaHOI0 (POPMYIIOL0.

XapakTepHUH ISl TBEPAUX PO3UMHIB PO3MOILT CKIATy B3JOBXK OTPUMAHHX
MOHOKPHCTAJIIYHUX 3JMBKIB (0COOJMBO OTpUMaHUX MeTojaoM bpimkmena) He
J03BOJISIE OJHO3HAYHO TPUB'A3aTH OTPUMAaHi 3HAYEHHS IMapaMeTpiB KpHCTana [0
3aJJaHOT0 BUXIJHUMU HaBa)XKaMH 3HAa4eHHs ckiiaxy. OcoOauBl TpyAHOLI BUHUKAIOTh
B UETBEPHUX TBEPAUX PO3UYMHAX, J€ KOHTPOJIb CKIaJy HEMOJIHMBO 3IIMCHIOBATH
BUMIpPIOBaHHSIM OJHOTO 3 IapaMeTpiB Kpucrana (Hanpuknajg Eg abo mocriiiHol
IPaTKH, YM TYCTHHH) Y3/J0BXK 3JIMBKAa 3 BHUKOPUCTAHHSIM BIJOMHX EMITIPUYHHUX
CHIBBITHOIIEHB. J[JI51 YOTHPHOXKOMIIOHEHTHUX TBEPJIUX PO3UMHIB HEMAE, MO-TIEPIIIE,
TaKUX EMIIIPUYHUX CHIBBITHOIIEHb, 4, MO-ApYyre, MOTPIOHO BUMIPIOBATH BXKE HE
OJlMH, a 1Ba a0 TpW mapaMeTpH B3AOBXK 3TUBKIB.
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IaTepnonsiniiHUA MeTOA MPOrHO3YBAHHS 3HAYCHHS PiZHUX

napaMeTpiB YOTUPUKOMIIOHEHTHUX TBepAuX po3uuHiB PbSnTeSe i
CdHgTeSe

Boiituuyk O., Jlyuniipkuii P.

léano-Dpankiecokuii HaAYiOHAIbHUL MEeXHIYHUL YHIGepcumem Hagmu i eazy
Ykpaina, m. leano-@panxiscok, eyn. Kapnamcoka 135.
E-mail:galuschak@nung.edu.ua

OCK1IbKM HaBa)XIMBIIIUM 3aBJIaHHIM (D13MKH TBEPJIOTO TiJa € BCTAHOBJICHHS
KUTBKICHOT 3aJIeKHOCT] (P13MYHUX 1 XIMIYHUX BJIACTUBOCTEN KPUCTAIIB Bif IX aTOMHOI
OynoBM 1 XapakTtepy MDKAaTOMHOrO 3B'A3Ky, HamMu OyB  pO3poOJIeHHIt
IHTEpPHOJSAUIMHUA METOJl, Ha OCHOBI SKOrO MOXHa pPO3paxOBYBaTH 3HAYEHHS
napameTpiB KPUCTANIB B 3AJIEXKHOCTI BIJ IX CKIIaJy.

BukopHcTOBYIOUYM 3aMillIEHHS Y By3JlaX KPUCTAIIYHOI I'PATKU €J1EMEHTIB O/IHIET
miarpynu (Tak 3BaHUX i30BaJieHTHHX aToMiB), Hampukiaa, Cd na Hg; Te Ha Se; Pb
Ha SN i T. M., MOKHA JOOWTHCH TJIABHOI 3MIHH MapamMeTpiB KPUCTANIB B 3aJI€KHOCTI
Bl CTyIEHs 3aMIIIeHHS aToMiB. Taki 3amillleHHs B OJHINA 13 MIATpaToK OlHApPHOI
CIIOJIYKU J1a€ MOXJIMBICTh OTPUMATH TPidHI TBEpJl po3uyuHU. BogHouac 3amileHHs
aTOMIB 1 B JApPYrid MIArpaTii poO3MIMPIOE Jiana3oH 3MIHM JIESIKOTO IapaMerpy,
HaMpuKiIaa, TMOCTIMHOT TIpaTKH. KomOiHyroum ojHOYacHE 3aMilllcHHS aTOMiB
OULTBIIOTO pajiyca Ha aTOMH MEHIIOTO pajiyca B OJHIA MIArpaTii i3 3aMIlIEHHSIM
aTOMIB MEHIIIOTO pajiilyca Ha aToOMU OUIBIIOro pajiyca B 1HIIINA, MU MOXEMO,
HANPUKIIAJ, OTPUMATH KPUCTAIH 3 HE3MIHHUM MapaMeTpOM TPaTKU B SKHUX CKIJIAJ, a
3HAUYUTB 1 IHII XapaKTEPUCTUKU KPUCTANIB OYAYyTh PI3HUMHU.

HaBoaumo oTpumMaHi 3aJI€KHOCTI JJIsl IIUPUHU 3a00POHEHOT 30HH JIsl TBEPIUX
po3uuHiB PbSnTeSe B 3ameHOCTI Bifl CTYNEHsS 130BaJCHTHOTO 3aMiIlCHHS B
aH10HHIN (X — 70J11 3aM1HU OJIOBOM CBHHIIIO) 1 KaTioHHIH (Y — 10715 3aMIHU CEJICHOM
Teaypy) MIArpaTKax 3a KIMHATHOI TEMIIEpaTypHu:

Eg (X,VY)=0,32-0,03Y -0,5X - 0,39XY;
a Takox Juist TBepaux po3unHiB CdyHQ;SeyTe;.y mms 77 K:
E,(X;Y)=18-0,2-Y-24-X+0,55-X-Y.

[[Iupuna 3a60poHEHOT 30HM I1i€T crIOMYKH 3a Temneparypu 4.2 K BapitoeTbes
Bix -0,300 eB mis mamismetaniunoro HgTe, mpoxoauts Hyabs maist X = 0.15 (0.85) 1
nanbiire 30ibiryeTbest 10 1.648 eB mis CdTe.

Jlas 06ox mpencrauukiB 3 rpymu A°B”' i 3 rpynu A"BY' xapakrepuum e
1HBepCis 3a00pOHEHOi 30HM (3aHyseHHA Eg), sKka HacTymae B 3alleKHOCTI Bif
TEMITepaTypy 1 CKJIaAy WX YOTHPUKOMITIOHCHTHUX TBEPUX PO3IUUHIB.

3HaYCHHS IMIUPUHA 3a00pOHEHOI 30HHU, OTPUMaHE 3a JOTIOMOTOK IIUX
dbopmyJ1, K OJHOTO 3 OCHOBHMX IapaMeTpIB KPHUCTaJiB, MOXKHA IOPIBHIOBATH 13
EKCIIePUMEHTATbHUMHU 3HaueHHsMH E;, 10 JacTh MOMKIUBICTb OTPUMATH
iH(opMaIlito MOa0 KOPEKIli TEXHOJOTIYHUX IPOIECIB BUPOIICHHS KPHUCTAJIIB YU
TTIBOK HA OCHOBI IMX CITOJIYK.
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JlocaiskeHH PoLeciB KpUcTAdi3alili aMOp(PHUX IUIIBOK CeJIEHY
HAHOMeTPOBOi TOBIIUHN SERS-MeTOo10M

Hypxot M.O.l, Maxkap J'I.I.l, Tar’an M.A.Z, ['pemryx O.M.3, ITom M.M.l’z, HOxumuyk B.O.S,
3asun T.M.? , Pyoim B.M.!

! Inemumym npobnem peecmpayii ingpopmayii HAH Yrpainu, 88000, Yorceopoo, éyn. 3amxosi
cxoou, 4 center.uzh@gmail.com
ZYcheopOOCbKuiZ HayioHanbHUll YyHigepcumem, Yiceopoo, Yrpaina
3 Tnemumym ¢hizuxu nanienpogionuxie im. B. €. Jlawxapvosa, Kuis, Yxpaina

Jlist aHami3zy CTPYKTYpPH XaJIbKOTCHIJHUX IUIIBOK HAHOMETPOBOI TOBIIMHH
MIPEJICTABIIAE€ IHTEPEC METO] MMOBEPXHEBO IMMiJICUJICHOTO PaMaHIBChKOTO PO3CIIOBAHHS
ceitima (Surface Enhanced Raman Scattering (SERS)), 3acHoBanuii Ha siBHIII
nmoBepxHeBoro miasMoHHoro pesonancy (IIIIP) B macuBax Hanouactunok (HY)
meraniB. B [1, 2] HaBemeHi pe3ylbTaTh MOCTIIKEHb pPAMaHIBCHKUX CIEKTPIB
(HOMIHQJIBHO YHMCTHX 1 HaHeceHux Ha MacuBu HY 3o05oTa 3 pisHUM poO3MipoM
HAHOYACTHUHOK) aMOphHHUX IUTiBOK ASyS3 I Se ToBumHoo0 30-60 M. Citij BiAMITUTH,
[0 B JIAHUX JOCHIDKEHHSX Ui 30y/UKEHHSI BUKOPHUCTOBYBABCA UYEPBOHMM Jlazep 3
A6=671 uMm. Ilpu Takiii A;;, B JaHUX IUTBKAaX (OTOCTPYKTYpPHI MEPETBOPEHHS HE
B110yBarOThCsI. BusBIEHO, 10 SIK JJI1 CBIKOIPUTOTOBAHMX, TaK 1 JJISI BIJAIMAJICHUX
HOMIHAJIbHO YUCTHUX IUIIBOK PaMaHIBChKUWA CUTHAJ BIACYTHIN. JIJIg 1UX ke IUIIBOK,
ane HaHeceHMX Ha macuBM HY AU, B paMaHIBCBKHX CIEKTPAX YITKO MPOSBISIIOTHCS
BC1 OCOOJIMBOCTI, XapaKTEpHi JUIsl CIIEKTPIB aMOP(PHUX IJIIBOK (MIKPOHHOI TOBIIIMHHM)
cynbdiny mum'sky i ceneny. Lle nae 3Mory cTBepaKyBaTH, 110 CKJISHI TIAKIAAKU 31
chopMOBaHMMH Ha iX TIOBEPXHI HEYMOPSAKOBAHWUMH MacCHBaMH HAHOYACTHHOK
30J10Ta MOXYTh OyTH BHKOpHCTaHI B sikocTi edexktuBHux SERS-minkmagox (3
BUCOKHM KOE(QIIIEHTOM TMIJCHWICHHS PaMaHIBCHKOTO CHUTHANY) JUIsl JOCTIIKEHb
paMaHIBCHKUX CIEKTPIB 1, BIAMOBIIHO, CTPYKTYPH XaJIbKOTE€HIIHUX ILIIBOK
HaHOMETpOBOi TOBITMHU. Lle mae 3mory crBepmkyBarH, 1o Meros SERS moxe Oytu
BUKOPUCTAHUM 1 TIPH JOCTIIHKCHHI KPUCTATI3aIliiHUX MPOIECIB B XaJIBKOTCHITHUX
TTIBKaX HAHOMETPOBOI TOBIITUHHU.

Jlana po0oTa mpucBsiU€HA JOCTIIKEHHIO JIA3€PHO-1HAYKOBAaHUX CTPYKTYPHUX
MEePEeTBOPEHh B aMOp(HMX TUIIBKaX CEJIeHYy METOJIOM MOBEPXHEBO-IIICHUICHOTO
pPaMaHIBCbKOT'O PO3CIIOBAHHS CBITJIA.

ToHKI TUTIBKH ceJieHy TOBIIMHOI 50 HM OJIepKyBaJIUCh METOJIOM TEPMIYHOTO
BUITAPOBYBAHHS 13 KBa313aMKHYTUX €(y31MHUX KOMIPOK CKJIOMOAIOHOr0 SE€ Ha CKIIAHI
MIIKJIAIKA 31 cpOpMOBAHMMHU Ha HUX HeymnopsakoBanuMmu macuBamu HY 3omota 3
cepenHiM po3MipoM HaHoyacTUHOK 20-35 M (M1) 1 40-60 am (M2) Ta nosnoxeHHsIM
makcumyMmy cmyrd [P (Agmp) 532 M (M1) 1 574 am (M2). HeoOXigHO BiAMITHTH,
0 Appp MAacHBIB HAHOYACTHHOK 30JI0TA NPH HAHECEHHI HAa HUX XaJIbKOTCHITHUX
TUTIBOK CYTTEBO 3MIILYETHCS B YEPBOHY JIUISHKY CIIEKTPY.

185



@3 CM®XT — 2021

\\ .
o

200 220 240 260 280 300 320 340

1
v, CM
a
VA SN
/ g
m
a0
\ g
I
\ o
b
(8]
I
\ 2
£
o@o
200 220 240 260 280 300
v, om?

o

Puc. 1. PamaniBcbki criektpu tiazMonHux ctpyktyp «HY Au(M1)/mniska Se» (a) i
«HY Au (M2)/mniBka Se» (6)

JlocnimkeHHsl paMaHiIBChbKUX CIIEKTPIB KOMIMO3UTHUX CTPYKTyp «HY Au/mmiBka
Se» mpoBOIWIKMCH TIPH KIMHaTHIM Temmeparypi Ha crnektpomeTpi Horiba Jobion-
Yvon. Jna 30ymKkeHHS paMaHIBCbKHX CIIEKTPIB BHUKOPHUCTOBYBaBCSA Jia3ep 3
A:5.=532 HM. PamaniBchki criekTpu Imia3MoHHUX cTpykTtyp «HY Au/mmika Se»
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HaBeZieH1 Ha puc. la 1 6. [1ma3MoHHI CTPYKTypH OIMPOMIHIOBAJIM MPU OJHAKOBHUX
yMoBax B OJHii Touli. [HTepBan mixk 3anucamu curHaity ctaHoBuB 30 c. Yac 3anucy
curnany — 30 c.

3 HaBeJCHOTO PUCYHKY BUHO, 1110 MPU BUKOPUCTAHHI B TUIA3MOHHIN CTPYKTYpi

«HY Au/mrap Se» macusy HU M1 3poctaHHs yacy onpOMIHEHHS HE IMPU3BOAUTH 10

KapJIMHAJIBHOI TepeOy10BU paMaHIBChKUX CHEKTpiB. CHEKTPHU MICTSATH 1HTEHCHUBHY

cMyry mpu 253cm™ i cnabki ocobmuBocti mpu 237 i 221 em™. IIpupomga mux cMmyr

ornucaHa B [2]. I3 30inblIeHHSM Yacy ONMPOMIHEHHS CIIOCTEPIra€ThCsl 3MEHIICHHS

IHTEHCUBHOCTI JOMIHAHTHOI CMyTH Ta 1i po3MUTTsA. [lookeHHs MaKCUMyMy CMYTH,

K 1 TOJIOXKEHHS 1HIIUX 0COOIMBOCTEH CIIEKTPY, 3AMUIIAETHCS He3MIHHUM. OfepxaHi

JaHl Jal0Th HaM 3MOTY CTBEPIKYBATH, IO OMPOMIHEHHS MPHU3BOJIUTH IO JESIKUX

(OTOCTPYKTYpHHUX NEPETBOPEHD B ILIIBIII, OJHAK BOHA 3aJIMIIAETHCS aMOP(HOIO.
binbll kapAMHAbHA CTPYKTypHa IepeOyaoBa IUIIBKM BHUSIBJIEHA Y BUIAJKY,

Koiu B sikocTi SERS-minknanku Bukopucranu macus HU Au M2 (puc. 1 6). Bunno,

[0 J1a3epHE ONMPOMIHEHHS MPHU3BOJUTH SK JO 3MEHIIECHHSI IHTEHCUBHOCTI OCHOBHOI

cMyTH Tipu 254 cm™ Ta i PO3MUTTS, TaK 1 0 BUHUKHEHHS SICKPaBO BUPAXEHOI CMYTH

mpu 237 cM™, mo cBiguuTh mpo dopMyBaHHS B aMOpdHi MATPHI KpHCTATIYHHX

BKJIIOYEHb TPUTOHAJIBLHOTO Se. 3 POCTOM Yacy ONMPOMIHEHHSI 1HTEHCHUBHICTH IIi€i

CMYyTd 30UIbIIYEThCSA. Taka BIAMIHHICTE B OJIEpXKAHUX pe3yJibTaTax BHUKJIMKaHA

BUKOPUCTAHHSAM PI3HUX MACHBIB HAHOYACTHHOK 30JI0Ta, SIKI CYTTEBO BIIPI3HSIOTHCS

110 MOp(}OJIOTii Ta ONTHYHUM XapaKTEPUCTUKAM, 1 TUM (PAKTOM, IO App MIA3MOHHUX

ctpykryp «HY Au/mmiBka Se» 3HaXOOWTHCS B OUTBII JTOBTOXBHMJIBOBIM JTIJISTHITI

CIIEKTPY HIXK Aqyrjp MACUBY HAHOUYACTUHOK.

TakuM YMHOM, B pe3yJbTaTI JOCIIKEHb BCTAHOBJIEHO:

- CKJISIHI MIAKIAAKKA 3 HaHeceHMMH Ha Hux macuBamMu HY AU MoxyTh OyTH
BUKOpHUCTaHI B sKocTi edektuBHUX SERS-migkmagok i J0CHiKEHHS
CTPYKTYpH ONMKHBOTO TIOPSJIKY INTIBOK S€ HAHOMETPOBOI TOBIIMHHU Ta
CTPYKTYPHUX TEpPETBOPEHb, SKI TPOXOIATh B HUX TPH il J1a3epHOro
BUIIPOMIHIOBaHHS;

— MaTpuili  amopHOi  IIIIBKM  S€  XapaKTepU3yeTbCs  HEPETYJISIPHOIO
MOCIAOBHICTIO IiC- 1 TpaHC KoHIrypaiii, ToOOTO OJHA MOJIEKyJia MOXKE
MICTUTH SIK €JIEMEHTH KUIClh S€g, TaK 1 €IEMEHTH CIIPATICBUAHUX JIAHIIFOKKIB
Sen,

- CTpyKTypa (a3u, sika BUHMKAE B MaTpull amMop(dHOi IUTIBKM Se mpu il
ONPOMIHEHHI JIa3epPHUM BHIPOMIHIOBAaHHAM 3 A,5=532 HM, BiAMOBiAaE
CTPYKTYp1 TPUTOHATILHOTO CEJICHY.

1. Rubish V.M., Durkot M.O., Hreshchuk O.M., Makar L.l., Pop M.M., Studenyak I.P.,
Yasinko T.l., Yukhymchuk V.O. Investigation of the short-range order structure of nanosized
chalcogenide films by SERS-method // Mat. Intern. Meeting “Clusters and nanostructured
materials (CNM-6)". — Uzhgorod, Ukraine. — 2020. — P.134-135.

2. Yasinko T.I., Yukhymchuk V.O., Rubish V.M., MinkovichV.V., MiklaV.l.,, Makar L.I.,
Hreshchuk O.M., Horvat A.A. Raman spectroscopy study of nano-sized amorphous layers of
selenium and plasmon structures “Au NPs/ Se film // Mat. Intern. Meeting “Clusters and
nanostructured materials (CNM-6)”. — Uzhgorod, Ukraine. — 2020. — P.326-327.
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EnexkTpu4Hi BJacTUBOCTI aMOPHUX ILTIBOK CeJieHY, MOAU(PIKOBAHUX
napamMu pryTi

Py6im B.M.", Makap JI.I.', Kupunenxo B.K.', Huxupyii JI.1., 3anyxmsk JK.P.%, Ilonosuy B.B.%,
Pizak F.B.S, Cnecusux 0.0.3

1I;Ltcmumym npobnem peecmpayii inpopmayii HAH Yxpainu, eyn. 3amkosi cxoou, 4, 88000,
Voiceopoo, Ykpaina center.uzh@gmail.com
2 Tlpuxapnamcoxuii hayionanerutl yHieepcumem im. Bacuns Cmeghanuka, leano-@pankiscok,
Ykpaina
3Yofc20p000bi<uii HayioHanbHUll yHigepcumem, Yoiceopoo, Yrpaina

[Ipr nmocmimkeHHI aHOMabHOI (OTOMPOBIAHOCTI B  HAIIBIPOBITHUKOBHUX
Marepianax OyJo BHSBJICHO, IO y BUTPUMAHHUX B Mapax PTYTI aMOp(PHUX ILIiBKaxX
CelieHy TMpOBiMHICTH 3poctae Ha 5-6 mopsaakiB [1]. OmHak, 3ayBakumo, IO
aKTUBYBaHHS IUTIBOK SE€ pPTYTTIO B IIMX EKCIIEPUMEHTaX MPOBOAWIOCH Y
CTaIllOHAPHOMY PEXKUMi. 3 TOUKH 30py MPAKTHYHOTO 3aCTOCYBAHHS JAHOTO €(EeKTy
3HaYHUI 1HTEpeC MPEICTaBISIOTh JOCHI/DKEHHS eJIeKTPUYHUX BIIACTUBOCTEU
aMOp(HUX IUTIBOK CelIeHy B IMporeci iX moaudikyBaHHa pryTTio. KpiMm TOTrO,
HEOOXITHO BpaxyBaTH, IO WIBHUIKICTb BUIAPOBYBAHHS PTYTI, a, BIANOBIAHO, 1 ii
KOHLIEHTpalisl B MEBHOMY 00’€Mi BHU3HAUA€ThCA IUIONICIO BIJKPUTOI MOBEPXHI Ta
TeMIrepaTyporo. A 11e, B CBOIO Uepry, A03BOJISIE€ MPUITYCTUTH, 110 BKa3aH1 mapameTpu
CYTT€BO BIUTUBATUMYTH 1 HA MIBUAKICTh 3MIHU €JIEKTPOINPOBITHOCTI MOIU(DIKOBAHUX
PTYTTIO aMOP(HUX TUTIBOK CEJICHY.

[{s momoBiags TpeacTaBiise pe3yabTaTH AOCIIHKEHb BIUTUBY MapiB PTYTi Pi3HOI
KOHIICHTpAIlli Ta TEMIEPATYPH Ha EIIEKTPUYHUHN OImip aMOp(PHUX IJTIBOK SE.

JlocmimKeHHsT 3alIeKHOCTEH €NEKTPUYHOTO OMopy aMOp(HOTO CelIeHY Bija dacy
BUTPUMKH B TIapax PTYTI MPOBOJUIIOCH B CHEIIaIbHUX TE€PMETHUHUX KOHTEHHEpaxX Ha
raHapHuX 3paskax «map Ni-mmiBka Se-map Ni» B iHTepBayi Temmepatyp 287-
296 K. ToBmmHa miapiB Hikemro BapiroBanach B Mexkax 60-150 uMm, a amopdHuX

mwiiBok cemeHy — B Mexax 200-300 am. [InmiBku Se ojepikyBaluCh METOIOM
TEPMIYHOTO BUIIAPOBYBAHHS 13 KBa313aMKHYTHX €(y31HHUX KOMIPOK CKJIOMOIIOHOTO
CEJICHY.

JIOCITiDKeHHS 3aJIe)KHOCTEH eJICKTPUYHOTO OMOpY TUTaHApHUX 3pa3kiB «miap Ni-
wriBka Se-map Ni» Big Yacy BUTpUMKHM B Tlapax pTYyTi IOKa3ajiu, IO ICHYE
NATEHTHHUIl Tepioj, MPOTATOM SKOrO IX OMip MPaKTHYHO HE 3MIiHIOEThCS. Mloro
TPUBAJICTh, Yy 3QJEKHOCTI BiJ KOHIIGHTpAIlli PTYTi 1 TeMIepaTypH, CKIaIae Bij
JIECATKIB XBWJIMH 70 JEKUIBKOX TOAMH. Y TOMANBIIOMY OMip TJIaHAPHHUX 3pa3KiB
pi3k0 3MeHmyeThcsi (Ha 4-6 TopAnKiB). 3 MIABUINCHHSM TEMIIEpaTypu Ta
KOHIEHTpalli pPTyTI TPUBAJICTh JIATEHTHOTO MEPIOAY 3MEHIIYEThCS, a MIBUIKICTD
3MiHM 0NOpYy 3pocTae. OOroBOPIOETHCS MPUYMHA JAHOTO SIBUILA.

OpepxaHi  pe3yJabTaTH MOXYTh OyTM  BUKOPUCTaHI JUIsl  CTBOPEHHS
BUCOKOUYTJIMBUX CEHCOPIB HAsSBHOCTI MapiB PTYTI.

1. Kopcynckuit M.MI.  AHomanpHas  (OTONPOBOOMMOCTH M CHEKTpajbHAas  MaMATh B
TIOJTYITPOBOTHUKOBBIX cucTeMax. — Mocksa: Hayka. — 1978. — 319 C.
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Jocaigkennss Moan@ikoOBaHMX MAPaAMH PTYTI IVIIBOK TeJYPy MeTOA0M
X-TIPOMeEHeBOI I ppaKkTOMeTpil

ITicax P.H.l, CoaomoH A.M.Z, MoJnap M.B.3, I'acunenn C.M.l’z, becnanos C.A.4, VYBapos B.M.4,
HypkoT M.O., Sciuko T.IY, Crecusux 0.0.°

1I;Ltcmumym npobnem peecmpayii inpopmayii HAH Yxpainu, eyn. 3amkosi cxoou, 4, 88000,
Voiceopoo, Ykpaina center.uzh(@gmail.com
2I;Ltcmumym enekmponnoi gizuku HAH Yxpainu, Yoceopoo, YVrpaina
3V9fceop0()0bi<uﬁ HayioHanbHUull yHisepcumem, Yoiceopoo, Ykpaina
4Hpe3u()iﬂ HAH Ykpainu,Kuis, Yxpaina
5IHcmumym memanogizuxu im. I.B.Kyporomosa HAH Ykpainu, Kuis, Yxpaina

B naniit po6oTi HaBeAeH1 pe3ysibTaTh X-MPOMEHEBHUX JOCIIKEHb HOMIHAJIBHO
YUCTUX Ta BUTPUMAHUX B IIapax PTYTI IUTIBOK TEIYPY.

[TniBku Te toBmuuO0 Big 50 mo 150 HM oxep)KyBaii METOJIOM BaKyyMHOTI'O
BUITIAPOBYBAHHS KPHUCTAIIYHOTO TEIYpYy 13 KBa3i3aMKHYTUX e€(y31MHHX KOMIPOK Ha
HeIAIrpiBaHi CKJISHI MIAKIaAKU. Biana rmiiBoK MpoBOIUBCS NMUISAXOM iX HarpiBaHHS
no temmepatypu 423 K npu mBuakocti HarpiBanHs 6 K/xB. MoaudikyBaHHS M1IBOK
TEIypy 3IIMCHIOBAJIOCS B CIELIATBHUX TEPMETHUYHUX KOHTEMHEpax MUIAXOM IX
BUTPUMKH B Mapax pTyTi npotarom 5-48 roa. nmpu temneparypax 290-293 K.

X-TpoMeHeBi TOCHIIKEHHSA CBIKOIIPUTOTOBAHUX, BlIMaJIEHUX Ta
MOANG(IKOBAHUX PTYTTIO IUIBOK TENypy TMPOBOAWINCH Ha MOJEPHI30BaHIN
peHtreHiBebkiil ycranoBii «JIPOH-4» 3 Bukopuctranusm CuK,-BUmpoMiHIOBaHHS
(A=1,5418 A) ta nikenesoro QinsTpy.

JocnipkeHHsl oKa3aliy, 110 sIK Ha AU pakTorpaMi CBIXKOMPUTOTOBAHOI, TAK 1
Ha JaudpakTorpami BIANAJEHOI IUIIBKM croctepiratotbes peduekcu (mpu 23, 27.5,
38.2,40.3,43.4,47.1 149.6 rpaj.), NOJIOXKEHHS SIKUX YITKO CIIBIAJA€E 3 MOJOKEHHSIM
IHTEHCUBHHUX JIHINA Ha AU(PpPaKTOrpaMi TPUTOHAIBHOIO TEIYypy, MOOYI0BaHOI 3T1HO
nanux podotu [1]. Judpakrorpama TPUroHaILHOTO T€ MICTHTH SICKPaBO BHPaKEHI
pednexcu mpu 23, 27.7, 38.4, 40.4, 43.4, 46, 47, 49.8, 51.4, 52.1 1 57 rpan. Lle
CBITYUTH MPO T€, IO CBLKOMPHUTOTOBAHI TUIIBKU €, OJIep>KaHi METOJAOM TEPMIYHOTO
HaIMWJICHHS HAa HEOXOJIO/HKYBaHI MiIKIAJIKH, € TTOTIKPUCTATIYHUMH.

Ha nudpakrorpami miiBku Temypy, BUTPUMAHOI B Mapax PTYTi MPOTITOM 5
roJl., BUsABJICHI HOB1 cnabki peduexkcu npu 23.7 1 39 rpan. Ilpu 36inbmIeHH] yacy
MoaudikyBaHHS HOBI pediiekcu craioTh OuUtbll BupaxkeHumu. OjepkaHi maHi
J03BOJISIIOTh  3pOOMTH BHCHOBOK NPO (OPMYBaHHA TeIypuay pPTYTI B KyOiuHii
MoaudiKalii B CTPYKTYpHIM CITHI IUTIBKM 1€ mpu ii MOAM(IKYBaHHI PTYTTIO,
OCKUIbKM TakKi  JIHIT SICKpaBO MPOSIBISAIOTHECS Ha AudpakTorpaMi KpUCTATIYHOTO

HgTe [2].

1. Bouad N., Chapon L., Marin-Ayral R.M., Bouree-Vigneron F., Tedenac J.C. Neutron powder
diffraction study of strain and crystallite size in mechanically alloyed PbTe // J. Solid State
Chemistry. — 2003. - V. 173. — P. 189-195.

2. Leute V., Koeller H.L. The four quasibinary phase diagrams of the quasiternary system (Hg, Pb)
(Se, Te) /I Reference Physical Review, Serie 3. B — Condensed Matter. — 1986. — V. 31. — P.
5976-5982.
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JocaigkeHHs TMHAMIKM 3MiHU mapameTpiB 17-mapoBoro
BY3bKOCMYTOBOTr0 QijibTpa nNpu magiHHI CBiT/Ia M KyTOM

Paoomyk O. M.

Daxynomemy in@Opmayiiunux mexnonoeii
JIBH3 «YoiceOp0ocekuil nayiOnanbHull yHIeepcumeny
M. YorceOp0o, 3axkapnamcovka 0018cmo, Yrkpaina

[TapameTpu OaratomapoBHX ONTHYHUX CTPYKTYpP 3MIHIOIOTHCS 3aJIEKHO BiJ
KyTa MaJiHHS MPOMEHHS CBIT/Ia. BOXIWBUM TUTAaHHSAM € JTOCHIIKEHHS JTHHAMIKA
TaKoi 3MiHH, 110 1 B3SATO 32 METY.

[TpeameTrom gocnimxeHHs: Oyno oOpaHo 17-1mapoBuil By3bKOCMYTOBHM (DUIBTP
(S-BHB..2B..BHB) 3 aBox marepiaiiB: BUCOKO3aIOMITIOI0U0ro — GES,, 3 mokasHUKOM
3asioMJIeHHs 2.1 Ta Hu3bKo3amomiIordoro — MgF,, 3 mokasaukom 3anmomaenHs 1.35.
By3bkocMyTroBi CBITJIIODUIBTPU MPOMYCKAIOTh TUIBKK TEBHUN Jianma3oH CBITIOBUX
XBUJIb, MOTJIMHAIOYM TPU [IbOMY OUIBII JOBT1 1 OUTBII KOPOTKI XBUJI, TAKUM YUHOM
bopMyeThCs BUJIEHA CMyra MpPONYCKaHHA B yJIbTpadioneToBid, BHUIMMIA YU
OJIM3BKIN 1HPpauepBOHiN 00IACTSX.

{1 ¢ubTpH 4YAaCTO BUKOPUCTOBYIOTHCS JJIA 3MEHIICHHS IIYMIB B JIA3€PHUX
ONTHYHUX CHCTEMaX CHOCOOOM «IPHUAYLIEHHS» BCIX CHEKTpPalbHUX KOMIIOHEHTIB,
KpIM OCHOBHOTO. fIK IpaBWJIO, BY3bKOCMYTOBI ONTWUYHI (DUIBTPH, KPIM BHCOKOIO
Koe(ilieHTa NPONyCKaHHA [UI 3aJaHol JOBXKHMHHM XBWJI, XapaKTEPHU3YHOThCS
KpPYTUMHU (PpOHTAMU CHEKTPAIbHOI KPHUBOiI 1 MIBUJIKUM IEPEXOOM BiJ MOTIUHAHHS
710 TIPOITyCKaHHS, 10 OYJI0 MiATBEPKEHO Pe3yJIbTaTaMu JOCTiKeHHS [1].

Jlns mpoBeneHHS OCHIHKEHb, MOBS3aHUX 31 3MIHOI IapaMeTpiB ONTHYHUX
CTPYKTYp Ta JACSKUX BAXJIUBUX MOKA3HUKIB, Y TOMY YHCII 1 KyTa MaJiHHS MPOMEHIO
CBITJIa, OyJ10 pPO3p0o0IIeHO MporpamMue 3adbe3neueHus [2].

PosrisitHeMo OCHOBHI mapamMeTpu BY3bKOCMYTOBUX (IIBTPIB, TaKl SK TOBXKUHA
XBUJI1 B MOJIO’KEHHI MAaKCUMYMY TIPOIYCKAHHS — Amay, KOJIM BIJICYTHI HEOHOPITHOCTI
(imeanbHMid BUNAAKY Amax = Ag); KOE(DILIEHT MaKCUMyMy HPOMYCKAHHA — [max;
HaIIBIIUPUHA CMYTH TIporryckaHHs Adgs Ha piBHI 0.5, necsitunHa mmpuHa Adg; — Ha
piBHi 0.1 Ta BiANOBIJHI M 3HAYEHHS NOBXWH XBUJIb A3 1 A4 Ta Ay 1 As. MIMPUHU
CIEKTPAJIbHUX I1HTEpBaliB BiOMBaHHA AAdx 1 AAy, y Mekax SIKUX INPOITyCKaHHS
Hwk4e 0.1 y KOpOTKOXBHUIBOBINA Ay (BIICTaHb M1k A3 Ta A) Ta JOBrOXBUIBOBIN Ay
(BimcTaHb MiXk AsTa Ag) o0macTsax [3-5].

Posrasaemo 3MIiHU CIIEKTPiB MIPOITYCKaHHS BY3bKOCMYTOBHUX
iHTeppepeHIitHuX QIIBTPIB 31 3MIHOIO KyTa MaJiHHS 6 AJiA S Ta P-TOJspU3aLii
CBITJIOBHX IIOTOKIB 3 po0Oo4oro moBxkuHOI XBWali 630 uM. Jln1a mpoBeneHHS

O0OYHUCITIOBAILHOTO €KCIIEpUMEHTy Oyio oOpano miama3oH Bix 450 mo 850 HM 1 KyTH
naxinras: 0°, 15°, 30°, 45°, 60° ta 75°.
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Pucynok 1. OcHOBHI XapaKTEpUCTHKH BYy3bKOCMYTOBUX ONTUYHUX (PUTBTPIB

A, Hm
Pucynok 2. Tpanchopmariist CleKTpiB MPOIycKaHHs 17-1apoBOro BY3bKOCMYT'OBOTO
¢b11pTpa 3 pOOOUOIO TOBKHUHOIK XBUIL Ag = 630 HM 14 S-TIosIIpu3alLiii py 3MiHI KyTa nagiHas: 1—-
6=0%2-6=15"3—-=30%4- =45 5- & =60%6— & =75

A\, HM

Pucynok 3. Tpanchopmariist ClIeKTpiB NPOIycKaHHs 17-1apoBOro BY35KOCMYT'OBOTO
¢b11pTpa 3 poOOUOI0 TOBKHUHOK XBUIL Ag = 630 HM U1 P-Tiossipy3anii npy 3MiH1 KyTa nafiHas: 1—-
6 =0%2—6=15%3- 6=30% 4 6h=45" 5 6h=60" 6 6 =75

Buxonsun 3 OoTpUMaHMX Ha PUCYHKaxX 2 Ta 3 JaHUX MPOTVIAJAETHCS TEBHA
TEHJICHIIISl Y 3MiHI OCHOBHHMX MapaMeTpiB By3bKOCMYroBoro ¢iunetpy. st omHoro 3
TaKUX TapaMeTpiB MoOyaoBaHO TaONMIO, SKAa MICTUTh 3HAYEHHS MaKCHUMYyMYy
Koe(dilieHTa NPOMYCKAHHS T nax IPH PI3HUX KyTax IMaJIIHHS.
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Tabmn 1
MakcuMalibHi 3HaUYeHHS Koe(illieHTa MPOMYCKAHHS [ max 715 S Ta P-
noJIsIpU3allii
[onspuzanis/Kyrt 0° 15° 30 45° 60" 75°

S-noJisipu3altis 0.99074 |0.99084 |0.99183 |0.99532 |0.99992 |0.93698

p-ToJisIpHU3allis 0.99074 10.99128 |0.99318 |0.99679 |0.99875 |0.99962

Buxonsun 3 manmx y Tabmuii 1 MokHa 3poOWTH BHCHOBOK, IO IS -
MoJIsIpy3aIlii MakCUMajbHI 3HA4YeHHS KOC(DIIIEHTIB MPOMYyCKaHHS 3pOCTalOTh 13
30UIBIICHHSAM KyTa IMaJiHHS MPOMEHIO, TaKa » CHUTYyalllsd CIIOCTEPIraeThbcs 1 IMpH S-
nossipu3aiiii. Kpim Toro, sSIKIo mpoBeCTH aHali3 MIKOBUX 3HAY€Hb, J0OpE BUIHO, IO
30UTBIIEHHST KyTa NaJiHHSA CBITJIa 3MIllye BiAnoBiAHUN rpadik niBopyd. Illo
CBITYUTH MPO 3MEHIICHHS Amayx Ta Amin TIPH 301JIBIICHH] KyTa MaJIIHHS.

3HaYCHHs HAMBIIMPUHA CMYTH TPOIYCKaHHSI Adys Ta 3HAYCHHS IECATUHHOT
IIUPUHA CMYTH TPOMyCKaHHS Adg; s P-mosisipu3aiiii 301IbIIyEThCSA, a IS S-
MoJIsIpy3allii 3MEHIIYEThCS 31 30LIBIIEHHSAM KyTa MaJiHHA. 3HAYEHHS X LIUPHHH
KOPOTKOXBHJIBOBO1 00J1acTi BIAOMBaHHA Ay Ta 3HAUEHHS UMPUHU JOBrOXBUIBOBOL
obmacti BigOMBaHHA AAy nans p-nonspu3anii HaBNAKW 3MEHLIYETbCA, a Ui S-
MoJIsipu3allii 30UTbIIYETHCA 31 30UIBIICHHSIM KyTa MaIiHHS.

[IpoBeneHi po3paxyHKH CBII4YaTh, IO PO3POOJICHHA MPOrpaMHHUIl KOMILUIEKC
JI03BOJISIE TIPOBOJIUTH BCl HEOOXiAHI OOYMCIEHHS TIOB’S3aHI 3 MOJICJIFOBAHHS
rapamMeTpiB ONITHYHUX IIAPyBATUX CTPYKTYP.

1. Onrtuueckue y3komonocHele GuibTpel  [EnektponHuii  pecypc] / Pexum  gocrymy:
https://lasercomponents.ru/catalog/optika/interferentsionnye-filtry/opticheskie-uzkopolosnye-
filtry/

2. llopran s TpoBeAEHHS OOYMCIIEHb TapaMeTpiB ONTHYHMX OaraTomapoBUX MOKPHUTTIB
[Enextponnmii pecypc] / Pexxum noctymy: http:/filter.kl.com.ua/index.html

3. Ilenko B. I, Mina O. B., ®exemrasi I. B. MoaentoBaHHs TpOCTOPOBO- MOJSPU3AMIHHUX
napaMeTpiB CIEKTPATbHUX XapaKTePUCTHK BY3bKOCMYTOBUX ONTHYHUX (inbTpiB. Komn’oTepHa
matemaruka. 2014. Bumyck. 1. C. 37- 45.

4. leuko B. I, Mina O. B. MopgenoBanHsi BIUTMBY HEOJHOPITHOCTEH  Ha CHEKTPalbHI
XapaKTepUCTUKU BY3bKOCMYTOBUX ONTHYHUX QuUIbTPIB. CXigHO-EBpONENHChKUN KypHal
nepenoBux texnonoriit. 2014. 4/5(70). C. 15- 20.

5. Mina O., ITleuxko B., bopkau €., Iletpeupkuii C. BmnmuB HeomHOpiTHOCTEW MMOKa3HHUKA
3aJIOMJIEHHSI Ha CHEKTPaJibHI XapaKTePUCTHKU BY3bKOCMYIOBHX ONTHYHUX (UIBTIB MpPU 3MiHI
pobouoi moexmum xBuii. Science and Educaton a New Dimension Natural and Technical
Sciences. 2015, 11(6), Issue 54, P. 31-34.
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JocaigkeHHs TMHAMIKM 3MiHU mapameTpiB 17-mapoBoro
HIUPOKOCMYTOBOro QijibTpa Npu NaAiHHI CBiT/Ia M KyTOM

Hlanmouka A. 1.

Daxynomemy in@Opmayiiunux mexnonoeii
JIBH3 «YoiceOp0ocekuil nayiOnanbHull yHIeepcumeny
M. YorceOp0o, 3axkapnamcovka 0018cmo, Yrkpaina

3MiHa KyTa MajJiHHSA MPOMEHIO CBITJIA BIUIMBAE HA MapaMeTpu 0araTtolrapoBUX
ONTUYHUX CTPYKTYp. Y TaKOMy pa3i BUHUKA€ MUTAHHS, sIKa JAUHAMIKa TaKUX 3MIH
npu 3MiHlI KyTa nafiHHsa. [llupoxkocmyroBuit GiabTp — (QUIbTp, SKUH TpOITyCcKae
CKJIAJIOBI, 1110 3HAXOATHCS B ACSAKIN CMy31 4acToOT.

100
T%

1

80F

60

3,1 %5 A
Pucynok 1. OcHOBHI XapaKTepUCTUKH IIUPOKOCMYTOBUX ONTHYHUX (PLTBTPIB

Ha pucynky 1 HaBegeHO OCHOBHI XapaKTEPUCTUKH IIUPOKOCMYTOBUX
ONTHYHHMX (UIBTPIB: CEPENHE 3HAYEHHA NPOIYCKAaHHS I, SKE BHU3HAYAETHCA B
Jiara3oHi JOBXHWH XBWIb Bil A, 10 A3 — KOPOTKOXBUJIbOBA Ta JOBFOXBHJIHOBA
TpaHUIll CIEKTPAJbLHOTO Jlana3oHy Ha piBHI 7=0.5; mmpuHA CMyTH TPOITYCKAHHS
Ados Ha piBHl 7=0.5 1 mmpuna cmyru npomyckaHHs Adg; — Ha piBHI 7=0.1, sKi
BHU3HAYAIOTHCS B Jlama3oHl JOBXKWH XBWIb Big A, 10 Az Ta A; 10 A4 — BIANOBIIHO
KOPOTKOXBHJIbOBI Ta JOBFOXBHIIbOBI IPAHUIIl CIIEKTPAILHOTO fJiama3ony [1-2].

PosrisitHemMo 3MiHM CHEKTpIB MPOIMYCKAHHS MIMPOKOCMYTOBHX ONTHYHUX
G1IbTPIB 31 3MIHOIO KyTa NMafiHHA 6 IS S- Ta P-mojsipu3alii CBITIOBUX MOTOKIB 3
po0Oo4o0 AOBXKHMHOIO XBWII 630 HM, BHKOPHUCTOBYIOUM pO3pOOJIEHE MpOrpamHe
3abe3meueHHs [3].
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A, HM
Pucynok 2. Tpancdopmariis ciekTpiB IponyckaHHs 17-11apoBoro mIMpoOKOCMYTOBOTO
¢binpTpa 3 poOOYOI0 TOBKHUHOIO XBUI Ag = 630 HM 17151 S-TIoNIIpHU3aliii Mpy 3MiHi KyTa naginus: 1—
6=0%2-6=15% 3—6,=30% 4— & =45%5- 6 =60%6— =75

—~—

A, HM
Pucynok 3. Tpancdopmariis ciekTpiB NponyckaHHs 17-11apoBoro MIMPOKOCMYTOBOIO
UIBTPa 3 POOOUYOIO JOBXUHOK XBHII Ag = 630 HM 11 pP-moispu3aliii Ipy 3MiH1 KyTa nagigas: 1—
¢inbTpa 3p p p p yT
6=0%2-6=15% 3- 6 =30" 4— G =45%5- h=60%6— @ =75

Pe3ynbpTaTn, oTprMaHi B XOZ1 JOCHIJKEHHS, SIKI MPOLTIOCTPOBAaH]1 HA pUCYHKAX
2 13 AaroTh MOXJIMBICTH MIPOCTEKUTH 3aKOHOMIPHOCTI 3MIH MapaMeTpiB 17-mapoBux
HIMPOKOCMYTOBUX ONTUYHUX (PUIBTPIB HA OCHOBI XIMIUHUX eneMeHTiB GeS, ta MgF.
B tabnuii 1 HaBeneHO MakCUMaJIbHI 3HAUCHHS KOoe(illieHTa MPOMYCKaHHS T oy JUIS S-
Ta P-moJisipu3allii 3aJlanoro GiasTpa.

Ax OGaunmmo 3 Tabmuii 1, cepeaHe 3HAYCHHS MPOMYCKAHHS 7Tma JUIS S-
noJisipu3alii npu 30UIbIIEHH] KyTa MajiHHs cBiTaa 30u1biyeTbes Big 0.99741 mpu 6

= 0° 1o 0.99324 npu 6, = 75°. Jlas p-mossipusanii 1 XapakTePHUCTHKA CIAIae, a
MOTIM 301TBIITY€ETHCA.
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Tabmn 1
MakcuMalbHi 3HaueHHS KoeDiIlieHTa MPOMYCKAHHS [ max IS S- Ta P-TIOJIsIpU3alii
Monapusanis\ 0° 15° 30° 45° 60° 750
Kyt

S-noJsipu3aLis 0.99741 0.99745 0.99764 0.99867 0.99795 0.99324
p-TIOJIsIpU3aLlist 0.99741 0.99686 0.99444 0.98709 0.99496 0.99991

Buxonsun 3 oTpUMaHuX JAaHUX, MOKHA 3pOOMTH BUCHOBOK 1 MPO 1HII OCHOBHI
napaMeTpH MHUPOKOCMYTOBUX ONTUYHHUX CTPYKTYp. CepenHe 3HaYCHHS MPOIMyCKaHHS
T.ep A0 S-TIONApHU3ALIi IpU 301IBIIEHH] KyTa IaIHHA CBITJa 3MEHIIYEThCS, a A7 P-
noJyisIpu3anlii I XapaKTepUCTHKa 3pOCTa€, aje MpU ILbOMY CEpeIHE 3HAYCHHS
nporycKkanus 1., 3aBXau OlIbIIE UL P-TOApHU3anii, Hix 114 S-nonsgpusamii. Harmis-
Ta JECATUHHA IIMPUHU CMYTH mOpomnyckaHHi Adgs Ta Adgy AN S-mojspuzarii
3MEHIIYIOThCSI, a JUIsl P-TIOJIsSIpU3allii — 3pOCTaloTh MpHU 30UTBIIECHH] KyTa Ha iHHS.

Po3pobnene mnporpamHe 3a0e3medeHHs J03BOJISE MPOBOJAWTH  IOMIOHI
MOJICJIFOBAaHHS NTapaMeTpiB JJisl OyJb-SIKOTO TUILYy ONTUYHOTO (PUIBTPY, a 3pyUHUH Ta
IHTYITUBHO 3pO3yMUIMI 1HTEp(Eiic poOUTh CIPUHHATTA 1H(POPMALIli HA CAalTI JOCHUTH
KOM(OPTHUM.

1. Mina O.B., Marsmosceka b.O., llymmno H.A. JlochmimkeHHS YyTIMBOCTI CHEKTPaIbHUX
XapaKTePUCTHK IIUPOKOCMYroBHX iHTepdepeHuiaux ¢uibtpiB tuny S-2BH2B...2BH2B no
TEXHOJIOTIYHHUX MOXHUOOK 3a JomoMorow meroxy Moute-Kapno. Midxxcuapoona wikona-ceminap
“Teopia nputinamms piwens . Yxropon, 2010. C. 154-155.

2. Mina O., Ilenko B., bopkau H., Konmpar O., Copoka JI. IIpoexTyBaHHS TPOCBITIIOIOYHX
ONTUYHUX MOKPUTTIB Ui IIUPOKOTO CHEKTPAIbHOTO Jiana3oHy NpU MaJliHHI CBITIA MiJ KyTOM.
Science and Educaton a New Dimension Natural and Technical Sciences. 2020. C. 38-40.

3. Ilopran g mOpoBeAEHHS OOYMCIEHb MapaMeTpiB ONTHYHMX OaraTomapoBUX MOKPUTTIB
[Enextponnmuii pecypc] / Pexxum goctyny: http://filter.kl.com.ua/index.html
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JocaigkeHHs TMHAMIKM 3MiHU mapameTpiB 17-mapoBoro
BiZIpizao4oro QijbTpa npu nagiHHI CBIT/IA Wi KyTOM

TosTin M. M.

Daxynomemy in@Opmayiiunux mexnonoeii
JIBH3 «YoiceOp0ocekuil nayiOnanbHull yHIeepcumeny
M. YorceOp0o, 3axkapnamcovka 0018cmo, Yrkpaina

Icnye OGaraTto pi3HUX THUIIB ONTUYHUX (QUIBTPIB, SKI  JO3BOJIAIOTH
3a0e3reuyBaT MOTPIOHI CIIEKTpaIbHI XapaKTEPUCTUKU HA TIEBHOMY CIIEKTPaIbHOMY
miana3oHi. Biapizaroui onTHuHI (QUIBTPH PO3AUISIOTH MOTIK BUIPOMIHIOBAHHSA Ha
MPOXOASiYMiA Ta BiAOMBarOUMid. BOHM WIMPOKO BHUKOPUCTOBYIOTHCS [JISl YCYHEHHS
KOPOTKOXBHUJIBOBOTO BUIIPOMIHIOBAHHS, 110 3aBaXKA€, a TAKOXK B KOMOIHAIIIT 3 1HIIIUMU
¢uTpTpamu.
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Pucynok 1. OcHOBHI XapaKT€pUCTUKH BIAPI3aI0UMX ONTUYHUX PLIBTPIB

OCHOBHUMHU XapaKTEPUCTUKAMU IUX (QUIBTPIB € OBXKUHA XBWJII MIHIMYyMY
MPOMYCKAHHSA — Amin = Ag; KOCQIIIEHT MIHIMyMY MPOMYCKAHHS — iy, IIAPUHA
o0J1acTi MiHIMaIbHOTO MporyckaHHs Adgs Ha piBHI 7=0.5 1 Ady; — Ha piBHI 7=0.1 Ta
BIJIMOBI/IHI 1M 3HAYCHHS JOBXHUH XBWIb Ags 1 Agi; MOBXKMHA XBHWJI MaKCUMyMy
MPONYCKAHHS — Apax, KOCPIIIIEHT MAKCUMYMY TIPOIYCKaHHS — T max [1-2].

Ha niamazoni 450-850 HM Oyno mpoBeeHO OOYHMCIIIOBAIBHUN EKCTIEPUMEHT
JUTSI BUSHAYEHHSI 3MIHU CIIEKTPIB MPOIYCKAHHS BiJpi3arounx (UIBTPIB MpU 3MiHi
KyTa mafiHHs 6 U1 S- Ta P-TOJspU3alliid CBITIIOBUX MOTOKIB.

JIns mpoBeIeHHsT JOCIIKEHb 0yJIo po3po0JieHO 1H(OpMalIiHUN opTai, 110
Jla€ 3MOTY TPOBOJUTH TEOPETUYHI PO3PaXyHKH MPOMYCKHOI 3/1aTHOCTI 3a1aHoro 17-
TH IIIAPOBOTO BiJpi3aroyuoro (GilbTpa npu MaaiHHI CBiTIa mix KyToM [3].
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Pucynok 2. Tpanchopmartisi ciekTpiB nporyckanss 1 7-mapoBoro Biapizatodoro ¢inbTpa 3
pPOOOUOI0 TOBKUHOIO XBUII Ag = 630 HM JU1s1 P-TIoAspU3alil mpu 3MiHI KyTa maaiHus: 1— 6 = 00; 2—
6 =15%3— & =30%4- & =45% 5— & =606 =75

Pucynox 3. Tpanchopmartisi ciekTpiB nporyckanss 1 7-mapoBoro Biapizarodoro ¢iieTpa 3
PO6OYOI0 JOBKHHOIO XBUII Ag = 630 HM U1 S-TIOJIsIpU3aliii NpH 3MiHI KyTa NagiHHa: 1— 6y = 0% 2—
6h=15%3-6=30"4- =45 5- & =60%6- =75

[IpoananizyBaBmi puUCyHKH 2 Ta 3, MU MOXEMO 3POOUTH BHCHOBOK, IIO
MPOTJISAAEThCS TIEBHA TEHJICHINISI Y 3MIHI XapaKTePUCTUK BIAPi3al0uoro QiiabTpy.

3HauYeHHS MaKCUMyMy Koe(illieHTa MpONMYCKaHHS Tpax IPU PI3HUX KyTaxX MaJIHHA
300pakeHo y TaOJHIIl HIKYE.

Ta0mnms 1
MakcumaibHi 3HaYeHHS KOe(ilI€HTA MPOIMYCKAHHS [ may VTSI S Ta P-TIOJIApU3ALIil
Mosspusanis\ 0° 150 30° 45° 60° 750
Kyt
S-ToJIsIpU3aLis 0.99407 | 0.99230 | 0.99112 0.97315 0.92610 0.74061
p-nossipu3anis 0.99407 | 0.99444 | 0.99648 0.99904 0.99989 0.98773
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PosrnsnyBmm rpadiku Tpancdopmaiiii ciekTpiB npomyckanus (puc. 2, 3), Mu
0auuMo, 110 3HAYEHHS MOJOKEHHS JIOBXKWHU XBUJI MPU MaKCUMyMI MPOMYCKaHHS
Amax 3BMEHIITYEThCS, 00 rpadik 3MINTyeThCs JTiBOpYY. [3 Tabmwmimi 1 BuaHO, 110 A7 S-
nmoysipu3ariii mpu 30UTbIIEHHI KyTa TaAiHHSA CBITJAa MaKCHUMaJbHE 3HAYCHHS
TIPOIYCKAHHS Tpay TTOCTYIIOBO 3HIKYIOTCs Bix 0.994071 um mpu 6 = 0° no 0.99112
M mpu 6 = 30°, micmst 9oro Ty [OYHHAE 3HIKYBATHCS CTPIMKIIIE, ZOCSTAIOUM
0.74061 um mpu 6 = 75°. st p-monsipu3anii MAKCHMYM TIPOITYCKAHHS Tax 3pOCTAE
Big 0.99407 um npu 6 =0° no 0.98773 um mpu & = 75°. Illupuaa obGiacti
MIHIMaJIbHOTO MpONyCKaHHs Adys Tpu 301IbLICHH] KyTa MaiHHS 30UTBIIYETHCS IS
S-mojsipu3aiii Ta 3MEHIIyeTbcs g P-nosspusanii. JomxkuHa XBuim Ags, IO
BianmoBigae 7=0.5 mus Bigpizarodoro (inbTpa TpH 301IBIIEHHI KyTa TaIHHS
MIOCTYIOBO 3MEHIIYETHCS AK U S-TIOJIIpU3allii, Tak 1 s P-IOJspU3aliii, TaK caMo
AK 1 3HAYEHHS MOJIOKEHHS JOBXHHHM XBWJII MPU MAaKCUMyM1 MPOMYCKaHHS Amax.
3HaueHHS MIHIMYMY Koe(dillieHTa MPOMYCKaHHS T i, AJIs S-TIOJISIPU30BAHOTO CBITIIA
3MEHIIY€ETHCS, a ISl p-TIOJIAPU30BAHOTO — 3pOCTA€. 3HAUCHHS IMOJIOKEHHS JTOBXXHHU
XBWJI1 MPU MIHIMYMI MPOMYCKaHHS Ami, TpU 30UIbIIEHH] KyTa MaJiHHSI 3MEHIITY€EThCS
MPAKTUYHO OJHAKOBO JUIS S- Ta P-TIONSpHU3AIlii.

Pucynku 2 Ta 3, a TakoXX YMCJIOBI 3HAYEHHs NapamMeTpiB BiJIP13al0uOro
ONTHYHOTO (PUIBTPY OYyIM OTPHMaHI 3a JOMOMOIOI PO3POOJIEHOTO MPOTrPaMHOIO
3abe3neueHHs [3]. [IpoBoauTu momiOHI po3paxyHKH MOXKE B OHJIAWH PEKUMIi Oyab-
XTO Oaxkarouui.

1. Tleuxko B.I.,, Mina O.B., Marsmosceka b.O., lymmno H.S. MonentoBaHHsi MmpoOCTOPOBO-
MOJISIPU3AIHHUX 3aJIeKHOCTEH /1711 OJTHOTO 3 TUIIIB BiApizarouux onTuYHUX GinbTpiB. [Tpami VIII
MDKHApOAHOI HIKonu-ceMiHapy “Teopist mpuiiHATTS pimeHs”. Yxkropona: YxHY, 2016. C. 213-
214.

2. Petsko V., Mitsa O., Borkach E. Design of antireflection costings of a small number of layers at
the incidence of light in angle. Science and Educaton a New Dimension Natural and Technical
Sciences. 2014 , 11(3), Issue 21, P. 63-65.

3. [lopran pns mnpoBeneHHs OOYMCIEHb MapaMeTpiB ONTHYHUX OaraToIIapoOBUX TOKPUTTIB
[Enextponnwuii pecypc] / Pesxum noctymy: http://filter.kl.com.ua/index.html
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CrpykTypa i ra3o4yTJiMBi BJIACTUBOCTI JMOKCH/LY 0JI0BA 3
HAHOYACTHHKAMM 30J10TA

Ba6ing M.I. ITunun [LIT., I'puropescekuii C.B., Morumok .M.
Yorceopoocwruii nayionanvruii ynieepcumem, Yorceopoo, na.Hapoona 3

AncopOITiifHO-KaTaTITHIHI BJACTUBOCTI MaTepialliB HA OCHOBI OKCH/IIB METATIB
13 YaCTMHKaMH 30JI0Ta ICTOTHO 3aJI€KaTh BiJ PO3MIPIiB YACTMHOK AU 1 XapakTepy ix
B3aemMoii 3 okcuaHUM HocieM. i ¢akTopu 0coOOIMBO CHUIIBHO BHUPAKEHI TOI, KOJIH
pO3MIp YAaCTUHOK Au He ImepeBuilye S5 HM. Y JaHid poOoTi mpeacTaBieH1
JTOCITIDKEHHST  aJCOpOLIMHO-UYTIMBUX BJIACTUBOCTEH HaHOKOMITO3UTIB SnO,-Au,
OTPUMAaHUX BBEJICHHSM PO3YMHIB 30JI0Ta 3 pO3MipaMH YaCTUHOK MEHIIE 5 HM.

Crpyktypy MatepianiB gociimxysaiu merogamu: [IEM, CEM, POA, POEC,
4 cnekrpockomnii. Cencopu BHUrOoTOBIsIM 3 mopomkiB SnO; 1 SnO,-Au 1o
TOBCTOIUTIBKOBIM TEXHOJIOT1i Ha MaTdopMax 3 OKCHUIY aJIOMIHIIO 3 HAaHECEHUMHU
IUTATHHOBUMHU HarpiBadem 1 enektpomamu (Puc.l.). Buxigauii curHan G = Ry/R,

BH3HAYaIX 110 BigHOMmEHHIO 110 Ta3iB CO, CHy, mapiB C,HsOH i cymimi CO + CHg.
—=— CO (50 ppm) SHOZ—AH (19 HM) CI‘I_1
—e—CH,(0.5 06.%)

—&— CO (50 ppm)+
254 |CH, (0.5 06.%)
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Puc.1. 3oBuimmii Bux ceHcopa (a) Ta Puc.2.3amexHicTh BUXITHHUX CHTHAJIB CEHCOPIB

ra3ouyrnuBoro enementa (06) Ha ocHoBi SnO,-Au (1.9 HM) BiA TOTYXHOCTI NPH BIUIUBI

SnOx-Au (0.2 mac.%), a Takosk CEM-3HiMoK ~ okpemux TaziB CO ta CHy Ta cymimn CO + CHa.

MOBEPXHI I'a304yTIUBOTO LIapy. Ontumanbhi obmacti nerekryBanHs CO 1 CHa
MO3HAYEHI paMKaMH

BCTaHOBIIEHO HASBHICTH B HaHOKoMIo3uTax SnO,-Au mopsia 3 MetanesuM Au’
OKHCIICHHX cTaHiB 3010Ta (Au’"), MmO CBiZYHTH npo B3aemomiro Mk SnO; 1 Au 3
MepPeHeCeHHsAM elleKTpoHHOoI ryctunu [1]. Ilpu BBeaeHHI Au 3 PO3MIPOM YaCTHHOK
1.9 1 3.5 um B SnO; cnoctepiraeTbcsi 30UIBIICHHST BUXITHUX CUTHAJIIB CEHCOPIB 0
rasiB CO, CH, ta mapiB C,HsOH (Puc.2.). [Ipu cnoxkuBaniit moty>xknocti 0.55 + 0.65
Bt cencop SnO,-Au (1.9 HM) 103BOJIsIE CENEKTUBHO JETEKTYyBaTH METaH, a IpHU
noTy>HocTi 0.25 + 0.43 Bt - MoHOOKCcH 1 ByTJiewo B ra3oBiit cymimni CO + CHy.

1.Maria Ivanovskaya, Evgeni Ovodok, Tatiana Gaevskaya, Dzmitry Kotsikau, Valentina Kormosh,
Vitaliy Bilanych, Matej Micusik. Effect of Au nanoparticles on the gas sensitivity of nanosized
SnO,. //Materials Chemistry and Physics, Volume 258, 15 January 2021, 123858:1-9.
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Kajikc[4]apenxankonamin C-1011 3MeHIye BHKHBAHICTh KJIITHH
aJleHOKAPIUHOMH MOJIOYHOT 3aJ1031 MMIIIi

baBeibcbka A.O.l, Babiu H.F.l, IInukoB C.F.l, €cHIeHko O.A.Z, lNopak I.P.l, HpoboTt H.B.l,
Kocrepin c.0.!

1I;Ltcmumym oioximii im. O.B. Ilannaoina HAH Ykpainu, éyn. Jleoumosuua, 9, Kuis, 01054
2IHcmumym opeaniunoi ximii HAH Ykpainu, eyn. Mypmanceka, 5, Kuig, 02660

Knituan miHii 4T1 € BUCOKOIHBAa3MBHUMHU KIIITHHAMH aJCHOKAPITTHOMH
MOJIOYHOT 3aJT031 MHIIII, sIKI BiATIOBIAAIOTh TBAPUHHIM MOJIEI paKy MOJIOYHOI 3aJI03H
mronuan Ha IV cranii. Hamexcnpecist amanrepHoro nporteiny RUk/CINSS y kimitiuaax
aJICHOKapIIMHOMU MOJIOYHOI 3aJI03M MHIII  CYNPOBOKYETHCS  30UIBIICHHIM
IIBUJIKOCTI MIrpaiiii Ta iHBa3MBHOIO MOTeHIany. KamikcapeHu — 11e MaKkpOUKIIuH1
MOJIEKYJIM, O10JOTiYHa AKTHBHICTh SKUX BH3HAYAETHCS XIMIYHMMU TpymamMu Ha
BEpXHOMY a00 HIDKHbOMY BIHIN. Y TIONEPENHIX po0OTaX MU IMOKa3aid, M0
Kajikc[4]apeHxankoHamiaM 37aTHI BIUIMBATH sSK Ha piBeHb MOJsApH3alii MeMOpaH
MITOXOHJIPi, TaK 1 Ha KOHIEHTpaIlio ioHI30BaHOTO Ca y MaTpUKCI MITOXOHIPIH
MioMeTpis. Ha mnepBUHHIM KyJabTypl KIITHH MIOMETpPisi Ta 3 BUKOPUCTAHHSIM
noTeHmian-yyrauporo  3oHaa  JC-1  mokas3aHo ~— MOJIYJIOBajJbHUM  BIUIMB
Kamikc[4 |apeHXaIkoHaMIly 3 JBOMa XaJKOHOBHMMH TpYNaMH Ha MOJSIpU3AIliIo
MeMOpaH MITOXOHpIA. MeTo [bOro AOCHIKEHHS Oylno BHUBUMTU €(QEKTH
kaiikc[4]apenxankonaminy C-1011 Ha BwkuBaHicTh KIiTHH 4T1 3 pi3sHUMU PiBHAMU
excnpecii anantepHoro npoteiny RUK/CINGS.

B nmocnimxeHHI BUKOPHUCTOBYBalM cyOmiHIIO KiIiTUH 4T1 31 cTabiibHOIO
Hajaekcrpeciero RUk/CIN8S (RukUp-1) i BiamoBigHy KOHTpoJibHY cyOminiro Mock.
Knituau 4T1 Mock 1 4T1 RukUp-1 BuciBanu B JiyHKH 24-TyHKOBOTO IJIAHIIETA Y
KkutbkocTi 50 THC. KIITHH/TyHKa B MOBHOMY cepenoBuiii RPMI-1640, micas yoro
noxasamu 0,1% DMFA (Kourtposabna rpyma), 0.1 MM a6o 1 MxkM kanikc[4]apeny
C1011. Yepes 24 ron KIITHHU TPUIICUHIZYBAJIH 1 paXyBaJld KIJIbKICTh KJIITHH B JIYHIII
3 TpumaHoBuM cuHiM. 3a mnpucytHocti 0,1 MxM xkamikc[4]apeny C-1011 vy
MOKUBHOMY CepenoBuIlll BrkuBaHICTh KIITUH Mock ta RukUp-1 3menmryeTscs Ha
19%. 30uibmieHHs  KoHIeHTpamii  kamikc[4]apeny C-1011 nmo 1 MM
CYNpPOBOJIKYETHCS 3MEHILIICHHSIM BIDKMBaHOCTI KmiTuH Mock nHa 45%, Tomi sk
BIbKMBaHICTh KIiTHH RukUp-1 He 3a3Hae cyTTeBUX 3MIH y MOpPIBHSHHI 3 edeKTaMu
MEHIIIOi KOHIIEHTpaIli.

BumiproBaHHS BITHOCHUX 3HAY€Hb MEMOPAHHOTO NMOTEHIIay Ay MITOXOHIPIi
kimiTuHHKX JiHIA 4T1 Mock 1 4T1 RukUp-1 npoBoaniiv Ha IpOTOKOBOMY LIUTOMETPI
COULTER EPICS XLTM (Beckmam Coulter, CIIIA) 3 BUKOpHCTaHHSIM TOTEHITIAI
qyTauBoro ¢uryopecueHTHoro 3oHAa TMRM (A30ya.= 488 vmM, Ada= 590 HM).
Cxman cepenosuina iaky6arii (MM): 20 Hepes (pH=7,4), 125 KCl, 25 NaCl, 2 P; (y
surnani K'-docgarnoro 6ypepa, pH 7.4), 5 cykuunary Hatpiro, 0.1 mr/mi
muritoniny. Cycrmemsiro wiitua (2-2.510%/mi) inkyOysamu 3 kamikc[4]apeHom C-
1011 npotsirom 5 XBWJIWH, KOTPOJIbHI MPOOM — 3 aTiKBOTOI PO3YMHHHKA.
Pospaxynku ~ CCCP-uytimBOi  CKJIaJOBOI  IHTEHCHMBHOCTI  (hJIyopecleHIlii

201



@\) CM®XT — 2021

HaBaHTaxeHnX TMRM kiiTHH nokasanu, mo MeMOopanaM MITOXOHIPiH KiiTHH Mock
BJIACTUBUM OUIbII BUCOKUM piBeHb nosisipusanii (67.80£8.82 y.o., N=5) y mopiBHSHHI
3 wimituHamu RukUp-1 (25.4242.58 y.o., n=4). Iaky6amis nepdopoBanux 0.01%
po3uuHoM auritoHiny kmituH 4T1 Mock 3a nmpucytHocti 1MKM kanikc[4]apeny C-
1011 cynpoBomKyBajgach 3HWKCHHSIM 1HTEHCHUBHOCTI (DIIyOpecleHIli MOTeHIlial
gyTauBoro 30H7a TMRM, HaBaHTa)X€HOTO y Il KIITHHU. Y TOU ke 4Yac 1HKyOarls
krtua 4T1 RukUp-1 3 1MxM kamikc[4]apesom C-1011 He BruMHyna Ha
IHTEHCUBHICTH (hIyOpecleH i MoTeHIial 9yTauBoro 3ou1a TMRM, HaBaHTaXeHOTO
y i KITITHHHU.

BucHoBOK. BrkuBaHICTh KIITHH aJICHOKApPIIMHOMHU MOJIOYHOI 3aJ7103M MHUIII
4T1 Mock 3menmyerhcst Ha 45% 3a TPUCYTHOCTI MPOTATOM OfHiel modu 1 MxM
kanikc[4]apenxankonaminy C-1011 y moXMBHOBHOMY cepenoBuimi. BogHoyac,
kiaituan cyomnii 4T1 RukUp-1 e menm wyrmuBumu o xii C-1011. Opmu 3
MOJKJIMBHX MEXaHI3MiB BIUIMBY Kaulikc[4]apenxankonaminy C-1011 Ha KIiTHHH
aJICHOKapIIMHOMU MOJIOYHOT 3aJI03U MUIII - MOJYJIALIS PiBHS TOJIApU3aIlii MeMOpaH
MITOXOHpi. OnepxkaHi pe3ydbTaTd BKa3ylOTb Ha JOIUIBHICTh MOJAJIBIIOrO
BuUBYCHHS Kajikc[4]apenxankonamigy C-1011 sk MOTEHIIHHOTO MPOTUITYXJIMHHOTO
JKapChKOTro 3ac00y.
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BB mopucTocTi Ha AKYCTHYHI BJACTHBOCTI MPUPO/IHIX LEOJIITiB

bigak JI.B., ®enenem B.1.

Vowceopoocoruii nayionanvuil ynisepcumem, deniscartrans.com@gmail.com

BumiproBaHHS MIBHUIKOCTI 3BYKY B TBEpAMX TUIAX JI03BOJSIE OTPUMATH
BOXJIMBY 1H(opMarlito npo ¢i3udHl 1 MeXaHIYHI BJIACTUBOCTI MarepiajiiB, a came
BU3HAYUTH 1X MOMIYJ MPYKHOCTI (KOPCTKICTh), XapaKTEPUCTHUUHI TeMIIepaTypH
Jlebas. OTpumana [0 TENEpiIHBOrO 4Yacy 1H(opMallis Mpo MPYXKHI BIACTUBOCTI
NPUPOAHIX LIEOJITIB IOCUTh OOMEXKEHa, 10 HEe J03BOJISIE BUKOPUCTOBYBATH iX MpHU
BUpIIIEHHI HOBUX TEXHOJOTIYHUX 3aBlaHb. Bigomo, IO MOPHUCTICTH MaTepialiB
MOK€ 3HAYHO BIUIMBAaTH Ha iX (DI3MYHI BJIACTUBOCTI, B TOMY YHCII, Ha €(eKTHI
Moxaym FOura i 3cyBy, a Takox Ha koedimieHT Ilyaccona, siki € HaBaOKIUBIIITUMU
XapaKTepUCTUKAMHM Cy4YacHUX MatepianiB. Merta 1i€i poOOTH - BHUBYECHHS
B32€MO3B'SI3KYy MK TaKMMH MapaMeTpaMmH K MOPHUCTICThb, IUBUIKOCTI MOLIMPEHHS 1
Koe(iieHT 3aryxaHHsd Y3 XBWIb, e(pexkTuBHHUMH Monayiasimu HOHra 1 3cymy.
BumiproBaHHs aKyCTHUHHMX ITapaMeTpiB LEOJITIB MPOBOAMIOCH KIACUYHHM €XO-
iMIyJIbCHUM MeTonioM[1], Ha 3pa3kax B BHJI Mapajelerninena po3MipamMu 6*6*20mm.
Bignocna moxubka BumiproBanb ckiiagana 10%.

Binomo[2], 1110 OCHOBY CTPYKTYpH II€OJITIB CTAHOBIATH KUIBI 3 TETpaeapiB,
yrBopeHuX SiOy4-, AlOys-, Bemuki MOPOKHUHH MIX SKMMH 3'€JHAHI KaHAJIbISIMH,
po3mipu sikux 2,8-8 A(Q.3aranbHuii o0car MOpoKHKUH ckianae 24-32%.

Hamu npoBeieH1 BUMiprOBaHHS IMIBUAKOCTEHN MOMIKUPEHHS 3BYKY 17151 cepii 13 10
3pa3kiB 11€01TIB COKUPHUIILKOTO pojoBUilla. OCHOBHI pe3yJbTaTH JOCIIIKEHb JJIs
4 3pa3kiB HaBe/eH] B TaOmwmmi 1-2.

Ta6mmns 1.
AKyCTUYHHN 3pa3ok
rapaMmerep
Nel No2 Ne3 Ne4
vV P°3EaX, M/C 5780 6161 6222 6071
vV EKCE‘*P’ M/C 5250 5340 5410 5430
VS POSEHX, M/C 3380 3590 3920 4135
VS EKCEGP, M/C 3140 3270 3310 3360
a, n1b/cm(1,2 MTI'n) 4,6 54 6,1 6,8
Tabmurs 2.
3pazok
[TpyxHa nocTHiitHa Nel Ne2 Ne3 Ne4
Mogysns FOnra, E, 10" ITa. 4,6 5,1 5.2 5,2
Moy 3cyBy, G, 10™° ITa. 1,7 1,85 1,93 2,0
Koedimient Ilyacona 0,35 0,38 0,35 0,30

SIx BUJIHO 3 HAaBEJIEHUX PE3yJIbTaTIB, BUMIPSIHI IIBUAKOCTI 3BYKY KOPEIIOIOTH 3
pe3yabTaTaMu pO3paxyHKiB, sKi MPOBEACHI o MeToui[3].
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Takum 9MHOM, €KCIIEPUMEHTH TTOKA3YI0Th, IO Me0TiTH COKMPHUIIBKOTO
POJIOBHIIA, PO3MIPH TOPHUCTHUX KaHAJIB SKUX 3HAYHO MEHIII JOBKHHH 3ByKOBOT
XBUJI1, TIOBOJSATHCS SIK CYILJIBHE TUIO 3 JISSIKUM MPOMDKHUM 3HAYCHHSM IIBUJIKOCTI
3BYKY 1 BIIMIOBITHUM MOJTYJIEM IIPY>KHOCTI.

1. Tpyan P., Dnpbaym Y., Yuk b. - YibTpa3BykoBele MeTOABI B (pHU3MKE TBepaoro tena. M. Mup,
1972, 307c.

2. Jlazapenko €. K., Bunap O. M. Minepanoriunuii cnosuuk, K.: Haykosa nymka. — 1975. — 774
C.

3. C.C. Cekosn, B.P. Illnerens, C.C. bananos, C.M. I'aBpunkun, K.b. Ilospkos, A.A. I'ypkos,
A.A. JlypoB - BrausHue TOPUCTOCTH U JUCHEPCHOCTH MATEPHATIOB HA CKOPOCTh

pacrpocTpaHeHHs 3BYKOBBIX BOJH - [Ipuknannas mexanuka u Texuudeckas ¢pusuka. 2009. T. 50,
N4, ¢.121-122.
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Fabrication of security elements holograms on the chalcogenide films
surface by electron lithography

Bilanych B.V.}, Shylenko O.1.%

'Uzhhorod National University, Uzhhorod, Ukraine
2Pavol Jozef Safarik University in KoSice, Kosice, Slovak Republic

Studies of the kinetics of the formation of a surface relief during electron
irradiation of chalcogenide films of Ge-As-Se system showed the possibility of
obtaining different types of reliefs on a single film depending on the radiation dose,
film thickness and presence or absence of a conducting sub-layer [1]. It was found
that the main role in the modification of the surface of chalcogenide films by the
electron beam is played by the processes of charge formation and its transport in the
- irradiated region.

o The aim of this work is to study
208 the features and determination of the
of : interaction parameters of the As-Se
chalcogenide films with an electron
beam, and also to determine the
possibility of using this film for
fabrication the master-original of the
protective element by one-stage (dry)
¥ single-beam electronic lithography
method in a wide range of radiation

== “ [ 12
5 ms L, mkm doses from 3*10° to 9.3*10"uC.cm™.
The films were irradiated with a
Of mm—y r scanning electron microscope (SEM)
X Tescan, model VEGA. Accelerating

voltage 30 kV, spot size B = 0.64 um,
electron beam current | = 60 nA.
When changing the exposure time of

h
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[~ [~
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Fig. 1. AFM images and surface relief profiles
induced by an electron beam on the surface of
the As,Seqs film, which are formed at different
irradiation times.

0,05 ms to 5 s exposure dose of
electron irradiation varied from
9.3*10° -9.3*10" uC.cm™. To remove
the surface charge under the action of

an electron beam, the irradiation of the

films was carried out in a low-vacuum atmosphere of the nitrogene at a residual

pressure of 10 Pa. The structure of the induced surface relief of the film was studied

using an atomic force microscope (AFM) (Bruker, ICON model) in the "tapping

mode". Fig. 1 shows the scans of the irradiated regions of As;Segs films and the
profiles of the electron beam surface relief.

The kinetics of surface relief formation for As-Se films in the range from 9.3 *

10° t0 9.3 * 10" uC.cm™ is characterized by three areas of radiation doses in which a

relief of various shapes is formed with a continuous increase of irradiation dose. In
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the range: G <1.2 mC.cm™ (t <65 us) under the action of the electron beam, cones
with a Gaussian profile are formed; 1.2 mC.cm? <G <46.5 mC.cm™ (65 us <t <2.5
ms) - the dose range in which formed cones of the Gaussian type remains practically
unchanged; 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.

The appearance of a surface relief of various shapes on an chalcogenide films
under electron irradiation indicates the possibility of using these materials as an
electronic resists for a single-stage (without chemical etching) electron lithography
[2]. The characteristic points (irradiation doses) and the parameters of the interaction
of the electron beam with the As-Se films were calculated. Obtained results above
make it possible to realize lithography on chalcogenide films both as negative (film
expansion and formation of cones) and positive (film compression and crater
formation).

Using DrawBeam software module included in the SEM software, standard
images were taken by the negative and a positive electron lithography method on the
As,;Segs film. Also, images of some
of the logos on this film were
made, which can be used to create
master-originals of the protective
elements (Fig.2). The local dose of
irradiation at the lithographic
process corresponded to the
maximum height of the surface
relief and was 1.2 uC.cm'z, which
corresponds to an irradiation time
of 65 us. As a result, the height of
the surface relief that forms the
image data was about 270 nm. The
metallized (Ti) surface images
obtained are shown in Fig.2 (on

Fig. 2. View of some logos and their image on the right). As can be seen from Fig.2,
surface of As,Segg film in video camera of the atomic- desplte the rather Iarge diameter of

force microscope and after their metallisation. the electron beam (640 nm), all the
Image elements are clearly visible.

Therefore, it can be assumed that making large-sized surface images (> 1 mm) will
significantly improve their quality, and using thinner (=5 nm) electron beams will
make it possible to obtain high-quality images in the nanoregion.

1. V. Bilanych, V. Komanicky, M. Kozejova, A. Feher, A. Kovalcikova, F. Lofaj, V. Kuzma, V.
Rizak, Surface pattering of Ge—As—Se thin films by electric charge accumulation, Thin Solid
Films. 616 (2016) 86-94.

2. B.V. Bilanych, O. Shylenko, V.M. Latyshev, A. Feher, V.S. Bilanych, V.M. Rizak, V.
Komanicky. Interaction of chalcogenide As;Segs films with electron beam when used them as
electronic resists // Ukr. J. Phys. 2020. Vol. 65, No. 3, p.247-253.
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Relaxation processes in chalcogenide films during their irradiated
with an electron beam of a scanning electron microscope

Bilanych V.V.", Shylenko O.1.2

YUzhhorod National University, Uzhhorod, Ukraine
2Pavol Jozef Safarik University in KoSice, Kosice, Slovak Republic

The results of studies of the relaxation processes of chalcogenide films based
on selenium when surface relief formation under their point irradiation with an
electron beam are presented. It is shown that the films surface structuring is due to
the charge relaxation in the irradiated region. Interpretation of electron-induced
processes is made within the framework of a two-layer charge model.

Investigations of the interaction of electron beam with chalcogenide films have
shown formation of a surface reliefs of various types depending on the charge
deposited in the film. Recent studies with the ternary chalcogenide systems based on
Ge-As-Se and As-Se have revealed unique electron-induced effects such as: electro-
hydrodynamic instability [1] or inversion of the shape of electron-induced surface
relief [2, 3].
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Figure 1. Relaxation of parameter of surface reliefs formed by electron beam on surface of
GegAsySes, (a) and Ge16AS24Ses0 (b) thin films.

The amorphous films of Ge-As-Se system with a thickness of 4 um were
prepared. These films were deposited on sapphire substrates. The films were
irradiated with electron beam of a scanning electron microscope (SEM) Tescan,
model VEGA. The following parameters were used: the accelerating voltage V = 30
KV, spot size B = 0.64 um, and electron beam current I = 60 nA. The exposure times
were changed from 0.05 ms to 5 s. The structure of the induced surface reliefs on the
film surface was studied using an atomic force microscope (AFM) (Bruker, ICON
model) in the “tapping mode”.

Figure 1 shows a surface reliefs formed on surfaces of GegAsySeg, and
Ge1sAS,Seq films as a function of irradiation time. It was found that various types of
relief are formed on the surface of chalcogenide films - in the form of cones and
depressions, or combined depending on the radiation dose. The figure shows the time
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variation in the parameters of the surface relief caused by the relaxation of the charge
inside the Ge-As-Se films.

It established that the formation of the surface relief on chalcogenide films is
caused by structural changes in the films and the emergence of a space charge region
(SCR) during the interaction between these films and the electron beam. It was found
that, the characteristic formation time of the SCR in chalcogenide films involves two
processes with different relaxation times t; and t,. These relaxation times were
determined from analysis of the time dependences of the height and depth of the
induced surface reliefs (see Figure 2) using the formulas A(t) = ho - hiexp(-t/7). The
values of 7, and 7, are 0.008 s and 1.75 s and 0.002 s and 1.1 s for GeyAsySeg, and
Ge1sAS4Seq films respectively. Figure 3 shown a schematic diagram of space charge
region. In the initial stage of irradiation with electrons the SCR is concentrated
mainly in the near-surface layer of the film. The size of SCR increases with
increasing electron irradiation time and also due to charge diffusion due to Coulomb
repulsion beyond the interaction region range.

(b) e-beam

30kV
_

f_ BSE
A

0,004 0,008
time, s

0 2 4
time, s

Substrate

Figure 2. Time variation in the parameters of the Figure 3. Schematic diagram of space charge
surface relief caused by the relaxation of the region formed during interaction of primary
charge inside the Ge1sAS24Seqo film. electron beam with Ge;6As24Sego film.

It was shown that in films with lower electrical conductivity the formation of
SCR is faster and also the time of the surface relief crossover onset and the charge
relaxation time is smaller.

1. V. Bilanych, V. Komanicky, M. Lackova, A. Feher, V. Kuzma, V. Rizak, Fabrication of meso-
and nano-scale structures on surfaces of chalcogenide semiconductors by surface hydrodynamic
interference patterning. //Mater. Res. Express, 2 (2015) 105201.1.-105201.8.
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Rizak, Surface pattering of Ge-As-Se thin films by electric charge accumulation. //Thin Solid
Films, 616 (2016) 86-94.

3. 0. Shylenko, B. Bilanych, V. Bilanych, V. Latyshev, K. Saksl, Z. Molcanova, B. Ballokova, J.
Durisin, P. M. Lytvyn, A. Feher, V. Rizak, V. Komanicky. Investigation of structural changes in
As,Se1o0-x amorphous thin films after electron beam irradiation with XAFS, XANES and Kelvin
Force Microscopy. //Applied Surface Science, V.530, (2020), 147266:1-11.

208



CM®XT - 2021

Scanning shot-noise spectroscopy of robust edge currents in
topological materials

Boliasova 0.}, Zhitlukhina E.%, Seidel P.2

1 0. 0. Galkin Donetsk Institute for Physics and Engineering, National Academy of Sciences of
Ukraine, Nauki Avenue 46, 03028 Kyiv, Ukraine
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For many condensed-matter materials, the knowledge of dispersion spectra is
not enough to predict their ordered phases and responses to external stimuli.
Symmetry considerations were previously used for this purpose. Recently, solids
have been reclassified using a novel single-electron topology approach that goes far
beyond a simple set of the symmetry elements. As a result, all known inorganic
compounds were categorized into trivial and topological materials. Understanding the
role of the topology shifted the focus of the materials science from symmetry
breaking to quantum geometry. In many novel electronic and magnetic phases,
guantum superposition and entanglement are fundamental issues determining their
properties while not revealed by classical probes.

As known, the topological properties characterized by a global integer quantity
are invariant under smooth geometrical deformations or material changes. Therefore,
the related physical quantities have some form of topological protection, since they
are guaranteed to withstand any continuous disturbance. In particular, it relates edge
states with a strong immunity to distortions of the sample. Although they originate
from the internal topology, the near-boundary states exhibit properties, forbidden in
the bulk. Canonical example of such phenomenon is the quantum Hall effect where
electrons are moving along cyclotron orbits in the bulk while the quantum transport is
dominated by unidirectional propagating states localized at the boundaries and robust
against local perturbations.

Recently, a new intriguing physics was found at the boundary between two
active fields of research, non-Hermitian systems and topological effects. In quantum
samples, broken Hermiticity means a lack of probability conservation, or a loss of
quantum information to the environment. For classical-wave (electromagnetic or
mechanical) phenomena, non-Hermiticity is related to a lack of conservation of the
wave energy. In this case, novel effects were observed, using active mechanisms that
couple local degrees of freedom of artificial materials to the environment. Such
topological classical-wave systems allow for robust point-to-point energy guiding
with an engineered immunity to disorder or geometrical imperfections. That is why
now there is a surge of activity in the study of non-conservative topological systems.
A key challenge to discriminate between quantum and classical phenomena in the
topologically protected charge transport concerns experimental techniques able to
explore and/or to control quantum properties of the edge currents. In this
contribution, we propose to perform this task by studying quantum interference
effects in metallic-like edge channels applying an interferometric phase-sensitive
setup formed by two independent scanning probe tips.
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Following Laughlin's heuristic reasoning for the integer quantum Hall effect, we
limit ourselves to a two-dimensional Corbino disk with a uniform density of mobile
carriers in the quantum Hall effect plateau. The one-dimensional quantum ring is
assumed to be quantum-coherent and bounded by two Y-shaped splitters in contacts
with two probe tips (normal N and superconducting S) controlled by conventional
scanning equipment. We have calculated the current I, differential conductance dl/dV,
and zero-frequency shot noise S as a function of the applied voltage bias V. We limit
ourselves to the low-frequency limit of the spectral density S(V), which is the Fourier

transform of the correlation function S(t—t')=(AI(®)AI(t')) with Al(t)=1(t)—(I(t)),
the current fluctuation depending on time t:

-t

R (e =eV)| (1—

Ree(gzeV)\2)+

R (e = V) (1 -

REh(s:eV)r)}dg+
8e2 eV
|

0

R*(e=eV)| [R"(e=eV)[ de.

This result can be compared with the normalized differential conductance spectra
G(V) = (dI(V)/dV)s/(dI(V)/dV)y:

G(V)=1-

Both formulas are valid at zero temperature, R*(e) and R®(e) are probability

amplitudes for electron retroreflection and electron-into-hole scatterings,
respectively.

The presence of the S tip strongly
enhances sensitivity of the shot-noise
spectra S;(V) to the charge transmission
regime across the quantum ring.
Observation of this effect in external
magnetic fields together with related
conductance spectra that is shown in Fig.
1 will prove the presence of quantum
correlations in the charge flow localized
at the edges of the sample. Even more, in
classical-wave systems, the shot noise is
absent, and its measurement will Fig. 1. Dependence of conductance G(V)Rn
unambiguously exhibit the nature of the (_solid lines) and shot noise S_(V)/(4e2/h) (dashed
currents under discussion. We expect that lines) spectra._The magnetic flux through the

. quantum loop is 0, 0.01h/e, and 0.1 h/e (curves
the prop_osed two-probe experiments can 1, 2, and 3), Ry = (dI(V)/dV)y, A is the energy
be realized nowadays with already gapofan s tip.
existing techniques.

R*(e=eV)| +[R"(e=eV)| .

This work was supported by the joint German-Ukrainian project “Controllable quantum-
information transfer in superconducting networks” (DFG project SE 664/21-1, No. 405579680 and
NRFU project F81/41396).
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Jociimxennss Moau(ikoBaHUX PTYTTIO aMOP(PHUX ILUTIBOK S€ METOI0M
PaMaHIBCbKOI CIIEKTPOCKOIIl
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Cnonyku HQSe nanexxatpb 10 rpynu HaMmiBOPOBIAHUKIB TUITY A,Bg, sIKi MIMPOKO
BUKOPUCTOBYIOTh JUIsl BUTOTOBJICHHS XIMIYHUX JDKEpEN CTPyMy, JIOMIHO(DODIB,
(GOTOUYTIMBUX €JEMEHTIB, €JIEKTPOHHUX MPHUCTPOoiB Towo. Tomy (opmyBaHHs
HaHOKpHUCTaMiB HQSe Ta mociimkeHHs iX BIACTUBOCTEH HA CHOTOMHI € JOCHTH
aKTyaJbHOIO 33a4€IO.

B Hammux npocmipkeHHAX aMop(HUX TUIBOK Se mertogamu X-TIPOMEHEBOI
Iu(pakToMeTpil Ta CKaHyr4oi elneKTpoHHO1 Mikpockorii (CEM) Oyio BCTaHOBIIEHO,
0 BUTPUMKA X B mapax HQ mpoTarom meBHOTO yacy MPU3BOAUTH 10 (HOPMYBaHHS B
amop¢Hii MaTpulll S€ HAHOPO3MIPHHUX BKIIIOUEHB 1HIIOI (ha3u, SKE CYIPOBOIKYETHCS
MOSIBOI0 HAa PEHTTEHIBCHKUX AudpakTorpamax ciadko BUpakeHUX peduiekciB [1, 2].
31 30UTBIIIEHHSIM Yacy BUTPUMKHU CEJICHOBUX IUIIBOK B mapax Hg peduiekcu craroth
OUIBIII BUPAKEHUMHU, a 1X MOJO0KEHHS T0Ope y3TOKY€EThCS 3 TIOJIOKEHHIM pedIIeKCiB
Ha EKCIIEPUMEHTAIBHUX JU(PpaKTOrpaMax KPHUCTAIIYHOTO CEJCHINY PTYyTI KyOidHOT
Moudikallii, oJIepKaHOTO T1IAPOXIMIYHUM MeToAoM [3, 4]. Sk cBimuaTh JOCTIHKEHHS
noBepxHi MoauGikoBaHUX MIiBOK MeTooM CEM, 3MiHI0€ThCs 1 X Mopdouoris. [2].
[linTBepaAMTH HaHUI BUCHOBOK PO (OpMyBaHHS B aMOP(MHUX IJTIBKaX S€ BKIIIOYEHb
HgSe ta BctaHoBuTH iX (ha30BUI CTaH MOXKYTh PE3YJIbTATH 1X JOCHTIKEHb METOJIOM
paMaHIBCbKOI CHEKTPOCKOMIl, SIKU € YyTJIMBUM, HEPYHHIBHUM Ta 1H(POPMATUBHUM
METOI0M BHUBYEHHS CTPYKTYPH XaJIbKOT'€HIJHUX CTEKOJI 1 TUTIBOK Ha X OCHOBI.

B naniéi poOOTI HaBeleHI pe3yJibTaTh JOCHIKEHb CTPYKTYpH aMOpQHUX,
BIIMAJICHUX Ta BUTPUMAxX B Mapax PTYTI IUIIBOK CEJEHY METOJOM paMaHiBChKOi
CIIEKTPOCKOTIIi.

AmopdHi mniBku Se ToBmMHOW 500 HM OJEpPKYBaJM METOJOM BaKyyMHOTO
BUIIAPOBYBaHHS CKJIOMOAIOHOTO CeNieHy 13 KBa3i3aMKHYTHUX e(y3iiHMX KOMIpPOK Ha
HeIairpiBaHi CKJIsSHI Higkiaanku. Kpucramizamis miBoK 3a1HCHIOBAIACh IUISIXOM iX
HarpiBanHs 10 Temmneparypu 425 K 31 mBuakictio 6 K/xB. MoaudikyBaHHS MTiBOK
CEeJICHY 3IIHCHIOBANIOCS B CHEIIAIbHUX TEPMETUYHUX KOHTEHHEpax IUIIXOM iX
BUTPUMKH B mapax pTyTi npotrsrom 0,5; 1 ta 1,5 rogun mpu temmeparypax 290-
293 K.  JlochmimkeHHs  MIKpOpPaMaHIBCBKHX  CIIEKTPIB  CBI)KOBUTOTOBJICHUX,
BIAMAJNEHUX 1 MOAU(IKOBAHUX PTYTTIO IUIIBOK SE€ MPOBOAWIUCH MPU KIMHATHIM
Temmeparypi Ha cnekrpometpi Horiba Jobin-Yvon (A5 = 671 um).

PamaniBchKi criekTpu aMOpdHOI 1 KpUCTAIYHOI TJIIBOK S€ HaBeJleH1 Ha puc. 1.
B crmekrpi cBiXKOBUroTOBIIEHOI IUIiBKH Se (puc. 1l a) MNposBISIOTHCS IHTCHCHBHA
cMyra 3 MakcumyMoM 250 cm™ i cirabka ocoGmuBicTh y BUrISLAl mwieda mpu 231 e

211



7 s» CM®XT - 2021

1. . .
Cwmyra npu 250 cM ™ BiANOBIJa€ KOJIMBAHHSIM aTOMIB CEJI€HY B HAaHOKJIAcTEpax Seg, a
. -1 .
0ocoOnuBIiCTh TIpU 231 ¢cM~ — KOJMBAaHHSAM aTOMIB B JIAHIIO)KKOBHUX YTPYIyBaHHSIX
Se,.

CrexTp 3aKkpucTandizoBaHOl IUTBKH (puc. 1 6) MICTUTh IHTEHCHUBHY CMYTY 3
makcumyMoM 235 cm™ i ciaGky ocoGmuBicts mpu 253 cm.Taki 3MiHH B CIEKTpi
TUTIBKY TTICIIS BIJTIATy CBIYATh, 110 CTPYKTypa ¢a3u, sska BUHUKAE MPU KpUCTaTI3aIlii
IUTIBKH, BIJIMOBIA€ CTPYKTYPl TPUTOHAIBHOTO CEJICHY.
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Puc. 1. PamaniBcbki ciektpu amop¢Hoi (a) 1 KprcTaniyHoi (0) MIiBOK celeny.

PamaniBchkuii criekTp amopdHOi IUTIBKM SE, BUTPUMAHOI B Tapax pryTi
npotsirom 1,5 ron., HaBeneHuii Ha puc. 2. B cmekTpi crmocrepiraerbcsi 1HTEHCHBHA
cMyra 3 makcumyMoM 231 cM™, MeHm iHTeHcmBHA cMyra mpH 250 cM Ta ci1aKki
po3muTi ocoGmuBocTi mpr 168 1 194 cm™. [Ipn MEHIINX Yacax BUTPUMKH IUTIBOK B
napax Hg (0,5 1 1,0 rox.) octaHHi OCOOJMBOCTI B pPaMaHIBCHKHUX CIEKTpax HE
MPOSIBIISIIOTECA.  AHAJ3 3apeecTpOBAHOrO CHEKTPY Ta TMOPIBHSAHHA HOro 13
pPaMaHIBCbKMMHM CIIEKTpPaMH, HaBEJEHUMHU B [5], Ja€ MOXKIUBICTh 3pOOUTH BUCHOBOK,
10 00poOKa MIIIBKK B Mapax pTyTl NPUBOJIUTH A0 (JOPMYBaHHS B CTPYKTYPHIH CITII
Se xpuctaniyaux HaHOBKIOYeHb HYSe. B poborti [S] mochimkyBanucs pamaHiBChKi
CIIeKTpH HaHOKJacTepiB HQSe, cpopmoBaHUX y mopax JABOX THIIB I[€OJITOBUX
kapkaciB: LTL (tpy0uacti mopu) i Nd-Y (maiixe chepuuni mopu). HaHokmactepu
HgSe Oynu cuHTE30BaHI B LEOTITOBUX MATPHIMX MNUIIXOM XIMIYHOTO OCaKEHHS
napis.

3rigHo pe3ynbraTiB pobotu [5], pamaniBchkuit criektp crpykrypu LTL/HgSe
MIiCTHTB TpH SICKpaBO BHpaxkeHi cmyrm mpu 180, 202 i 263 cm™, Taka ) cmyra
(263 cm™) cmoctepiraethes i B crektpi crpykrypu LTL/Se. B crektpi ctpykrypu
Nd-Y/HgSe npossastbcs cmyrd mpu 168 i 192 cm™, ski aBropu wmiei poGoTH
MOB’s13yI0Th 3 (hOPMYBaHHSM B Mopax HaHokjacTepiB HgSe. Po3mura cnabka cmyra
npu 238 cMm™ o6ymoBieHa HasBHicTIo B cTpykTypi Nd-Y/HgSe posymnopsikoBaHux
JIAHIIFOXKKIB CEJIEHY.
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Puc. 2. PamaHiBChKkHii clieKTp aMOpQHOT IIJTIBKH CEIEeHY, BATPUMAHOI B Iapax PTYTi MPOTITOM
1,5roxn.

Sk BUIHO 3 pUC. 2 IPAKTHYHO TaKe X mosoxkenns (168 ta 194 cm™), sk i wis
crpyxrypu Nd-Y/HgSe (168 Ta 192 cm™), 3aiimarore cimabki ocoGmuBoCTi B
paMaHIBCbKOMY CIIEKTpI IUTIBKH cejieHy, MoaudikoBanoi pryTTio. Lle nae Ham 3mory
CTBEP/KYBaTH, IO MPpU MOAU(DIKYBaHHI PTYTTIO aMOP(HUX IUIIBOK CEJEHY, B HHUX
3apOKYIOThCSI 1 POCTYTh KPHUCTAJIiYHI HAHOBKIIIOUEHHS CEJICHINYy PTYTI KyOidHOT
MoaudiKaIii.
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Optical signals registration unit for fiber optic temperature sensor

Chychura lg.1.,* Kutchak S.V.,* Chychura Iv.1., > Oseafiana S.C. *

National Universiry of Uzhhorod, Uzhhorod, Ukraine,
?Institute of Electron Physics, Ukranian National Academy of Sciences, Uzhhorod, Ukraine,

A special place among a significant number of fiber-optic sensors is occupied
by temperature sensors (FOTS) with amplitude modulation of the optical signal at a
certain wavelength. Such sensors, due to the simplicity of their design, reliability,
reproducibility of results and satisfactory technical characteristics, as well as the
possibility of application in areas of explosion hazard, are increasingly used in
engineering and industry. The principle of operation of such sensors is based on the
registration of the change in the transmission of the semiconductor sensing element at
a fixed wavelength with temperature variation. In this regard, much attention is paid
to a specialized device, which is designed for registration and priority analog
processing of the information signal received by the FOTS. Since the cost of spectral
complexes for the study of optical fibers is quite high, it is not technically feasible to
determine the technical characteristics, testing and calibration of FOTS with sensitive
elements based on semiconductors materials. Therefore, the task is to develop
specialized recorders of information signals received from FOTS. This means that
such a device must provide controlled light fluxes, which are generated and recorded
by no inertial optoelectronic devices (LED, photodiode) and a progressive circuit for
processing the optical signal obtained by FOTS with sensitive element.

2 5 7 i :
Voltage Modulator IR LED | | | | Photodiode
stabilizer [ | | | |
f=1kHz
\ Thermosensitive 44 10
- f=1kHz 1\ element
Us=15V Q=2 | f=1 kHZJ_l_l—I_l—I_
ol 4 5 6 10-100 mA Q=2 Demodulator<_ Amplifier
1 -
Up| Voltage / Pulse J—l_l—l_l—l_ k=1 52
5 Generator current current
S°Welr converter stabilizer f=1kHz OUT | Voltage &1
upply Q=2 <— repeater
[ 1.5+3.5V

Fig.1. Combined block diagram of the optical electronic recorder of FOTS

We have proposed an innovative unit for analog processing of measuring
information for FOTS with amplitude modulation of the optical signal. The scheme is
based on the principle of non-traditional use of the integrated circuit pA727M, which
is an element of the "modulator/demodulator” and protects the output signal from
intermodulation interference, unauthorized illumination and the influence of
multiplicative interference. The combined block diagram of the optoelectronic
recorder is shown in Fig.1. It is conventionally divided into two parts: the emitter
unit, which provides a modulated stabilized light flux, and the photo detector unit
based on the amplifier and demodulator, which is connected via a fiber-optic
connector to the FOTS.
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The LED radiation modulation circuit consists of a modulator (3) built into the
generator chip (4) and an input voltage stabilizer (2). The modulator is built on a pair
of matched field-effect transistors and modulates (in amplitude) the input stabilized
voltage with a frequency of f,, = 1 kHz (Q = 2). Pulses of modulated voltage of a
given amplitude are fed to the converter "voltage/current” and pulse transistor current
stabilizer (6). Voltage pulses with the same technical characteristics create at the
output of the current stabilizer pulses, the amplitude of which can be modulated from
10 to 100 mA, which provide power to the selected LED (7), which serves the FOTS.
The pulsed radiation of the LED passes through the fiber-optic path and, depending
on the temperature, changes its amplitude at the output of the FOTS (8). The
photodiode (9) detects the change of the optical signal. The amplifier (10) amplifies
the amplitude to the required value for subsequent processing and supplies this signal
to the demodulator. The demodulator converts this pulse signal at a frequency of 1
kHz synchronously and in phase with the key elements of the modulator (3). A key
element of the demodulator are identical field-effect transistors that are used in the
modulator, which ensures the synchrony and in-phase operation of the modulator and
demodulator. As a result, the output of the demodulator is a constant component of
the output information signal, which corresponds to the change in the transmission of
FOTS with temperature variation. To provide a variety of output devices in the circuit
included an additional operational voltage repeater, which provides a fairly good
consistency of the input and output impedance. This allows us to use a variety of
indicator devices from analog pointer voltmeters to modern analog-to-digital
converter, including those that are part of microcontrollers.
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Fig.2. Dependence of the voltage at the output of the FOTS circuit from the temperature of
thermosensitive element.

Fig. 2 shows the results of temperature measurement for sensitive element
based on AsysSess (A, = 808 nm), which were obtained using an experimental model
of the described recorder. During the measurement, the thermosensitive element was
heated to a temperature of 100 ° C and then cooled to room temperature. A small
deviation of the heating and cooling curve (maximum difference of about 1.5 mV)
may be due to changes in the optical properties of the material.
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IBaxHEHKO C.O.Z, KoBanenko T.B.
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AnMa3 € TepCHeKTHBHUM MaTepiajioM HJisi CUJIOBOi Ta BHCOKOYACTOTHOI
enekTpoHiku. Croroani Ha ocHoBl CVD-anma3zy Oynu npoaeMOHCTpoBaH1 OIMOJISIpHI,
Ta TOJbOBI Tpan3uctopu, Ta Aioau Illortki. Ha cboromni po3BUTOK aliMa3HOI
€JIEKTPOHIKH CTPUMYE BIACYTHICTh aJIMA3HUX MIAKIAJAO0K BEJIMKOI IUIONI 3 HU3BKOIO
IYCTUHOK Je(eKTiB g ToMoemiTakcii anmaszy. Jlig BupIIEHHS NOpoOieMu
OTPUMaHHs BEIIMKMX MOHOKPHCTAJIB HAMIBIPOBITHUKOBOTO aMa3y MEePCHEKTUBHUM
€ BUKOPHCTAaHHS METOAY TEMIIEPAaTypHOTO TpajJi€HTa B yMOBaX BHCOKOTO THCKY 1
Bucokoi Temrepatypu (HPHT).

bop €  HalOUIbIl ~ TPUMHATHOIO  JIOMIIIKOK 11 OTPUMAaHHS
HaIIBIPOBITHUKOBOrO anmaszy p-tuiy. Opnak, neroBani 6opom HPHT anmasmy,
MalOTh HEPIBHOMIPHUN PO3MOJALI JETYIOUOl JOMIIIKH, M0 3aJIEKUTh Bl CEKTOPY
pocty. B sKocTi emiTakCIMHUX WIAKIAAOK JJs TMOTpeOd anaMa3HOi eJIeKTPOHIKU
OaxxaHuMH € oJHOCeKTOpHI miactuiu HPHT-anmMaszy 3 piBHOMIpHUM pO3MOIiIOM
ne(pEeKTHO-TOMIIIKOBOTO cKiaay. JlJis OTpMMaHHs OJJHOCEKTOPHMX IJIACTUH alMa3zy 3
napameTpamH, 1O BIANOBIAAIOTh NOTpedaM TBEPAOTUIBHOI €IEKTPOHIKH, BAXKJIUBUM €
MPOTHO3YBaHHA Ta KOHTPOJIb IPOCTOPOBOTO PO3IMOALLY AOMILIKH O0pYy.

Boron content [N_-N_], *10"7 cm®
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Puc.1. (a) 300paxenns Tta IY cnekrpu OaratocektopHoi miacTuHM anmazy tumy IIb; (0)
MPOCTOPOBUIN  PO3MOJUT  HECKOMIIEHCOBaHOI JOMINIKM Oopy oTpumanuii meromom [Y
KapTorpagyBaHHs; (B) CIIEKTPH ONTHYHOTO MpoITycKaHHs cekTopiB pocty {111} ta {001} miactunm
anmasy tuny |1b. Jns nopiBHAHHS HaBEICHO CIISKTP IJIACTHHU anmasy tumy lla.
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500{ |

B nmaniit poOOTI 3 BUKOPUCTAHHSM METOJIB CKaHYIOUOi pamaHiBChbKoi Ta [Y
Mmikpo-cnekrpockomii Ta UV-VIS-cniekTpockomnii 10CiiKeHo TPOCTOPOBHA PO3MOILT
CTPYKTYpPHUX TapaMeTpiB Ta KOHIEHTpAIii IOMIIKA OOpy B 0araroceKTOpHHUX
{100}, {110}, {113} Ta {111} mnactuHax anmasy tumy |Ib, Bupizanux nmapanenbHO
(puc.la) Ta mnepneHAMKYJISIPHO M0 BiCl pocTy Kpucraiay. KiiabkicHy OILIHKY
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KOHIIeHTpaIlii HeckommeHcoBaHoi momimku 6opy [Na-Np] ta ii mpocropoBoro
PO3IOLTY MPOBEJAEHO 3 aHa3y IHTEHCUBHOCTI TphoX cMyT IY mornmunanus (1290,
2454 Tta 2800 cM™), oGymoBieHHX aoMimkowo Gopy (puc.la). Otpumani kaprtu
npoctopoBoro posmnoainy [Na-Np] (puc.10) AeMOHCTPYIOTH 3HAYHY CEKTOPAIbHY
HEOTHOPIIHICTh JOMIIIKOBOTO CKJIAMy JIOCHIIKYBAaHUX 0araTOCEKTOPHUX IIJIACTHUH
anmazy. Yitko BupizHsoThCs cektopu pocty (001), (113) ta (111). HaiiBumry
KoHIeHTpario Gopy ~7-10Y cm?® sapeectpoBano mus cexropy pocry (111), a
naitvenmy ~0,5-10" em™ mast cexropy (001). TIpocTOpOBHit PO3MOALT KOHIEHTpAL]
JIOMIIIKA OOpy € HEOJAHOPIIHMM TaKOX B MeXaX KOXHOIO 3 CEKTOpIB POCTY.
[IpocTopoBuii po3moia 60py TaKOXK Bi3yallbHO KOPENIOE 13 ONMTHYHUM 300paXKeHHSIM
IJIACTUHU — OUTBII CHWHI JUISTHKYA BIAMOBIMAIOTH OLIBININ KOHIIEHTparii O6opy. B
CIEKTpax ONTHYHOTO MPOIyCKaHHS (pUC.1B) peecTpyeThCs 3HAYHE MPOIYCKAHHS B
Y@ obnacti ciekTpy Big ~225 HM, 10 TOCTYIIOBO 3MEHIIYETHCS 3 JTOBXKUHOK XBUJII,
Ta 00yMOBJIEHO (POTOIOHI3AMINHIM KOHTUHYYMOM JIOMIIIKK OOpY, 1110 TOYNHAETHCA B
4 o6macti Bim ~3000 cm™’, mpocrsraeTscss y BUANMY O0ONAacTh  CIEKTPY,
OOyMOBJIIOIOUM CHHINH KOJIp KPHUCTATIB. 3apEeCTpOBAHE MEHIIE MPOMYCKAHHS IS
cekropy pocty {111} 0OyMOBJICHO OIIBIIOI KOHIEHTPALIC IOMIIIKH OO0py B
nopiBHsHHI 3 cekTopoM {001} .

PamaniBchka kapta (puc.2) TIOKa3ye JOCHUTh PIBHOMIPHUH  pPO3MOILT
{HTEHCHBHOCTI OCHOBHOT, 0GYMOBJICHOI ZOMIIIKOIO 60py, GOHOHHOI cMyrH 580 cM™ B
MeXax KOXHOTO 3 CEKTOPIB pOCTY, Ta PI3Ky PI3HHUII0O HA TPaHULI MEPEXOay MIXK
cekropamu pocty {-1-13} Tta {-1-11}, mo BimoOpaxkae HEOAHOPITHUN PO3MOAILI
JOMIIIKK OOpY B PI3HUX CEKTOpaxX pOCTY alMa3HOl IIaCTHHH.
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Puc.2. (a) PamaHiBChKI CHEKTpPH, BUMIPSIHI BiJl PI3HUX CEKTOPIB POCTY MOHOKPHUCTAIy aima3zy
tiny |1b; PamaniBcbka kapra posmoziny inTencuBHOCTI cMyrn 580 cv™ Ha rpaHuIi cekTopiB
pocty {-1-13} ta {-1-11} OaratocekTopHOi ruiacTuHu anMa3zy tumy l1b.

Takum 4YwHOM, HaHI CKaHYHOYOi MIKPO-PaMaHIBChKOI CIEKTPOCKOIi mo00pe
y3rOJUKYIOTbCA 3 AaHuMH Mikpo-IY kaprorpadysanns ta UV-VIS-cnektpockomii,
JE€MOHCTPYIOUYH CYTTEBO HEPIBHOMIPHHM PO3MOALT AOMIIIKKA OOpYy B PI3HUX CEKTOpax
pOCTy, a TAaKOX Pi3KUil Ha (CyOMIKpPOHHOMY PiBH1) CTPHOOK KOHILIEHTpAllii Ha TPaHHULIl
CEKTOPIB POCTY.
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Po6ota BukoHaHa 3a miaTpumku HamioHanbHOTO QOHIY TOCHIHKEHb YKpaiHU B
pamkax npoekty Ne 2020.02/0160 “Po3poOka HOBUX CKJIaAiB PO3UYMHHHUKIB BYTJICIIO
JUISl BUPOIITYBaHHS MOHOKPHUCTAJIIB ajiMa3y B 00J1aCTi TEPMOJMHAMIYHOI CTa01IbHOCTI
3 KOHTPOJIbOBAaHMM BMICTOM JIOMIIIOK a30Ty 1 OOpy 3 METOI CTBOPECHHS
KOHIICHIIMHUX KOHCTPYKIIIHA €IeKTPOHHHUX MPUJIaIiB’.
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3acTocyBaHHS MPUPOJIHOIO MOJIIMEPY AK iHridiTopa Kopo3ii

Hannasik M.-O. M., Makcimko O. 4., 3iab .M., Kopniii C.A.

Dizuxo-mexaniynuu incmumym im. I'.B. Kapnenkxa HAH Ykpainu
eyn. Haykosa, 5, 79060, m. Jlvsis
danyliak-olena@ukr.net

['ymiapabik (kameap akailli) — IpUPOJHUM TMMOJIicaxapul, OTPUMAHUN 3 PI3HUX
BUJIIB  JIepeB  akaiii. 3aBAJKH  BOJOPO3YMHHOCTI, = HETOKCHYHOCTI  Ta
OlomerpanadeIbHOCTI MOro IIMPOKO 3aCTOCOBYIOTh Yy XapdoBid Ta jakodapOoBiii
IPOMHUCIIOBOCTI K cTabimizatop Ta emyiasrarop [1]. I'ymiapabik ckiagaeTbes 3
MoHOMepiB  D-ramakrosu,  moB'szaHux  (1,3)-rmiko3uaHEM — 3B'SI3KOM 3
pPO3TaTYKECHHSIMHU 3 apaOiHO3M, paMHO3H, TajJaKTO3W Ta TIIOKYPOHOBOI KuCiIoTH [2].
OCKUIbKM BIH Ma€ YHUCJIECHHI MOJSPHI (PYHKIIOHANIBbHI TPYyHH 1 NOBUHEH Kpale
azcopOyBaTHCs Ha METaJIEBli MOBEPXHI HI)K MOHOMEpPHI 1HTIOITOPH, TO OLIHKAa HOro
1Hr10yBaJIbHOI [11i MO BIAHOLIEHHIO JO EJIEKTPOXIMIYHOI KOpO3ii BYTJEUEBOi CTall
09I2C y 0,1% NaCl mpencrapinsiia HayKOBUH 1 MPaKTHYHUI iHTEpPEC.

Koposziitny tpuBkicts ctani 091 2C pociiakeHo METOI0M MOTEHIII0AUHAMIYHOT
noJisipu3artii (puc. 1), BukopucroByroun noreniiocrar MTechCOR-500, nHacnueHwmit
enektpon mnopiBusHHsS AQ/AQCl Ta nomoOMiKHMN IJIATHHOBHMH €JIEKTpOA. 3a
pe3ysbTaTaMu MOJISIPU3AIIHUX JOCIIKEHb TIOTEHIIIa Ta cTpyM Koposii ctam 0912C y
0,1% pozuuni NaCl cranosnsats -0,55 B ta 7- 10° MA/cM® Bimnosiano. ITicis qoqaBaHHs
TMOJTICAaXapyuIHOTO 1HTIOITOpa B KOPO3UBHE CEPENOBUINE CTPYM CaMO PO3UYMHEHHS
MeTajy 3MEHIIYEThCS 1 TPU KOHILIEHTpallii 2 I/J1 BiH HAMHWKYUH, IO B ~2 pa3u MEHIIE
HDXK B HEIHT1OOBaHOMY PO3YMHI.

1

0,1

"2 0,011 —1 Puc. 1. [Tonapu3aniiini kpusi cram 0912C micna
élE s —2 3rox excno3uuii y 0,1% posumni NaCl 3
—3 PI3HOIO KOHIEHTpaIli€to rymiapadika: 1 — 0 r/im;

—4

‘on1E-41
—5

2-05r/m;3—-1r/m;4-1,51/m;5-2r/n.

1E-54

1E'6 T T T T 1
-0,8 -0,7 -0,6 -0,5 -0,4 -0,3

E,V

1. Shen Ch. Gum Arabic as corrosion inhibitor in the oil industry: experimental and theoretical
studies / Ch. Shen, V. Alvarez, J. D. B. Koenig, J.-Li Luo // Corrosion Engineering, Science and
Technology. — 2019. — Vol. 54:5. — P. 444-454,

2. Sarika P.R. Modified gum arabic cross-linked gelatin scaffold for biomedical applications / P.R.
Sarika, K. Cinthya, A. Jayakrishnan, P.R. Anilkumar, N.R. James // Materials Science and
Engineering: C. — 2004. — Vol. 43, 1. — P. 272-279.
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Nanocomposites of poly(2-aminothiazole) with graphene oxide and
multiwalled carbon nanotubes

Dubenska L.

Ivan Franko National University of Lviv 6/8 Kyryla & Mefodia str., 79005 Lviv, Ukraine
lidiya.dubenska@gmail.com

Poly(2-aminothiazole) (PAT) is relatively unstudied conjugated polymer with a
lot of potential applications in many fields. Great attention of researchers is especially
caused by biological activity of 2-aminothiazole and its derivatives: antimicrobial and
antitumor properties [1]. Moreover, poly(2-aminothiazole) is a potential object for the
study of magnetic centers in metalloproteins. Excellent adsorption properties, which
are because of the sulfur- and nitrogen-rich subgroups of 2-aminothiazole , to toxic
heavy metal ions, such as Ni(ll), Cu(ll), Cd(l1), Zn(ll), Pb(I1), Ag(l), are of no less
interest to the scientists [2]. Study of graphene oxide (GO) and multiwalled carbon
nanotubes is active because of their special chemical and physical properties, such as
great conductivity and large surface area. Composites of these carbon nanoclusters
with conjugated polymers can exhibit unpredictable properties. For example, PAT-
GO based composites have shown potential applications as wear reduction,
anticorrosion, antistatic coatings, electromagnetic interference shielding [3].

In this work we studied nanocomposites of PAT with GO and multiwalled
carbon nanotubes synthesized both chemically [4] and electrochemically.

As an initiator copper chloride was added, which is considered to be
environment-friendly, non-toxic and cheap oxidant [5]. Influence of carbon
nanoclusters on the structure (Fig.1) and electric properties of polymer were studied.

SEM HV: 25.0 kV WD: 17.13 mm SEM HV: 25.0 kV WD: 16.75 mm
View field: 34.6 um Det: SE, BSE View field: 37.7 ym Det: SE, BSE
SEM MAG: 8.00 kx Date(m/dly): 02/08/21 SEM MAG: 7.33 kx Date(m/dly): 02/08/21

Fig.1. a) SEM image of PAT b) SEM image of PAT-GO
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Fig.2. a) cyclic voltammogram of PAT on transparent SnO,- electrode b) cyclic voltammogram of

PAT on transparent SnO,- electrode with addition of 100 ul of GO

Electrochemical synthesis was conducted in the cyclic voltammetry mode on

different electrodes from 0,02 M aqueous solution of monomer (pH=9,5 by universal
buffer mixture; LIiCIO, as electrolyte; as a reference electrode — saturated Ag/AgCl).
As a result, very thin light yellow film covers the surface of an electrode.

1.

Kashyap S. J., Garg V. K., Sharma P. K., Kumar N., Dudhe R., Gupta J. K. Thiazoles: having
diverse biological activities// Med. Chem. Res. 2012. Vol. 21. P. 2123-2132 DOl
10.1007/s00044-011-9685-2

Biyikoglu M., Ciftci H. Adsorption of Ag(l) ions from waste waters using
poly(2-aminothiazole): kinetic and isotherm studies // Polym. Bull. 2020. VVol.77. P. 6161-6174
DOI doi.org/10.1007/s00289-019-03073-7

Qiu S. Noncovalent exfoliation of graphene and its multifunctional composite coating with
enhanced anticorrosion and tribological performance / S. Qiu, G. Liu, W. Li, H. Zhao, L. Wang
/1'J. Alloys Compd. — 2018. — Vol. 747. — P. 60-70. doi:10.1016/j.jallcom.2018.03.007
Biyikoglu M. Chemical synthesis and characterization of soluble conducting poly(2-
aminothiazole) / M. Biyikoglu, H. Cift¢i // Polym. Bull. — 2013. — Vol. 70(10). P. 2843-2856.
d0i:10.1007/s00289-013-0992-2

Zou H. Chemical oxidative polymerization of 2-aminothiazole in aqueous solution: synthesis,
characterization and kinetics study / H. Zou, L.Wang, X. Wang, P. Lv, Y. Liao // Polymers. —
2016. — Vol. 8(11). — 407. doi:10.3390/polym8110407
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BruiuB nomimku Cr,O; Ha ejleKTPUYHI BJIACTUBOCTI OKCU/IHO-
0JIOB’SIHHX BapUCTOPiB
T'anmonos O.B., [IIsenir M.C.

Jninpoecvruii hayionanonuil yHieepcumem imeni Onecs I'onuapa
np. Lacapina, 72, {ninpo, 49010, Vkpaina, e-mail: alexei_gaponov@ukr.net

[lepcrieKTUBHUM MaTepiajioM Ui BUTOTOBJICHHS HOBHX TPHIAJIB 3aXHUCTY
€JIEKTPUYHOTO 00JIaIHaHHS BiJl IEPEHANIPYTH € BAPUCTOPH Ha OCHOBI HAIIBIPOBIIHU-
koBo1 kepamiku SNO,-Bi;03-C0304-Nb,Os5 3 HenmiHiliHOIO BOJBT-aMIIEPHOIO Xapak-
tepuctukoro (BAX). Onuparouuch Ha naHi jitepatypu [1], 3 MeTOl0 30UIbIIEHHS
3Ha4YCHHs Koe(dillieHTa HEMHIHHOCTI Ta 3MEHIIEHHS po00Y0i HAaNpyrd BapHCTOPIB
L[IKaBO PO3IVISHYTH BIUIUB JIOMIIIKK OKCUAY XPOMY Ha BJIACTUBOCTI HABEICHOI BUIIE
CUCTEMHM Ta NPOBECTU JAOCHIKEHHS EJIEKTPUYHUX XapaKTEPUCTUK OKCHUIHO-
OJIOB’STHUX BapHUCTOPIB MpH pi3HiN KoHIeHTpallii okcuay Cr,Oz y ckiaui Kepamiku.

B npencrasneniii po6oti kepamika (99,1-x) SnO, - 0,3 Bi,O3 - 0,5 Co30,4 - 0,1
Nb,Os - x Cr,03 (x =0; 0,05; 0,1; 0,5; 0,75 1 1 moin. %) Oyna cnieuena npu 1320°C (3
roJl.) Ta CTBOPEHO Ha KOKHOMY 3pa3Ky 1o 3 cpiOHux enekrpoja (Biamnan npu 800°C).
[Ticnsa peectparnii BAX BapuctopiB moOy0BaHi 3aJ€KHOCTI TYCTHHH CTPYMY | Bif
HAIPYKCHOCTI SIEKTPUIHOTO 1OJs E (THUIMOBI XapaKTepUCTHKU HaBeJIEHI Ha puc. 1),
pO3paxoBaHi 3HaYEHHS Koe]ilieHTa HEMIHIMHOCTI £, KiIacu(iKaiiHOT HAIIPY>KEHOCTI
€JIEKTPUYHOIO NoJs E; 1 TUTOMOI eIeKTpOIpOBIAHOCTI B 00J1aCTI CIIA0KUX CTPYMIB O
BCIX 3pa3KiB, 00UMCIIEHI MTOXHUOKN BUMIPIOBaHb (YCEpeAHEHH] 3HAUEHHSI €JIEKTPUYHUX
napaMeTpiB, aOCOJIIOTHI Ta BIJHOCHI MOXUOKU BUMIPIOBaHb MpeICTaBiICHI B Ta0. 1).

JHonaBanus 1o ckiiany kepamiku okcuay CroOs Ta 301/IbIIEeHHS HOTO KOHIICHT-
pamii y 3pa3kax 5o 0,1 mon. % mpu3BOAUTH 10 30UTBIICHHS 3HAYCHHS KoedirieHTa
HeiHIHHOCTI £ 1o 22,7 (tabn. 1). Honopna nist SnO, nowmimka Cr,O3 cnpusie 3poc-
TaHHIO MOTEHIIATLHUX Oap’epiB, sIKI YTBOPIOIOTHCS HAa MEXKaX OKCHJIHO-OJIOB’STHUX
KpPUCTAITIB, 1 30umbiIeHHI0 HemiHiiiHOCTI BAX 3paskie (puc. 1). Konuenrparis
OKCUIy XpoMy y ckiaal kepamiku 0,5 - 1 mon. % npu3BOIUTH A0 HaAMIPHOTO JIETY-
BaHHS 3epeH SNO; 1 3MeHIIeHHs 3Ha4YeHHs KoedimienTa HemiHiiHOCTI £ (Tab:. 1).

10" =—=— 0 mon.%

F —o— 0,05 mon.%
2[ ——0,1 mon.%
E —v— 0,5 mon.%
[ —— 0,75 mon.%
10° f—o—1 mon.%

10"k

E, B/cm
Puc. 1. Tunogi 3aJ1e)XKHOCTI T'YCTHHU CTPYMY BiJl HAPYXEHOCTI €JIEKTPUUHOTO IMOJISI KEPaMiKH

SﬂOz-Bi203-C0304-Nb205-CI’203 3 pi3HOIO KOHI_[eHTpaLIiGIO nomimku CryO3
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Ta6muus 1. Enexrpuuni napamerpu kepamiku SNO,-BiyO3-C0304-Nb,Os-Cr,03
3 pi3HOI0 KoHUeHTpaniew gomimku Cry0O3

Konnentpanist | Koedimient e, | Hanpyxenicts | eg1, ITuroma Eos
Cry,03, Mmoi1. % | HemiHifiHocTi % €JIEKTPUYHOTO % CJIEKTPOTIPOBIAHICTH %
S nonus Eq, B/em o, Om™tem™

0 38+0,1 36 | 1667+118 | 7.1 (1,8+0,9)-10"° | 505

0,05 151+12 | 7,7 2484 + 21 0,8 (2,7+0,4)-10° | 13,9

0,1 227+06 | 2,7 1872 + 34 1,8 (8,9+0,8)-10™° 9,1

0,5 52+0,1 2,0 2967 + 52 1,7 (3,4+0,2)-10"° 7,6

0,75 44+07 |156 | 3031+41 1,3 (9,0+0,2)-10™° | 28,4

1 73+48 |665| 3166+116 | 3,6 (1,1£0,3)-10™° | 254

OpHouacHO 3 MiJIBUIIEHHSIM HeniHiiHOcTI BAX BapucTopiB npu 3011bIICHH]
BMmicTy nomimku CryO3 y 3paszkax g0 0,1 Mo, % mocTynoBO 3MEHIY€EThCSI 3HAUCHHS
E; no 1872 B/em (1aba. 1). Ile moB’g3aHo 31 3pOCTaHHSIM 3€pPeH KepaMiKd Mij 4ac
Bumnany. [loganemme 30impmenas konmneHtpamii Cr,O3 1o 1 mMon. % mpu3BOAWUTH 110
30UTbLIEHHSI 3HaYeHb FE; 4Yepe3 BIIHOCHO BEJIMKY KUIBKICTh OKCHUAY XpOMY, SIKa
3aBaka€ OO ’€HAHHIO Ta POCTY KPUCTAMTIB i 4Yac chikaHHsA. HailOuiemry
HemHiiHicTh BAX (f = 22,7) npu nocuts nomipHomy 3HadeHHi E; = 1872 B/cm mae
KepaMika 3 KoHmeHtpartiero qomimku Cr,0O3 0,1 mom. %.

EnekTponpoBigHICT,  BapUCTOpPIB Y  3HA4YHIA  Mipl  BH3HAYAEThCSH
NOTEHIIAIbHUMK 0ap’epaMHu Ha Mexax 3epeH kepamiku [1]. Menma ix Bucora i
ITUPUHA TPU3BOJIUTH JI0 301IBIIEHHS 3HAYCHb 0 JI0 9-10° Omt-em™ (tabm. 1), mo
XapaKTEPHO MPH MEPEX0/ii Bi BACOKOBOJBTHHUX JI0 HU3bKOBOJBTHUX BaPUCTOPIB.

OAHOPITHICT CTPYKTYpU KEpaMiKh 3yMOBIIOETHCS CAMUMH OKCHIAMH, SIKi
BXOJISITH JI0 11 CKJIay, 1 yMOBaMHU BUTIATY 3pa3kiB. [y 3’aCyBaHHS BIUIMBY JOMIIIKA
Cr,03 Ha CTpYKTYypy BapuCTOpiB OyJia MpOBE/IeHa CTATUCTUYHA 00pOOKa OJep KaHuX
JaHMX Ta y3araJbHEHI pe3yabTaTH.

BinHocHa moxuOka BUMIPIOBaHHS KiacH(iKallifHOI HAMPYKEHOCT1 €IeKTPUY-
HOTO TIOJISL € 3MEHINYEThCA y 8,9 pa3u, a 3HaUCHHS &, 3MEHIYEThCA y 6,6 pa3u mpu
nojaBaHHi 10 ckinany kepamiku okcuny Cr,Og(Tabm. 1). Halimeniue 3Hauenns g5 = 2,0
obOuuciene mis kepamiku 3 pomaBaHHsaM 0,5 moir. % Cr,03. OTke, HEBETMKUAN BMICT
aomimku Cr,Oz (0,1 - 0,5 mon. %) y 3pa3kax IMOKpallye TOMOTE€HHICTh CTPYKTYpH
KepaMiKu W OOYMOBIIOE 3MEHIICHHS PO3KHAY EIEKTPUYHUX XaPAKTEPHUCTHK, IO
JI03BOJISIE BUTOTOBJISITH BEJIMKI TIAPTii BAPUCTOPIB 3 OJHAKOBUMH BIIACTUBOCTSMH.

Takum ymHOM, HemiHIWHICTE BAX OKCHIIHO-OJIOB’STHUX BapUCTOPIB 1CTOTHO
30utbITyeThest (S = 22,7), a kxnacudikaliiiiHa HaMpyKEHICTh EJIECKTPUYHOTO TOJIS
smeHmyeTbest (E; = 1872 B/cm) mpu nmomaBanni a0 ckiamgy kepamiku 0,1 momn. %
Cry03. Taki eextn 00yMOBIIeH1 30UIBIIEHHSIM BUCOTH MOTEHIIATLHUX Oap’€piB Ha
Mexax 3epeH SNO, 1 3MEHIICHHSM CEPeIHbOTO PO3MIPY KPHUCTATITIB KEpaMiKH.
Hepenuka xouueHtpamis aomimku okcuay xpomy (0,1 -0,5Mmom. %) copuse
OJIepKaHHIO OUIBII  OJHOPIAHUX 3a CTPYKTYpPOIO BapUCTOPIB 13 CYTTEBUM
3MEHIIEHHSIM PO3KUAY iX €JEKTPUUHUX MapaMeTpiB, 30KpeMa 3HaueHsb f, £ T1a o.

1. Filho F.M., Simoes A.Z., Ries A., PerazolliL., Longo E., VarelaJ.A. Nonlinear electrical

behaviour of the Cr,03, ZnO, CoO and Ta,Os-doped SnO, varistors // Ceram. Int. — 2006. —
Vol. 32 (3). — P. 283-289.
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The structural and electronic properties of CulnP,Sg/CulnP,Seq
heterostructures. Ab initio study

Glukhov K.E., Babuka T.Ya., Yankovych E.E., Vysochanskii Yu.M.

Institute for Solid State Physics and Chemistry, Uzhhorod National University, Pidgirna Str. 46,
88000 Uzhhorod, Ukraine
E-mail: kglukhov@gmail.com

Today, material scientists are in continuous search for new materials with
extraordinary or better-then-previous properties. In this connection, heterostructures
based on complex but already known layered compounds are almost an endless
source of new perspective functional materials. Layered ferroics of CulnP,S(Se)e
type are ones of such nontrivial semiconducting crystals, which even by their own
possess a wide variety of interesting properties, especially those of them, connected
with metal sublattices instability making them intriguing for both fundamental
science and applications [1-3].

Density functional theory was utilized for the simulation of energy states of
electronic subsystems of CulnP,S¢/CulnP,Seq heterostructures with a different
number of layers. Also, the structural relaxation for the considered set of layered
heterostructures was conducted. The dependencies of In and Cu atoms' sublattices
ordering on the composition of layers and their number have been observed.
Following our modeling’s findings, the polarization switching conditions in such
heterostructures are drastically but predictably affected by their morphology and thus,
these materials could be used to production of new functional materials for modern
electronics.

1. Li Z. and Zhou B., Theoretical investigation of nonvolatile electrical control behavior by
ferroelectric polarization switching in two-dimensional MnCls/CulnP,Sg van der Waals
heterostructures // J. Mater. Chem. C.-2020.-8.-P. 4534-4541.

2. Zhao M., Gou G., Ding X., and Sun J. An ultrathin two-dimensional vertical ferroelectric
tunneling junction based on CulnP,Sg monolayer // Nanoscale.-2020.-12.-P. 12522-12530.

3. Huang W., Wang F., Yin L., et al. Gate-Coupling-Enabled Robust Hysteresis for Nonvolatile
Memory and Programmable Rectifier in VVan der Waals Ferroelectric Heterojunctions // Adv.
Mater.-2020.-32.-P. 1908040(9).
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OcamkeHHS ILUTIBOK HIKEJII0 3 YaCTKOBO iOHI30BAHOI0 MOTOKY MApHU
TBepA0(PA3HOT0 MaTepiaxy

LCaaakoBeskuii B.B., Koctin €. T'., ®enoposuu O.A., ['magkoscrka O.B.

Tnemumym sdepuux docnioxncens HAH Yrpainu, Kuig
vvglad@yahoo.com

Jlns mpolieciB oca/pKeHHsT IUTIBKOBUX (DYHKIIIOHAIBHUX TMOKPHUTTIB YCHIIITHO
IIPOJICMOHCTPYBAJIM CBOIO €(EKTUBHICTh METOAM OCA/PKEHHSI 3 10HI30BaHMX IIapiB
TBepAoa3HuxX pedoBUH. Jlo mepeBar TakMX METOMIB BIJHOCUTHCA MOXKIIUBICTb
OJIepKaHHS TUTIBOK 3 BHCOKOIO aJre3i€ro, MIUIBHICTIO OJIM3BKOI 70 MAaCHBHOTO
MaTepially, HHu3bKOIO mopucTticTio [1]. Taki BIIACTHBOCTI JOCATAIOTHCS IHUISIXOM
B3a€MOJIIi 0CaKyBaHUX IUIIBOK 31 MIBUJAKMMH YaCTUHKAMH 10HI30BaHOTO MOTOKY Ha
MOYaTKOBIM CTazll OCaKEHHs, a TAKOXK B MPOILIEC] MOIATBIIOTO POCTY.

Po3poOnennii HaMu TEXHOJIOT1sI 0a3yeTbCs Ha 10HI3AIll apH B PO3PSAAl MIK
MarepiajioM, IO BUIAPOBYETbCA (KATOAOM), 1 KIIbLUEBHM €JIEKTPOJOM (AaHOIOM)
pO3TaIIOBaHUM HAJl MaTepiajoM, IO BUIMAPOBYEThCA. KpiM TOro, HaABKOJO THTJIS
CTBOPIOETHCSl aKCiaJibHE JI0 IMAapOBOTO IMOTOKY MAarHiTHE I0J€, IO Ja€ 3MOry
peanizyBaTy JIBOEICKTPOJHUN PO3Psi B CXPEHICHUX EIEKTPUUYHOMY ¥ MarHiTHOMY
TOJISIX.

BuBYeHHS BOJIBT-aMIIEPHUX XaPAKTEPUCTHK TaKUX PO3PSIIB ISl IMIUPOKOTO
KOJla MarepiajiB TMoKas3ajgo, IO JUisi MaTepialiB, y SKHX MpU TeMIeparypi
BUITAPOBYBAHHS TEPMOECJICKTPOHHA €Micisi BiAICYTHS a00 HE3HayHa HE MOXKJIMBO
3MIMCHUTH pO3PsiA 31 CTpyMaMM aMIepHOi BeJIMUMHU. B TOi JKe Jyac B mapax MeTailiB
3 TEPMOEMICIEI0 TaKl PO3PSAM JIETKO PEali3yloThCAd 1 MPU LBbOMY JOJS 10HHOT
KOMITOHEHTH Moxe focsrati 30 % B 3aleKHOCTI BlJl BUTATYIOUOT HANPYTHU Ha 30H/I1-
I IKJTa A1,

B naniii po6oTi Hamu OyJO JOCHIIKEHO OCAKEHHS IUTIBOK 3 YacTKOBO
10HI30BaHOTO B PO3psAJIl MOTOKY MapH HIKENI0, y SAKOro MpU TeMIEpaTypi IUIABICHHS
TEPMOEJIEKTPOHHA €MICIsl TPAKTUYHO BIACYTHS a00 He3HauHa. Po3psia 3anmamoeTses B
mapax, IO 3HAXOJAThCA MIXK PEYOBMHO (KATOJOM) 1 PO3TAIIOBAHWM Haa HEIO
CTPYDKHEBUM €JIEKTPOJOM (aHOJIOM) Y MPUCYTHOCTI TOAATKOBOTO TEPMOEMICIHHOTO
eJICKTpOoa 3 He3aJICKHO KEPOBAHOI TEPMOEMICIEIO.

HasiBHICTh J0aTKOBOTO TEPMOEMICIHOTO €JIEKTPOJia J03BOJISIE BBOJWTH B
pO3psiA  €JEKTPOHM HE3aJIeKHO B CTYMEHS HarpiBaHHA MaTepiaidy, Mo
BUITAPOBYETHCSI 1 HE3QJICKHO BiJ HASBHOCTI B IIbOMY Marepiajil TEepMOEMiCIiHUX
BIIACTHBOCTEH Tpu TemrepaTypi Bumapy. Lle y cBorwo depry nae He3aleKHYy Bij
IIBUJKOCTI BUNApy (TUCKY TNapv) MOXKIIMBICTb PEryJiIlOBaHHS (B IMEBHUX MEXKax)
YaCTKHU 10HHOT KOMIIOHEHTH B TIOTOIIl YaCTMHOK Ha MiAKIAIKY.

BigMiHHICTIO AaHOTO METOAY OCAIKEHHS TUTIBOK € BIJCYTHICTH KpamneiabHOT
(dpakiiii Ta BIACYTHICTh aTOMIB 1HEPTHOIO rasy, Ikl MPUCYTHI B OUIBIIOCTI 10HHO-
ACHCTOBAHMX METOJaX OCaKEHHs. SIK B1JIOMO, JOMIIIKK 1HEPTHUX Ta3iB B ILIIBKax
MOXXYTh HETraTHBHO BIUTMBATH Ha iX EJIEKTPUYHI, CTPYKTYpHI Ta MeEXaHiuHI
BJIACTUBOCTI.
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PazoM 3 THUM BaxIMBUM (PAKTOPOM OCAIKEHHS METaleBOi IUIIBKH €
TeMIlepaTypa TMOBEPXHI Marepialy Ha SKUWA TPOBOIUTHCS OCaJKEHHS. OCKUIbKH
OCa/KCH1 TUNBKHM TPU HU3BKHUX TemIlepaTypax miakianok (T,) xapakTepu3yrTbCs
BHUCOKHUM CTYNEHEM JTUCIEPCHOCTI, 3HUKEHOIO IIUIbHICTIO, BUCOKOIO KOHILIEHTPAIIEIO
nedeKTIB KOHJACHCAIIMHOTO TIMOXO/DKeHHS. JIJg IUTIBOK BCIX PEYOBUH  3T1THO
CTPYKTYpPHO-30HHOI Mojieni MoBuana, Jlemuuninuna, TopHTOHA ISl 10HHUX METO/IIB
oca/keHHs [2, 3] uel ¢akT Mae 3aradbHUl Xapaktep. BkazaHi CTpyKTYpHI AeQeKTu
MOXYTh ICTOTHO 3MEHIIIYBAaTH MEXaHIYHY MIIHICTh BUTBHOI BiJ MIiTKJIAIKUA TUTIBKH.
Bucoka amcmepcHicTh Ta 3HWXKEHa MUIBHICTE mpu T, wmenme 0,3xT; K
MPOSIBIISIETHCS Y 301IbIIEHH] KPUXKOCTI METAJIEBUX TLTIBOK.

3 ornsAy Ha BKazaHE BUIIE, OCA/KCHHS TAKMX IUIBOK MOTPIOHO MPOBOAMUTHU
IIPU JOCTAaTHHO BUCOKIM TeMIEpaTypi MiAKIAIKH, JJIs OTPUMAHHS BUCOKOI aaresii Ta
HIUIbHOL cTpyKTypH. Hamu Oyiio oOpaHo TemmepaTypy OCaJIK€HHs HIKEJIEBHX ITIBOK
440 °C, mo cknangae Tpoxu oOiunpme 0,4xT,, K 1 3a3HaueHOro MeTany, 1 CTaHOBUTH
417 °C. 3rimHO CTPYKTYpPHO-30HHOI MOJEINI MpU TakKiil TeMmeparypi OocaJKyrThCs
ITIIBHI IUTIBKY 3 IIUTPHUMHU TPAHUIISIMH 3€PEH.

CyTTeBor0 TpOOJIEMOI0 TPHU OCA/PKEHHI METAJeBUX IUTIBOK MPU BHUCOKIM
TeMIlepaTypl MIAKIAIKU € MEXaHIYHI HaNpy>KeHHs, sKI BUHHUKAIOTh 32 PaxyHOK
pi3HMII KOE(IIIEHTIB JIHIHHOTO PO3IIMPEHHS KPEMHII0 Ta Hikedo. B Hamomy
BUIAJIKYy TIUIIBKA HIKEIIO TPU OXOJOKEHHI BIJ TeMIIepaTypu OCADKEHHS 0
KIMHATHOI TEMIEPATypH 3HAXOAATHCS B pO3TIATHYTOMY cTaHi. Lleil HanpyxeHuii cTan
MOKE€ BUKIMKATH BIAIIAPOBYBaHHS IUTIBKM Npu ciaOkiid azaresii. Tak sK 10HHE
OomOapTyBaHHS TIPU OCAIKEHH1 30UIBIITY€E CUITY 3UCTICHHS TUTIBKY 3 MIAKIAIKO0, TO
3MEHIIYETHCSI KUTbKICTh MTPOKOJIIB (TOOTO JTOKATbHUX MICIIb BiAIIAPOBYBAHHS TUTIBKU
B1JI MAKJIAJKH) 1 3pOCTA€ MEXAHIYHA MILHICTb.

HaneceHi npu o0paniii Temneparypi IJIIBKH HIKEO Oyl IUIACTUYHUMHU, TOMY
P OXOJIOJDKEHHI JI0 KIMHATHOI TeMIepaTypud Ta TpH 3BUIBHEHHI B IIKIAIKH
BOHU MOTJIM TUIACTUYHO JehOopMyBaTHCh (PO3TATYBATHCH), a HE pO3pUBaTUCh. [Ipu
HU3BKUX TEMIIEpaTypax HaIMUJIEHHS TUTIBKY, HABMAKU, MAlOTh 30UIBIIEHY KPUXKICTh 1
MaJy CTIHKICTh 10 po3Tary. 1106 3MeHINTH HaNpyKEHHUI CTaH IUTIBKH, IO BUHUKAE
MPU OXOJIO/HKEHHI JO KIMHATHOT TeMIIepaTypH, OXOJIOHKEHHS! TPOBOUIIN TOBIIHHO
Bim 440 °C no temneparypu 150 °C. KinneBa temmnepartypa oxonomkenss 150 °C
Oyna obpaHa Tomy, 1m0 B JeQOpMOBAHOMY HIKEJI BEJIMKA YaCTHUHA HAJJIMIIKOBHX
nedeKTiB, 0 BUHUKAIOTh MpU AeopMallli po3Tsary 1 3HUKAIOTh MiJ 4ac BUTPUMKH
npu temnepatypl Bumie 100 °C - 150 °C. Tyr mu MaeMo Ha yBa3i Jedopmarlito
pPO3TATY TUTIBKM HIKENIO mpu oxoJiomkeHHl. CroctepexxeHHs B Mikpockomi MII-4
npo@ IO TOAPSATUH, IKI HAHOCSTHCS Ha IUTIBKY aJIMa3HOIO MipaMiJiol0, BKa3yloTh, 110
IJTIBKA TI0 Kpasx MOAPANUH JedopMyBaiach, sIK CJIa0KO HANpyKEHUH IMJIACTUYHUM
Marepiall.

1. Koctun E. T". // BAHT. —2006. — Ne5. — C.131.
2. Movchan B.A., Demchishin A.V. // Fiz. Metal. Metalloved. — 1969, —\Vol. 28, — Ne4, P. 654.
3. Thornton J.A. // J. Vac. Sci. Technol.. — 1986.—Vol. A4, Iss. 6,— P. 3059.
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Thermal conductivity of complex crystals: current state of problem
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Thermal conductivity investigation is an important area of condensed matter
physics and material science: it stimulates the creation of new functional materials
with specified properties. For dielectric orientational-ordered crystals temperature
dependence of thermal conductivity k(T) shows a maximum. To the left hand of
maximum «(T), thermal conductivity is determined by the scattering of phonons on
various defects of the crystal lattice and to the right hand of the maximum it takes
place three-phonon scattering processes, «(T)~T™. For disordered solids at the lowest
temperatures «(T) is proportional to ~T?, after it exhibits plateau which transforms to
small growth of thermal conductivity when temperature increases. Usually thermal
conductivity data for ordered solids are interpreted in the framework of the phonon
gas model (PGM), but for disordered and amorphous solids various
phenomenological models are used as example standard tunnel model (STM) or soft
potential model (SPM) [1].

In 2019 the unified theory of thermal transport in crystals and glasses has been
published [2]. The main idea of this theory is that thermal conductivity consists of
two contributions: first one takes into account the quasiparticle properties of phonons
and second one is related to the wave properties of phonons or so-called tunnel
channel of thermal conductivity. Quasi-particle contribution to thermal conductivity
dominates in case of simple ordered crystals, but when order is broken tunnel
contribution takes place: it growth weakly when temperature increases but in general
it is universal since it's independent from structure and nature of substances. In
complex crystals both contributions to thermal conductivity can be observed. So
unified theory can be used to describe heat transport for ordered and disordered solids
within a unified approach.

Here we are presented procedure for analysis thermal conductivity data for
different ordered and disordered solids (molecular, semiconductor, organometallic,
clathrate compounds; ferroelectrics, quasicrystals, ceramics, polymers). It was shown
our analysis provides universal analytical dependences to describe the thermal
conductivity of any solid, so it confirms the assumption of unified theory of thermal
transport: thermal transport in ordered and disordered solids can be described as the
sum of two contributions — particle-like propagation and wave-like tunneling.

1. Ramos, M.A., & Buchenau, U. (1998). Beyond the Standard Tunneling Model: The Soft-
Potential Model. In Tunneling Systems in Amorphous and Crystalline Solids (pp. 527-569).
Springer, Berlin, Heidelberg.

2. Simoncelli, M., Marzari, N., & Mauri, F. (2019). Unified theory of thermal transport in crystals
and glasses. Nature Physics, 15(8), 809-813.

Acknowledgment: This work has received funding from the National Research Foundation of
Ukraine (NRFU project Ne 2020.02/0094).
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One of the most important advantages of organic semiconductors over
inorganic analogues is the possibility of controlled change of their physical and
chemical properties using intermolecular interactions, which allows obtaining new
functional materials by creating low-dimensional nanostructures or doping atoms of
other elements. Nanosystems based on conductive polymers and carbon clusters, due
to the large surface area, flexibility, excellent electrical and thermal conductivity,
chemical stability, are used in a variety of industries — in the manufacture of sensors,
photodetectors, energy-saving and energy-converting devices, etc. [1-3]. In this
work, the influence of carbon nanoclusters — multiwall carbon nanotubes (CNT),
graphene oxide (GO) and reduced GO (rGO) on the structure, electrical, optical and
sensory properties of hybrid composites based on conjugated polymers was studied.

To obtain samples of polymer nanocomposites, "in situ" polymerization filling
technique was used, based on oxidative polymerization of a monomer in the presence
of carbon filler in the reaction medium. To obtain organic semiconductors in a thin
layer on the surface of optically transparent electrodes, the method of electrochemical
polymerization was used. Samples were obtained in the mode of cyclic scanning of
the potential, in a standard three-section thermostatic electrochemical cell. As a
working electrode used glass plates covered with a conductive layer of SnO,, as an
auxiliary electrode — platinum wire, saturated silver chloride electrode as a reference.
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Fig. 1. Temperature dependences of the conductivity: (¢) 1 — PAn, 2—-PAn/CNT (0,13 %), 3 —
PAN/CNT (0,64 %); (b) 1 - PEDOT, 2 — PEDOT/CNT (0,64 %)

In order to study the effect of doping on charge transfer parameters in polymer
nanocomposites at low CNT contents close to the percolation threshold, the structure
and temperature dependences of the conductivity of conjugated polymers polyaniline
(PAN) and poly-3,4-ethylenedioxythiophene (PEDOT) doped with CNT in the
temperature range 273-403 K were studied (fig. 1). In the conductive polymer/CNT
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systems, a significant ordering of the structure and a change in the activation energy
of charge transfer due to carbon nanotubes was revealed.

It is shown that the modification of PEDOT with graphene oxide leads to the
formation of the composite structure PEDOT/GO. According to TEM (fig. 2, a),
there is an increase in the size of the ordered structural elements of the film from 80
to 200 nm. The charge transfer parameters in electrochromic PEDOT/GO films were
calculated and the improvement of speed of responce due to doping of polymer with
GO nanoparticles was established. The correlation between the electric potential and
the optical density of functional films at different wavelengths of visible light is
described. In addition, the modification of PEDOT with GO significantly improves
(10 times) the sensory properties of films to the action of nitrogen (IV) oxide. It is
revealed that films based on PEDOT can be used for selective determination of
dimethylformamide (DMF) when used as sensitive elements of optical sensors.

0,50
0,45
0,40

0,354 1

D, a.o.

0,30

0,25

0,20

0,15 T T T T T T T
400 500 600 700 800 900 1000

s HM
a b
Fig. 2. (@) TEM image of PEDOT/GO; (b) Optical density spectra of PEDOT/GO (1) and after
influence of DMF during 1 (2), 2 (3), 15 (4) min

Flexible sensory elements based on PEDOT:PSS with porous silicon (pSi)
nanocrystals and CNT have been developed on fluoroplastic films. The increase in
the concentration of water vapor in the atmosphere causes an increase in the
resistance of the films PEDOT and PEDOT:PSS/CNT in more than 2 times in the DC
mode and a monotonic decrease in capacity in the AC mode. Instead, for
PEDOT:PSS/pSi/CNT the opposite is true. However, the sensitivity to NH; is 2-4
times higher, compared with the sensitivity to water vapor. Also, the charge transport
in hybrid PEDOT:PSS/CNT/rGO films on glass substrates was analyzed using
Impedance spectroscopy and temperature dependence of conductivity in the 90-325 K
range. A decrease in resistance and an increase in the capacity of hybrid films due to
the adsorption of water and ammonia molecules were revealed. Moreover, the
sensitivity of the capacitive sensors was higher than that of the resistive ones.

The obtained results are the basis for the search for the modern nanostructures
based on conductive polymers and carbon nanoclusters for use in intelligent
electronic devices.

1. MengD. etal. (2019). Compos. Commun., 12, 64.
2. Ates M., Eker A. A., Eker B. (2017). J. Adhes. Sci. Technol., 31 (18), 1977.
3. Fadlalla M. I. et al. (2020). J. Mater. Sci. 55 (17), 7156.
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KomMno3utu 0CHOBHHUX MeETAJIIB 3 iEpapXiYHUMHU LEOJTiTAMHU —
KaTaJi3aTopu npoueciB ogepkaHHAa 2-amiHoTio(eHiB 3a I'eBajbaom

Kypmauy M.M., Konumesa K.M., fpemos I1.C., [lIgens O.B.

Tnemumym ¢hizuunoi ximii im. JI.B. Iucapacescokoeo HAH Ykpainu,
03028, Ykpaina, m.Kuis, np. Hayxu, 31.

Peakmist ['eBasibna — ojepkaHHs 2-amMiHOTIO(EHIB 3 KETOHIB, CIPKH Ta
MaJIOHOIHITPWITY Tiepebirae y 2 crajii: Ha mepiriil crtafiii BiOyBaeThCsS peakilist
KueBenaresnst Mik KETOHOM Ta MAJIOHOJIHITPUIIOM, & OJIEpKAHUM MPOIYKT B3a€EMOJIIE
3 CIPKOIO 3 YTBOPEHHSM KIHIIEBOTO 2-aMiHOTIO(eHy. AKTHBHMMH KaTani3aTOpamH
BKa3aHOTO TPOIECY € aMiHU (TPHUETWIIaMiH, TUCTUJIAMIH TOIIO) Ta OCHOBHI OKCHIM
(oxcuau MarHito, MUHKY, ToIIo) [1], a HegoaIKaMU TaKWX KaTali3aTOpiB € BiJHOCHA
CKJIQJIHICTh 1X BUITUICHHS BiJ KIiHIIEBOIO NPOAYKTY (aMiHM) Ta BiJIHOCHO HH3bKa
MOBEPXHsS TE€TEPOreHHMX KaraiizaropiB. BupimieHHs paHOi 3agadyl MOXIHMBE 3
BUKOPUCTAHHAM PI3HUX IMIOXO/IB, 30KpEMa, OJHHM 3 SIKUX € JUCIEpPTryBaHHS
aKTUBHOI KOMIIOHEHTHM B MATPUISIX 3 PO3BHHEHOIO TIOBEPXHEIO, 30KpeMma,
lepapxiyHuX  1eositax. [lpu BHKOpHUCTaHHI 1€papXiYHUX IICOJITIB SIK BUXITHUX
MaTpHUIlb MOXXHA OYIKYBaTH BHCOKY JIMCIIEPCHICTh YACTMHOK OKCHJIB OCHOBHUX
METaJiB B II€0IITaxX Ta iX JOCTYMHICTh MOJIEKYJ JJIs1 00’ €MHHUX 2-aMiHOTIO(DEHIB.

CuHTe3 BUXIIHUX MATPHUIb — 1€PAPXIYHUX IEONITIB MPOBOJUIN METOJIOM
TAPOTEPMAIIBHOTO CUHTE3Y 3 BUKOPUCTAHHSM MOJIIYETBEPTUHHUX aMOHIMHHUX COJIeH
(Gemini-TITAP) sik cTpykTypo-crpsMoByrouux areHTiB [2]. CHHTe30BaHi II€OJIITHI
MaTpHLl XapaKTEPU3yIOThCS BUCOKMMHU 3HAUEHHSIMU 30BHIIIHBOI MOBEPXHI Ta 00’ €My
ME30MO0p B TOPIBHSAHHI 3 «TPAIUIIMHUMU» aHajoramMu. B monxanbmioMy IEOdiTHI
LEOITHI MaTpulll Oynu moaudikoBaHi, 30Kpema, Ie31€Bi (OPMU CHUHTE30BaHI
IUIIXOM 10HHOTO OOMIHY HAaTpieBUX (OpPM 1€papXIYHUX LEOJITIB; a JOMyBaHHS
OKCHJAMHU MarHito, IMHKY, ME31f0 Ta TUTaHy MPOBOAMIOCH HMUISIXOM IMPOCOYEHHSIM
MaTpPHIlh BiMTOBITHUMHU COJISIMH Ta TX TMOJATBITUM PO3KIIATOM.

KaraniTuyHi BIACTUBOCTI CHMHTE30BAaHUX MaTepiajiiB JOCTIHKEHO B IpOIIeCi
MEPETBOPCHHS  IMUKIIYHUX  KETOHIB.  IMKJIONEHTAHOHY,  ITMKJIOTEKCAHOHY,
[MKOTENTAaHOHY Ta ITMKJIOOKTAaHOHY Yy BIAMOBiAHI 2-amiHOOeH3Tio(peHu. Bucokwmii
BUXI1J] IITLOBOTO MPOJIYKTY B MPOIIECI MEPETBOPECHHS ITUKIOTEKCAHOHY B 2-aMiHO-
4,5,6,7-terparigpodenso[b]rioden-3-kapoonitpun  gocsraerecs mast Cs- ta Mg-
BMICHUX 1€papXi4HUX UEOJITIB CTpyKTypHoro tumy BEA, mpuyomy y Bunaaxy
ionooominanx  ¢opm  CS/AI-BEA  nocsraetbcsi  KigbKICHE — HEPETBOPCHHS
IIAKJIOTEKCAHOHY Y IITbOBUI TIPOIYKT.

1. Adib M., Janatian Ghazvini H., Soheilizad M., Tajbakhsh M., Amanlou M., One-Pot Four-
Component Synthesis of Thieno[2,3-d]pyrimidin-4-amines via Sequential
Gewald/Cyclocondensation Reactions// Helvetica Chimica Acta. — 2015. — 98, Ne 8. — P. 1079-
1086.

2. Choi M., Na K., Kim J., Sakamoto J, Terasaki O., Ryoo R. Stable single-unit-cell nanosheets of
zeolite MFI as active and long-lived catalysts //Nature. — 2009. — 461, Ne 7261. — P. 246-249.
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JiesekTpuyHa (PyHKIisI KOMIIO3UTY 3 aXipaJbHUMM OJHOCTIHHUMH
ByIJIelleBUMH HAHOTPYOKaMu

Kapanaace S.B.", Koporys A.B.%, Titos LM.?

1HaL;i0HaﬂbHuﬁ VHigepcumem «3anopizbka noaimexuikay, 8yi. Kykoecokoeo 64, 3anopidcorcs,
69063, Vkpaina;
e-mail: andko@zp.edu.ua
2UAD Systems, ey Onexcandpiscoka, 84, 3anopiococs, 69002, Yrkpaina

Tenaeniii cydacHoro po3Butky npuctpoiB HBU-enekTpoHiku Ta 3017IbIICHHS
iX MOTY>XHOCTI CTUMYJIIOE AaKTHUBHUM MOLIYK 1 PO3pOOKY HOBUX MaTepiaiiB st
3MEHIIICHHS 3aBajJ 1 3a0e3MeueHHs eJIeKTPOMarHiTHoi cymicHocTti. [lpu nbomy
BAOXKIIUBY POJIb Y LUX Taly3sX HaOyBalOTh MaTepiaiu, siki €(peKTUBHO MOTJIMHAIOTH
HBY-BunpomintoBannss.  Cepen  HUX  OKpeMe  MiICUE I CTBOPEHHS
BHCOKOE(DEKTUBHHUX CHCTEM 3aXUCTY B1Jl €JIEKTPOMArHiTHOro BunpomiHtoBanHs HBY
MOCIJIal0OTh KOMIIO3UTH Ha OCHOBI ByrieneBux Hanotpyook (BHT) [1-3]. Lle, 3
OJHOTO OOKy, 3yMOBJIEHE iX HHU3bKOIO TIMUTOMOIO Barold Ta BIANOBITHUMU
€JICKTPOHHUMH BJIACTUBOCTAMH, a, 3 JPYTOro, — BUCOKHMH 3HAYEHHSMHU MUTOMOI
MMOBEPXHEBOI MPOBIAHOCTI M aCMEKTHOIO BiTHOIICHHSA. Y 3B’A3KY 3 IIUM 3ajlaya IMpo
JOCIIJKEHHST €JIEKTPOJMHAMIYHUX BIIACTUBOCTEH KOMIO3uTiB Ha ocHoBi BHT €
aKTYaJIbHOIO.

Hexait y gienekTpuky 3 MPOHUKHICTIO o, PO3TAIIOBAHO MACUB MapasieIbHUX
onHocTiHHUX axipasbHux BHT. Bakatumemo, 110 AOBXHHA CBITJIOBOi XBWII
HabaraTo OUIbIlIa 3a XapaKTepHI PO3MIPU HEOHOPITHOCTEH y HAHOKOMIIO3UTI, IO
pO3MIIAIaeThea. Y 3B’S3Ky 3 UMM JJIA ONKMCY HOro €IeKTPUYHUX 1 ONTUYHUX
BJIACTUBOCTEH MOXHA CKOPUCTATUCS HaOJMXKEHHSIM e(EeKTUBHOrO cepenoBuia [4].
BignoBigHo no imeonorii mporo migxonay, aHncamOiar BHT y mienekTpuky moskHa
pO3IUIAlaTh SK HOBE CEPEOBUIIE 3 JEAKOK «E(PEKTUBHOIO» J1E€IEKTPUYHOIO
MPOHUKHICTIO. [[71s1 TaKoro KoMmo3uty 3 Majiow KoHueHTpauiero BHT cnpasennvBum
€ HabmmxkeHnHs MakcBemi-I'apHerta, B paMkax gkoro e(QeKTHBHA HiCJICKTpPUYHA
¢bynkis komno3uty 3 BHT mae Burisia

‘ o(@) -0,
& (@) =¢ {1+3B o)z, | (1)
ne B — BITHOCHA KOHLEHTpalis HaHOTPYOOK (BU 1); o(w) — KOMIUIEKCHA

nienextpuuda Gynkiis BHT, ans sikoi cripaBeuBe criBBigHOIISHH [5]

. e 7, 2 ) . e v 20°
e P B o P S PR )
TR, (bl +v 7 2°Q AR, b ol @ +v h

Y Bupasi (2) b=0142 HM — MIKATOMHA BIJCTaHb y KPHUCTAIIYHIA TpaTIi

rpadeHa; R(myn)z(«/§b m2+mn+n2)/2n — paxmiyc omnoctinHoi BHT 3 i#mekcamu

X1paJbHOCTI (M,n); v — IIBUIKICTh peJlaKkcallii;
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L _poe(ps)af, (e(ps))], .
LA

s=1_

=3 UL LD, th[g°(p' S)]OHO: ; 3)

(coz (p.s)-o° +v2)2 + 40V’ 2kgT

cv

j‘.[oaﬁv(p, s)—’ +v* o, (P, $)Ra (P, S)th(gc(p, S)]dp
a ((va —’ +Vv? )2 +4w’v° 2kgT ’
ne &, (p,s) — 3aKOH qucHepcii 7 -3JIEeKTPOHIB y 30HI IPOBIIHOCTI; o, (P, s)=2¢,(p, s)/A
— 4YacToTa MDK30HHHMX NEpEXONiB; R, (p,s) — MaTpUYHMH €JIEMEHT OIepaTopa
JAUMOJIBHOTO MOMEHTY HAaHOTPYOKH; p — KBa31IMITYJIbC €IEKTPOHIB, 110 3MIHIOETHCS Y
MeXax —-a<p<a, Ic a=2nh/3b.

Pospaxynku mnpoBomunucs nns Bunaaky BHT oanakoBoro pamiycy, 3
XipaJlbHOCTAMU (10,10) 1 (18, 0).

YacToTHI 3aleXHOCTI JIMCHOT M ySIBHOI YaCTHH €(EKTUBHOI 1€IEKTPUYHOI
(GyHKLIT KOMIO3UTY Ha OCHOBI MacuBy axipaibHux BHT ta mienextpuunoi QyHKIii
nooanHokux BHT HaBeneHo Ha puc. 1. Biamitumo, oo KpuBl Regy (7o) 1 Imy (7o)

SIKICHO KOPEIIOITh 13 aHAJOTIYHUMU BeauduHaMu 11l mooauHokux BHT. KinekicHi
BI/IMIHHOCTI TIOJIATAlOTh y TOMY, IO JiiCHa W YysSBHAa YacCTUHU JICICKTPUUHOT
MIPOHUKHOCTI KOMIIO3UTY Ha MOPSJAOK MeHI, HiK g nooguHokoi BHT. Ile
3yYMOBJIEHE TIOCJIA0JICHHSIM B3a€MOJIi CBITJIOBOI XBHWJII 3 €JIEKTPOHAMHU IMPOBIAHOCTI
BHT BHaci10K HassBHOCTI 1€JIEKTPUYHOTO CEPEIOBUIIIA.

100 T 800~ 3 - ' 1
a = o
™
= » ] @au) |
50 f 600 ‘ 2 :
1
2.6 0.6
0 400 \
2.4 \ 104
-50 } 200
$2.2 10.2
w w
Q ]
R4 100 = : 0o & ' 0
1 2 3 4 1 2 3 4
ho, eB how, eB

Puc. 1. YacToTH1 3a7€XXHOCT1 IIHCHOI i ySIBHOI YaCTHH J1€JEKTPUYHOI QYHKIIT TOOAMHOKUX
axipanbux BHT (a) Ta edextuBHOI mienekTpuuHOi (QyHKIII MacuBy axipamsHux BHT (6) i3

OJTHAaKOBUM pajiycom: 1, 3 — (10, 10); 2,4 — (18, O)

[IpoBenene MOPIBHSHHS MIACHUX W YSBHUX YAaCTHH JICJICKTPUYHOI (YHKIIT
mooAnHOKUX axipampHux BHT Ta ix aHcamMOissMu 3 Majiol0 BIJIHOCHOIO
KOHIICHTPAIIIE0, JIS IKOTO Red, 1 Imd, pO3paxoByBalMCs B HAOMMKeHHI MakcBes-
I'apaerTa. BcTaHOBIEHO SKICHY BIJANOBIIHICTG YHCEIBHUX pPE3YJbTATIB Ta iX
3MEHIIICHHS Ha TIOPSA0K Y BUMIAAKY KOMITIO3UTY TIOPIBHSIHO 3 BUIAIKOM IMOOAMHOKHX
BHT.
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1. Pr. Bhardwaj, Sh. Kaushik, Pr. Gairola, S.P. Gairola, Rad. Phys. and Chem. 151, 156 (2018).

2. C. Mingdong, Y. Huangzhong, J. Xiaohua, L. Yigang, “Optimization on microwave absorbing
properties of carbon nanotubes and magnetic oxide composite materials” Appl. Surf. Sci. 434,
1321 (2018).
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Ab initio simulation of electron and optical properties of layered
CdPS; crystal in the different phases

Kharkhalis L.Yu., Kryzyna M.S., Horvat P.P., Glukhov K.E.

Institute for Physics and Chemistry of Solid State, Uzhhorod National University,
54 Voloshin St., 88000 Uzhhorod, Ukraine

In recent years, the study of the transition metal phosphorous trisulfide
compounds such as CdPS; is motivated by their potential application for electronic,
magnetic, and optoelectronic devices. It is known that these cadmium
chalcogenophosphates have the experimental energy gap Eg~2.95-3.5 eV, which
makes it possible to be transparent in the visible region [1]. Also, due to the layered
structure, the CdPS; crystal is widely used for the formation of nanosheets and
heterostructures [2]. The existence of the van der Waals coupling between the layers
allows easily to intercalate the CdPS; crystal by various atoms, ions, and molecules
and thus influence its physical properties.

A characteristic feature of cadmium chalcogenophosphates is the presence of
two temperature phases. The transition from the high-temperature phase to the low-
temperature phase occurs at T = 228 K. At room temperature, CdPS; crystallizes in
the monoclinic C2/m (No. 12) phase with two formula units in the primitive unit cell,
and at the temperature below 228 K, this crystal transforms into the low-temperature
trigonal R3 (No. 146) phase with one formula units in the primitive unit cell [1].

The main aim of the present report is to establish the peculiarities in the
electron band spectra and optical characteristics of the layered CdPS; in the low-
temperature and high-temperature phases.

Using density functional theory (DFT) within local density approximation for
exchange-correlation interaction (LDA) we investigated the spatial distribution of
electron density, band structures, and total and partial density of states in the CdPS;
crystals in the different phases. We obtained the dispersive dependences of optical
characteristics for these compounds. We calculated the refractive indices and
extinction coefficients, real and imaginary parts of the dielectric function, and the
absorption coefficient for different polarizations along crystal axes for the high
temperature and low-temperature phases of the CdPS; crystal. The obtained estimates
of the investigated characteristics in this compound show their anisotropy. Our
calculations of energy band gap and optical properties for the considered crystal are
compared with experimental results.

1. Kuzmin A. First-principles LCAO study of the low- and room-temperature phases of CdPS3//
Low Temp. Phys.-2020.- V. 46, P.1217-1222.

2. Xitang Qian, Long Chen, Lichang Yin, [et al.]. CdPS; nanosheets-based membrane with high
proton conductivity enabled by Cd vacancies// Science.-2020.-V. 370.- P. 596 —600.
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IIpoTukopo3iiina epeKTUBHICTH IOHOOOMIHHUX MIrMEHTIB HA OCHOBI
HAHOMOPHUCTOIO HEOJITY

XJIOIMHK O.H.l, 3ins LMY 2, Kopmniit C.A.l, ['onoBuyk M.t

1 . . .. . . . .
Dizuko-mexaniunuu incmumym im. I'.B. Kapnenxka HAH Yxpainu, Jlveis;
2 . o . ¢ . . . 12}
Hayionanenuu ynieepcumem “Jlogiecoka nonimexuika

OpHuM 13 HAOUIBII MOMMPEHUX Ta €PEKTUBHUX 3aC00IB KOHTPOIIO KOPO3ii €
3axXHCHI J1akohapOoBl MOKPUTTA. JJIs1 MOKpalieHHs 130JIMHUX BJIACTUBOCTEH Ta
raJlbMyBaHHS IMAIUIIBKOBOI KOpO31i Yy Taki TOKPUTTS BBOJSTH CIIEIiajbHI
anTHKOpo3iiHi mirMentu [1,2]. Cepen HUX HalOLIbI omupeHuMu € GocdaTH, sKi
OJTHAK, MAaJOPO3YMHHI 1 MalTh HEJOCTaTHIO e(eKTUBHICTh. [lepcrnekTuBHUMU
1HT101TOpaMu 117151 JIakopapOOBUX MOKPUTTIB MOXKYTh OyTH MIrMEHTH 10HOOOMIHHOTO
TUIly, Kl MICTSTh KaTiOHM, 3JaTHI YTBOPIOBAaTH HAa KAaTOJHUX IUISHKAX METaly
MaJOpO3YMHHI Trigpokcuad. B paHiii  poOoTi  mocaiKyBadud 10HOOOMIHHI
MPOTUKOPO31iHI MIMEHTH Ha OCHOB1 HAHOIIOPUCTOTO LIEOTITY.

BuXITHOIO peYOBMHOIO [JI OTPUMAHHS aHTUKOPO31MHUX MIrMEHTIB CIIyT'YBaB
CUHTETHYHHMM 1eomiT. Moaudikaiio [HeomiTy 3AIMCHIOBAIM METOJIOM 10HHOTO
oominy B 0,45 M posunmnax Ca(NOjz);, Mn(NO3), ta Zn(NOj3),. Takum uYnHOM
orpumyBayii Ca- , Mn Ta Zn-BMicHi 1ieomitu [3].

st BunpoOyBaHb roTyBasnu 3pasku 31 ctam 0912C posmipom 100%x20 MM
TOBIIMHOK 5 MM, sKi [/l BHOKpEMJIGHHS poOodoi uyacTHHH miomiero 1 Cwm°
130JII0BAJIM, HAHECEHHSAM 130JIAIIMHOIO JBOXKOMIIOHEHTHOI'O EITOKCHIHOIO KJICKO
(Enoxcurin).

3axucHy 110 MOJU(PIKOBAHUX IICOJITIB BUBYAIM METOJIOM EJIEKTPOXIMIYHOT
imnenancuoi cnektpockormii  (EIC), BukopucroByroum motenmiocrar Gill AC,
HACUYEHUN XJIOp CpIOHMI €JEeKTpPOJ MOPIBHSHHS Ta IUIATUHOBUN JTONOMIKHUIA.
MopentoBanHsl IMIOEAAHCHUX JlarpaM 3[IMCHIOBaJIM 3a JOMOMOTOI MPOrpamMu
Zview?.

BuByanu 1HriOyBaJIbHI BJIACTUBOCTI MOAM(DIKOBAHMX WEOJITIB, BHOCSYU iX
Oesmocepenabo B KoposuBHe cepemopuiie — 0,1%-uii pozumn NaCl. Totysanu
CyCTIeH31i 1IE0JTITIB 3 KOHIICHTPAIII€IO IHT10YBAIbHUX TOOABOK 2 T/1.

3"iManu iMrenancHi crnektpu 3paskiB ctam 0912C micns 3 ta 24 roauH
eKCIO3UIIT B JIOCHIKYBaHUX po3uuHax. [liarpamMu mojiaHo y BUIJISAL 3a71€KHOCTEN
bone (puc. 1).

PesynwTaTn mokasanu (puc. 1), mo 3a iHri0yBaHHS KOPO3UBHOTO PO3UMHY Zn-
Ta MN- 1€0JIITOM MOMITHI 3MIHM iX 3aXMCHOTO €(EeKTy MOPIBHSAHO 3 CEPEJOBUIIEM
0e3 1HridiTopa, Mpu ILOMY, 3HAYEHHSI MOJIyJId IMIlelaHcy 3pa3ka npu yactoTi 0,1 '
3pocTtaroTh B 2,3 Ta 1,3 pa3u BiAMOBIAHO.

AHamni3 XapaKTepUCTUK E€KBIBAJIGHTHOTO KOJIa OTPUMAHUX B pe3yJbTaTi
mozentoBanHss EIC cnektpiB 3paskiB craimi 091'2C mokazaB, 110 omip MEpEeHOCY
3apsily B XJIOPUIHOMY PO3YHMHI 3a BIJICYTHOCTI 1HTIOITOpa JOCHTh HU3BKHM Ta
cranoBuTh 8,92:10° OM-cM® micist 3 romuH ekcrosuiii. [ 3paska B iHriGoBaHOMY
Zn-1ieoiToM po34rHiI BemuumHa R, 3poctae maiibke BTpudi (Tadn.l). Janwii edexr
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MoOske OyTH MOB’si3aHUi 3 (OPMYBAHHIM Ha TOBEPXHI METANy IJIIBKH 3 HEPO3UMHHUX
T1POKCHUIIB IIUHKY, sIKa BUKOHYE pOJIb 0ap’€py Ha MIISAXY arpeCUBHHUX XJIOPHJI 10HIB.
VY Toi1 ke yac ckia/ioBa eneMeHTa craioi gasu Yo B pO3UMHI 32 BUKOPUCTAHHS JTAHOTO
peareHTa 3MEHIITYEThCS, 1110 TAKOXK BKa3ye Ha 1HT10yBaHHs KOpo3ii cTaii (TabJ. 1).

. , . ;
102 : : : : 0.1 1 10 100

: 1000
0.1 1 10 100 1000

Pucynok 1. ImnegancHi 3aiexHocTi Moxyiis iMrienancy mist crtam 0912C micns 3 (a) ta 24
(6) ron Burpumku B: 1 — 0,1% po3uuni NaCl ta inriboBanoro 2 r/i: 2 —11e0iiT He MOAU(DIKOBAHHIA;
3 — Ca- neomir ; 4 — Mn-1ieomit; 5 — 2 r/a Zn - 1eoit
(v . . . 2
JlomaBaHHS B KOHTPOJIGHUM PO3YMH IEOJITY Moan(ikoBaHOro kKationamu Ca " He
MIPUBOUTH J0 CYTTEBOT'O 3MEHILIEHHS €JIEKTPOXIMIYHOT AKTUBHOCTI1 Ha MOBEPXHI CTall

Tabnus 1. XapakTepucTUKU €KBIBAJICHTHOTO Kojia oTpuMaHi MojentoBaHHsiM EIC

cnekTpiB 3pa3kiB ctam 0912C
2 2
Cepenosume Ret,Om-cM Q(Yo), c/Om-cm Q(n)
3ron 24 ron 3roxn 24 ron 3roxn 24 ron
0,1% NaCl 892,3 4237 9,7-10'4 2,1-10'3 0,69 0,55
0,1% NaCl +
2 /11 EeOoIT He 895,3 124,7 5,5-10'4 1,4-10'3 0,64 0,56
MoanGbiKOBaHUHN
0
0,1% NaCl +.2 701,8 4377 11,1-10'4 2,2-10'3 0,63 0,61
r/n Ca-teoitit
0
0.1%NaCl+2 | 1o | 6490 | 8810% | 12107 0,61 0,67
r/n Mn-teomit
0
0.1%NaCl+2 | yome s | 9613 | 2.610% | 05710° | 056 0,53
/1 Zn-1eoimiT

Takum uymHOM, MOoaudikoBaHUN i10HAMHU Zn* neomiT MIPOSIBIISIE€ TI1JIBHIIICHI
1HT10yBaJIbHI BJIACTUBOCTI 1100 Kopo3ii ctami 091 2C B xjopuaHoMmy po3uunHi. Taka
KOMITO3HUIIisl HA OCHOBI LIEOJITY MOXE CIYTyBaTH MEPCIEKTUBHUMH aHTUKOPO31MHUM
J0JIATKOM Y JIako(papOOBUX MOKPUTTSIX.

1. Inorganic and organic coatings. De Wit J.H.W., P.Marcus and J.Oudar //Corrosion mechanisms
in theory and practice. — 1995. — P. 581-628.

2. Hare C.H. A review of inhibitive metal primers. Modern Paints and Coatings. — 1996. — Ne 6. —
P. 26-31.

3. Monu(ikyBaHHs CHHTETMYHOIO IEONITYy KaTiOHaMM METaliB Ui [JBUIIEHHS HOTO
nporukoposiitaoi edextuBHocTi / C.A. Kopwiit, LM. 3iup, O. II. Xmonuk, M.S. TonoBuyk,
M.O.-M. Jlanunsik, C.A. Tanaituak // @i3.-xiM. mexanika marepianiB. —2021. Nel. — C. 103-111.
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Po3paxyHok Ta Bi3yaJii3zanisi MAaTpUlb NPYKHUX MapaMeTpiB
CyNepiOHHUX NMPOBIIHUKIB CiMEHCTBA aApPripoAMTYy

Kim €.B.,Orusnuxk L1, Ilerpymka P.P.,®enenem B.1.

Vorccopoocvruil nayionanvruil ynisepcumem, kKishevhgen@gmail.com

ExcniepuMeHTanbHl METOIU JOCITIKEHHS € HalOLIbIl HaTiHHUMH, MPOTE iX
BUKOPDUCTAHHA 3B'A3aHE 31 3HAYHUMHU YaCOBUMH, PECypCHUMHU 1 (piHAHCOBUMHU
BUTpaTamMu. ToMy MepeBaXHUMH METOJaMHU OIIHKM BIACTHBOCTEH MartepiaiiB €
METOJIM MATEMATUYHOTO MOJICIIIOBAHHSI.

Jig moOynoBu XapakTepUCTHUYHUX NoBepxoHb Moayns lOunra E, 3cyBy G,
JHIAHOI cTUCIMBOCTI ) 1 koedimieHta [lyaccoHa | s CynepioOHHHUX MartepiaiB
ciMeiicTBa apripoIMTy MU BUKOPHCTaIH Iporpamy ELATE: Elastic tensor analysis [1].

Jlig po3paxyHKy TakuxX MOBEPXOHb MOTPIOHI JaHI NP0 BEJIWYUHY HPYKHHUX
nocTiiHuX C11,C12,Cyy. 3HAUGHHS TMPYKHUX TMOCTIMHUX JICSIKUX JTOCIIKEHUX
MarepialliB HaBeIeH1 B TaOmmIt 1.

Taomun 1.
CKJIaI[ Cll, I'TIa C12, I'lla C44’ I'lla
Cu;GeSsl 38.9 4.1 174
Ag;GeSsl 44 .6 28.4 8.1

Jani HaBeneHl MaTpull nmpyxHuX nocTiiHux Cj, (came iX BUKOPHCTOBYIOTBH
JUTSL pO3paxyHKY y Mporpami):

Cu;GeSsl

38.9 4.1 4.1 0 0 0

4.1 38.9 4.1 0 0 0

4.1 4.1 38.9 0 0 0

0 0 0 17.4 0 0

0 0 0 0 17.4 0

0 0 0 0 0 17.4

Ag;GeSsl

44.6 28.4 28.4 0 0 0

28.4 44.6 28.4 0 0 0

28.4 28.4 44.6 0 0 0

0 0 0 8.1 0 0

0 0 0 0 8.1 0

0 0 0 0 0 8.1

Pe3ynbraTu obuncieHb HaBeeH1 Ha pucyHkax 1-2.
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ot CurGeSsl 5t AgiGeSsI

M0 -25{-20 -15 -10 -5 | 5 10 15 20| 25

_4:'0+<—J_T—> —255-0+‘_J-T_’

Puc. 1. — 2D rpadix moayns FOHra B miiockocTi Xy

Young's modulus

Cu7GeSsl

Young's modulus

Ag7GeSsl

Puc. 2. — 3D Bizyamnizauis moayns FOura E.

Hpyxni moay.ai Ag;GeSs|

Cxema MopnyJb 06’emHoOI Mopyasb Mopnyab Koedinient

YcepeaHeHHs pr)KHOCTi IOHnra 3CYBY HyaCCOHa
Voigt Ky = 33.8 GPa Sy :GZPZa'5°2 GVG:Pag'l w = 0.38904
Reuss Kx = 33.8 GPa Rl I v = 0.38904
Hill Ky = 33.8 GPa Bu=22502 Gu=81 vyt = 0.38904

GPa GPa

1. ELATE: Elastic tensor analysis URL: http://progs.coudert.name/elate
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Web application for nanoparticles properties analysis
Koidan A., Rusinchuk N.

Institute of High Technologies, Taras Shevchenko National University of Kyiv, Glushkova ave., 49,
Kyiv-03187, Ukraine.
E-mail: a.koidan13@gmail.com

Nanocolloids are widely used in electronics including sensors and solar cells,
and medical applications such as targeted drug delivery and disinfection. Hence,
nanoparticle properties and nanocolloids behaviour are of high importance in modern
research [1]. The range of applications of nanoparticles is continually expanding and
this expansion will most likely continue with future research. One of the relevant
directions of studies in this field is the synthesis of nanoparticles of different
materials with specified properties. To achieve this, when conducting experiments
with nanoparticles, it is necessary to know their parameters and defining the
properties of nanoparticles is of key importance. There are several experimental
techniques for nanoparticle characterization such as dynamic light scattering,
transmission electron microscopy, zeta-potential measurements and surface plasmon
resonance spectroscopy [2]. From these experiments, post-processing data analysis
methods are necessary in order to define the parameters of nanoparticles and facilitate
comparison, which in turn require evaluation and visualisation in order to obtain
conclusions. As such, developing methods to perform this processing and evaluation
that can be applied to repeated experiments with some variability is important.

In this work we would like to present a study of various data processing
methods for the dynamic light scattering in nanocolloids measurements and a web
application we developed to automate this analysis. The application performs analysis
of the uploaded experimental data and displays the results as a graph or graphs (fig.
1).

Parameters

Navigation ’ | ‘I . ‘ ‘\ . l [l

Main £ ! [ ‘I . | |

Graphs ' ‘ ‘I . 10 ‘ ‘l i |
\ ;

Help I‘ \ |

Contacts 1 1 100 1 1 1 10 100

_ Size d, nm Size d, nm Size d, nm
Open File

Size distribution Size distribution Size distribution
Sample No 4 Sample No 5 Sample No 6

Save all graphs

Figure 1. The screenshot of the application page after downloading the data
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When uploading the file the app defines the samples amount, number of
measurements for each sample and the samples names. Additionally, results are
outputted as a *.txt file containing a summary of the key sample properties,
descriptions of the evaluated properties, and an evaluation of the similarity of
samples, if applicable. The user can define the properties of the graphs using the
visual interface, or apply changes to all the graphs simultaneously. Future work will
extend this application to enable the processing of other types of data.

We are grateful to lu. Mukha and N. Vityuk from O. O. Chuiko Institute of
Surface Chemistry of NAS of Ukraine for fruitful discussions and useful comments.

1. Janin J., Wodak S. J. Silver nanoparticles: various methods of synthesis, size affecting factors
and their potential applications—a review // Appl Nanosci. - 2020.-10.-P. 1369-1378.

2. Hinterwirth H., Wiedmer S.K., Moilanen M., et al. Comparative method evaluation for size and
size-distribution analysis of gold nanoparticles // J Sep Sci.-2013.-36, | 17.-P. 2952-2961.
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OtpumanHs 3D-00’ekTiB 3 KOMIIO3UIITHUX MaTepPiaJliB HA OCHOBI
AJTIOMIHII0 METOA0M Ira30{UHAMIYHOI0 HATIMJIEHHS HU3bKOI0 TUCKY

Kongaypos O.B., bess B.I1.

Tnemumym memanoghizuxu im. I'.B. Kyporomosa HAH Ykpainu, Kuis, Ykpaina
bevzv@ukr.net

JIo MepCneKTUBHUX HaIpsIMIB PO3BUTKY AJWTUBHUX TEXHOJIOTIH, SIK1 3apa3
aKTUBHO PO3BHUBAIOTHCS, NOTPIOHO BIJIHECTH METOJ XOJOJHOTO Ta30JUHAMIYHOTO
nanmienHs (cold spray deposition), a takox additive friction stir deposition. Meron
ra30/IMHaMIYHOIO HAIlMJICHHS HU3BKOTO TUCKY, SIK MOAMU(DIKAIis METOIY XOJOAHOIO
ra3oJlMHaMIYHOIO HAIWJICHHS, Ma€ CYTTE€Bl IIE€pEeBaru, OCKUIBKM MOXE HE
BUKOPUCTOBYBAaTH BUTpPaTHI Marepianu (MOPOWKH) cheprudHoi (OpMH, IO CYTTEBO
3HM)KYE BapTICTh, @ TAKOXK 30epirae ix (pa3oBO-CTPYKTYpHHUM CTaH Ta (I13UKO-XIMIYHI
BJIACTUBOCTI, TaK K HE MPU3BOAUTH JI0 MOBHOTO IUJIABJIEHHS MOPOIIKIB B MPOLECCI
HAaHECEHHA. 3a JOMOMOIOI0 3a3HAY€HOr0 METOJY MOKHAa OTPUMYBAaTH OO0'€MHI
BUpPOOH Ta MOKPUTTA 3 MaTEpialiB, Kl MalOTh OOMEXEHY B3aEMHY PO3UMHHICTh, 200
B3araji ii He MalTh, & TAKOXK BIAPI3HAIOTHCH (PI3UKO-MEXaHIYHUMH BJIACTHUBOCTSIMH,
HaIpUKJIaJ TeMIEpaTypamMu IUIABJICHHS, 110 HAJA€ MOMJIMBICTh OTPHUMAaHHS HOBHUX
PEUOBUH 3 YHIKAJIbHUMHU BIACTUBOCTSAMHU.

B pamkax poGoTu 6ys0 po3po06sIeHO psiji KOMITO3UIITHUX MOPOIIKIB HA OCHOBI
Al ¢dpakmiero 30-60 MM, siki 103BoIMIIM OTpuMyBatu 3D-00’ekTH (3pa3ku) pi3HOT

dbopmu.

MIRA3 TESCAN|

(6)
Puc.(a) CEM 300paxeHHS BHXIZHOTO MOPOMIKY alIOMiHiI0, po3Mmip 300paxenHs 150x150 mxm.
(6) Hammopomenwuii map Ha migmoxii Ct3.
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MikpoTrBepaicTs Ge-BMiCHUX CYyNEePiOHHUX KPUCTAJIIB 3i CTPYKTYPOIO
apripoauTy Ta KepaMiki Ha IX OCHOBI
KopoBcbka JI.M., /IpaueBcbkuii A.A., Jlutsatkin O.P.

YVaiceopoocoruil nayionanvrutl ynisepcumem, Yoiceopoo, ni.Hapoona 3

Jns dyHmaMeHTaIbHUX JOCTIKEHb 1 TPUKIAAHUX PO3POOOK MPEACTABIISAIOTH
1HTepeC CYIEpIOHHI MPOBITHUKU 31 CTPYKTYpPOIO apripojUTy, 30KpemMa, TBepal
pozunnn (Cu;-,Agy);GeSesl Ta kepamika Ha iX OCHOBi, B SKHX BHCOKa 10HHA
MPOBIHICTE TPOSBISAETHCS HA (POHI TEPEBaKHOI EJNEKTPOHHOI MPOBITHOCTI 1
peani3yeThcs Yepe3 HEe3allOBHEHI BakKaHCIi B KaTIOHHIN migrpatii. Y aaHid poOOoTi
Mpe/ICTaBJICHI pe3yiabTaTH JOCHIIIKEHb 3MIH MIKPOTBEPIOCTI CYNEPIOHHUX KPUCTAIIIB
ta kepamik (Cu;-,Agy);GeSesl mpu i30BaleHTHOMY 3aMIllICHHI B KaTIOHHIN ITirpaTIIi,
3MiH1 pO3Mipy BUXIJHOTO MIKPOKPUCTAIIYHOTO 3€pHA.

JInst BUMIpIOBaHHS MIKPOTBEPAOCTI OylIM BUKOPUCTaHI KPUCTAIU TBEPAMX
poummHiB  (CUyAJi00x)7GeSesl, Bupormieni meromamu  bpimkmena-Ctokbaprepa.
Kepamika (Cu;-Agy);GeSesl npu x=0, 0.25, 0.50, 0.75, 1 Oyna BUTOTOBJICHA Ha
OCHOBI ~ MIKPOIIOPOIIKIB  TOMEPEAHbO  BUPOIIEHUX  KPHUCTAJIIB  METOJOM

-8
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Puc.1. KonnenTtpartiiini 3anexHocti  Puc.2. 3anmexnocti mapamerpis H, Ho, h* mis

MikpoTBepaocTi H mpu cuini  HaBaHTaxeHHs MoHOKpuctany Cu;GeSesl (N=1) Ta kepamik Ha
P=0.5 H mys monokpucrainis (1) i kepamik (Cu;. #oro ocunoBi N=2 (K1), N=3 (K2), N=4 (K3):
“Agy)7GeSesl (2 — K2, 3-K3, 4-K4). kp.1 - H, kp.2 - Ho, kp.3 - h* (P=0.5 H).

TBepaodazoBoro crikanas. CepenHiid po3Mip KPUCTATITIB y Kepamilli B pe3yibTaTi
pekpuctanizamii craHoBuB 12 mxm (K1), 5 mxm (K2) ta 3 mxm (K3) BignosigHo. Jls
BUMIPIOBAHHS MIKPOTBEPAOCTI Oylo BHKOpUCTaHO MikpoTBepaomip I[IMT-3 3
iHgeHTopoMm Bikkepca. Ha puc.l. HaBeaeHI KOHIEHTpAIlIMHI 3aJIe)KHOCTI YHCIOBUX
3Ha4YeHb MikpoTBepaocTi H MonokpucTaniB Ta kepamiku (CUigoAgy)7GeSesl.

[Ipy  i1HIEHTYBaHHI  KpPUCTalIB  BUSIBJIEHI  pO3MipHI  e(eKTH,  fKl
MPOIHTEPIIPETOBAH] Y paMKax MOJeJ IPpaJlieHTHOI Teopli miuacTuyHocTi. [lapamerpu
Ho, h* nmanoi momem HaBeaeHi Ha puc.2. 3po0JeHO MPUIYIIEHHSA MPO Te, IO IIi
edekT O0OYMOBJIEHI YTBOPEHHSM KPYrOBUX TME€TElb T€OMETPUYHO HEOOXIAHHUX
IUCIOKaliii ¢ BekTopamMu broprepca, nNepHneHAMKYISIPHUMU IO TOBEPXHI
iHfeHTyBaHHs. BcTaHoBieHO, mo npu i3omMopdHoMy 3amimenHi Cu’ ma AgQ’
MIKPOTBEPAICTh JOCTIHDKEHUX KPHUCTAIIB Ta KepaMiK 3MEHIIYEThCS, 110 MOXE OyTH
00yMOBJIEHO 3pOCTaHHSAM 10HHOTO pajilyca KaTioHa.
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Hosi meTasiokepaMivyHi pe3ucTUBHI MaTepiaan 1 QyHKIiOHAJIbHUX
MOKPHUTTIB IUIIBKOBUX HATPIiBHUX €JIEMEHTIB BUCOKOI €()eKTUBHOCTI

Kogsobacwk T.M., Baspyx B.I., Kinumvkis O.1.

Hayionanvnuii ynisepcumem «JIvgiscoka nonimexuikay, eya. C.bandepu, 12, m. Jlveis, 79013

Bumorn 10 QyHKIIOHAIBHUX MOKPUTTIB IUTIBKOBUX HArpiBHUX €JIEMEHTIB
3aJIe’KaTh Bil yMOB ix ekcruryatarii. Lle ctocyeThes mieneKTpuIHNX Ta Pe3UCTHBHUX
MMOBEPXHEBUX IAPiB, BUTOTOBJICHUX 3a TEXHOJOTI€I0 TOBCTUX IUTIBOK, SIKI TPUBAJIAN
yac mpamoioTsh 3a Ttemmepatyp 200...300 °C. 1li mnokpuTTs HE MOBUHHI
BIIIIAPOBYBATHCS BiJl METAJICBOI MIAKIAJKK I Yac IUKIYHOTO HarpiBaHHS-
0XO0JI0/KeHHS. Taki MOKPUTTS TMTOBUHHI BOJIOMITH IiJIBUIICHOIO CTIMKICTIO /10 BIUTMBY
HABKOJIMITHBOTO  CEPENIOBUINA, a CTPYKTYPHO-TEOMETPUYHI  XapaKTEPUCTUKU
tororpadii MOBEpXHI TOBHMHHI 3a0e3medyBaTd SIKICHE HAHECEHHS HACTYITHOTO
pesuctuBHoro mapy. OTxe, BIANOBIIHUNA TOBEPXHEBUM IMap ciij BHOMpaTH B
3aJICKHOCTI BiJl CTaHy TOBEPXHI Ta BIACTUBOCTEH Matepiany migkiaaku [1-3].

JInsi HaHECEHHsS PE3UCTUBHUX TOKPUTTIB BUKOPUCTOBYBAIM CIELIaIbHI
nacTornoaiOHi cycnen3sii Ha kepamiddiii ocHoBi (BaO-SiO,—ZnQO) 3 momaBaHHAM
IpIOHOAMCTIEPCHUX TOPOIIKIB OOpPHUIIB HIKEIIO Ta XpoMy. Pe3ucTUBHE MOKPUTTS
HAaHOCUJIM Ha CKJIOKEpaMiyHy MOBEpPXHS, fKa OTpUMaHa Ha crtaim mapku 12X17.
Cranp y BiAnaJeHOMY CTaHl He Mae (pa30BUX 3MIH MpPU IUKIIYHOMY HarpiBaHHI-
OXOJIO/DKEHH1 B 1HTepBaii temmeparyp 25 — 450 °C, Ta € KOpO3IHHO CTIMKOIO Y
atMoc(eprux ymoax. TKJIP crami 12X18 cranosuts 10,4 - 107 K™ Ta € Gnuspkum
3a 3HadeHHsM 10 TKJIP ckimokpuctamiyHux MartepiaiiB Ha OCHOBI cuctemu BaO—
Si0,~ZnO (10 - 107 K™, mo ycyBaTHMe MOXIMBICT BifmapyBaHHs MOKPUTTS Bil
migkaaaky [4].
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Pucynok 1 — BimuB TemnepaTypu Ha 3MiHY OMIOPY PE3UCTHUBHUX JOPIKOK 3a CTAaHAAPTHOL
TepMiuHOi1 00poOkw [1] 3 BUTpuMKor0 1,5 Tox (a) Ta 1 rox (0)

Byno mpoBeneHo BUMIpIOBaHHS MIKPOTBEPOCTI MPOBIAHOT (pa3u pe3UCTUBHUX

MOKPUTTIB 3a MeToAoM Bikepca. BuMipioBaHHsS MpOBOAMIM 32 HaBaHTaXECHb
0,0098...0,49 H. 3HaueHHs MIKPOTBEPAOCTI PE3UCTUBHOTO IIAPy 3MIHIOBAIUCH B
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iaTepBan 77...345 HV. Taka Benuka pi3HUIA Y 3HAYCHHSIX MIKPOTBEPIOCTI BKa3ye
Ha OaraTodas3HICTh PE3UCTUBHOIO IIAPY.

JlocnimkeHo BIUIMB BUTPUMKH ITi1 4ac TEPMIYHOT OOpOOKH HA MUTOMHI OIIIp
PE3UCTUBHUX TMOKPUTTIB. [ 1bOTO pPE3UCTUBHI MOKPUTTS HAHOCUIIUCH HO
KepaMiuHy MOBEPXHIO Y BUTJIAJI JAOPIXKOK Pi3HOI JOBXKUHM TOoBHIMHOIO 1,5 mm. Ha
pUCYHKY | TIOKa3aHO BIUIMB TEMIIEpaTypyd Ha OIMIp HAHECEHUX Ta BiJMaJICHUX
PE3UCTUBHUX JOpIXKOK. [IuTOMHUIA oOmip OTPUMAHOIO PE3UCTUBHOIO TOKPUTTS
PO3paxoByBajd BIAMOBIAHO JO HOro IUIOHII ITOBEpXHi. TOBIIMH pPE3UCTHBHOTO
MMOKPUTTS CTAHOBWIIA 35 MKM 1 HE BIIMBaja Ha 3HAYCHHS TUTOMOTO OIOpY.

BcTranoBiaeHo, mo 31 30UIBIICHHSM BUTPUMKH IIiJ] 9ac TEPMIYHOI OOPOOKH
3HAYCHHS IHTOMOTO ONOPY METAJIOKEPaMiYHOTO PE3UCTUBHOTO  MOKPUTTS
3HMKY€EThCs Bia 0,45 Om-mm/Mm 10 0,37 OM-MM/MM.

TakuM 4YWMHOM, 3MIHIOIOYHM PEXUMHU TEPMIYHOI OOPOOKM METaIOKepaMIUuHUX
MOKPUTTIB HA OCHOB1 OOPHIIB HIKEIIO0 Ta XpOMY MO’KHA 3MIHIOBATH €KCILTyaTaIlliH1
XapaKTEPUCTUKU TUTIBKOBUX HArpIBHUX €JIEMEHTIB.

1. Qypsrina 3.A., KosOactok T.M., becmamo C.A. AHamiza KOHKYPEHTOCIHPOMOXKHHUX METOJ
MIJBUIICHHS EKCILTyaTalliiHUX BJIACTUBOCTEH (DYHKIIOHAJIBHUX IApiB IUIACKUX HarpiBalbHHUX
eneMeHTiB // Ycnexu ¢pusuku metamwios. — 2016. — 1.17. — Ne 1. — C.29-51.

2. Duryahina Z.A., Kovbasyuk T.M., Bespalov S.A., Pidkova V.Ya. Micromechanical and
Electrophysical Properties of Al,O; Nanostructured Dielectric Coatings on Plane Heating
Elements // Materials Science. — 2016. — Vol. 52. — No. 1. — P.50-55.

3. Duriagina Z, Kovbasyuk T., Zagula-Yavorska M., Bespalov S., Drajewicz M., Dychton, K.,
Kindrachuk M. Comparative estimation of the structure and electrical propertiers of functional
layers based on PBO-ZNO-B,0; glass ceramic sealant // Powder Metallurgy and Metal
Ceramics. — 2016. — Ne 9/10. — P.580-584.

4. Duriagina Z., Kovbasyuk T., Bialopiotrowicz T., Bespalov S. Energy state and micromechanical
properties of PbO-ZnO-B,0; glass—ceramic functional coatings on AISI420 stainless steel
substrate // Functional Materials. — 2017. — Vol. 24. — Ne 2. — P.1-6.
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BusHaueHHs cepeHBOrO AiaMeTpy HaHocTpu:xkeHiB Maunran (IV)

OKCH/Y Pi3HOI0 MOXOJKEHHSI B IPOorpaMmuomy cepenosuuri ImagJ ta
SciDAViI

KoBiHuyk I.B.l, Coxonbebkuii I.B. 12 , I'arok H.B.>®

1HaL;i0HaﬂbHuL7 mexHiuHul yHigepcumem Yxpainu «Kuigcokuu noaimexHiuHuu iHcmumym imMeHi
leops Cixkopcoroeo», 03056, np. Ilepemocu 37, m. Kuis, Ykpaina
ZHauiOHanbHuﬁ asiayitinutl ynieepcumem, 03058, np. Jlrooomupa I'yzapa, 1, m. Kuis, Ykpaina
3Eiﬂ0uepl<iecbl<uﬁ Hayionanvrull acpaprutl yHieepcumem, 09117 ni.Cobopna 8/1, m.bina llepkaa,
Ykpaina

3pocTatoul MOTpeOU CydacHOI  MPOMHCIOBOCTI E€JNEKTPOHIKM BUMAararoTh
CTBOPEHHS HOBHUX Ta TIOKpAllleHHs B)KE€ HASBHUX MaTepiayiB 1 TEXHOJIOTIMH.
[HTEHCUMBHUI  pPO3BUTOK  HAHOTEXHOJIOTIM  3YMOBJIIEHHM  KBAHTOBOPO3MIPHHUX
e eKTamu, 1110 BUHUKAIOTh 32 PO3MIpiB YaCTUHOK 0sin3bK0 10 —100 HM.

Oxkcun manrany (IV) € pemeBuM Ta MIMPOKO PO3NOBCIOKEHUM MPUPOTHUM
MaTtepiaiioM. BiH BHpPI3HIETbCA CTPYKTYPHHM pPO3MAITTSM 1, SIK HACIHIJOK,
VHIKQJIbHUMH BJIAacTUBOCTSIMH. Came TOMYy BiH 3HAMIIOB IIMPOKE BUKOPHUCTAHHS B
AKOCTI  KaTamizaropa, ¢oTokarajgizaTopa Ta Yy BOJOOYMCHUX Mpoliecax.
OyHKIIIOHAIBHI BIACTHUBOCTI HECTEXIOMETPUUHUX OKCHUJIB Ha MpPSIMY 3alie’KaTh Bijl
MOXO/DKEHHS, MOp(OJIOTii, TUCTIepCHOCTI, POPMU Ta PO3MIpPIB YAaCTUHOK MaTepiaiy.
ToMmy BaX1MBO KOHTPOJIIOBATH Il MapaMeTpyd B XOJ1 pOOOTH MO CHHTE3y HOBHUX
Marepiaiis.

Bigomo, mo okcun wmanrany (IV) oTpumanuii eneKTpOOCAKEHHAM 13
(TOPBMICHOTO €JIEKTPOJIITY TMPOSBIISIE 3HAYHO BUILY KATATITHYHY Ta €IEKTPOXIMIUHY
AKTUBHICTH B MOPIBHAHHI 13 npupoaHuM. [1]. KpiM 11poro nouinbHe MoaudiKyBaHHS
OKCHJly MaHTaHy 10HaMH METaJlIB Ta aMOHII0 HUISIXOM JOMYyBaHHS a00 CTBOPEHHS
KOMITO3UTHHUX MaTepiajliB 3 METOIO TOCSTHEHHS 3aJaHNX BIACTHBOCTEH.

-
SEM HV: 10.0 kV/ 'WD: 2.99 mm || MIRA3 TESCAN|

View field: 1.000 pm Det: InBeam 200 nm
SEM MAG: 289 kx 6

Puc. 1. ®otorpadis oTpumana 3a JOMOMOTOK CKaHYBAJILHOTO €JIEKTPOHHOTO MIKPOCKOIIA:
a) 3pa3oK PI/II[HIHpOBCBKOFO XIMIYHOTO 3aBOJYy; 0) CHHTE30BaHHM IOKCH]l MAaHTaHy JOTIOBAHHIA
ronamu NH

SEM HV: 10.0 kV WD: 1.98 mm
View field: 2.00 ym Det: InBeam
SEM MAG: 84.8 kx
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[TopomkoBi 3pa3ku omMoBaHUX MarepianiB Ha ocHoBi MaHraH (IV) okcuay Ta
NH*" cuHTesyBanu y craHmapTHiH TPhOXENEKTPOIHIH KOMIpIi 3 BUKOPHCTAHHSIM
IUIATUHOBOTO ~ POOOYOro  €JEeKTPOJy Ta JBOX JIOMOMIXKHUX €JIEKTPOMdIB —
CKJIOBYTJIENeBUX IIacTuH. CKiaa CTaHAAPTHOTO (PIIyOPBMICHOTO EJIEKTPOJITYy OyB
takuM: 0,7moinb/n MnSOy; 0,1mone/n HF. [2]. YTBopeHHs nomoBaHOTO MaTepially B
IpoLIeCi €JIEKTPOOCAHKEHHS IOCATANIOCS UIIXOM BBEJICHHS B €JIEKTPOJIT 1,5M0ob/1
aMOHII0 cyJbdary.

JIisi BU3HAYEHHS PO3MIPIB HAHOYACTHHOK TPOBEICHO TaKy MPOIEAYypy: 3a
dotorpadismu, orpumanumu 3a gomnomororo CEM, BHKOPHUCTOBYIOUM MpOTpamy
ImagelJ 3po6ienHo mo 30 3amMipiB IiaMeTpy HaHOYACTHHOK. Puc. 1.

Ha puc. 2. HaBeneHa 3ajexHiCTh YaCTOTH MOSIBU BiJ pOo3Mipy HAHOYACTUHKH:
a) JJis 3pa3ka IPUAHIITPOBCHKOTO XIMIYHOTO 3aBOAY, 0) IJI1 CHHTE30BaHOTO 3pa3Ka.
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Puc. 2. I'icrorpamu po3nojiny 3a JiaMeTpoM HaHOYAaCTHHOK

[IpoBeneno craructuuHy OOpOOKYy OTPUMAHUX PE3YJbTATIB 3a JOMOMOTOIO
nporpamu SciDAVi 1 BCTaHOBJIEHO, IO JilaMeTp HAHOYACTHHOK CHHTE30BAHOTO
3pa3ka B CepeIHbOMY BIBIUl MeHIHH, Hix [1X3, a Takox po3mipu HaHOYACTUHOK
KOJIMBAIOTHCS Y 3HAYHO MEHIIOMY jiana3zoHi. CepeaHiil po3Mip YaCTHHKHU CKJIAJa€
10,4 - 15,2aMm (B mro BuOipky notparuisie 78% 3amipiB). Jns 3paska [1X3 cepenniit
po3Mip ckiagae 26 - 34um (st 70% 3amipiB).

[Turoma mmoma moBepxHi 3pa3ka [1X3, Buznauena metonoMm BET, cknanae
22M°/T, a y CHHTE30BaHOTO 3paska - Maibke B 100 pasis 6inbima - 180-200m%/r. OTixe
0aurMMO HEBIJAMOBIIHICTh 3aJICKHOCTI MUTOMOI IUIONI IMOBEPXHI BiA JlaMeTpa
HAHOYACTHMHKU. 3 YOro MOKHA 3pOOMTH BHCHOBOK TIIPO BHCOKY CTYIHiHb
arperoBaHocTi 3pa3ka [1X3, 1110 miaTBepHKYETHCS Bi3yaIbHIMH CTIOCTEPEKEHHIMMU.

1. Liu X., Chen C., Zhao Y., Jia B. A review on the synthesis of manganeseoxide nanomaterials
and their applications on lithium-ion batteries // J. Nanomaterials. — 2013. — Vol. 2013

2 MakeeBa [.C. MexaHisM Ta KiHeTuka enektpookucieHHs ioHiB Mn(ll) 3 dropemicHOrO
enekTpomity //ABtoped. kann. xim. Hayk. K.: [I3BHX — 2000. — 16 c.
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Model of a system of nanostructured plates covered by a magnetically
sensitive coating

Kovtunovych V.!

! Institute of High Technologies, Taras Shevchenko National University of Kyiv, Glushkova ave.,
4¢, Kyiv-03187, Ukraine.
E-mail: valdis0239@gmail.com

Search for targeted therapy of severe diseases is one of the relevant problems
in modern science. This is due to the severe consequences and side effects of existing
drugs.

Furthermore, modern medicine requires more and more effective treatments
that can be reached by using nanotechnologies. We can improve the health of all
biological organisms, make healing more safe and controlled. [1]There are a lot of
concepts about it, based on chemical reactions or biological processes, that can’t
allow full control over healing substances. The idea of the work is to use the physical
effects to construct the nanorobots for targeted therapy. As a nanorobot the system of
nanosized plates with a magnetically sensitive coating is proposed. The advantage of
this approach is the generality of physical effects in various biosystems. For targeting
of the nanorobots in the model the magnetic field is proposed. This was chosen due to
the safety of the magnetic field for living organisms. Size of proposed structures
varies between 50 to 100 nm, which makes it possible to introduce them in blood and
to decrease their toxicity. Nanobots will be able to drift in blood with medicine
attached. When needed in some area, they can be stimulated by a magnetic field and
navigated to the said area where the agent will be detached. By introducing this
method in medicine, vaccine usage will become more efficient and the substance
could be operated more focused.[2] In this work the model of such systems was
proposed, described and their motion in an external magnetic field of several
configurations has been simulated. One of the results of the work is shown in fig. 1.

Fig. 1 Scheme of nanorobot

1. Syed Abeer. JIMSA July-September 2012 Vol. 25 No. 3 — Future Medicine: Nanomedicine.
University of Glasgow, United Kingdom

2. Bhat AS. I.J.E.IM.S., VOL.5 (1) 2014:44-49 - NANOBOTS: THE FUTURE OF MEDICINE.
Department of Instrumentation and Control, College Of Engineering, Pune (COEP),
Shivajinagar, Pune-411005, Maharashtra, India
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Solar panels. Application and future prospects
Kulai V.V., Mahnovskyi M.K., Mazur T.M.

Ivano-Frankivsk National Technical University of Oil and Gas., lvano-Frankivsk, Ukraine
tetiana.mazur@nung.edu.ua

One of the promising areas of innovation in the world is the implementation of
scientific projects in the field of alternative energy based on renewable energy
sources, in particular solar. Humanity needs more and more energy, which in the near
future will be difficult or even impossible to obtain from non-renewable sources. If
we take into account the so-called geological reserves, which will be explored in a
timely manner, and their exploitation is not delayed, then, taking into account the
ever-increasing level of energy consumption, fossil fuel may be enough for another
100-150 years. Therefore, the use of solar panels today is one of the main ways to
solve economic and energy problems in the world.

The use of solar panels is the most affordable, since even in winter, the sun's
rays are shining outside, which can generate at least the minimum amount of required
energy. In addition, they have a really long service life, as a result of which there is
an impeccable return on investment. When you divide the cost of installing the
photovoltaic cells by the number of years they can stand, the savings are tangible. A
self-contained solar cell can produce enough energy to satisfy household problems. In
addition, the battery ensures complete independence of the power system in the
future. Also, the installation of collectors does not require careful maintenance: only
periodic cleaning. Therefore, in the EU countries, the popularity of solar panels is
growing every year.

The solar panel consists of an aluminum frame, tempered glass, two sealants, a
solar panel, a back cover, a junction box (Fig. 1).

—— Aluminium Frame
—— Tempered Glass

—— Encapsulant - EVA

—— Solar cells

—— Encapsulant - EVA

—— Back sheet

Junction Box

Image Credit Trina Solar /

Fig. 1. Elements of the construction of the solar battery.

In the modern production of solar panels (batteries), silicon is used as the main
material. It is a common material in nature, but it has many unnecessary impurities
that should be removed for further use. The cleaning process itself is laborious and
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costly, which in turn affects the cost of solar panels. After all, the purer the silicon,
the higher the panel efficiency.

There are two common types of silicon found in solar cells. It is
monocrystalline and polycrystalline. Their production technology is as follows.

First, monocrystalline silicon is melted, then a natural integral crystal is grown
from the liquid mass. When the monolith reaches the required size, it is cut into very
thin plates and only then used in the production of photocells. This is the longest and
most costly process. But thanks to such monocrystalline solar cells, you can get the
maximum value of the efficiency from solar power plants.

When using polycrystalline silicon, a simple technology is used and the
presence of impurities is allowed, therefore this technology is much cheaper. First,
natural silicon is melted, then the resulting vapors are cooled. This is how the plates
for polycrystalline panels are formed.

The junction box is a small, weatherproof enclosure. The box is the back that is
part of the solar panel. The junction box is an important component because it is the
central point where all structural elements are connected and also protects against
moisture and dirt.

The aluminum frame plays a critical role in both protecting the battery and
providing a solid structure for installing the solar panel. The frame should be
lightweight yet rigid and capable of withstanding extreme loads in strong winds and
external forces.

Electricity consumption is growing every day, along with this, the popularity of
renewable energy sources is growing, the development of which becomes a priority
for each state. The popularity of alternative energy and, as a consequence, a very high
demand for semiconductor solar energy sources of various capacities have created
favorable conditions for the creation of an innovative product (solar panels) in this
area of science and production. Therefore, scientists are faced with the task of
improving alternative energy sources, continuing their research, improving the
quality of their use and increasing their energy production.

1. https://www.atmosfera.ua/uk/sonyachni-elektrostancii/statti-pro-sonyachni-elektrostancii/

2. https://www.unian.ua/ecology/alternativeenergy/1112310-perspektivnist-vikoristannya-energiji-
sontsya.html

3. https://avdvca.gov.ua/avdiivka/enerhozberezhennia/1675-alternatyvni-dzherela-enerhii-
soniachna-enerhiia.html

4. https://joule.net.ua/ua/articles/z-chogo-zroblena-sonyachna-batareya

https://vido.com.ua/article/13954/novi-rozrobki-u-sfieri-soniachnikh-batariei-dozvoliat-ghienieruvati-
ienierghiiu-z-doshchu/

o
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IHoBepxHeBe nedopmaniiiHo-audysiiiHe 00po0JIeHHSI TATAHOBOIO
ciiapy BT22

JlaBpuchr C.M.

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

JIBopa3zHi TUTAHOBI CIUIaBU 3aBISKHU MPUTAMAHHOMY iM KOMILIEKCY (i3UKO-
MEXaHIYHUX 1 MPOTUKOPO3IMHUX BIACTUBOCTEH € IIMPOKOBKMBAHMMHU MaTepiaiamu
Ui BITYM3HSHOTO aBiaOynayBaHHs. s mpukiamy, 3aMiHa CTaJeBUX KOHCTPYKIIIH
maci JiTaka Mapku AH-124 Ha KOHCTPYKIIii 3 TUTaHOBOTO ciuiaBy BT22 mo3Bosuia
3a0€3MeUYnTH BUIUN pecypc CTIHOK Mmaci Ta 30UIBIIMTH BaroBy €(EeKTHUBHICTD
3actocyBanHs Ha 10-15%. [Ipore HU3BKI TPUOOTEXHIUHI XapAKTEPUCTUKN TUTAHOBUX
CIUIaBIB YHEMOJIMBIIIOIOTh iX BUKOPUCTAHHS Y TPUOOCHPSKEHHAX 0€3 101aTKOBOIO
MOBEPXHEBOTO OOpOOJICHHS, a, BIATaK, OOyMOBIIIOIOTH HEOOXITHICTH PO3POOJICHHS
e(EeKTUBHUX METOJIB MOBEPXHEBOT0 3MIIHEHHS. Y JaHid poOOTi 3ampOornoOHOBAHO
MIJBUIIATH TPUOOTEXHIYHI XapaKTEPUCTUKU ABOGA3HOIO THUTAHOBOI'O CIUIaBY
MTOBEPXHEBUM JiepopMaLiiftHO-Tu(y31iHHIM 0OpOOIEHHS.

Jlane oOpoOsieHHsT mependadano KOMOIHAIII0 METOJIB  IONEPETHbOrO
XOJIOZIHOTO TOBEPXHEBOI'O IUIACTUYHOrO Je(OpMyBaHHS Ta HACTYIHOI'O XIMIKO-
TEPMIYHOrO 0OpOOJIeHHS. 3 yCl€l HOMEHKIATYpu METO/IB XOJIOJIHOTO MOBEPXHEBOTO
IacTUYHOTO JedOopMyBaHHS, 3aCTOCOBYBAJM METOJ] OOKOYYBaHHS aJMa3HOIO
KyJibKolo, gke 3aiiicHioBany B IHM HAH Vkpainu. Sk Ximiko-TepMiuHe 00poOIeHHS
oOpaiu ra3oBe a30TyBaHHS, CyMIIIIEHE 31 3MIITHIOBAIHLHUM TEPMIYHUM OOpPOOIECHHSIM
CIuTaBy. A30TyBalli Ha yCTAaHOBII, sika po3poOieHa Ta BuroroBieHa B ®MI HAH
VYkpainu. EdektuBHicTs nedopmariitHo-audy3iiHoro oOpoOIeHHS OIIHIOBAJIH,
MOPIBHIOIOYM 3  a30TYBaHHSIM 3a AQHAIOTIYHUMH  TEMIIepaTypHO-YaCOBUMH
napameTpamu 0e3 mornepeaHboro neGopmMyBaHHS.

[lokazaHo, 110 NPOBEAECHHS TMONEPEIHHOTO IOBEPXHEBOIO JehOopMyBaHHS
iHTeHCU(DIKYye Ta30BE€ a30TYBaHHS, CYMIMIEHE 31 3MIIHIOBAILHUM TEPMIYHUM
o0po6ieHHs M crutapy BT22, mo miarBepmxyerbess Ha 50% BHIOK MOBEPXHEBOIO
MikpoTBepAicTiO Ta Ha 30% riauOmuM 3MINHEHUM IIapOM B TOPIBHAHHI 3
a30TyBaHHSAM 0€3 TONEePETHHOTO TOBEPXHEBOTO Ie(hOpMyBaHHSI.

AHani3 pe3ysbTaTiB TPUOOJIOTIYHUX BUIIPOOYBaHb CIUIABY MOKa3aB, 11O B 30HI
CTaOUIBbHOTO 3HOIIYBAHHS HAWHUKYUM KOE(DIIEHTOM TepTd Ta TEMIEPATypolo B
OKOJII 30HM TEpTsA BOJIOJIE TpuOomapa, 1€ THUTAHOBUU CIUIaB 3MIIHIOBAJIH
nedopmartiitHo-qudy3iiiHIM  00pobsieHHsM. BcranoBneno, 1mo nedopmartiitHo-
mudysiiine  0O0poOJIeHHS THUTAHOBOTO  CIJIaBy  CHPHUS€  MIJABUIICHHIO  HOTO
3HOCOCTIHKOCTI y Tpubomnapi 3 Oponzoro bpAXKH 10-4-4 yasiui Ta Ha 30% 3HMKYE
Koe(iIieHT TepTs TOPIBHSIHO 3 a30TYBaHHSIM O€3 TMOIMEPEIHHOTO0 TOBEPXHEBOTO
nepopMyBaHHS.
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JlazepHe moBepxHeBe 3MIllHEHHH MeTajJleBUX BUPOOIB 3a ciocoooM
MiITPUMAHHS NMOCTINHOI TeMIIepaTypu

1* . . - .
Jecuk JILA." , Maprine3 CA JxeMemHCbKui B.B.}, Jlamiki3 A.2

1 . o . o« . o . o . . oo . .
Hayionanonuii mexuiunuii ynisepcumem Ykpainu "Kuiscokuil noaimexnivHuil iIHCmumym imeHi
]e'op}z2 Cikopcwkoeo", Kuis, Yrpaina (* — lesyk_d@ukr.net)
Yuieepcumem Kpainu backis, binvbao, Icnanis

Bubip cmoco0y a3epHOro MOBEPXHEBOTO 3MIITHEHHS CTAJICBUX JCTANICH €
BOKJIUBUM JIJIs1 TOCATHEHHS HEOOX1THOT/PIBHOMIPHOI IITMOWHM 3MIITHCHHS, YHUKAIOUH
oriaBieHHs noBepxHi. [Ipu BukopucTanHi Oe3mepepBHOIO BUIPOMIHIOBAHHS MOXKE
OyTH BUKOPHUCTAHO JIBa CIIOCOOM JIa3€pHOTO TEPMO3MIIHEHHS METAJIEBUX JIE€TaJeH,
30KpeMa crnoci®é MiATpUMAaHHS TOCTIMHOI TOTYXHOCTI Ja3epa abo MOCTIHHOI
TeMIIepaTypH HarpiBaHHs B 30Hi JIii j1a3epHOro mpomens [1].

Ha BinmiHy Bia crnocoOy MiATpUMaHHS MOCTIHHOT MOTYKHOCTI Jlazepa, Crocio
MIATPUMaHHS MOCTIHHOI TeMIepaTypy HarpiBaHHS B 30HI [Iii JIa3€pHOTO MPOMEHS
JI03BOJISIE YHUKHYTH HEOa)XaHOTO TMeperpiBy abo OIUIABJICHHS 30H IIOBEPXHI
P 3MiHI TOBIIMHU Ta HAXWIIy, @ TAaKOX IMPHU MEPEMIIIEHHI JIA3epPHOTO MPOMEHS 10
Kpalo  0OpoOJIIOBaHOI 3arOTOBKM 32 PaxyHOK aBTOMAaTHU30BaHOI  CHUCTEMH
BUMIPIOBAHHA Ta KOHTPOJIIO TEMIIEpaTypu HArpiBaHHS B 30H1 0OpOOKH, 110 JO3BOJISIE
BapIIOBATH MOTYKHICTB JIa3epa.

VY mpoueci BUMIPIOBaHHSI TeMIlepaTypyd B 30H1 Ali Ja3epHOro NPOMEHs Ha
00poOIOBaHIil MOBEPXHI AETalll MIPOMETPOM BIIOYBAETHCS MEPETBOPEHHS 3HAYEHD
BUMIPSHOTO JIa3€pHOTO BUIPOMIHIOBAHHS 10 3HA4eHb peajbHOI TeMIlepaTypu Ha
0oOpoOIOBaHIl TOBEPXHI, fAKI TOPIBHIOIOTHCS 3 OMOPHUM BXIJHUM 3HAYCHHSIM
temrniepatypu. IloTim depe3 mnponopuiitHo-inTerpanbanii  (I11) kouTponep, 3a
JIOTIOMOTOI0 CIeIIabHOTO TporpamHoro 3abesnedeHHs (I13) 1 cmemianbHOI TUIaTH
300py Ta 00pOOKHM JTaHWX, KA y BIJICOTKOBOMY BIJIHOIIEHHI, MEpeaac CUTHAIU IS
HEOOX1THOT TOTYKHOCTI Jiazepa. 3 ypaxyBaHHSM CHUTHAjy TemIeparypa B 30H1 Jii
JIa3epHOTO MPOMEHS MiITPUMYETHCS 32 pPaXyHOK 3MIHH MOTY>KHOCTI Ja3epa (puc. 1).

n3

I

Ml KoHTponep = nnara =1 fnasep |——————
Temnepartypa

BUXigHA

Temnepartypa
BXiAHa

Temnepartypa
BUMipAHa -
—— nipomerp

Puc. 1 — biok-cxema KOHTPOJIIO TeMIIepaTypy HarpiBaHHS B 30H1 Aii Ja3€pHOTO MPOMEHS

BukopuctanHs  OpONOPIINHO-IHTETPAIBHOIO  KOHTpoOJjepa  J03BOJISE
perynoBaTH HEOOXIHY 3aJaHy TeMmieparypy T, B 30H1 [ii Jla3epHOTO MPOMEHs Ha
oOpoOuroBaniit moBepxHi netaii [2]. [TosHaunBmm yepes X(t) po3ranryBaHHs rapsdoi
30HU Ha MMOBEPXHI1 JAeTajl B MOMEHT 4Yacy 1, 3anuiemMo:

T.O=TX®).DA, (1)
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Toai pi3HMIIO MIX BUMIPSHOIO (IIMICHOIO) TeMIIepaTypol0 HarpiBaHHsi [, B
30H1 JIi1 JIa3epHOTO MIPOMEHS 1 3a1aHO00 (BXI1JIHOIO) TeMIepaTyporo T, BU3HAYAEMO:

et) =T, -T,(x(®).1), (2)
B manomy cmocobi mapamMeTpoM KEepyBaHHS € TOTYXKHICTh Jiazepa. Yac
oOMeXeHHS TpencTaBisaeTbes y Bursimi 0 = th < t; < ... <ty = t,, a anroputm

BUXIHOTO curHaixy st I KOHTpOIIO IMOTY)KHOCTI J1a3epa MOYKHA IPEACTaBHTH
HacTymHAM 9rHOM (Uit | = 0 go N-1):
e(t)=T —T (x(t)t), (3)

P(t,.) =k e(t) + ki}e(t)dt , 4)

o
ne P — moTyxHicTh nasepa, K, — koedilieHT mpomnopuiiHocTi, K; — KOHCTaHTa
inTerpyBanHs, e(t) — curHaNm HEy3TrOKEHOCTI (Pi3HHIS MK CHTHAJIOM 3BOPOTHOTO
3B'SI3KY 1 331aHUM).

Bu3HaueHHS ONTHMAJIbHUX 3HA4YeHb KOHCTAHT Kp, Ta K; 3IiHCHIOETBCS Ha
OCHOB1 KPOKOBOTO BIATYKY CHCTEMH, a IHTETPYBaHHS B PIBHSHHI (4) MOBUHHI OyTH
3aMIHEH1 BIATOBITHUMHU JUCKPETHUMH aHAJIOTaMU IIPH 3'€JHAHHI I[bOTO AJITOPUTMY 3
YHUCEJHHOIO alpPOKCHUMAIIIE€I0 PIBHSIHB CTaHy. Bi3yaunizallilo KOHTPOJIIO TeMIepaTypu
HarpiBaHHsd B 30HI 1ii jaszepHoro mpomens (T =1270 °C) Ha moBepxHi, 30KpeMa
3pazka 13 craimi X12MO®, Ta 3MiHa MOTYXHOCTI jla3epa MpU HIBUIKOCTI OOpPOOKH
90 MM/XB TTOKa3aHO Ha pUC. 2.
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i ' e ur‘— iy o
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2. - 800
— 1000 —
- o
g 200 wm& - 600 l_E"
B ‘\ o
@ goo T
=% - 400 ;
(]
C  a00 ey
= o]
o - 200 =
— 200
——=Temnepatypa -——[oTyH®HicTe
0w & 0
1] 10000 20000 30000 40000 50000
Yac, t [mc]

Puc. 2 — Bizyanizanis TeMriepaTyps HarpiBaHHs 1 MOTYKHOCTI Jia3epa B peajlbHOMY Yaci

Taxkum 4rHOM, 3aNpPOIIOHOBAHA CXeMa MPOIIECy JIa3epHOr0 TEPMO3MIITHEHHS 3a
QITOPUTMOM KOHTPOJIIO TEMIIEpaTypy HarpiBaHHS B 30H1 Jii JA3€pHOTO MPOMEHs
J03BOJISIE MIATPUMATH MOCTIMHY TeMIEpaTrypy HarpiBaHHs, OTPUMATH PIBHOMIPHY
INIMOMHY 3MIIHEHHS, YHUKHYTH HEe0aXaHOTO IMEperpiBy 1 OIUIABJICHHS CKJIATHUX 32
KOHCTPYKLI€IO TOBEPXOHb Ta X BUXIJHUX YaCTHH, 3MIHIOIOUM MOTY>KHICTb Jla3epa.

1. Lesyk D.A. Surface microrelief and hardness of laser hardened and ultrasonically peened AlSI
D2 tool steel / D.A. Lesyk, S. Martinez, V.V. Dzhemelinskyy, A. Lamikiz, B.N. Mordyuk, G.I.
Prokopenko // Surface and Coating Technology. — 2015. — Vol. 278. — P. 108-120.

2. Homberg D. PID-Control of Laser Surface Hardening of Steel / D. Homberg, W. Weiss // IEEE
Trans. Control Syst. Technol. — 2006. — Vol. 14. — P. 896-904.
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CuHTe3 TAa ONTHYHI XaPAKTEPUCTUKHA KBAHTOBUX TOYOK AgJ—Ga-S

Jlonmymancbka B.B.l, TToromiu A. I.l, Jlonymanchkui B.B.?

! Yoiceopoocvruii nayionanerutl ynisepcumem, Yauceopoo, Yrpaina
Inemumym enexmponnoi ¢izuxu HAH Ykpainu, Yoiceopoo, Yrpaina

BifcyTHICTh TOKCMYHMX KOMIIOHEHTIB Yy TOTPIHHUX HaIliBIPOBIAHUKOBHUX
kBaHToBUX Toukax (KT) AgQ-In-S no3Bonse 3actocoByBatn ix y Oiojorii Ta
MEIMIIMHI, a TAaKOXX y CBITJIOAIOAX, COHSYHUX OaTapesx, JAaTYMKax TEeMIIepaTypH,
dotokaramizi. MoxxiauBocTI BapitoBaHHsS BiacTuBocTe mnoTpiHux KT y Oinbm
[IMPOKOMY CHEKTPAJbHOMY IHTEpBaJl CIiJ OYIKyBaTH MpH 3aMiHl 10HA 1HAIIO Ha
IHIMMKA HETOKCUYHUM TPUBAJICHTHUN 10H Ga3+, OCKUIBKH BIZOMO, IO 00'€eMHHU
HamiBOpoBiMHUK AQGaS, XxapakTepusyeTbCcs TMOMITHO OLIBIIOK — HIMPUHOIO
3a0opoHeHoi 30HH (2.51-2.73 eV).

Jns xonoinHoro cuaTe3y KT Ag—Ga—S nHamu MoaudikoBaHO BiAOMHI MiAXiJ,
po3BunyTuii PaeBchkoro Ta iH. 1 orpumanHs KT Ag-In-S y mnpucyrtHOCTI
rinyrationy (GSH) npu momipaux ymoBax [1].

Insxom OaraTtopa3oBoro HEHTpU(PYTyBaHHS 3 MOCIIJOBHUM J0JIaBaHHSIM
MOTAHOTO PO3YMHHHUKA (2-TIPOIMAaHOy) BUIUICHO (pakiii KOJOiMHUX PO3YMHIB 3
po3auiennmu 3a po3mipom KT, ananmoriuno 1o npouenypu, onucanoi panime [1,2].

[Tapametrpu KT y po3aineHux 3a po3MipoM KOJIOIJHUX PO3UYMHAX OYyJI0 OLIHEHO
3a JJAaHUMU ONTHYHOTO MOTNIMHAHHS Ta GoTtomtominecueHii (DJI). s BumiproBaHb
CTHEKTpPiB ONTUYHOTO NormnHaHHA Ta OJI BuKkopucToByBanu crekrpodoromerpu Cary
50 (Varian) ta XploRA Plus (Horiba).

CrekTpu ONTUYHOTO TOTJIMHAHHSA KOJIOITHUX PO3YMHIB OTPUMAHUX (DpaKiriii
Hecrexiomerpuunux KT Ag-Ga-S, BumipsHi micis 3-micssyHOro 30epiraHss,
MOKa3aHO Ha puc. la, 3 SIKOTO BHJHO, IO 31 30UIbIIEHHAM HOMepa (pakiii kpain
MOTJIMHAHHSA TIOMITHO 3MIIIYEThCS Yy OIK BHINUX EHEPrid, IO € CBIIYEHHSIM
3MmeHIeHHs po3mipy KT.

200k i 44 L O nomipsHi oppasy g i
[Agl:[Ga]:[S] I nicnsi CUHTE3Y 6 é ]
oL 1:4:5/GSH ] 40 - ) . o) -
S50l ) B nicna 3-MiCa4HOro ]
a I 36 | 36epiraHHs 4

0 - ] I
. S8 B a2l 5 .
1100 1 5 I ]
= w 28| 4
i 24 | ; B .

I o
] 20 -
a L o 6 ]
. L 16 1 - 1 " 1 " 1 L

10 15 20 25 30 35 40 45 0.4 06 0.8 1.0 1.2
Eneprin, eB CniBBigHOLLEHHS BMICTY 2-nponaHony 40 BOAM

Puc. 1. (a) ChmexkTpu ONTUYHOTO TMOTJMHAHHS KOJOIJHUX PO3YMHIB (PPaKLIOHOBAHHX 3a
po3mipom KT Ag—Ga-S micas 3-micsaHoro 30epiranss; (0) 3aJexXHICTh ITUPUHA 3a00pOHEHOT
30uM KT Big 06'eMHOT0 CiBBiAHOIIEHHS BMICTY 2-TIPOIIAHOY 10 BOJM.
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CIIeKTpH OINTHYHOrO MOTJIMHAHHS, MOOyZoBaHi B koopamHatax (ahv)? sk
byHKIig hv, 1e o — KoedillieHT MOrTUHAHHS) I/ IPSIMO30HHUX HAIBIPOBIIHUKIB
JO3BOJIAIOTH BU3HAUUTH IIUPUHY 3a00poHEHO1 30HH Ey 1yt koxxHOI paxii (puc. 16)
IUISIXOM €KCTPaIoJISIi JIHIMHOT TUISHKH JI0 IEPETHUHY 3 BICCIO €HEPTii.

Jlo1ipHIIIe pO3rIsAaTH KOPEJSIio He 3 HoMepoM ¢pakiiii, 10 € HeIOCTaTHbO
1H(QOPMATHBHOIO XapaKTEPUCTUKOIO, a 3 O00'€MHHUM CITIIBBIJIHOIIEHHSIM KIJBKOCTI
MOTaHOTO PO3YMHHUKA (2-TIPOTIAHOY) JO0 BOAHM Y KOJIOIZHOMY PO3YHHI, 3 SKOTO
oca/KyBaJiacs BIJIMOBIIHA paKiis,

31 CHOEKTpIB ONTUYHOrO TOTJMHAHHS, BUMIPSHUX TICHSA 3-MICSYHOTO
30epiranHs po3uMHIB (puc. la) MokHa 3pOOMTH BHUCHOBOK, IO CHHTE30BaHI Ta
posmoaineHi 3a po3mipoM komnoinHi po3unau KT Ag—Ga—-S/GSH e, noniono mo Ag—
IN-S/GSH [2], nocuTh cTabiIbHAUMHE ITPH KIMHATHIHM TeMIieparypi.
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Puc. 2. Criekrpu @JI okpemux dpakmii KT Ag—Ga—S. Ha BcTaBii moka3aHo KOPEISIIito Mix

BEJIMYMHOIO CTOKCIBCBKOTO 3MiIlIEHHs Ta 00'€MHUM CIIBBIIHOIIEHHSIM 2-IIPONAHOIY 10 BOAM JJIs
¢bpaxuii KT.

Bussneno mmpokocmyroBy ®JI ¢pakmiit 3 KT Ag—Ga—S Ginbiioro po3mipy
(puc. 2), npudomy eHeprist Makcumymy DJI Ta CTOKCIBCbKE 3MIllICHHS (PI3HHUIIS MiX
Ey 1 nonoxennam wmakcumymy PJI) 30umbmyrorscs 31 3meHmeHHsaM KT, mo
crnioctepiraernces i s cnopinnennx KT Ag—In-S [1,2].

1. O. Stroyuk, A. Raevskaya, F. Spranger, O. Selyshchev, V. Dzhagan, S. Schulze, D.R.T. Zahn, A.
Eychmiiller, Origin and dynamics of highly efficient broadband photoluminescence of aqueous
glutathione-capped size-selected Ag—In—S quantum dots, J. Phys. Chem. C 122 (2018) 13648—
13658.

2. B.V. Lopushanska, Yu.M. Azhniuk, V.V. Lopushansky, Sh.B. Molnar, I.P. Studenyak,

O.V. Selyshchev, D.R.T. Zahn, Synthesis from aqueous solutions and optical properties of Ag—
In—S quantum dots, Appl. Nanosci. 10 (2020) 4909-4921.

254



@3 CM®XT — 2021

CreKkTpH NPONMYyCKAHHA BiiIaJICHUX HAHOPO3MIPHHUX ILIIBOK 30J10TA 3
KJIMHOBU/IHMUM PO3NOJIJIOM TOBIIMHH

Tapnaii A.A.', Kupuenko B.K.}, Tpysos M.JLY, icax P.ILY, [Tor M.M."?, Mope3os O.FO.%,
Jlykia 0.B.?

11Hcmumym npobnem peecmpayii inpopmayii HAH YVkpainu, Yoiceopoo, Ykpaina
center.uzh@gmail.com
2 . . . .
Yatwceopoocvkuii nayionanvnuil ynigepcumem, Yaic2opoo, Yrpaina

Macusu HanoyactuHok (HY) 3o0moTa piznoi mopdoJiorii (K ynmopsiKoBaHi, Tak
1 HEYHOPSIAKOBaH1) MIMPOKO BHUKOPUCTOBYIOTHCS ISl MIACUJICHHS Pi3HUX (PiI3UIHHUX
SIBUIIL [1-3], ocCKiIbKM Taki MacHUBU MOXYTh MPU3BOJUTH JO 3POCTaHHS
€JEKTPUYHOIO TMOJS Ha JIeKUIbKa TMOPSAKIB 33 paxyHOK 30yIKEHHS B HHX
MOBEpPXHEBOro miasMoHHOro pezonancy (IIIIP). Ilpu upomy, mopdororis mMacusiB
HEYMOPSIIKOBAHUX HAHOYACTHHOK Ta 1X ONTHUYHI XapaKTEPUCTHKU CYTTEBO 3aJIC)KAaTh
Bl TOBIIMHM BHUXIJIHMX IUTIBOK Ta PEXHUMIB iX TepMooOpoOku [4]. OnHum i3
MOJIMBUX BaplaHTIB BHUPIIIEHHS 3aJayl MIBUAKOTO MOUIYKY HEOOXIJHHUX TOBIIUH
IUTIBOK 30J10Ta 7151 (hOpMYyBaHHSI MacHBIB HEYNOPSAIKOBAHMX HAHOYACTHHOK 30JI0TA 13
3alaHUMH MOP(OJIOTIEIO Ta CIEKTPATbHUMU XAPAKTEPUCTUKAMU € OJEPKaHHS ITIBOK
30J10Ta 3 KJIIMHOBUIHUM PO3IOI1JIOM TOBIIMHU.

B nanomy TOBIOMJIEHHI HaBeJeHI pe3yJbTaTH JIOCHIKEHb CIEKTPIB
MpoIycKaHHs HeynopsnkoBaHux macuBiB HU Au, onep’kaHuX HMUISXOM Bigmaidy Ha
MOBITPl IUIIBOK 30JI0Ta HAHOMETPOBOi TOBIIMHHM 3 KJIWHOBHUJHHM PO3MOJILIOM
TOBITUHHU.

Hanopo3mipai mmiBku AU 3  KIMHOBUIHUM  PO3MOJIIJIOM  TOBIIMHH
OTPUMYBAJIUCh HAa CKISHHUX MAKIaJKaX AOBXHHOK 75 MM 1 mmpuHOKO 8-12 Mm
PE3MCTUBHUM METOAOM Ha MOJEPHI30BaHId BakyymHii ycraHoBui BVYII-4,
JIOOCHAIIICHIN PSAAOM BY3JiB, K1 3a0€3MeuUyoTh 3aJlaHHs], cTabuIi3aliio 1 KOHTPOJIb
OCHOBHUX TEXHOJIOTIYHMUX TMapaMeTpiB TMPOIECY HAMWJICHHS: TeMIepaTyp
BUIIAPOBYBaHHS Ta KOHJEHCAIlll, TOBIIMHA KOHIEHCATYy Ta IIBUAKICTH HOTO POCTY.
KivHOBUIHUI pO3MOALNT TOBIIMHM IUTIBOK JOCATaBCS 33 PAXyHOK CHEIU(pIYHOrO
PO3MIIIICHHS BUITAPOBYBaya BiIHOCHO MMiaKIaaKu [5].

B Hammx ekcmepuMeHTaX HOMIHAJIbHA TOBIIMHA ocamkeHoro 3omota (d)
BapiroBaiIach BiJ 5 10 55 HM 1 OIIHIOBAJIACH METO/IOM EJIITICOMETPIi 3 BUKOPUCTAHHSIM
cnektpaipHoro emincomerpa HORIBA Smart SE Ta mporpamHoro 3a0e3medeHHs
Delta Psi 2. ®otorpadii cBiI>KONMPUTOTOBAHUX 1 BiaMaJeHUX IUTBOK AU HaBeIeHI Ha
puc. 1.

1

1 RN BRI S GRS M R v
Puc. 1. ®otorpadii cBI>XONPUTOTOBAHOI (3BEpXY) Ta BiaNaaeHOi (3HU3Y) MIIBOK AU 1 JIOKAIis TOUYOK

BUMIipIOBaHHS TOBIIUH IUTIBOK Ta IX CIIEKTPiB MPOIYCKaHHS
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Binman mimiBok MpoBOAMBCS Ha MOBITPI mpu Temmeparypax 623, 673 1 693 K.
JloCmDKeHHST CIIEKTPIB MPOIMYCKaHHS CBLKOMPHUTOTOBAHMX 1 BIJAMAJEHUX ILIIBOK
npoBoAwiMch B AuUIAHIN crekTpy 400-800 HM 3a  J0MOMOTOI0  BOJIOKOHHOTO
cnekrpodoromerpa Ocean Optics. Ha puc. 2, HaBelneHi CHEKTpU MPOIYCKAHHS
KJIMHOBHUHOT TUTIBKM 30JI0Ta, BiAnajgeHoi npu 7=623 K, a B Tabuuili — TOBUIUHU
mwiBok AU Ta moyokeHHs Makcumymy cmyrd IITIP (Agpp) MacuiB HU 3o0moTa.
OpepskaHi XapaKTEpUCTUKU JIAaI0Th MOKJIMBICTb CTBEPKYBAaTH, IO BIJIAa IUIIBOK
AU mpu3BoguTh 10 (QopMyBaHHS Ha MOBEpxHI miakmanku MacuBiB HU 3omota 3
pi3HOI0 MOP(}OIIOTi€r0 HAHOYACTUHOK Ta BEJIMYHHOIO App. 3 TAOJHIN BUIHO, 11O TIPU
3017IbIIEHH] TOBIIMHU TUTIBKH Aqpp MAacHBIB HAHOYACTHMHOK 30JI0Ta 3MIIY€ETHCA Y
TOBTOXBUJIBOBY JUISTHKY CHEKTPY (Bix 526 HM I AUISTHKY TUTIBKH TOBIIUHOIO 5 HM
70 593 HM [ AUISTHKY TUTIBKA TOBIIMHOIO 36 HM). Jlis mmiBok AU BiAnajieHUX Npu
IHIIMX TEMIIepaTypax, pe3yabTaTH MO110HI.

100' T 1 T NP L 4 Y
"WM

wu‘.u AP “‘,\,,.A wdy d

I, %
&
T T
(o]
|

o 10

20 |- -
0 A 1 i 1 N 1 1 1 i 1 2
500 550 600 650 700 750 Ay HM

Puc. 2. Ciektpu mpomnycKaHHs BiAMaIeHUX ILTIBOK 30J10Ta ( IOSCHEHHS B TEKCTI)

Tabnuus. ToBuiMHA MJTIBKM 30J10Ta Ta MoyIokeHHs: MakcumyMy cmyru [1I1P macuBiB HaHOUYaCTHHOK

Jloxkarist
TO1OK 1 2 3 4 5 6 7 8 9 10
BHUMIPIOBaHHS
d, am 5 12 13 16 19 20 21 26 36 55
Arirrp, HM 526 529 531 539 544 551 562 570 593 —
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TakuM 4yuHOM, B pe3ynbTaTi JOCTKEHb BCTAHOBJICHO, IO BiAmal
KIMHOBUAHUX  (5—36 HM) TIUIIBOK  30JI0Ta MOPU3BOAUTH 10  (OpPMYyBaHHS
HETIepEepBHOTO psiAy HEymopsakoBaHux wmacuBiB HY AU, MakCUMyM CMyTH

MIOBEPXHEBOI'O IUIA3MOHHOTO PE30HAHCY SKUX IIJIAaBHO 3MINIYeEThCS Bia 526 10
593 aMm.
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Rudko G.Y., Matveevskaya N.A., Beynik T.G., Valakh M.Ya. Experimental studies and
modeling of “starlike” plasmonic nanostructures for SERS application // Phys. Stat. Solidi B. —
2018. — P. 1800280 (1-8).

2. Trunov M.L., Lytvyn P.M., Nagy P.M., Csik A., Rubish V.M., Kdkényesi S. Light-induced mass
transport in amorphous chalcogenides: Toward surface plasmon-assisted nanolithography and
near-field nanoimaging // Phys. Stat. Solidi B. — 2014. — V.251. — No.7. — P. 1354-1362.
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cpibna Ta iX onTH4YHI XapakTepuctuku // Peectpariis, 30epiranus i o6poOka gaHux: 30. HayK.
npans 3a Matepianamu LllopiyHoi mimcymkoBoi HaykoBoi koHgepenmii. — K.:IITPI HAH
VYkpainu. — 2020. — C47-49.

5. Tapnaii A.A. OxepkanHsi HAHOPO3MiPHHUX IITIBOK 30J10Ta Ta Cpibiia 3 KIMHOBUIAHUM PO3IOJIIIIOM
toBuMHU // Peectpamis, 30epiranHs i1 oOpoOka naHux: 30. HayK. Mpalb 3a MarepialaMu
Hlopiunoi migcymkoBoi HaykoBoi koH(pepentii. — K.:I[TPI HAH VYkpainu. — 2020. — C. 51-53.
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Scattering of charge carriers in polycrystalline films of lead telluride
Mazur T.M.}, Mazur M.-Yu.M.?

! lvano-Frankivsk National Technical University of Oil and Gas., lvano-Frankivsk, Ukraine
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2 National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute», Kyiv,
Ukraine

Lead telluride films are promising materials for detectors and sources of
infrared radiation. Carrier scattering mechanisms have an important effect on the
performance characteristics of device structures based on them. Investigating the
mechanisms of carrier transfer in polycrystalline films grown on glass substrates, in
particular, investigating the carrier mobility in polycrystalline PbTe films with a
thickness of 0.1-1 um, the dominant role of surface mobility was determined and the
significant effect of grain boundaries was confirmed [1,2]. Investigating the question
of the mechanism of the passage of current carriers through the grain boundaries, it
was found that the passage of current carriers through the barriers at the grain
boundaries is associated with thermionic emission.

The dependence of the mechanisms of scattering of current carriers in thin
polycrystalline PbTe films on the thickness of 2.5-7.7 um was studied in the
temperature range 77-300 K [3].

PbTe films for the study were obtained from the vapor phase by the hot wall
method on glass substrates. The growth rate of the films was 1-3 nmc™ . The structure
of the films was investigated by the methods of electron microscopy and diffraction,
as well as by optical metallography. The measurements of the electrical parameters of
the films were carried out by the compensation method in constant electric and
magnetic fields. The measurements were carried out on separate films of various
thicknesses. The current through the samples was approximately 0.1 mA. The
magnetic field had a direction perpendicular to the surface of the films at an induction
of 0.8 T. The sample to be measured had four Hall contacts and two current contacts.

The films were polycrystalline with crystallite sizes of about 1 um, which were
clearly formed lamellar structures oriented mainly by the {100}) planes parallel to the
surface of the glass substrate with a significant orientation in azimuth.

In order to clarify the dominant scattering mechanism of charge carriers, the
temperature dependence of the mobility on temperature p (T) was analyzed. It is
known that the temperature dependence of the mobility for films of thickness d can
be represented as

w=pT"®, (1)
where u, is a constant value, which is determined by the parameters of the material
and depends on the thickness of the films; n (d) is an index that is determined by the
predominance of a particular scattering mechanism in films for a given thickness.

Provided that the predominant are scattering at the lower-grain limits y,

=o€, (2)

Where AE — activation energy, p, — a constant that depends on the parameters

of cultivation.
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By logging expression (2) we can determine the activation energy associated

with the influence of intergranular boundaries

AE 1
Inp, =Inpy — ——5

For these films, the refractive index value n = 0.7-1.4 was obtained. Thus, for the
studied film thicknesses, the exponent n of the temperature dependence of the
mobility confirms the dominance of scattering of charge carriers by the grain
boundaries. It should be noted that the dependences of the thickness of the carrier
mobilities of the PbTe films calculated under the condition of scattering by the grain
boundaries differ insignificantly from the experimental ones.

The activation energy of electrical conductivity, calculated from the
temperature dependence of the Hall mobility, is 0.04-0.07 eV [4]. It has been proven
that the activation energy is associated with scattering by grain boundaries.

1. Freik D.M., Dzundza B.S., Saliy J.P. Models of annealing processes of polycrystalline films of
lead telluride. Solid state physics and chemistry. 2006. T.7, Nel. P. 45-49.

2. Prokopiv V.V., Horichok 1.V., Turovska L.V., Mazur T.M. Point Defects of Silver Doped Lead
Telluride. XVI International Conference «Physics and Technology of Thin Films and
Nanosystems»: materials of conf. (Ivano-Frankivsk, 15-20 May 2017). lvano-Frankivsk, 2017. P.
169.

3. Parashchuk T.O., Zagorodnyuk A.V., Nykyruy L.I., Volochanska B.P., Mazur T.M.
Thermodynamic Parameters of Lead Sulfide Crystals in the Cubic Phase. Journal of Vasyl
Stefanyk Precarpathian National University. 2016. V. 3, Ne 1. P. 15 — 22.

4. Freik D.M., Dzundza B.S., Malashkevich G.E., Mateik G.D. Peculiarities of current carriers
scattering in polycrystalline lead telluride films. Solid state physics and chemistry. 2007. T.8,
Ne3. P. 509-512.
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Design and characterization of substrates for surface-enhancement
Raman spectroscopy

Mazur N.V.}, 1saeva O.F.}, Hreshchuk O.M., Rubish V.M.%, Dzhagan V.M., Yukhymchuk V.0.!

lv. Lashkaryov Institute of Semiconductor Physics of NAS of Ukraine, 45, Nauky Avenue, Kyiv-
03028, Ukraine.
E-mail: nazarmazur1994@gmail.com
?Institute of Information Registration Problems of the National Academy of Sciences of Ukraine,
88000, Uzhhorod, Zamkovi shody Street, Ukraine.

Surface-enhanced Raman spectroscopy (SERS) draws the attention of scientists
worldwide by its outstanding opportunities for the detection of ultra-small quantities
of molecules, up to single-molecule detection. The core element is SERS-substrate
that possesses numerous “near-field antennas” for local electromagnetic field
enhancement by excitation of surface plasmon oscillations.
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Fig. 1. Transmission spectra of developed SERS-substrates and their typical AFM image.

Here, effective SERS substrates were developed by using thermal vacuum
deposition of gold with in-situ fast, flash annealing for forming of nanoparticles.
Precise control of the spectral position of surface-plasmon resonance (Fig. 1), was
achieved in-situ during deposition and flash annealing. A comprehensive
characterization of surface morphology of developed SERS-substrates was done
using microscopy methods, such as SEM and AFM. Thus obtained SERS-substrates
allow to obtain the amplification of the Raman signal from ultra-thin layers of
organic analyte molecules up to 10° times.

Acknowledgment’s. Work was supported by the project of National Academy of Science of
Ukraine, order of the Presidium of the NAS of Ukraine dated 16.06.2021 Ne308. Young scientists
project “Investigation of ultrathin chalcogenide films by Surface-enhanced Raman spectroscopy”,
2021-2022. This work was partially funded by NRFU (grant # 2020.02-0204) and by NAS of
Ukraine project #59/KT-20-05.
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IlepcnekTMBY TPEKEPHUX CHUCTEM JIJIsI HAHOTEXHOJIOTIYHUX COHAYHUX
nmaHeJeu

Memko P.O., [lxyran A.L, Tynosmi b.B.

Voiceopoocokuii nayionanvHull yHigepcumem, iHICeHePHO-MeXHIYHULL aKyibmem
rmeshko@gmail.com

OCHOBHMM BHMOTaM CYYacHOi pecypco30epirarouoi eJIeKTpOECHEPTEeTUKU
HaOUIbII MOBHO 3aJ0BOJIBHSIOTH (POTOEIIEMEHTH, $IKI HaIpsMy IEpETBOPIOIOTH
€HEPril0 COHAYHOIO BUIIPOMIHIOBAHHS B €NEeKTpUYHUN cTpyM. OHaK, OCHOBHA Maca
COHAYHUX OaTapell Ha CHOTOJHI BHUIOTOBJSETbCS 3 KpeMmHIIO. JlaHa TexHoOris
BUMarae, sSK 1 y BHUMAAKy KOMI'IOTEPHUX WYiMiB, 3aCTOCYBaHHS TPYIOMICTKHX
BUPOOHMYMX TMPOILECIB, IO 3yMOBIIOE JOCUTh BHCOKY COOIBapTICTh KPEMHIEBUX
¢doTtoeneMeHTiB. KpiM TOro, 1711 Cy4acHOi COHSIYHOI €JIEKTPOEHEPTreTUKH XapaKTepHa
HU3bKa €(DEKTUBHICTb MEPETBOPEHHS €HEPrii, fKa JJIs IMHPOKOBKUBAHUX 3pPa3KIB HE
nepesutye 20%.

JlocnmipKeHHsT  OCTaHHIX  pPOKIB  TOKa3ylTh, IO  pPO3poOKa  HOBUX
HAaHOMATEepialiB 3/aTHAa JaTd JOAATKOBUM NOTY)XHMM IMITyJIbC JJII PO3BHUTKY
reJlIOCHEPreTUKH 1 J103BOJIsIE B MallOyTHHOMY 3HAYHO TOJIMIIUTH XapaKTEPUCTUKU
coHstuHux manened [1-2]. OCHOBHI HampsIMKM TakuX pOOIT KOHIEHTPYIOThCS Ha
MIIBUIIEHHI Koe(illieHTa KOpUCHOI Mii (OoTomepeTBOpIOBayiB, 3MEHIICHHI iX
BapTOCTi, PO3IIMPEHHI CHEKTPaIbHOI 00JacTi YYTIMBOCTI, CHPOIIEHHI TEXHOJOTIi
MacoOBOTO BUPOOHUIITBA, MOXKJIMBOCTI OTPUMAaHHS €JIEKTPOEHEPTrii BHOY1, CTBOPEHHI
€()EKTUBHUX 1 €KOJIOTTYHO OE3MEeYHUX JIKEPEST HAKOMUYEHHS €JIeKTPUYHOI EHEepTii.

OpHuMU 13 HAOIBII NEPCTIEKTUBHUX BBAXKAIOTHCA TEXHOJOTII, IK1 0a3yI0ThCs
Ha MMPOCTOMY OJHOETAITHOMY HAaHECEHHI HaHOMaTepialdy Ha pi3HI MOBEPXHI BEJIHUKOI
rmonll (30KkpeMa Ha €JIEMEHTH 30BHIIIHBOIO OOJIMILIOBAaHHS OyiBelb, Ha THYUYKY
MJIaCTMAacy 1 MOJIMEPH Ta 1HIIE) MPU KIMHATHUX TeMIepaTypax.

[Ipuknanom moxxke Oytu po3poOka koyiektuBy BueHux CIIA: HarionansHoi
nabopatopii Aiimaxo, kommanii MicroContinuum i yniBepcutery Miccypi. Bonu
CTBOPWJIM YHIKQJIbHUN TPOTOTHUII COHSYHOI Oarapei, 3a Ky OTpUMAIH MPECTUNXHY
npemito Nano 50 [3].. PoGorta Oartapei 3acHOBaHa Ha BHKOPHUCTAHHI PELIITKH 3
HAHOAHTEHH, BIJJIPYKOBAaHWX Ha TOHKIM 1 THYYKIM MOKIagi. Y pe3yibTaTi
OTPUMAaHHs €JIEKTPUYHOTO CTPYMY BiIOYBAa€ThCs HE 3a paxyHOK ¢oroedekTty, a 3a
MPUHITUTIOM Jii 3BUYAWHOT METaJieBOi AHTEHH, PO3PAaXOBaHOI JUIsl TPUHMaHHSA
€JICKPOMArHITHUX XBWJIb ONTHUYHOTO Jiana3oHy. 3a TMOMEpPeaHIMU PO3paxyHKaMU
Koe(ilieHT KOPUCHOI Aii Takoi coHsuHOI OaTtapei mepeBuinye 30 %. Aje roioBHa
0COOJIMBICTh IaHOI OaTapei moJyiArae B TOMy, 110 BOHA MOKE BUJABATU €IEKTPUUHUN
CTPyM HaBITb YHOYl, VyTWII3yIOUM 1H(QpAuepBOHE BUIPOMIHIOBAHHSA, SKE
BUIPOMIHIOIOTh HArpiTi 3a J€Hb COHSYHUMHU MPOMEHSIMHU Oy[iBii, achaabToBi
JIOpOTH, TUIOIIII Ta IHIIIE.

[Ile oauH mNpPUHIMI OTPUMAHHA JICIIEBOI COHSIYHOI €Heprii moJiirae B
3aCTOCYBaHHI HaHOMAaTepiaidiB Ha OCHOBI HITYYHOTO XJIOpodidy, SKI IMITYIOTb
apxiTeKTypy KIITHH PpOCIMH 1 TmpormeciB (OTOCHHTE3y, JUIsi OTpPUMaHHS
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«O10JIOTIYHUX» COHAYHUX eneMeHTIB. [Ipu npoMy Mmoka3aHa MOXKJIUBICTH CTBOPEHHS
Takux Oartape NUIIXOoM mpocTtoro «dapOyBaHHsS» oOcHOBH (apbamu, y sKi
BIIPOBA/)KEH1 HAHOYACTUHKHU.

barato nocnigHUKIB 3BEpTalOTh yBary Ha 1€ OJHY MpoOJieMy COHSYHOL
esnekTpoeHepreTrky. CTalioHapHO BCTAHOBJICHI HA HEPYXOMI OMOPH COHSYHI MaHell
NpAaIOI0Th MPOTATOM TPUBAIUX MPOMIKKIB 4Hacy 3 HHU3bKOIO €(EKTHUBHICTIO 3a
PaxyHOK 3MiH PiBHS OCBITJICHOCT1 IXHBOI IUIONTMHUA BHACIOK PIYHOTO Ta JO0OOBOTO
pyxy BuguMoro pyxy Conmsg mo HeOecHi chepi. Y pesynbrari BiIXWICHHS
HANPSIMKY TMaJiHHS COHAYHUX MPOMEHIB Bl ONTHUMAJIBHOTO MEPIECHAUKYIISIPHOTO 10
IUIOUIMHA COHSIYHUX TMaHeleH, cepeqHsl €PEeKTUBHICTh COHSYHHUX EJIEKTPOCTAHIII]
sHmkyerbes Bim 40 % go 70% Bim onTuUManbHOI BENWYMHH. T0O0TO peanbHUN
cepefHii KoeilieHT KOPUCHOT M1l TaKUX EJIEKTPUUYHMUX CTaHIN JexuTh 011 10 %.
ToMy BaxJIMBMM 3aBIaHHSIM € HE JMIIE TOKpAIICHHS eKCIUTyaTallifiHuX Ta
€KOHOMIYHUX IapaMeTpiB MaHeJel, ajne il po3poOka cuUCTEM, 3AATHUX PO3IIMPHUTH
MPOMIXKKHU Yacy poOOTH TaKUX IMaHeJel B ONTHUMAJIbHOMY PEKHMI 3 MaKCUMAaJIbHOIO
e(hEeKTHUBHICTIO.

OnHMM 13 HampsIMKIB PO3B’s3aHHS JaHOI MpoOJEeMH € 3acTOCYBaHHS
CHEliaNbHUX eNIEKTPOMEXAHIUHUX IIPUCTPOiB 3MiHM Opi€HTalii - TpekepiB. Ix
BUKOPUCTAaHHA Ma€ psijl HeraTuBHUX eexTiB. [lo-niepiie, BOHU MiABUIIYIOTH BapTICTh
COHAYHUX enekTpocTaHuii. [lo-gpyre, BinOyBaeTbcs YyCKIaJAHEHHS KOHCTPYKIIi, a,
BIJINIOBIJTHO, 3HUXKY€ETbCA HAIMHICTD cTaHlii. [lo-TpeTe, HasABHICTh pyXOMHX YaCTHH
BUMarae nepioJuyHoOro OOCIyroBYBaHHSI TEXHIUHOTO oOnaaHaHHs. Kpim Toro, mpu
BCTAHOBJIEHHI TpEKEpiB HEOOXIJHO BpPaxOBYBATH 3MIHY BITPOBOi CTIMKOCTI BCI€i
KOHCTPYKIIIi €J1eKTPOCTaHLI.

Pesynprati Hammx JOCTiIKEHb IMOKa3ylOTh, II0 BUKOPUCTAHHS TPEKEPHHUX
CUCTEM € JOULUIFHUM JJI MaJTuX COHSYHHUX €JIEKTPOCTAHIIIN, SIKi BCTAHOBIIOIOTHCS HA
TOTOBUX KOHCTPYKIIISX PI3HUX CHOPYA Ta OyIiBeNlb 13 OOMEKEHOIO IUIOMICI Ta
PI3HUMH OpIEHTAIISIMA BIJIHOCHO HANpSIMKy Ha MiBJAEHb. TpeKepHu TaKoXK JOIIIbHI
JUTSI BEJIMKUX €JIEKTPOCTAHINN MpU iX po3TalryBaHHI Ha reorpadiuHux 00’€kTax i3
3HAUHUMH CXWIAMH 3€MHOi TOBepxHi. [Ipy 1bOMy ONTUMaIbHUM TMOETHAHHSIM
€KOHOMIYHMX Ta TEXHIYHUX MOKA3HHUKIB BOJOJIIOTH TPEKEPHI CUCTEMH 13 KIJIbKOMA
KOHCTPYKIIIHHUMH OCOOJTUBOCTSIMU.

1. Y ocHOBY mporpamu KepyBaHHS SIKUMH TOKJIaJICHO aBTOMAaTUYHY TIPHUB’SI3KY
no reorpadiyHUX KOOPAMHAT MICIHSI BCTAHOBJICHHS TaHEJIEH Ta aBTOMATHYHE
BU3HauUeHHs KoopauHat CoHIlg Ha HeOecHiH cdepi.

2. 3aIACHIOETBCS OpIEHTAIllsl TIaHeJed BIJHOCHO JBOX HE3aJICKHUX OCEH
KOOpJMHAT;

3. Bapricte BcTaHOBiIEeHHS skux He nepeBuirye 30 % Big BapTOCTI
BCTAHOBJICHHS aHAJIOTIYHOI COHAYHOI €JIEKTPOCTAHIIIi 0€3 TpeKepiB.

1. Farzanech G. Nanotechnology in the service of solar energy systems. — Intech open book, 2020.
231 p.

2. Soutter Will. Nanotechnology in solar power. — Springer, 2016. 317 p.

3. Inrepuer pecypc Annual Nano 50 awards announced by Nanotech Briefs.
https://foresight.org/annual-nano-50-awards-announced-by-nanotech-briefs/
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JlieJIeKTpU4YHA CIIEKTPOCKOIIiS CBi’KECHHTE30BAHOIO i 3icTapeHoro
CKJIONOAIOHOIO CeJIeHy
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Yaiceopoocoruil nayionanvrutl ynisepcumem, ghizuunuil paxyiomem
88000, m. Yowceopoo, eyn. A. Borowuna, 54

XanpkoreHigHi ckionoaiOni HamiBrnpoBigHuku (XCH) Bke TpuBamuii yac
BUKJIMKAIOTh Bce Oulblui iHTepec. lle MOsSCHIOEThCS iX ENEeKTpUYHUMHU Ta
ONTUYHHMU  BJIACTUBOCTAMHM Ta MOXJIMBICTIO 3aCTOCYBaHHS y  0Oaratbox
TBEPJOTUIBHUX TIPUCTPOSX. 30KpeMa, CKIOMOMIOHWUN CeJIeH, SK HaWsACKpaBilIui
npeacraBHUK XCH, Ta MmIiBKM Ha OCHOBI HOTO CIUIAaBIB YCIIIIHO BUKOPUCTOBYIOTHCA
B Kceporpadii, K CBITIOYYTJMBI €JIE€MEHTH, Y KOMYTallHHUX MNPUCTPOSIX Ta IS
30epiranns iH@opmMaii [1]. Cenen - ne maiixke equHa €JIeMEHTapHA PEYOBUHA, SKY
JIETKO OTPUMATH y BUIJISIAL CKJIa, TOOTO Ma€ BUCOKY 3[aTHICTh /10 CKJIOYTBOPEHHS.
BonmHouac BijomMO, IO CKJIONOAIOHWM CTaH € MeTacTaOUIBbHUM 1 ITAJA€ThCS
CcTpykTypHili penakcamii (CP) Ta kpucrtamizamii. ¥ Hamiid poOOTI MU MNOPIBHSIIU
JEJeKTPUYHI BIACTUBOCTI 31CTAPEHUX 1 CBIXKECHHTE30BaHUX 3Pa3KiB CKIIOMOIOHOTO
CeJIEHY, BKJIIOUAIOUH Alana3oH TEMIEpaTyp KpucTai3aii.

CnoyaTky 00’€MHI 3pa3Ku CKJIONMOJIOHOTO celieHy Oyinu OTpuUMaHi KiJibKa
necsatkiB (30-35) pokiB Ha3a] 3BUMAHOIO TEXHIKOIO 3arapTyBaHHS 3 BUKOPUCTAHHSIM
Bucokouuctoro Se (99,999%). Otpumani CKJIONOAIOHI 3ITUTKH 30epiraau TpH
KIMHATHIA Temmeparypli B TeMpsBi Ha moBITpi. JlJis «BITHOBJICHHS» 3iCTapEHHI
ckyonoAiOHui ceneH moBTopHO HarpiBaym 10 770 - 820 K. Pizke oxomomxeHHs
pO3IIaBy MPOBOJMIIM LUISIXOM 3aHYPEHHS aMIlysl 3 pO3IUIABOM Yy CYMIII BOJM Ta
apony. HaliGunbm 3HayHI 3MIHM BJIACTUBOCTEH 3pa3KiB CEJIEHY BiJIOYBAIOTHCS MpPH
TeMmrepaTypi BHUIIE KIMHATHOi, TOMY BHUBUEHHS MJI€JIEKTPUYHUX BJIACTUBOCTEH
npoBoAwIocs B Aianazoni temmnepatyp 300K - 420 K.
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w
400-
2001
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Puc. 1. TemnepaTypHi 3aJ1€KHOCTI peasibHOI € '(@) Ta yABHOI €"(6) YaCTHH KOMITJIEKCHOT
JeeKTPUYHOI TPOHUKHOCTI €%, OTpUMaH1 B 3pa3KaX «B1JIHOBJIEHOI'0» CKJIOMO/IOHOTO CEJIeHY

TeMmeparypHi 3aJ€KHOCTI MICJICKTPUYHUX KOHCTAHT BIJHOBJICHOTO 3pa3Kka

CeJeHy IIiJI Yac TMepUIOro HarpiBaHHS ToKa3aHi Ha puc. 1. Hwuxye kiMHaTHOL
TeMmrepaTypu 3Ha4YeHHs €' Maibke mocrtiiiHe, a &' - nyxe wmane. [lpu mneBHiH
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TeMIeparypi, OMU3bKINA 10 TeMIeparypu pO3M’AKIIeHHA 1(, 3Ha4eHHS € Ta €
MOYMHAIOTH 3pocTaTh. 3ayexHicThb €'(T) B 00acTi Tg Ha KUIbKOX YacTOTax MOKa3aHa
y BCTaBIll 10 puc. 3a. Y 1[bOMY X Jlanma3oHl TeMreparyp AleJeKTpUYHA JUCTIEPCIs
CTa€e JOCUTh MOMITHOK. Y Jiana3oHi TeMiieparyp kpuctaiizaiii ckia (365K - 375K)
CTIOCTEPIraloThcss MaKCUMyMHU €' Ta €', AKi HaKIalaloThCs HA MOHOTOHHE 3POCTaHHS
IIUX TTapaMeTpiB 13 MIABUIICHHSIM TeMIIEpaTypH.
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Puc. 2. TemneparypHi 3a1eKHOCTI peanibHOi €'(a) Ta ysaBHOI £'"(6) YaCTUH KOMIUIEKCHOT
TeNeKTPUYHOI TPOHUKHOCTI €%, OTprMaHi B 3pa3kax 31CTapeHOro CKIONOAIOHOTO ceNeHy

[ToniOH1 3aneXHOCTI MJIS 3ICTApEHHUX 3pa3KiB CKJIOMOMIOHOTO 3 CeJICHY
nokasaHi Ha puc. 2. /{11 O1J1bII HAOYHOTO MPEACTABICHHS OTPUMAHUX PE3yJIbTaTiB Ha
puc. 2 TeMmmepaTypHi 3aJeXHOCTI € Ta €' HaBeleHl B Jiorapu(MidyHOMY MaciTaoi.
Cnin 3a3HaunTH, 10 y AlanazoHi temmepatyp T <Tg 3HaueHHs € Ta € i
31CTapEHUX 3pa3KiB CKJIOMOJIOHOTO CeJEeHY 3HAa4HO BHINl, HDK Y «BIIHOBIICHHUX»
3pa3kax. Ajle HaWOLIbII CyTTEBA BIAMIHHICTD Y MOBEMIHIN JICISKTPUYHUX KOHCTAHT
CIIOCTEpIraeThCs B 00JacTi KpHUCTamizamii, a camMe aHoMmaidii, ToB'sI3aHl 3
KPHUCTAJI3AII€I0 y 31CTAPEHUX CKIIaX, CIIOCTEPIraloThCs MPHU 3HAUYHO (MPHUOJIU3HO Ha
35 K) HmwkuuMx Temmeparypax 1 MaroTh AyXe pi3Ky (QopMy Yy TOpIBHSHHI 13
CBIKECUHTE€30BAHUMH 3pa3KaMH.

OtpumaHi pe3ynbTaTH CBIiTYaTh MPO HASBHICTh JOJATKOBOTO MEXaHI3MY
noJisipu3aiiii, OOyYMOBJIEHOTO TMpoIlecaMu TPUBAIOI CTPYKTYpPHOI penakcamii y
CKJIONOJIIOHOMY CTaHi, 10 BHOCUTh 3HAYHUI BHECOK Y JIIEJIEKTPUUYHY MPOHUKHICTD.
Ile miarBepmKxyeThes Takox Aiarpamamu Koyna-Koyona.

Mo>kHa TpPUITYCTUTH, IO CIOCTEPEKYBaHI e€(DEeKTH MOB'S3aHl 3 peslakcalliero
Makcena-Barnepa, TOOTO dbopmyBaHHS MIPOCTOPOBUX 3apsA/IiB. Y
MIKpOTE€TEpPOTeHHUX CHUCTeMaX HOCIT 3apsay MOXKYTh HAKOMMYYBAaTHCS HAa TPAHUIIX
MDK KJacTepaMy, IO NPHU3BOAUTH A0 mnojsgpu3aiii Ha "mexi posauny". lle
BiIOYBAEThCS JIMINIE TOJI, KOJM KJIACTEPHU BIJIPI3HIIOTHCA 332 3HAYCHHAMH
TEJIEKTPUYHOI MPOHUKHOCTI a00 mpoBigHOCTI. OCHOBHOI TPHYMUHOIO MOJSPHU3aIli
Ha "Mexi po3aury" 3a3BUuYall € PIZHUIT B TPOBIIHOCTI, OCKUIBKH JICICKTPUYHA
NPOHUKHICTh 3MIHIOETbCS B KiacTepa [0 Kiactepa Habararo MeHIIEe, HIX
MIPOBIIHICTb.

1. Kasap, P. Capper, (Eds.), “Springer Handbook of Electronic and Photonic Materials”,
Springer International Publishing, 1536 p. (2017).
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Dielectric properties of 80%CulnP,Sg-20%CuGaP,Sg solid solution

Ban H., Gal D., Haysak A., Molnar A.

Department of the Physics of Semiconductors, Uzhhorod National University, Uzhhorod, Ukraine
alexander.molnar@uzhnu.edu.ua

Introduction Recently, all over the world, interest in two-dimensional
materials has significantly increased, which is associated with the promising nature of
their use in modern electronic products [1]. Of particular interest are 2D
ferroelectrics, for example, CulnP,Sgs, on the basis of which diodes, transistors,
memory cells, electronic equivalents of synapses, etc. have already been developed.
The main advantage of this material is believed to be its ferroelectric properties in
ultrathin layers at room temperature (up to 4 nm [2]), the orientation of spontaneous
polarization perpendicular to the structural layers, the possibility of integration with
modern 2D materials such as MoS, and graphene [3]. One of the drawbacks of the
practical application of these crystals is the relatively low temperature of the phase
transition to the paraelectric phase ~ 315K. Therefore, the search for an increase in
the temperature of the CulnP,Sg phase transition is very actual. This problem can be
solved, for example, by hydrostatic or uniaxial compression of these crystals [4] or by
changing its chemical composition, for example, by enriching it with indium [5]. Our
results indicate that the partial replacement of indium by gallium also leads to an
increase in the phase transition temperature.

Experiment For our research, we used solid solutions 80%CulnP,Ss-
20%CuGaP,S¢ grown at the Faculty of Chemistry of UzhNU. The chemical
composition of the obtained crystals was confirmed by the extraction-photometric
method [6]. The resulting layered samples were 2x3, 3x3 mm? in size, 50-100 pm
thick, light yellow in color, slightly lighter than pure CulnP,Sg crystals. To study the
electrophysical properties, electrodes made of silver paste were applied to the
opposite planes of the samples. The temperature dependence of the dielectric constant
was measured at a frequency of 10 kHz, in the temperature range 80-400K.

Results and discussion As can be seen in Figure 1, the phase transition
temperature for this composition is 318K, which is 3 degrees higher than that of a
pure crystal CulnP,Ss. The anomaly in the temperature dependence of the dielectric
constant caused by the phase transition is not blurred, and the maximum value of ¢’
and €” at the phase transition practically coincides with that for pure crystals, which
indicates the absence of degradation of the electrophysical parameters of solid
solutions 80%CulnP,Se- 20%CuGaP,Seg with the replacement of indium by the
gallium. We can also note a decrease in the temperature hysteresis of the dielectric
constant to 0.1K (which is clearly visible on the inserts of fig. 1), in contrast to a pure
crystal, where this phenomenon has an amplitude of 1-2K at a temperature change
rate of 0.1 K/min in both cases.

At temperatures below 200K (more precisely, at 120-140K at 10 kHz), a "step"
Is observed on the temperature dependence of the real part of the dielectric constant,
and a maximum on the temperature dependence of the imaginary part of the dielectric
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constant. Moreover, frequency dispersion of the dielectric permittivity can be
observed at low frequencies for 80%CulnP,S¢- 20%CuGaP,Ss as well as in pure
CulnP,Se. As shown in [5], such dielectric dispersion is typical for dipolar glasses.
However, this conclusion requires clarification, since a similar behavior at low
temperatures is observed both in other ferroelectrics of the Me,P,S¢ family, for
example, Sn,P,Sg, and in crystals that are not ferroelectrics, for example, CuFeP,Ss.
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Fig 1. Temperature dependency of real and imaginary parts of complex dielectric permittivity ¢ =
g™-i-¢” of 80%CulnP,Ss- 20%CuGaP,Se solid solution.

Conclusions From our data, we can conclude that partial replacement of
indium with gallium makes it possible to raise the phase transition temperature of
crystals; however, to clarify the maximum value of this phenomenon, additional
studies are required using a wider set of X%CulnP,Ss- Y%CuGaP,Sg solid solutions
with different gallium concentrations.

1. 2D Nanoelectronics: Physics and Devices of Atomically Thin Materials / Dragoman Mircea,
Dragoman Daniela // Springer International Publishing. - 2017. - 199p.

2. Fucai Liu. Room-temperature ferroelectricity in CulnP,Sg ultrathin flakes / Fucai Liu, Lu You,
Kyle L. Seyler, Xiaobao Li, Peng Yu, Junhao Lin, Xuewen Wang, Jiadong Zhou, Hong Wang,
Haiyong He, Sokrates T. Pantelides, Wu Zhou, Pradeep Sharma, Xiaodong Xu, Pulickel M.
Ajayan, Junling Wang, Zheng Liu // Nature Communications - 2016. - Vol. 7. - p.12357

3. Mengwei Si. Ferroelectric Field-Effect Transistors Based on MoS, and CulnP,Sg Two-
Dimensional van der Waals Heterostructure / Mengwei Si, Pai-Ying Liao, Gang Qiu, Yugin
Duan, Peide D. Ye // ACS Nano. - 2018. - Vol. 12. - p.6700—6705.

4. Shusta V.S. Dielectric properties of CulnP,Sg crystals under high pressure / V.S.Shusta, 1.P.Prits,
P.P.Guranich, E.I.Gerzanich, A.G.Slivka // Condensed Matter Physics. — 2007. - Vol. 10. - No
1(49). - pp.91-94.

5. Dziaugys A. Broadband dielectric investigations of indium rich CulnP,Sg layered crystals /
Andrius Dziaugys, Juras Banys, Yulian Vysochanskii // Zeitschrift fur Kristallographie. — 2011.
—Vol. 226. — p.171-176.

6. Bopornu O.I'. Excrpakuilino-poTomerpuune Bu3HadeHHs Taniro / Bopornd O.I'., CaBko H.I. //
HaykoBwuii BicHuk Yxkropoacskoro yHiBepcuteTy. Cepis Ximist. — 2016. - Ne 2 (36). — ¢.50-52.
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HeiHiliHO-ONITHYHI 32CTOCYBAHHS XAJbKOT€HITHUX KPUCTAJIIB

Hurmarysutina O., Menbauuyk T., [Bantok /., Kypmens /I.

Boauncokuit nayionanenuu ynieepcumem imeni Jleci Yxpainku
m.Jhyyox, np.Boni 13

®izuyna  ximis, MOJEKyNspHa  abcopOuiifHa  CHEKTPOCKOIis,  KpiMm
dbyHIaMeHTaNbHUX JOCTI/PKEHbh Ma€ psii 3acTOCyBaHb, a caMe€ BHABICHHS Ta
KUTbKICHE BU3HAUEHHS MAJIMX CIiJiB OloMapKepiB, TOKCUYHUX YH 1HIIUX MOJIEKYHT Y
ra3onoAiOHux 3paskax. llpukiagamMu Takoro 3acTOCYBaHHS € aTMOC(EpHH Ta
€KOJIOTIYHUI MOHITOPHHT, a TAaKOX MEIUYHA JIarHOCTUKA B PEXKHUMI PEAThHOTO Yacy
3a JIOTIOMOTOI0 aHaJli3y BUAMXYBAHOTO IMOBITPs. I3 TOUKHM 30py TEXHOJOTIT HaiBuUIA
YyTJIUBICTh, TOOTO 3/JAaTHICTh BUSABIIATH Malll KOHIICHTpallii, 3a3BUYail, MOXe OyTU
OTpUMaHa 3a JOINOMOIOI Jia3epHoi crekTpockomii. lle 0O0yMOBIEHO BHCOKOIO
SCKpAaBICTIO Ta MPOCTOPOBOIO KOTEPEHTHICTIO JIa3€piB, 1110 A€ MOKJIMUBICTh JOCATTH
BHUCOKUX CIIBBIJHOLIEHb CUTHAJ-IIyM. BHcoka sCKpaBiCTh TaKoXK O3Hayae, L0
BHCOKa UYyTJIUBICTb BHUMIPIOBaHHS MoOke€ OyTHM OTpuUMaHa 3a KOPOTKMM dac
YCEpeAHEHHs, 1€ MPU3BOAMTH JO0 IIBUJIKOIO, NPAKTUYHOIO BHMIPIOBaHHS B
peanbHOMYy 4Yaci. BojHodac CHEKTPOCKONIYHA CEJIEKTUBHICTh, TOOTO 3/IaTHICTh
PO3IIEIIIIOBATH OJHY MOJICKYJSIpDHY JHIIO TOTJIMHAHHA, € Kpamol B Ja3epHil
CHEKTPOCKOMIi B MOPIBHSAHHI 3 OUTbLI TPAIULIHHUMHA METOAAMMU.

I3 ¢dbyHaamMeHTaNnbHOI TOYKM 30py YYTJIMBICTH BUSIBICHHS PI3HHX MOJIEKYJ
MOXe OyTH ONTHMMI30BaHA NUISIXOM MPOBEACHHS CIEKTPOCKOIMIYHUX JIOCTIIKEHb B
cepennboMy Y niana3oHi, e 6arato MOJeKyJl, MIKPOEJIEMEHTIB MalOTh HAMCHIIBbHIIII
¢bynkuii nornmuHaHHsa. [lpsima abcopOriiiHa CHEKTPOCKOMIsSE € HAWIPOCTIIUM
METOJIOM aHaIi3y razy 3 BUKOPHUCTAHHSIM PI3HHUIIEBOI TeHepaiii yactotu. [IpomMins 13
cepennboro Y giama3oHy NpomycKaeTbes Yepe3 3pa3ok razy, a MOTIM JETEKTYEThCS
3a 0moMororo GoTorpuiiMaya.

BukopuctanHs B CHEKTPOCKOMIT CHJIBHUX (PYHIAMEHTAIbHUX KOJUBAIBHUX
nepexoiB Mojekyn, Takux sik CHy ta N,O, y Mexkax atmocdepHoro BikHa Bif 3 10 5
MKM, JIO3BOJISI€E BUSBUTH ~ | YAaCTHHKY HAa MUIBMOH TPH MPOXOHKCHHI ILIAXY
nornuHaHHg | M. [{ns  miOBUINEHHS YYTAWBOCTI  BUSIBICHHS  CIHiAy Tasy
BUKOPUCTOBYIOTH 30UIBIIEHHS JOBXHHH LUISIXY NOTJIMHAHHSA. 30UIbIIEHHS JOBXUHU
HUISIXY TMPOCTO NUISIXOM PO3MIIIEHHS JETeKTOpa Jalieko BiJ JHKEpesia CBITIA €
HEMPAaKTUYHUM. 3arajibHUW MiAX1J Ul 30UIbIISHHS JOBXUHU NUISIXY 0 CTa METPIB
MOJISITa€ 'y BUKOPUCTAHHI 0araTONPOMEHEBOI KOMIPKM 3 METaJeBUMH J3€pKallaMU
(puc.1l). Sk npuknazn, ais BussieHHss CH, y moBiTpi Ha AOBXKUHI XBWIl 3,3 MKM 3
BUKOPHCTAHHSM PI3HUIICBOI T€HEpallli 9acTOTH BUKOpHCTOBYBanack komipka Helliot,
y AKIW TUIAX TPOXOHKEHHS MPOMEHS Yepe3 MOTJIMHAIYE CEPEIOBUIE CTAHOBUTH S0
METpiB, a 4yTimBicTh 1 yacTHHKa Ha Giabiton (10°).
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On-axis excitation

Off-axis excitation

o
>

Puc. 1. Cxemu xoHdirypartii 6araTonpomMeHeBoi KOMipkH [ 1]

EdexkTrBHA NOBXHHA LIISAXY MMOTJIMHAHHS MOKE OyTH 3011bIIEHA 10 AEKIITBKOX
KUIOMETPIB IUIIXOM BBEJCHHS CEPEAHBOrO I1H(PPAYEPBOHOTO IyYKa B ONTUUYHY
KOMIPKY, YTBOPEHY BHCOKOBIIOMBHUMH J3€pKajlaMd 3 HHU3bKOIO BTparoro. Lle
MIPU3BOUTH JI0 TTOCUJICHHS BUSIBJIEHOTO MOTJIMHAHHS HA TPU MOPSAKU B TIOPIBHIHHI 3
CHEKTPOCKOMIEI0 MPSMOTO TOTJIWHAHHS, IO JO03BOJISIE BU3HAYUTH CIIA raszy 3
Tounictio 1 wactuHka Ha Tpuibiton (10%%). Il Meroamka Gyma 3acTOCOBaHA UL
BUSIBJICHHS MTAPHUKOBHX Ta31B, @ TAKOX I aHAJI3y JUXAHHS, 1110 MOTpedye YITKOTO
MOHITOPUHTY BIJICTEKYBaHUX Ta31B y CKJIQJHIM ra30B1id MATPUIll B PEKUMI PEATHHOTO
yacy. Yac 3aryxaHHs a00 4Yac 3MEHIIIEHHS IHTEHCHUBHOCTI CBITJIa 3aJCXHUTh BIJ
ONTHYHUX BTPAT Y TA30BOMY CEPEIOBHIIII.

TunoBa 3miHa dYacy B piama3oHi 3—5MKM ckimagae mopsaky 10 mkc.

Po3paxoBanuii cieKTp MOTJIMHAHHS MPEICTABICHO Ha PUC.2.
30
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Puc.2. Po3paxoBanuii criekTp noriaiHaHHS [ 1]

OTXe, HENHIMHO-ONTUYHE TNEPETBOPEHHS YacTOTH € OJHUM 13 HalOLIbII
YHIBEpCAJIbHUX METOJIIB T'eHepallii JJa3epHOro CBITIA Ha JIOBXHUHI XBHUJI B CepeAHii
iH(ppavepBoHiii obOmacti. Ll cnekTpanbHa 00JacCTh € OCOOJMBO BAXKIUBOKO IS
BUSIBJICHHSI CIIJIB Ta3y Ta IHIIMX 3aCTOCYBaHb MOJEKYJSIPHOI CHEKTPOCKOIMI],
OCKUJIbKH BOHA BMIITy€e (PyHIaMEHTaIbHI KOJIMBAJIbHI CMYTH 0araTb0X MOJEKYJI.

1. Vainio M., Halonen L. Mid-infrared optical parametric oscillators and frequency combs for
molecular spectroscopy. Phys. Chem. Chem. Phys. 2016. Vol. 18. P. 4266-4294.
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Figpuannii miaxin no creopenns cmiapiB cucremu Ti-Zr-Nb

Opumny JI. B., Cassakin 1. I'., Cractok O. O., JlexTsapenko B. A.

ITnemumym memanogizuku im. I'. B. Kyporomosa HAH Yxpainu
den.oryshych@gmail.com

Tutan 1 foro criaBM Ha OCHOBI THUTaHy IIMPOKO BUKOPUCTOBYIOTHCS IS
O0lOMEIMYHUX  3aCTOCYyBaHb 4epe3 MEpPCHEeKTUBHI ~ MEXaHIYHI  BJIACTUBOCTI,
HETOKCHUYHICTh Ta IHEPTHICTH A0 KIITHH opraHi3my [1]. ¥V 3B's3Kky 3 1tuM po3po0ieHo
psia  OloCyMICHUX CHCTeM JIeTyBaHHS Ha OCHOBI THUTaHy [JJs JIOCSTHEHHS
MIKpOCTPYKTYpH, (a30BOr0o CKJIaay Ta MEXaHIYHUX BIIACTUBOCTEH, OakaHUX s
3aCTOCYBaHHS B MEIUIIHHI [2].

CrnnaBu Ha OCHOBI THUTaHy, HIOOII0O Ta IUPKOHIIO MOMYJAPHI B JIEAKUX
010MEIMYHUX 3aCTOCYBaHHSX, TAaKMX SK: KICTKOBI IUIACTMHM Ta CTEHTHU dYepe3 iX
BHUCOKY KOPO31HHY CTIMKICTh Ta JIOCTaTHIO MIIHICTh Ta €JacTUYHICTh. Bimomo, 1o
JIETYBaHHSI TUTaHy LIUPKOHIEM 3a0e3reuye MOJIIMIICHHS MEXaHIYHUX BJIACTUBOCTEN
Marepiany, BKIIOYal0Yl BUCOKY MIIHICTh, 3MIHY TTOKa3HUKIB MOJIYJISI IPYKHOCTI MpU
30epeKeHHI HEUTPaIBbHOCTI JI0 KIITHH OpraHizMy. KpiM Toro nomaBaHHSI HIUPKOHIIO
J03BOJISIE MIABUIIMTH KOPO31MHY CTIMKICTh MaTepiany. OHI€I0 3 OCHOBHUX BUMOT 10
MaTepialliB Il MEIUYHUX IMIUIAHTATIB € 1X HU3BKUU Moaynb FOHra, Omu3bkuil 10
BIJIMOBIIHOTO MapameTrpa Kictku moaunu (~30 I'Tla). Lle HeoOxigHO amst Toro 1moo
yHUKHYTH «Stress shielding» edekry. [lomaBaHHS 1OCTaTHBOI KIUIBKOCTI [3-
crabimizaropa Nb no crasiB Ti-Zr Bukimkae 3meHmmeHHss Mmoayns FOura go 50-60
['Tla BHacmigok yrBopenHs ogHodasznoi B-OLK crpykrypwm [3].

Metonu mnopomkoBoi Mertanmyprii (IIM) wmaroTe 3Ha4yHI mepeBaru Mnepes
TEXHOJIOTIEI0 JIUTTA $KI TOJISITAI0OTh y: MOMJIMBOCTI 3MEHIIUTH PO3MIp 3epHa,
MOKpPAIIeHH] XIMIYHOI Ta CTPYKTYPHOI OJHOPITHOCTI, €KOHOMIUHO1 €(h)eKTUBHOCTI Ta
CTBOPEHHI KOHTPOJBOBAHOI IMOPUCTOCTI, sSKa B JEIKWX BHITQJKax OakaHa s
MEIUYHUX IMIUIAHTATIB.

Jlis CTBOpPEHHS CIUIaBiB Ha OCHOBI cucreMu Ti-Zr-Nb Oysa0 BHKOpHCTaHO
€JIEMEHTHY MOPOILKOBY CyMIIll, sIKa CKJIAJA€ThCS 3: TAPUAIB TUTAHY Ta HUPKOHIIO, a
TaKOK YaCTUHOK METAJIEBOro H1001t0. Y IbOMY MiJXO0/1 BOAEHb BUKOPHUCTOBYBABCS
K TUMYACOBUU JIETYIOUMH €NEeMEHT Uid THUTaHy Ta IMPKOHII0, IO BHKIUKAE
AKTHUBAI[IIO CIIKAHHS, 3MEHIICHHS 3aJMIIKOBOI MOPUCTOCTI Ta 3MEHILEHHS BMICTY
KHCHIO B KIHIIEBOMY MaTepiai.

Metoro 1iei pobGotu Oyino ¢GopMmyBaHHS XIMIYHO U MIKPOCTPYKTYPHO
oxHOpiaHUX craBiB Ti-Zr-Nb 3 perysiboBaHOIO 3aJHIIKOBOIO MOPHUCTICTIO METOaMHU
MIOPOIIKOBOI METaNyprii Ha OCHOBI €JIEMEHTHOI MOPOIIKOBoi cymimi TiH,, ZrH, ta
NDb.

VY pesynbTaTi OyJa0 CHHTE30BaHO CIUIaBU Ha OCHOBI cuctemu Ti-Zr-Nb Ha
OCHOBI €JIEMEHTHOI MOPOIIKOBOI CyMillll TIAPHUJIIB THUTaHYy Ta LHUPKOHIIO, a TaKOXK
MeTaneBoro HioOiro. B oTpuManux cruaBax Oylio JOCATHYTO MOBHOI XIMIYHOI Ta
MIKPOCTPYKTYPHOI TOMOTEHHOCTI. JlJsi momepeAHiX MOCHiKeHb MPOLECIB, IO
BIIOYBaIOThCA IMiJ Yac CHUHTE3Y IMX MaTepiajaiB MPOBEACHO JUIATOMETPHYHI
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AaociiypkeHHss marepianiB. [lokazaHo, 110 OCHOBHOIO MPUYMHOIO Y (hopMyBaHHI
MOPHUCTOCTI € HEBIAMOBIAHICTL 00’€MHHMX €(EKTIB MK YaCTHUHKaMH TiAPHUJIIB Ta
HEHAaBOJIHEHUM H100ieM. YacTka 3aauIIKOBOI MOPHUCTOCTI ckiamgana 6-9%, mo e
MO3UTUBHUM MOMEHTOM 3 IOTJISATy Ha Kpallly iHTETpallito iIMILIaHTY Y KUB1 TKAHUHH.
MexaHi4HI XapaKTEpPUCTUKH I[OTO Marepialy € JOCTaTHIMH JUIsl TPAKTUIHHX
3aCTOCYBaHb, a CaMe: MOJIYJIb MIPYKHOCTI Y OTPUMAaHMX CIUTaBaxX ckianaB ~55 Mlla,
rpanuilg MirtHOCT1 770-780 MIla, Bunorxenus ~10%.

1. M. Niinomi, Sci. Technol. Adv. Mater. 4 (2003) 445-454.

2. W.F. Ho, C.H. Cheng, C.H. Pan, S.C. Wu, H.C. Hsu, Mater. Sci. Eng. C 29 (2009) 36-46.

3. A.N.Timoshevskii, S.Yablonovskyy, O.M.lvasishin. First-principles calculations atomic
structure and elastic properties of Ti-Nb alloys. // Functional Materials. - 2012. - 19, Ne 2. - p.
266-271.
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DopMyBaHHS €JICEKTPONPOBITHUX KOMIIO3UIIHUX METAJIeBUX
MOKPUTTIB METOA0M Ira30UHAMIYHOIO0 HATIMJICHHS /IJI1 CTBOPEHHS Ta
Bi/ITHOBJICHHSI KOHTAKTHHX IOBEPXOHb

Maxyaa JI.JIL., bes3 B.IL

ITncmumym memanogizuxu im. I'.B. Kyporomosa HAH Yxpainu, Kuis, Ykpaina
dpakula25@gmail.com, bevzv@ukr.net

PyitnyBaHHs a00 «3HOIICHHS» KOHTAKTIB €IEKTPOYCTATKyBaHHS (KOMyTalliiiHe
oOnagHaHHS, CJEKTPOJABUTYHH Ta TEHEPATOPH, Ta IHIIE OOJIAJHAHHS) € OJHOI0 3
CYTT€BHUX MpoOJeM. 3HOIIEHHS B MPOLEC] eKCIuTyaTalli KOHTAKTHUX MOBEPXOHb, SIKI
y OLIBIIOCTI BHUIIQJIKIB BUTOTOBJICHHI 3 MiJl, MOXe€ BIIOyBaTHCh B HACIIIOK
MEXaHIYHUX BIUIUBIB Ta €JICKTPUUHUX MPOIECIB (BUTOPAHHS).

B po6oti npoBeieHo TOCIIKEHHS MOKIIMBOCT] 3aCTOCYBAaHHS KOMIIO3UILIIMTHUX
MTOPOIIIKOBUX MaTepiajliB Ha OCHOBI Miji, III0 HAHOCATHCS HAa KOHTAKTHI IMOBEPXHI
METOJIOM  XOJIOJIHOTO Ta30/IMHAMIYHOTO HANWICHHS HHU3bKOTO THUCKY, s
BI/IHOBJICHHSI MEXaHIYHHUX Ta EJIEKTPUYHUX XapaKTEPUCTHK. Bylo MOCIIIKEHO Taki
napamMeTpu SIK ajaresis, TUTOMa €JIEKTPOMPOBIIHICTh, TBEPAICTh Ta 3HOCOCTIHKICTD
MOKPUTTIB TPH BHKOpHCTaHHI mopomkoBux cymimend Cu-Al,Os-Zn. Bwict y
KOMIIO3HIIiT MIOPOIIKY Ha OCHOBI Miai abpa3uBHoro marepiainy (Al,Oz) BapiroBaBcs B
mexkax 10-50%, a smict Zn Big 0% no 20%

BcTranoBneHno, 1o AJisi OTpUMaHHSA «TOBCTHX» IIApiB TMOKPUTTS HEOOX1AHO
BUKopucToByBaTH cyMimii 3 BMicToM Al,O3 B Mexax 30-40% ta Zn — mo 5%, mis
TaKMX KOMIMO3MUIIA TpUTAaMaHHUN HAWOUIbIIMKA KoeiuleHT ocamkeHHsa. Jlns
OTpPHMaHHS 3HOCOCTiHKOro MOKpUTTs BMicT Al,O3 HeoOxinHO 30iabimyBatu 10 50%, a
Zn o 10%. PoGouwnii THCK MpU HAHECEHHI CTAaHOBHB 8 aTM., a TeMIiepaTypa
noBiTpsiHoro ctpymens Bix 300 go 500°C.

PesynpTatn poOOTH ampoOOBaHO Ha peadbHUX O00’€KTax Ta po3poOJeHO
YCTaTKyBaHHS JIJIS1 BITHOBJICHHS KOHTAKTHUX MIOBEPXOHD KOJICKTOPHUX JIBUTYHIB.
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Plasmonic bandgap for electromagnetic waves at the border of a
metal-dielectric composite and air

Pavlyshche N.1.1, Korotun A.V.Y", Rubish V.M.2

National University "Zaporizhzhia Eolitechnic", 64 Zhukovsky Str., Zaporizhzhya, 69063, Ukraine
e-mail: andko@zp.edu.ua
?|nstitute for Information Recording, NAS of Ukraine, 4, Zamkovi skhody St., 88000, Uzhgorod,
Ukraine

Localized surface plasmon resonance is a fundamental property of plasmonic
nanoparticles, which occurs when the frequency of the incident light coincides with
the plasma frequency of conduction electrons in metal nanoparticles [1, 2]. This
phenomenon leads to the emergence of a strong localized electric field near the
plasmon particles [1, 2], as well as the scattering and absorption of the incident
electromagnetic wave [1-3]. Since the attenuation length of surface plasmons is two
orders of magnitude shorter than the wavelength of light in air, they can be used for
subwavelength localization of light.

It is possible to control the direction of propagation of light in plasmonic
structures using surface plasmon polaritons, which can propagate in periodic arrays
of nanoparticles embedded in a dielectric. Multiple scattering of plasmon waves by a
periodic corrugation leads to the excitation of Bragg plasmon modes and the
formation of plasmonic band gaps [4]; frequency intervals in which plasmon waves
do not exist. For the case when metal nanoparticles are randomly placed in a
dielectric, for example, in metal island films [5], nanoporous metal films [6], and
metal-dielectric nanocomposites [7], bandgaps for surface plasmon polaritons are not
observed. The optical properties of such materials, in which surface plasmons
localized on individual particles predominate, have been well studied [2]. However,
much less attention is paid to studies of waves propagating along the composite —
dielectric interface. This paper presents the theory of surface plasmon-polaritons in a
composite based on randomly oriented metal nanodisks.

Let the composite be a dielectric medium with permeability o and relative

concentration of nanodisks p, the dielectric function of the material of which in the
Drude model in the absence of damping has the form

0)2

o(w)=6"~—. (1)

where o, is the frequency of bulk plasmons, and ¢ is the contribution of the crystal

lattice to the dielectric function.

The properties of surface electromagnetic waves in the considered composite
can be described using the effective dielectric function, which for the case of a low (
B0 1) concentration of metallic inclusions has the form [8]

\ \

L (ble)-a,) (@) )
T o) plofo)a) @)
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Substituting (1) into (2) and introducing the dimensionless frequency Q=w/o,,
we obtain the expression

o (9-aR)el-af)

(O , 3
Oeff( ) 3+P Qs_l())zgizgz 02 (Qz _Qio) ( )
where

2 _ 3+PB . Q(l)zzi. (92 _ 2B 4
1o (3+B)o” —Ba, = o ©io 20" +(3+2B)a, 4)

Is the dimensionless frequencies of transverse and two longitudinal optical modes.

The frequencies of localized surface plasmons are found from the condition

beff (Qsp ) =-1, (5)

where Q, =0, /o, is the dimensionless frequency of the surface plasmon resonance.

Substituting condition (5) into equation (3) and solving the resulting biquadratic
equation, we obtain

o _o 1 14 28 QR +Q%’ n
sp — "=TO iy
p 2(1+ 2 o ] 3+p o0y’

s alliod

2
[, 2B QT +OF) 8 1 (2B O
3+p Ql2ql)? 3+p Q5 3+paliR?

In fig. 1 shows the dependences of the effective dielectric function on
dimensionless frequencies for composites with silver and gold inclusions in Teflon (
6,=2,3) at p=0,1 and the zones of transverse electromagnetic waves (TEM, o, >0),

bandgap (-1<g, <0) and zones of surface plasmon-polaritons (o, <-1) are identified.
Frequency values @, oY and Qi) are given in table 1.

(6)

Table 1. Values of characteristic frequencies for composites with disc inclusions at p=0.1

reguencies - .
Au 0.127 | 0.146 | 0.319 | 0.319 0.320
Ag 0.134 | 0.157 0.520 | 0.521 0.525
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Fig. 1. Frequency dependences of the effective dielectric function of a composite with inclusions of
Au (a) and Ag (b) at p=0.1

Note the qualitative similarity of the results obtained for the inclusions of both
metals, which consists in the identical arrangement of frequency intervals (zones), as
well as in the fact that the second forbidden zone and the zone of surface plasmon
polaritons have an extremely small width. Quantitative differences are associated
with the fact that for silver there is more than for gold.

1. C.F. Bohren and D.R. Huffman, Absorption and Scattering of Light by Small Particles (Wiley,
1998).

2. V.V. Klimov, Nanoplasmonics (Boca Raton, FL: CRC Press, Taylor and Francis Group, 2014).

A.V. Korotun, A.O. Koval’, A.A. Kryuchyn, V.M. Rubish, V.V. Petrov, .M. Titov, Nanophoton

technologies. Modern state and prospects (Uzhgorod: PE Sabov A.M., 2019) (in ukrainian).

A.V. Zayats, I.1. Smolyaninov, A.A. Maradudin, Phys Rep, 408, 131 (2005).

W. Chen, M.D. Thoreson, A.V. Kildishev, V.M. Shalaev, Laser Phys. Lett., 9, 677 (2010).

N. Sardana, F. Heyroth, J. Schilling, J. Opt. Soc. Am. B, 29, 1778 (2012).
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Electrical properties of single crystals of AgesPosGegsSs1 solid solution
Pogodin A.L., Filep M.Y., Shender 1.0., Malakhovska T.O., Kokhan O.P., Studenyak I.P.

Uzhhorod National University, Pidhirna St. 46, Uzhhorod, Ukraine

Argyrodites present a wide class of ternary and quaternary compounds, united
by a similar motive for building a crystal structure. They always include two types of
cations: single-charged and multi-charged. Multicharged cations (with a valence of 3
to 5) are tetrahedrally coordinated by anions and form a rigid anionic framework, and
single-charged cations (rarely double-charged) are located in the voids between them
and have different occupancy of crystallographic positions.

Compounds with the argyrodite structure have interesting physical properties
and can be used as superionic, ferroelastic and thermoelectric materials. To improve
the physicochemical parameters of these materials, studies of both isovalent and
heterovalent substitution among cations and anions are being actively conducted.

Growing of AgQesPosGegsSsl single crystals was performed from a pre-
synthesized compound by crystallization from a solution-melt. The maximum
temperature of this process constituted 1183 K. The rate of the crystallization front
movement was 0.4-0.5 mm/h. Annealing was performed for 72 hour at 763 K.
According to the results of X-ray diffraction studies, AgesPosGeosSsl samples
crystallize in argyrodite structure (F-43m, Z = 4), which confirms the formation of a
solid solution.

The measurements of the electrical conductivity of AgesPosGeosSsl solid
solution were carried out by impedance spectroscopy. For AgesPosGeosSsl single
crystal sample there is an increase in the total electrical conductivity with increasing
frequency, which is characteristic of materials with ionic conductivity in the solid
state. The analysis of the frequency and temperature dependences of electrical
conductivity was performed using electrode equivalent circuits and Nyquist plots.
The Z'-Z" dependence at T = 298 K is characterized by the presence of two
semicircles (with a very weak high-frequency semicircle), which degenerate into one
semicircle with increasing temperature (above 323 K).

It is established that in the process of P™ — Ge*™ cationic substitution, which
occurs in AgesPosGegsSsl solid solution, there is an increase in the values of ionic
cion COMponent of the electrical conductivity in comparison with the initial AggPSs|
and Ag;GeSsl phases. At the same time, the value of the electronic o, component of
the electrical conductivity of AgesPosGegsSsl crystal is between the corresponding
parameters of the initial AgePSsl and Ag;GeSsl phases.

AgssPosGeosSsl solid solution is characterized by the predominance of the ionic
component of electrical conductivity, which indicates that it belongs to the solid
electrolytes ojon>>0. The temperature dependences of the ionic and electronic
components of electrical conductivity in Arrhenius coordinates are linear, which
indicates the thermal activation character of the conductivity of AgssPosGesSsl
single crystal.

275



CM®XT - 2021

Y10CKOHAJ/IEHHS METO/Y XLUIJIEPTA HA PO3PAXYHOK AKTUBHOCTEH
KOMIIOHEHTIB NOTPIMHUX CUCTEM

Kuryn 10 .1O., Kpaitnsii 1.1., Houine M.M.

Vaiceopoocoruii nayionanvhutl ynisepcumem, gyn. Ilioeipna, 46, Yaceopoo, 88000
e-mail: yuzhiguts@univ.uzhgorod.ua

Beryn. CyuyacHi ysiBieHHs y 00JyacTi rpadiTu3ailii CIuiaBiB 3aii3za 0a3yroTbCes
Ha (enomeHonoriunomy miaxomi [1,2]. H.JIetoic 3amporoHyBaB 3aleXkKHICTh IS
BCTAHOBJICHHS XIMIYHOT'O MOTEHINaTy 3a (OpMYJIOHO:

0
#; =y +RTIng, (1)
ne  u;° — XiMiYHMH TIOTEHHiad KOMIOHEHTY “i” y CTaHJZapTHOMY CTaHi;
R — yHiBepcasbHa raszoBa craja; [ — TeMmmeparypa; a; — TEpMOJAMHAMIUuHA

AKTUBHICTb.

IlocTtanoBka mnpoGuaemMu. AHaii3 KOHOJHUX TPUKYTHHUKIB IOKa3ye — IpHU
BIJIOMOMY HaxWii KOHOJAHOTO TPUKYTHHKA JIIeOYpUTHOTO MEPETBOPEHHS BCl TpU
KOHOJIM CTHKAIOThCS Yy BEpIIMHAX TPUKYTHUKA, IO OJHO3HAYHO BCTAaHOBIIIOE
MOJIOKEHHS TOYOK TEPMOJMHAMIYHOI AaKTHUBHOCTI cmuaBiB. PoGotm [2,3]
nependavaroTh, MO Y TPbOXKOMIIOHEHTHHX cucTteMax Fe-C-i amsi eBTeKTHYHOTro
po3magy aycTeHITy MOAIOHI BUpa3d MOXHA OTpUMATH i JIIOOMX CILIaBiB.
PosrisHeMo 11e 3a 10MOMOTo0 TEOPETUUHUX MPUKIAIIB.

TeoperuuHi nosoxenHs. [3orepMiyHuil po3pi3 BUKOHAHUN Y KOOpIWHATAX
Ckpelinemakepca J103BOJIsIE BAKOPUCTOBYBATH y PO3paxyHKax Jy’Ke MPOCTe 1 TOUHE
piBHsHHS JKykoBa-XKuryia, B SKOMy BIJICYTHI KOOpJAMHATH HOJ a00 (pirypaTuBHUX
TO4YOK crjaBiB. [lpu BukopucTaHHI KiaacuuyHoro merony Xumepra [l] 1 #oro
Moaudikamiii [1] BaXJIMBIMIOI MOYATKOBOI BEIMYMHOI Y  pO3paxyHKax
AKTUBHOCTEW @; B3JIOBXK KOHOIM JBOX(a3zHOi 00JacTl 3aJaHOTO 130TEPMIYHOIO
po3pizy TpukommoHeHTHOI (kyr h cucremu h-i-j) niarpamm crTaHy CIyKuTh
aKTUBHICTh (8;°) B3JIOBXK OJHOMMEHHOI KOHOJIM IMOABIMHOI cuctemu h-i. Ane e
nepeadavae, 1mo po3risHyTa 1Box(das3Ha 001acTh pO3TallIOBaHa BIPUTYJ A0 JlarpaMu
h-i. A sxmio Hi (puc. 1)? V 11boMy BUMaaKy HEOOXiTHO 3HATH aKTHBHICTh &@;° B3IOBK
xo4a 0 07JHOT KOHOJHM TPUKOMIIOHEHTHOI BoX(ha3Hoi obmacti a+f (puc. 1) i Toxl, 1s
KOHOJIa MPUIMAaEThCs 3a 0a30By, X04a BoHa 1 HaxwmieHa 1o oci h-i (vi=0) i octaHHs
BiasieHa Bij oonacti a+f. [3orepmiunuil po3pi3 Ha puc. | BUKOHAHO Y KOOpIUHATAX
CkpeliHmakepca TOMy, 110 II€ J03BOJISIE BUKOPUCTOBYBATH Y PO3PaxyHKax MPOCTE 1
touHe piBHsAHHA JKykoBa-XKuryna:

a; =af - exp(-1), @
7e @;° — aKTHBHICTh KOMITOHEHTY B370BX 0a3oBoi ("HynboBoi") konoau mpu X;=0
(6inapHa cuctema h-j, ko 00sacTh ot} MpHUIIArae 3a i€ KOHOIOK 10 OiHApHOI
mgiarpamu h-1); 1 — TaHreHC KyTa HaxXWwiy KOHOAHM JBOX(a3HOI pIiBHOBaru Yy
JOCTDKYBaHIH cucteMi h-i-j.

[le nmo3BoJisie, y CBOIO 4Yepry, BECTH PO3PaXyHOK @; B3JOBXK KOHOIU off; 3a
PIBHSIHHSM:
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Ina! =Ina? —n; +#, (3)

ae Mg 1 NM; — TaHTeHCH KYTIB HaXWiay KOHOI oif 1 oofp BIAMOBIAHO; @;° — Bigoma
BEJTMYMHA @; B3JIOBXK 0a30BOT KOHOIIU 0lof3p.

Vy a

Po

a a’ = const

Kyt h

Fe Ve
Puc. 1. Cxema 11t po3paxyHKy akKTUBHOCTI @; B3JIOBXK KOHOJ o+f3 y 1Box(da3Hiit o6macti
130TepMIYHOTO PO3pi3y JiarpaMu CTaHy moTpiitHoi cucremu h-i-j (kyt h), ne
J — JOJATKOBUH JIETYIOUUH €JIEMEHT

AHaNnoriYyHuM YHHOM JJIs1 KOHOAHU aHBH PO3paxXyHOK BCACTLCA 3a piBHHHHHM:
o_1 5 . . -
Ing;” =Ina; —ny +ng (4)

ne Ny — HaXWiI KOHOIHM oy

Jlerko BIEBHUTHUCS Yy TOMY, II0O OpHUTiHAJIIbHE piBHSAHHS Xiwieprta [1], B sxe
BHOCSITBCSl KOOPJAMHATH HOJ (HE TOBOpSYM BXKE MPO 3HAUHI ampoKCHUMallli), He
MIPUCTOCOBAHO ISl TAKUX PO3PaxyHKIB TOMY, 1 110 MPHU MEPEXO/1 B KOHOAU 0of3p 10
KOHOJU o3}, @ miciast 40 KOHOMHU Oy, 11l KOOPAUHATH CYTTEBO 3MIHIOKOTHCS.

BucnoBkn. Metoa Xiiepra NomMUpPeHU 1 HaA KOHOJU ABOX(a3zHUX 00acTeit
TPUKYTHUX CHMIUJIEKCIB TPhOXKOMITIOHEHETHUX Jiarpam crany M-C, xonu mi ob6macTi
BIIJaJIeH] BI1J TUX CTOPIH BKAa3aHUX TPUKYTHHUKIB, SIKI B JIBOXKOMIIOHEHTHOMY
CUMIUIEKC] OINHUCYIOTh 3POCTAHHS BMICTY JOCIHIKYBAHOTO HaMHU KOMIIOHEHTa Y
po3paxyHKax Horo akTuBHOCTI. OpwuriHanbHuii wmeToa XuuiepTa BHSIBUBCS
HETIPUJATHUM IS PO3B’S3aHHS 1€l 3a7advi, y BIAMIHHOCTI BiJ BHUI03MIHEHOTO
METOJly, SIKW BHKOPHUCTOBYE OpPTOTOHANIbHY cHcTeMy KoopauHaT CkpelHMakepca.
[IpuunHa BOTO MOJSIrae y TOMy, 110 BUI03MIHEHUH METOJI HE BUMAarae BU3HA4Y€HH 1
BUKOPHUCTAHHA y PO3paxyHKaxX KOOPJAUHAT B1AMOBIAHUX HOJ.

1. Hillert M. On isoactivity lines//Acta metallurgica. 1955. Nel, p.34-37.

2. Zhukov A.A., Ramani A.S., Zhiguts Yu.Yu. Modifications of Hillert equation and their
application in phase diagram computation// OPA. Amsterdam B.V.Metal Physics and Advanced
Technologies. — 1997. — Vol. 16. — p. 821-8309.

3. Kurynm [O.JO. Metonuka po3paxyHKy Xxapaktepy (a3oBux miarpam CcTaHy CIUIaBiB 3

BUKOpUCTaHHAM KoopauHat CkpeliHemakepca // MamunHo3HaBcTBO. — JIBBiB. —2003. — Ne9. — C.
50-53.
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Bruiue mizkga3zHol B3aemoii Ha aiejieKTPUYHY PyHKIII0 chepruaHOI
MeTaJIeBOl HAHOYACTUHKH, BKPUTOI IIAPOM a/ICOPOOBAHUX MOJIEKYJI

Pesa B.L', CmupHoBa HAL Kopotyn A.B., TiroB LM.?

1HaL;i0HaJ1bHuL2 VHigepcumem «3anopizbka noaimexuikay, 8yi. Kykoecvkoeo 64, 3anopidcorcs,
69063, Vkpaina;
e-mail: andko@zp.edu.ua
2UAD Systems, ey Onexcanopiscoka, 84, 3anopiscocs, 69002, Ykpaina

Binomo, 1110 KOJIM eIeKTpOMarHiTHE BUIIPOMIHIOBaHHS MOTPAILIsi€ HA METAJIEBY
HAHOYACTUHKY, B3a€MOJIsl 30y/PKEHHX €JIEKTPOHIB 30HU MPOBIAHOCTI 3 MaJal0uuM
CBITJIOM IPU3BOJUTH 10 reHepallii 30y1KeHOro 3apsay Ha MOBEpXHI yacTHHKH. Llei
30y/DKeHMI 3apsi i€ SIK HaKoMM4YyBad 1 PE30HY€ Ha MEBHIM YacTOTI — YacTOTI
JIOKaJII30BaHOTO TOBEpPXHEBOro Iuia3MoHHOro pe3oHancy (III1P). IlonoxeHHsim,
(GOpMOI0 Ta IHTEHCHUBHICTIO IUX JIOKAJIbHUX PE30HAHCIB MOXHA KEpyBaTH Yy
IIMPOKOMY  CIEKTPaJbHOMY IHTEpBall I[UIAXOM 3MIHM po3Mipy 1 ¢opmu
HAHOYACTUHKU a00 3MIHOKO JIEJIEKTPUYHOI MPOHUKHOCTI CEPEJOBHINA, IO OTOUYE
HAaHOYACTHHKY.

byayun 30y[KeHMMH, IUIa3MOHHI OCHWJIALINI  MOXYTh 3aracaTd  abo
0€3BUIPOMIHIOBAIBHO, IIIIXOM Iepeadl CBO€i €HEeprii I'paTili BHACHIIIOK €JIEKTPOH-
(¢oHOHHOI B3aeMoaii ab0 3 BUIPOMIHIOBAHHSM, CTUMYJIBOBAHHUM pPE30HAHCHUMHU
mpoiiecamu posciroBanHs [1,2]. 31 3MEHIICHHSIM PO3MIPY YaCTHHOK POJIb €IEKTPOH-
(hOHOHHOI B3aeMojii CTae BCE MEHII TIOMITHOIO BHACHIIOK OOMEXEHb, IO
HaKJIaJAl0ThCsl 3aKOHAMHM 30€pEKeHHsI eHeprii Ta iMmybcy. OHAK B eKCIIEPUMEHTaX
3 PO3CIIOBAaHHS 1 MOTJIMHAHHS CBITJIa YacTUHKAMHU [3-6] CHOCTEpIraeThCcs 3HAYHE
pPO3LIMPEHHS IUIa3MOHHUX JiHIH. [le cBiguuTh nOpo Te, WO MAJId KOPEKTHOI
1HTeprnpeTalli eKCIepUMEHTAIBHUX PEe3yJbTaTIB HEOOXITHO BpPAaXOBYBaTH M 1HIII
MexaHI3MH penakcanii. OIHUM 13 TakMX MEXaHI3MIB MOXXe OYTH pO3CIFOBaHHS
€JIEKTPOHIB Ha MOBEPXHI HAHOYACTHUHKH, SIKE€ HEOOXIAHO BPAXOBYBAaTH y BHIAJIKY,
KOJIM PO3MIp METajeBOl YACTUHKUA CTAa€ MEHIIMM 3a JOBXKHUHY BUIBHOTO mpoliry. ¥
[[OMY BUTAAKY IIBUAKICTH TIOBEPXHEBOI penakcallii MO)KHA MPEACTaBUTH y BHUTJISII

[7]

Vo= —, (1)

ne v, — gepmiiBChKa MBUJIKICTh €JIEKTPOHIB; R — BIAMOBIIHUN JIATEPATBHUN PO3MIP
(pamiyc kyai abo0 OCHOBM ULWJIIHIpA, BUCOTA AKMCKA, MIBBICH EJIINCOITIB); .o~ —
e(eKTUBHUI MapaMeTp, 1110 ONMUCYE CTYIIHb BTPATH KOT€PEHTHOCTI MPU PO3CIIOBAaHHI
€JIEKTpOHA Ha IMOBEPXHI, BU3HAUYCHHUM JI €JIINCOiAiB, chep, MUIIHIPIB 1 AUCKIB Y
poborax [7,8].

VY 3aranbHOMY BUNQJIKYy BEJIMYMHA . >~ € PO3MIPHO- 1 YaCTOTHO3aJIEXHOI0. [l1s
pI3HHX 3acTOCyBaHb B 010JOTii Ta MEIWIMHI CTAaHOBUTH I1HTEpEC 3ajadya Mpo
BU3HAUEHHS PO3LIUPEHHS JiHII MJIa3MOHHOTO pPE30HAHCY CQEepUuyHOi MeTanaeBoi
HAHOYACTHHKHU, TOBEPXHS $KOi MMOKpUTa MIApOM aAcOpOOBaHUX MOJEKyl. Y
3a3HAYCHOMY BUIIQJKy ICTOTHHM BHECOK B IIBHUIKICTH MOBEPXHEBOI peiakcarlii jae
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MixdazoBuil (iHTepQeiicHuii) KaHal po3nagy MOBEpXHEBHUX MIa3MoOHIB. Llei edekt
0OYMOBJICHHH JIOKaJbHOIO TYCTHHOIO CTaHIB, 1HAYKOBaHOi ajacopbaToM moOIu3y
piBH1 ®epMi HaHOYacTUHKH. [loTpiOHO 3a3HAUWTH, IO IS TPABUIBLHOIO
BpaxyBaHHs IMX SIBUII HEOOXIJHO BpPaXOBYBaTH MIK30HHI 1 BHYTPIITHBO3OHHI
Mepexou EJNEeKTPOHIB, a TaKOXX TEH30pPHUH XapaKTep IIBHIKOCTI ITOBEPXHEBOI
perakcariii, BHaCJIJI0K 40ro 3aMiCTh CIiBBiHOIIEHHS (1) OyaeMo MaTu

v
U= “0 EF ! (2)

Jc

' ’/J_(7) - Vsize +. ﬁ/;(i?)terface ) (3)

Y dopmyni (3) mepmmii 10AaHOK 3YMOBJICHHM PO3CIIOBaHHSM €JIEKTPOHIB
HAHOYACTUHKHU Ha ii MOBEpPXHi 1 30Ira€ThCsi 3 pe3yjbTaTOM, OTpUMAHUM B [7] mius
c(hepUUHUX HAHOYACTUHOK.

2 2
iz zl(&J 1— 2VS Sin2+ ZVS (1—C0$2J ) (4)

4\ ® ) v ®° %

S S
ne v, =V./2R.
[ToxoKeHHs APYTroro A0/IaHKa MOB’S3aHO0 3 HAABHICTIO aJCOpPOOBAHOIO HIApY.

YacToTHa 3aleKHICTh 1IHTEPGEUCHUX BKJIAIB Ma€ BUTIISA [9]

) ,/J_interface — 4na C)Iﬂmsp GO ITJOLJ_ ((D) ’ (5)
hve 0" +29,
2
i 3 1+ 2¢
) 7|nterface ==n Om J ’ 6
e S £ 2] a0 ©

ne o, =640.Q/3mnv. (n — KOHIEHTpAILlis €JIEKTPOHIB, Q — YHCJIO, AKE 3AICKUTH BiJ
CUMeETpIi acopOOBaHOTO PE30HAHCHOTO CTaHy, Q=0,2 I s- 1 p,-CcTaHiB, Q~0,33 —
ans p,- i p,-craHiB); o =¢./h (& — enepris depwmi); n, — NOBEpXHEBA I'yCTHHA
a7IcopOOBaHMX aTOMIB; 6” — BHECOK 10HHOT MIJCUCTEMH B JIEICKTPUUHY (QYHKIIIIO; O,
— MIENEKTPUYHA MPOHMKHICTh HABKOJIMIIHLOTO CEPENOBUIIA; o, — 9acToTa III1P;

e

J(hco):48nh® j dE[ ET i, (E + o) +(E + ho)T i, (E) |; (7)
imo, (ho)=2n(ed)} | dER, (E)a, (E+ho); 8)
n(E)=t D2 ©)

m(E-E) +(TL/2)"
— JIOKaJbHa TYCTHHA CTaHIB, IHAYKOBaHa ajicopbarom, E, 1 I', — aMIIiTy1a i IUpUHA

CIICKTPAIPHUX JIHIN, BiAMOBigHO; d — BiACTaHb MIXK IIGHTPOM aJcOpOOBaHOT
MOJIEKYJIU 1 MJIOLIMHOIO 300paskeHHS.

OGuucmtoroun iHTerpamu (7) 1 (8), OTpUMAaEMO OCTAaTOYHI BUpaA3U IS
YaCTOTHUX 3aJIeKHOCTEN 1HTep(PEHCHUX BHECKIB Y €(PEKTUBHUM MMapaMeTp
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e _ 2 O Gy (ed)’ {4 (arctg2(8F+hw_Ea)—arctg—Z(SF_Ea)L
T " hve 07 +20, I, r r

a a

1, (e +h0—E,)" +(T,/2) || (6r ~ho—E,)" + (T, /2)" | (10)

e [(sp ) +(Nu/2) |

Y . 2 _ 2 2
e 3 O(iJron] T, arctgz(sF E), i | (ectho Ea)2+(1“a/2)2
’ 8 0" +23, ) |2 r, 16echo0 (g, —ho-E,) +(T,/2)

__Ls {(hoHE)arctgZ(SF_?OJ_Ea)+(hw—Ea)arctg2(8F+;1'®_E”‘)}}

4echom

a a
(11)
TakuM 4rHOM, €pEeKTHMBHA MIBUJKICTb pelakcaili y JaHOMYy BHUIAJKy Oyje
MaTH BHTJIS]
’Yi_f(f‘) = Voui +Vsl(‘) ' (12)
7€ Y, — IBUKICTB 06’ eMHOT penakcarii, a y.!) Bu3HauaeTses Gopmynoro (2).
Y wmogmeni [pyne dacToTHa 3aJIeKHICTh JICJEKTPUYHOT TMPOHUKHOCTI
JOCIIKYBaHOI CUCTEMH MOYe OYTH 3amucaHa y BUTJISIII

2
(Q)

(! \ 00
0)(0)+|'Yeﬁ )
€ ®, —4acToTa 00’€MHMX IIa3MOHIB.

YacToTHi 3anekHOCTI Red (®) 1 Imd (w) 11 HAHOYACTHHOK PI3HOTO pajiycy
npu AE=¢.—E, =0,5 eB npezacrasneni Ha puc. 1. 3a3Haunmo, 110 31 301IbIIEHHSIM
pajailyca HaHOYACTMHKM MalOTh MICIe YepBOHI 3cyBU Req,, 1 Img, . KpiM Toro, Ha
KpUBHX TOMITHI JPIOHOMACIITaOHI OCUMJIALII, BUKJIMKAHI KIHETHYHUMU €(PEeKTaMU
(nuB. popmyy (2)).

20 - . 150
7]
0 7
100
o207 1 _ /3
% =
o2 £
—40 | 1
‘2 50 - 2
—60 | /-3 ]
80 ! > a3 0 1 2 3
ho, eB ho, eB

Puc. 1. YacToTHi 3anexHOCTI AliicHOI (a) Ta ysIBHOI (6) YacCTHH MO3/J0BKHBOI KOMITOHEHTH

HIeJICKTPHYHOTO TEH30pa JUI HAaHOYAaCTUHOK AU y TeduioHi 3 pisHumu pagiycamu: 1 — R =10 uwm;
2—- R=20 am; 3— R=50 um.
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TakuM 4YMHOM, MOXXHAa 3pOOUTH BUCHOBOK IpPO HEOOXIJHICTH BpaxyBaHHS

Opsi/ 3 TOBEPXHEBHUM 1 MDK(a3HOTO KaHATy pO3CIFOBAHHS.

1.
2.

3.
4,
5. M. Hu, C. Novo, A. Funston, H. Wang, H. Staleva, S. Zou, P. Mulvaney, Y. Xia, G.V. Hartland,

© o N

U. Kreibig, M. Vollmer, Optical Properties of Metal Clusters (Berlin: Springer, 1995).

C.F. Bohren, D.R. Huffman, Absorption and Scattering of Light by Small Particles (Wiley,
Weinheim, 2004).

C.Novo, D.Gomez, J.Perez-Juste, Z.Zhang, H.Petrova, M. Reismann, P.Mulvaney,
G.V.Hartland, Phys. Chem. Chem. Phys. 8, 3540 (2006).

C. Langhammer, M. Schwind, B. Kasemo, I. Zori¢, Nano Lett. 8, 1461 (2008).

J. Mater. Chem. 18, 1949 (2008).

C.A. Thibodeaux, V. Kulkarni, W.-S. Chang, O.Neumann, Y. Cao, B.Brinson, C. Ayala-
Orozco, C.-W. Chen, E. Morosan, S. Link, P. Nordlander, N.J. Halas, J. Phys. Chem. B 118,
14056 (2014).

N.I. Grigorchuk, P.M. Tomchuk, Phys. Rev. B 84, 085448 (2011).

A.B. Koporyn, H.W. TTaBnumie, ®MM 122, Nel10 (npuiinsmo oo opyky) (2021).
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Structural properties of (As,S3)x(GeS,),.x (0<x<1) chalcogenide alloys
Revutska L.}, Stronski A.2, Kavetskyy T.3*, Shportko K.2, Kaban 1.%, J6véri P.°, Popovych M.2

"National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”.
Prospect Peremohy 37, Kyiv-03056, Ukraine. E-mail: liubov.revutska@gmail.com
2V.E. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of
Ukraine, 41 Nauki Ave., 03028 Kyiv, Ukraine
*Drohobych Ivan Franko State Pedagogical University, 24 I. Franko Str., 82100 Drohobych,
Ukraine
“The John Paul II Catholic University of Lublin, 14 Al. Ractawickie, 20-950 Lublin, Poland
°IFW Dresden, Institute for Complex Materials, Helmholtzstr. 20, 01069 Dresden, Germany
®Research Institute for Solid State Physics and Optics, H-1525 Budapest, POB 49, Hungary

The chalcogenide glasses have received much attention in recent years, due to
their properties and wide range of technological applications such as infrared optical
elements, acousto-optic and all-optical switching devices, holography recording
media etc. [1].

The aim of this study is to investigate structural properties of the pseudo-binary
(As,S3)x(GeS,)1« chalcogenide glasses (x = 0.0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0) as a
function of composition x with high-resolution Raman spectroscopy and high-energy
synchrotron XRD.

The polarized-VV, depolarized-VH Raman spectra (Fig.1) for the investigated
glasses were obtained.

VH

Raman intensity (a.u.)

100 200 300 400 500

Raman shift (cm™)

Fig.1. The depolarized-VH Raman spectra for the investigated in the (As,S3)x(GeS;)1-x
glasses (x=0.0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0) normalized to the intensity of the main molecular band.

Raman spectra were analyzed and fitted using series of Gaussians peaks. The
observed bands can be explained by vibrational modes of As,S; and GeS, glasses. At
least eleven vibrational modes are detected in the Raman spectra at 20-25, 110, 190,
205, 237, 260, 320, 342, 370, 430 and 490 cm™. Raman spectra of (As,S3)x(GeS,); «
samples showed that the backbones of the studied samples consist of AsSs,
pyramidal units, edge- and corner-shared GeS, tetrahedral units. Compositional
changes in studied glasses result in the evolution of the observed Raman bands. Such
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dependences of characteristic constituent Raman bands’ intensities showed that
samples contain different nanophases whose concentration is changing along chosen
compositional cross-section [2, 3].

The high-energy synchrotron XRD experiments were performed. The total
structure factors S(Q) and pair distribution functions g(r) for the investigated glasses
were calculated and they are plotted in Fig. 2. The parameters of the local atomic
structure of the investigated chalcogenide glasses are calculated. The presence of Ge-
Ge, Ge-As and As-As pairs is confirmed [2, 3].

0 3 6 9 12 15 18

Q (A"
Fig.2. The total structure factors S(Q) and pair distribution functions g(r) for the investigated
glasses in the (As;S3)x(GeS2)1x System (x = 0.0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0). The curves are shifted
for clarity.

Thus, obtained experimental Raman and high-energy synchrotron XRD data
show that (As,S3)x(GeS,);_«x chalcogenide glasses contain different nanophases and
As-rich (x > 0.4) and Ge-rich (x < 0.4) glasses consist pyramidal AsS; and tetrahedral
GeS; units linked by =As-S-As= and =Ge-S-Ge= structural configurations,
respectively.

1. Stronski A., Achimova E., Paiuk O. et al. Optical and electron-beam recording of surface relief’s
using GesAs37Sss—Se nanomultilayers as registering media. J. Nano Res. 2016. 39. P. 96-104.
DOI: 10.4028/www.scientific.net/JNanoR.39.96.

2. Stronski A., Kavetskyy T., Revutska L., et.al. Structural order in (As,S3)«(GeS,)1-x glasses. J. of
Non-Crystalline Solids, v.572, November 2021, 121075.

3. Stronski A.V., Kavetskyy T.S., Revutska L.O., et.al. The boson peak and the first sharp
diffraction peak in (AsSzS3)x(GeSy)1x glasses. Semiconductor Physics, Quantum &
Optoelectronics, 2021 v.24, No. 3. P.312-318.
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/Kugi s1adboparopii B Teopii i NpaKTHIi HAHOTEXHOJIOTIH 1151
€HEPreTUKHM TA eJIEKTPOHIKH

Psaoomyxk M.M., AkimoB €.A.

Vorceopoocvkuil HayionanbHull yHisepcumem, iHiCeHepHO-MeXHIYHULL haKyibmem

mryaboshhuk@ukr.net

Y HegaBHHOMY MHUHYJIOMY TOJIOBHMM (DaKTOpOM IHHOBAIIIMHOI AiSTIBHOCTI B
OCHOBHOMY BBKAJIUCS 1HBECTHIII B TOIIYKOBI (yHIaMEHTaIbHI JOCIIIKECHHS,
pe3yJbTaTH SKUX 3T0JIOM KOMepIliali3yBajaucs y BUpOOHUYIN Ta corianbHINA chepax.
Opnak Takuil NUISIX Bijg JlabopaTopii A0 PUHKY BUSBISETHCS JTOBTUM, CKIAQTHUM 1
BI/IPI13HAETHCS HEBU3HAYEHICTIO. HOBI KOHIIETIIII].

VY ocTtaHHIi yYac B 1HHOBALIMHINA JISAJIBHOCTI B Tally3l HAHOTEXHOJIOTIN MJIs
€JIEKTPOHIKHU 1 EHEPIeTUKHU BCE YITKIIIE MPOCIIIKOBYETHCS HOBUI METOJ BIAKPUTOIO
TUIly, KWW TOB'I3aHUM K 3 MpoIecaMu ToOai3alii CBITOBOI €KOHOMIKH, TaK 1 3
PO3BUTKOM MepexeBoi ekoHOMIKH [1]. JlaHuit MeToa A03BOJISIE MIBUAKO 3aJ1sITH HE
TUIBKM BHYTPILIHI JIPKEpesia KOHKPETHOI KOMIIaHIi, aje 1 30BHIMIHIX KOMIETEHTHUX
mojel 13 HmUX cdep MisUIbHOCTI, SIKI MPONOHYIOTh CBOI 1/1€1, Jat0Th KBali(hiKoBaH1
MOpajid 1 THM CaMUM CIIPUSIOTh BJIOCKOHAJIEHHS KIHIIEBOTO MPOAYKTY abo po3poOiii
HOBUX TEXHOJIOTTYHUX IT1JIXO/TIB.

3rilHO0 3  KOHIEMINIE€I0 1HHOBAIIMHOI  AISUTBHOCTI  BIAKPUTOTO  THUIY
e(eKTUBHICTh TEXHOJOTIYHOT B3a€MO/IiT 3a0€3MeuyeThCS 32 PaXyHOK TICHOI CITIBITpAIIi
BlIaJu, Oi3HECY, 1HCTUTYTIB Ta YHIBEPCUTETIB, JI€ BCl CKJIaJIOBI BHKOHYIOTH CBOIi
oco0nuBl (GyHKUII 1 JOMOBHIOIOTH OAMH OAHOro. OcoOJIMBY pPOJb YHIBEPCHUTETU
BIIITpalOTh Ha CTApPTOBOMY €Talll — €Tall TeHeparlii il Ta HOBUX 3HaHb y TICHIHN
B32€MO/IIT 3 OpraHamu B Ta PETiOHAIBHOTO YIPaBJIIHHS.

VY nonoBiAl aHami3yeTbCs AOCBIA TpoBelneHHS «(CTapTamiB» y HaBYaIbHUX
3aKiazax 3akaprnarrd Ta MPONOHYIOThCS HANpPSIMKHA MOCHJIEHHS AaHOi JISJIbHOCTI.
30Kkpema, BIAMIYaeThCsl IEPCHIEKTUBHICTh CTBOPEHHSI TaK 3BAHUX JKUBHUX JIA0OpATOPIid
3 HOBITHIX HAHOTEXHOJOTIH, JISIBHICTh SIKUX Ma€ OyTH CHOpsIMOBaHA Ha MiATPUMKY
AKTUBHOCTI BCIX YYaCHHUKIB 1HHOBAIIMHOTO MPOIIECY - BiJ BUPOOHUKIB IO KIHIIEBUX
CIOKMBAYiB 3 OCOOJMBHUM aKIEHTOM Ha Y4acCTh MajuX 1 CEpeIHIX MiAIPHEMCTB B
CTBOPIOBAHUX TEXHOJIOTIYHHUX JaHIIOKKax. [Ipu mpoMy >kuBi J1aboparopii MaroTh
MaTH BIIACTUBOCTI BIJIKPUTHX E€KOCHCTEM, 3aCHOBAHMX Ha CIUIbHIA TBOPYOCTI Ta
IHHOBAIIMHUX JOCTI/DKCHHSIX B YMOBax pEAbHOTO KUTTS, Y IEHTPl SKHUX
3HAXOAUTHCS JIFOJANHA 1, 0COOIUBO, TBOPYA MOJIO/Ib.

1. Chesbrough H. Open Innovation. The New Imperative for Creating and Profiting from
Nanotechnology. Boston, 2003; - 385 p.

2. Etzkowitz H., Leydesdorff L. A Future location of research in a triple helix of university industry
government relations. New York, 1998. — 231p.
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HeniniiHo-onTu4yHi BiaacTuBocTi MOHOKpHUcTaTy AgGaGeSe8 : Lu

Pukyk A., [Tonenenphik C., Muponuyk /[., lIuropin O.

Boauncokuit nayionanenuu ynieepcumem imeni Jleci Yxpainku
m.Jhyyox, np.Boni 13

[TigroToBKa HHU3BKOCUMETPUYHHX MaTepiaiiB 3 HEBEIUKUM KOE(iIieHTOM
NOTJIMHAHHA B IIMPOKOMY CIIEKTPAJIbHOMY Jiala3oHi Ma€ BEIMKUN 1HTEpec AJis
Cy4acHOi OINTOENEKTPOHIKM Ta HemiHiiHOiI onTuku. Cepel Takux MaTepialiB €
moHokpuctanu AgGaGes;Seg. [l BUBUEHHS MOXIIMBOCTI BUKOPUCTAHHS KPUCTAIIIB
AgGaGesSeg:Lu B IU  obOmacti cmektpy W po3poOkM Ha iX  OCHOBI
OaraTopyHKIIOHAJIBHUX MaTepiajiB ONTOEICKTPOHHOI TeXHIKM gociikeHo [Y
CHEKTpU IMpolyckaHHs. Pe3ynpraTu mnpexacrasieHi Ha puc.l. Jlns mHOpiBHSAHHA 1
aHaJli3y OTPUMAaHMX pPEe3yJbTaTiB Ha pUC.l MPEICTaBIECHO CIIEKTPHU MPOITYCKAHHS IS
HeneroBanux kpucraniB AgGaGesSeg B3situx 3 podotu [1].

— AgGaGe_Se,
— AgGaGe,Se :Lu

0 " 1 " 1 " 1 T /|
5 10 15 20
A, mkm

Puc.1. CrnexTpanbHuil po3noiia KoedilieHTa mponycKaHHs

SAx BUAHO, TPW BBEACHHI B KpHUCTaJd JIETYIOUOi JOMIIIKA KOEe(IilieHT
MPOITYCKaHHS 3MEHIIYEThCA y BCi 001acTi mpo3opocTi 6€3 CYTTEBUX 3MiH B
CHeKTpax mnpomyckanHs. CriocTepeKyBaHe 3MEHIICHHs TPO30POCTi, sIke 00YMOBIJICHE
J0JTATKOBMM TTOTJIMHAHHSM, MOKHA TIOSICHUTH, TIPHUITYCTUBIIN JIiF0 MEXaHi3My Majo
KyTOBOTO PO3CIIOBaHHS CBITJIa Ha HEOJHOPIAHOCTAX, SIKI YTBOPEHI CKYITYEHHSIM
3apsIKEHUX JIOMIIIIOK.

JocnipkeHHs: TeHepallii Ipyroi TapMOHIKM 3 BpaxyBaHHSIM pPO3MIPIB 3epeH
npoBoawiochk st kpuctainiB AgGaGezSeg: Lu. Po3mipu 3epeH J0CIiKyBaHOTO
Mopoiiky ctaHoBWIM ~10...120 MKM, 110 OI[IHEHO 3a JOMOMOTOK CKaHYHYOIo
enexktponHoro mikpockona SEM (FEI VERSA 3D) (Puc. 2). Cnin 3a3HauuTH, 110
3aBJISKH MMOPOIIKONOAIOHIA CTPYKTYpl 3€peH BKJIAJ B ONTHYHI Ta HEJIHIHHI ONTHUYHI
KOHCTaHTH OyJie MPUHIIUIIOBO Pi3HUM.

Ha puc 2. npencrasneni BuOpani dororpadii mociaipKyBaHuX 3paskiB. s
marepianry AgGaGezSeg meroanoro LU, po3Mmipu 3epeH CTaHOBIATH Bijx 18 mo 270
MkM. Kpim Toro, mpu Ounbmux 36utbmeHHsX A0 350 000 pasiB Oyjo BUSIBIEHO
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MPUCYTHICTh HAHOPO3MIPHOTO MUY Y JTOCIHIIKYBaHUX 3pa3kax. Lleil mun yrBopuBcs
B pe3yJIbTaTl MEXaHIYHOTO MOAPIOHEHHS.

Puc. 2. Oninka po3mipis yactuHok: €, d) AgGaGesSeg: Lu.

Po3mip 3epeH gyxke CyTTEBO BIUIMBA€ Ha IHTCHCUBHICTH CHUTHAIY APYTOi
rapMoHiku. YacTka MEHIIMX TOPOIIKOBUX 3€pEH Ja€ BHINI CHUTHAIU JAPYToi
rapMoHiku. lle moB's3aHO 3 OUIBIIOID MOBEPXHEIO, IO B3AEMOJIE 3 JIA3EPHUM
BUIPOMIHIOBaHHSIM.

Sk BUIHO 3 pe3yibTaTIB JOCHIPKCHh IHTGHCHMBHOCTI TeHepalii apyroi
rapmoHiku (Puc.3) B jeroBaHux KpucTaiax HUXK4Ya, HDK y HEJIETOBAaHUX 3pa3Kax.

1.4F ——30um
1.2 ._ —0— 40 um
Lof < 50um
[ ——80 um
0.8 —0—100 um
0.6}
0.4}
0.2 AgGaGe Se Lu
1

0.0 - P H
290 300 310 320 330

angle, deg

SGH, arb.un.

Puc.3. 3amexHicTh IHTEHCUBHOCTI T€HEpaIlii pyroi rapMOHIKH Bij
po3mipy 3eper st AgGaGesSes:Lu.

Ha nam norssia, e Moxe OyTH CIPUUMHEHO SIK 3MIHOIO HIMPUHU 3a00pOHEHO1
30HH, TaK 1 3MiIHOIO €(eKTUBHUX (POHOHHMX BHECKiB. JleryBanus Lu npu3BoauTts 10
JOJAaTKOBOTO  TOMIMHAaHHA mnpd 532 HM Ta 70  JIOAATKOBOIO  BHECKY
TNeprnosiPU30BaHOCTI PI3HUX 3HAKIB.

1. A.M. El-Naggara, A.A. Albassama, G.L. Myronchuk, O.V. Zamuruyeva, |.V. Kityk, P. Rakus,
O.V. Parasyuk, J. Jedryka, V. Pavlyuk, M. Piasecki Photoconductivity and laser operated
piezoelectricity the Ag-Ga-Ge-(S,Se) crystals and solid solutions / Materials Science in
Semiconductor Processing 86 (2018) 101-110
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JlocaaiiskeHHS B3a€MO/Iii KOMILUICKCIB HA OCHOBI XJIOPUH €6
3 MOJIeJIbHUMH MeMOpaHaMHu

CamoiijioB O.M.l, Amyk B. M.Z, Hagosenko O. M.Z, Jlocunpkui M. IO.Z, [Mogycr I'. H.z,
I'puns /. B.Z, Herona B. }I.,Z Kacsan, H. O.l, JIncenpkuit JI. M.1

1]Hcmumym cyunmunsayiuHux mamepianie HAH Ykpainu
npocn. Jlenina, 60, 61000, Xapkis, Yxpaina e-mail: samoilovisma@gmail.com
2Kuiscoruii HayionanvHul yHieepcumem imeni Tapaca lllesuenka
Byn. Bonooumupcora, 64/13, 01601, Kuis, Ykpaina

OnHuM 3 eTamiB  JOCHIUKEHHS B3aeMOjli HAHOYACTHMHOK, ITOTEHIIIMHO
NPUAATHUX JJs1 O10JOriYHUX Ta ()apMakoJOTIYHUX 3aCTOCYBaHb, € JOCIIIKEHHS
B3aeMonii 3 docdominigaumu  mMeMmOpanamu. Ile oauH 13 0a30BUX METOJIB
JTOCIIDKeHb, OCKUJIBKM Ha BIAMIHY B OUIBII CKJIAQTHUX CHCTEM, O10JI1ITiIHI
MeMOpaHu MaloThb MEXaHI3MH YITKO pEECTPOBAHOTO BIATYKY Ha BHECEHHS
JOCITIDKYBaHUX 00’ €KTIB.

B pamkax panoi poOotu Oyna mochiKeHa B3aEMOMIS 3 MOJSILHUMH
MeMOpaHaMu SK OKPEMHUX HAaHOCUCTEM (HAHOYACTHMHKU OKCHIy TadHio,
HAaHOYACTUHKH TMOJIICTUPOITY, POTOCEHCUOLTI3aTOp XJIOPUH €6, HAHOYACTUHKH cpidIa,
JHK, 6epOepun), Tak 1 CBIXKOMPUTOTOBAHUX KOMILJIEKCIB Ha X OCHOBI.

[Tokazano, mo w#Hanoyactuaku HfO, PS-PPO Ta xmopuny e6 moOpe
B3a€EMOJIIIOTH 3 pochominiagHoro MoaeabHor0 Memopanoro JAIIDX. Beranoieno, mo
JUTSL BCIX JOCIHITKYBaHUX CHCTEM IpUTaMaHHE 3HIDKCHHS TeMmmepatypu (a30BUX
nepeanepexoiiB. 3’sCOBaHO, 1110, B TMOPIBHSAHHI 3 IHAUBIAYAJIbHOI €10
KOMMOHEHTiB, komiuieke «HfO,+PS-PPO+xi0pun €6» cyTTe€BO 3Millye sIKk OCHOBHHIA
nepexis, Tak 1 mepeanepexi 3 nepepo3noauioM TeMIEpaTypHUX IIKIiB, 110 B CBOIO
4yepry BKa3ye Ha IEBHUN CUHEPTTYHUN €(EKT.

Hocnimxeno B3aemoito cuctem Ag-JIHK, Ag-PHK, 6Gepbepun ta koMmruiekcy
Ag-IHK + 6epbepun 3 JAIIDX. Jlns gaHOTO KOMIUICKCY BiI3HAYEHO, ITiIBHIICHHS
KOOTIEPATUBHOCTI (pa30BOTO MEPEXOTY.

Po6ota Bukonana 3a miarpumku HamionansHoro oIy mociimxkeHb Ykpainu (mpoekt 2020.02 /
0367)
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Sonochemical doping with Fe** as alternative method of activation of
sno, photocatalyst

Samsonenko M.}, Khalameida S.", Starchevskyy V.2, Kotynska L.*

! Institute for Sorption and Problems of Endoecology, NAS of Ukraine,
13, Naumova st., Kyiv 03164, Ukraine
2 Institute of Chemistry and Chemical Technology,

Lviv National Polytechnic University,
12 S.Bandera Str., 79013 L’viv, Ukraine

To date, one of the ways to purify water media is photocatalytic degradation of
organic pollutants under the action of UV and visible light in the presence of
photocatalysts. One of the promising green photocatalysts for environmental
protection is tin dioxide [1,2]. Its photocatalytic activity depends on the availability
of porous structure for pollutant molecules, the degree of UV or visible absorption
and the rate of recombination of charge carriers. One of the ways to optimize these
parameters, namely to increase the activity under the action of visible light, is the
doping with metal ions [3,4]. It is known that doping TiO, with Fe*" ions increased
the efficiency of photocatalytic activity and inhibited the recombination of electron /
hole pair [4-7]. There are few works concerning the doping of tin dioxide with Fe**
ions. Therefore, the aim of this work is to study the effect of doping with Fe** ions on
the physical-chemical and photocatalytic properties of precipitated tin dioxide.

Initial gel SnO, has been obtained by heterogeneous precipitation using
ammonia. It was subjected to doping with 5% Fe(lll) by sonochemical treatment
(UST) of wet gel and next thermal treatments (TT) at 300°C. Physical-chemical
properties of all samples were studied using the following techniques: differential
thermal analysis, X-ray analysis, N, adsorption-desorption, UV-Vis spectroscopy. All
samples were tested as photocatalysts for degradation of dyes (rhodamine B (RhB)
and safranin T (ST)) in agueous medium under visible irradiation.

According to the results of DTA-TG, the initial precipitated sample
corresponds to the composition of tin oxohydroxide. Doping by ultrasonic treatment
leads to the removal of the OH group. Next thermal treatment of the doped sample
promotes this process. All obtained samples have a composition close to SnO..

The doped samples have a more perfect crystalline structure than the initial
precipitated sample. Doping and thermal treatment of samples leads to an increase in
the size of the crystallites.

The initial sample is microporous with high value of specific surface area.
After UST, an increase in the specific surface area is observed; the total volume and
pore size are almost unchanged. The doping with Fe*" has a similar effect. In this
case, the doped SnO, has porous structure with high the proportion of micropores in
the total pore volume, but meso- and macropores are presented. After further thermal
treatment occurs: the specific surface area decrease, and the volume and size of
mesopores increases (Table). The formation of meso-macroporous structure is
observed. Thus, the porous structure of doped samples becomes more open and
accessible to dye molecules.

288



CM®XT - 2021

Table. Porous structure parameters of the tin dioxide samples.

Samples Sz, VZ Vma Vme Vmi dme

m*/g cm’/g nm

SnO, precipitated 178 0.09 0.00 0.02 |0.07| 24
+ UST 90°C 206 0.11 0.01 0.02 [0.08| 25
+5%Fe UST 90°C 205 0.25 0.14 0.03 |0.08| 25
+5%Fe UST 90°C+TT300°C | 137 0.26 0.09 0.08 |0.08| 4.7

*S - specific surface area, Vs - pore volume, Vi, - macropores volume, Ve - mesopores volume, Vi - micropores volume; dpe- mesopores sizes.

As a result of doping with Fe**, there are a significant narrowing of band gap
E, from 4.19 eV to 3.7 eV for initial and doped samples, respectively. The band gap
E, of doped SnO, after thermal treatment also decreases to 2.9 eV. Both samples are
characterized by an additional sublevel in band gap with values at 2 eV. As well as,
absorption of visible light increases 3-4 times compared with un-doped sample. This
makes it possible to use the obtained samples as photocatalysts active under visible
light.

All tested samples shown photocatalytic activity in dyes degradation under
visible illumination. The rate constant of rhodamine B (RhB) degradation for doped
Sn0O, with Fe** is increasing nearly 3 times, compared with initial sample, and is
10.0-10°° s, After thermal treatment, this parameter decreases slightly to 7.6+107° s™.
Increase in photocatalytic activity is observed and at degradation of safranin T. Kq
increases almost twice.

1. A. M. Al-Hamdi, U. Rinner, and M. Sillanpdd, “Tin dioxide as a photocatalyst for water
treatment: A review,” Process Saf. Environ. Prot., vol. 107, pp. 190-205, 2017, doi:
10.1016/j.psep.2017.01.022.

2. M. O. Orlandi 1-Tin oxide materials / In Metal Oxides, Tin Oxide Materials, Elsevier, 2020,
Pages 1-9, doi: 10.1016/B978-0-12-815924-8.00001-3

3. M. R. Hoffmann, S. T. Martin, W. Choi, and D. W. Bahnemann, “Environmental Applications of
Semiconductor Photocatalysis,” Chem. Rev., vol. 95, no. 1, pp. 69-96, 1995, doi:
10.1021/cr00033a004.

4. A.JI. Crporok, A. U. Kprokos, C. 5. Kyumuii “Ilonydyenue 1 npumMeHeHue B HaHO(OTOKATaIN3e
TBEPOTENbHBIX TOIYIPOBOJHUKOBBIX MaTepHAOB ¢ pa3MepHbIME 3 dekramu’” Nanosystems,
Nanomaterials, Nanotechnologies, 1. 8, Ne 1, cc. 1—78, 2010

5. H. Chen, X.Jin, B.Su, Y.Fang, K.Zhu, R.Yang “Preparetion of Fe3+-doped TiO2 nanoparticles
and their photocatalytic activities”, Indian Journal of Chemistry, vol.39A, pp. 685-689, 2000.

6. J.Niu, P. Dai, B. Wu, B. Yao, X. Yu, Q. Zhang “Preparation and Application of Fe(lll) Doped
Titania Photocatalyst with Hollow Structure”, Integrated Ferroelectrics, vol. 167, pp. 123-136,
2015, doi: 10.1080/10584587.2015.1106905

7. Z. Xu and J. Yu “Visible-light-induced photoelectrochemical behaviors of Fe-modified TiO2
nanotube arrays”, Nanoscale, vol. 3, pp. 3138-3144, 2011, doi: 10.1039/c1nr10282f

This work was supported by the framework of the research project of young scientists from the
National Academy of Sciences of Ukraine «Alternative methods of doping SnO»-based materials to
purification of the water environment from pollutants», (contract no :75-09/03-2021).
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Growth and electrical studies of germanium-enriched Ag;Sig.Geg ¢S5l
and Ag,Sig,Geg gSsl single crystals

Shender 1.0., Pogodin A.l., Filep M.Y., Malakhovska T.O., Kokhan O.P., Suslikov L.M.,
Studenyak I.P.

Uzhhorod National University, Pidhirna St. 46, Uzhhorod, Ukraine

Silver-containing compounds with argyrodite structure belong to the solid
electrolytes and characterise by specific crystal structure (combination of rigid anionic
and disordered cationic framework). These determine the interesting superionic, optical
and thermoelectric properties. Argyrodites have similar values of the crystal lattice
parameters. This causes a significant amount of solid solutions between the compounds
with argyrodite structure formed by both isovalent and heterovalent substitution and is
used to optimize the functional parameters of the studied materials.

This paper is devoted to the study of the influence of Si **—Ge ** substitution on
the electrical conductivity of single-crystals of the such germanium-enriched solid
solutions as Ag7SigsGegeSsl and Ag;Sip,GeggSsl. The growth of single crystals was
performed by the method of vertical zone crystallization from the solution-melt solution.
Pre-synthesized alloys of appropriate compositions were used as the initial compositions.
The temperature of the melt zone was 1223 K. The optimal speed of crystallization front
movement was 0.4-0.5 mm/h, as well as the annealing temperature was 873 K.

According to the analysis of X-ray diffraction results, it was found that the obtained
Ag;Sip4GepsSsl and Ag;SipGeygSsl samples are single-phase (solid solution) and
crystallize in the argyrodite structure of SG F-43m, Z = 4. Based on the results of a full-
scale analysis by the Rietveld method, it was found that the formation of solid solution
occurs by the mechanism of silicon-germanium substitution in the crystallographic
position 4b (according to Vicoff).

The study of the influence of Si**—Ge*" isovalent cationic substitution on the
electrical properties was performed by impedance spectroscopy. The obtained frequency
dependences (1x10' — 2x10° Hz) of the total electrical conductivity are characterized by
an increase in the conductivity with increasing frequency, which is characteristic for
superionic conductors.

Further detailed analysis of the obtained frequency dependences of electrical
conductivity was performed using electrode equivalent circuits and Nyquist plots. As a
result, the total electrical conductivity is divided into ionic Gjo, and electronic Gy
components. Two semicircles are observed on the Z'-Z" dependences for Ag;Si;xGeSsl
single crystals with x = 0.6, 0.8. The high-frequency semicircle is weakly expressed in
the whole temperature range under investigation (298-383 K). It is shown that for
Ag;Sip4GepsSsl and Ag;Sig.GeggSsl solid solutions the ionic component is more than
10° times higher than the electronic one. On the basis of the analysis of temperature
dependences of ionic and electronic components of electrical conductivity, the
thermoactivating character of conductivity for the investigated single crystals is
established.
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CuHTe3 apyBaTHUX MaTepiajiB 3a J0MOMOI0OK0 TAPUIHOIO MIIXO01Y
MOPOLIKOBOI MeTAJIyPrii

Cracwok 0.0., Cassaxin J.I'., Opumuu /1.B

Inemumym memanoghizuxu im. I'. B. Kyporomosea HAH Yxpainu

TuTaHoBI CIJIaBH IIHPOKO BHKOPUCTOBYIOTBCA B aBTOMOO1IEOYIyBaHHI,
AaCpOKOCMIUHIM TPOMHUCIOBOCTI Ta Cy4YacHMX BIHCHKOBUX cdepax 3aBIsIKd IX
YHIKQJIbHOMY HaOopy BuactuBocTei [1-2]. Bucoka mmroma MIIHICTH CIUIABIiB i
KOMITO3UTIB Ha OCHOBI TUTaHy POOUTH iX JIyKe 3aTpeOyBaHHUMH MaTepiajlaMH IS
pi3HHX 3acTocyBaHb. OJHAK y MIPy PO3BUTKY TEXHOJOTII OJHOPIJIHI TUTAHOBI
MaTepiaii  HE 3aBXAU MOXYTh 3aJOBOJBHSATH EKCIUIyaTallliHUM BHMOTaM.
[To-nepiie, HEMOXIMBO JOCITTA KOMOIHAIli BHCOKHUX TOKA3HUKIB MIITHOCTI 0e3
3HIDKEHHSI B'SI3KOCTI Ta IUIACTUYHOCTI Martepiany. Tak K apMyBaHHS CILIaBiB
(CTBOpEHHS KOMIO3MIIIHHUX MaTepialiiB) B LUIOMY MPU3BOJAUTH 10 3HUIKEHHS
3HAYEHb B’A3KOCTI Ta IJIACTUYHOCTI MaTepiany. [loeqHaHHS BIacCTUBOCTEN MIITHOCTI
Ta IUIACTUYHOCTI JUIsi THUTAHOBHX MarepiaidiB MoOXe OyTH [OCATHYTO HUIIXOM
CTBOPEHHsI 0araTolIapoBUX TPaJlEHTHUX BHUPOOIB 3 PI3HMM XIMIYHHUM CKJIAaJIOM Ta
MIKPOCTPYKTYpOIO B KOXHOMY OKpPEMOMY Iapi, IO MPU3BOAUTH A0 PI3HUX
BJIACTUBOCTEN KOXHOTO mapy. OOHUM 3 HaWOLIbII ONTHUMI30BAHUX METOMIB IS
IILOTO KJIACy MaTepiajiiB € METO MOPOIIKOBOI METaIyprii, 10 JO3BOJISIE OTPUMYBATH
rOTOBY TMPOAYKIIIO, fIKa TOEIHYE MPOCTOTY BUPOOHUIITBA Ta EKOHOMIYHICTb.
bararomrapoBuii matepianu, y SKUX BEpPXHIN MIap CKIATAETHCS 3 KOMITO3HIIHUX
MarepiaiaiB Ha OCHOBI TUTaHy a0o HOTO CIIaBy, apMOBaHUX KapOijoM TUTaHy abo
OOpUIOM TUTaHY, MOKYTh OyTH YCHIITHO BUKOPUCTaHI SIK 3HOCOCTINKUI MaTepiasl B
aBiarlii, MalmMHOOYTyBaHHI Ta Y BINCBKOBHUX ITUISIX.

Metow aaHoi podoTH OylI0 BHBYHUTH OCOOJHUBOCTI BHUTOTOBJICHHS 2-3
[IapyBaTUX TUTAHOBHX MaTepiaiiB 3 BUKOPUCTAHHSM KOMITO3UTHUX MaTepialliB Ha
ocHoBi Ti Ta crutaBy Ti-6Al-4V 3 wacTuHkamMu kapOiny THUTaHy abo OOpHIy THTaHY
METOJIOM MOPOIIKOBOI METATYprii.

B paHoMmy JOCHIIKEHHI NPOMOHYETHCS EKOHOMIYHO €(EeKTHUBHUN MPOIIEC
BUTOTOBJICHHS 0araTolapoBUX KOMIIO3UTIB Ha OCHOBI Ti 3 BHUKOpPUCTaHHS
TEXHOJIOT1i MOPOIIKOBOI MeTanyprii Ta nmopomky TiH, B SIKOCTI OCHOBH BHXIJTHUX
CyMiIlIeH.

Jis  JOCATHEHHS  MaKCHUMalbHO  MOXIMBOTO  OamaHCy  MEXaHIYHUX
BJIACTUBOCTEH OararomapoBux MaTepiajliB HEOOXIHO OTpUMATH XIMIYHY Ta
MIKPOCTPYKTYPHY OJIHOPIJHICTh Y KOKHOMY IlIapl Marepiaiy IiJl 4ac CIiKaHHS Ta
3MEHIIUTH 3aJUIIKOBY TMOPHUCTICTh NpoAyKTy. HeoOXigHO TakoX AOCATrTH
MaKCUMaJbHOI ajre3ii MK MIapamMu wmaTepiaiy (CIUlaBy Ta KOMITO3UIIIMHOTO
Marepianay) Ta 3amoOIirTH YyTBOPEHHIO TPIIIMH MK CYCIIHIMH Iapamu. BaxiuBoro
YMOBOIO T1APUIHOTO MiAX0Ay € moBHe BuAaneHHs BoaHio (Menme 0,01 mac.%) Ilin
yac CIIKaHHS y BakKyyMi, 00 YHUKHYTH OKPHXYEHHS BOJHEM. BuTroToBieHI

OararomapoBi Marepianu 3 5% ta 10% TiC 3a10BOJIbHAIOTH YCIM BUII€3a3HAYCHUM
BumoraM. Kosken mrap marepiany Ti-6Al-4V/Ti-Al4V+5%TiC/Ti-6Al-4V+10%TiC
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Ma€ OJHOPIAHY MIKPOCTPYKTYPY Ta Pi3HY 3aJUIITKOBY OPUCTICTH (3-5%). Mexi mix
mapamMy MaTepiaay MarTh YyJAOBY aire3iro 0e3 TPIIIMH MK HUMHU. YcajKa IIapiB
IpaJilEHTHOTO Martepiany cTaHoBUTh 15,1-15,8%, 3HauHa ycajka 3yMOBIIEHA 3MIHOIO
(dazoBoro crany turany (0 (TiH;) — a (T1) — B (T1)) Ta nmporecamu audy3ii mig gac
CITIKaHHS ITOPOIIIKOBI CYMIIIII.

BuroTtoBnennst GararomapoBoro marepiany, apmoBaHoro 5% ta 10% TiB
INPHUHIKIIOBO BIJPI3HAETHCA 1 Mae psija Imepemkon. B mporeci In Situ cuHTe3y
yTBOPIOIOThcst vacTuHKU TiB 3a peakuieto (TiB,+Ti — 2TiB) Bume 900 ° C, mo
BEJIC HE JI0 YCaaKu MaTepiany a Ao 30utbmenHs po3MipiB (Edext @penxens). Jlannii
edeKT MPU3BOAUTD JI0 3MIHU T€OMETPUUHUX PO3MIPIB Ta PO3TPICKYBaHHS MaTepiamy.
SIK BUSIBUJIOCH ONTHUMAJIbHUM BapilaHTOM MOJOJIAHHS JAHOTO €(EKTy € PETyTIOBAHHS
pPO3MIpY BUXIAHUX YaCTUHOK B KOKHOMY OKPEMOMY IIapi, IO JI03BOJISIE OTPUMATH
KOMITO3HMIIIIHI MaTepiaid 0e3 3MIHU JIIHIMHUX pO3MIPIB 1 BIAMIHOIO aAre3i€r0 Mix
apamu.

[IpoBeneno MexaHiuHi BUMPOOYBAHHS JBOX IIIAPOBUX Ta OJIHOIIAPOBUX
KOMITO3MIIIMHNX MartepianiB. Byino po3paxoBaHo eHepriio aedopmailii MIUISTXOM
BUMIPIOBAHHS IO M1l KPUBOIO HANpPYKeHHs-AehopMailist. Di3UUHUI CEHC I[HOTO
napamMeTpa - Ie 3arajibHa eHepris abo poOoTa, sIKy HEOOXIIHO BHUTPATUTH Ha
nedopmailito 3paska (BKJIIOYAIOYM TPYXKHY, PIBHOMIpHY Ta JIOKalTi30BaHy
wIacTuuHy jaedopmaitiro) s woro pyiHyBaHHs [3]. OmHOIIApOBI KOMIIO3UTH
nokasamy 3HadeHHs Ti-6Al-4V-5%TIiB - 15 M/x/m°, Ti-6Al-4V-5%TiC - 30
MJIx/M°, a aBox maposi Ti-6Al-4V/Ti-6Al-4V-5%TiB - 80 MDx/m°, Ti6AI-4V/Ti-
6AI-4V-5%TiC -300 M Tx/m.

o bararomapoBi THTaHOBI IUTACTMHM, W10 CKJIAQJalOThCA 3 IIApiB Ha
ocHoBi Ti6Al-4V Ta Ti-6Al-4V apmoBanoro wactuakamu TiB a6o TiC, Oymu
YCHIIITHO BUTOTOBJIEHI 3 BUKopucTtanHsaMm [IM (xononHe mpecyBaHHS Ta BaKyyMHE
CITIKaHHS).

o Byno mokasano, mo jaBomiapoBi marepianu Ti-6Al-4V/Ti-6Al4V+TiB
(TiC) wmaroTh Ha MNOPAAOK OUIbIIy e€Hepriro jAeopmarii, HIK BIANOBIJIHI
omxHomraposi ananoru Ti-6Al-4V+TiB (TiC).

1. G.Lutjering, J.C.Williams. Titanium. Berlin Heidelberg: Springer, Second edition, 2007. p. 385.

2. J. S. Montgomery, M.G.H. Wells, Titanium armor applications in combat vehicles, JOM (2001)
vol. 53, p. 29

3. J.R. Davis (Ed), Tensile Testing, 2nd Edition, 2004, ASM International. p. 283.
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IIponecu MexaHivHOI pejiakcamii B cTekIax As-Se

Llicapyk €.€., Jlucauenko .1

Yorceopoocoruii nayionanvuuil yrisepcumem, ghizuunutl paxyiomem
88000, m. Yowceopoo, eyn. A. Borowuna, 54
zenka98@gmail.com

Oco0nuBe Miclle cepell MaTeplajiB SKi BAKOPUCTOBYIOTHCS Y SIKOCTI KOMIOHEHT
CydyacHOI  €JEKTPOHHOI  TEXHIKM  3aliMaroTh  XaJIbKOTE€HIAHI  CKJIOMO/i0HI
HaITIBIPOBITHUKH, SIKI BOJIOJIIOTh YHIKQJbHUM HA00pOM (Di3WYHUX BIACTUBOCTEH.
JIOCT/DKEHHIO XaJIbKOTCHITHUX CTEKOJ IIPUCBIYCHO YHMMaly KUIBKICTh PpOOIT,
30KpeMa JIETaIbHO BUBUEHO X €JIeKTPO(PI3UyHI Ta ONTUYHI BIACTUBOCTI, CTPYKTYpa,
CHEKTpU 1H(QPAYEpPBOHOTO TMOIVIMHAHHS, KOMOIHALIMHOrO PO3CIIOBaHHS CBITIA,
SJIGPHOTO MArHITHOTO pe30oHaHCy Ta iHme. OJHaK MEXaHIYHHM BJIACTUBOCTIM
CTEKOJ, Y TOMY YHUCII 1 pejlakcallii MeXaHIYHUX HaIpyKeHb, 10 LUX IMip NPUAIIECHO
HEJIOCTaTHhO YyBard. Ha#OuTbIml BaKIMBHMH MEXaHIYHUMH XapaKTePUCTHUKAMH
TBepauXx Tul € monyni FOHra, 3cyBy 1 Ilyacona. Ilpu HaOnmxeHHI 10 TeMmnepaTtypu
CKJIyBaHHS BaXXJIMBHMH CTAalOTh B A3KOMPYKHI BIACTHBOCTI, SIKI XapaKTePU3YIOThCA
penakcauiero aedopmaliiii 1 MEXaHIYHUX HAIpPYK€Hb Ta BHYTPIIIHIM TEPTIM. Y
3B’SI3KY 3 MM TMPEACTABIISIE 1HTEPEC MOCTIIKEHHS MEXaHIYHUX pellaKcaliiiHuX
MIPOIIECIB Y XaIbKOTEHITHUX CKIIOMOIIOHUX criaBax AS-Se.

Ha puc.l. npencraBieHo TeMIlepaTypHy €BOJIIOLII0 YacCOBHUX 3aJIeKHOCTEN
nedopmailii € mpu NPUKITAICHHI 1 3HATTI MOMEHTY KPy4YeHHS 70 3pa3ka ckia As,Ses.
SIxicHMit aHai3 OJIepKAHUX PE3yJIbTATIB MOKA3YeE, IO 3 MIJBUILEHHSIM TEMIEPaTypH,
TOOTO i1 HAOIMKEHHS JJ0 00J1aCTi CKIIyBaHHS, TOPST 13 30UTBIICHHSM SK MPYXKHOT TakK
1 B’S3KONPYXXHOI CKJIAAoBUX Jedopmalii CyTTe€BY pojib IOYMHAE BIAITPaBaTH
MJIACTUYHICTh, TOOTO HE3BOPOTHA YacTUHA Aedopmarlii.

1 —a—300K
2 —a— 350K
3 —a— A00K
4 —r— 425K
5 440K

3

a o
Puc. 1. TemneparypHa eBOJIOIIST YaCOBHUX 3aJIKHOCTEH AedopMaltii mpu mpuKIageHH] 1 3HATTI
MOMEHTY KPYYCHHs JI0 3pa3ka ckiia AsySes (a) Ta MmexaHiuHa Mojieib i broprepca ais ix
mosicHeHHS (6).
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AHani3 MexaHIYHUX MOJieJIeil B’ A3KOMPYKHOCTI MOKa3ye, 10 ISl BpaXyBaHHS
IUTACTUYHOCTI HAWOLIBII aJieKBATHOIO € MoJelb broprepca [1], sika ckiamaeTbes i3
IIOCIIAOBHO 3 ’e¢aHaHux Mozaeined MakcBeiwia 1 Keapsina-®@oiirra. OueBugHa
ocoOJuBICTh MOieNi broprepca mojsrae B TOMy, 110 B Hili BpaxOBYEThCS 1CHYBaHHS
SK B’ A3KOMPYXHOCTI, TakK 1 IUIacTUYHOCTI. [lpu HU3BKIA TemmepaTypi SK
«MaKCBEJIBChbKa B'I3KICTh» N2 Tak 1 nl JyXke BENHKI - 1 TOMl 3aBASKU HasSBHOCTI
npyxunu E2, oOroBoproBaHa MoJiellb ONHUCY€E TMOBEIIHKY MPYKHOTO TBEPIOTO
matepiany. [lpu minBuieHHi Temmneparypu B's3kicTh nl 3meHmryerscs. [Ipu npomy
CIIOCTEPITAETHCS KOMITJIEKC SIBUII 3aTPUMKH, THUTIOBA JIJIS B’ I3KOMPYKHUX MaTepialliB.
[Ipu mie OinbIn BHCOKIA TemrepaTypl B'S3KICTh N2 CTa€ HACTUIBKHM HHU3BKOIO, IIO
MOJIETIb TIPEACTABIIAE€ TOBEIIHKY B'S3KOI PIAMHM 31 c1ab0 BUPAKEHUM €PEKTOM
3aMi3HIOBaHHS.

MaremaTuyHuii omuc TOBEIIHKM Mojenl broprepca, TIpyHTYIOThCA Ha
MiJCYyMOBYBaHHI1 JeopMaliiii TpbOX KOMIOHEHT MOJeN — iAeabHoi npyxunu (E2),
MopIIHA Y B’sI3KiM piguHi (m2), MmO BiAnoBigae moneni MakcBena, a TakKoxX
napanensHo 3 eaHanux npyxuau (E1) 1 mopmusa (nl) (monens KenbBina-doiirra) i
ONMUCYEThCA PiBHIHHAM (1)

k

d’c do de

— 4k —+ ko =1, —+1,¢, 1
dt? a0 tdt U )
ne xoedimienTH Ky, Ky, Ko, |1, lo Bupakarotbcst uepes mapamerpu mozeni broprepcea, a

AKICHA TOBEAIHKA fedopmallii moka3aHa Ha puc. 2.
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- oo

¥ X

|
|
1
L — -

'0 !1 l:

Puc.2. fIxicna noBeninka aedopmarii mozgeni broprepca npu HakiagaHHi Ta 3HATTI MEXaHIYHOTO
HaIpy>KEeHHS BIAMOBIIHO Y MOMEHTH 4acy 1o 1 tj.

Takum ymHOM, JUIsi TOTO MIO0 HAMOUIBIT aJeKBATHO OMUCYBAaTH PEOJIOTIYHI
BJIACTUBOCTI CKJIOMOJIOHMX MarepiaiiB, MOTPIOHO BUKOPHUCTOBYBATH MOJENI, MIO
CKJIQJaloTbcd 3 TPhOX 1 Ounblue eneMmeHTiB. IIpoTe 31 3pocTaHHAM KIUIBKOCTI
€JIEMEHTIB 3pOCTAa€ HE TUIBKM TOYHICTH ONUCY KOHKPETHOTO B’SI3KOMPYKHOTO
Marepiaiy, a i 3HaYHO YCKIIQJHIOEThCA iX MaTEMaTUYHUIN aHai3.

1. N. Mills, M. Jenkins, S. Kukureka. Plastics: Microstructure and Engineering Applications. 4th
Edition. Butterworth-Heinemann 2020, pp. 111 — 125.
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Onep:xaHHA aHTHOAKTEPIiAJIbHUX IUIIBOK 3 MPUPOAHIMH CHJIIKATHUMHU
HAHOTPYOKaMu

Typumun H.l, bpuuka C.a.1?

'Kuiscoruii HAYiOHANbHUL YHIGepcumem mexHol02iiu ma Ou3aiHy,
elenaturchin1997@gmail.com
2 Incmumym eazy HAH Ykpainu

[amnoizuthHi HanoTpyOku (I'HT) € mnpupomHuMu martepiaiaMu 3 BHCOKOIO
cTymiHHIO 610cyMicHOCTI [1]. [IOKpUTTS HA OCHOB1 MPUPOJHUX IMOJIMEPIB BUKIMKAIN
HiABUILEHUH 1HTepec 10 (hapMalleBTUYHOI HAYKH Ta MaKyBaHHs MPOAYKTIB XapuyBaHHS.
B po0oti pinocomu ramnoizuty Ta ¢GochaTUIMIXONIHY BHKOPUCTAIU IJS PO3POOKU
HAaHOKOMIIO3WTHHUX IIIIBOK Ka3eiHy. JIimocomu, mpUroToBaHi abo 3 JIEIUTHHOM COi, a00 3
docdominonom, Manu po3Mip YACTMHOK B niana3zoHi Big 124 go 178 HM 1 BHCOKa
edekTuBHICTh 3axomieHHs (94-100%). BpaxoByroun ix crabinpHOCTI, jJimocomu 3 1,0
MTI/MJI HI3UHY Oyiu oOpaHi Jyuisi BKIIIOUEHHS] B HAHOKOMITO3UTHI TUTIBKH, 1110 Mictuiu 0,5
/]I TAJUTOT3UTY.

Mopnens ctpykrypu ['HT

[IniBkn Manmy aHTHMIKPOOHY akTHBHiCTH mpoTu Listeria monocytogenes,
Clostridium perfringens ta Bacillus cereus. EnekrponHa Mikpockomisi Tokasaja, IIo
BOHU BHSIBWIM TJIAJKy MOBEPXHIO, ajie MOKA3aJIH 30UIbIIEHHS IOPCTKICTh 3 JOJaBaHHAM
rajutoizuty. KaszeiHoBi 1umiBKM OyJiM TOHIIMMM 1 3JIeTKa JKOBTYBaTMMH, MEHII
KOPCTKMMM 1 JyXe€ €JNacTUYHMMU Yy TIOPIBHSAHHI 3 IHIIMMHM TUIAMH IUTIBOK.
TepmorpaBiMeTpUYHUN aHalli3 BCTAHOBHUB 3HW)KEHHS TeMIIEpaTypu JAerpajauii s
TUTIBOK Ka3eiHy 13 J0JaBaHHAM JinocoM. TemmepaTypa CKIyBaHHS 3MEHIIyBaJlach 13
JOJIaBaHHSM JNocoM 1 Tramioizuty. IlmiBku Ka3zeiHy, IO MICTATh JIIIIOCOMH,
3aBaHTaXEHI HI3UHOM Ta TaJUIOI3UTOM TMPEACTABISIIOTh IIKaBy aJbTEPHATUBY
AHTUMIKPOOHHMM MOKPUTTSAM MOPIBHSIHO 3 ICHYIOUMMH aHAJIOTaMH Ha PUHKY.

1. bpuuka C.S. XuMus TaJJIOM3UTHBIX M HMMOTOJUTHBIX HaHOTpYOOkK. — KwuiB, VYkpaina:
Bunmasununii mim «Kwuii», 2016, 258 c.
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JocaigkeHHs1 KyOIYHOI ONNTUYHOI HEJIHINHOCTI Y JIErOBaHUX
CerHeTOeJIeKTPUYHHMX KpHcTajdax Sn,P,Se

Tumouko H. L., [Tagmumun P. €., ['padap O. O.

Yorceopoocvkuii HayionanbHuil yHigepcumem,
88000, Vrpaina Yoceopoo, Iliocipna 46,
alexander.grabar@uzhnu.edu.ua

[TpoBeneHo gocmimkeHHsT KyO1uHOT ONTHYHOI HENMHIHHOCTI (POTOpEpaKTUBHUX
CETHETOCNEKTPUYHUX KpHUCTaliB SN,P,Sg Mpu KIMHATHIW TeMIepaTrypi MeToaoM Z-
CKaHyBaHHs Ha noBxkuHI xBwim He-Ne mazepa (633 HM). OpepkaHO OINIHKH
BEJIMYMHU HEJHIMHOI J0OaBKHU N, 10 MOKAa3HUKA 3aJIOMJICHHS I PI3HUX HAMpPSIMKIB
MoJIsIpy3allii CBITA.

Ha ocHOBI BUMIpSHUX XapaKTepHUX dYaciB (POpMyBaHHS HENTIHINHOI JIIH3U
3p00JICHO BHCHOBOK TIPO JOMIHYBAaHHS TEIUIOBOTO MEXaHI3My B “HIBUIKIN
KOMIIOHEHTI ii (OpPMyBaHHs, a TaKOX MPO Y4acTb IHIIKX, OUIBII MOBUIBHUX
MexaHi3MiB (QOpMyBaHHA (OTOHABEAECHUX 3MIH T[IOKa3HMKA 3aJOMJICHHS, SKi
30epiraroTbcs MEBHUM Yac MiCs OCBITIAHHS.

V neroBaHux Kpucrtanax SnyP,Se:Sh, siki XxapakTepu3yrThCsl BUIIUMHU Koedi-
[[IEHTAMU OINTHUYHOIO TMOTJIMHAHHA Ta 3HAYHO CHJIBHIIIUM (QOoTOpedpaKkTUBHUM
e(eKTOM, BHUSBIECHO HA0arato BHILI Yy IOPIBHAHHI 3 HEJIIETOBAHWMU KPHUCTAIAMH
ONTHYHI KyOiuHiI HemiHiiHOCTI. Ilpu 1BOoMy XapakTepHi wyacu (QopMyBaHHs
HaBEJICHUX JIIH3 y LbOMY MaTepiail Ha MOPsAOK BUIL, a 3aJE€KHICTh Bl a3uMyTa
nosisipu3aiii cBiTiaa Habarato cuibHima. Edexkt “mam’saTi” HaBegeHOi JIH3M Yy
kpuctami  SnyP,Sg:Shb cBiAuMTH MPO  HASABHICTH  MEXaHI3MY  JIOKAJIBbHHUX
(OTOIHIYKOBAaHMX 3MIH TIOKa3HMKA 3aJOMJICHHS 3 JOBTUMHU (TOJAMHHM) YacaMH
penakcariii.

[IpoBeneHi NMOCHIIKEHHS TO3BOJISIOTH 3pPOOMTH BUCHOBOK TMIPO HASBHICTH
MPOIIECIB JIOKATbHUX (POTOIHYKOBAHUX 3MIH TMOKAa3HUKA 3aJIOMJICHHS y KpUCTajlax
Sn,P,Sg, OKpIM HEJOKANBHUX, KOTPl BUHUKAIOTH 32 PAXYHOK AU(Y31HHOTO MEXaHI3MY
doropedpakTHBHOTO eheKTy B IUX MaTepiaiax [1].

1. A. A. Grabar, M. Jazbinsek, A. N. Shumelyuk, Yu. M. Vysochanskii, G. Montemezzani and P.

Gunter. Photorefractive effects in Sn,P,Se. In: "Photorefractive Materials and Their Applications
v. Il (Springer, New York 327, 2007).
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Ab initio po3paxynku aucnepcii poHoHiB B SN,S;3

bneuxan /I.1., Bakyabuak B.B., [Tanumun P.€., Yepsuuk [1.P.

Vaiceopoocoruii nayionanehutl ynisepcumem, 8yn. Borowuna, 54, Yaceopoo 88000, Ykpaina
e-mail: crystal_lab457@yahoo.com

VY naniif po0OTi 3 METOIO OTpUMaHHs 1H(OpMaIlii MPo JUHAMIYHI BIACTHBOCTI
KpucTaiga Sn,Sz, mpoBeneHi ab initio pospaxynku mucnepcii i rycTHHU (OHOHHUX
CTaHiB, CIEKTpiB KoMmOiHamiifHOro poscitoBanHs cBitia (KPC) Ta indpauepBoHmx
(I4) cnekrpiB. TeopeTuyHuii poO3paxyHOK JTUHAMIYHOI CTPYKTYpU JI03BOJIUB
IICHTU(IKYBaTH CUMETPII0 paMaHiBCBbKMX MOJT 1 00CYIUTH HasBHI B JiTepatypi [1, 2]
EKCIIEPUMEHTAaJIbHI pe3ybTaTH.

Kpucragiyna cTpykrypa. Sn,S; KpucTtami3yeTrbcsi B poOMOIUHIA CTPYKTYpi 3
napaMeTpamu rpatki: a = 8.878 A, b =3.751 Aic =14.020 A, Z = 4 [3]. Cumerpis
KPUCTATiYHOI TIpaTKM ONMCYEThCS HpOCTOpoBoo rpymoro Dy (Pnma), a
KPUCTAJIIYHUI KJIaC — TOYKOBOIO Tpymnoro Dyp. Ilpu HopManbHUX yMOBax cTaOlIbHOIO
€ TUTbKM poMOiuHa o-(aza Sn,S3;, a Tpu BucokoTemmneparypHi -, y- 1 0-das3u €
MeTactabipHuMH [4].

X
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Puc. 1. ITpoexiiist KpucTanigHoi CTPYKTYpH SN,S; Ha miommuHy XZ (a) ta (parMeHT i30J160BaHOT
CTpiuKH, BUTATHYTOI B HanpssMky [010] (6).

Ha Bimminy Big OiHapHuX cmnoiyk SnS 1 SnS,, B AKHX aTOMH OJOBa

pOSIBIISIOTh BaieHTHICTH |1 1 IV BiamoBimHO, SNyS3 BITHOCUTRCS 10 CIIOJIYK OJIOBA 3i
3MIIIAHOK0 BaJIeHTHICTIO Tumy-l (3rimHO 3 kiacudikamiero [5]). Enexrponna
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KOH(Iryparis BaneHTHHX enekTpoHiB atomi omosa 4d'°5s°5p® i cipxu 35°3p*. B
croyii SN,S3 cipka OUTBIN €eKTPOHETaTUBHUN €JIEMEHT, a OT)KE 3a0upae YOTHPH
€JIEKTPOHU BiJ aToma sn" i npa €JICKTPOHU BiJI aToMa Sn”, 0 MPUBOJUTH JO
enekTpoHHOI KoHbiryparii 35°3p° wis S i 4d'°5s%5p° must Sn''. Takum uneOM, CTYMiHB
OKHCHEHHSI KaTioHIB B SN,S; piBHuii Il 1 V. B eneMmeHTapHiii KomipIiil JaHOTO
KpUCTaJla MICTATBhCS JBAAISTh aTOMIB, 3 SKUX YOTHPU — Sn”, YOTUPH — sn'v i
nBaHaAUATE — S (puc. 1). B kpucrtamiuHii IpaTill € HECKBIBAJCHTHI IOJIOKCHHS
atomis Sn'" i Sn'. JlsoBanentruii Sn'" i gorupusanenTHu SN', a TakoXk TPU aTOMH
cipku S(1), S(2) i S(3) 3aiimMaroTh IT’ATh Pi3HUX MO3UILIH 4¢ MPOCTOPOBOI Tpyr Pnma
3 TOUKOBOIO CUMETPI€I0 M.

Y crani Sn" 1Ba 5p-eneKkTpoHM NMPHIMAIOTH Y4ACTH B YTBOPEHHI XiMidHOTO
3B’S13Ky, B TOM 4Yac SIK JBa S5S-€JEKTPOHM YTBOPIOIOTh HemojaulieHy mapy. Ld
HEMO/AJIEHA Mmapa 0e3MnocepeIHbO HE MPUKUMAE y4acTh B XIMIYHOMY 3B’SI3KY, aJleé BOHA
CYTT€BO BIUIMBA€ HAa HECHMMETPUYHE PO3TAIIYBaHHS aTOMIB CIPKM HABKOJIO aroMa
0JIOBa, 1[0 B KIHIIEBOMY PaxyHKy NPHUBOJUTH 10 YTBOPEHHsS IehOpPMOBAHHUX -
tetpaeapiB [Sn"S;*Ee], ne °*E+ — Hemominena enexTponHHa mapa. Kpucramidma
CTpyKTypa Sn,S; mobynoBana 3 gedopMoBanux okTaeapis [Sn''Sg], yB’s3aHMX MK
co00I0 CHUIBHUMHU pedpamMu B HECKIHYCHH1 3JBOEHI JIAHLIOKKH, IO TATHYTHCS
y310Bx oci b. [To o6umBa O0KHM 70 3BOEHUX JIAHITIOKKIB MPUMHKAIOTH \J-TETPACAPH
[Sn'"'S;eE*], DOMOBHEHI HEMOINEHOIO EIEKTPOHHOIO MapoIo *Es, 3aMicTh BiACyTHBOTO
OJIHOTO 3 jiranfiB. Takum 4uMHOM, (POPMYIOTHCS HECKIHUEHHI CTPIUKH 31 37BOEHHX
JAHITIOKKIB 1 \Y-TeTpaenpiB, SKi MPUMHUKAIOTh J0 HUX. [3 TOpIBHSIHHS CTPYKTypH
Sn,S; 31 cTpykTyporo mucynbdimy ojioBa SNS, BUIUIMBAE, IO XapakTEpHI IS
CTPYKTYpPH SN,S3 OKTaeIpUYHI JIAHIFO)KKH BXOJSTH SIK €JIEMEHT 3arajJbHOTO MOTHBY
OUIBIII CKIIAJTHOT CTPYKTYpH SNS,.

®ononnuii cnektp. Po3paxyHku (HOHOHHOTO CHEKTpa MPOBOIMIMCH TMICIS
onTUMi3allii KpUCTaIuyHO1 CTpyKTypH. [lapameTpu rpaTku 1 piBHOBaXKHI MOJIOKEHHS
aTOMIB B €JIEMEHTapHIA KOMIpIll BHU3HAYAJIMCh MiHIMI3alie0 cuwi [emiMana-
Oeitnmana. PiBHOBaXXH1 MOJIOKEHHSI aTOMIB B €JIEMEHTAPHINA KOMIpII OyJid 3HaIeH]
metogom  BFGS  (Broyden-Fletcher-Goldfarb-Shanno) 3 BukopucraHHs
EKCIIEpUMEHTAJIFHUX JIaHUX B SKOCTI TIOYAaTKOBHX 3HaueHb. Po3paxyHOK 3
¢ynkuionanom PBE 1 Bubpanumu 6a3zucamu 100pe onucye ctaii IpaTKy, Mi>KaTOMHI
BIJICTaHI Ta KYTH B CTPYKTYp1 SNypS3.

EnemenTapna komipka poMO14HOi dazu Sn,S; Mictuth 20 aTOMIB, 1 BIATNIOBIIHO
(GboHOHHMI crekTp MICTUTh 60 HOpPMaNbHUX MOJ. 3TiJHO TEOPETHUKO-TPYHOBOIrO
aHali3zy pO3KJIaJaHHS KOJMUBAIBHHUX 300paKEHb OMHUCYETHCS HACTYITHUMU

He3BigHIMU 300paxenHsavu rpymmu Dy (Pnma) B toumi I':
I' = 10Aq + 5B + 10By + 5B3y + 5A, + 10By, + 5By, + 10B3,.

Y KP cnekrpi noBuHHO crnioctepiratucs 30 ONTUYHO-aKTUBHUX MoJ, B [Y-
crekTpi — 22 moau, 3 akyctuuni moau (By,, Byy, Bsy) 15 Mox (A,) € HCaKTUBHUMU B
KP 1 14 cnektpax. He3Baxkaroun Ha ckiagHy OYyIO0BY KPHUCTAIIYHOI I'PATKU SN,Ss,
quciao Moj B ekcrnepuMmeHTanbHux KP- 1 [Y-cmekTpax 3Hauno menme (9 1 13
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BIJIMOBI/THO), aHIX II€ BUIUIMBAE 13 TEOPETHUKO-TPYMOBOTO aHamizy. Tak, 3aMmiCTh
JeCATH MOJI CUMETpii Ay, sIKi TIOBUHHI criocTepiratucs B reomeTpii (aa), (bb) abo (cc)
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Puc. 3. [loBHa Ta napuianabHi ryCTHHUA (POHOHHUX CTaHIB B KpUCTali SNyS3.
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y KP criektpi criocrepiraerbes Tinbku m'sth MoA [1]. Y reomerpii (ac), (bc) i (ab), sx
CTBEPIKYIOTh aBTOpH [ 1], HE BUSBJICHO iICTOTHOI BIIMIHHOCTI B €KCIIEPHUMEHTAIBHIX
cnektpax KP, mo Takok He y3TOMKYEThCS 3 PE3yJbTaTOM TEOPETHKO-TPYIOBOTO
aHanizy (5B1g, 10Byg 1 5Bgg).

Po3paxoBani kpuBi jgucriepcii (OHOHIB i  KpuUCTala SN,Sz  y37T0BXK
BUcOKocuMeTpuyHuX HanpsMkiB ['—X-S—-Y-T-R-U-Z-I" 3ouu bpumoena (3b)
npuBeneHi Ha puc. 2. Koopaunatu Toyok 30uu bpumoena [6]: 1'(0,0,0), X (1/2,0,0),
S(1/2, 1/2,0), Y (0,1/2,0), T(0,1/2, 1/2), R(1/2, 1/2,1/2), U(1/2,0,1/2), Z(0,0, 1/2). Sk
BHUJTHO 3 pHC. 2, Y GOHHOMY CrieKTpi HasBHI 60 TiJIOK, M0 BiAMOBITar0Th 20 aToMam
€IEeMEHTapHOI KOMIpKM Kpuctaiga SN,S;. Tpu HIWKHI TITKH  BIAIOBIAAIOTH
aKyCTMYHUM KOJHUBAHHSM, yci pemra — ONTHYHUM. OCKUIBKH YacTOTH (DOHOHIB
JOJlaTHI y BCld 30H1I bpuiroeHa, TO L€ CBIAYUTH MPO CTaTUYHY 1 JAUHAMIYHY
CTaOIIBHICTh JaHOTO KpHcTana. Jlucnepcis onTHYHUX (DOHOHIB B HAMPSAMKY S—Y—T—
R He3nauna (puc. 2), mo Bka3dye Ha ciaOKy MDKaTOMHY B3aemojiro. Jlemo iHia
KapTuHa Mae wicie B HanpsMmkax I[-X-S | R-U-Z-I. V¥V nmx o6mactax
CIIOCTEPITA€ThCS TIEPECIKAHHA aKyCTUYHUX T1JI0K 3 HU3bKOYACTOTHUMHU ONTHUYHUMU
Moaamu. OcTaHHE € O3HAKOI 3Ha4yHOI (HOHOHOH-(PpOHOHHOI B3aemoii. Kpim Toro,
(OHOHHI CHEKTPH BUSBIAIOTH aHI3OTPOIIID B yciX HampsiMkax B 3b 3a paxyHox
KOBaJIeHlTHOI‘O 3B’s13Ky SN-S. I3 po3paxyHKiB MakCHMallbHa 4acToTa ()OHOHIB piBHA
330 c™m .

IHTEeHCHUBHICTE , BiTH. OJI.

0 40 80 120 160
Yacrora, oM

Puc. 4. Criektp KOMOiIHAIIIHHOTO PO3CIFOBaHHS CBITIIa KpUCTala SNpS3:
1 — TeopeTHYHO PO3paXxOBaHUH; 2 — eKCIIEpUMEHTAILHHN [2].

JInst po3paxyHKy TYCTUHH (POHOHHHUX CTaHIB Oyjla BUKOPUCTAHA CITKU 3X7x2
tTouok B 3b. Po3paxoBani moBHa Ta mapiiajibHi TyCTHHU ()OHOHHHUX CTaHIB MPUBEJICHI
Ha puc. 3. OcHOBHI MakCUMyMH (POHOHHOI T'YCTHHHU 3HaXOAAThCA mpH 29, 53, 68, 92,
124, 153, 201, 220, 233, 265 i 303 e Kpim Toro, noBHa ryctuHa (GOHOHHHUX CTaHIB
OXOIUTIOE jiamna3oH wacToT Big 0 no 330 oM ' i ckiamaerbes i3 JBOX 06IAcTeid,
PO3IIEHUX €HEPTeTUYHUM 3a30poM Big 159 no 188 oM I{s1 enepreTnyHa MIJIMHA €
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pe3ynbTaTOM OUIBIIOT PI3HMII Mac MDK aToMamMud SN 1 S, MO NPUBOIUTH [0
PO3UICTUICHHS] KAaTIOHHUX 1 aHIOHHUX KOJWBaHb. AHaii3 HapHIaJ'IBHI/IX I'YCTUH
(DOHOHHHUX CTaHIiB MOKa3ye, MO B HepIiii 06macTi Bix 0 70 72 ¢M © 3 MAKCHMyMaMH
mpu 29, 53 1 68 cMm ' mepeBaxac pyx aromiB Sn' i BKIIOYae aKyCTHUHi i
HU3BKOYACTOTHI ONTUYHI BITKH, Y TOM Yac sIK BEPXHs YaCTHHA Iepioi 06acTi Bij 72
m0 159 cMm ' 3 ocHOBHMME MakcumyMmamu mpu 76, 92, 124 i 153 cM - 3ymOBIeHa
pyxoM atomiB Sn', 3a BHKIIOYEHHSM MakcHMyMy Hpu 92 cM ' sKuil BHKIMKAHHMIA
pyxom atomis Sn'. BucokouactorHa obmacte Bix 188 10 330 cM ', B OCHOBHOMY
3B’s3aHa 3 PyXOM aTOMIB CIPKH, III0 CYIPOBOKY€ETHCS 3MIHAMHU JJOBKUHU BaJIETHOTO
3B’513Ky. MOYHa BBa)kaTH, IO B 1iii 06acti aromu Sn' 1 Sn' 3anmmarorses Ha cBoix
MICIISIX 1 MPAKTUYHO HE MPUHMAIOTh y4acTl B KOJIMBAHHAX. TaKuUM YUHOM, MapiiagbHl
rycTuHn (OHOHHHX CTaHiB IOKa3yloTh, mo B obmacti 0—159 cM™ moMiHyounME
BHUCTYMAIOTh KOJIMBAHHS OJIOBA, B TOM 4ac K B Jiana3oHi Big 188 mo 330 M CIPKH.
Ile moOpe y3romkyerbcs 3 THM, IO Maca aroMiB ojioBa (118.7 a.e.M) 3HaA4HO
nepeBulrye Macy cipku (32.07 a.e.m).

Ha puc. 4 mpexacrasieni pesynbratu MozemoBanHa KP cmektpa Sn,S; y
MOPIBHSHHI 13 €KCIEPUMEHTATBHUMHU JAHUMU, B3ATUMHU 13 poOotu [2]. I3 anamizy
BEKTOPIB 3MIIIICHHS, OTpuMaHuX i3 ab initio po3paxyHKy, BU3HAYEHA CTYIIHb y4acTi
10HIB B KOXHIM Mmoji. Cama i1HTEHCHMBHa cMyra B po3paxoBaHomy KP crmekrtpi
criocrepiraetbest mpu 307 ¢M T pasoM i3 CATENITHHM IIKOM MEHIIO! iHTEHCHBHOCTI
npu 316 cM 'y opMyBaHHI SKHMX TPUAMAIOTH y4acTh IEPEBAKHO iOHH CIPKH, IO
3HaXoJAThCcsl B mo3uilii Buxkoda 4c. I3 MOpIBHSAHHS TEOPETUYHO PO3PAXOBAHOTO
(xpuBa 1, puc. 4) 1 ekcnepumeHTabHOro (kpuna 2, puc. 4) KP cnekrpiB kpucrana
Sn,S; BHAHO, IO pO3pAaXoBaHe 3HAdeHHs wactotw 307 cM &~ I mika 3
MaKCHUMaJbHOIO 1HTEHCHBHICTIO BHSBWJIOCH OJIM3BKUM [0 EKCIIEPHUMEHTaIbHOTO

(306 cM ' [2] 1 308 em * [1]).

1. Chandrasekhar H.R., Mead D.G. Long-wavelength phonons in mixed-valence semiconductor
Sn"'sn'VS; // Phys. Rev. B. — 1979. — V.19, Ne 2. — P. 932-937.

2. Yang H., Pan L., Wang X., Deng H., Zhong M., Zhou Z., Wei Z. Mixed-Valence-Driven
Quasi-1D Sn""sn'vs; with Highly Polarization-Sensitive UV-vis—NIR Photoresponse //
Adv. Funct. Mater. — 2019. — P. 1904416-1-1904416-10.

3. Kniep R., Mootz D., Severin U., Wunderlich H. Structure of tin(ll) tin(IV) trisulfide, a
redermination // Acta Cryst. B. — 1982. — V.38, Ne 7. —P. 2022—2023.

4. Moh G.H. The Tin-Sulfur system and related minerals // N. Jb. Miner. Abh. —1969. — V.111, Ne
3. —P.227-263.

5. Robin M.B., Day P. Mixed Valence Chemistry-A Survey and Classification // Adv. Inorg.
Chem. Radiochem. — 1968. — V.10. — P.247-422.

6. Kovalev O.V., Representations of the crystallographic space groups: irreducible representations,
induced representations, and corepresentations, in Induced Representations and
Corepresentations 2nd edn, H.T. Stokes, D.M. Hatch (Gordon and Breach, London), 390 p.
(1993).
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EnexTpoHHa cTpyKTYypa i onTHYHI BJacTuBocTi Ag;SiSes|

Baxyabuak B.B., baenkan /1.1, Crygensik LIL

Vorceopoocvkuii nayionanvruil ynieepcumem, 8yn. Bonowuna, 54, Yaceopoo 88000, Ykpaina
e-mail: vasyl.vakulchak@uzhnu.edu.ua

Jana poboTa nmpucBsdeHa po3paxyHKaM 13 MEepUINX MPUHIUIIB 32 JOTIOMOTOI0
Teopii (yHKIIOHATA €JIEKTPOHHOI T'YyCTHHW B HAOIMKCHHI JIOKAJIBHOI €IEKTPOHHOI
TYCTHHU 3 TIONPABKOK Ha CHIIbHI Kopensmii B d-o0oJoHII ioHa cpibia (MeTox
LDA+U) 30HHOI CTpYKTYpH, TYCTHHH €JEKTPOHHMX CTaHIB 1 3B’S3aHUX 3 HHUMHU
ONTUYHUX BJIACTUBOCTEH, a TaKOXX MPUPOAM XIMIYHHMX 3B’SI3KiB 3a JOIMOMOTOIO KapT
PO3MOILTY €IEKTPOHHOI I'YCTHHH BaJIeTHOTO 3apsiay kpuctana Ag,SiSesl.

Cnonyka Ag;SiSesl BITHOCUTBHCS A0 POJIMHU apTipOJUTIB 1 KPUCTAIIZY€ETHCS B
rpaHelleHTPOBaHil KyOiuHii rpaTui 3 mapamerpoM a = 10.994 A, Z = 4 [1], cumerpis
AKOT ONHCYETHCS MPOCTOPOBOIO Tpymoto F43m. V kpucramiuniii cTpykTypi maHoi
CTIOJIYKH JJIs aTOMIB Ag Mae Miclie JiBa THIa KOOPIUHAIIIT: II0ocKa TpukyTHaA [AgSes]
1 Oimipamiga [Ag,Sesl;]. AToMu Si po3MillleHI B LIEHTpax 130JIbOBAHUX TETpacApiB
[SiSes]. ¥V crpykTypi cnonyku Ag;SiSesl BCi atoMm celleHy € MICTKOBHMU.
Kpucraniuny crpykrypy cnonyku Ag;SiSesl mMoxkHa omucaTy B MOeni 3'€JHAHUX
cHuIbHUMU rpansmu nomienpiB @panka-Kacmnepa 3 koopauHaIinuuM unciaom 16, Tak
3BaHuXx noxiieapis Opiayda.
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Puc. 1. EnextponHa cTpykTypa (a), IoBHa 1 JIOKaJbH1 HapiiaibH1

ryctunu ctaHiB (6) AgrSiSesl.

BianoiiHO 110 pe3ynbTaTiB po3paxyHKIB 30HHOI cTpykrypu B LDA+U
HaOmmkeHHi  (puc. 1, a), AQ;SiSesl € mnpPAMO30OHHMM HAIIBIPOBIIHUKOM 3

o | ‘o
PO3Pax0BaHOI0 BETMYMHOK MMPHHH 3a60poHeHo1 300 E i = 1.05 eB. V BanentHiii

30H1 cnoinyku Ag;SiSesl TMOBHICTIO 3amoBHEHMMH € 59 eHEepreTUYHUX 30H,
00'eTHAHUX B TPH 3B'SI3KM €HEPreTHUUHUX 30H, PO3AUICHUX 3a00pPOHEHUMU JTIISTHKAMU
enepriit. [Ipodini po3mnogiay MOBHOI TYCTUHHM CTaHIB, a TAKOX BKJIQJM BiJl OKPEMHX
cTaHiB pizHUX aTomiB misa Ag;SiSesl HaBeneHi Ha puc. 1, 6. 3 TOUYKH 30py 10HHOTO
TPAHCIOPTY, HaWOUIBIIMI 1HTEpeC NpeAcTaBiige Npupona (OopMyBaHHA BEPXHBOI
Mi30HU 3alHATUX CTaHIB, PO3TALIOBAHUX B €HEPreTUYHOMY iHTepBam —6.62 + 0 eB.
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Ha it minsHIi cniekrpa enekrponHa ryctuHa ctaniB N(E) (puc. 1, 6) dopmyeThes
Sedp-, 15p- i Agdd-aromMmHMMH OpOITAIAMU 3 HE3HAYHOIO JOMINIKOIO Si3p-CTaHiB.
OcoOnuBICTIO  IIi€1  JIUISHKA ~ €JIGKTPOHHOTO  CHEKTpa €  PO3IICIUICHHS
P-30H celieHy 1 HoMy Ha JBi KOMIIOHEHTH Ta PO3IITOBXYBaHHS iX B OOHMIBI CTOPOHH
Bijl oJoxeHHs 4d-cMyTH cpibia 3 iCKpaBo BHpakeHUM TikoM mipu —3.73 eB. Orxke,
BEPXHIO BAJICHTHY Mi30HY YMOBHO MOXHa PO3JAUIUTH Ha TpHW YacTWHU. HuxkHIO, B
eHepreTUHYHOMY 1HTEepBaii Big —6.62 no —4.40 eB, yTBOpeHy riOpuan30BaHUMHU
Ag4d-Sed4p- (I5p-) craHamMu 3 HE3HAYHOKO JIOMIIIKOIO 3p-CTaHIB KpeMHilo. Y
cepennto yactuny (—4.40 + —2.43 eB) mi€i mia30HA AOMIHYIOUHWA BHECOK BHOCSTH
4d-ctanm cpibsa. EnekTpoHHI CTaHM B OKOJI BEPIIMHHA BaJCHTHOI 30HH MAalOTh
3MilllaHy aHIOH-KaTIOHHY MpUpoay 3 BHeckamMu Agdd- i Sedp-cTaHiB y BiJHOIICHHI
1:2.

T T T T J,U

7 i //\ | ) 1,6 A 14
6 12,5 11,4 {12
i 12.0] :i’é'lOHE
) c "8 5
3 11,5 - 108 ] 6“:&_{,
2[ ] 10,6 S
1t 11,0 10,414
Of 10,5 ....]0,2712
. . . ! 0 0 £ \ \ ) 0
b5 10 15 20 25 0 5 10 15 20 25
Enepris, eB Enepris, eB
Puc. 2. Cniekrpu ontrurux ¢ynkiii: €1 (1), n (2), R (3); 6 — &2 (1), k (2),
a (3) kpucrana AgzSiSesl.

PospaxoBani giiicHa Ta ysBHA YaCTHHM JI€NEKTPUYHOI (PYHKIIT JJIs KpUcCTaia
Ag;SiSes| HaBeneni Ha puc. 2. Po3paxoBanuii criekTp €,(F) MOYMHAETHCS 3 €HEPril
1.05 eB sxa BHU3HAuae NOJIOKEHHS JOBMOXBUJIBOBOIO Kparo (yHJIaMEHTAIbHOI'O
MOTJIMHAHHA B 1boMy KpucTam (kpuBa 1, puc. 2, 6). 3 pocTtom eHeprii
CIIOCTEPIraeThCsl Pi3Ke 3pPOCTaHHS € Ha SKOMY MPOSBISIOTHCSA JBI OCOOJIMBOCTI Y
BurisAl cxoauHok (1.35 eB 12.16 eB) 1 sickpaBo Bupaxkenuit Mmakcumym npu 5.43 eB,
0OyMOBJICHUH ONTUYHUMU TiepexoaaMu 3 Ag4d-cTaHiB y BEepXHii 4aCTUHI BaJICHTHOI
30HU (BignoBigHUM mik npu 3.73 eB Ha kpuBiii TDOS) Ha AHO 30HM TPOBIAHOCTI
(puc. 1, 6). Po3paxoBaHi CIEKTpaJibHI 3aJIEKHOCTI KOE(III€HTIB MOTJIMHAHHA (KpUBa
3 Ha puc. 2, 6) 1 BiIOMBaHHS AaHOrO KpucTaia (KpuBa 3 puc. 2, a) BiI0OpaXkaroTh
OCHOBHI 0c00MBOCTI 3anexHOCTI €(E) (kpuBa 1 Ha puc. 2, 6).

1. Frank D. (2014), Dissertation, Regensburg, 192 p.
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CTpyKTYypHi 0c00JIMBOCTI KPEMHIM-0JIOBSIHMX BKJIOYE€Hb B OKCHIHIM
MAaTpHUII KPeMHiI0

BoiitoBuu B.B., Pynenko P.M., Kpacbkko M.M., Konocrok A.T'., [ToBapuyk B.1O.

Tnemumym ¢hizsuku HAH Yrpaunwl, Kuis, Ykpaina
vvoitovych@yahoo.com

Icnye 6araro croco6iB popMyBaHHS HAHOPO3MIPHOTO KPUCTATIYHOTO KPEMHIIO
(nc-Si) B okcuanii MaTpuii kpemHiro (SiO,) cepen TakuX CiIi BUALTATH METOIM, SKi
0a3yloThCsl Ha BUKOpUCTaHHI MmeTaniB [1-4]. Bimomo, mo 3a JOMOMOrorw MeTaliB
MOKHa 3HAYHO MOHM3UTH TeMIepaTypy KpHcTaiizamii amMopdHOro KpemHilo Ta
IIPUCKOPUTH LIEN TIPOLIEC.

Hamu  mocnmipkeHHS — TPOBOAMJIOCS — HA  3pa3kaxX  TOHKOILUTIBKOBOTO
HAHOKOMITO3UTHOTO OKCHIY KPEMHII0 3 BEJIMKHM BMicToM osioBa (NC-Si/SiO,/Sn).
3paskn GyiIn OTPHMAHI B pe3ylIbTaTi TEPMIYHOrO BHIIAPOBYBAHHS y Bakyymi (~ 10
[Ta) 3 tanTamoBoi puHBoukmM cymimi mopomkiB SIO (dpipmu Cerac Inc. gucrora
99.9%) Ta Sn (po3mip 3epHa 40-45 MKM) B3ATHX Y pi3HHX BaroBux mporenTtax (10%-
Sn, 90%-SiO). Po3zirpie TaHTajI0BOI PHUHBOYKH 3IMCHIOBABCS PE3UCTHBHUM
MeToaoM. Oca/pKeHHs TUTIBKK BIIOYBAJIOCS Ha KPEMHIEBI Ta cardipoBi IMiJIKIAIKH.
Temmeparypa miaKIaga0K npu ocamkedni cranosuia 300 °C, a mBHAKICTH OCaKEHHS
misok ~50A/c.

JAMP-9500F SEI 100kV  X2,000 WD225mm  10um

10MKkm
Pucynox 1. Enextponne 3o0paxeHHss PucyHox 2. EnektponHe 300pakeHHS
MOBEPXHI  KPEMHIN-OKCUIHOI IUTIBKU KYJIEMOA10HOTO CKyITY€Hb mics
JIErOBAHO1 0JIOBOM TpaBJICHHS HOTO MOBEPXHI

Bbyno BcTaHoBneHO, 110 TPU TAKOMY METOJII OTPUMAHHS IUTIBOK Y OLIBIIOCTI 3
HUX CIOCTEpITAINCS BEIHMKI KyJenomiOHi ckymueHHs (nuB. puc.l). YTBoproBamucs
BOHM Yy 3pa3Kkax, J€ KOHIIEHTpalis O0JIoBa B OKCHUIHIN MaTpulll KpPEMHIIO
nepesuilyBana 2.5 ar. % BiA BCIX aTOMiB IUTBKU. Taki CKyMYeHHS MOTIU OyTu
CHIBPO3MIpPHMMH, 200 HaBITh OUIBIIMMHU 3a TOBIIMHY caMmoi IUTIBKA. TOMY BHHHK
iHTEepeC OUIBII AETATbHO JOCHITUTH Taki yTBOpeHHs. KymemomiOHI BKIIOYEHHS
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CTPABJIIOBAJIUCS IIAap 3a IMAapoOM 1 MICHS KOXHOTO TPABJICHHS BUMIPIOBABCS
JTOMIIIKOBUH BMICT. B pe3ynbraTi TpaBieHHS IOBEPXHI TaKHX KYJIEMOI10HUX
yTBOPEHB, OYJI0 BCTAaHOBJICHO, 110 BOHU MAalOTh JBOIIAPOBY OynoBy. KoxkeH 3 miapiB
CHUJILHO BIJIPI3HSIOTHCS MK COOO0I0 MO TOMIIIKOBOMY BMicTy. KpemHili-010BsIHE SIAPO
MOKPUTE TOHKUM IIIApOM KPEMHINH-OKCHIHOI IUTiBKH, TOBIIMHA SIKOi CTAHOBWTH
npuom3Ho 0,4 - 0,8 MKM. 3 eKClIepUMEHTAIBHUX JaHUX (AUB. TaOauIs 1) BUIHO, 110
SIPO TaKUX CKYMYEHb (JUB. pUC.2) MICTATh Majll KOHIIEHTpAIlli KUCHIO Ta BYIJICIIIO, 1
B OCHOBHOMY CKJIQJIAalOThCA 3 KPEMHII-0JI0B IHOTO CILJIaBy y CHiBBiAHOIIEHI 1:2+1:4
BIMOBITHO.

Tabmns 1
aHAaIi3 BCIX eJIeMEHTIB ¥ BarOBHX %0
CoesTp C ] 5 Sn

294 113 3744 3849
1.74 4335 3614 1857
3.8 3466 3137 1012
107 209 5.19 88.63

da L B

1. Toyohiko J. Konno, Robert Sinclair. Crystallization of silicon in aluminium/amorphous-silicon
multilayers. Philosophical Magazine Part B. 1992. Vol. 66, Iss. 6. P. 749.

2. Nast O., Wenham S. R. Elucidation of the layer exchange mechanism in the formation of
polycrystalline silicon by aluminum-induced crystallization. Journal of Applied Physics. 2000.
Vol. 88. P. 124.

3. Jeon M., Jeong C., Kamisako K. Tin induced crystallisation of hydrogenated amorphous silicon
thin films. Materials Science and Technology. 2010. Vol. 26, Iss. 7. P. 875.

4. Sarikov A. Metal induced crystallization mechanism of the metal catalyzed growth of silicon
wire-like crystals. Appl. Phys. Lett. 2011. Vol. 99. P. 143102.
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