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CEKUIA A (MATEPIAJIO3HABCTBO)

A mathematical model for the modified green-lindsay theory under the influence of
non-local and two temperature in generalized thermoelastic medium
Indu Bala, Sachin Kaushal............ccooiiiiiiiiiii e Al

Effects of annealing on the fluctuation conductivity and pseudogap in slightly doped
HoBa,Cuz07.s single crystals

A. L. Solovjov, A. S. Kolisnyk, L. V. Omelchenko, E. V. Petrenko, Yu. A. Kolesnichenko
AN R. V. VOVK. et bbbt bbb e A2

Low temperature mechanical and acoustic properties of non-equiatomic twip and trip
high entropy alloys of the FeMnCoCr system

I.V. Kashuba, E.D. Tabachnikova, T.V. Hryhorova, S.E. Shumilin, Yu.O. Shapovalov,
Yu.A. Semerenko, S.N. Smirnov, I.V. Kolodiy, M.A. Tikhonovsky, M.J. Zehetbauer,

B SCNATIEY ... ae e A3

BrnuB nasepHoro onpoMiHeHHs Ha CTPYKTYpy amopdHux cucreM Ha ocHoBi Fe i Co
st 3D-npyky

Poman Binux, FOpit Kynuk, Cmenan MYOPUIL..............ccoooueiiiiiieiiiniieie e A4
Oco0JIMBOCTI TOBEPXHEBOI0 HATATY 1 I'YCTHHHU €KBiaTOMHOTO po3muiaBy INPbGaSn

Poman Oscanux, Onexcanop I'anamxin, Poman binuk, Cmenan Myopuii....................... A5
JocmimkeHHs MEXaHIYHUX BJIACTUBOCTEN KOMIIO3HUTIB Ha OCHOBI
nositeTpadropeTuieHy Ta rpadiTH30BaHOTO THITY

Hamanis bonoaps, Auna-Mapia Tomina, Onvea Pusicko, Banepia Haconenxo............... A6

Electrical resistance temperature dependences features of BisgosMni1.92 in magnetic
fields
Valerii Yarovyi, Andrii Terekhov, Krzysztof Rogacki, Andrii Solovjov............ccccevenee. A7

Investigation of the intrinsic absorption edge in bulk hexagonal boron nitride crystal
Vladyslav Vasil'ev, Borys Turko, Bohdan Sadovyi, Petro Sadovyi, Andriy Nikolenko,

Ihor Petrusha, Volodymyr Kapustianyk.............cccoeveiieiieiie i A8
BruB ko0anbTy Ha eIeKTpUYHI BIACTUBOCTI OKCUY LIUHKY

O.1. Bipa, FO.1. Eniawescokuii, B.b. Kanycmanux, .1 TYPKO.........ccccoovviiioiiiiiieennn, A9
AHai3 TeMnepaTypHuX 3aJIe)KHOCTEN TEIIONPOBIAHOCTI KOMIIO3UTHHUX MaTepiaiB

FOnis I'opbamenxo, B. Cacat, O. POMAHYOBA. .............ccueiiieiaiiiiaiiiieesieeaniieesnieeesnieeesnneas A10
Crpykrypa Ta cumHTWIALIHHI Xapakrepuctuku kpuctaiiB Cs2HfClg ta Cs2ZrClg
Bonooumup Konomieyv, Bonooumup KanyCcmsaHuK. ..........c..ccuvveviiiiiiiniiiieiieseeseenns All
Hyperspectral imaging of amber-like materials

Maksym Fedorchuk, Valentyn KFiVESOV............ciiiiiiiiiiieee e, Al2

The influence of carbon nanospheres on tne electrical resistivity of nanocomposite
Sngs sAgsCuos and Sngs sAQg3 sCuo7 alloys
VIKEOE POVEIZNUK. ...ttt Al3

EBomroriist cTtpykTypu amopdumx crutaBiB cuctemMu Zr-Cu-Al y mporeci iXHBOTO
(bopMyBaHHS METOJIOM JIa3€pHOTO TUIABJICHHS

Has3zap loninvoscokuti, Hazap CemOPAMOBUU.............c..cccouiiiiiiaiiiiiiiie i Al4
V(T) phase diagrams of freons of the ethane series
V.V. Sagan, V.A. KONSTANTINOV........cccoiiiiiiiieieieie et AlS

MarHiTHi TOHKI IJTIBKA Ha OCHOBI KOOAJIbTy
Hazap CemOpatoBud, FOmiss Hukupyii, MHKOJIA COTOBHOB. ......ccivvveiieriieiiiesieesnieesieaanns Al6
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Jloclmi/pKeHHsT  BIUIMBY PEKUMIB  eKCIUTyaTalii Ha TpPUOOJIOTIYHI BIACTUBOCTI
rpagiroracry

Anna-Mapis Tomina, Kamepuna Epvomina, Onexcanop Epvomenxo,
BIKIMOPIA MIBIHA. ...ttt Al7

KoposiiiHa cTidKiCTh IIBUAKOOXOJIOKCHHUX CIIABIB HA OCHOBI ATFOMIHIIO
Temsana Kaninina, Aumon XneOHiK08, LA T YPIH. ....cccoiiiiiiiiiiiiii i Al8

BupomryBanus kprucrana Na,SO4 Ta 1ociiDKeHHs iHppauepBOHUX CIICKTPIB
/. Hasnuwun, M.A. Pyouw, A.O. ®@eoopuyk, P.C. bpesgin, JI.T. Kapnitok.................... Al9

Effect of thermal treatment on structural and optical properties of Ge-rich-HfO- films
D. Khomenkov, S. Ponomaryov, O. Melnichuk, L. Khomenkova, X. Portier,
J. Heltmann, F. GOUIDIIBAU.............oooviiii e A20

Mechanical characterization of Age+x(P1xGex)Ssl and Agz(Si1.xGex)Ssl single crystals
using instrumented indentation with vickers indenter

I.O. Shender, V.V. Pechko, L.M. Suslikov, A.l. Pogodin, M.J. Filep,
T.0. Malakhovska, O.P. KOKNAN.........ccuueiiiiiiiie ettt A21

BrnuB cnikaHHS MOPOIIKIB KyOi4HOTO HITpuAy OOpy Ha TBEPAOCIUIABHIMN MMiIKIaALi
Ha po3mnoi KobaneTy B pododomy mapi PCBN kommo3uty
Anopitt Hayux, APocias POMAHEHKO . ..........cccccvuiiiiiiiiiie e A22

TepmoauHaMiuHi pO3paxyHKH Ui BH3HAUEHHS YMOB OJCp)KAaHHS TONIKPUCTAIIB 3
pizHEMHU KOMOiHaIisiMU (a3oBoro ckiuany mmxtu cuctemu cBN - Al (Ti, Co, Ni)

Apocnas Pomanerko, AHOPTU TIAUUK...............occueiiieiiiiiiiiiie et A23
Synthesis, structural and morphological properties of CdSe1-xSx thin films

Andrii Kashuba, Hryhorii llchuk, Thor SEMKIV...........ccccoiiieiiiieiiee e A24
PETG material with antibacterial properties for 3D printing

Ostap Senkiv, Maksym Fedorchuk, Anastasiia Malynovska..............cccccevevveiiieiicsinenene. A25
Teoperuune pocaimkeHns poHoHHOTO criekTpy Kpuctaia (NHas)BeFs

H. Boounsax, M. Pyouw, P. bpe3git, A. KQuiyOa..............cccccooeviiiiiiieiiiiiiiiieiesieneains A26

OcobnuBocTi  (QOpMyBaHHSI HAHOKOMO3UTHOI CTPYKTYpH B aMOppHOMY CIUIaBl
Alg7NigGds miguac HarpiBaHHs
Myopuii C.1., Kynux FO.O., HIPDYHIYA B.B. .......cccooviiiiiiiiiiiiie et A27

CEKUISI B (OIITHUKA I CIIEKTPOCKOIIIA)
Enhanced chiral sensing with surface plasmons in prism coupling

Oleh Demianyk, Sergey Polevoy, Oleh YErmakov ..........cccccccceieieiecieiciciece e Bl
Optical constants of 2 nm silver films calculated with phillips approach
Y. Borovets, I. Pylypiv, V. lichuk, R. Marushchak.............c.ccoooiiiiiiiie e, B2

Cross focusing of two coaxial-gaussian laser beams in thermal quantum plasmas: effect
of relativistic nonlinearity
INAVEEN GUPDTA. ...ttt ettt b e bbbttt b e bbbt be e B3

Self focusing and self phase modulation of elliptical Q-Gaussian laser beams in
diffraction managed cubic quintic nonlinear media

Abhay LimBu, NaVEEN GUPLA........cieeiieieiierieeie sttt B4
Spatial frequency modulation of Q-Gaussian laser beams in a collisional plasma featuring

an axial density ramp
Aatif ANMad, NAVEEN GUPLA.........cceeieiieieerie ettt re e re e e nneenee e BS
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HanocTpykTypoBaHe OITOBOJIOKHO JUIsl TIOCHJIEHOTO 3aXBaTy CBITJIA

ONE2 EPMAKOB. ..ottt h ettt b bbbt b et e et bbb are s B6
3MileHHs KyTa OprocTepa 3a JI0OMOTrOI0 TBOBUMIPHUX MaTepiaiiB Ta CTPYKTYp

Oxcana ManbkoBCoKa, ONe2 CPMAKOB. ............ccvevvieseireeiesesseiessessessasesresses e saessassssesnas B7
Study of the influence of various factors on the optical band gap of polyaminoarenes

Yuliia Markiv, Oksana Konopelnyk, Olena AKSIMENtYEVAL............ccccverveieeieerieeneeie e B8

Luminescence of Dy** doped zinc-borate glasses for white light emission applications
R. Pasternak, M. Prokopchuk, A. Mahlovana, M. Kushlyk, D. Slobodzyan, Y. Shpotyuk,
J. Szlezak, B. Mahlovanyi, A. LuchechKO..............ccccooviiiiiiiiiiiieise e B9

Enexrponna enepreruuna ctpykrypa kpucranis ABX3 (A = Cs; B = Pb, Sn, Ge; X = Cl,

Br, |

Hwo)uma JI.B., LLyono M.IL, YoproOoabCoKuil SLM. .............ccoovuiveeveeiieiieieieeiese s snaneas B10
BB 0HOBICHOTO HaBaHTa)KEHHSI HA JBOIPOMEHE3AIOMJICHHS KPHUCTATIB CyibdaTy
pyoiiro

lsan IIpuwiko, Opecm Llmyka, Bacune Cmaonux, Pycian Bpe3siH............cccouvnceniennninns B1l1l
Hanoriopumm FesOs-Ag sk HOBI seira-sers CTPYKTYpPH JUIsl BUSIBIICHHSI TUMIHY

Maxcum _ Pamnes, Onena @ecenxo, Amuopiu Apemkesuu, €Eeeen Jleonenxo,
ONCHA JIABPUHEHKO...........vevveeeeeiieiiesie et ats et et este s e stestesteetaesaesa et et e testestestesteaneeneaneas B12

Photovoltaic properties of CsPbBra: correlation between photocurrent and
thermostimulated conductivity

Yuriy Tymkiv, Roman Lys, Roman GamernyK.............cccvevveiveresiieieese e se e see e B13
OnTuko-cneKkTpainbHi BIacTUBOCTI JoMimkoBux kKpuctaniB LiNH4SO4 B-moaudikarrii
A. Hlanpascoruii, P.Bpessin, I1. Lenancoxuii, B. Cmaonux, M. Pyouud..................c........ B14

BapuyHi 3MiHM JBOTIpOMEHe3aIoMIIeHHs TominkoBuxX KpuctatiB B-LINH4sSO4:Mn
/1. Axumeyn, A. lllanpascokuii, P. bpessin, M. Pyouw, B. Cmaonux, I1. [l]enancexuil...... B15

JrominecuerTHi BiractuBocTi crekon 20GazSs - 60 GeS; - 20Sh2S3 nerosanux Er Ta Nd
Temana Ayumrox, Bimaniti Apmiox, Aumacmacis Tapacenxo, Anopii Keswwun, Inua
16a14EHKO, BOTOOUMUD TONSH. .....ocoeeeeee et ane st nae et ae e nne e nnee e B16

Spectral-kinetic characteristics of CsSnBrs crystals upon excitation by synchrotron
radiation
Vitalii Shvets, Ivan Pryshko, Taras DemKIV...........c.ccoeivveriiieii e B17

Brutie atmMocdepu Biamamy Ha ONTHYHI BIACTUBOCTI TOHKUX TUTIBOK ZnGaz04:Cr
lsanna Meogiov, Bozoan Bopoyw, lsan bopoyw, Ipuna Koghniok, Bonooumup bieoaii,
Isan Xomuwur, Hazapith TIOPAOQ..............c.cccooueieiiiiiiiiiieieie sttt B18

Merouka JOCHIPKEHHS BJIACTHBOCTEH Ta30pO3psIHO] IUIa3MU B CyMilIaX I1HEPTHHUX
raziB 3 [MapaMu aTOMIB XaJIbKOTeHY
Eseer Coimmuunutl, AHOPIU T@HEPAIL.........c.coviueuiieeiieisiieieiee et B19

[a3opo3psiiHa Kamepa JJIsl HANWICHHS TOHKUX IUTIBOK B IUIa3Mi IMITYJIbCHO -
NEepIOMYHOr0 po3psiLy y cymimi S-He

€82CH COIMUIUUHULL .......cvveveverereseresesesesesesesesesesesesesesesesesesesesesessbesesesesesesesesebesebebesesebebebeseberesetas B20
Electronic structure and luminescence spectra of K>SOs crystal

M.Ya. Rudysh, R.S. Brezvin, O.Yu. Khyzhun, V.Y. Stadnyk, P.A. Shchepanskyi,

M. Piasecki, N.M. Melnykova, A. Kotlov, A.S. Voloshinovskii. . ..........cccccuveineenieveinrsninenn, B21

CEKIISA C (HAHOMATEPIAJIU TA HAHOTEXHOJIOI'II)
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MeTtou BorotoBieHHs rpadeny

DY T e 17 SRR PPERRR C1
PamaniBceka criektpockortis sieroBanux CuU miiBok ZnO, oTpuMaHUX METOJIOM CHPEi-
nipoJizy

boeoan boiiko, Maxcum Epmaxos, Poman I[Nwenuunuti, Anamonii Onauacrok,
Onexciti Knumog, Bicenme MyHb03=CaAHXOCE. ...........ccccicviiiiieiiiiie i 2
Electrophysical properties and thermal conductivity of composite based on zinc oxide
and reduced graphene oxide

Vasyl Pakosh, Borys Turko, Viadyslav Vasil ’ev, Bohdan Sadovyi,
Volodymyr KapPUSTIANYK........ccviiiiieiieiieie st C3

BrnuB neryBaHHs iHIIEM Ha CTPYKTYpPHI Ta ONTHYHI XapaKTEPHCTUKHU IUIIBOK ZnSe,
OTPUMaHHUX METOJIOM TEPMIUYHOTO BAaKyyMHOTO BHIIAPYBaHHS JUIS BUKOPHCTaHHS B
€JIEKTPOHIII

Bimaniti Bacunves, Makcum leawenxo, AHamoniti ONAHACIOK............ccoveueeeiiiveesiiiennnsnns C4
The figure of merit of Ag films on Ge underlayers
AL HUK, L PYIYPIV. ..ottt re e e e C5

Pamiamiiiai edekTH B TEPMOXPOMHHX IOJIMEPHHX MIKPOKOMIIO3UTaX Ha OCHOBI
kpucrani [NH2(C2Hs)2]2CuCls

B. A. Jlasuoosuu, FO. B. Yopniii, B. A. Konomieyw, A. M. I puyax, B. b. Kanycmsanuk.... C6

Effect of dopant concentration and crystalline structure on absorption edge of ZnO:B
films

Danylo Honchar, Borys Turko, Vladyslav  Vasil’ev, Bohdan  Sadovyi,
Yuriy Eliyashevskyi, Yuriy Kulyk, Volodymyr Kapustianyk..............ccccoceiinienininninnnen, C7

BrmiuB  MeTonuMKM OTpMMaHHS Ha MAarHITOPE3MCTHBHI  BJIACTUBOCTI  CHCTEMU
[NigoFe20/SiO2]wm

Cepeiti  [loneos-Iopoitiuyx, Bnao Kabomuncvkuu, Onexcandp  Iununemnko,
IDUHG TIABYXA.....ooocooiiiii i C8
Obtaining modified Lao.ssSro.1sMnOs for cathodes of fuel cells

Halyna Kolkovska, Pavlo Kolkovskyi, Andriy Soltys, Ivan Yaremiy, Bohdan Rachiy,
Nataliia IVANICNOK. ..........coiiieiieie et sne e e C9
HeekBiBaneHTHICTh MIKaTOMHOI CHMJIOBOi B3aeMojii 1 ii MHposiB Npu IpoOBeIeHI
MOJIENIBHUX PO3paxyHKiB (poHOHUX 3anexkHocTell kpucTaniB BaTiOs

A. Kopuetiuyk, A.1'epacumerio, LHEOOMA. ..............cccccoiioiiiiiiiiiiiii e C10
EnextponHa cTpykTypa HaHOKJIacTepiB (ZnO)12, neroBanux aromamu In, Al, Ga

bozcoan Jlesuenko, Bikmop /{zikoscvkuii, Mapia Kosanenxo, Onee boseupa.................... Cl1
Jocmipkents Mopdosiorii moBepxHi ToHKHUX MIiBoK ZnGa04:Cr i ZnGa04:Mn

leanna Meosiov, Mapis Ilpoyax, Kamepuna binax, boeoan bopoyn, lsan Bopoym,
BIKIMOP COPOKIH ..ot C12

OcHOBHU ofiepaHHSI BYTJICLIEBUX COPOCHTIB
A. Conmuc, C. Knumkosuu, T. Beopiii, C.-B. Cxnenosa, O. BUHHUYYK...........cccocveenennne. C13

BruB  masmoHHuX  30y/[UKeHh HA MOTJMHAIBHI  BIACTUBOCTI  YIBTPATOHKHX
METaJIeBUX TUTIBOK Ha JICJICKTPUYHUX TT1IKIIaIKaX

JIAHUNIO TTUCDTH. ...ttt e e s e e s e e e e ennees Cl4a
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BrumiB i30BasieHTHOT 3aMiHU KaTioHiB Bi Ha kaTioHM Sm Ha KpUCTaIiYHy CTPYKTYpy Ta
OIITUYHI BIACTUBOCTI HAHOKOMITO3UTIB Ha OCHOBI (DepHUTy BiCMyTY

A. Apemresuy, M. Pannes, €. Jleonenxo, O. @ecenko, I'. MOpo306CbKa...............ccc.c...... C15
EnexTpoHHa cTpyKTypa riOpUIHIX OPraHiuHO-HEOPTraHIYHUX TIEPOBCHKITIB
Bonooumup Jloopsancorui, Muxaiino Onucvro, Mapis Kosanenxo, Onee boseupa.......... C16

TpuboenexkTnyHi reHepaTopy Ha OCHOBI HAHOCTPYKTYPOBAHOTO OKCHUJTY LIMHKY

Anina @eoonernko, Bonooumup Cyxos, Cepeiu [lempywenxoa, Pycian Cyxos,

CP2IUL [IVKAPOB. ...t C17
AncopOriiiHi Ta MarHiTOpe3WCTHBHI BIACTUBOCTI IUTIBKOBHX MaTepiasliB Ha OCHOBI
BOJIb(pamy

Jlapuca Oonoosopey, lean Bypux, [aniin Hazapenxo, s Mamsaw, €scen @eduenko,
Jlobomup Pawikoseybkutl, 186AH BOPOCHIOK . ..........cccouiiiiiiiiiie it C18

CEKUIA D (KBAHTOBA TEOPIA, KBAHTOBA IHOOPMATHKA)

Hierarchy of quantum correlations in continuous-variable systems
Haleema Sadia QUIESNI.........cooiiiiiiciie et D1

3amTyTaHICTh CIIHY OJWHHMI 3 IHIIMMHU CIIHAMA y TpadoBOMY CTaHI IS YCiX
MOKJIMBHX [TOYATKOBUX CTaHIB

KONECHUK POCIUCTARB. ..........occvveiieeiiie ittt ettt ettt et ae e sree s D2
Quantifying the entanglement of rank-2 mixed quantum states with quantum
programming

N. A. Susulovska, Kh. P. GRAtENKO..........cceieiiiriiiiieieieie et D3
Studies of evolution and geometric measure of entanglement of graph states of spin
system with heisenberg interaction

SVIRLOSIAV TYMYK. ...ttt bbb D4

CEKUIA E (@I3UKA KOH/[EHCOBAHHUX CUCTEM)

Morphological studies of solidsolutions (Gez)1-x(ZnSe)x

ASNRAZZOKOV. ...t El
Insights into glassy features in tcmx crystals: correlations, anomalies, and granato’s
interstitialcy model

Daria Szewczyk, A. Jezowski, A.l. Krivchikov, J. LI. Tamarit, M.A. Ramos.................... E2
Structure stability and energy properties of cadmium telluride clusters
Liliia Deva, Ihor Semkiv, Myron Rudysh, Pavlo Shchepanskyi, Andrii Kashuba........... E3

[Tpupoaa CUMHTWIIALIN 1 TEPMOCTUMYIIBOBAHOI JIFOMIHECLIEHIIIT B KpHCTaJI BOJIb(pamaTy
KaJIBLIIO

A. Tpuyar, M. PYOKO, B. KARYCIISHUK ..........coirieieriresssisissi s E4
Calculation of electronic structure and physical properties for N2P2Xs (N = Sn, Mn; X=S,

Se) compounds

V.Yu. Klevets, N.D. Savchenko, V.Yu. Bihanych, A.G. Slivka, I.I. Haysak, A.l. Susla,
Y.L CREIPESN. ... bbb E5

Enexrpuuni sBUINA B IUTiBKax Crioayk Ha ocHoBi Gd i Sc
[Opiti Fonuap, BikKmOp TIPUCSHCHIOK...........couiiiiaeeieisiesii sttt E6
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[ToOymoBa KPUCTANIYHUX CTPYKTYP Ta MOJCIFOBAHHS BIACTHBOCTEH crionyk cucrem Gd-
Fe Ta Sc-Cu.
16anbo AnOpit, BIKMOP TIDUCSIHCHIOK. ..........ueieeiriasiieesiessieesiee e esies e ssee e e sseesnseesseesnes E7

JlocmiKeHHST CTPYKTYpH aMOp(MHHUX 1 IMOJIKPUCTATIYHUX IUTIBOK CIIOJYK Ha OCHOBI
rajIoJIiHi 1 CKaH[II0 METOJaMH €JIEKTPOHHOI MIKPOCKOITI1.

Apmem Ocaduul, BikmOp TIDUCIHCHIOK. ..........ccviieeeieeireseasieseesiesseseessessaesseessesseesseasens E8
Effect of the inner nanostructure of vacuum condensates deposited by magnetron

sputtering on their hardness and adhesion to a glass substrate
Volodymyr Stryzhaka, Martin Setinab, Sergey Petrushenkoab, Ruslan Sukhov, Sergey

DUKAFOV......veieteitee ittt sttt ettt ettt et s bt e et e s be et e e st e sbe et e e ntesbeebeantesbeebeeneesnsesbeesbesnsesrens E9
EnextpuuHi BIaCTUBOCTI MOMIAHUIIHY Ta moinipoiy gornoBanux Ti2AIC
Apmem Kuyvruii, FOnis I'opoenko, OneHa AKCIMEHMBEBA. .........ccuvuririresiaiesissisisesessanes E10

CEKUIA F (ACTPO®IZUKA TA ACTPOHOMIA)
Self focusing of g-Gaussian alfven waves in solar coronal plasmas

Md. Sohail and NaVEEN GUPLA..........ccveiuiiiiieeie e F1
Po3paxyHOK cTpyKTypr HOPMAIBHUX 3ip Y paMKax y3arajJbHEHOI HOMITPOITHOT MOJEi
I JBIKOBCOKULL, M. BABPDYX........eviiiiiiiii ittt F2

[Moemnanust Te-meromy 3 MOIETBHUMH — 10HI3AIIMHO-E-METOAY 3 MOJCIBHUMHU
ioHizamiiiHo-METe-MeTomy 3 MOJIEIbHUMH 10HI3aI[IIHO-0/Ty 3 MOJICIFHUMH 10H13aIiiHO-
METO/y 3 MOJIETIbHUMH 10H13aL1HO-KOPEKLIIHHUMU MHOKHUKaMU

Ao KOBAK, B. MEMEX.......ooe oottt e e e et e e e e F3
JlocniKeHHs SIKOCT1 PIYHOTro NepeadaueHHs OTMHA0401 1HPPa3BYKy

CopoKka O.C., MENEX BA. ......cocuviiiiiiiiiii et F4
dotorpadiyHi COCTEPEXKEHHS 00’ €KTIB COHSUHOI CUCTEMH 1 iX 00poOKa

J1ABPEHIOK €826H BIKIMOPOBUU. ...ttt ettt F5
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A MATHEMATICAL MODEL FOR THE MODIFIED GREEN-
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E-mail: sachin_kuk@yahoo.co.in

This paper introduces a novel model for a generalized thermoelastic medium with
homogeneity and isotropy, by applying the Modified Green-Lindsay (MG-L) theory of
thermoelasticity. The focus is on analysing the deformation due to time-harmonic by
considering the impact of non-local and two-temperature (TT) parameters. The governing
equations are solved using dimensionless quantities and a potential function. To address the
boundary value problem in the frequency domain, the Hankel transform is employed. Specific
boundary conditions, such as a normal force or thermal source, are applied. Analytical
expressions for components of displacement, stresses, conductive temperature, and
temperature distribution are derived in the transformed domain. A numerical inversion
technique is utilised to translate the solution into the physical domain. The study delves into
exploring the influence of non-local and two-temperature parameters, as well as different
theories of thermoelasticity on stresses, temperature distribution and conductive temperature.
These effects are visually represented through graphical illustrations. Additionally, special
cases of interest are examined and discussed.
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A. L. Solovjovt?3 A. S. Kolisnyk?, L. V. Omelchenko?, E. V. Petrenko?,
Yu. A. Kolesnichenko! and R. V. Vovk®
1B. Verkin Institute for Low Temperatures Physics and Engineering of the
National Academy of Sciences of Ukraine Kharkiv 61103, Ukraine
?Institute for Low Temperatures and Structure Research, Polish Academy of
Sciences, Wroclaw 50-422, Poland
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High-temperature superconductors (HTSCs) present a pressing challenge in the quest
for a comprehensive theoretical framework, particularly in the pursuit of identifying novel
superconductors boasting even higher critical temperatures (T¢), ideally approaching room
temperature. A fundamental aspect in unraveling the enigmatic properties of HTSCs involves
the investigation of the pseudogap phenomenon, which manifests notably in underdoped
cuprates at temperatures T*>>T..

In this study, we focus on exploring the intricate interplay between superconductivity
and magnetism during the annealing process of HoBa>CusOy7.; single crystals, wherein the Ho
ions contribute their own magnetic moment of approximately wett =~ 9.7uB. These compounds
offer the advantage of exhibiting noticeable alterations in their properties, whether through the
emergence of additional defects induced by rapid quenching from temperatures of around
600°C, or via room-temperature annealing over a period of up to five days post-fabrication,
leading to enhancements in their characteristics [1].

Experimental investigations involved measuring the temperature-dependent resistivity
p(T) of lightly doped HoBa>Cu3zO7-5 single crystals, enabling the derivation of the temperature
dependences of the excess conductivity (FLC) ¢'(7) and the pseudogap parameter A7(T)
within the framework of the local pair model, a pursuit not previously undertaken.
Throughout the annealing stages, the FLC near T. consistently adhered well to the predictions
of the 3D Aslamazov-Larkin fluctuation theory. However, an intriguing anomalous increase
in 2D FLC emerged during an intermediate annealing stage, attributed to the influence of
uncompensated magnetic moments within HoBa,CuzO7.5, thereby challenging the
applicability of the 2D Maki-Thompson fluctuation theory.

The temperature dependence of the pseudogap for the quenched sample exhibits a
characteristic shape indicative of single crystals harboring a plethora of defects [2]. Notably,
A%(T) displays two minor additional peaks at elevated temperatures, a hallmark feature of
HoBa>CuzO7-s —o single crystals, suggestive of their two-phase nature. Upon annealing,
noticeable alterations in the shape and slope of 4™(T) occur, likely attributed to intensified
magnetic interactions.

[1] G. Ya. Khadzhai, R. V. Vovk, N. R. Vovk, Yu. I. Boiko, S. N. Kamchatnaya, V.
M. Pinto Simoes, and O. V. Dobrovolskiy, Mod. Phys. Lett. B 32, 1750367 (2017); DOI:
10.1142/S0217984917503675

[2] A. L. Solovjov, L. V. Omelchenko, E. V. Petrenko, Yu. A. Kolesnichenko, A. S.
Kolesnik, and R. V. Vovk, Low Temp. Phys. 49, 115-127 (2023); DOI:10.1063/10.0016484
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The low-temperature mechanical and acoustic properties of single-phase
FesoMn4oCo10Crio (TWIP) and two-phase FesoMnzoCo010Crio (TRIP) high entropy alloys
(HEA) were studied in two structural states - coarse-grained (CG) with a grain size of ~
40 um, and nanograined (NG) with a grain size of ~ 100 nm (obtained by high pressure
torsion (HPT) at 300 and 77 K). For both HEAs, the following regularities were established:

in the structure of CG and NG states in TRIP and TWIP HEAs deformation (both a quasi-
static tension and HPT) leads to a decrease or disappearance of the fcc phase and the
increase (or appearance) the volume fraction of the hcp phase;

- the record combination of low-temperature strength and plasticity (at 4.2 K for TWIP
o ~ 1226 MPa and &~ 60%, for TRIP HEA ¢ ~ 1513 MPa and ¢~ 50%);

- with decreasing temperature from 300 K to 4.2 K yield strength greatly increases. The
analysis of this dependence made it possible to establish the thermoactivated nature of the
plastic deformation;

- the yield strength of TWIP at 300 K in NG samples increases in comparison with the CG
samples ~ 8 times with decreasing plasticity ~ 10 times, and in TRIP the plasticity is
absent;

- the HPT-processed NG samples showed microhardness values which were by ~ 3-5
times larger than those of the CG state;

- for testing temperatures T < 4.2 K discontinuous plastic flow and anomalous phenomenon
was detected - a decrease in the yield strength with decreasing temperature. It is assumed
that this anomalous dependence is due to the mechanism of inertial anzipping of
dislocations;

- as a result of the deformation, a change of the temperature dependence of the
dynamic Young's modulus E from an almost linear to a power-law one, while the absolute
value of E showed a significant decrease;

- thanks to the occurrence of TRIP and TWIP mechanisms, and the high solid solution
hardening of FesoMn3oCo10Crio and FesoMnsoCo10Crio high-entropy alloys, outstanding
mechanical properties can be achieved in cryogenic applications.

The results are discussed in terms of classical plasticity theory as well as of HPT-
induced TWIP and TRIP mechanisms.



MHTepjaAO.?HaBCTBO —_—— A4

BIIJIUB JIABEPHOI'O OITPOMIHEHHSA HA CTPYKTYPY
AMOP®HUX CUCTEM HA OCHOBI Fe i Co AJIA 3D-AIPYKY

Poman binuk, FOpiit Kyiank, Crenan Myapuii
JIbBIBCHKUI HalllOHAIBHUHN YHIBEpCHUTET iMeH1 [Bana dpanka,
ByJ1. Kupuna 1 Medonis 8, 79005, m. JIbBiB,
roman.bilyk@Inu.edu.ua

B ocTaHHi aecATUNITTA MOpsA] 3 TPAaJUIIMHUMHU CIOCO0aMHM OTPUMAaHHS JeTaneil y
MaTrepiajgo3HaBCTBI 3’SBUBCS HOBHM HampsiM BHPOOHMITBA — AAUTHBHI TexHOJOTii. BoHu
MPOJOBXKYIOTh IUHAMIYHO PO3BUBATHCS, 11O 3yMOBJICHO HacamIiepes MOCTIHHUM POCTOM 10
eKCIUTyaTal[iiHUX BUMOT JeTaliell, 110 MPOEKTYIOThCSA 1 BUTOTOBISIOTHCS 3 BUKOPUCTAHHSAM
X meroaiB 3D-npyky.

Ha cporonHi B aJUTHBHUX TEXHOJOTISX IIMPOKO 3aCTOCOBYIOTHCS MaTepiajld Ha
OCHOBI TOJIMEPHHX 1 KEpaMi4HUX CHCTEM, aje€ BHUKOPHCTaHHI aMOpP(HUX MeTaleBUX
MaTepiajgiB € Ha JO0BOJI HH3bKOMY piBHI. lle moB’s3aHO ceped IHIIOrO 3 THUM, IO
TEPMOJMHAMIUHI Ta KIHETHYHI YMOBH JIa3€PHOTO CIIIKaHHS Ta IUIABICHHS aMOP(HOro
MOPOLIKY € 3HAYHOI MIpOI0 HepiBHOBaXHMMHU. OJHAK, 3aCTOCYBaHHS aMOP(HUX CHCTEM B
aJIMTUBHUX TEXHOJOTISIX € TEepCHeKTUBHUM. Lle 3yMOBIIEHO HAasBHICTIO YHIKaJIbHUX
BJIACTMBOCTEH TaKUX CHCTEM, SKa BiApi3HsAe iX BiJ TpaauuidHux MarepianiB. Tomy
HEOOXITHICTD OJIepKaHHS 3HAHb, AKi O TPYHTOBHO ONMKCYBAJIM OCHOBHI IPOLIECH 1 SIBHIIA, 1110
BiIOyBatoTbcsl Ipu (GopMyBaHHI npoaykuii Merogamu 3D-mpyky 3 amoppHux (a3 Ta
HAaHOKOMIIO3UTIB, SIKI € TEPMOJAMHAMIYHO HECTaOIIbHUMH, € OYEBUJIHOIO JUISl €()EKTUBHIIIOTO
PO3BUTKY aIUTUBHUX TEXHOJIOT1H.

VY uiii poOOTI pO3TISAAIOTHECA TMPOIECH CEJIEKTHBHOTO JIa3€pHOTO CIIKAHHS B
amopdHux mopomkoBux cucremMax FerzsNbsCuiSiissB7 ta CoroFesMnssMo1sSiiBir 3
nomimkamu Ti102. TlopomkoBy cymim Oyja0 OTPUMAaHO MEXaHIYHUM MOJPIOHEHHIM
amopduux crpiyok Fer3sNbsCuiSiissBr ta CorFesMn3sMo1sSinnBir 1 moganbomm
MEXaHIYHUM 3MIllIyBaHHIM 3 HaHOuacTUHKamu T10;.

I[Ticns 06poOKM a3epHUM ONPOMIHEHHSIM MaJloi MOTY>KHOCTI, 3 PI3HOIO IIBHIKICTIO
CKaHyBaHHsS 3a JIOMIOMOTOI0 X-TIPOMEHEBOro aHajii3y OyJ0 BUBYEHO aTOMHY CTPYKTYpPY
OTpUMaHUX 3pa3KiB. B KiHIIEeBOMY MiJICYMKY He OyJI0 BUSBJIEHO KPUCTAIYHUX (a3 B HUX, 110
CBIJUUTH IPO 30epeKeHHsS aMOp(HOI CTPYKTYPH 1 BIAKPUBAE MOXKIMBOCTI JUIS MOJAAIBIINX
JIOCTIKEHb 1HIMUX (I3UKO-XIMIYHUX BJIACTUBOCTEM MUX 3pa3KiB I MOTEHIIHOTO
BUKOpUCTaHHS B 3D-npyi.

PoGotry Bukonano 3a miaTpumku HarmionambHOro (QOHIY IOCHIKEHb YKpaiHu (HOMEp
npoekty: 2022.01/0171).
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EKBIATOMHOI'O PO3IIJIABY InPbGaSn
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JIpBiBCBKHI HalllOHAJIBHUHN yHIBepcHUTET iMeH1 [Bana dpanka,
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roman_ovsyanyk@ukr.net

BuBYeHHS TOBEpXHEBUX BJIACTUBOCTEH METANIYHMX pPO3IUIABIB HA  CHOTOAHI
3aJIUIIAETHCS AKTYAIbHUM 3aBJIaHHSM SIK 3 MPHUKIAIHOI, TaK 1 (PyHIaMEHTaIbHOI TOYOK 30Dy,
OCKUTBKH BiJTOMOCTI TIPO TIPOIIECH, SIKi BiIOYBAIOTHCS HA MibK(Aa3HUX TUITHKAX, HEOOX1THI IS
PO3BUTKY  SIK  ICHYIOUHMX  Teopiii  ¢i3MKM  KOHJEHCOBAHOTO  CTaHy  30KpeMa
0araTOKOMITOHEHTHUX CHCTEM, TaK 1 JJIsi BCTAHOBJICHHS (I3MKO-XIMIYHMX OCHOB HOBHX
TEXHOJIOTIYHHUX MPOIECIB, OB’ I3aHUX 31 CTBOPEHHSIM Cy4aCHUX KOHCTPYKLIMHUX MaTepiaiis,
TOHKOIUTIBKOBHX €JIEMEHTIB CydacHOI eJICKTPOHIKH TOIO. Bce 1me Bene 10 3pocTaHHsS BUMOT
JI0 BIACTMBOCTEH IMX CHCTEM, 1 BU3HAYAIOTh MPAKTUYHE BUKOPHCTAHHS TaKUX MaTepiaib.
Oco0MBO 11e CTOCYEThCS JOCIIKEHb MTOBEPXHEBUX BIACTHBOCTEH HOBHX MaTepiajiB TaKUX
SIK CEPEIHBOCHTPOIIiIHI Ta BUCOKOSHTPOITIMHI CUCTEMH.

VY nmaniii poOOTI JOCIIIKEHO TeMIIEpaTypHY 3aJeKHICTh MOBEPXHEBOTO HATITY Ta
IYCTUHH YOTHPHKOMIIOHEHTHOI ekBiaToMHOI cuctemu INPbGaSn. TMomitepmu koedirienTa
MOBEPXHEBOI0 HATATY PO3ILIaBy OyJI0 OTPUMAHO 3 BUKOPUCTAHHSIM METOJY JIeXKAdoi Kparuii.
Takox Oyyo ofepkaHO TOJITEPMU TYCTHHHU. B pe3ynbpTaTi aHami3y pe3ynbTaTiB 3’sCOBaHO,
10 BHU3HAYaJbHUI BIUIMB Ha 3HAYCHHS KOe(IiI[ieHTa MOBEPXHEBOTO HATATY 1 T'YCTUHU Y
JOCITIIKYBaHOMY pikoMy po3siiiai IN2sPbosGazsSnos Mae cBUHEITS.
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[Tomiterpadroperunen (propormnact ®4) MiHYIOTh 32 HU3bKE 3HAUCHHS KoedilieHTa
TEpPTsl Ta BUCOKI XIMIYHY CTIHKICTb, MIIHICTb, JI€JIEKTPUYHI BIACTHUBOCTI, SIKI HE BTpavae
HaBiTh 3a BHCOKUX Temmepatyp [1, c. 23]. Jedimur manoro marepiasry 0OyMOBIIIOE BHCOKY
1iHy Ha Hboro. Yepe3 Le nomiteTpadTOPETUIECH Maike HE BUKOPHUCTOBYIOTh Yy YHCTOMY
BUDJISIMI, & JOJAIOTh [0 HBOrO pi3HI JoMimku. ['padiTH3oBaHUN TWI € BIAXOJAO0M
METaJypriiHoro BUPOOHMLITBA, TOMY HOro BUKOPUCTAHHS SK HAllOBHIOBAaYa y JeTalsAX 3
MOJIITeTPAPTOPETHIICHOM JIO3BOJIMTh 3HU3WUTH IIHY HAa HUX Ta 30UIBIIUTH EKOJIOTIYHICTH
MiIIPUEMCTB, TOOIYHUM MTPOTYKTOM BUPOOHUIITBA SIKUX € IpadiTU30BaHUN M.

MeTtoro poOOTH € IOCTIINTH, SIK HAMOBHEHHS rpadiTH30BAaHUM MWJIOM BIUTUBAE HA
MEXaHIYH1 BJJACTUBOCTI KOMITO3HTIB 3 MOMITETPA(PTOPETUICHOBOIO MAaTPHUIICIO.

OO0’eKT  JOCHIIDKEHHSA:  KOMIIO3UTH  HAa  OCHOBI  TOMITETpadTOPETHIICHY
Ta rpadiTU30BaHOTO MUITY.

[IpenMeT mocmiKEeHHsS: MEXaHIYH1 BJIACTUBOCTI KOMIIO3MTIB Ha OCHOBI (pTOpOILIACTy
@4 Ta rpadiTU30BaHOTO MUITY.

ExcniepyMeHTanbH1 JOCHIDKEHHSI BUKOHAHI 13 3aCTOCYBAHHSIM CYYaCHHMX METOJIB
¢Gi3MYHUX Ta MEXaHIYHMX BMIIPOOYyBaHb, IO 3ale3ledye JOCTOBIPHICTh OTPHUMAaHHUX
pe3ynbraTiB. Jlias BUrOTOBJIEHHS 3pa3KiB BHMKOPUCTAaHO JIaOOpaTOpHMM 3MillyBad 3
o0epTaJIbHUM eJIEeKTPOMArHiTHUM I0JIeM Ta TrifpaBmiyHui HacTuieHui npec TY 10003
TORIN. 3BaxyBaHHs 3pa3KiB JyUIsl TOCHiAIB poBeaeHo Ha Barax BJIP-200, ominka ctupaHHs
— "a MamuHi HECKERT, BuBueHHs mnoBepxoHb TepTs — Ha Mikpockomi BIOJIAM-M 3
kameporo TREK (DCM1300, po3ninsHa 3aaTHICTE 1,3 MeramikcemiB).

B pesymbraTi npochmijkeHHs OyJa0 BCTaHOBJEHO, IO BUKOPUCTaHHS BMICTY
10 % rpa¢iTu30BaHOTO MUY NPU BUTOTOBJIEHHI KOMIIO3UTY MPU3BOJIUTH O 3HUKEHHS
cobiBaprocti MatepianiB Ha 10 % y mopiBHAHHI 3 uyucTUM ¢Toporuiactom P4, Taxi
pe3yabTaTH MalOTh BEJIMKE 3HAYCHHS B YMOBAaX MacOBOI'O BUPOOHHUIITBA JIeTaleH.

BunpoOyBanHs  mTOKa3HWKa aOpa3WBHOTO  CTHPAHHS, BHSIBIJIO  3MEHIICHHS
3 2,974 mm®/m 110 2,539 mm3/M npu Bukopuctarsi 10 % rpaditusosanoro mumy. Ile cnpuse
3HAYHOMY 30UTBIICHHIO TEPMIHY CIY>KOHM JeTalieid, 10 3HU3UTh YacTOTY 1X 3aMIHU Ta TaKOX
JI03BOJIUTH 3HU3UTH BUTPATH BUPOOHUIITBA.

[1] Jxypka I".®., [TomimMepHi koMmno3uiitHi marepianu - [Tonrasa, 2008 — 58 c.
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ELECTRICAL RESISTANCE TEMPERATURE
DEPENDENCES FEATURES OF Bisgg.0sMni1.92
IN MAGNETIC FIELDS

Valerii Yarovyi!, Andrii Terekhov!?, Krzysztof Rogacki?, Andrii Solovjov!?
1B.Verkin Institute for Low Temperature Physics and Engineering of NAS of
Ukraine, 47 Nauky Ave., Kharkiv, 61103, Ukraine
2Institute for Low Temperatures and Structure Research, Polish Academy of
Sciences, P.O. Box 1410, 50-950 Wroclaw, Poland
e-mail: yarovyi@ilt.kharkov.ua

Bi-Mn solid solutions are interesting due to their magnetic properties. It should be
noted that electrical transport in these materials has hardly been investigated, but its behaviour
may be as interesting as magnetic properties. Research by our group have shown that the
compound BigsesMnsesFeos> With a small amount of manganese has colossal positive
anisotropic magnetoresistance and anomalies in the temperature dependence of electric
resistance R(T) in magnetic field [1,2]. The purpose of this work is to show what happens to
R(T) in a magnetic field if the manganese content is increased. The features of the temperature
dependences of the Bigs.osMn11.92 compound in magnetic fields up to 90 kOe were examined.

An investigation of textured, polycrystalline BigsosMni1.92 containing two phases: the
bismuth matrix and magnetic inclusions of the a-BiMn phase was carried out. Measurements
of R(T) for H // 1 and H L I have been performed in the temperature range 2+300 K and
magnetic fields up to 90 kOe. In the absence of an external magnetic field, the metallic
behaviour of R(T) is observed, which is manifested by a decrease in resistance with
decreasing temperature. In a magnetic field, the temperature dependence of the electrical
resistivity changes significantly. The maxima appear on R(T). The temperatures of maxima
Tmax Shift towards higher temperatures with increasing field. Temperature dependences of
magnetoresistance MR = ([R(H) — R(0)]/R(0))*100 % for different magnetic fields have been
plotted. It was found that the magnetoresistance increases with growing magnetic field and
reaches a value of about 3290 % and 390 % in a magnetic field of 90 kE for H L. I and H // 1,
respectively. It was found that the temperature dependency of the electrical resistance without
a magnetic field for the solid solution of Biss.0sMnu1.92 differs significantly from that for pure
bismuth and the compound Bigs ssMnz s9Feo.62 With a lower manganese content. It is suggested
that the peculiarities temperature dependences behavior of the electrical resistance R(T) in
Bigs.0sMn11.92 without magnetic field and in the one, are largely due to the influence of the
internal magnetism of the aBiMn phase and can be explained within the framework of the
multiband theory.

[1] A.V. Terekhov, A.L. Solovjov, A. I. Prokhvatilov, A. I, V.V. Meleshko, L.V.
Zolochevskii, J. Cwik, A. Los, A.D. Shevchenko, O.M. Ivasishin, and Z.D. Kovalyuk, East
European Journal of Physics, 4, 12 (2017). DOI:10.26565/2312-4334-2017-4-02

[2] A.V. Terekhov, K. Rogacki, A.L. Solovjov, A N. Bludov, A.l. Prokhvatilov, V.V.
Meleshko, 1.V. Zolochevskii, E.V. Khristenko, J. Cwik, A. Los, A.D. Shevchenko, Z.D.
Kovalyuk, and O.M. Ivasishin, Low Temperature Physics, 44, 1153 (2018).
https://doi.org/10.1063/1.5060969
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INVESTIGATION OF THE INTRINSIC ABSORPTION EDGE
IN BULK HEXAGONAL BORON NITRIDE CRYSTAL

Vladyslav Vasil’ev', Borys Turko?!, Bohdan Sadovyi'?, Petro Sadovyi?,
Andriy Nikolenko?, Ihor Petrusha*, Volodymyr Kapustianyk®
Ivan Franko National University of Lviv, 50, Drahomanova Str., Lviv, 79005,
Ukraine,

?Institute of High Pressure Physics PAS, 29/37, Sokolowska Str., 01-142,
Warsaw, Poland,
3V. E. Lashkaryov Institute of Semiconductor Physics NAS of Ukraine,
41, Nauky Ave., Kyiv, 03028, Ukraine,
4V, Bakul Institute for Superhard Materials of the NAS of Ukraine, 2,
Avtozavodska str., Kyiv, 04074, Ukraine,
Vladyslav.Vasilyev@Inu.edu.ua

Hexagonal boron nitride (h-BN) is a two-dimensional material with the following
unique properties: resistance to high temperatures and chemical attack, wide band gap, large
exciton binding energy on the order of 0.7 eV, high thermal conductivity, and high lubricity.
h-BN has great potential for technological applications, including oxidantresistant coating,
insulating layers, deep ultraviolet (UV) sources, protective coating, heat dissipation,
photocatalysis, building block for two-dimensional 2D heterostructures, sensor development,
energy storage, drug delivery, tissue engineering, solid-state neutron detectors, terahertz
communication systems, quantum technologies. Inspired by these promising attributes,
research on the properties of h-BN and the development of large-area bulk and thin-film
growth techniques has dramatically expanded. Bulk crystals of h-BN can be obtained by low
temperature synthesis, high pressure high temperature (HPHT), atmospheric pressure high
temperature (APHT) and polymer derived ceramic (PDC) methods.

We have grown h-BN using a HPHT process (lower than 3 GPa) and nickel boron as a
solvent. As-grown h-BN, which is composed of a number of aggregated single crystals. Each
single crystal displays a clear triangular crystal habit on the top. The average size of single
crystals shown in this example is 0.03 mm?, and their thickness ranges from 10 to 20 um. The
crystal structure and absorption spectra of this sample have been investigated. For
experimental h-BN sample, the (002) and (004) peaks were present only in the X-ray
diffraction spectrum. No reflection was observed from cubic BN and wurtzite BN.

We have studied the temperature variation of the intrinsic absorption edge in h-BN
bulk sample in the temperature range 293-340 K. Based on the room temperature optical
absorption spectrum of h-BN, we obtained an approximate indirect optical bandgap £y =
5.64 eV. A value of dE¢/dT of -1.4 meV/K of h-BN bulk sample has been reported. We have
observed that the intrinsic absorption edge in such flakes is described by Urbach’s rule with
parameters: Eo ~ 6.1 €V, 6o = 0.49; wpnh = 298 cm L.

This work was done due to the supports of the Ministry of Education and Science of Ukraine
(Project No: 0123U101880) and Long-Term Funding by the Polish Academy of Sciences and
U. S. National Academy of Sciences (Project No: PAN.BFB.S.BWZ.369.022.2023).
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BILIMB KOBAJBTY HA EJIEKTPUYHI BJJACTUBOCTI
OKCHUIY LIUHKY

0.1 Bipa, I0.1. ExismeBcbkuii, B.b. Kanycranuk, b.I. Typko
JIpBIBCHKHMI HalllOHAJIBHUH yHIBepcuTeT iMeH1 [Bana dpanka, Byn. Kupuna i
Medonis 8, M. JIsBiB, 79005,
e-mail: olena.vira@Inu.edu.ua

[IInpoko30HHI HAIIBIPOBIAHUKH, 10 AKUX HaIEXUTh ZNO 3 BENIWYMHOIO 3a00pOHEHOT
30oHu 3.37eV, 3a0e3neuyloTh BHUCOKY SKICTh MaTepiajiaMm, OCKUIbKH MOXYTh BHTPUMYBATH
CHJIbHI €JIEKTPUYHI IOJIs, MiATPUMYBATH BHIII HANPYrW Ta MPAlIOBaTH Ha OUIBII BHCOKHX
4acToTax. HGFYBaHHSI Zn0O mnepexiTHUMHU MeTajaMH Ja€ 3MOTY MOJIu(IKyBaTH AieleKTPUUHI
BJIACTUBOCTI MaTepialy, B pe3ylbTaTi 4Oro MaTepiall Moke OyTH 3aCTOCOBaHHMU SK Y
HaIlIBIPOBIIHUKOBUX, TaK 1 B ONTOCJNICEKTpOHHUX mpmianax [1,2]. A BHecenHs B ZnO
noMimky Co y TOHKIH TUTIBII MPHU3BOJIUTH JIO TOSIBU CETHETOCNEKTPHYHOI (ha3u, MPU LBOMY
kommo3ut ZnO:Co Bosoie MyabTU(EPOTYHUMH BIACTUBOCTSIMU.[3].

HocnimkyBani  3pazku ZnO:Co  OTpUMYyBAJIMCh METOJIOM  BHCOKOYAaCTOTHOTO
MarHeTpOHHOTO HaMWICHHA 3 Pi3HOI0 KoHIeHTpauieo aomimku Co (4-10%) Ha ckisiHY
migknanaky 3 HaHeceHuM I[TO-enextpomom. Jlnst oTpumaHHs iHQOpMAIi MPO TOIOJIOTIIO
noBepxHi  ZnO:Co  BHUKOPUCTaHO  aTOMHO-CHJIOBHE  Mmikpockom — Solver P47 y
HaIBKOHTAKTHOMY pexumi. Jlociimkenns enextpuyanux BiaactuBocreit ZnO:Co 3xailicHeHO y
miana3zoHi yactoT 1,2k['m-1MI'11 BHUMIipIOBaTbHOTO ENEKTPUYHOTO TOJNS Ta Y Jiama3oHi
temneparyp 120-310K.

MeTto10M aTOMHO-CHIJIOBOI MIKPOCKOII{ MPOBEIEHO JTOCIIIKEHHS TONOJIOr1l MOBEPXHI
Zn0O:Co. Busieno, mo 30UTBIIEHHS KOHIIEHTpalii KOOaJdbTy BIUIMBA€ Ha CTPYKTYpHI
ocobmuBocTi iiBok ZnO:Co, a came 301IbIIEHHS KOHLEHTpAIIIl XpOMY MPU3BOJUTH 10 POCTY
po3MipiB KpHUCTaliTiB. Taka 3MiHa CTYyNEHS HaHOCTPYKTYpPOBAHOCTI IUIIBOK BIUIMBAa€ Ha
JUHAMIKY TOJspu3alii CTPYKTYpPHUX €JEMEHTIB JOCHiKyBaHOro matepiany. OTpUMaHO
TEMIEPATypHI Ta YACTOTHI 3aJI€KHOCTI J1€JIEKTPUYHOI MPOHUKHOCTI, SIKI MOKA3add 3HAYHY
JMCTIEPCIIO JIIeNEKTPUYHUX MapaMeTpiB IUTIBOK MOB’A3aHy 3 ICHYBaHHIM JIBOX peJaKcaliiHuX
MPOLECIB, 110 PI3HOIO MIPOIO MPOSIBIAIOTHCS MPH 3MiHI KOHIEHTpAIil KoOalnbTy y IUTIBKax
Zn0O:Co. Ilposeneno anami3z giarpam Koyna-Koyna Ta oTpuMaHuX —JieleKTPHUUHUX
napaMmeTpiB y JOCIII)KyBaHOMY TeMIIepaTypHOMY Jlana3oHi sl 4OTUpboX KoHueHTpauii Co:
4%, 6%, 8% Ta 10%. 3nilicHeHO aHaJli3 OTPUMAHHUX JUCIEPCIMHUX CIEKTPIB MOB’A3aHUX 3
BHCOKOYAaCTOTHOTO Ta HU3HKOYACTOTHOTO pPeNIaKCaIliifHOTO MPOIIeCy.

[1] Asaithambi S.; Sakthivel P.; Karuppaiah M.; Balamurugan K.; Yuvakkumar R.;
Thambidurai M.; Ravi G. Synthesis and characterization of various transition metals doped
SnO2MoS2 composites for supercapacitor and photocatalytic applications. J. Alloys Compd.
2021, 853, 157060.

[2] Devesa S.; Rooney A. P.; Grac,a M. P.; Cooper D.; Costa L. C. Williamson-hall analysis

in estimation of crystallite size and lattice strain in Bil. 34Fe0. 66Nb1. 3406. 35 prepared by
the sol-gel method. Mater. Sci. Eng. B. 2021, 263, 114830

[3] D. Y. Li, Y. J. Zeng, D. Batuk, L. M. C. Pereira, Z. Z. Ye, C. Fleischmann, Relaxor
Ferroelectricity and Magnetoelectric Coupling in ZnO—Co Nanocomposite, ACS Applied
Materials & Interfaces, 2014, 6, 4737-4742
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AHAJII3 TEMIIEPATYPHUX 3AJIEXKHOCTEM
TEIVIOIPOBITHOCTI KOMIIO3UTHUX MATEPIAJIIB

HOuiis I'op6aTenko, B. Caran, O. PomanuoBa
Di3uKO-TeXHIYHUN IHCTUTYT HU3bKUX Temmepatyp iMm. b.I. Bepkina HAH
VYkpainu, np-T Hayku, 47, Xapkis, 61103, Vkpaina
horbatenko@ilt.kharkov.ua

[IpoBeneHo aHani3 TeMIEpPaTYpHUX 3aJEKHOCTEH  TEMJIOMPOBIAHOCTI  Pi3HHUX
HaHOCTPYKTYPOBAaHUX KOMIIO3MIIIMHUX MaTepiaiB — OaraTtomapoBoro rpageHOBOTO
KOMIIO3UTY 3 pI3HUM CTYIICHEM 3allOBHEHHS, HAHO3EPHUCTHX KOMIIO3UTIB, a TaKOX
KOMIIO3UTIB, JIOTIOBAaHUX PI3HOPIAHUMH HAaHOYACTUHKAMHU; a TAaKOX HAIIBIPOBIIHUKOBUX
MaTepialiB, MO MAaOTh CTPYKTYPY HAATPATKU Ta NESIKUX HAHOCTPYKTYPOBAaHHMX MaTepiaiB,
30KpeMa, HAHOCTPIYOK Ta HAHOJPOTIB.

[Tokazano, 1m0 TeMIEpaTypHi 3aJIEKHOCTI TEIIONPOBIAHOCTI IHMX MarepiajiB
JEMOHCTPYIOTh  SIK  KpucTanononiOHy (OararomapoBi rpadeHOBI  HaHOKOMIIO3MTH,
HAHO3EepPHHUCTI KOMIO3UTH BiosSbisTes Inos3Gaos7As, HaHOAPOTH), TaK 1 CKIOMOIIOHY
MOBEAIHKY TEIUIONpoBigHOCTI (ToHKI iBkU PbTe, PbSe Ta iX HaHOKOMMIO3UTH, PEUYOBUHH 3
HAJTPATKOBOIO CTPYKTYPOIO, HAHOCTPIUKH), IO MOXKE OyTH TPEJCTABICHO Yy BUTISAI CYMH
JIBOX BHECKIB — KBa314aCTHHKOBOI'O Ta XBHIILOBOIO [1]:

K=K1+K2. (1)

[Tokaszano, mo Bupas (1) y BunajKky KpucTanonoaioHOi MOBEAIHKH TEIIONPOBITHOCTI
HaOyBa€e HACTYITHOT'O BUTJISAY:
k = A/T+B, 2

B TOM 4Yac sIK y BUMAJKY CKJIONOAI0HOT MOBEIHKHU TEIUIONPOBIAHOCTI MAa€EMO:
k(T) = kp.+ xo-exp(-E/T), (3)

1110, B CBOIO YEpPry, € BUCOKOTEMIIEPATYpPHOIO alpOKCUMALIIE0 TemIonpoBiaHocTi. Bupas (3)
TaKOX € CYMOIO JBOX BHECKIB, /i€ NEpIUIMIl BHECOK, IMOB'I3aHUN 3 HASBHICTIO IJIaTO B
TEIUIONPOBITHOCTI Kpl., @ JPYTUil BHECOK MPEACTaBICHUI E€KCIOHEHIIATBHO0 3alIeKHICTIO 3
JIBOMa [apaMeTpaMd MIATOHKM —  TEpPEeACKCIOHEHIIadbHUM  MHOXHHKOM Ko, 1
XapaKTEepUCTUYHOIO EHEpri€l0 JIOMIHYIOUMX 30ymkeHb £E, SKi NpUIMalOTh y4yacTb B
TETUTOTIEPEHOCI.

[1] A. I. Krivchikov, Y. V. Horbatenko, O. A. Korolyuk, et al. Materialia, 32, 101944 (2023).
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CTPYKTYPA TA CUUHTUJISALINHI XAPAKTEPUCTUKH
KPUCTAJIIB Cs:HfCls TA Cs2ZrCls

Boaoaumup Kosiomieub, Bosoaumup Kanycrsinuk
JIpBiBCBKHI HalllOHAJIBHUHN yHIBepcHUTET iMeH1 [Bana dpanka,
ByI1. JIparomanosa, 50, m. JIbBiB, 79005
e-mail: volodja.kolomiets@gmail.com

Po3poOka HoBHX crmHTHIALIHHKX MatepianiB, Takux sk CS;HfCle ta Cs2ZrCle, €
aKTyaJbHOIO 3a/1a4€l0, OCKUIBKM BOHU BB@)KAIOTHCS IMEPCIEKTUBHUMH Ul 3aCTOCYBaHb Y
JIETEKTOpax 10HI3amiHHOTO BUIPOMIHIOBAaHHS 3aBISKH BHCOKIH EHEPreTWYHId pO3AUTBHIH
smatHocTi. [IpoTe, HasBHA iHOpMaIllis Tpo ¢i3uyUHI BJACTUBOCTI IUX KPHUCTAJIIB € HETIOBHOIO
Ta (parMeHTapHOI0, OCOOJIMBO CTOCOBHO KpucTanmorpadiyHoi iHdopmarmii Ta AaHUX MPO
($a30Bi 3MiHH Yy CTPYKTYP1 KPUCTATIB 31 3MIHOIO TEMIIEPATYPH.

Y mpoMy JdOCHiKEHHI OCHOBHA YyBara Oyla CKOHIEHTpOBaHAa Ha BHBYCHHI
KPHUCTAIIYHOI CTPYKTYPH Ta CHMHTHIALIHHUX BiaacTtuBocTeid kpuctaniB CS;HfCls ta Cs2ZrCls
B IIMPOKOMY TemIiieparypHoMy niamasoni Big 9 mo 300 K 3 BUKOpUCTaHHSM METOJIIB
pEHTreHiBChbKOi audpakiii Ta BUMIPIOBAHHS CIUHTWISLIAHUX XapakTepucTtuk. OTpumani
pe3yabTaTH HE JIMIIE MIATBEpIWIM KyOidHY CTPYKTypy (mpoctopoBa rpyma Fm3m) oGox
CIMHTHJISTOPIB Y I[IIOMY BKa3aHOMY Jiana3oHi TeMieparyp, aie i 3acigumiy, 1mo Cs2ZrCls
mae Bumuil cBiTioBmid Buxig (33900 doroniB/MeB) Ta kpamly eHepreTHYHy pO3IUTBHY
smatHicTh (5,3 %) mopiBasao 3 CsoHfCls (24800 ¢otonis/MeB i 4,5 % BiAmoBiaHO).
[IpoBeneH1 [JOCHIIPKEHHS TaKOXX BUSBUJIM HETPUBIaJIbHI TEMIIEPaTypHI 3aJleKHOCTI
CBITJIOBOT'O BUXOJY, 30KpeMa Horo MmiJiBUILEHHs MpH HarpiBaHHi B Aiana3oHi 125-150 K. [Tpu
BHUMIPIOBAHHI KPUBHX 3aracaHHs CHUHTHIALIN criocTepiraiacs CKiaJHa KIHeTHKa, 3yMOBJIEHA
npolecaM CIOBUIbHEHOI pexoMOiHamii. BiquyTHe MiABUILEHHS CUUHTWIALIRHOIO BIATYKY
IpU HarpiBaHHI € IPOSBOM MPOIECY HETaTUBHOI'O TEIJIOBOTO TaciHHS, L0 IMOSICHIOETHCS
TEPMIYHOIO AKTHUBAII€}0 MPOMDKHUX MACTOK, IO NPUBOJIUTH [0 3aCENEHHS 30YyIKEeHHX
CTaHiB.

OTpumaHi  pe3ynbTaTH  Y3TOJKYIOTbCS 1 MONEpPEeIHIMH TEOPETUYHHMH  Ta
eKCIIEPUMEHTATHHUMH JTOCIJPKEHHSIMH.

Po6ora BukoHaHa 3aBAsiku MiATpUMII MiHICTEpCTBa OCBITH 1 HAYKH Y KpaiHU.
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HYPERSPECTRAL IMAGING OF AMBER-LIKE
MATERIALS

Maksym Fedorchuk, Valentyn Krivtsov
Rivne State University of Humanities, 12 Stepan Bandera St., Rivne, 33028,
Ukraine, valentyn.krivtsov@rshu.edu.ua

Hyperspectral imaging is an amount of data that contains spectral information about an
object across various spectral channels. Compared to traditional color images, which have
three channels (red, green, blue), hyperspectral images can contain hundreds or even
thousands of spectral channels. Each spectral channel corresponds to a specific portion of the
electromagnetic spectrum. It allows to obtain detailed information about the spectral
characteristics of objects. Specialized devices known as hyperspectral cameras are typically
used to get hyperspectral images. These devices can capture reflected or emitted light across
multiple spectral ranges including visible, infrared (near, medium, far), ultraviolet and other
ranges. The obtained hyperspectral images are three-dimensional matrices, where two spatial
coordinates correspond to the pixel positions in the image, and the third coordinate
corresponds to the spectral channel. Each pixel in the matrix contains spectral information
about the corresponding object in the image. Such images have significant advantages over
traditional spectra and can become a useful tool investigation and analysis of various
substances.

In thesis the characteristics of Rivne region amber have been studied aimed to identify
and compare structural features of natural Rivne, Baltic and synthetic amber. A method for
identifying amber and amber-like materials based on their structural analysis using
hyperspectral images was introduced. It was shown that samples of synthetic amber (pressed,
thermally treated, fused), which outwardly resemble natural amber, differ in their structure.
Though they consist of a large number of monomeric units, they are not 100% polymers.
Their structure is a cross-link macromolecular grid, the pores of which (free volumes) are
filled with components of the molecular structure (for example, mono- and sesquiterpenes).
The presence of metal ions and C=0 bonds affect the color of amber materials, their density
and hardness depend on the degree of polymerization. Amber complex chemical structure can
be called supramolecular [1].

Hyperspectral images investigation of amber-like materials is extremely important for
revealing information about the composition of the substance, as even an experienced person
may not distinguish natural amber from its successful imitations without special equipment.
Not only size, shape, and color determine the value of amber, but also factors such as
transparency, spectral purity, and light permeability. It is known that solidified resin may vary
from a completely transparent appearance, resembling ice, to opaque depending on the degree
of transparency. Spectroscopic methods have proved that in semi-transparent samples of
Rivne amber pores (bubbles) occupy up to 30% of the stone volume and in opaque ones they
take up to 50%. Amber-like materials hyperspectral images analytical database creation will
allow addressing issues of their identification, origin diagnostics, presence/absence of
imitations, and enhancement of the fossil resin based on the color parameter.

[1] B. Kosmowska-Ceranowicz. Succinite and some other fossil resins in Poland and
Europe (deposits, finds, features and differences in IRS), Estudios del Museo de ciencias
naturals de Alava, (1999), V. 14, N 2, p. 73-117.
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THE INFLUENCE OF CARBON NANOSPHERES ON TNE
ELECTRICAL RESISTIVITY OF NANOCOMPOSITE
SnoesAg3Cuos AND SngssAQ38Cuo7 ALLOYS

Viktor Poverzhuk
Department of Metal Physics, lvan Franko National University of Lviv,
Kyrylo and Mefodiy Str., 8, 79005 Lviv, Ukraine
e-mail: viktor.poverzhuk@Inu.edu.ua

The application fields of industrial Pb—Sn solders renowned for their excellent
characteristics such as low melting temperature, good wettability, and low cost are rapidly
reducing due to toxicity of lead. Among the numerous lead-free alloys proposed to replace
traditional Pb—Sn solders in microelectronics, the leading place is occupied by commercial
ternary Sn—Ag-Cu (SAC) alloys of eutectic or neareutectic compositions, in particular,
SAC305 (SngssAgaCuos Wt.%) and SAC387 (SngssAgssCuo.z Wt.%). Among the methods of
improving the properties of such solders is the introduction of a base into the matrix material
of nanoparticles, whose content control leads to improvement physicochemical parameters.
Such nanoimpurities can be metals, rare earth elements, ceramics and carbon structures. They
can promote to a lower diffusion coefficient, which slows the growth of intermetallic layers,
and improves mechanical properties. In this regard, it is important to investigate the
electrophysical properties of such nanocomposites.

An influence of minor admixtures of carbon nanospheres (0.05 wt.%) on electrical
resistivity of ternary SnossAgsCuos and SnessAgssCuoz alloys, was measured using a four-
probe method over a wide temperature range between the room and melting points. Carbon
nanospheres (CNS) were obtained by electrical discharge method from diesel fuel,
cyclohexane, and aviation kerosene. The matrix samples were produced by planar flow
casting technique in the form of thin ribbons.

The hysteresis of temperature dependencies of the electrical resistivity in the melting-
solidifcation range is due to the non-equilibrium solidification, when melting and
solidification cannot be considered as completely reversible processes. An increase in the
carbon nanotubes amount causes an increase in resistivity, which depends on the CNSs
parameters. Generally, addition of CNS to the SngssAgsCuos alloy in the investigated
concentration range has no detrimental effect on the indicated electrical properties and
consequently should not have negative influence on functional properties of such solder
material. At the same time, although the addition of CNS does not affect the electrical
resistivity significantly, this influence cannot be neglected in the process of industrial
production of the lead-free solders.

Acknowledgments

The work was supported by Ministry of Education and Science of Ukraine, projects nos.
0122U002643, 0122U001521.



MHTepjaAO.?HaBCTBO —_—— A14
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CUCTEMM Zr-Cu-Al Y IPOLECI IXHBOI'O
®OPMYBAHHSA METOAOM JIASEPHOI'O IIVIABJIEHHSA

Haszap IlonminboBcbkuii, Hazap CemOpaToBuyu
JIbBIBCHKHI HalllOHAILHUN yHIBEepCUTET iMeHi [Bana @panka,
kadenpa Qpi3uku MeTaniB,

Bys1. Kupuna 1 Medoais 8, 79005, JIbBiB, Ykpaina
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Iatepec 10 BHUBYEHHA aMOp(HUX CHUCTEM 1 METaJeBHX CTEKOJ BHKJIMKAHUH iX
YHIKQJIbHUMM BJIACTUBOCTSIMM Ta TOTEHLIAJIOM JUIl NPAKTUYHOTO 3acTocyBaHHs. Yepes
BIJICYTHICTb JaJbHBOTO MOPSAKY B PO3TAIlyBaHHI CTPYKTYPHHUX YACTHHOK IIi CHUCTEMH
IPOSIBJISIIOTH PSJl LIKABUX BIACTUBOCTEH IMOPIBHAHO 3 KpUCTATIYHMMHU Timamu. Hampuxman,
METajieBi CTEeKJla MalTh BHCOKY MIIHICTh, 3HOCOCTIHKICTh, KOpO3iliHY CTIHKICTB,
TEPMOOIITHYHI BJIACTUBOCTI 1 T. TI.

LlixaBuM 00'ekTOM AOCHIKEHHS Yy (Di3uIll Ta MaTepialo3HABCTBI € MOTPiiHI amopdHi
cuctemu Taki sk Zr-Cu-Al. Ix VHIKaJIbHI BJIACTUBOCTI Ta MOTEHINAN AN MPaKTUYHOTO
3aCTOCYBAaHHS POOJIATH X BKJIMBUM MPEIMETOM JTOCIIKEHb Ta PO3pOOOK Y CydacHil Hayli,
30KpeMa, B aepOKOCMIYHIA MPOMHCIOBOCTI JUIs BHMIOTOBJICHHS JIETKMX Ta MILHUX
KOMIIOHEHTIB, B MEJAWYHIN NMPOMHUCIOBOCTI JJIsi BUPOOHUIITBA IMIUIAHTATIB Ta XipypriyHUX
IHCTPYMEHTIB, a TaKOXX B TPAHCIOPTHIN MPOMUCIOBOCTI JUIsl BUTOTOBJICHHS JeTanel, CTIMKUX
710 3HOITYBaHHS Ta KOPO3ii.

OpnHi€ero 3 ocHOBHUX ocoOnuBocTel cuctemu Zr-Cu-Al e 11 37aTHICTh 10 yTBOPEHHS
amop(HOI CTPYKTYpH B LIMPOKOMY Jiana3oHi KoHUeHTpauid. Lle o3navae, mo B cucrtemi 3
pizHumH criBBigHomeHHsAMH Zr, Cu Ta Al MoxxHa oTpumatu amop¢Hi criaBu. [t Ok
MIOBHOTO BUBYEHHS CTPYKTYpH TaKHWX CHUCTEM Ha MIKpPO- 1 HAHOPIBHI €KCIIEPUMEHTAJbHI
JOCHIJKEHHST JOLUIBHO TMO€JHYBAaTH 3 pe3yJbTaTaMU KOMIT IOTEPHOIO MOJIENIOBAaHHS, IO
JIO3BOJIUTH TJIMOIIE 3p0o3yMiTH creuudiky GopMyBaHHsS BHYTPIIIHBOI OyJOBH 1 JO3BOJUTH
KepyBaTH BJIACTUBOCTSIMHM IIUX MaTepialis..

VYV naniit poOOTI METOIOM MOJEKYIISIPHO-TUHAMIYHOTO MOJIEIIOBAHHSA OyJI0 BUBUYEHO
npolec CrikaHHs amMopdHHX HaHouacTHHOK cuctemu Zr-Cu-Al. [lns anamizy atomHOl
CTPYKTYpHM HAHOYACTMHOK IIIiCIIs CIIKAHHA BHKOPUCTAJIM MapliajibHl MapHi KOpesiiiHi
¢bynkuii Ta QyHKUIT po3MOAUTy KOOpAMHAIIMHUX uyucen. B pe3ymbraTi aHallizy OCHOBHHMX
CTPYKTYpHUX THapaMeTpiB, SIKI OTPUMaJ 3 BUKOPUCTAHHSAM BKa3aHUX (DYHKIIH BCTaHOBWIJIM
BIIMIHHOCT1 aTOMHOTO CKJIaJly Ta CTpPYKTYpH 00’ €My Ta MOBEPXHI HAHOYACTUHOK.

PoGora BukonHana 3a miarpuMku HarionansHoro ¢ouay VYkpainu (mpoekt Ne
2022.01/0171)
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V(T) PHASE DIAGRAMS OF FREONS OF THE ETHANE
SERIES

V.V. Sagan, V.A. Konstantinov
B. Verkin Institute for Low Temperature Physics and Engineering of the
National Academy of Sciences of Ukraine
47 Nauky Ave., Kharkiv 61103, Ukraine
e-mail: sagan@ilt.kharkov.ua

In the present work, based on the literature and experimental data obtained directly
from the experiment, the construction of phase V(T) diagrams for ethane series fluorocarbons
was performed for the first time. The following representatives of this class of substances,
which belong to a large group of so-called «plastic» crystals, were chosen as objects of study:
hexafluoroethane - CoFs [1], 1,1,2,2 - tetrafluoroethane - CoHzFs (freon F-134) and 1,1-
difluoroethane - C2H4F (freon F-152a) [2].

A distinctive feature of ethane series freons is the presence in them of a wide range of
phases that differ in the nature of translational, orientational and conformational ordering. In
particular, a high-temperature phase transition to orientationally disordered (OD) — «plastic»,
bce symmetry (Im3m) with Z =2 molecules per cell, phase. This phase has high plasticity,
and its melting occurs at anomalously low values of enthalpy and entropy. Violation of the
orientational order is possible for most of these compounds due to the «pseudospherical»
shape of the molecules.

The importance of constructing these diagrams lies in the fact that they provide
complete information about the presence and number of phases, regions of phase coexistence,
phase transitions, and also show that, if the conditions of isochoricity (V = const) are met, the
region of existence of the OD phase increases and the temperature shifts melting to the region
of higher temperatures with an increase in the density of the test sample.

[1] V.A. Konstantinov, V.P. Revyakin and V.V. Sagan, Low Temp. Phys.33, 1048 (2007).
[2] V.A.Konstantinov, A.l.Krivchikov, A.V.Karachevtseva, V.V.Sagan, Solid State
Communications. V. 329, 114241 (2021).
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MATI'HITHI TOHKI IIVIIBKA HA OCHOBI KOBAJIBTY

Ha3zap CemoOpatoBu4, FQuais Hukupyii, Mukosaa Cos10BiioB
JIpBIBCHKHII HalllOHAILHUHN yHIBepcuTeT iMeHi [Bana @panka, Kadenpa dizuku
meTauniB, Bynuus Kupumna i Medonis, 8, JIsBiB, 79005, Ykpaina
E-mail: nasarsem@gmail.com

bimpmicte mporeciB, ki 3a0e3medyroTh poOOTY CydYacHOro OOJIaJIHaHHS, €
aBTOMAaTH30BaHUMH, a OTXe Oe3MocepeHbO JIOAMHOI HE KOHTPOIOKThCS. Lo dyHKIit0
MIEPEHECEHO Ha CEHCOPH 1 IATUYMKH, SIKI pEECTPYIOTh PI3HOMAaHITHI CUTHAJIM Ta iX 3MiHY, YU TO
3MiHa TEMIIEPAaTypH, €IEKTPUYHOTO CTPYMY, UM MarfiTHOro mosss. OJHUM i3 BHIIB TaKHX
JATYMKIB € MarHiTHI CEHCOpPH, 0a30BUMHU €JIEMEHTAMHU SKUX € TOHKI (pepoMarHiTHI IJTiBKH
9yTIUBI 70 3MiH MarHiTHoro mois [1, 2]. AMopdHi TOHKI TUIIBKM Ha OCHOBI KOOAIbTy
JOCTIKYIOTBCS, 30KpeMa, 1 Il 3aCTOCYBaHHS B MArHITONPY>KHUX JaTYMKaX, OCOOIUBO IS
MiHIaTIOPHUX HPUCTPOIB, OTPIMAHUX 33 TEXHOJIOTI€I0 TOHKHX IUTIBOK. 3 OISy Ha 1€ Hallle
JocaikeHHs: cpokycoBaHe Ha MpOIlEecax CHUHTE3y TOHKUX aMOpP(QHHUX IUTIBOK HAa OCHOBI
K0OaJbTy Ta BUBUYEHHI 1X BIIACTHBOCTEH.

MeTo MarHeTpOHHOTO PO3MUICHHS Oyl0 BHKOPUCTAHO JIsl BUTOTOBIIEHHS TOHKHX
IUTIBOK Ha OCHOBI KO0OanmpTy. B sikocTi Matepiamy MimieHi OyJ0 BHKOPHCTAHO aMoOphHY
crpiuky Co70FesMnzsM015Si11B11. HanmmroBanHst mutiBKy POBOAMIIM Ha MiAKIAAKY 31 CKJIa B
atMoctepi aprony. Yac HammaoBaHHS (T) 3MiHIOBaTM B Mexax 10 60 xB. ToBmuHy
HamwieHux 1IiBok  (d) ormiHroBanmd  iHTephEpEeHIifHMM METOAOM 3a  JIOIOMOTOIO
iHTeppepomerpa MUO-1. [lpunan nae MOXIMBICTH 3pOOMTH BI3yallbHY OIHKY SIKOCTI
MOBEPXHI, a TAaKOXX BUMIPATH BHMCOTY HEpPIBHOCTEH MOBEpxHI B aiama3zoHi a0 0,8 MKM.
ToBIIMHA OTPUMAHUX TOHKHUX IUTIBOK, BU3HAYEHA UM MeToJ0M, ctaHoBmia d ~ 80 M Ta d ~
130 am ang t = 30 xB Ta 60 XB, BIAMOBIAHO. 32 JIOMOMOTOI0 CKaHYBaJbHOTO 30HIOBOTO
Mikpockora Solver P47-PRO 06yno pociimkeHo Ttomorpadito MOBEpXHI IUTIBOK, sKa
XapaKTepU3yIOThCcs HAHO3EPHUCTOIO CTPYKTYpOIO 3 CepelqHiM po3MipoM 3epeH 8-10 HM.
TakoX BCTaHOBJEHO, IO IIOPCTKICTh MOBEPXHI CTAHOBUTh ~8 HM. METOJ] pEHTI€HIBChKOT
mudpaxiii 0yl10 BUKOPUCTAHO MAJs JOCHIUKEHHS CTPYKTYPU TOHKHMX IUTIBOK. 3TiHO 3
pe3yJibTaTaMH JI0CIIIIKEHb TOHKI IUTIBKUA XapaKTePU3YIOThCsl aMOPPHOI0 Oy10BOIO.

[1] Ansar Masood, P. McCloskey, Cian O. Mathina, and S. Kulkarni Co-based
amorphous thin films on silicon with soft magnetic properties AIP Advances 8,
056109 (2018); doi: 10.1063/1.5007733

[2] F. Jin, J. Li, L. Zhou, J. Peng and H. Chen, "Simulation of Giant Magnetic-Impedance
Effect in Co-Based Amorphous Films With Demagnetizing Field," in IEEE
Transactions on Magnetics, vol. 51, no. 11, pp. 1-4, Nov. 2015, Art no. 7100404, doi:
10.1109/TMAG.2015.2437816.
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JOCJII)KEHHA BIVIMBY PEKUMIB EKCHJIYATAHIi H
TPUBOJIOI'TYHI BIACTUBOCTI I'PA®ITOIIVIACTY

Anna-Mapis Tomina, Katepuna €pbomina, Qnexkcanap €pbomMeHko,
BikTopisi Mi3ina
JIHIMPOBCHKUM IepKaBHUIN TEXHIYHUHN yHIBEpCUTET, M. KaM’sTHCBKe,
ByJL. JIHimpoOymiBCchbKa, 2, an.mtomina@gmail.com

Tennenuis 3amMiHM TpagWIiHUX METaJiB Ha MOJIMEpPHI KOMIIO3UIIIHI Marepiaiu
(ITKM) y mOigmumHUKOBUX By3jJaxX TepTs HaOyBae Bce OLIBIIOrO TOIMHTY, OCKIIBKH IX
BUKOPUCTAHHS y PI3HOMaHITHIA TeXHIIi 30UIbIIye pecypc poboTH octaHHboi 10 10 pasis.
[Ipore, 3HaYHUIl BILUTUB HA TPUOOJIOTIYHY MOBEIIHKY Ta IOBIOBIYHICTH POOOTH By3Ja TEpPTS 3
[TKM 4uHSATH MIBHIKICTh KOB3aHHS Ta HABAHTAKEHHS. 3BAKAIOYU HA II€ JTOCIIHKCHO BILIHB
3a3HauEHUX MapaMeTpiB Ha IHTEHCHUBHICTH JIHIMHOTO 3HOIIYBAHHS Ta KOE(DILIEHT TepTs
po3pobiaenoro IIKM Ha OCHOBI HOJIOPraHOCHIIOKCAHY, IO XapaKTEPHU3YETHCS BHCOKUMHU
MOKa3HWKAMM XIMIYHHUX BIACTHBOCTEH. SIK HAmoBHIOBaY 0OpaHO MPHXOBAHOKPUCTATIUYHUN
muBapHUM rpadit y KimpkoctTi 50 Mac.%, SKUi BiIPi3HAETHCS BUCOKOIO CaMO3MAIlyBaJIbHOIO
smatHicTiO. JlocmimkenHs tpubonoriyaux BiacTuBocTedl [TKM 3pilicHIoBaiM Ha MallvHi
teptst CMII-2 3a cXeMOI0 «TUCK-KOJIO0Ka». Pe3ynbTaTsl OCIiHPKEHb HaBEJICHO y Ta0Jl.

Tabmuus — Tpuboioriudi BIaCTUBOCTI rpadiTOMIACTy IPH Pi3HUX YMOBAX €KCILTyaTallii

PexxuM tepTs IurencuBHicTh diHiliHOTO | KoedimieHT
v, M/c | P, MIIa 3HOIIYBaHHS, Ih-107° teprs, f
0,5 5,67 0,70
1,0 1,0 7,80 0,39
15 7,65 0,21
0,5 7,33 0,58
15 1,0 6,92 0,37
15 7,37 0,24
0,5 7,07 0,32
2,0 1,0 7,16 0,26
15 7,21 0,24

I3 Tabn. BuaHO, mo po3podaenuit [IKM xapakTepusyeTbcsi BUCOKUMH MOKa3HUKAMHU
TPUOOJIOTIUHUX BJIACTHBOCTEH, HABITh MPU BUCOKUX IIBUAKOCTSIX 1 HaBaHTaXeHHAX. Lle
OOyMOBJIGHO THM, IO B TIPOLECI TEPTA Ha KOHTPTLIL YTBOPIOETHCS CTaOLIbHUN
aHTUGPUKIIIHUN 11ap, SIKKK B1JIITPa€e PoJIb «CyXOro 3MallyBaday, 3aBIKH YOMY MOJaJIbIIUI
nporiec TepTs BiAOyBaeThcs HUIAXOM mepeHeceHHs [IKM Ha KOHTPTIIO Ta 3HOBY Ha
BUNPOOYBAJIbHY JI€Tallb, YePEe3 M0 CIOCTEPITAETHCS HE3HAYHUIN 3HOC Ta CEpeHIi KoedimieHT
teprs. LlikaBo BiJ3HAUMTH, IO YMM Oinbllle HAaBaHTAKEHHS HA JOCTIIHY JeTalb, TUM
MEHIIUM CTa€ Koe(IilieHT TepTs, L0 OOYMOBIEHO IIJIACTUYHICTIO YTBOPEHOI ILIIBKU
nepeHeceHHs. [ IHTEHCHBHOCTI 3HOIIYBAHHS HE CIIOCTEPIraeThCsl YiTKOT 3aJIEKHOCTI BiX
MIBUJIKOCTI KOB3aHHS YW HAaBAHTA)XCHHS, MOXXHA BIJ3HAYUTH JIMINE Te, IO IEH MOKa3HUK
3MiHIO€ThCS Ha 40% y TOCHiHOMY Jiarna3oHi peXUMIB TepTs. 3BaKalo4yM Ha e po3poOIeHUH
KOMIIO3UT PEKOMEHJOBAHO BHUKOPUCTOBYBAaTH SIK AaHTU(PPUKLUIMHUNA 3aloBHIOBAY U
HiAIUITHAKOBUX BY3IIiB TEPTS.
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KOPO3IMHA CTIMKICTh HIBUAKOOXOJOJIKEHUX
CIIUTABIB HA OCHOBI AJIIOMIHIIO

Tersina Kasinina, AnTon XJie0HikoB, s I'ypin
JIHINpOBCHKMIA iepKaBHUM TEXHIYHUI YHIBEPCUTET, ByJ. [JHinpoOyaiBCchKa, 2,
Kam’suceke 51900, kalinina_tv@ukr.net

I"apryBanssM 3 piakoro crany (I'PC) MoxHa oTpUMaTH ClIaBU y Pi3HUX CTPYKTYPHHUX
CTaHax: MePECHYCH] TBEPAi PO3UYUHM, HepiBHOBa)KHi KpHCTanidHi $asu, aMopbHi CTPYKTypH.
Tur cTpykTypu TakuX CIUIaBIB Ta iX BIACTHBOCTI HampsiMy 3alexXaTh BiA CKIagy Ta
mrakocti I'PC. HIBHAKOCTI OXOMOKCHHS (105 107 K/c) JI03BOJISIOTH OTPHMYBATH aMOPGbHI
metaneBl cmiaBu (AMC), skuM OpuUTaMaHHI YHIKaJbHI KOpOSlI/IHl BiacTUBOCTI. Ormsa
JiTepaTypHUX JaHUX Nokazye, 1o cepe AMC BHCOKUMM KOPO3IMHUMH BIIACTUBOCTSMHU
BiJI3HAYAIOTHCS CIUIABM JICTOBAaHI XpPOMOM. 3amadaMu Iii€i pobotm Oyno: mo — mepiie,
3’sicyBaTH KOpo3iiiHi BinacTuBocTi AMC, sSikuii HE MICTUTh XpOMY, a 10 — JAPYTe, JOCITITUTH
BILJIUB CTPYKTYpPHU Ta YMOB OTPUMAaHHS CIUJIaBiB Ha iX KOpo3iiHy criikicTs (KC).

Buxigni crutaBu roryBaimcs 3 uumctux KommoneHTiB (Al NI,Cr,Y). Ilnasnenus
BiIOyBaJIOCS Yy EJEKTPOBaKyyMHIM Medi B aIyHAOBUX THUIIAX. st mocmiukeHHs Oynu
BUTOTOBJICHI crutaBu HacTymHuX ckianiB: Alg7YgNis Al+5Bar.%Cr, Al+10Bar%.Cr. 3pasku
JUIS KOPO3iMHMX icnuTiB roryBaiucs asoma meroaamu: ['PC meromom "moctpiny", 1mo
JI03BOJIMJIO OTPUMATH ILTIBKM TOBLIMHOIO 20 -70 MKM, Ta eKCTpy3i€ro LUX (onbr y NpyTKd
niamerpoM 10 mm. JlochmiypkeHHSI CTPYKTYpH EKCIIEPHMEHTAIBHUX CIUIABIB MPOBOIMIN 32
JOTIOMOTOI0  PEeHTreHorpaiyHoro aHajmizy 3 peecTpamiero auppakmifHuX KapTHH Ha
madpakromerpi JIPOH-3 y monoxpomarunzoBaHomy CUK. BumpomiHioBaHHi. Icmmtu Ha
zaranpHy KC mpoBoanim 3a 'OCTom 9.017.74 npu moBHOMY 3aHYpeHHI 3pa3KiB y pO3YMH
3%NaCl+0,1%H.0> Ta omiHIOBaNM 3a 3MIHOO MacH 3pa3KiB IUIIXOM 3BaKyBaHHSA Ha
AQHATITUYHUX BAXKEJSIX JI0 1 MICHs I1CIUTIB. ﬂKiCHy 1 KiJ‘IBKiCHy ouiHKy KOPO31iHOi CTIHKOCTI
MPOBOJUIIH IO z[ecs[TI/I6aJH)H1H nIKam Kopo3iitHoi critikocti meranis ( 'OCT 5272 — 50 ;

CTpyKTYpHHMH JOCIiKEHHAMU BCTAHOBJIEHO, 10 npu mBuakocTi IPC 10°-10" K/c y
crwtaBi Al+5Bar%Cr dpopmyerbcest CTPYKTypa IEPECHYCHOr0 TBEPOr0 PO3UYMHY BMICT XPOMY
B SIKOMY y 5 pa3 IEPEBHINYE PIBHOBOXHY PO3YMHHICTE. 3OLIBLICHHS BMICTY Xpoma IO
10Bar.% TpPU3BOAWTE 1O YTBOPEHHS Yy LIBHAKOOXOJO/DKEHOMY CIUIaBI CTPYKTYpH
TOHKOJJMCIIEPCHOTO KOHIJIOMepatry (a3, CKIaJOBUMHU SKOTO SIBJIAIOTHCSA 301HEHUH TBEpIHid
po3unH Ta iHTepMmeranian Al;Cr. Ananiz audpakuiiaux kaptiua Gonsr 3i craBy Alg7YsgNis
JI03BOJIUB 3pOOMTH BHMCHOBOK NP0 aMOp(HICTh HOTO CTPYKTYpH, OCKUIBKH Mpodisib
TUGPAKTOrpaMy  CKJIAJA€ThC 3 JEKUIbKOX Ju(y3HHX MakcuMyMiB. PeHrtreHorpadiuni
JOCHIJKEHHSI CTPYKTYPH 3pa3KiB, OTPUMAHUX EKCTPY3i€l0 IIBHUIKOOXOJOMKEHUX (HOJIBI 31
cnaBiB Al+5% Bar.Cr, Al+10Bar.%Cr, moka3zamu, 1mo ocHOBHI MOpdosoriuHi 0co0IMMBOCTI
MIKPOCTPYKTYpH IIBHJIKO3arapTOBaHUX CIUIaBiB 30epiraioTbest 'y npyTkax. [apsue
MPeCyBaHHS TPU3BOANTH JIO PO3MAaTy CHIIBHOIIEPECHICHUX TBEPAUX PO3UHHIB 3 YTBOPEHHSIM
CTPYKTYpU  YJIBTPAIMCIEPCHOTO KOHIJIOMepaTy 30iHEHOro TBEPAOTO PpO3YMHY Ta
HajuymmkoBoro amoMiHigy Al7Cr. JlochikeHHs KOpO3iHOI CTIMKOCTI TMOKazaio, M0
IIBUIKOOXOJI0/pKeHl kpuctamiuni crmiaBu Al + 5Bar.%Cr, Al+10Bar%.Cr BimHOCATBCS 10
IPyNH 3HWKEHO CTIMKHMX CIIaBiB ( IIBHUIKICTh KOpo3ii B HUX ckiana BignmosiaHo 0,1432 Ta
0,1702 mm/pik ), Toni sik amopduuii crmaB Alg7YgNis BiJHOCHTBCS 0 KOPO3IHHO CTIMKHX
crutaBiB ( BHIKICTH KOpo3ii — 0,055 MM/pik ). ¥V X0l ekcriepeMeHTy OyJo Takoxk 3’sICOBaHO,
o nepepodka ¢omabr cmiaBiB Al+5Sear.%Cr ta Al+10Bar.%Cr y npyTky HUISIXOM eKCTpy3ii
JT03BOJIMJIA OTPUMATH 3pPa3KH, sIKI MOJKHA BIJIHECTH J0 AYXKE€ KOPO31HHO CTIMKUX ( IMIBHIKICTH
kopo3zii 0,003 mm/pik Ta 0,023 Mm/pik ).
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BUPOLIYBAHHSA KPUCTAJIA Na:SO4 TA JOCJIIKEHHSA
IHO®PAYEPBOHUX CIIEKTPIB

A. Hapaummn, M. Pyaum, A.OQ. ®@enopuyk, P.C. bBpe3sin, JI.T. Kapmuiok
JIpBIBCHbKHMI HalllOHAJIBHUH yHIBepcuTeT iMeH1 [Bana ®dpanka. By, Kupuna 1
Medonis 8, JIsBiB, 79000, Ykpaina
rudysh.myron@gmail.com

Kpucran NazSO4 HanexuTh 10 MUPOKOI IPyNu TieNeKTpuIHUX MaTepianiB A2BXs e
A = Li, Na, K, Rb, Cs, NHs; B = S, Se, Be, Zn; X = O, F, Cl. Marepianm miei rpynu
XapaKTEPU3YIOThCA IIKaBUMH ONTHKO-EIEKTPOHHUMH BIACTHBOCTSMH. PaHimie mokaszaHo, mo
HU3Ka ii NMPeJICTABHUKIB BOJIOJIIOThH SBUIEM 1HBEpCli 3HAKY JABOIPOMEHE3AIOMIICHHS, SIKE €
YYTJIIMBAM JI0 [ii 30BHINIHIX OJHOBICHMX Ta 3MiHM Temmeparypu [l], mo mae Barome
IPaKTUYHE 3HAYEHHS.

Ocrannim yacom crioyka Na;SOs mpuBepTe yBary MOCHIIHUKIB Yepe3 MOTEHINAN ii
NPAKTUYHOTO BUKOpHCTaHHA. 3okpemMa Ha ocHoBi NaxSOs BemyThcsi  po3poOku
CymnepkoHaeHcaTopiB [2] mis eheKTUBHOIO HAKOMUYEHHS Ta 30epiraHHs eHeprii. AKTHBHO
BUBYAETHCS BJIACTUBOCTI MarepialliB moKpaileHux HaHouyactuHkamu [3]. TIpoBoasiTbes
JOCITIJIKEHHS TI0 BUBYCHHIO JIIOMIHECIIEHTHUX BJIIACTHBOCTEH YHCTUX, JOMIIIKOBUX KPUCTAIIIB
Na>SO4 Ta KOMIIO3UTIB pi3HOrO cKiary [4].

Ha cporomni OuIbINCTE MPOBEACHHUX Y JiTepaTypi mociigxkeHb crnolykd NaSOs
3MIHCHEHO JJs TMOMIKPUCTATIYHUX 3pa3kiB. ToMy oOTpUMaHHS SKICHUX MOHOKPHUCTAJIIB
BEJIMKOT0 pO3MIpY Ta MPOBEAECHHS JOCTIIKEHHS iXHIX BJACTUBOCTEH € aKTyaJIbHOIO 33J]a4€l0.

VY poOGoti npoBeneHO BUBYEHHS yMOB pocTy KpuctaiiB Na:SOs. OTpumano sKicHI
moHokpuctai NaxSO4 MeTooM BHpOITYBaHHS 3 BOJAHOTO PO3YMHY. 3’SCOBAHO BILTUB YMOB
POCTY Ha IXHIO CTaOUIbHICTh. J[OCHIIKEHO CTPYKTYpY CTaOUIbHUX 1 HECTAOUTbHUX KPUCTAIIIB
MeToIoM Iudpakiiii X-IpoMeHIB Ta BU3HAYEHO IXHI KpucTajiorpagiyHi mapameTpu.

3a  gomomoror  iH@pauepBoHoro  cmektpodoromerpa UR-20  nmocmimxeHO
iH(ppayepBoHi criekTpu nporryckanHs kpuctana NaxSOs. Otpumano iHppauepBoOHi CIEKTPH B
miana3oni gactot Bix 400 10 2040 cm 2. [TpoBeneHo aHami3 Ta i1eHTU(DIKAIIIO KOJIUBHUX CMYT
KpucTtasia Oepyyd [0 yBaru MHOro CUMETPiHI OCOOJMBOCTI. 3 METOI0 MiJATBEPIKEHHS
1HTepIpeTallii OTpUMaHUX Pe3yiIbTaTiB HAMHU JI0/IaTKOBO MPOBEIEHO MOPIBHAHHS OTPUMaHUX
pe3yabTaTiB 3 pO3paXOBAaHUMHU B I[ill poOOTI KOJUBHUMH YaCTOTaMH MPOBEIECHUMHU B paMKax
NEepUIONPUHIIUITHUX METOiB Ha 6a3i DFT.

s poboTa BUKOHaHA 3a MIATPUMKHA MiHICTEpCTBa OCBITH 1 HayKH YKpaiHM B paMKax
pearnizaiii MpPOEKTy MoJoaux BueHuX «HOBI MOHO-, TOIi-, HAHOKPHUCTANIYHI Marepiaiu
MOJIBIMHOTO MpU3HAUEHHS JJIS aKyMYJISTOPIB, HAKOMYYBayiB BOJHIO, CEHCOPHOT TEXHIKH Ta
enexkrponikm» (HJIP Ne 0123U100599).

[1] M. Pymum, I1A. Illenanceknii, B.J. Cragauk, P.C. bpessin, 30HHa cTpyKTypa Ta
pedpakTUBHI MapaMeTpu KPUCTATIB 3 130TPOMHOIO TOUKO10, JIbBIB (2022), ¢.264.

[2] S. Zhu, Y. Sun, K. Li, Y. Dang, X. Guan, Journal of Power Sources, 597, 234150 (2024).

[3] W. Huang, G. Zhou Journal of Molecular Liquids, 397, 124157 (2024).

[4] F. Omer, Y. Abdulla, A, Noh, Brazilian Journal of Radiation Sciences, 12, 1, 2322,

(2024).
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EFFECT OF THERMAL TREATMENT ON STRUCTURAL
AND OPTICAL PROPERTIES OF Ge-RICH-HfO2 FILMS

D. Khomenkov?!, S. Ponomaryov?, O. Melnichuk?, L. Khomenkova? 3,
X. Portier?, J. Heitmann®, F. Gourbilleau*

Mykola Gogol State University of Nizhyn, 2 Hrafska str., Nizhyn 16600,
Ukraine (Ukraine)
2\/. Lashkaryov Institute of Semiconductor Physics, NAS of Ukraine
(Ukraine)
3National university "Kyiv-Mohyla academy" (Ukraine)
“*CIMAP, CEA, UMR CNRS 6252, ENSICAEN, Normandie Université,
14000 Caen, France (France)
*Institute for Applied Physics, TU Bergakademie, Freiberg, Germany
(Germany)

Nowadays, hafnia materials attract considerable attention as dielectric alternatives to
silicon oxide. Besides, due to higher refractive index, these materials can offer optical
applications, for instance, as waveguides. However, low crystallization temperature of pure
HfO2 is a main drawback for wide applications of hafnia-based materials. To overcome this
problem, doping of HfO> with silicon can be addressed. Recently, we reported on the role of
Si impurities in the stabilisation of amorphous structure of the Si-doped HfO2 films. Apart
from this, the technological conditions allowed to form Si clusters and to achieve intense red
emission from them were also reported.

In this work, we studied the impact of another isovalent dopant — germanium - on the
structural and optical properties of HfO2 films grown on silicon substrates by RF magnetron
sputtering. The effect of deposition conditions, Ge content and annealing treatment were
studied by means of spectroscopic ellipsometry, FTIR, Raman and Auger spectroscopy as
well as by TEM methods. The Ge concentration in the films ranged from 0 to 30 at %.
Subsequent annealing treatments at temperatures ranging from 300 to 1100 °C for durations
of 30 to 900 s in a nitrogen atmosphere were applied.

Our results revealed that as-deposited films remained amorphous up to 600 °C,
whereas the phase separation occurs upon heating to 750-800 °C. This phase separation led to
the formation of pure Ge nanocrystallites and tetragonal HfO2 grains. The temperature and
duration initiated phase separation depend on the Ge content in the films. The higher Ge
content, the lower annealing temperature can be applied. Further temperature increase (up to
900-950 C) facilitated significant Ge out-diffusion from the film volume to its surface,
followed by the evaporation of Ge from the films and formation of monoclinic HfO, phase.
Importantly, no Si presence within the film volume or Ge segregation at the film/substrate
interface was detected, indicating the stability of these films in direct contact with Si
substrates. The mechanism of phase separation of such films will be discussed.
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MECHANICAL CHARACTERIZATION OF Age«x(P1-xGex)Ss!
AND Agr(Si1xGex)Ssl SINGLE CRYSTALS USING
INSTRUMENTED INDENTATION WITH VICKERS
INDENTER

I.O. Shender, V.V. Pechko, L.M. Suslikov, A.l. Pogodin, M.J. Filep, T.O.
Malakhovska, O.P. Kokhan

Uzhhorod National University, Pidgirna St. 46, Uzhhorod 88000, Ukraine
e-mail: iryna.shender@uzhnu.edu.ua

The growth in demand for portable electronic devices leads to an increase in interest in
solid-state conductors, the reason for such interest being the stability and high electrical
conductivity of solid-state conductors [1, 2]. These materials are used in form individual
compounds or solid solutions as single crystals or ceramics. In particular, phases with
argyrodite structure are able to form solid solutions, which allows to controllably change their
physico-chemical parameters and are promising superionic materials, since they have high
ionic conductivity values [3-5].

This study presents the results of the analysis of the mechanical properties of single-
crystal samples of solid solutions formed by isovalent Si**«>Ge** Ag7(Si1«xGex)Ssl (0; 0.2;
0.4; 0.6; 0.8; 1) and heterovalent P>* < Ge* Age:x(P1- xGex)Ssl (0; 0.25; 0.5; 0.75; 1)
substitution. The studied materials were grown by the method of directional crystallization,
and the obtained samples were polished to optical quality. A PMT-3 microhardness tester
with a Vickers diamond indenter was used to assess microhardness, experimental data were
obtained at room temperature and under loads from 0.05 to 2 N with indentation time - 10s.

The obtained results made it possible to reveal the dependence of microhardness H on
the load P and the composition of the samples. It was found that the decrease in
microhardness with an increase in the applied load indicates the presence of a "normal”
indentation size effect in the studied solid solutions. Dimensional effects of hardness were
analysed within the framework of the gradient theory of plasticity and the corresponding
parameters of the model of geometrically necessary dislocations were determined.

[1] S.Ohno, A.Banik, G.F. Dewald, M.A. Kraft, T.Krauskopf, N.Minafra, P.Tilll,
M.Weiss, W. G. Zeier, Materials design of ionic conductors for solid state batteries.
Prog. Energy, 2. P. 022001, (2020).

[2] C. Zhao, L. Liu, X. Qi, Y. Lu, F. Wu, J. Zhao, Y. Yu, Y.-S. Hu, L. Chen, Solid-state
sodium batteries, Adv. Energy Mater. 8 1703012, (2018).

[3] T. Nilges, A. Pfitzner, A structural differentiation of quaternary copper argyrodites:
structure — property relations of high temperature ion conductors, Z. Kristallogr. 220,
281-294, (2005).

[4] W.F. Kuhs, R.Nitsche, K.Scheunemann, The argyrodites — a new family of
tetrahedrally close-packed structures, Mat. Res. Bull, 14, P. 241-248, (1979).

[5] M. Laqgibi, B. Cros, S. Peytavin, M. Ribes, New silver superionic conductors
Ag7XYsZ (X = Si, Ge, Sn; Y =S, Se; Z = Cl, Br, 1)-synthesis and electrical studies,
Solid State lon. 23, P. 21-26, (1987).
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BILIUB CIIIKAHHS HOPOIIKIB KYBIYHOI'O HITPUY
BOPY HA TBEPJOCIJIABHIN MIJKJIAJII HA
PO3MO/ILJI KOBAJBTY B POBOYOMY ILIAPI PCBN
KOMIIO3UTY

Amnjpii ITanuk, SIpocaaB Pomanenko
[actutyt HagTBepaux MartepianiB iMm. B.M. bakyns HAH Ykpainu
Kwuis, 04074, Byn. ABT03aBOJIChKa, 2, pacik.andr@gmail.com, jarlo1@ukr.net

Haarsepai PCBN komno3uTu - 1e, K NpaBWiIO, OTPUMAaHi CHIKaHHSAM B yMOBax
BHuCOKUX THCKIB (3 - 8 'Tla) i remmneparyp (1600 - 2300 K) mopormiku kydigHOTO HITpUAY O0pY
(cBN) na miakmagmi 3 tBepaoro cmiaBy cuctemu WC-Co. BaxianBoro BIacTUBICTIO
JBOLIAPOBOTO KOMIIO3HUTY € MIITHHIA 3B'I30K HAa MEXI TBEPIHMH CIUIAB - CIIEYCHUI MOPOIIOK
cBN. V wmiif poGoTi AocHiKyBanu 3MiHY €JI€MEHTHOrO CKJIaay KOMIIO3UTY MOOIU3Yy Mexi
po3niny TBepauii cmiaB - ¢cBN. B excmepumeHTi BHKOpHCTOBYBayMcsi mopomok cBN 3
po3mipoM 3epeH 5-7 MkM Ta TBepauii crutas BK15. CrikanHs npoBoAuiIocs Ipu Temreparypi
1600 K, tucky 4,5 I'lla i tpuBanocti 20 XBHJIMH B KyOIYHOMY amaparti BHCOKOTO THCKY.
OTpuMaHi JBOIIAPOBI IJIACTHHM, MICIS TMOJIpyBaHHS Ta LUTIPYBaHHS Majld TOBIIUHY
TBEPIOCIUIABHOT MiAKIAAKK 2,3 MKM Ta pobodoro mapy cBN 1 Mxm. 3 BUKOpUCTaHHSAM
pacTpoBoro eneKTpoHHoro Mikpockona BupoOHunTBa JEOL (Smonis) cepii JSM-1T500
MPOBOJIMIIA JTOCTIKEHHSI MIKPOCTPYKTYPH Ta PO3MOJIUI €IeMEHTIB MOOIU3Yy JiHii po3aiTy
TBepauii crias - cBN. Ha puc. 1 - npukiax MIKpOCTpYKTYpH KOMITO3UTY.

MeTtoaoM MIKpOPEHTI€HOCTIEKTPATILHOTO aHaIi3y BU3HAYAIU HAsBHICTH €JeMEHTIB B,
C, N, O, Co, W y 3pa3ky Ha pi3HUX BIJCTaHSX BiJ JIiHIi KOHTaKTy TBepaoro cmiary 3 PCBN
mapoM. [ns mocmimpkenHss Oyino oOpanHo 9 gimstHOok po3mipom 50-150 mxm. Ha puc. 2
HaBeJIEHO p03n0mn K06am>Ty 1003y HiHii po3ainy TBepI[I/II/I cras - cBN.

G TN T

x

h
25 10 0 10 20 30 40 5O Lwm 150

Puc.1 Mikpoctpykrypa PCBN kommosuty B | Puc. 2. Po3noxin koGanbty B 3pasky PCBN B
30HI KOHTaKTy TBepAMii crutaB — CBN 3aJIeKHOCTI BiJl BificTaHi a0 rpanumii cBN — BK

Bucnosku. 1. KoGanbT npocouyeTbest 3 TBepAOro crasy B map cBN Ha rnmubuny 1o
50 MKM, KOHIEHTpalliss KobanbTy Oias kopaoHy ao 10 mac. %, Ha Biactani 50 MKM Bix
KOpJoHy =2 % Mac., Ha BizicTadi 500 MKM BiJl KOPAOHY KiJBKICTh KOOAJIBTY B MeXaX MOXHOKH
BHUMIpiB, MOXJIMBO, KOOAJIT OYB HAaHECCHHWI HA MOBEPXHIO IIAPY IiJ Yac MoJipyBaHHA. 2. 3
00Ky TBEpAOIo CIUIaBY B 30HI KOHTAKTy 3011HeHa KOOAIbTOM 001acTh MIMPUHOIO OK3bKo 50
MKM. Ha Bincrani 25 MKM BiJ JiHIT KOHTaKTy KUIBKICTh KOOQJIbTy B TBepAoMYy ciuiaBi ~10
Mmac. % 3amicth 15 %, Ha BijncTaHi 2 MKM BiJ JIiHIi KOHTaKTy KOOaJbTy B TBEPJIOMY CILIaBi
meHmie 1 mac. %. Lle Moxxe OyTH NPUYMHOIO KPUXKOCTI MaTepialy B 30HI KOHTakKTy,
YTBOpEHHSI TpiliMH, BimmapyBanb. 3. Bombdpam (kapOig Bombdpamy), sk 1 KoOOaubT,
YaCTKOBO MPOHMKAE 33 MEXY po3aury B map cBN, kiapkicTh Boib(pamy Ha BiacTadi g0 10
MKM Bijg kopaoHy =~ 3 mac. %, Ha Biacrani 50 Mkm - = 1 %, Ha Bincrani 500 MKM y Mexax
MOXHOKU BUMIPIOBAHb.
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TEPMOJIUHAMIYHI PO3PAXYHKH JUIS BASHAYEHHS
YMOB OJIEPKAHHS MMOJIKPUCTAJIB 3 PI3HUMUA
KOMBIHAIISIMH ®A30BOT0 CKJIAJY HIUXTH
CHUCTEMM cBN - Al (Ti, Co, Ni)

SpocaaB Pomanenko, Anapiii [Tanuk
[acturyt HanTBepaux marepianiB iM. B.M. bakyns HAH Ykpainu
Kuis, 04074, By;1. ABTO3aBOJICBKa, 2, jarlol@ukr.net, pacik.andr@gmail.com

PcBN (nomikpucTanu Ha OCHOBI KyOI4HOTO HITpUAY O0pY) KOMIIO3UTH - 1I€ MaTepial,
10 MAlOTh BUCOKY TBEPJICTh Ta CTiHKICTh JO 3HOIIYBAaHHS. BUTOTOBISIOTH iX, 3a3BUYAH, Yy
BUTJIAJII IHCTPYMEHTIB AJis pi3aHHs (ppe3u, cBepasa, pisili) 1yt 00poOku craneil, yaByHiB abo
cnencruiaBiB. PcBN xommo3uti GpopMyrOThCSI IIISIXOM CIIKaHHS ITiJ] BUCOKHUM THCKOM Ta
TEMIIEPATypOI0 TMOPOIIKIB KyOIYHOrO HITpUAy OOpYy 3 [10JaTKOBUMU KOMIIOHEHTAMHU Y
BUXIiIHIN mmxTi. J{01aTKOBI KOMIIOHEHTH (YacTO METajleBi) Y BUXIAHINA MUXTI HEOOXiTHI JUIs
YTBOPEHHS CTIMKOTO Ta MIITHOTO 3B'3Ky Mik yactTuHkamu cBN mopomiky [1, 2].

TepMoarHaMiuHI pO3paxXyHKH JO3BOJISIOTH BUSHAYUTH BIPOT1IHICTh Ta CIIPSIMOBAHICTH
OCHOBHUX XIMIYHMX peakKIlii MK KOMIIOHEHTAaMH IMUXTH Iija d4ac cmikaHnas PcBN
KOMITO3UTiB. PO3paxyHKH JOMOMOXYTh CHPOTHO3YBAaTH MOXJIUBICTh YTBOPEHHS HEOOX1THUX
XIMIYHHX CIIONYK B 00yacTi TepmoOapuuHuX yMmMoB crikanHs (tucku g0 8 I'Tla, remneparypu
10 2300 K), i 103BosiMTh BUOpATH ONTHUMAJbHI ApaMeTpH CIHiKaHHS Iyt onepxaHHs PcBN
KOMITO3UTIB 3 HEOOX1THUM (ha30BUM CKJIAJIOM y CTPYKTYPl KOMIO3UTY. SIK MeTajeBy 3B'A3KYy
y aHiil poOO0TI BUKOPUCTAHO: AlOMIHIl, MUMAaH, Kooaibm, Ta HiKelb.

Merta: BH3HAUUTH MOXJIMBICTh JOCSATHEHHS HeoOXinHoro (as3oBoro ckiaay
CIIEYEHOTO KOMIIO3UTY 3 OJIEPKaHHSIM Yy 3B'SI31l HEOOXIMHMX Himpudis, Ta O0pudie MicCIs
CITIKaHHS.

3a NOKa3HUK, SIKUHA BHU3HA4Ya€ CTAOUILHICTH CUCTEMHM Ta HMOBIPHICTh MPOTIKAHHS
XIMIYHOI peakiii MiK KOMIOHCHTaMH IIHXTH, BHKOpUCTaHO eHeprito [1i66ca (4GP7)
po3paxoBaHoOro 3a Bijzjomoro dhopmyroro (1):

AG} = AHags - TAS + pAV (¢D)]

B it po6oti po3paxyHok eHeprii [106ca mpoBoAMBCS 3 ypaxyBaHHSM EHTaNbIIii,
EHTpOIii, TEIIIOEMHOCTI Ta MOJIIpHOTO 00'eMy peuoBHH. Jliarpamu cTaHy NMOJBIMHUX CUCTEM
BUKOPUCTOBYBAIIUCH JUIS AHAJTI3Y MOKITUBUX XIMIYHUX peaKIiil.

OcHOBHI pe3yJbTaTH. PO3pPaxXyHKH IMOKA3aJIl MOXJIMBICTh MPOXOKEHHS PEaKIlii 3
YTBOPEHHSM CIONYK Himpudie i 60pudie mumany, a TaKOXK HimMpuoie i 60pudie antominiio.
[TinBumIeHHsT TemmepaTypu CIIKaHHS 3MEHIIye 1300apHO-130TepMiuHMi noTeHuian. s
3a0e3medeHHs MOBHOT XIMIYHOI B3aeMO/ii HEOOX1AHO MiABMIYBAaTH poboui THckH. HailGinbm
TEpMOJMHAMIYHO cTabiapHI cronyku 3a ganux ymos, 1e: COAl, NiAl, TizAl, TiNi, TiCo,
AlIN, AlIBz, AlB12, TiN, TiB, TiB:.

TepMonnHaMiuH1 po3paxyHKH MOKa3ajlyd BUCOKY HMOBIPHICTh YTBOPEHHS HEOOX1THUX
¢a3 B PCBN kxommo3uTax 3a 3aJaHMMU TepMOOAPUYHUMHU YMOBAMH, a JUIs MiJIBUIIEHHS TaKoi
HMOBIPHOCTI pEKOMEHAYETHCSI BUKOPUCTOBYBATH BUCOKI TUCKHU.

[1] Davim, J. P., Astakhov, V. P., & Davim, J. P. (2008). Tools (geometry and material) and
tool wear. Machining: fundamentals and recent advances, 29-57.

[2] Ilynexenko, A. A., boxko, C. A., Cokonos, A. H., [lerpyma, U. A., bexenaps, H. I1.,
& Wrnaryma, A. U. (1993). Cunre3, cliekaHue ¥ CBOMCTBAa KyOHMYECKOTO HHUTpPH]IA
6opa. Kues: HaykoBa qymka.
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SYNTHESIS, STRUCTURAL AND MORPHOLOGICAL
PROPERTIES OF CdSe1xSx THIN FILMS

Andrii Kashuba, Hryhorii lichuk, IThor Semkiv
Lviv Polytechnic National University, Bandera Str. 12, 79013 Lviv, Ukraine

CdSe1xSx (x=0.3, 0.4 and 0.6) thin films were deposited on quartz and silicon
substrates by the method of high-frequency magnetron sputtering. Before the sputtering
process, the chamber was evacuated. The gas pressure inside the chamber was 4x10* Pa. The
sputtering was carried out at a pressure of argon (Ar) in the range of 1.0-1.3 Pa. The power of
the HF magnetron was maintained at the level of 50 W. For heating the substrates, a high-
temperature tungsten heater with a power of 300 W was used, and the temperature of the
substrate at 453 K. A crystalline target of 99.99 % purity of CdSeo.75S025, CdSeosSos and
CdSe.25S0.75 (thickness — 1 mm, diameter — 40 mm) was used. The target—substrate distance
was 60 mm. The deposition time was 16 min for all samples. The start and end of the process
were controlled by means of a movable shutter.

The chemical composition analysis and crystal structure refinement was examined
with using X-ray fluorescence spectroscopy (XRF) and X-ray diffraction (XRD) data. The
composition ratios of the thin films obtained by using XRF method were found to be
CdSeo.7S0.3, CdSeosSo.s and CdSeosSos. CdSe1xSx thin films crystallizes in hexagonal
structure (structure type — ZnO, space group P6zmc (No. 186)). The tendency to decreasing of
unit-cell parameters with increasing S content was observed in CdSeixSx thin films (see
Fig. 1). The anomaly reflexes from the planes with Miller indices (002), (101), (102) and
(103) are observed. Crystallite size, strain, dislocation density and the texture coefficient were
estimated from X-ray diffraction analysis for all samples. Based on the analysis of the texture
coefficients obtained preferred orientation (103) for CdSe1xSx thin films with x < 0.5 and
(101) for sample with x>0.5. Observed that the composition close to equilibrium
(CdSe0.6S0.4) shows high ordering (ox=0.4= 0.98). Based on the surface morphology and EDX
analysis was obtained that the thin film is formed from the desired elements and their
distribution is even.
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Fig. 1. XRD pattern (a) and concentration dependence of lattice parameters (b) of the CdSe.
xSx thin films.
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PETG MATERIAL WITH ANTIBACTERIAL PROPERTIE
FOR 3D PRINTING

Ostap Senkiv, Maksym Fedorchuk, Anastasiia Malynovska
Rivne State University of Humanities,
12, Stepan Bandera Str., 33028 Rivne, valentyn.krivtsov@rshu.edu.ua

The study considers a composite type of polymer system that combines structural
properties for plastic 3D printing with the antibacterial properties of zinc oxide nanoparticles.
It is known that polymer materials filled with bactericidal additives acquire antibacterial
properties because the fillers they contain are highly active against a wide range of bacteria,
including Staphylococcus aureus, Escherichia coli etc. Adding nano-sized zinc oxide particles
to polymer materials allows to reduce the number of bacteria that can grow on them, thereby
decreasing the risk of infections. Application of such antibacterial polymer composite
materials is beneficial: packaging of medical instruments, surface coatings in medical
facilities and households, in the food industry, and in other areas where lessening the number
of bacteria on surfaces is necessary.

The result of the study introduces composition, obtaining condition and new
composite polymer materials based on PETG with antibacterial properties for 3D printing.
The features of using the obtained polymer material in budget personal 3D printing were
clarified, its main viscoelastic properties were investigated, and optimal 3D printing modes
were determined. Antibacterial activity of the obtained composite polymer material PETG
with ZnO nanoparticles was studied compared to the original PETG on a bacterial culture of
Staphylococcus aureus. Possibility for improvement the antibacterial characteristics of the
investigated materials was analyzed. It was established that the introduction of a bactericidal
filler (nanostructured ZnO) into the PETG polymer matrix in an amount of 1 wt.% provides
the entire polymer composite material with antibacterial properties.

Such filling does not deteriorate the mechanical properties of the investigated polymer
systems. Dynamic modulus of elasticity E samples’ measurements of investigated plastics
using the forced resonant oscillation method of a cantilever-fixed rod at sound frequencies
have not shown significant differences in the results. The differences in the values of E for
PETG plastics samples are up to 5%. All investigated PETG plastics cooled and solidified
quickly without shrinkage, deformation, with minimal delamination. Such PETG plastic
properties currently make it one of the best materials for those who are starting to work with a
3D printer.

The obtained bactericidal PETG material is intended for 3D printing and, due to its
disinfecting properties, can be used in traditional areas of polymer plastics use as an
antibacterial agent. In households, antibacterial surfaces can be door handles, light switches,
stationery, computer equipment and phones, plumbing fixtures, bank cards etc. where bacteria
are concentrated.

As investigated PETG material can be used to manufacture items for general use,
where the risks of cross-contamination are most likely, it is necessary to consider that its
antibacterial properties do not replace surface cleaning or disinfection procedures. The
effectiveness of all antibacterial surfaces depends on the amount of substances suitable for
bacterial use - the more of these substances on the surface, the worse the antibacterial effect
will be. Therefore, no matter how effective the bactericidal coating is, it will not provide one
hundred percent protection against bacteria and will not relieve us of the need to regularly
wash our hands.
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TEOPETUYHE JOCJL)KEHHSI ®OHOHHOI'O CHEKTPY
KPUCTAJIA (NHa)2BeF,

H. boounasik, M. Pyaum, P. Bpe3Bin, A. Kamyoa
JIbBiBCHKUI HalllOHAIBHUH yHIBepcHUTET iMeH1 [Bana ®dpanka. By, Kupuna 1
Medonis 8, JIeBiB, 79000, Ykpaina
rudysh.myron@gmail.com

Y po6oTi mpoBEEHO TEOPETUYHE JOCTIIHKEHHS OCOOJMBOCTEH (POHOHHOTO CIIEKTpa
kpuctaga (NH4)2BeFs y mnapaenektpuuniii  ¢asi. Po3paxyHok (OHOHHOrO crekTpa
3M1IMCHIOBABCS 3 BUKOPHUCTAHHSAM METOAY JIHIHHOTO BIATYKY B paMmKax Teopil (QpyHKLiOHAITY
ryctuan (DFT). [lns po3paxyHKy BHUKOPHUCTaHO HOPMO30EpIratouii IMCEeBJOMOTEHINAN Ta
y3arajgbHeHe rpagienTHe HaOmmwkeHHs (GGA). PospaxyHkaM BIacCTHBOCTEH KpHCTaja
nepeayBaia TeOMETpHUYHA ONTHMI3allisl KPUCTATIYHOI I'PATKH MPOBEACHA 3 BHKOPHCTAHHIM
anroput™y bpoiinena-dneruepa-I'onadapba-Illenno (BFGS).
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Puc. 1. Tucnepciitai kpuBi ®(q) GoHOHHOTO CrieKTpa (a) Ta rycTuHa GOHOHHUX CTaHIB (6)
kpuctana (NHs)2BeFs, po3paxoBani 3 Bukopuctanusm GGA ¢yHKIitioHay.

OtpumaHo (OHOHHY TYCTHHY CTaHIB Ta JHUCHEpCi0 (OHOHIB JIOCIHIHKYBaHOTO
KpucTaia. Po3paxoBaHo 4acTOTH KOJUBHUX MOJ Ta BUKOPUCTOBYIOUM OTpUMaHy MapuiajbHy
T'YCTHHY CTaHIB IPOAHAII30BaHO BHECKU OKPEMHX aTOMIB Y KOJIUBHUN CIEKTP.

['e = 26B1y + 17B2y + 26Bay, 1)
I'v= 27Ag + 18Blg + 2782g + 18839, (2)

[IpoBeneno anayi3 cUMeTpii KOJMBHUX MOJ KpHCTala B paMKax Teopii TIpyIl.
OtpumMaHo TpaBuiia BiIOOPY [UIsl iH(GpauepBOHMX CIEKTPIB Ta CIEKTPIB KOMOIHAIIHHOTO
poscitoBanHA. OTpuMaHi pe3yabTaTd OOroBOpPEHO Ta CIIBCTAaBICHO 3 HAsSBHUMHU
€KCIIEPUMEHTAJIbHUMH Pe3yJIbTaTaMu.

Po6ora BukOHaHa 3a miaATpUMKH MiHICTEpCTBAa OCBITH 1 HaykH YKpaiHM B pamKax
peainizarii MpoekTy Mojoaux BueHUX «HOBI MOHO-, TMOJNi-, HAHOKPUCTAIIYHI Marepiaiu
MOABIMHOTO MPU3HAYEHHS TSI aKyMYJIITOPiB, HAKOMWYYBaviB BOJHIO, CCHCOPHOT TEXHIKH Ta
enextponikmy» (HJIP Ne 0123U100599).
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OCOBJIMBOCTI ®OPMYBAHHS HAHOKOMO3HUTHOI
CTPYKTYPU B AMOP®HOMY CILJTABI Alg7NisGds IIJYAC
HAI'PIBAHHS.

Mypnpuii C.I., Kyauk FO.O., IIpynina B.B.
JIbBiBCHKMII HaLlIOHATBHUN yHIBepcUTET iMeHi IBana dpanka,
Byn1. Kupwma i Medognis, 8, 79005 JIbBiB, YkpaiHa,
e_mail: vitalii.prunitsa@Inu.edu.ua

Hanokomno3uTtHi Marepiaiu NMpHUBEPTAIOTh 3HAYHY yBary JAOCIIAHHMKIB HacaMIepen
3aBJISKH YHIKQJIbHOMY KOMIUIEKCY (pi3uKo-XiMiuHUX BracTuBocTed. [loTpiOHO Big3HAUMTH,
II0 B OCTaHHI POKH CIIOCTEPIra€ThbCsi CYTTEBE 3POCTAHHS IHTEpPECY N0 TaKOro Kiacy
HAHOKOMITO3UTHHX MarepiaiiB, sk criaBu Al-Ni-P3M (pinkicHo3zemensHuii enement- Y, La,
Dy, Gd) 3 Bmicrom 80-90% Al, 5-10% Ni, 5-10% P3M. 3okpema, Meka IUIMHHOCTI CIIJIaBiB
nocsirae 3HaueHHs 1,0-1,6 I'Tla, mo nepeBuinye BiANOBIIHI 3HAYCHHs I MPOMMCIOBUX
CIUIaBiB Ha OCHOBI JIOMiHIIO. YHIKaJbHI MEXaHIYHI BIACTUBOCTI aMOP(HUX CIIABiB TaHOTO
THUIy CTBOPIOIOTH IEPCHEKTUBHI YMOBH JJIi BUKOPUCTAHHS Y BUCOKOTEXHOJIOTTYHUX Tally3siX
MIPOMUCIIOBOCTI.

B naniii po0oTi MeTogoM BHCOKOTeMIepaTypHoi X-TpomeHeBoi audpakromerpii
MPOBEJICHO JIeTalbHE IOCITIKEHHS CTPYKTYPHO-(ha30BHX IEPETBOPEHB Ii4ac HArpiBaHHS
amop¢uoro ciutaBy Alg7NisGds. AmopdHi CrjiaBu OTpUMYBAJId METOAOM HAIIBUIKOTO
OXOJIOJDKEHHSI PO3IUIaBy Ha 00epToBOMYy MimHOMY AHMCKYy. CTPYKTypHI AOCHIDKEHHS B
temneparypHomy iHTepBam 20 — 400°C nmpoBoauiin Ha aBTOMaTH30BaHOMY AM(paKkTOMeTpi
JAPOH-3, ocHailieHOMYy BUCOKOTEMIIEPATYPHOIO BAKYYMHOIO KaMEPOIO.

Sk mokazanM pe3ynbTaTH MPOBEACHUX JOCHIKEeHb, ONMXKHIN MOpAA0K B aMOppHOMY
craBi Alg7NigGds BusiBisie MiKpOHEOTHOPITHUN XapakTep. [Ipy bOMY CHOCTEPIraeThes
(GopMyBaHHS CTPYKTYpPHUX OAMHUIL (KJIACTEpiB) 3 NEpeBakatouol0 XIMIYHOK B3a€MOJIIEI0
mik atomamu Al i Ni, po3moxiieHux B amop(dHiii OCHOBI 3 TOMOJIOTIYHUM OJMKHIM
nopsiikoM. IIpucyTHICTh mpemika Ha KPUBHUX IHTEHCHUBHOCTI PO3CISHHS, JIOKaJli30BaHOTO B
okomi $~14 mM?, Bkasye Ha iCHyBaHHS HPOMIKHOTO AaTOMHOTO MOPSAKY, HMOBIpPHOIO
IPUYMHOO SIKOTO € KOpeslisi B po3ranryBaHHi aroMiB Gd B kiactepax 3 mepeBakarodyoro
ximiuHoro B3aemomiero atomiB Al i Gd. Iliguac HarpiBaHHsS B TeMIepaTypHOMY iHTepBai
145-305°C, cmocTepiraeTbcsi BHIiUICHHS HaHOKpuctaniB Al, posnoaineHux B amop¢Hii
MaTpHuIll, 30aradyeHiil ieryBaibHUMU eneMeHTamMu. Ciaijl Bi[3HAYUTH, 1110 HA TTOYATKOBIHM CTamil
HaHokpuctamizamii (190-305°C) pict HaHOKpHCcTamiB Mae Au(dy3iHHO KOHTPOJIbOBaHUN
XapakTep 1 BiAOYBa€eThCS 32 MEXaHI3MOM 3apOJKEHHSI Ta TPUBUMIPHOTO POCTY.



CEKIIA B

OIITHKA I CHEKTPOCKOIIIA

SECTION B
OPTICS AND SPECTROSCOPY



BlL-=— EBPUHKA - 2024

ENHANCED CHIRAL SENSING WITH SURFACE
PLASMONS IN PRISM COUPLING

Oleh Demianyk !, Sergey Polevoy?, Oleh Yermakov %3
1V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
2 0. Ya. Usikov Institute for Radiophysics and Electronics of the NASU,
Kharkiv, Ukraine
3 Leibniz Institute of Photonic Technology, Jena, Germany
o.demianyk@gmail.com

Chirality is used to describe an object that is not superposable on its mirror image. In
chemistry, chiral molecules are called enantiomers, which are either "left-handed™ or "right-
handed". Despite having the same chemical structure, most chiral molecules show significant
differences in biological activity, being the poison or the drug depending on the
handedness.The main difficulty during the measurement of chiral substances is the need to
detect extremely weak chiroptical signals from a small concentration of chiral molecules. In
our problem, we use a Kretschmann scheme based on a plasmonic prism to detect and
measure chiral substances [1].

In this work, we first excite a surface plasmon-polariton at the metal-dielectric
interface via the prism coupling in the attenuated total internal reflection regime with a plane
TM-polarized wave. The coupling of the incident plane wave into the surface wave is
observed as a dip in the reflection spectrum at a certain angle. Then, we substitute a dielectric
medium by a chiral layer. In this case, the small response in the TE-polarization emerges due
to the mixing of electric and magnetic fields. As a result, there is the angular difference
between the spectral resonances in right- and left-handed circular polarized waves. To
characterize the sensitivity of chiral substance detection we consider the amplitude and phase
of the differential reflectance and the dependence of the angular shift on the chirality
coefficient.

We aim to increase the angle of divergence between the reflection spectra peaks for
the left- and right-handed circular polarization, and accordingly the efficiency of chiral
sensing. It may be achieved via the enhancement of the response in TE polarization.
Introducing the efficient 2D conducting layer instead of the metal film, we improve the
efficiency of chiral sensing by about an order of magnitude. Finally, we propose the real
designs of plasmonic gratings and metasurfaces for the real implementation of the prism-
based chiral sensor.

[1] S. Droulias, L. Bougas, ACS Photonics, 6(6), 1485 (2019).
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OPTICAL CONSTANTS OF 2 NM SILVER FILMS CALCULATED
WITH PHILLIPS APPROACH

Y. Borovets, I. Pylypiv, V. lichuk, R. Marushchak
Ivan Franko National University of Lviv

The results of calculating the spectral dependences of the optical constants (refractive
index n and extinction coefficient k) of 2 nm thick nanoscale gold films using the Phillips
approach [1] are presented herein, the algorithms for solving the equations of these
approaches are provided, which have been implemented in Python. It should be noted that the
application of these methodologies is contingent upon the assumption that the nanoscale
structure of the film is a plane-parallel homogeneous metal layer. The results of structural
studies indicate that a silver film with a thickness of 2 nm exhibits a dispersed-island structure
with a degree of filling of the substrate surface p = 0,31 [2].

Since the Phillips equations are a system of transcendental equations of two variables
(n and k), a Python algorithm for identifying a set of positive values of n and k for a given set
of optical coefficients of a silver film has been developed (in this work?). The fundamental
principle of the algorithm is to identify a set of values for n and k that simultaneously align
with the theoretical solutions for the transparency coefficient Tiweor and the reflection
coefficient Rexp, While also matching the experimental values for Texp and Rexp. The program
utilized a set of Python commands (contours) to calculate the intersection points of curves that
simultaneously satisfied our equations [3].

As a result of calculating the spectral dependences of n and k of a silver film with a
mass thickness of 2 nm, it was demonstrated that in the vicinity of plasmonic absorption [4],
which is observed at electromagnetic wavelengths of A = 450 nm, the refractive index is N = 6
and the extinction coefficientk ~ 1.

[1] R. I. Bihun., Z. V. Stasyuk., O. V. Stroganov., M. D. Buchkovska., D.S. Leonov. The
influence of germanium underlayers on the structure, electrical conductivity and optical
properties of nanoscale silver films. Metallophysics and advanced technologies. 2018. Vol.
40, No. 5. P. 601-613.

[2] Bihun R.I., Stasyuk Z.V., Stroganov O.V., Leonov D.S. The effect of germanium
sublayers on the optical conductivity of thin gold films. Metallophysics and advanced
technologies. 2018. Vol. 40, No. 7. P. 931-953.

[3] Phillips R. T. A numerical method for determining the complex refractive index from
reflectance and transmittance of supported thin films. J. Phys. D: Appl. Phys. 1983. Vol. 16.
P. 489-497

[4] Dmytruk M.L., Kondratenko O.S., Kovalenko S.A., Mamontova I.B. Classical and
topological size effects in the optical properties of thin gold films. Physics and chemistry of
solid state. 2006. Vol. 7, No. 1. P. 39-44.
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CROSS FOCUSING OF TWO COAXIAL-GAUSSIAN LASER
BEAMS IN THERMAL QUANTUM PLASMAS: EFFECT OF
RELATIVISTIC NONLINEARITY

Naveen Gupta
Lovely Professional University Phagwara, India
naveens222@rediffmail.com

This paper investigates the cross-focusing behavior of two g-Gaussian laser beams
interacting nonlinearly with a thermal quantum plasma (T.Q.P). g-Gaussian beams are a
generalized form of Gaussian beams that exhibit unique propagation characteristics. We
theoretically explore the interplay between self-focusing and cross-focusing mechanisms
driven by the relativistic mass nonlinearity of the plasma electrons. The analysis employs
moment theory to find the semi analytical solution of the nonlinear partial differential
equations governing the evolution of beam envelopes. Our investigation focuses on the
influence of the g-parameter on the laser beams on evolution of their beam widths.

[1] T. H. Maiman, "Stimulated optical radiation in Ruby," Nature 187 493 (1960).
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SELF FOCUSING AND SELF PHASE MODULATION OF
ELLIPTICAL Q-GAUSSIAN LASER BEAMS IN
DIFFRACTION MANAGED CUBIC QUINTIC NONLINEAR
MEDIA

Abhay Limbu, Naveen Gupta
Lovely Professional University, Phagwara
abhaylimbu2002@gmail.com

This Paper investigates the Self-focusing and self-phase modulation (SPM) of
elliptical g-Gaussian laser beams propagating in diffraction-managed cubic-quintic nonlinear
media. The combined effects of diffraction, self-focusing, and SPM are analyzed using
nonlinear Schrodinger equation (NLSE). The effect of various parameters, such as q
parameter of the laser beam, the beam ellipticity and nonlinearity coefficient, on the
propagation dynamics is explored. Numerical simulations are performed to illustrate the
evolution of the beam width and the phase modulation along the propagation distance. The
results show that the beam ellipticity significantly influences the self-focusing and SPM
behavior. Elliptical beams exhibit asymmetric self-focusing and SPM, with the stronger
effects occurring along the major axis of the ellipse. The diffraction management plays a
crucial role in controlling the beam propagation.
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SPATIAL FREQUENCY MODULATION OF Q-
GAUSSIAN LASER BEAMS IN A COLLISIONAL PLASMA
FEATURING AN AXIAL DENSITY RAMP

Aatif Ahmad and Naveen Gupta
Lovely Professional University, Phagwara
naveens222@rediffmail.com

This study investigates the spatial frequency chirping of g-Gaussian laser beams
during nonlinear interaction with plasmas exhibiting an axial density ramp. The chirping, a
consequence of the position-momentum uncertainty principle, is analyzed through the
influence of non-uniform intensity distribution on the plasma. Uneven heating due to the
intensity profile leads to self-focusing of the laser beam via plasma electron redistribution.
The subsequent reduction in transverse dimensions induces a spread in the photons' transverse
momentum, modifying the laser's axial phase (spatial frequency). Variational theory is
employed to derive coupled equations governing the evolution of the beam's radius and
spatial frequency. Numerical solutions of these equations reveal the dependence of chirping
on various laser and plasma parameters.
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HAHOCTPYKTYPOBAHE OIITOBOJIOKHO JIJI51
HOCHJIEHOI'O 3AXBATY CBITJIA

Ouser €Epmakos
XapkiBchbKUM HallioHaNBHUN yHIBepcuTeT iMeH1 B. H. Kapasina, Xapkis,
Ykpaina
Leibniz Institute of Photonic Technology, Jena, Germany
oe.yermakov@gmail.com

OnTvyHi BOJIOKHA € KJIIOYOBUMM IPUCTPOSIMU CydacHOi (OTOHIKM Ta YCHIIIHO
3aCTOCOBYIOTBCS B PI3HOMAHITHUX Tally3siX, BKJIIOYAIOYM TEJIEKOMYHIKallii Ta MEIHWIHHY.
Haii6inb1m Banoro i MMpoKo MOMIMPEHO0 TEOMETPIEI0 € BOJIOKHO 31 CTYIMIHYACTUM MpodiieM
MOKa3HUKAa 3aJIOMJICHHS, BHUTOTOBJIEHE 3 KPEMHE3eMy 3 JIETOBAaHOKO CEPIIEBHHOIO, sKa
HIATPUMYE JIMILIE OJHY ONTHYHY MOJy. Xouya (pakTHYHI MOXKIIMBOCTI TPAHCIIOPTYBAHHS CBITJIA
9y/Z0Bi, OCHOBHA mpo0ieMa BHHHMKAE€ Ha IIOYATKy BOJIOKHA, i€ Mae€ 30upaTucs CBITJIO.
HenosikoM KOMEpIiIfHOrO OJHOMOJIOBOIO ONTOBOJOKHA € HM3BKHI KOHTPACT HOKa3HHMKa
3aJIOMJIEHHS. MK CEpJALEBUHOI0 1 OOOJOHKOI, IO HPHU3BOJUTH J0 HU3bKOI YHCIIOBOI
anepTypu. SIK HACIIJOK, CBITJIO MOXKe €(DEKTHBHO 30HMpaTHCS B ONTOBOJIOKHO B Jiama3oHi
KyTiB maaiHus e o 15° [1].

VY wmiii poOOTI TEOPETUYHO W EKCICPUMEHTAIBHO TMOKA3aHO, IO HAHECEHI Ha TOPIIi
OITOBOJIOKOH Ji€JIEKTPUYHI HAHOCTPYKTYPH J103BOJISIIOTh CYTTEBO IIJIBUIIUTH €(EKTUBHICTb
3axBaTy CBiTJia, TOOTO TEPETBOPEHHS MAaJNal0voi IUIOCKOiI XBHJ Y XBWJIEBOAHY MOAY, O
Oe3npeneIeHTHO BUCOKMX PiBHIB. Po3po0ieHo anroput™ migdopy akcialbHO-CUMETPHUYHHUX
TIeNEKTPUYHUX HAHOCTPYKTYp Ha TOPI ONTOBOJIOKHA JUIsl TOCHJICHHS 3axBaTy CBITIA.
[TonimepHi akcialbHO-CUMETPUYHI HAHOCTPYKTYPH OyJIM BUTOTOBJICHI Ha TOPLI ONTOBOJIOKHA
32 JIOTIOMOTOI0 TEXHOJOTil MpsIMOTO JIa3epHOro JAPYKYy. BHKOpHCTOBYIOUM TMepeBaru
VHIKQJbHUX  BJACTUBOCTEH  TEXHONOrii HAaHOJAPYKY, HaM BJAAJIOCi  IEPEBEPLIUTH
(YHKI[IOHAJIBHICTh ONTOBOJIOKHA HA JIEKUIbKa MOPSAKIB y MOPIBHSAHHI 3 HECTPYKTYPOBaHUM.
Pi3HI TunM nepiogMYHHMX Ta amepiOJMYHUX AaKCiaJIbHO-CUMETPUYHHMX HAHOCTPYKTYp Oynu
HAHECCHI Ha TOpIll 0JHOMOIOBHX [1] Ta GaraTroMo10BUX [2] ONTOBOJIOKOH, IO MPHU3BEJIO JI0
CTBOPEHHS ONTOBOJIOKOHHUX MPHUCTPOIB BUHATKOBOI SIKOCTI Ta €()eKTUBHOCTI 3aXBaTy CBITIA,
10 TIEPEBEPIIYIOTH yC1 paHillie BiIOMI aHAJIOT14HI TPUCTPOi. [IpogeMOHCTPOBAHO TTOCUIICHHS
3axBaTy CBITJa MiJ] KiIbKOMa BUOPAaHUMHU KyTaMH Ta Y Me1 BEJIMKUX KYTOBHUX 1HTEPBAJIiB.

[Is po3poOka Moxke OyTH 3acTOCOBaHa B PI3HOMAHITHHUX NEpPEJOBUX Tally3siX, SKi
BHUMAaralTh BUCOKOS(PEKTHBHOIO 300py CBITJIa B 0OpaHUX KYTOBUX IHTEpBajaX, BKIIOUAIOUYH
€H/IOCKOIIII0 Ta KBAaHTOB1 TEXHOJIOTI].

[1] O. Yermakov, M. Zeisberger, H. Schneidewind, J. Kim, A. Bogdanov, Y. Kivshar, and M.
A. Schmidt, Appl. Phys. Rev., 10(1), 011401 (2023).

[2] M. Zeisberger, H. Schneidewind, T. Wieduwilt, O. Yermakov, and M. A. Schmidt, Opt.
Lett., 49(8), 1872 (2024).
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SMIINEHHA KYTA BPIOCTEPA 3A JOIIOMOI'OIO
ABOBUMIPHUX MATEPIAJIIB TA CTPYKTYP

Oxcana ManbKkoBcbkal, Oser €Cpmakon?

IeBiBCHKMI HaliOHaNBEHMH yHiIBEpcHTET iMeHi IBana ®panka, JIbBiB, YKpaina
>XapkiBchbKMI HalioHaNbHUI yHiBepcuTeT iMeni B.H. Kapasina, Xapxkis,
Ykpaina
E-mail: oksana.mmankovska@gmail.com

[Ipu meBHOMY chenudiyHOMYy KyTi MaJiHHA, I[I0 Ha3WBalOTh KyToM bproctepa,
koedimienT BigOuTTS s TM-momspusainii  IOpiBHIOE HYJIIO. [HIIMMH  ClIOBaMH,
HEMOJISIPU30BaHe CBITIIO MOJSIPU3YEThCs, 00 BimOuBaeThes Tinbku TE miHiliHA monspu3aris.
Heski cnenmdivni 3acTocyBaHHs (aHTHOIIKOBI HOKPUTTS COHSYHUX MaHEJICH, MMOJIIpH3aliiHi
b1IbTpHU, MIKPOCKOITIS TOHKUX IIAPiB, TOIIO) MOTPEeOYIOTh eeKTy bprocTepa Ha pi3HUX KyTax
NaAiHHSA, 9Ki 02)KaHO KOHTPOJIFOBATH B 3JICKHOCTI B1Jl KOHKPETHOI 3a]1a4i.

VY wiit po6oTi Oyzae 3arpornoHOBaHO OJHY 3 MOXJIMBOCTEH BUPIMICHHS 1€l TPOOIeMH,
a caMe 3a JJOIIOMOT0K0 BUKOPUCTaHHs 1BOBUMIpHHUX (2D) mpoBigHUX MaTepiaiiB Ta CTPYKTYP
[1]. 3okpema, Oyae mokaszaHo, MO 3a PaXyHOK IMOBEPXHEBOI MPOBITHOCTI MOMKHA JOCSTTH
3MilieHHst KyTa bproctepa Ha necstku rpaaycis [2].

OTpuMaHi aHANITHYHI PE3yAbTATH MOBHICTIO Y3TOKYIOTHCS 3 YHCEIBHUMH PO3paxyHKaMH Ha OCHOBI
METOAY CKiHYEHHUX eJeMeHTiB. Po3polOiieHi y poOOTi aHANITHYHI Ta YHCENbHI METOAH TO3BOJISIOTH IPOBECTH
aHAJIOTIYHE TOCIIKEHHS 3CYBY KyTa bprocTepa s IUpoKoro Kiacy JBOBUMIPHHX MaTepialiB Ta CTPYKTYP.

PeSyJ’IBTaTI/I pO6OTI/I MOXYTb 3HANTH 34CTOCYBAaHHA B ,I[I/IHaMi‘IHO KEpOBaHUX nonapmauiix’mnx (I)i.]'IBTan
Ta 3HAYHO PO3MHUPHUTH (QyHAaMEHTaNbHI 3HAHHSA 3 (DI3MKH B3a€MOJIl CBITIa 1 PEYOBHHH TPH HABHOCTI
YJIAbTPATOHKUX Ta ABOBUMIPHUX MATEP1AIIB Ta CTPYKTYP.

[1] A. Andryieuski, and A. Lavrinenko, Opt. Express, 21(7), 9144-9155 (2013).
[2] O. Yermakov, Phys. Rev. A, 109, L031502 (2024).
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STUDY OF THE INFLUENCE OF VARIOUS FACTORS ON
THE OPTICAL BAND GAP OF POLYAMINOARENES

Yuliia Markiv, Oksana Konopelnyk, Olena Aksimentyeva
Ivan Franko National University of Lviv, 8, Kyryla & Mefodiya Str., Lviv,
79005, Ukraine
E-mail: markivula@gmail.com

Among electrically conductive polymers, polyaminoarenes attract the special attention
of researchers due to their physical and chemical properties. In particular, polyaniline (PAn)
and its derivatives have interesting and controllable optical properties, are inexpensive and
easy to synthesize. That is why these polymers are widely studied in the field of
nanotechnology for the improvement of sensors, optoelectronic and photonic devices [1].

The work investigated thin films of polyaniline and poly-ortho-toluidine (PoTi)
electrochemically deposited on the surface of optically transparent electrodes, in particular
glass coated with SnO> and an elastic substrate of indium-tin-oxide-polyethylene terephthalate
(ITO-PET).

The absorption spectrum of polyaniline is characterized by three bands. The
absorption with a maximum near 400 nm is responsible for m-r*-transitions, the band at 660
nm refers to the n-*-transition from the binding molecular orbital of the ground state of the
nitrogen heteroatom to the relaxing orbital of the quinoid ring, and the third, long-wavelength
band that corresponds to delocalized charge carriers, is observed at A = 790 nm and confirms
the formation of a conjugation chain in the polymer.

On the basis of absorption spectra, using Tauk's method [2], the optical band gap (Eg)
of polyaniline and poly-ortho-toluidine [3] obtained on different substrates was determined. It
is shown that the value of the optical band gap of poly-ortho-toluidine practically does not
differ from the value of Eg, obtained for the film of polyaniline. It can be assumed that the
presence of an electron-donating substituent in the ortho-position of the benzene ring of the
aniline monomer does not affect the Eg value of the conjugated polymer. The optical band gap
of thin films of the investigated polyaminoarenes changes significantly when they are
deposited on different electrodes. The use of a flexible ITO-PET substrate causes a significant
reduction in the optical band gap of both polyaniline and poly-ortho-toluidine.

[1] Mahnoush Beygisangchin, Suraya Abdul Rashid, Suhaidi Shafie, Amir Reza
Sadrolhosseini and Hong Ngee Lim, Polymers (Basel), V.13(12):2003 (2021).

[2] Tauc J, Mater Res Bull, V. 3 (1968).

[3] O.I. Konopelnyk, N.S. Savytsky, O.l. Aksimentyeva, Yu.Yu. Horbenko, Physics and
chemistry of solid state, V. 17, Ne4 (2016).
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LUMINESCENCE OF Dy** DOPED ZINC-BORATE GLASSES
FOR WHITE LIGHT EMISSION APPLICATIONS

R. Pasternak?, M. Prokopchuk?, A. Mahlovanal, M. Kushlyk?, D.
Slobodzyan?, Y. Shpotyuk!?, J. Szlezak?, B. Mahlovanyi®?, A. Luchechko!
Department of Sensor and Semiconductor Electronics, Ivan Franko National

University of Lviv, 107, Tarnavskoho st., 79017 Lviv, Ukraine
?Institute of Physics, University of Rzeszow, 1, Pigonia st., 35959 Rzeszow,
Poland
e-mail: roksolana.pasternak@Inu.edu.ua

Oxide-based glasses, particularly borate glasses, exhibit a unique set of properties,
making them ideal for various optical applications. Borate glasses offer enhanced stability
across a wide temperature range, low-temperature forming capabilities, high transparency in
the visible spectrum, and excellent chemical durability. Introducing rare earth ions, such as
Dysprosium (Dy**), into borate glasses presents a promising avenue further to improve their
optical and luminescent characteristics [1]. Dy*" ions exhibit a unique luminescent property,
emitting light across a broad spectrum from blue to yellow within the visible range [2]. This
distinctive feature is exploited in various applications, including colourful displays and
lighting systems such as lasers, LEDs, etc. Its compatibility with glass hosts also underscores
its utility in fabricating optical components like lenses and fibers.

This study employed the melt-quenching method for the synthesis of zinc-borate
glasses doped with Dy** ions (Dy.0s). Our investigation aimed to explore the effect of Dy**
doping on luminescence emission and excitation spectra. This research contributes to
advancing the understanding of potential applications of borate glasses doped with Dy®* ions
in various optical and optoelectronic systems.

The UV-Vis-NIR absorption analysis indicated the presence of Dy** ions in the
prepared glass, with 11 transitions observed. The excitation spectra of the borate glasses were
obtained by monitoring the emission at 576 nm in the wavelength range of 300-500 nm. The
seven distinct and prominent peaks originating from transitions ®His, — ®Pap, 8P72, ®Psp,
4F7p, *Gurr, *l1sp, and *Foap, at 323 nm, 349 nm, 363 nm, 385 nm, 424 nm, 451 nm, and 471
nm, respectively, were observed. The prepared samples exhibited better luminescence when
excited at 349 nm, with the best intensity achieved at 1.0 mol% Dy»0s. Notably, the yellow
emission is highly sensitive to its environment, whereas the blue emission remains relatively
unaffected. By altering the glass composition, we can manipulate the yellow to blue emission
intensity ratio, facilitating the production of white light.

[1] B. Mahlovanyi, M. Truax, A. Luchechko, Y. Shpotyuk, et al., Optical properties and
tunable luminescence of Ce**/Dy*" doped lithium borate glasses for photonic applications,
J. Lumin., 263, 120120 (2023).

[2] N. Yaduvanshi, Ch. Basavapoornima, A. S. Algarni, et al., Enhanced white light emission
and quantum efficacy of borate-zinc—lithium-aluminium glasses doped with Dy,O3 for
potential white light emission applications, Optical Materials, 151, 115359 (2024).
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EJEKTPOHHA EHEPTETUYHA CTPYKTYPA
KPUCTAJIIB ABX3 (A=Cs; B=Pb, Sn, Ge; X=ClI, Br, 1)

Awomika /I.B., Hlyano M.1., Yoproxoascbkui .M.
JIbBiBCHKUI HalllOHAIBHUH yHIBepcUTeT iMeH1 [Bana dpaHka,
¢13uunumii paxynerer, Byn. Kupuna 1 Medomis, 8, JIbsi, 79005, Ykpaina,
chornodolsky@gmail.com

Bukopucranas martepianiB MEpPOBCHKITIB 32 OCTaHHI POKH TNPHU3BEIO 10 3HAYHOTO
MIPOTPECY Y CTBOPEHHI TOHKOILUTIBKOBUX COHSIYHHMX €JIEMEHTIB, CBITJIOBUIIPOMIHIOIOUUX J101iB
1 maTuukiB ramMmma- ta X-punpomintoBaHHs [1-9]. ['00BHOO MepeBarow MeTasoopraHiyHHX
MIEPOBCKITIB € T€, II0 Ui X OTPUMaHHS BUKOPUCTOBYIOTHCS MOUIMPEHI BUXIJIHI CIIOIYKH 1
MPOCTiI TEXHOJOTIYHI MpUiioMHU. BaIMBUMHU OCOOIMBOCTSMHU TEPOBCKITHUX KPHUCTATIB JUIS
IIPAaKTUYHOI'O 3aCTOCYBaHHS € BHCOKA PYXJMBICTb, BelMKa au(y3iiiHa JOBXKMHA OCHOBHUX
HOCIiB 3apsay Ta BeJUKHA 4ac >KUTTS. OgHaK TiOpUIHI TMEPOBCHKITHI COHSYHI KOMIipKH
XapaKTepu3yloThcs JAy)Ke IIBUAKOIO Jerpajaimiero. Tomy ocoOnuBY yBary JOCIHIJIHUKIB
MPUBEPTAIOTH TIOBHICTIO HEOPTaHIYHI MMEPOBCKITH.

[Tpeamerom DOCiIKEHHS B AaHiil poOoTi € Heopraniuni Mmonokpuctanu ABXs (A=Cs;
B=Pb, Sn, Ge; X=Cl, Br, I). Binpmictp 1mux wmarepiajgiB € HaIiBOPOBIAHUKAMH, SKi
NOIVIMHAIOTh BUJUME Ta yibTpadiojeToBe BUIIPOMiHIOBaHHSA. Ha naHMii yac akTyajbHOMO
3aauel0 € BHUBYCHHS CTPYKTYPHHUX, EJIEKTPOHHUX Ta ONTHYHUX BIIACTHBOCTEH TaKUX
MmartepianiB. B naniii po60OTi mpoBeeHO pO3pPaxyHOK €NEeKTPOHHOI €HEPreTUYHOI CTPYKTYpH
JAHUX KPUCTaNIB AJis KyOl4HOiI, OpTOPOMOIYHOI Ta TETParoHaJbHOI I'PaTOK, BUKOPUCTOBYIOUHU
METOJ NPOEKIIHHUX MpUEIHAHUX XBUIb Ta NEPEBIPEHO KOPEKTHICTh 3aCTOCYBAHHS METONY
Ul pO3paxyHKy 30HHO-€HEPreTHMYHOI CTPYKTYpH KpHCTajliB, MapliajibHOI Ta 3arajbHOl
€JIEKTPOHHOI TYCTHHHU CTaHiB KpHucTaiiB. OTpuMaHO 100pe y3roJUKEHHS TEOPETUYHHMX Ta
eKCIIEPUMEHTAJIbHUX PE3YyJIbTaTIB y 3MiHI IIUPUHU 3a00pPOHEHOT 30HU KPUCTAJIB Ul PI3HUX
IpaToK.

[1] G. Yang, J. Mater. Chemistry A, 4, 3970 (2016).

[2] D. Zhou, J. Nanomat., 2018, 15 (2018).

[3] M.A. Green, Nature Photonics, 8, 7, 506 (2014).

[4] D. Wang, Sol. Energy Mater. Sol. Cells, 147, 255 (2016).
[5] J.J. Yoo, Nature 590, 587 (2021).

[6] G. Niu, J. Mater. Chemistry A, 3, 8970 (2015).

[7] B. Philippe, Chem. Mater., 27, 5, 1720 (2015).

[8] X. Zhao, Photonics, 2, 4, 1139 (2015).

[9] J.M. Frost, Nano Lett., 14, 2584 (2014).
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BII/IUB OJHOBICHOI'O HABAHTA’KEHHS HA
ABOIIPOMEHE3AJIOMJIEHHSA KPUCTAJIIB
CYJb®ATY PYBIAIIO

Isan Hpumxko!, Opecr Lltykal, Bacuan Craguuk!, Pycian Bpessin!
JIbBiBCHKMI HaliOHANBEHMN yHIBEpCUTET iMeHi IBana ®panka, GizuaHuMi
dakynbTeT, ByJ. JIparomanona 19, 79005, JIsBiB, Ykpaina

B nmamiii poGotri iHTEphEpPOMETPUYHUM METOJOM JOCIHIHKEHO (OTOMPYKHICTh
poMOiuHUX KpHCTadiB (Kiaac cumeTpii mmm) cyasdary pyoigiro Rb.SO4 (CP) sikuii BigHOCATH
1o kpuctanivnoi rpyma A2BXa. Lleit xpucran 3a Temmeparypu e ~ 922 K 3a3Hae dazoBoro
nepexony (PII) 3 mcepmorekcaroHanbHoi napaenekTpuuHoi ¢azu P-3ml B opTopoMOiunHy
cerHeroenacTuuHy (a3y (mpocTopoBa rpyrma CUMETpii D%,f — Pmen. JlocmKyBaHi KpUCTAIIN
OTPUMAHO METOJIOM TIIOBUIBHOTO BUITAPOBYBAHHS 3a KIMHATHOI TEMIIEpaTypH BOJHOTO
OaraTakpaTHO TENEKPUCTATI30BAHOTO PO3UMHY COJEeHW 4ncToro cyibdary pyoimiro Rb2SOs.

BusiBneHo, mo 0JHOBICHI CTHCKaHHS Gm HE 3MIHIOIOTh XapaKTepy, a JIUIIEC BETHIUHY
Haxmwiy KpuBux AN;(A). Tak, ogHOBICHE CTHUCKaHHS G; MPUBOJWUTH 10 3MEHIICHHS AN, Y
cepenHboMy O(AN;) ~ 0,89-10*, Toxi SK OJHOBICHE CTHCKaHHS Gy IPUBOAUTH A0 3POCTaHHS
AN, y cepenabomy 8(An,) ~ 1,01-10*. Tloni6ui 3MinK BuABIEHO AT A AN;: HABAHTAKEHHS
oy 36inb1ye fforo Ha &(ANn;) ~ 1,19-10, a oy 3Menmye Ha 3(AN;) ~ 1,34-10* Taka noseinka
IHIYKOBaHUX OJHOBICHUMM CTUCKAaHHAMU 3MIH ANy MiATBEpAWIA paHILIe BUSIBJICHY
3aKOHOMIpHICTh Ui KpHucTaiiB rpynun  A2BX4: OJHOBICHI  CTUCKaHHS  B30BXK
B3a€MHOIEPIICHANKYISIPHUX HANpsMiB BEAYTh JIO PI3HHUX 32 BEIMYMHOIO Ta 3HAKOM 3MiH
JIBOIIPOMEHE3aIOMIICHHS.

Panime Oyno BUsIBIEHO, 110 32 KIMHATHOI TeMIEpaTypH AJIsl JOBKUHU CBITJIOBOT XBHIII
Ao =490 um BenmmuuHa Any = 0, 1ie BianmoBigae ontuyHiik i3oTponHiit Touwi (OIT). Ockinbku
OJTHOBICHI HaBaHTAXXCHHS B3J0BXK oceil Y 1 Z 3mimryroTh KpuBi ANg(A) y Oik OLTbIIHX i
MEHIIINX 3HAa4Y€Hb, TO H BIAMOBIAHO 3MIHIOETHCS 3HAYEHHS MOBKUHM XBUII, Mg kol An, =0,
mo o3HavatuMme 3MimieHHs nonoxeHHs IOT mo cnektpy. Tak OIT 3HaxoguTHMeTbcs Ha
JTOBXKHHI CBITJIOBOT XBWi Ao =420 M 11 6, = 100 6ap ta Ao = 639 um st oy = 100 Gap.
MoskHa TOBOPUTH TMpO 3HAYHE CIHEKTpaJbHO-OapuuHe 3MimleHHs nonoxkeHHsa OIT vy
kpucrtanax CP: dio/do; = -0,7 um/6ap i dho/doy = +1,5 Hm/Oap.

Takox BHSIBIIEHO, IO MPUKIAJAHHSI THCKY B3I0BX Y-0OCi 3MEHIye BeTHUUHY AN, a
B3JIOBK Z-0cCi 3017IbIIIy€e BETMUMHY ANy TakK, 110 32 OJHOYACHOI Aii OJJHOBICHUX THUCKIB Gy = O
MaTUMe MicIie piBHicTh ANy = An; = -10,77-10". Ockinbsku ANy = Ny — N, a AN; = Ny — Ny, TO 1e
o3HauaTuMe, mo Nz =nNy. Lle BiAMOBigae BUHUKHEHHIO HOBOI «IICEBJIOI30TPOIHOI» TOUKH.
ToOTo y BHIAagKy OJHOYACHOTO TPHUKIAJAHHS OJHOBICHOTO HABAaHTAXCHHS B3JIOBXK
KpUcTano(pi3uyHUX HApsMiB Y Ta Z-0ci MOKEMO OTPUMATH 32 KIMHATHOT TeMIepaTypHu HOBY
OIT. Panime MOXIUBICTh 1HAYKYBAaHHS NUIIXOM OJHOYACHOTO TMPHUKIIAIAHHS OJHOBICHUX
HaBaHTAaXEHb B PI3HUX KpucTamodizuuHux HampsimMax HoBux OIT Oyna BusiBIeHa B HU3LI
i3oMophHUX KpucTamiB i€l rpymu, a came KaSOs i (NH4) 2S04 [1].

[1] Cramnuk B. I., Pomantok M. O., Bpessin P. C. EneKkTpoHHA MOISPU30BHICTD (GepoikiB. —
Mouorpadis. JIbBiB. — Bunasuuunii nentp JIHY. — 2014. — 306 c.
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HAHOTI'TBPUIMN Fe304-Ag SAK HOBI SEIRA-SERS
CTPYKTYPU JIA BUABJIEHHA TUMIHY

Maxkcum Paies!, Ounena ®ecenkol, Auapiii SIpemkeBuy’, €Bren
Jleonenko?!, Onena JlaBpunenko?
JTa6oparopis CEC Incruryry ¢disuku HAH Vkpainu, 03680, Ykpaina, m. Kuis,
np. Hayku, 46
2 JHCTUTYT TIpobIieM MaTepiano3HascTsa iM. @panuesrua HAH Ykpainu, By
Axkanewmika KpxkmkanoBcekoro, 3, Kuis 03142, Ykpaina.
maximrallev@gmail.com

Hanowactunku Fe3Os4 € nepcrneKkTUBHUM IapaMarHiTHUM MaTepiaioM, SKHH Mae
IIUPOKHNA CTIEKTP BUKOPUCTAHHS, HANPUKIA]] B O10MEIHUIIMHI JUIS IJTHOBOI JJOCTaBKH JIKiB Ta
iMyHOaHaJi31B, KpiM TOrO, BiH BUKOPHUCTOBYETHCSI 1 B MPOMHUCIOBOCTI JUIsl KaTaTiTHYHOTO
PO3KJIa/IaHHS, PEKYJIbTUBAIII ITII3EMHUX BOJ 1 00pOOKM HEOE3MeUHHNX BiIXOIB. Y 1Iili poOoTi
MU BHMBYAIM MOJIMBOCTI BUKOPUCTAHHS TiOpuaHux HaHOCTPYKTYp FesOs moamdixoBaHmx
cpibmom s migcunenas 1Y Ta PamaHiBChKOro curHady pi3HMX OI1OJIOTIYHMX MOJIEKYN Ha
MIPUKJIali MOJIEKYJIH TUMIHY.

lopumni nanowactuHku Fe3Os-Ag Oynmu  CHHTE30BaHI 3a JIOMIOMOTOI0 METOIY
00epTaJIbHO-KOPO31HHOIO  JAMCHEPryBaHHS. XapakTepu3alilo 3pa3KiB  IPOBEIEHO 3a
JOTIOMOTOI0 PeHTreHorpadiuHoro merony, Mikpockormii, 4 Ta Pamanicekoi cnekTpockorrii, a
TAaKOXX CIEKTpocKomii BuauMoro piama3oHy. IY choekTpu BumiproBanucs Ha @yp'e
cunektpomerpi  “Bruker”  (Himewyumna),  CcHeKTpu  pPaMaHIBCBKOTO  pPO3CIIOBaHHS
JOCHiUKyBaucss Ha micro-Raman  cnektpomerpi “Renishaw” (BenukoOpuranis) 3
BUKOPUCTaHHSM Jiazepa A=633 HM, CHEKTpM BHUIUMOTO [1ala30Hy OTPUMYBAJIUCS Ha
cnektpomeTpi Shimadzu (SInonis).

[Tokazano, mo ridpuaHi HaHOoYacTUHKN Fe3O4-Ag MOXyTh OyTH BHKOPHCTaHi B SKOCTI
SEIRA-SERS migknaanHOK A AETEKTYBaHHS 010J0TTYHUX MONeKysl. OTpUMaHO MiACUICHHS
PamaniBcbkoro curHany Big wmonekyn Tuminy (Thy), agcopboBanoro Ha mi riGpuiHi
HaHOCTPYKTYpU. BH3Ha4YeHO, 110 pi3HI MOJEKYISpHI TPyMU HiACHIIOIOTHCS MO-Pi3HOMY, B
3aJIeKHOCTI BiJI THITY B3a€MOJIiT Ta Opi€HTAaIii MOJIEKYIH BiqHOCHO moBepxHi. AHami3 SEIRA
CIEKTPIB CBIAYUTH, III0 TUMIH XIMIYHO a/1cOpOyeThes Ha HaHoriOpuan Fes3Os- Ag, 1110 BUIHO 3
cwibHoro miacuieHHs —NH rpynu Ttuminy. OTxe, 3acTOCYyBaHHS TiOpUIHMX MAarHiTHO-
wia3MoHHUX HY  1103BOJIsIE  BUKOPHCTOBYBAaTH KOMIUIEKC VYHIKaJbHUX BJIACTUBOCTEH iX
CKJIAJIOBUX 1 peali30BYBaTH HOBI BJIACTHUBOCTI, 1[0 BUHUKAIOTh BHACIIIOK B3aEMHOTO BILUIMBY
KOMITOHEHTIB.

3 onmHoro OOKy, OTpUMaHi HaMH pE3yJbTaTH MOXHA BUKOPUCTATU JUISI PO3POOKH
gyymmmBux SEIRA-SERS migknamok uis JETEKTYBaHHA Ta aHANi3y HaJAMalUX KiIbKOCTEH
XIMIYHUX peareHTiB. 3 1HIIOro OOKy, 3a paXyHOK BHUCOKHX aJCOpOILIMHMX BIacTMBOCTEH
Fe30s, moniGHI CTPYKTYpU MOXKYTh BUKOPHUCTOBYBATHUCS B SIKOCTI MOHITOPUHTY Ta (UIBTpIB
JUIS 3aXOIUJICHHSI Ta JAETEKTYBaHHS LIKIJJMBUX PEYOBHH Yy cepepoBuili. OnepxaHi B poOOTi
pe3yabTaTd MOXYTh OyTH BHMKOpHMCTaHi B Oionorii misi po3poOku OiodwimiB i1 GioceHCOpiB
(BM3HAUYEHHSI HYKJIETHOBUX KHUCJIOT, OUIKIB 1 MeTaboMdITIB) Ta y MEAULUHI (CKPUHIHT
JKapChbKUX PEYOBUH, BUSBJICHHS aHTUTLI 1 aHTUTEHIB, IIarHOCTUKA 1H(EKIIii).
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PHOTOVOLTAIC PROPERTIES OF CsPbBrs3:
CORRELATION BETWEEN PHOTOCURRENT AND
THERMOSTIMULATED CONDUCTIVITY

Yuriy Tymkiv!, Roman Lys!, Roman Gamernyk?

!Department of Sensor and Semiconductor Electronics, Ivan Franko National
University of Lviv, Tarnavskogo st., 107. Lviv 79017, Ukraine.
2Department of Experimental Physics, Ivan Franko National University of Lviv,
Kyryla i Mefodiya St., 8. Lviv 79005, Ukraine.
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CsPbBrs is a semiconductor material that is attracting considerable interest due to its
potential applications in optoelectronics. This material is characterized by unique properties
such as high photosensitivity, thermal stability, and chemical stability. Understanding the
photovoltaic properties of CsPbBr3 is key to developing new optoelectronic devices.

One of the methods of studying the photovoltaic properties of crystals is measuring the
photo diffusion current (PDC). PDC occurs when light generates charge carriers in the crystal,
which then diffuse through it, creating an electric current. PDC measurements can provide
valuable information on parameters such as carrier diffusion lengths, lifetimes, and
recombination mechanisms.

High-quality single crystals are required to study the photovoltaic properties of
CsPbBrs. CsPbBrssingle crystals were synthesized by the Bridgman method.

PDC measurements were performed at room temperature and when the crystal was
illuminated by monochromatic light with A = 450-800 nm. A microampere meter was used to
record PDC. The dependence of the PDC on the wavelength of light (spectral sensitivity) was
built based on the obtained data.

The results of the study showed that CsPbBrs has a high spectral sensitivity in the
range of 500-600 nm. The maximum spectral sensitivity is observed at A = 560 nm.

The study of the effect of temperature on the PDC showed that the photocurrent
increases with a decrease in temperature. This indicates that the dominant mechanism of
photoconductivity in CsPbBrs is thermally stimulated recombination of charge carriers.

The research results showed that there is a correlation between the PDC, and
thermostimulated conductivity (TSC) in CsPbBrs. This correlation can be explained by a
model that considers two mechanisms of photoexcitation and recombination of charge
carriers.

Investigating the photovoltaic properties of CsPbBrz is an important area of research
with potential applications in optoelectronics. Understanding the correlation between PDC
and TSC in this material can help in the design of new photodetectors, solar cells, and other
optoelectronic devices.
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OITHUKO-CHEKTPAJIbHI BTACTUBOCTI JOMIIIKOBUX
KPUCTAJIIB LiNH4SO4 p-MOJAN®PIKAIIIIL

A. lllanpaBcbknii, P.bpe3Bin, I1. Hlenancoknii, B. Ctagnuk, M. Pyaum
JIbBiBCchKUI HarionansHui yHIBEpCUTET iIMeH1 IBana dpanka
ashapravsky@gmail.com

Ionni xpucranmu LiNH4SO4 B-momudikanii (B-LAS) BUKIMKAIOTh 3HAYHUIA HAyKOBUI
IHTEepeC 4Yepe3 XapaKTepHY /I HUX HAsIBHICTh TeMIIEpaTypHHX (a30BUX MEPEXOAiB MiX
CETHETOCNIEKTPUYHOIO, CETHETOEIACTUYHOIO, IO CIPHYUHSIOTH MOSBY LIKaBHX (Di3MUHUX
BiacTuBocTed. JlOCHIKEHHS 30CEpe/KEHO Ha BIUIMBI JOMIIIOK TMEPEXiTHUX METalliB, SKi
MOXYTb 1HAYKYBaTH HOBI BJIACTHBOCTI 32 paXyHOK €JIeKTPOHHUX iHTepakiii [1].

BupomryBannss monokpuctaniB [-LAS 3 gomimkamu Mn?* ta Cu®* 3xilicHeHo
METOZOM  TOBUIBHOTO  BHMApoByBaHHA 3a  Temmeparypu  318K.  3actocyBanHs
PEHTTEHOCTPYKTYPHOI'O aHalli3y Ta CIEKTPOCKOMIYHUX METOJIIB J03BOJHIIO BH3HAUUTHU
CTPYKTYpHI 3MiHH Ta JUCIIEPCii ONTUYHUX ITAPAMETPIB.

JocmimkeHo BmB jgomimok Mn?* ta Cu?" Ha pedpakTHBHI mapaMeTpH iOHHHX
kpuctranie LiNH4SO4 [B-momudikamii. AmnHami3 3MiH TOKa3HHWKIB 3aJIOMJIIEHHS Ta
JBOITPOMEHE3aJIOMJICHHST BUSIBUB 3aJIC)KHOCTI BiJ KOHIIEHTpaIii goMimok. [Tpu 36iabIeHH]
KOHIEHTpamii gomimku Mn?" ta Cu®* 110 5 % ycepeaHeHMIA MOKA3HUK 3aJIOMICHHS 3POCTae
Maiike JIHIHHO MAJi1 BCiX OCHOBHHX HAIPSMKIB, HE 3MIHIOIOUM MPU LBOMY XapakTep
mucnepcii. Jlomimku ioHiB Mn Tta CU iCTOTHO 3MiHIOIOTH a0COJIFOTHI 3HAYEHHS TOJIBIHHOTO
MIPOMEHE3AJIOMJICHHS Ta MPU3BOJAATH 10 301UIbIIEHHS BEIMYUHHU |[OANi/OA| 17151 BCIX HANIPSIMKIB.

BusiBneHo 3MillleHHS 130TPOMHOI TOYKM Ta 30UIBIIEHHS aHI30TPOMIi ONTUYHHUX
BIIACTMBOCTEH, [0 Ma€ BaXJIMBE 3HAYEHHS MAJS MPAKTUYHHUX 3aCTOCYBaHb JUIS CTBOPEHHS
HOBHUX MaTepialliB 3 3aJITaHUMH ONITUYHUMU BIACTUBOCTSIMU Y (POTOHIIII Ta ONTOEIEKTPOHIIIL.

[1]. R.S. Brezvin, M. Piasecki, O.Ya. Kostetskyi, P.A. Shchepanskyi, V.Yo.

Stadnyk, O.R. Onufriv, M.Ya.Rudysh. Physica B: Condensed Matter, VVol. 648 (1), P.
414426 (2023).
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BAPUYHI 3MIHHU IBOITPOMEHE3AJIOMJIEHHSA
JOMIHIKOBUX KPUCTAJIIB S-LiNH4SO4:Mn

. SAxumensn, A. lllanpaBcbkuid, P. bpe3sin,
M. Pyaui, B. Cragnuk, I1. lllenancbkuii
JIsBiBCchKUI HarionanpHu# yHiBepcuteT iMeH1 IBana ®dpanka, ByJI.
Kupuna i Medonis 8, 79000, JIbBiB, Ykpaina

JlieBUM 1HCTPYMEHTOM KEpOBAHOTO BILUIMBY Ha (hi3MYHI BIACTHBOCTI KPUCTAJIB MOXE
CIIyrOBaTH K KaTiOH-aHIOHHE 130MOpQHE 3aMIIIeHHs, TaK 1 BBEJICHHS B CTPYKTYPY JOMIIIIOK,
a caMe 10HiB IepexigHuX MeTaniB. BogHodac, 0JHOBICHI HaNPsAMIICHI MEXaHI9HI TUCKH TaKOX
BIUTMBAIOTh HA XapaKTep TEMIIEPATyPHO-CICKTPaIbHI 3MiH ONTHUKO-CICKTPOHHHUX MapaMeTpiB
kpuctamiB. lle B KoMIulekci Moxke OyTH BHKOPHUCTAHO Ui CTBOPEHHS METOIUKHU
MPOTHO3YBaHHS Ta CHHTE3Y MarepiaiiB i3 Hamepes 3aJaHUMH, KEPOBAHUMHU 1 CTaOITbHUMU
pePpakTUBHUMH BIIACTHBOCTSIMH B IIHPOKOMY TEMIIEPATYpHOMY Ta CIEKTPAIbHOMY
mlana3soHax.

Nlama poOoTa TpHCBSYEHA JOCTIDKESHHIO TOBEIIHKU JIBOIPOMEHE3AIOMIICHHS
nomimkoBux KpuctamiB B-LiINHiSOs:Mn mig miero ogHOBicHuUX THCKiB. OIHOBICHI THCKH
JAI0Th MOJJIMBICTH TPOCITIJIKYBaTH 3MiHHM ONTHYHOI I1HAWKATPUCH KPUCTATIB Yy MO
30BHIIIHIX CHJI CTOCOBHO BUOpPAHUX €IIEMEHTIB CTPYKTYpU KPUCTAIIB, a HAPSM MEXaHIYHOTO
HABaHTAXCHHS JJO3BOJISIE MPOAHATI3YBaTH MOBOPOTHI MEXaHI3MH CTPYKTYPHHX KOMILUIEKCIB
npu ¢azoBux mnepexoxax (PII). MeronoM MOBUIBHOTO BHIIAPOBYBAHHS CHHTE30BAaHO
MoHokpuctanu PB-LINHsSO4Mn (2 ta 5 wt. %). Inentudikarito BHPOIIEHUX KPHCTAIIB
IPOBE/IEHO 3 BUKOPUCTAHHSAM METOJIUK PEHTTEHOCTPYKTYPHOTO aHalli3zy Ha AudpakToMeTpi
STOE STADI. [ns nmaHux JOMIIIKOBHX KPHCTANIB TIATBEP/KEHA BHSBICHA paHilIe
3aKOHOMIPHICTb: OJHOBICHE HANpPYKEHHS B3/I0BX B3a€MHO-TIEPHEHIMKYISAPHUX HANPSMKIB
NPUBOJIUTH JO PI3HUX 32 3HAKOM 1 BEJIMYUHOIO 3MIH ANj. YCTaHOBJIEHO, 110 OJIHOBICHE
HaBaHTAKCHHS He 3MiHIOE Xapaktepy moBeminku Ani(A) i Any(7), a mume Bemuurnau dAni/dA
ta dANni/dT, a BBeJICHHS TOMIIIIKA MaHTaHy CYTTEBO He 3MiHIOE OapuuHy 4yTiuBicTs ANi(A, T)
kpuctana B-LiINHsSO4. Beranosieno, 110 0JHOBICHI THCKH B30BX HAMpsIMKY Y 3MIIIyIOTh
ONTUYHY 130TPOINHY TOYKY JIOMIIIKOBOI'O KPHUCTaJIa B JOBIOXBHJILOBY, a B3JIOBXK HAINPSIMKY X
— B KOPOTKOXBMJIbOBY AUISHKY CHEKTpYy. BusiBieHo OGapuuyHe 3MIIIEHHS TOYKH (Pa3oBOro
nepexoay CerHeroeiekTpuyHa-napadasza 1o LKalal TeMIeparyp, XapakTep SKOro 3aJleXKHUTh
BiJl HANpsIMy NPUKIAJaHHS OJHOBICHOTO THUCKY. JOCHIPKEHO CIeKTpaibHI W TeMIepaTypHi

. . .. . 0
3aJICKHOCTI KOMOIHOBAHHX I1"€300NTHYHHX KOe(l)lLlleHTlB nim (X, T) Ta BHUABJICHO aHOMAJIbHY

. 0 .
MOBEAIHKY 7Ly, mija yac (pa3oBOro nepexomny.
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JIMOMIHECHEHTHI BJIACTUBOCTI CTEKO.I
20 GazSs - 60 GeS: - 20 Sb2S3 IEI'OBAHUX Er TA Nd

Tersna SlunHiok, Bitasuiid Aptiox, Anacracis Tapacenko, Anapii Kepumum,
Inna IBamenxko, Bosoaumup I'ansn
BonuHchkuil HallioHanbHUN yHIBepcuTeT iMeH1 Jleci YkpaiHku, MPOCTEeKT
Bomi 13, JIynek, Bonuacbka obnacts, 43025,
Yatsyniuk.Tetiana@vnu.edu.ua

Cynb(hypoBMICHI CTEKIa XapaKTEPU3YIOThCS IIHPOKUM BIKHOM TIPO30POCTi Y
BUIUMOMY Ta 1H(pPayepBOHOMY CIEKTpPAIbHHUX [lala30HaX, MAalOTh BUCOKY TEpPMIYHYy Ta
pamiamiifHy CTIMKICTh 1 € JOOPHM CepeIOBUIIIEM ISl BBEJICHHS PIAKICHO3EMEIILHUX METAIIB.

Po3unH-pO3IUIaBHUM METOIOM cHHTe30BaHO crekiaa 20 GazSz — 60 GeSy — 20 ShySs,
neroBanux Er (1-4 %) ta Nd (2%) [1]. HocmimkeHO ONTHYHI BIACTUBOCTI CTEKOJ B
HIUPOKOMY crieKTpanbHOMy niana3oHi (0.6 — 16 MkM) i 3adikCOBaHO MOTJIIMHAHHS CMYT 3
Makcumymamu (655, 755, 810, 885, 980, 1540, 2530 Ta 5150 HM), sKi BiANOBIAAIOTH
nepexonam B f-o6ononkax ionis Er®* i Nd®*.

ITokazaHo, 110 TIpH OJHOYACHOMY 30y/mkerHi ioniB Er’* ta Nd** BunpominroBanusaM 3
JOBKHHOIO XBWIl 805 HM BUHUKAIOTh CMYTH BUIIPOMiHIOBaHHS 13 Makcumymamu 1070, 1350,
1540, 1700 Ta 2490 =M™, ski BigmosimaoTs mepexomam *Faz — 4l (NA®Y), *Faz — *lise
(NA®), *liarz — sz (Er*), *loz — *l1ziz (Er®Y), *lizrz — 4oz (Nd*) B ix f-oGononkax [2, 3].
Bcranosneno, mo Bucoka iHTeHCUBHICTh cMyru DJI 13 makcumymom 2490 HM, 0OymMOBIeHA
enepreTudHuM Tpancdepom Mixk ionamu Nd** i Er¥*. Tloeqnanus B crexnax 20 GazSz — 60
GeSz — 20 Sh,S3 : Er, Nd Bucokux 3HaueHb KoedilieHTa mporyckaHHs Ta iHTeHcuBHOI DJI
(2490 HM) crTBOprOE XOpomli TEpPeAyMOBH Ul KOHCTPYIOBAaHHS Ha I1X OCHOBI
OIITOEJIEKTPOHHMX MPUCTPOIB, K1 NMPAIIOI0Th B cepeHbomy [Y niamna3oHi.

[1] T. Suumnrox, A. Kepmmn, B. Tansn, 1. IBamenko, B. Aptiox, O. bepesniok, A.
Tapacenko. JlroMiHeCleHTHI BiacTUBOCTI cTekonm AgrS-GeS; TA  AgeS-GeSz-Sh,S3
neroBaHux epoOiem Ta HeomumieM. @izmka Ta ocBiTHI TexHojoril, (4), (2023), c.28-34.
https://doi.org/10.32782/pet-2023-4-4

[2] V.V. Halyan, V.O. Yukhymchuk, Ye.G. Gule, 1.V. Kityk, Ya. Zhydachevskyy,
I.A. Ivashchenko, V.S. Kozak, A.H. Kevshyn, A. Suchocki, T.K. Yatsyniuk, M. Piasecki.
Specific features of Stokes photoluminescence of the La2S3-Ga2S3-Er2S3 glasses / Optical
Materials 128.(2022). 112394.

[3] V.V. Halyan, V.O. Yukhymchuk, I.A. Ivashchenko, V.S. Kozak, P.V. Tyshchenko,
I.D. Olekseyuk. Synthesis and downconversion photoluminescence of Erbium-doped
chalcohalide glasses of AgCI(l)-GazSs—La2Ss systems / Applied Optics. (2021) — V. 60, P.
5285-5290.
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SPECTRAL-KINETIC CHARACTERISTICS OF CsSnBrs3
CRYSTALS UPON EXCITATION BY SYNCHROTRON

RADIATION

Vitalii Shvets, Ivan Pryshko, Taras Demkiv
Ivan Franko National University of Lviv, 8, Kyrylo & Mephodiy Street, Lviv,
79005, Ukraine, e-mail: VOLODYMYR.TURTA@Inu.edu.ua

In recent times, halide perovskites have been widely utilized in solar cells, leading to
high efficiency coefficients. Additionally, due to their narrow luminescence band and the
ability to adjust the emission wavelength throughout the visible spectrum by changing the
halide, they have become promising for the development of LED devices, white light sources,
and use in color monitors. One drawback of such materials is the presence of lead. Lead-free
halide perovskites currently exhibit significantly lower efficiency in solar energy conversion;
however, research in this direction is annually expanding. Considering the potential of
utilizing inorganic perovskites, especially lead-free ones, a profound understanding of the
nature of their excitonic states, inherent structural, and dopant defects is necessary.

The luminescence spectrum
of CsSnBrz crystal when excited
with a wavelength of 160 nm at a
temperature of 78 K reveals the
presence of three bands. The band at

3000

3 2000 680 nm exhibits the highest
E[ intensity. The bands at 940 nm and
‘D 980 nm have intensities an order of
— 1000 L magnitude lower.

The band with a maximum at
680 nm may be attributed to the
emission of a self-trapped exciton in
. . . . . CsSnBrz [1]. Bands in the range of

600 700 800 900 1000 920-1000 nm may correspond to the

A HM  transition of an electron from the

5s5p Sn?* state in the lower part of

the conduction band to the localized sub-band of the conduction band created by the 4d-ionic

states of Br [2]. However, it should be noted that first-principles calculations of the bandgap
of CsSnBr3 vary from 1.17 eV [2] to 1.72 eV [3] and are underestimated.

The decay kinetics of CsSnBrsz single crystal at room temperature is accurately
approximated by a bi-exponential curve with decay times in the picosecond (11 = 0.8 ns) and
microsecond (t2 = 3.8 ps) ranges. The time t1 iS characteristic of CsSnBr3 single crystal,
whereas 72 IS likely determined by the relaxation of electrons on dopant levels.

This work was carried out as part of the project «Fast scintillators with high light yield
based on halide perovskite crystals and nanoparticles». This project has received funding
through the EURIZON project, which is funded by the European Union under grant
agreement N0.871072.

[1] A.S.Voloshinovskii, V.B.Mikhailik, S.V. Myagkota et al,. Opt. and Spec. 72, 486 (1992).
[2] S. Clark, C. Flint, J. Donaldson, J. Phys. Chem. 42, 133 (1981).
[3] M. Musa Saad, B.O. Alsobhi, A. Almeshal, Comp. Cond. Matter 38, e00870 (2024)
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BIIVIUB ATMOC®EPHU BIAITAJTTY HA OIITUYHI
BJIACTHUBOCTI TOHKHUX IIJIIBOK ZnGaxO4:Cr

IBanna Measiab, bornan bopayn, IBan bopayn, Ipuna Koduok,
BoJsiogumup birpaii, Isan Xomummun, Ha3zapiii Ilopana
JIbBIBCHKHI HalllOHAILHUN yHIBEepCUTET iMeHi [Bana @panka,
(bakyIbTET EMIEKTPOHIKN Ta KOMIT FOTEPHHUX TEXHOJIOTIMH,

M. JIbBiB, By JIparomanoBa, 50, email: ivanna.medvid@Inu.edu.ua

Jis paKTHYHOTO BUKOPUCTAHHS B EJICKTPOHHO-ONTHYHUX IPHCTPOSX IIUPOKO
JOCTIKYIOTBCSL SIK YUCTI TaK 1 akTWBOBaHI TOHKI TuTBKK ZnGazO4, SKi BHSBISIOTH JTOOpI
JTIOMIHECHEHTHI BiacTUBOCTi. ONTHYHI Ta ENEeKTPUYHI XapaKTEPUCTUKH TOHKHX ILUIIBOK
BH3HAYAIOTHCS METOIaMH OTPUMAHHS, PSKUMaMU HAHECCHHS 1 HACTYITHUMU TEXHOJIOTTYUHUMU
MpuioOMaMHu, a TaKOX BBEJICHHSAM JIOMIIIOK, SKI 37aTHI IJIECIPSIMOBAHO 3MIiHIOBAaTH
BJIACTUBOCTI TOHKHUX OKCHAHMUX IUIiBOK. ToHKI tunBku ZnGaz0q4:Cr toBmmaamu 0.4 —1.0 MM
OTpUMYBIUCh MeToJ0oM BY 10HHO-IIJIAa3MOBOTO PO3MHJICHHS Ha IMiJKJIaJKaX 3 IUIABJICHOTO
kBapiry V-SiO». [licas HaHeCeHHs TUTIBOK MTPOBOIMIIACH X TepMOOOpoOKa B aTMOchepi aprony
ta moBiTpi npu 1000-1100°C. ®azoBuii ckiag Ta CTPYKTypa OTPUMAHUX TOHKHUX ILJTiBOK
JOCIIKYBAINCh METOJOM peHTreHoaudpaxitiiHoro anamizy (Shimadzu XDR - 600).
Pesynbraty JOCHIDKEHHS TOKa3aJd HAsSBHICTh MOMIKPUCTATIYHOI CTPYKTYPH IUTIBOK.
CriexTpu MpoOmycKaHHs BUMIipIOBAIHCH Ha criekTpodyopumerpi CM 2203 3 BUMipIOBAIBHOIO
ronoBkoro Hamamatsu R928. [Ina tonkux miiBok ZnGax04:Cr y cmekTpax NpoIycKaHHs
YITKO CIIOCTEpiraeTbcs 1HTepdepeHiiiiHa KapTUHA, 1[0 Ja€ MOXJHUBICTh IPOBECTH
PO3PaxXyHOK ONTHUYHUX MOCTIHHUX, BAKOPUCTOBYIOUHN 1HTEp(EpPEHIIITHY METOTUKY.

1004
1

80

T, %

40

204

200 3(‘)0 4(‘)0 5(‘)0 660 760
Puc. 1. Cnexrpu nponyckanus 7(A) Tonkux miaiBok ZnGaz04:Cr 6e3 repmoobpodku (1),
BiJNaNIeHux y atMocdepi noitps (2) 1 BiamaneHuX y armocdepi aprosy (3) Ha mikjiagkax 3
I1aBJIeHoro kpapiy, T=295 K

3a3HauMMoO, 10 HEBIANAJEHI IUIBKA  XapaKTepU3ylOThbCs  JEmo  OUIbIINM
CBITJIONIPOITYCKAHHSAM BIHOCHO IUTIBOK BiJNAJEHUX B arMocdepi MOBITpS YU aprouy.
[TpoBeneni mociiKeHHS TOKa3al, 10 ISl HEBIANAICHUX IUIIBOK XapakTepHa HOpMaibHa
JMCTIepcis MOKa3HUKa 3aJIOMJICHHS, a JUIs IUTIBOK BiTaJICHUX B aTMoc(hepi MOBITPS YU aproHy
XapakTepHa aHoMmaibHa gucnepcis. [Ipu mpomy mius miiBok ZnGapO4:Cr, BigmameHuUX B
aTMocdepi aproHy, CIOCTEpIraeTbcs OUIBII CKJIaJHA aHOMajbHa 3aJICKHICTh IMOKa3HUKA
3aJIOMJICHHS BIIHOCHO TUTIBOK BiJNaJICHUX B aTMoc(hepi MoBITPsI.
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METOJAUKA JOCJIIIXEHHA BJIACTUBOCTEN
T'A30PO3PSITHOI IIJIA3MU B CYMIIIAX IHEPTHUX
I'A3IB 3 IAPAMUM ATOMIB XAJIbBKOI'EHY

€Bren CBiTanynuii, Auapiii I'enepaa
Incturyt enexrponnoi gpizuku HAH Ykpainu,
ByJl. YHIBEPCUTETCHKA, 21, M. Ykropon
E-mail:berchenil4@gmail.com

3aBIsAKH CBOIM OaraTOrpaHHMM BIIACTHBOCTSIM CipKa BXOIUTH A0 CKJIALy ACSKHX
aMIHOKHCJIOT (ITUCTEiH, METIOHIH), BiTamiHiB (OioTHH, TiamiH) i (pepmeHTiB [1], a OKHCHO-
BIJTHOBHI peaKIii CIpKH € PKepesioM eHeprii B XeMOCHHTe31. BaykimmBo migKpeciuTH, oo cipka
MICTUTBCS B aTMocdepi 1 € ayxKe MOUIMPEHHM eJIeMEHTOM y BcecBiTi Ta MiDK30PSIHOMY
KocMigHOMY cepenoswii [2]. Lle 3yMOBITIO€e MOCTIHHUI iHTEpec 10 BUBYCHHS PI3HOMAHITHUX
(h13UKO-XIMIYHUX BJIACTUBOCTEH CIPKH.

HaBeneno pe3ynbTaT MEpmIMX BHUMIPIOBaHb  CIEKTPATbHUX  XapaKTEPUCTHK
BUIIPOMIHIOBAaHHS CyMillll TapiB CIPKM 3 aprOHOM 1 TellieM Yy ra3onoJi0HOMY IMITYJIbCHO-
NEePIOIUIHOMY PO3PsIi B YIbTpadionaeToBii 1 BUIUMIN 00JacTAX CIIEKTpA.

[To310BXHIA  IMIYJIbCHO-NIEPIOAWYHUNA  pO3pA] Yy Ta30pO3psSAHOMY  MPHUCTPOI
30y/IKyBaBCsl 3a JIOTIOMOTOI0 THPATPOHHOTO TeHepartopa 3 komyraropom TI'M1-2000/35 i
PE30HAHCHUM Iepe3apsiioM HaKoNMu4yyBaibHOT eMHOCTI 1650 HO.

B excnepumeHTax Hampyra Ha BHCOKOBOJBTHOMY BHUIPAMIISYI cTaHOBWJIA 70 5 KB,
cepeiHid cTpyM po3pany — Ao 1 A, vactoTa iMmysibciB HakauyBaHHS — 1no 10 kl'm. Sk
OydepHmii Ta3 BUKOPUCTOBYBABCSl Te€Jil, TUCK SKOTO HE TEPEBUIIYBaB aTMOC(HEPHOTO.
Kpucraniuna cipka 3HaXou1acsi B ra30po3psHii kamepi.

[HTerpanbHi 3a yacoM eMicCiiiHI XapaKTePUCTUKH PO3PSY PEECTPYBAIH 32 IOMTOMOTOIO
criektpomerpa MS 75041 sikuii BKiIFO4aB B ceOe J1Ba IETEKTOPU ONTUYHOTO BUIIPOMIHIOBAHHS:
kamepy HS 101H CCD i ¢otomomHoxyBau R928. 3anwmc indopmarii 3 ux AeTeKTOpiB Ta ii
aHaJIi3 MPOBOJIMBCS 3a JIOTIOMOI'0I0 IEPCOHAIBHOTO KOMIT'TOTepa.

Y  Xxoml mepmuxX ~ eKCIEPUMEHTIB  JOCHIPKYBaBCS  CHEKTpPaJbHUNH  CKiIal
BUIIPOMIHIOBaHHA pO3psAAYy B CyMilll mapiB cipku # renito. BcTaHoBieHO, 10 CHEKTp
JIOMIHECHEHIIT  MICTUTh BUIpOMiHIOBaHHS B Y®-00macti, sKe CKJIaNaeTbcsa 3
BUIIPOMIHIOBaHHS MaJloi IHTEHCUBHOCTI, /1€ CIIOCTEPIraloThCsl CMYT'H MOJIEKYd Sz, 1 B 00acTi
600-1000 HM, sike BKJIIOYA€ BUITPOMIHIOBAHHS CIPKH Ta TeJIilo0.

[1] N.Greenwood, A.Earnshaw, Chemistry of the Elements, 2nd ed.Butterworth—Heinemann.
Oxford, (1997). P. 645-662.
[2] L.M., Feaga M.A. McGrath, P.D. Feldman, Astrophys. (2002). V. 570. P. 439.
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I'A30OPO3PAJTHA KAMEPA JJIAA HAIIMWJIEHHA TOHKHUX
IJIIBOK B IIVIAZMI IMITYJIBCHO -
INEPIOJUYHOI'O PO3PALY Y CYMIIII S-He

€Bren CBIiTIMYHUH
[acturyt enexrponnoi ¢pizukun HAH Ykpainuy,
ByJI. YHIBEpCUTETChKa, 21, M. YKropoa
E-mail:berchenil4@gmail.com

CuHre3 TOHKHX INIBOK IUIQ3MOBHMM HAIIWJIEHHSIM - II€ IHHOBAILiliHA TEXHOJOTIA, SKa
3aBJSKU CBOIM BJIACTUBOCTSIM 1 MOKJIMBOCTSIM IIUPOKO BUKOPUCTOBYETHCS B PI3HUX Taly3sx
MIPOMHCIIOBOCTI. Moro BHHSTKOBI BIACTHBOCTI, Taki SK BHCOKa ajresis, MMOBEPXHEBA
IITBHICTh, PIBHOMIPHE Ta IIBHJIKE HAHECCHHS IOKPHUTTS, IIMPOKHK BHOIp MaTepialliB i
€KOJIOTIYHICTh, € BAXJIMBUMHU ISl 3aXUCTy IIOKPHUTTS Ta TIOBEPXHEBHX IOKPHUTTIB 1
KoMIoHeHTiB [1].

[T1a3MoBe HANMIICHHS - 1€ HATWICHHS, IPH SKOMY JDKEPEJIOM eHeprii € ra3ma. Sk
MIPaBUJIO, JUISl YTBOPEHHS IJIa3MU BUKOPHUCTOBYETHCS 1HEPTHUHN ra3z apron abo remiii. Poboua
pPEYOBHHA Yy BUTJISAII MIOPOIIKY TOJAETHCS B TJIa3MYy, JIe BiH PO3IUIABISETHCS 1 PO3IIIIOETHCS.
Harmnenuii maTepian ocigae Ha TOBEPXHI BUPOOY, /e YTBOPIOETHCS TOHKUH 1 IIIJILHUMN IIIap.
TexHoJIOTiSI TUTA3MOBOTO HAMWJICHHS 3HAWIIIO CBOE 3aCTOCYBaHHS B PI3HUX Tally3sx
IIPOMHMCIIOBOCTI: 3aXHUCT BiJl 3HOCY, 3aXHCT BiJ KOpO3ii, TEIIOI30JISIis, €ICKTPOI30JISIis,
JIeKOpaTUBHI OKPUTTS, MEIMYHA IPOMUCIIOBICTD, €JIEKTPOHIKA Ta HAIBIPOBITHUKH.

Buxonsuun 3 ychOoro BHUIIEHABEICHOTO, JAOCHI/KEHHS B JaHOMY HampsMKy €
aKTyaJlbHOIO 3ajaueto. JlJis TpOBENEeHHsSI eKCIEepUMEHTIB Oylia po3poOsieHa yHIBepcalibHa
ra3opo3psjaHa kamepa, 300pakeHa Ha puc.1

[ |

L | ]

[ 17

E
i, i, 4
1 2

3 3

Puc. 1. 3aranpHuii BUIIIA yHIBEpCAIbHOT pO3PSAIHOT KaMepH.
1 — xBapmoBa TpyOKka, 2 — BaKyyMHa MPOKIIAAKa, 3 — JieTeKTpUdHi (uaHii, 4 — yHiBepcaibHi
BHCOKOBOJIBTHI BBOJH, 5 — METaJIeBl €NeKTPOaAU, 6 — CKIIO JUIsl HANMJIEHHS, / — WTU(TH JUIs
¢ikcanii, 8 — cipka.

VY Xo/i mepmmx eKCIepUMEHTIB OTPUMAHO TUTIBKHM CIpKH Ha TIOBEPHI B cyMimri S-He.

[1] K. D. Weltmann, J. F. Kolb, M. Holub et al. The future for plasma science and
technology. Plasma Process Polym. (2018)
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ELECTRONIC STRUCTURE AND LUMINESCENCE
SPECTRA OF K2SO4 CRYSTAL

M.Ya. Rudysh?!, R.S. Brezvin?, O.Yu. Khyzhun?, V.Y. Stadnyk?,
P.A. Shchepanskyi?, M. Piasecki’, N.M. Melnykova*, A. Kotlov®,
A.S. Voloshinovskii?

Faculty of Science and Technology, J. Diugosz University, 13/15 Armii
Krajowej al., PL-42-201, Czgstochowa, Poland
2Faculty of Physics, Ivan Franko National University of Lviv, 8 Kyryla and
Mefodiy str., UA79005, Lviv, Ukraine
SFrantsevych Institute for Problems of Materials Science, National Academy of
Sciences of Ukraine, 3 Krzhyzhanovsky str., UA03142, Kyiv, Ukraine
*Institute of Plant Physiology and Genetics, National Academy of Sciences of
Ukraine, 31/17 Vasylkivska Street, 03022 Kyiv, Ukraine
*Photon Science at DESY, Notkestrasse 85, 22607, Hamburg, Germany

The study of dielectric crystals belongs to the group of materials A2BX4, where A =
Li, K, Rb, Na, Cs, NHa4, BXs = SO4, ZnCl4, BeF4 has important fundamental and practical
significance. They are promising materials for use as elements of optoelectronic systems and
as matrices for introducing modifying impurities. KoSOa crystals are a representative of the
indicated group of dielectric materials. They can be in a- - and y-modifications [1]. It is
known that the crystals are obtained from an aqueous solution, are transparent and colorless.
B-K2SO4 exists at temperature T < 860 K and has a point symmetry group mmm [2].

In the work, a B-K2SO4 single crystal was grown by evaporation from an aqueous
solution. Within the framework of the density functional theory, band-energy structure
calculations were performed using LDA, GGA-PBEsol, RSCAN and B3LYP functionals. The
origin of the energy levels was clarified and the value of the band gap, which is 7 eV, was
estimated using hybrid functional. The structure of electronic levels was additionally
investigated using XPS and XES spectroscopy, which confirmed the theoretical results. The
binding energies of electrons in the crystal were calculated. Using synchrotron radiation, the
excitation and intrinsic luminescence spectra of the grown crystal at temperature T = 80 K
were investigated.

Results present in this work was been obtained with the support of the Project of
Young Scientists 0123U100599 of the Ministry of Education and Science of Ukraine. This
work was partially supported by the National Science Centre (NCN), Poland, grant number:
NCN 2018/31/B/ST4/00924.

[1] B. John, A. Mo, Acta Cryst. 28 2845-2852 (1972).
[2] M.T. Robinson, J. Phys. Chem. 62 925-928 (1958).



CEKLUS C

HAHOMATEPIAJIH TA HAHOTEXHOJIOI'II

SECTION C
NANOMATERIALS AND NANOTECHNOLOGY



c r--=— EBPUKA — 2024

METOAU BOI'OTOBJIEHHSA 'PA®EHY

Binsax Poman
HamionansHuit yHiBepcutet «JIbpBiBChbKa noJiTexHika», JIbBiB, Byn. Ctenana
banzaepu, 12 roman.v.biliak@Ilpnu.ua

I'padiT, mMae mrapoBy CTPYKTYypy, 1 OKpeMi IIapH IbOIO0 MaTepialxy Ha3HBalOTh
rpadeHoM. binbiiicTe METOIB OTpuMaHHs TpadeHy 0a3yroTbes Ha i€l po3aimuT rpadit Ha
OKpeMi IIapy, BUKOPUCTOBYIOUM pi3HI Migxoau. Bubip MeToay BUTOTOBICHHS 3aJICKUTh Bijl
KUTbKOX (DaKTOpiB, TakMX K pO3Mip, KUIBKICTh, SIKICTh, cdepa 3acTOCyBaHHS Ta IliHA
KIHLIEBOTO IIPOAYKTY.

Yci ciocobu oTpuManHs rpadeHy MOIUISIOTHCS Ha JIB1 BEJIMKI TPYITU METO/IB, a came,
METOAM OTPUMAaHHS rpadeHy 3BepXy BHU3 1 3HU3Y Bropy [4-6].Y HusxizHoMmy mporeci
rpadeHOBI IIapyd OTPUMYIOTH HUISXOM  BiAmapyBaHHs ab0 pO3AUICHHSAM BHCOKO
YIOPSAKOBAHOTO MIpOMiTHUHOTO Tpadity [4-6]. YV BuUCXigHOMY mpolieci rpadeHoBi mapu
BUPOOJISIOTHCS NUISTXOM HapOIIyBaHHS HAHOPO3MIPHOTO MaTepiaxy 3a JOTIOMOTOI0 aTOMHOTO
a00 MOJICKYJISIPHOTO PO3TallyBaHHs Byriemo [4-6].

J1o HU3XIJHHUX TPOLIECIB BiAHOCITHCS:

1. MexaHiuHu# TUTIHT - MeToll 0a3yeTbcs Ha i€l po3AiieHHs miapiB rpadeHy
OJIMH BiJl OJTHOTO MeXaHIuHUM criocooom. HoBocenoB Ta iHmi [1] BUKOpHCTOBYBaIN KIEHKY
CTPIUKY JUIsI OTPUMAaHHS OJMHUYHOIO Iapy rpadeHy LUIAXOM BiJIIApYBaHHS BiJl BUCOKO
BITOPSIIKOBAHOTO MIPOITUIHOTO Tpadity.

2. XIMIYHUN DUTIHT - pi3HI XIMIYHI pEYOBMHM MOKYTb OyTH BBE/I€HI MiX IIapaMu
rpadity a8 OTpPUMaHHS IHTEPKATSALIMHUX CHOJNYK TpadiTy. 3aBAsSKU I1HTEpKaJIsSHTaM
BIJICTaHb MDXK IIapaMu rpagiTy 30UIBHIYETHCSA, IO JO3BOJSE B MOJAIBIIOMY PO3ILIUTH
rpadit Ha OKpeMi LIapH.

3. VYbTpa3BykoBa 00poOKa - BUCOKOSKICHI HEOKHCIIeHI Irpad)€HOBI MIapy MOKHA
OTPUMATH PO3IUTUBIIHN TpadiT 3a TOMOMOTOI0 €HEPTii YIbTPa3BYKY.

Jlo BuCXiIHUX TpoleciB BigHocAThes TepMiuHi Mmeroaun CVD 1 PECVD, sxi
HallyacTille BHUKOPUCTOBYIOTHCS THUIIOM XIMIYHOIO OCa/PKEHHS 3 Ta3oBoi (a3u Uit
OoTpUMaHHs rpadeny. TepMoxiMiuHe ocaKeHHs TpadeHy 3 ra3oBoi ¢a3u nependayae nojgavqy
ra3iB-mipeKypcopiB, TaKUX sSK METaH, BOJACHb 1 aproH y TMEBHUX CITIBBIIHOIICHHSX, 1, SK
NPaBUJIO, BUKOPUCTOBYIOTH Y poui miakiaaaku Cu ta Ni, Xxoya Takok BUKOPUCTOBYIOTH 1 1HIII
migkinanky, taki sk Ti, Si02, Si, Al203, Mo, Hf, Zr, Nb, Cr, W, Ta.

Ha cporogni He icHye KOIHOTO yHIBEpCAJIbHOI'O METOMY JJIsl CHHTE3Y IrpadeHy, o
JI03BOJISIE CHHTU3YBATH TpadeH y pi3HUX JabopaTopisx Uil pi3HUX 3a/a4.

[1] M.O. Pomanrok, A.C. Kpouyk, LII. [Tamyk, Ontuka, JIseis (2012), ¢.564.

[2] M.B. Baspyx, O.M. Crenpmax, XKypH. ¢i3. gocn., 17, 4902 (2013).

[3] Y. Shopa, N. Ftomyn, Sol. St. Phenom, 200, 129 (2013).

[4] A.N.Stirling and D.Watson, in: Progress of Low Temperature Physics, ed. by D.F.Brewer,
North Holland, Amsterdam (1986), V. 10, p.683.

[5] S. Mudry, I. Shtablavyi, O. Kovalskyi, in: Abstr. of XIV international conference on
physics and technology of thin films and nanosystems, Ivano-Frankivsk (2013), p. 271.
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PAMAHIBCBKA CIIEKTPOCKOIIA JIET'OBAHUX Cu
IJIIBOK ZnO, OTPUMAHUX METOJIOM CIIPEH-
MNIPOJII3Y
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Oxcun 1umHKYy (ZnO) - npsSAMO30OHHMM HAIIBHOPOBITHUKOBUI Matepian N-THITY
IIPOBIAHOCTI 3 MIMPOKOIO 3a00poHEHO0I0 30HOI0 (3,37 €B), BiAMIHHOIO XIMIYHOIO I TEPMIYHOIO
CTaOUIbHICTIO, BUCOKOIO €HEpricl0 30YIKCHHS EKCHTOHIB, IHTEHCHBHOIO JIOMIHECUEHIIIENO,
HETOKCUYHICTIO, IIMPOKOI JOCTYIHICTIO 1 HM3bKOIO BapTICTIO CKJIAJOBUX CHOJIYKH. Lls
KOMOIHAIlisl CIPHUSATIMBUX BJIACTUBOCTEH PpOOUTH HOTO MPHUIATHUM /ISl 3aCTOCYBAaHHS B
OINTOEJIEKTPOHHUX MPHUCTPOSX, YJIbTPA3BYKOBUX IEPETBOpIOBauax, Ia30BUX JATUMKAX,
COHSYHMX eyieMeHTax, Tomo. JleryBanHs ZnO € oxHUM i3 CHIOCOOIB TMOKpALICHHS
XapaKTepUCTHK MaTepiany. Miap ocoONHMBO IIiKaBa sIK Jerylo4a JOMIIIKAa Yepe3 CBOIO
CXOXICTh 3 Zn 3a 10HHUM paJiycoM Ta EJIEKTPOHHOKI CTPYKTYpOIO, a TaKoX uepe3 il
MOBE/IHKY SK aKTUBaTropa JoMiHecueHlii. Cepes AOCTYMHUX XIMIYHUX METOJIB HAHECEHHS
IUTIBOK OCOOJIMBO TEPCIIEKTUBHUM € CHpPEH-TIpOJIi3, OCKUIBKM BiH J03BOJIIE OTPUMYBATH
TOHKI IIapH 3 KOHTPOJIbOBAHUMH BJIACTUBOCTSAMU B Oe3BakyyMHOMY cepenoBuuli. Kpim Toro,
1 METOJUKa NpocTa B €KCIUTyarallli, HelIopora, BOHa JIETKO MacIITa0yeThCs 1 J103BOJISIE
HAHOCHUTH IUTIBKU HA MIAKJIAAKH 3 PI3HOIO T€OMETPIENO.

PamaniBcbka crHeKTpockomiss OJMH 13 HaMOUIbIl €(pEeKTUBHUX METOJIB JIE€TalbHOIO
JOCIIJIKEHHS CKJIay Ta CTPYKTYpU pedoBHH. CaMe TOMY METOI0 JaHOi pOOOTH € BU3HAYEHHS
METOJIOM PaMaHIBCbKOI CLIEKTPOCKOIIIT BIUIMBY JIETYBaHHS MIJJII0 HA XapaKTEPUCTUKHU IIIBOK
OKCHUJy IIUHKY.

Merton cipeli-niipo:nizy OyB BUKOPUCTAaHU /111 HAHECEHHS TOHKUX IIJIIBOK JIETOBAHOTO
Matepiajly 3 MOJIEKYJISIPHUX pPO34YMHIB. B AKOCTI BHXIAHMX PEYOBHUH BUKOPUCTAHO BOHI
po3unHu Zn(CH3COQ). ta CuCl.. Otpumani npekypcopu Oy 3MillaHi y BiANOBIIHUX
IPOMNOPIISIX, YTBOPIOIOYM TMPO30PI MOJEKYISPHI PO3UMHM 3 KOHLIEHTpALli€lo MiAl Mo
BimHOMmEeHHI0 10 muHKY 0, 1, 2, 3, 5 ta 7 %. PaMaHIBChKiI CIEKTPU HAHECEHMX 3Pa3KiB
BuUMipIoBauch Ha npunaai Horiba MTB XPlora B wactotHomy inteppani (50-1400) cm™.

BcranoBneHo, 110 B AOCTIIKEHUX CIIEKTpaxX CIOCTEPIraeThCsl psll IHTEHCUBHUX JIIHIN
Ha yacToTax 3MimeHHs 439, 561, 786 ta 1101 cm™t. KpiM Toro B crekTpax MoKHa IOMITHTHU
cnabki miku mpy gactoTtax 330 Ta 994 cml. 3a nmiTepaTypHUMHM JaHMMH 11i TiHil MOXKYTh OYyTH
IHTepIpeTOBaHi K (POHOHHI MOJIU EMN-E,loW ENigh A(LO), LA+TO, 2TO Ta 2LO.

[IpucyTHICTH Yy CHEKTpax BiJ JOCIIUKEHUX 3pa3kiB (QoHOHHOI Moau E:
xapakTepHoi Juig BropuMTHOI (asu ZnO, CBIAYUTH NMPO Te, L0 HAHECeHI IJIIBKU MaroTh
TreKCaroHAJIbHY CTPYKTYpy. BupakeHuX BIAMIHHOCTEH y CIEKTpax paMaHIBCHKOTO
pPO3CIIOBaHHS BiJ HENEroBaHOi Ta JIETOBaHMX IUTIBOK He crocTepiraetbes. [likiB, 110
BinnoBigaroTh cnoiaykam CuO 1 Cu20 y cmekTpax JeroBaHux 3pa3kiB He BHsBiIeHO. Lli
pe3yiabTaTH BIAMOBIMAIOTH JaHUM JAUQPPAKTOMETPii TpO Te, IO HAHECeHI IUIIBKU €
0J1HO(ha3HUMHU 31 CTPYKTYpOIO chaiepury.

Cnin 3a3HaumtH, 1o Tpu BBeAeHI Cu sK JOMIIMIKH CIIOCTEPITaeThCsl 3MiHA
IHTCHCUBHOCTI Ta TOJOXEHHS JEsSKMX paMaHIBCbKHX TikiB. Lle Moxe cBiguuTH mpo
CTPYKTYPHI 3MiHU B KpHCTamiuHii rpaTiii ZnO BHACHiIOK BKItOYeHHs atoMmiB Cu. 30kpema,
MOCNIA0JICHHS MiKiB MOXE CBIAYUTH PO 30UTbIIeHHS AeEeKTHOCTI MaTepiany abo 3MiHy HOTO
€JIEKTPOHHOI CTPYKTYpPHU BHACI10K JIETYBaHHS.

high
)
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There is a problem with effective heat removal from heat-generating working elements
of electronic devices, in particular processors, chipsets, computer video accelerators, high-
power LEDs and lasers. If heat is not removed, this can lead not only to a significant
deterioration in the performance of devices, but also to their failure. To remove heat from the
heat-generating working elements of electronic devices, thermal greases are widely used,
which consist of a substance in a liquid state (for example, silicone oil, polyol, etc.) and a
wide variety of fillers-thickeners (for example, Ag, SiO2, ZnO, BN, AIN, Al>Os, graphite,
graphene, carbon nanotubes, diamonds, etc.).

The thermal conductivity of the composite materials based on the commercial ZnO
micropowder with reduced graphene oxide (1vol. %) powder dispersed in the
polymethylsiloxane (silicone oil) was measured using the radial heat flow method. The
thermal conductivity of the composite material based on the commercial ZnO micropowder
with an average particle size of 50 um and reduced graphene oxide was found to be
9.4 W/(m'K). At room temperature, the values of the dielectric permittivity at the measuring
electric field frequencies 50 Hz and 1 MHz and the specific volume electrical resistance for
the composite was obtained. An increase in the values of the coefficient of thermal
conductivity and dielectric constant and a decrease in the specific volume resistance due to a
change in the volume fraction of reduced graphene oxide in the composite from 0.5 vol. % up
to 1 vol. % are associated with the physical properties of reduced graphene oxide (o =
2600 W/(m‘K), € = 1130 (v = 50 Hz), p = 1.4-102 Ohm-cm), Maxwell-Wagnare-Sillars
interfacial polarization and more formation of the micro-capacitor structures [1].

The high performance of rGO-ZnO composite synthesized by a simple and facile
process in this work shows promising potential in thermal control of the electronic devices.

This work was done due to the supports of the Ministry of Education and Science of
Ukraine (Project No: 0123U101880) and Long-Term Funding by the Polish Academy of
Sciences and U.S. National Academy of Sciences
(Project No: PAN.BFB.S.BWZ.369.022.2023).

[1] B. Turko, V. Vasil’ev, V. Kapustianyk, Nanosistemi Nanomater. Nanotehnologii, 21, 569
(2023).
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BIIJIMB JIEI'YBAHHSA IHAIEM HA CTPYKTYPHI TA
OIITUYHI XAPAKTEPUCTHUKMU IJVIIBOK ZnSe,
OTPUMAHUX METOJIOM TEPMIYHOI'O BAKYYMHOI'O
BUITAPYBAHHS 1JIs1 BUKOPUCTAHHS B EJIEKTPOHILII
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AnartoJiii Onmanacwok?
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HIBuAKUI PO3BUTOK €NEKTPOHIKM HEPO3PUBHO MOB'I3aHUM 13 PO3POOKOI0, OCBOEHHIM
Ta BUKOPUCTAHHSM HOBHX HaliBIPOBIIHUKOBUX MatepianiB. [LniBku ceneHiny uuHky (ZnSe)
B Hall 4ac PO3MIAJAIOTbCS SIK MEPCHEKTUBHUM Marepiall Uil CTBOPEHHsI BIKOH COHSYHHX
CNIEMEHTIB Ta JICTCKTOPIB BUIPOMIHIOBAHHS, LIO HE MICTATh Kaamiro (3amicte CdS),
CBITJIOZIO/IIB, TOHKOIUTIBKOBUX TPAH3UCTOPIB, MOAYJSTOPIB JIa3€pPHOTO BUIIPOMIHIOBAHHS,
1’ e30pe3oHaTopiB, Tomo. OQHAK, I MPAKTUYHOTO BUKOPUCTAHHS TaKUX IUIIBOK Y Pi3HUX
ramy3sx IPOMHUCIOBOCTI HEOOXiJHA ONTHUMI3alis iX CTPYKTypHUX, ONTHYHHUX 1
SIeKTPOI3MYHUX  XapPaKTEPUCTUK, SKi, B CBOIO 4YepPry, BHU3HAYAIOThCA  (Di3UKO-
TEXHOJIOTIYHUMH YMOBaMU HaHeceHHA. E(EeKTHBHUM MeTOJOM KepyBaHHsS ONTHYHUMH 1
CNIEKTPUYHIMH XapaKTEPUCTHKAaMH ZnSe € HOoro JeryBaHHS Pi3HOMAaHITHUMHU JOMIIIKAMHU.
JUis MOKpalleHHsT MPOBIAHOCTI CEJEHINy LHHKY, SKUM 3BUYallHO Mae€ JIEeKTPOHHUM THIl
MPOBITHOCTI, B MaTepiaj 3BUYAHO BBOASATH TaKy JAOMILIKY sK iHi# (IN), mpu iboMy sik 0yii0o
noka3aHo B [1] BoHa cyTTeBO mokpairye Gpi3uKo-XiMiYHUX BIACTHBOCTI TAHOT CIIONYKH.

MeTtoro jgaHOro JOCHIIKEHHS OyJl0 BHBYEHHS BIUIMBY JIETYBAHHS CEJIEHIY LUHKY
1H/11IEM Ha CTPYKTYpHI Ta ONTHYHI XapaKTEPUCTHKH IUIIBOK JJIi BU3HAYEHHS MOJKIJIMBOCTI iX
MOJJAJTBIIIONO BUKOPHCTAHHS y BUPOOHWIITBI AaKTHBHUX €JIEKTPOHHUX TNPHUCTPOIB, a came
¢doronerexTopiB. IImiBKM yucTOi Ta JleroBaHoi IN crmosnyku OynuM OTpUMaHI Ha CKISHUX
HEOPIEHTYIOUMX MJIKIAKaX METOJO0M TEPMIYHOTO BAKyyMHOTO BHUIAPyBAaHHS IMUXTH Yy
kBazizamMkHeHOMY 00’emi (K30). HaHeceHHs TOHKHMX IIapiB NPOBOAMIIOCS MPH PI3HUX
temrnepatypax migknanaku Ts = (373 — 873) K Ta crauniit remneparypi Bunapuuka 7. = 1073 K.
Yac BunapyBaHHs IUTIBOK te CKiIagaB 1 XBUIIMHY.

HocnimxenHs Mopdororii moBepxHI 3pa3KiB  IPOBOAMIOCS 3 BHUKOPUCTAHHAM
CKaHYI04Oro esleKTpoHHoro mikpockorny SEO-SEM Inspect S50-B. OnTuuHi XapakTepucTUKN
OTPUMAaHUX KOHJICHCATIB BHMBUAINCS 3 BHUKOPHUCTAHHSM JIBOIIPOMEHEBOTO CIIEKTPOMETpA
SPECORD plus 200 B giama3oni nosxuH xBuib Big 300 1o 900 HM. 3HIMauCs, K CIEKTPH
BIJIOMTTSI, TaK 1 CHEKTPH MPOITyCKaHHS CBITJIA.

3 BUKOPUCTAHHSM OTPUMAHMUX CHEKTPIB OylM pO3paxoBaHi CHEKTPU IOTIMHAHHSI
wIiBok ZnSe. B momansnioMy, /Ui BUSHAUCHHS IAPHHKA 3a00pOHEHOI 30HH MaTepially HaMu
OyayBamucs 3aJeKHOCTI B KoopAnHaTax Tayka. AHali3 oJep)KaHUX JaHUX CBIMYUTH, M0 Eg
CeJIeHI Ty IIMHKY, 3MIHIOEThCS B JTiana3oHi Bix 2,50 1o 2,67 eB. Lli 3HaUeHHS y3rO/KYIOThCS 3
JTepaTypHUMH TAaHUMH IS TUTIBOK ZnSe, BUTOTOBICHUX 1HITUMH METOaMHU.

3 MIKpo300pakeHb, OTPUMAHUX METOJOM E€JEKTPOHHOI MIKPOCKOIi, BHUIHO, IO
IUTIBKU ZnSe MaloTh OJJHOPIJIHY Ta IIUIbHY CTPYKTYPY 3 YITKO OKpecIeHUMH 3epHamu. Po3mip
3epHa cTraHoBUTH npubmmu3Ho 100 mm. Ha moBepxHi MmIiBOK He OyJnO BHUSBIEHO TaKHUX
nedexri, Ak TpiKHU 4u opH. CTPYKTYpHI Ta ONTHYHI XapaKTEPUCTUKU OJIEPKAHUX TUTIBOK
BI/IMOBI/IalOTh BUMOTaM, III0 BHCYBAIOTHCS /10 aKTHBHHX INApIB JETEKTOPIB, IIe¢ POOUTH iX
NEPCHEKTUBHUM MaTepiaioM I CTBOPEHHS €JIEKTPOHHUX TPUIIAJIiB.

[1] S.N. Moger, M.G. Mahesha, Thin Solid Films, 31, 139492 (2022).
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Electron transport in nano-sized metal layers under electromagnetic radiation are
subject of modern micro-, nanoelectronics and transparent electronics industries [1]. Metal
films are perspective as ohmic conductors with high optical transparency, both in the visible
and in infrared wavelengths. They can be used as transparent electronics conductors because
they have more stable temperature and structural properties compared to alternative materials
(ITO). Since thin metal layers can be both in continues and disperse phase (island structure)
state, their properties can change in a wide range of thickness. The transition thickness from
disperse to ohm conduction state is hamed critical percolation thickness dc. At the region of
critical transition, metal condensate exhibits abnormal optical and electricalproperties that can
be explained within the percolation model [2-3]. The controlled formation of silver’s nanosize
stable metallic films near percolation thicknesses dc will solve the problem of transparent
nanomaterials for electronics. By percolation threshold (d < 5-10 nm) metal condensate can
provide high ohm conductivity (c < 108 (2-m)™) and extremely high optical transparency
(T ~ 85-90%).

The Ag metal films with thickness 5 nm and 10 nm were deposited at 78 K on bare
glass substrate and glass substrate pre-coated with Ge underlayers with different range
thicknesses 0,1-1 nm appropriately. All preparations were conducted under high vacuum
condition (P ~ 10 "torr) under “quench condense” regime [1]. Mass thickness of Ag films was
controlled by the shift of quart oscillator resonance frequency. The resistance of the samples
under investigation was measured by the two-probe method using UT61E. Shimadzu UV-
3600 was used for transmittance T and reflectance R spectra analysis.

The transmittance size dependence analysis of Ag films (for 900 nm, 1000 nm, 1500
nm, and 1700 nm wavelengths) deposited on glass substrate pre-coated with Ge underlayers
with different mass thickness were showed. The value of percolation mass thickness dge for 5
nm Ag film is ~ 1,2 nm of Ge and for Ag samples of 10 nm, it’s ~ 0,83 nm of Ge thickness. It
was found that figure of merit of investigated silver films is size dependence curve with
maximum in the vicinity of percolation threshold. The absorption of Ag films also showed the
existence of maximum absorption near percolation threshold. It was found that for Ag 5 nm
film deposited on glass substrate the absorption at maximum is 0,52 for Ge underlayers
dce=0,8 nm at A = 440 nm and 0,56 for Ge underlayers dge=0,2 nm at A = 858 nm for Ag
films of 10 nm. We consider the higher concentration of isolated metal islands on substrate
surface, the higher concentration of electrons participate in plasmon resonance, which
increase absorption of dispersed metal film [3] near percolation thicknesses.

[1] R.1. Bihun, Z.V. Stasyuk, I.1. Syvorotka, V.M. Gavryluk, M.D. Buchkovs’ka,

B.P. Koman, D.S. Leonov, in: Metallophysics and Advanced Technologies, (2021), V. 43,
Nell, p. 1431-1441.

[2] P. Smilauer, in: Contemporary Physics, (1991), V. 32, Ne 2. p. 89-102.

[3] Houchao Zhang and others, in: Int. J. Extrem. Manuf, (2023), p. 1-50.
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PAJIIAIIHI EOEKTH B TEPMOXPOMHMUX
MOJIMEPHAX MIKPOKOMITO3UTAX HA OCHOBI
KPUCTAJIB [NH2(C2Hs)2]2CuCly
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BupoieHi 3 BOJHOTO pO3UMHY KpPUCTAIM AMETUIAMOHIIO TETPAXJIOPOKYIpaTy
[NH2(C2Hs)2].CuCls (DEACC) 3a3Har0Th YITKOTO CTPHOKOMOIIOHOTO TEPMOXPOMHOIO
¢dazoBoro nepexoxy npu 311 K (npu HarpiBaHHi), SIKHH CYIPOBOKYETHCS PI3KOIO 3MIHOIO
3a0apBJICHHS 3pa3Ka BiJl HACHYCHOT'O 3€JICHOTO N0 OJIiJ0-’KOBTOTO, TOB'SI3aHOTO 31 3MIHOIO
KoopauHalii 1ioHiB Miai. BucokoTemmepaTypHa ¢a3za XapaKTepH3yeTbCs CIIOTBOPEHUM
TeTpaePUYHUM OTOYCHHSM 10HA MiJli, TOAI K y HU3BKOTEMIIEpaTypHiil ¢a3i CHiBiCHYIOTH
TeTpaepuyHe Ta MIIOCKO-KBaapaTHe oToueHHs [1-3].

Hocnimxeno crektpu mnornuHaHHS —Mikpokpuctanie DEACC, BOynmoBanux y
MOJIICTUPOJIbHY MaTpUIl0. BUBUEHO BIUIMB HU3BKOCHEPTETUYHOTO X-BUIPOMIHIOBAHHS Ha
TEPMOXPOMHI BJIACTUBOCTI I[OTO MIKPOKOMIIO3UTA. BCTaHOBIEHO, IO e KOMIO3HT 13
cepenHiM po3MipoM MikpokpuctamiB 200 MKM Ma€e TEPMOXpPOMHI BJIACTUBOCTI, MOJIOHI 10
BJIACTUBOCTEH 00’€MHOr0 KpHCTaja, X04a HOro CTpUOKOMOMIOHUNH TEPMOXPOMHHUM (ha30BHi
nepexia 3MileHuH y 01K BUIIUX TEMIEpaTyp BITHOCHO 00’eMHOro Kpucrana. Lle 3mimeHHs
MOSICHIOETHCSI HAPY>KEHHSM, [0 BUHUKAE Ha MEXK1 PO3LUTY MiXK MOJTICTUPOIBHOIO MATPHUIICIO
Ta MIKpOKpHUCTaIOM. loHI3alliifHe BUIMPOMIHIOBAHHS BUKJIMKAE 3HAYHO TOMITHIII 3MIHU
TEPMOXPOMHUX BIACTUBOCTEH MIKPOKOMIIO3HUTIB MOPIBHSHO 3 MOHOKPHUCTAIOM TIiJ] BIUIUBOM
aHAJOTIYHUX J103 omnpomiHeHHs [4]. BrumB monsrae B HeTpUBIaNbHIA 3aJ€KHOCTI
TeMIIepaTypu TEPMOXPOMHOTO (a30BOro mepexoay, oTpuMaHoi 3 merenb ricrepesucy D(T),
B1J1 103U OIIPOMIHEHHSI.

IIpu manux po3ax X-BUIPOMIHIOBAHHS TeMmepaTypa (ha30BOro MEpexojy 3pOocTae
3aBASKM MeEXaHi3My, MOAI0OHOMY J0 MOHOKpHCTajga, a caMe: PO3pHMBOM Ta MepeOyI0BOIO
BOJHEBHUX 3B’A3KIB 32 YYacTIO aHIOHHHX TETpaeAPUYHHX KOMIUIEKCIB, 10 MPUBOAUTH 0
iXHBOI mMepedyJoBH 110 IUIOCKO-KBajpaTHOI ¢opmu. Ilpu nocsrHeHHI NEBHUX KPUTHYHHUX
3Ha4eHb JI03U ONPOMIHEHHs pafialliifHi 3MIHM CTalOTh HE3BOPOTHMMHU. BOHHM 3ymOBIieHI
HacamImepe], pO3pPUBOM XIMIYHHUX 3B’SI3KIB Ha MEXI pO3MOAULY MDK MaTpule Ta
MIKPOKPHUCTAJIOM, BHACTIZIOK YOTO TeMIepaTypa TEpPMOXPOMHOro (ha30BOro mepexoay
MOYMHAE 3HWKYBATHUCH.

[1] Bloomquist D. R., Pressprich M. R., Willett R. D. Thermochromism in copper (Il)
halide salts. 4. [(C2Hs)2NH2].CuCls, structure of the high-temperature phase and
physical characterization of its two phases. J. Am. Chem. Soc. 1988; 110 (22):7391-
7398.

[2] Kapustyanyk V. B., Korchak Yu. M. Thermochromic phase transition in
(NH2(C2Hs)2)2CuCls crystals. J. Appl. Spectrosc. 2000; 67 (6):1045-1049.

[3] Aldrich E. P.,Bussey K. A., Connell J. R., et al. Crystal structure of the thermochromic
bis (diethylammonium) tetrachloridocuprate (I1) complex. Acta Crystallogr. E
Crystallogr Commun. 2015; 72 (1): 40-43.

[4] Chornii Yu., Hrytsak A., Kapustianyk V. Radiochromic effect in the polymer
composites

based on [NH2(C2Hs)2].CuCls microcrystals. J. Phys. Studies. 2023 27(4) Art. 4701. 8p.
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Yuriy Eliyashevskyi?, Yuriy Kulyk!, Volodymyr Kapustianyk?
Ivan Franko National University of Lviv, Drahomanova Str., 50, Lviv, 79005,
Ukraine,
?Institute of High Pressure Physics PAS, 29/37, Sokolowska Str., 01-142,
Warsaw, Poland,
Danylo.Honchar@Inu.edu.ua

The semiconductor materials based on ZnO are considered as the best alternative to
indium tin oxide, since they are much cheaper and non-toxic [1]. For example, ZnO:Al films
possess the transmittance coefficient of approximately 90 % in a visible region and are almost
not inferior to ITO films by the value of resistivity (~ 10*% Ohm-cm) [1]. The numerous
companies around the world are involved into production of the transparent electrically
conductive ZnO-based oxides for the needs of electronics (for example, “TEL Solar” or
“NEXTECK?”). The transparent conductive ZnO-based oxides are usually obtained by doping
with group-1ll elements such as In, Al, Ga and Y. On the other hand, the number of
publications devoted to study of the properties of boron-doped zinc oxide films is not very
large . For the optimal application of ZnO:B films, it is necessary to have in-depth knowledge
and understanding of their structure, optical and electrical properties. Unfortunately, one can
hardly find any literature data concerning the optical properties of ZnO films with different
levels of boron doping obtained with a standard radio-frequency (RF) magnetron sputtering
technique.

The films of ZnO and ZnO:B (1 and 2 wt. % B) were obtained by RF magnetron
sputtering on the glass substrates without targeted heating. According to the ellipsometry
measurements data, the thickness of the films was about 0.6 um. The crystalline structure and
the absorption spectra of these films were investigated. No diffraction peaks which would be
associated with the presence of boron or its oxides in any of the investigated film were found.
The average crystallite sizes, the dislocation density and the microstrains in the films have
been calculated from the X-ray diffraction data.

We observed a blue shift of the absorption edge in ZnO:B films in respect of the
undoped one. On the basis of the optical absorption spectra of ZnO:B films there were
determined the approximate optical bandgaps: Eg ~ 3.24 eV, 3.28 eV and 3.38 eV
respectively for the boron concentrations 0, 1 and 2 wt. %. The concentration of free charge
carriers in ZnO:B films was found to be of the order of 10'° cm™. We demonstrate that the
blue shift of the fundamental absorption edge in the ZnO:B films with increasing of impurity
concentration is explained by the Burstein—Moss effect.

This work was done due to the supports of the Ministry of Education and Science of
Ukraine (Project No: 0123U101880) and Long-Term Funding by the Polish Academy of
Sciences and U.S. National Academy of Sciences
(Project No: PAN.BFB.S.BWZ.369.022.2023).

[1] M. Singh, F. Scotognella, Micromachines, 14, 536 (2023).
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BIIJIUB METOAUKHU OTPUMAHHSA HA
MATHITOPE3UCTHUBHI BJIACTHUBOCTI CUCTEMMA
[NigoFe20/SiO2]n/IT

Cepriii loaros-TI'opaiituyk, Baag ZKaboruncbkuii, Osexcanap
IMununenko, Ipuna Ilazyxa
CyMmchKuit AepkaBHUM yHIBepCHUTET, Byll. XapkiBcbka 116, M. Cymu, Ykpaina
e-mail: dolgov-gordijchuk.sergij@student.sumdu.edu.ua

Metoauka  ¢GOpMyBaHHS  HAHOPO3MIPHHMX  KOMITO3UTHHX  MarepiajiB  THUILY
bepomarniTauii-meran gienektpuk (FM-I) — ogun 3 kiar0o4oBHX (pakTOpiB, 10 BU3HAYAE X
MarHiTOTPAHCIIOPTHI ~ BJIIACTHBOCTI, OCKUIBKM TPUPOAA MArHITOPE3UCTHBHOTO e(EeKTy
CYTTEBUM YMHOM 3JICKUTh BiJl po3MipiB Ta ¢popMu (pepoMarHiTHUX YACTHHOK, iX 00 €MHOI
YaCTKM Ta IOUPUHU JICNEKTPUYHMX KaHamiB. Takok BaXIMBUM € TOW (akr, 1m0
caMoopraHizalisi I'paHy/JIbOBaHOTO CEPEJOBHIIA B IPOLECI POCTY IUIIBKOBHX KOMIIO3UTHHUX
MaTepialliB — JOCTaTHBO CKJIAJHUHU MpOIEC, KU CYTTEBUM YHMHOM 3aJICKHUTHh BiJ 0ararbox
TEXHOJIOTIYHUX HapaMeTpiB. 3 TOUKU 30py MPAKTHUUHOTO 3aCTOCYBAHHS IEpe]] JOCHiTHUKAMU
CTOITh 3ajaya 3MEHIICHHS pO3Mipy YaCTUHOK s 30UIbLIEHHS iX MIIJIBHOCTI, & TaKOX
JOCSITHEHHSI PIBHOMIPHOTO PO3MOJUTY (epOMarHiTHUX HAHOYACTUHOK JUIS KOHTPOIIO iX
BJIACTUBOCTEH.

Y poboTi MpoOBEAECHO AOCTIIKEHHS BIUIMBY METOAY MOIMIAPOBOi KOHACHCAIT s
OTpUMaHHS KOMIO3UTHUX MaTepianiB FM-| Ha iX MarHiTope3ucTHUBHI BIACTUBOCTI. 3 METOIO
BUpIIIICHHS TTOCTABJICHOI 3a/1a4i Oyu oTpuMani 1Bi cepii 3paskiB: 1) [NigoFe20(d)/SiO2(5)]s/TT
(d = 2-8 HM) — MeTO] OTPHMAHHS TONIAPOBE EIEKTPOHHO-IPOMEHEBE OCA/KCHHS Y BaKyyMi
(Tnck Tazis 3ammmkoBoi armochepu 107 Topp; 2) [NisoFe20(d)/SiO2(3)]10/T1 (d = 2-8 mm) —
METOA OTpuMaHHs mnomapoBe RF MarHerpoHHe po3nuieHHS (THCK Ta3iB 3aJMIIKOBOI
atMochepu
107 Topp; y mpolieci oca/KeHHsI KaMepy 3amoBHIOBaIu Al Tpu cranoMy THcKy 3 MmTopp).
JUis  BU3HA4YeHHs  BIUIMBY TepMOOOpOOKM 3pa3KiB Ha Xapakrep 1 BEIUYHUHY
MarHiTOpe3UCTUBHOTO e(eKTy, 3pa3ku 000X cepiil BianatroBanucs xo temnepatyp 7 = 400, 500,
600 Ta 700 K.

BcranoBneno, mo Juisi BCIX CBIKOCKOHACHCOBAHUX 3pa3KiB, HE3AJIEKHO Bl METOIY
OTpPUMaHHs, B IHTEpBaJi TOBHIMH IapiB ¢epomarnitHoro mapy d = 2-8 HM crocTepiraerbes
aHI30TPOMHUI XapakTep TMOJBOBUX 3aJIeKHOCTEN wmarHitoonopy (MO), wmakcumanbHe
3Ha4yeHHs sikoro ckiagano 0,15 %. IlpuumHoro Toro, mo BennunHu MO pocuth Mmaii, €
BelMKa Je(eKTHICTh mIapiB (EepOMarHiTHOrO marepiany Micis KOHJEHcallii, M0 MOXe
CIOPUYUHATH 3MEHIIeHHs iX HamarHideHocti. Ilicns BigmamoBanHs g0 500 K 3paskis,
OTPUMAHUX METOJIOM EJIEKTPOHHO-IIPOMEHEBOro ocamkeHHs, npu d = 3-5 HM BiOyBaeThCs
nepexil BiJ aHi30TPOMHOTO 10 i30TponmHoro MO, B TOM yac K JUIsl 3pa3KiB OTPUMaHUX
METOZIOM TIOIIAPOBOTO MAarHETPOHHOTO PO3MIJICHHS NaHWH IepexiJ CrocTepiraBcs Mpu
BiIMTTIOBaHHI 3pa3KiB 3 €(EeKTUBHHUMHU TOBIIMHAMH (epoMarHiTHOro marepiany d = 2-6 Hm
BXke 3a Temmneparypu BianamoBanas 400 K. 3a3Havennii mepexis CympoBOIKYETHCS 3MIHOIO
3HaKy MO3J0BKHBOIO MarHiroomnopy. IlpnunHo0 BUHUKHEHHS LbOTO MEPEXOJy € TOH (axT,
110 JOMIHYIOUYUM MEXaHI13MOM IPOBIAHOCTI CTa€ CHIH-3AJIEKHE TYHEITIOBAHHS HOCIIB 3apsay
Kpi3b JICNEKTPUYHI KaHWIM MDK (epoMarHiTHUMM HAHOYACTUHKAMH. Y  BHIAIKY
BHUCOKOTEeMITepaTypHoi TepMooOpoOku 3a 7= 700 K, i3orpomuuii xapakrep 3anexnocreii MO(B)
crioctepirases Tinbku s 3paskis cepii [NigoFe20(d)/SiO2(5)]s/T1 npu d = 5 uwm..
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OBTAINING MODIFIED LaossSro1sMnOs FOR CATHODE
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2V/.1. Vernadsky Institute of General and Inorganic Chemistry, National
Academy of Sciences of Ukraine, Kyiv, Ukraine
3Joint Educational and Scientific Laboratory of the Physics of Magnetic Films,
Vasyl Stefanyk Precarpathian National University, Ivano-Frankivsk, Ukraine

Solid-oxide fuel cells are efficient devices for the conversion of chemical to electrical
energy and a typical solid-oxide fuel cell consists of a solid electrolyte, cathode, and anode. In
the last few decades, considerable attention is drawn to works on obtaining and researching

perovskites based material for cathodes of fuel cells.

Therefore, La;—«xSrxMnQOz.5 is promising cathode materials for solid oxide and polymer
fuel cells due to their resistance to high temperatures and high electron/ion conductivity. In
the present study, a modified Pechini method was adopted to prepare LaossSro.1sMnO3

nanocrystals [1].
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Fig. 1.The diffractograms of Lao.ssSro.1sMnQO3
material, and model of Lao.gsSro.1sMnOscrystal
structure (view along the C axis) (insert)

According to experimental X-ray
diffraction data (Fig. 1), it was
established that Lao.ssSro.1sMnOs with a
perovskite structure has an orthorhombic
(Pnma) lattice. The model of the
Lao.gsSro1sMnOs crystal structure (view
along the A axis) shows that the Mn
cation is in an octahedral environment of
O2 anions. Therefore, La ions are located
between equally oriented octahedral
ones. The lattice constant of the
synthesized material is a= 5.5368 A, b =
5.5539A, a/b = 0.9969A, b/c=0.7166A
the volume Z = 4. According to X-ray
data, the density of the material is p =
6.54 g/cm?. The average size of coherent
scattering regions is 18.

[1] R. Del Toro, P. Herndndez, Y. Diaz, J.L. Materials Letters, 107, 231 (2013).

Funding: This work was funded by the NATO Partnerships and Cooperative Security
Committee in the framework of the Science for Peace and Security Programme (G6166).
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HEEKBI.]}A.:J“IEHTHICTI) MI)KATOMHOI CUJIOBOI
B3AEMOAII I II ITPOSB ITPHU ITPOBEJAEHI MO/JIEJIBHUX
PO3PAXYHKIB ®OHOHUX 3AJEXKHOCTEN KPUCTAJIIB
BaTiOs3

A. KopHeituyk, A.I'epacumenko, [.He6os1a
Y3KropoAchbKuil HalllOHANBHUN yHIBEpCUTET, ByI. [liaripHa, 46,
VYxkropon 88000, Ykpaina
e-mail: andrii.korneichuk@uzhnu.edu.ua

Cepen pi3HOBHUIIB y3arajabHEHOI CUMETPil KOHIIEMIIS HaIpOCTOPOBOi cumetpii [1] €
JOCUTHh 3pY4YHOIO 1 HarmsimHor mpu moOymoBi (3+d) MipHHUX Mojnenell Omucy CTPYKTypu
CKJIQJIHUX KPHUCTAJIIB Ta CUCTEM, 00’ €THAHUX €JMHOI0 METPUKOIO 1 MAacIITabOM (PYHKIIIT HOCIS
npoTtokpuctary. @opmyBanss (3+d) mipHOI METpUKH TPOTOKpUCTAITy 0a3yeTbcs Ha HOTO
BUIIIHA cUMeTpii Ta MOB’A3aHe 3 10AaTKOBUM d-MIpHHUM IIPOCTOPOM, IO J103BOJISIE IPOBOJUTH
OITUC peajbHUX 00 €KTIB (KPUCTAJIIB Ta CUCTEM) SIK IPUPOJIHHX (saxsaxsa) - Haarparok [2,3].
BukopuctaHHs NMOBHOI CyKYIHOCTI BEKTOPIB MOAYJALIT JJO3BOJSIE BU3HAYMTHU aMILTITYIU
MacoOBUX MOJYJSIMIMHUX (YHKIiIH 1 Ha iX OCHOBI 3reHEpPYBaTH y3arallbHEHY IUHAMIYHY
MaTpULI0 y BUIVIAAL CyNEepHo3uLii JUHAMIYHUX MAaTpULb IPOTOKPHCTALy, BU3HAYCHHUX Y
pi3HHX Toukax 30HH bpimmoena (3b), MoB’sA3aHMX BEKTOpaMH MOJIYJISMi, Ta MaTpHII
MacoBOro 30ypeHHs, 1110 ONMUCYETHCS aMILTITYAaMH MaCOBUX MOIYJISAIIHHUX (DYHKITIH.

Komno3uiiitHi 0cobauBOCTI peasizallii CKJIaJHUX KPUCTAIIB Ta CUCTEM 3a MEXaHI3MOM
3a[IOBHEHHSI aTOMAaMHU PI3HOTO COPTY Ta BaKaHCIsIMM, TPAHCIALIMHO €KBIBAJIEHTHUX MO3MIIIMH,
3a7aHuX 0a3MCOM MPOTOKPUCTAITY, OXOILIFOIOTHCS KOHIICTIIEI HAAMPOCTOPOBOI cuMeTpii [3].
JucnepciiiHi KpuBi ()OHOHHOTO CIEKTPY CKJIAJHUX KPHUCTATIB BU3HAYAIOTHCA SK PO3B’SI3KU
MaTPUYHOTO PIBHSHHS:

| Dop(K+0i)-0286p8ij- @%(i-j)dop | =0 (1)

ne Deg(k+Qi) - nuuamiuni Matpuii ogHoaTtoMHoro nporokpuctany (ITKT), BusHaveHi y
(k + i) Toukax 3b mst kpuctanga BaTiO3: (i=1,...,8) - B 6a3uci (2ax2ax2a), pi-j=pi(di, A*bij*)
- aMILTITYX MacoBOi MOJYIISIINHOI (DYHKIIIT, 3aaHi s BEKTOPiB Momymswii (0i — 0j), o, f —
X, Y, Z, K - XBUIbOBHIA BEKTOD, (i - BEKTOPH MOAYIALIT [2,3].

[Toka3zaHo, 1110 B 3aJI€KHOCTI BiJ BUOOPY €KBiAMCTAaHTHOrO [3,4] 1 HEEKBIIUCTAHTHOTO
HaOJMKEHHS JJI CUJIOBHUX MOCTIMHHUX On PO3paxoBaHi MOJAENbHI (POHOHHI CIIEKTPU KPUCTATIB
BaTiOs mo 3aoBiIbHO ONMUCYIOTh 3HAYEHHS EKCIEPHUMEHTAIbHUX IaHUX B LIEHTPI 30HH
Bbpimmoena (G(I')). B Toit ke 9ac po3paxyHKH B €KBIIMCTAHTHOMY HAOJIMKECHHS MTPUBOJSATH
10 He (I3UYHOTO M ATUKPATHOTO BUPOKEHHS B Toulli R (3HaueHHs Oinsg 25 TIn), sike
3HIMAETHCS TIPH MIEPEXO0/Il 10 HECKBIBAJICHTHOTO HAOIMKEHHS.

[1] T.Janssen, J. Phys. C: Solid State Phys 12, 5381, (1979).

[2] I. I. Nebola, A. F. lvanyas, V. YA. Kindrat, Sol. St. Phys., 35 (7), 18521866 (1993).T.
[3] I.I.Nebola, A.Ya.Shteyfan, V.1.Sidey, A.F.Katanytsia, I.P.Studenyak, I.M Shkyrta,
SPQEO, 21, 134, (2018).

[4]
https://maple.cloud/app/5753562177994752/Modeling+of+dispersions+of+phonon+spectra
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EJJEKTPOHHA CTPYKTYPA HAHOKJIACTEPIB (ZnO)12,
JIETOBAHUX ATOMAMM In, Al, Ga
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®di3nunuil hakynbTeT, JIbBIBChKUM HalllOHATBHUN (pakynbTeT iMeH1 IBaHa
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Ha croroguimHii aeHp, okcua IWHKY (ZnO) € OJHMM 13 HAWBaXIIMBIIINX
HAIBIPOBIIHUKIB [UIS PI3HUX 3aCTOCYBaHb Y HAHOIMPUCTPOSX 3aBISKH CBOIM YHIKaJIbHUM
BJIACTUBOCTSIM: IIMpoKa 3aboponeHa 30Ha (3,44 eB 3a 4,2 K), Benuka eHeprisi 3B’sI3Ky
excuToHiB (60 mMeB) 3a kiMHaTHOI TemmepaTypH, MPO30PICTh Y BUAMMIN 00JIaCTi CBITIIA,
HETOKCHYHICTh Ta OiocyMicHicTh. Kpim Toro, ZnO mae ongHe 3 HaibaraTmIUX CiMEWCTB
HAaHOCTPYKTYp Ha HOro OCHOBi, BKJIIOYAIOYM HAHOJIPOTH, HAHOTPYOKH, HAHOCTPIUKH,
HAHOKUJIbIIS, HAHOKJIACTEPH TOIIO. SIK BIiIOMO, JIeryBaHHS € BaXJIMBUM 1 e(EeKTUBHUM
METOZIOM JUIl TOKpallleHHs ONTHUYHUX, EJIEKTPUYHUX 1 CEHCOPHUX BIIACTHUBOCTEH
METaJIOKCUHUX HAIliBIIPOBIAHUKIB. Jleryrodi JOMIMIKH 3MiHIOIOTH BJIACTUBOCTI, 3MIHIOIOYH
CTPYKTYpPY €HEPTeTUYHHUX 30H 1 MOP(OJIOTiI0 METAJIOKCHIHOTO HAIMiBIPOBIIHHUKA.

Cepen mMPOKOrO pO3MAITTS HAHOCTPYKTYp (yIepeHONoiOHI HAaHOKIIACTEPH
MPUBEPTAIOTh yBary, OCKIJIbKM iXH1 YHIKaJdbHI BJIACTUBOCTI POOJATH iX HPUIATHUMH IS
PI3HHMX 3acTOCYBaHb, BKJIIOYarO4M (HOTOBOJIBTATUHI COHSAYHI €JIEMEHTH, ra3oBl JAaTUUKH 1
dorokarani3. [TonepenHi nocmiaKeHHs MOKa3ylOTh, 110 HaHOKIAacTepH (ZnO)12 € HAHOIIBIIT
CTaOUTHHOIO MOPOKHUCTOIO CTPYKTYPOIO JUIsl MaJIoro Kiiactepa 1 Oyiau YCHIITHO CHHTE30BaHi.
B wiit po60oTi MM mpencTaBiseMO pe3yiabTaTH PO3PaxXyHKIB CTPYKTYPHUX Ta €JIEKTPOHHUX
BilacTuBoCTeil HaHOKIacTepiB (ZNnO)12, eropanux atomamu In, Al ta Ga.

VYci po3paxyHKH, BKIIOYAIOYM ONTHMI3allil0 TE€OMETpii, €JIEKTPOHHI CHEKTpH i
PO3MOAIIN TYCTHHH CTaHiB, BHKOHAHI I YHCTHX 1 JieroBanux artomamu In, Al ta Ga
HaHokJacTepiB (Zn0)12 B mexxax DFT B nporpamuHomy maketi CASTEP. [Inist onrcy oOMiHHO-
KOpeJsLIHHOT eHeprii eleKTpoHHOi miacucreMu oOpano HaOmmwkeHHs GGA (PBE) 3
nonpaBkamu ['a60apna (GGA+U). Vci nmocnmimkyBaHi HaHOKIAcTepu Oy MOMIIIEHI B
KyOiuHy eqeMeHTapHy KoMipky posmipom 10 A, m06 yHUKHYTH Oyab-SKHX B3a€MOJii Mixk
HaOMMKYMMU  CyciiHIMU Kjactepamu. Ilapamerpu cTpykTypu Oyau pesakcoBaHi 3a
JIOTIOMOT'OF0 10HHOT ONTUMI3aIlii, 3aCTOCOBYIOYH e€(eKTUBHUN anTopuT™ bpoitnena-duerdepa-
[Nonndap6a-1lanHo.

CrnoyaTtky MU TIPOBEIM PO3PAaxXyHKH UIsS HelleroBaHoro HaHokmactepa (ZnO)io, ski
noKaszajy, 10 IIMpuHa 3a00pOHEHOI 30HM CTaHOBUTH 4,12 eB 1 mobpe y3romkyerbcs 3
MONepeAHIMU TEOPETUYHUMH JOCIII)KEHHSAMH, i€ BUKOPUCTOBYBaBcs (yHKkuioHan B3LYP.
JUiss TOMIIIKOBUX CTPYKTYP MU PO3IVISHYIH ITSITh PI3HUX MO3MIII PO3TalllyBaHHS aTOMIB
JOMIIIKH y CTPYKTYpi HaHokiactepa (ZnO)12: aToM AOMINIKH 3aMillleHHH aToMOM Zn; aToM
JOMIIIKY, 3amimeHuii atomoMm O; aTOM JOMILIKH, PO3TALIOBAaHUM HAaJ TOBEPXHEIO
YOTUPUKYTHHKA; aTOM JIOMIIIKH, PO3TAlIOBAaHWA HaJl MOBEPXHEI MIECTUKYTHHKA 1 aTOM
JIOMIIIKH, PO3TAIIOBAaHUI BCEpeHHI HaHOKIAcTepa. Bei mpoBesieHi po3paxyHKU MOKa3ylOTh,
o gonaBanHs atomis In, Al i Ga B cTpykrypy HaHokiactepa (ZnO)12 mpU3BOIUTH 10 3MIHU
CTPYKTYpPH KJIacTepa Ta eJIEKTPOHHOI'O CIEKTPY MOPIBHSAHO 3 YUCTOIO CTPYKTyporo. Ha ocHOBI
OTPUMAHUX pe3yJbTaTIB 0auuMMO, IO TaKl KJIACTEpPU MArOTh MEPCIEKTUBY 3aCTOCYBAHHA Yy
ONTOETICKTPOHHUX MPHUCTPOSX.
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JOCJLIKEHHSI MOP®OJIOI'I] HOBEPXHI TOHKUX
IUIIBOK ZnGa;04:Cr i1 ZnGax04:Mn
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Bopayn, Biktop Copokin
JIbBIBCHKUII HallIOHAJILHUN yHIBEpCUTET iMeHi [Bana ®PpaHka,
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3aBJSKM XOPOUIMM ONTUYHUM, AIEJIEKTPUYHUM Ta EKCILIyaTalliiHUM BIACTUBOCTSIM
TOHKI TUIIBKM Ha OCHOBI TajarTy LWHKY IIUPOKO 3aCTOCOBYIOTHCS B ONTOEJIEKTPOHII Ta
npunano0yyBaHHI, 30KpeMa, IIMPOKO BUKOPUCTOBYIOTHCS Y BAKYYMHUX (DJIyOPECIIEHTHUX Ta
MOJIbOBO-EMICIHHUX AMCIUIESX, Ta30BHX CEHCOpax Ta EJIEKTPOHHO-ONTHYHHX IPUCTPOSX.
BnacTuBOCTI OKCHAHMX TOHKHUX IUTIBOK MOXYTh 3MIHIOBATHCS 3aJIe)KHO B METOJIB iX
OTpPUMAaHHS, a TAKOX, BiJ MOJATBIINX TEXHOJOTIYHUX MPOLECIB, TAKUX SIK BBEJACHHS JOMIIIOK
Tta TepmooOpoOka. Tonki Bk ZnGax04:Cr ta ZnGax04:Mn TommHamu 0,4 —1,0 Mmxm
orpumyBanucs BU i0HHO-TUTa3MOBUM PO3MUICHHSM Ha aMOPHUX IMiJKIaKaX 3 IJIaBICHOTO
kBapity v-SiO2. BUXiIHOK CHPOBUHOIO JJIsl OJCP)KAHHS TOHKHX IUTIBOK Oysia CyMiIll OKCHIIB
ZnO Ta Gay03 crexiomerpuunoro ckinaxy mapku OCU (ocobmuBo uucti). Konnentpartis
aktuBatopa Cr¥* ta Mn®" cranosuna 1 mac. %. Ilicisi HaHeCEHHs IUTIBOK IIPOBOAMIACH iX
TepMoobpoOka B armocdepi nositps ipu 1000-1100 °C. Pentrenoaudpakiiifai 10CITiHKSHHS
IUTIBOK ~ TIOKa3aJll  HAsBHICTh MOJIKPUCTAIIYHOI CTPYKTypH. Mopdonoris mnoBepxHi
OTPUMaHMX TOHKHMX IUIIBOK JOCHKyBanaca 3 BHUKopucTaHHsIM ACM  Mikpockona
«INTEGRA TS-150», 300paxkeHHS MOBEpPXHI IUIIBOK PEECTPYBAIMCA y HAMIBKOHTAKHOMY
pexxumi. Jlocmimkenass mopdoiorii moBepxHi mpoBoawiock ans TiiBok ZnGa;04:Cr 6e3
TepMOOOPOOKH Ta BiANMaleHUX B aTMocdepi MOBITPs, a TaKOXK TOHKUX IIiBok ZnGaz04:Mn,
BIIIAJIEHUX B aTtMocdepi noBiTpsA. JlaHi aHali3yBajucs 3 MOBEPXHI PO3MIPOM 5 X 5 MKM.
OTpumaHi pe3ynbTaTH [OKa3ajiM, [0 3HAYEHHS CepelHbOi KBaJApaTHUHOI IIOPCTKOCTI
moBepxHi Juisi TOHKKX TUTBOK ZnGaz04:Cr 6e3 TepMo0oOpoOKH CTaHOBUTH 9,6 HM, JIJIS ITIBOK
ZnGa204:Cr, BignmaseHux B arMocdepl MOBITPS CIIOCTEPIraeTbCs 3MEHIIEHHS JIaHOTO
napamerpa, Skuii craHoBuTh 4,4 HM. g mriBok ZnGarOs:Mn micias TepmMooOpoOku B
aTMocdepi MOBITPs 3HAYEHHS CepeIHbOI KBaJAPAaTHUHOI MIOPCTKOCTI MOBEPXHI CTAHOBUTH 6,2
oM. JlocmimkenHns wmopdoiorii moBepxHi TOHKMX TuTiBOK ZnGax04:Cr ta ZnGa;04:Mn
MoKa3ajio, IO BiANAl TOHKUX IUIIBOK HPUBOIUTH A0 3MiHM Mop¢oJorii MoBepXHi
JOCTIKYBAaHUX 3pa3KiB 1, 1110 3HAYEHHS TEMIEPATypH BiJNAlTy € BAKIMBUM MapaMeTpoM JJist
3MIHU KPUCTAIIYHHUX BJIACTHUBOCTEH IUIIBOK rajaTy LUHKY.

Puc. 1. 3o6paxenns Mmopdoiorii moBepxHi TOHKUX TTBOK ZnGaz04:Mn micis
TEpMOOOPOOKH B aTMOC(epi MOBITPst. 300paskeHHs 8— JBOBUMIpPHE, O— TPUBUMIpHE.
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OCHOBHU OJEPKAHHS BYI'JIEHEBUX COPBEHTIB

A. Coatuc, C. Kinumkosuu, T. beapii, C.-B. CkienoBa, O. BuHHM4YYyK
[Ipukapnarcbkuii HalllOHATBHUHN yHIBepcuTeT iMeHi Bacuns Credanuka,
By llleBuenka, 57, IBano-®dpankisebk, 76018, Yipaina
andrii.soltys.22@pnu.edu.ua

3a CBO€I0 CTPYKTYpOIO aKTUBOBaHMM ByIJelb € HerpadiTOBUM BYIJIELIEBUM
MmarepianioM, Maibke Oyab-IKHI TakKui TBEpAUA MaTepial MOXKIHBO MEPETBOPUTH HA HBOTO.
TakuMm 4YmHOM, iICHYe O€3Jlid MOXJIMBUX CHPOBHHHHX MaTepialliB, TaKWX SK JICPECBHUHA,
JirHomenrono3Ha Oiomaca, Topd, JrHIH 1 BYrUUIs, SKI MOXHAa BHUKOPHCTOBYBATH JUIS
BUPOOHUIITBA AaKTUBOBaHOro Byriem. OpHak ICHYIOTh Jesiki oOMexeHHS. OCKiIbKU
AKTUBOBAHUH BYTJICIb € HEBIOPSAIKOBAHUM Ta 130TPOITHUM, CHPOBHHY HE MOKHA TPOITYCKATH
yepe3 piIkuid abo MCEeBAOPIAKUI CTaH, TaK SK TBEpAa CTPYKTypa Iparue 10 TpaHchopmarii B
YIIOPSIKOBaHY CTPYKTYPY.

Ha mnpaxkTtumi BuXiZHa CHpPOBHMHA € HEIOPOTMM MaTepialoM 3 BHUCOKMM BMICTOM
BYIJICLIO 1 HU3BKMM BMICTOM HEOPTaHIYHHMX PEYOBHH. BIacTHBOCTI MpOIYKTY 3aiexarb Bix
IPEKypCcopy, a OTXKe, Byrjelb Moke OyTH afanToBaHUN JJI NEeBHUX 3acToCyBaHb. KpiM Toro,
Ha BJIACTHBOCTI OTPUMAHOTO aKTHBOBAHOTO BYIJICIIO TAKOK 3HAYHOIO MipOIO BILIMBAE MPOIIEC
aKTUBAIl].

B 3aranpHOMYy BUMAIKy, MpOILIEC CHHTE3Y MaTepially MOKHA PO30MTH Ha TaKi eTamu:
MiArOTOBKa, KapOoHi3allis Ta akTUBallis (XimiuHa, TepMiuHa). KapOoHizamis - 1e TepMmidHa
Jierpajallisi BYIJIELIEBOIO MaTepiany (BYruUUIs, JIITHIHY, OEPEBHHM, IOJIMEpY TOIIO) B
1HepTHi aTMocdepi, A€ BiIOyBaeThcs MOBHA a00 YacTKOBA JeBOJIATHIII3ALIA cUpoBUHU. Ha
[OMY €Talll MounHae (popMyBaTuCs MIKpONOpHUCTa CTPYKTypa. Buxignuili Mmarepiai, 1o Mae
OpraHiyHy MaKpOMOJIEKYJSpPHY CTPYKTYpY, MiJl 4ac TepMiuHOi 0OpOOKM PO3KIANA€ThCS Ha
ra3onoJiOHy 4acTuHy, 6araty Ha BOJEHb, JIETKI BYTJIEBOJHI Ta CMOJH, 1 TBEpAY YacTHHY,
Oarary Ha Byrjenb. la3um 1 mapu, sKi NEpIIMMH BUIUIAIOTBCS 3 TBepAoi (pakuii, €
NEepBUHHUMM MpoaykTamu. [IponykT, oTpumaHuii Ha erami KapOoHi3allli, Mae€ JHIlIe
MOYaTKOBY MOPHUCTY CTPYKTYPY 1 HE MOXKe€ OYTH BHUKOPUCTaHMH SIK aJCOpPOEHT, SIKIIO Lis
MOpUCTa CTPYKTypa He Oyae MmocHieHa, mokpamieHa abo "aktuBoBana'. TepMiuHa akTHBAIlis
HOJISiTa€ B YAaCTKOBOMY OKHCIJIEHHI BYTJIELIO Maporo, BYIJIEKUCIUM ra3oM abo moBiTpsM. Lli
ra3u pearyroThb 3 aroMamH BYIJIELIO 1 BUJAJISIOTh YAaCTUHY MacH 3 BHYTPIIIHbOI MOBEPXHI
TBEPJOro TN, B MIKpOIOpax, IO 3apOKYIOThbCS, CTBOPIOIOUM J00pe pO3BUHEHMI
MIKpOTIOPUCTUI MaTepiall.

Tepmiuna axTuBalis 3a3BHuYail Ja€e ajcopOEHTH 3 CEPeIHBbOI0 1 BHCOKOIO
a7cOpOLIMHOIO 3/IaTHICTIO, CEPEAHIM PO3MOJLIIOM MIKPOMIOpP 3a pO3MIpoM 1 0€3 YTBOpPEHHS
Me3010p (3a BUHATKOM BHUIAJKIB BUCOKOI'O CTYNEHS BUTOPSHHS, KOJHU MIKPOIOPH MOXYTh
Oytu Benukoro posmipy). Ilpu aktuBarii gochopHOIO KHCIOTOIO YTBOPIOETHCS BYIJIELDH 3
BUIIIOIO a/ICOPOLIMHOI0 3/1aTHICTIO, HIXK NMPH TEPMIYHIM aKTWBaIlii, 1 MIMPIIMM PO3MOALTIOM
MIKpOTMOp 3a po3MipoM (HaBiTh y Jianma3oHl HU3BKUX ME30I0p), ToAl Ak mpu aktupauii KOH
YTBOPIOETHCS BY3bKOITOPUCTHI BYTJIELb 3 HA/I3BUYAIHO BY3bKMMH MiKpPOIIOpaMH.
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BIIJIMB IIVIASMOHHHUX 3BY/[?KEHb HA TIOT'JIMHAJIBHI

BJACTUBOCTI YIBTPATOHKHUX METAJIEBUX IIVIIBOK
HA JIEJEKTPUYHUX ITTIKIAIKAX

JManuno Yivepin
HarionaneHuii yHiBepCUTET «3amopi3bka Mol TeXHiKay, By, XKyKkoBcbkoro, 64,
69063 3anopixoks, Ykpaina, chicherindanylo@gmail.com

OcraHHIMH pOKaMHu BiOYBCS CTPIMKHN PO3BUTOK IIJIa3MOHIKH, 3YMOBJICHHUH THM,
cTaja BIJIOMOI0 CYTT€BAa 3aJEXKHICTh iX BIIACTHMBOCTEW BiJg po3MmipiB, ¢opmu Ta
JIENIEKTPUYHOTO OTOYCHHS METaJICBUX HAHOCTPYKTYp, Ha SIKHX BOHHM BijOyBawoThcsi. B
TAKOMY KOHTEKCTi, PpO3TJSHEMO MeTajieBi HAHOIUIIBKM, PpO3MIIIEHI Ha HiCNEKTPUIHHUX
MK KaX, @ TOYHIIIE BIUIMB TUIA3MOHHUX 30Y/KCHb Ha BIACTHBOCTI IIUX CTPYKTYP.

Jis mpuKiagy Bi3bMEMO CTPYKTYpY 3 IUTiBKoro Mg Ha minknanui Si [1]. Buznauenus
BIUIMBY IUIa3MOHHHX 30y/KCHb HA TOTJMHAIBHI BJIACTUBOCTI CTPYKTYPH OYJIO JOCIHIJIKEHO
cniektpockoniero BTpat eHeprii enektponiB (EELS). Pi3ni gami Oymo oTpumani npu
PO3CiOBaHHI 30HIYIOUMX EJEKTPOHIB IiJ] IEBHUMH 103a0CbOBUMH KyTamu Af. B pesymbraTi
MaeMO CIIEKTPU BTpaT C€HEprii eJIeKTpoHIB IuTiBKM Ha puc. 1. Koabopamu BiamoBigHO
MO3HAUYeH1 BIUIMBH TIOBEPXHEBHX IUIA3MOHIB (4epBOHE), 0araToroNfOCHUX IOBEPXHEBUX
mia3MoHiB ((ioseToBe), 00’€MHMX IJIa3MOHIB (3€JICHE) 1 TOPOrOBUX PE30HAHCIB (CHHE) Ha
CTIEKTPH TTOTIIMHAHHSI.

MornuHaHHA(og.norn.)

ST T 0 2 4
EHepria (eB)
a—Af=—4";0-A8=-2%B-A8 =4 ;T-AB =6 0— A0 = 12°;e— A = 14°
Pucynoxk 1 — ExciepuMmeHTaIbHI BUMIPIOBaHHS CIIEKTPIB IMOTJIMHAHHS TUTIBKU

I3 mporo cmigye, MmO TMIa3MOHHI 30YKEHHS Y METaJeBUX IUIBKaX CYTTEBO
MOCWIIOIOTh 1X TMOTJMHAIbHI BJIACTMBOCTI, IO IMOTEHLIHHO MO>XHAa BHUKOPUCTATH JUIS
TT1IBUIIICHHS] YyTIUBOCTI (POTOAETEKTOPIB, CEHCOPIB Ta €(PEKTUBHOCTI COHIYHUX €JIEMEHTIB.

[1] Xiaoguang Li, Ao Teng, Mustafa M Ozer, Jian Shen, Hanno H Weitering, Zhenyu Zhang,
New J. Phys., (2014), V. 16, 065014
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BIIJINB I30BAJIEHTHOI 3AMIHU KATIOHIB Bi HA
KATIOHHU Sm HA KPUCTAJIIYHY CTPYKTYPY TA
OIITUYHI BJIACTUBOCTI HAHOKOMITIO3UTIB HA
OCHOBI ®EPUTY BICMYTY

A. SlpemkeBu4, M. Pasies, €. Jleonenko, O. ®ecenko, I'. Mopo3oBchka
[acturyt dizuku HAH Ykpainu

HaiiGinpIn yHiKaTbHUMHU BJIACTUBOCTSAMHU (PEPUTIB BICMYTY € HAasIBHICTh Y HUX 3HAUHUX
MarHiTHHX Ta €JICKTPHYHUX BIIACTUBOCTEH MpH KiMHATHIM Temmeparypi. Ha choromHimrHii
J€Hb, [JJS TIOKpPAICHHS CETHETOCNEKTPUYHOI Ta MArHITOENEKTPUYHOI MOBEHIHKHU
HAHOKOMITO3UTIB Ha OCHOBI (JEpHUTIB BICMYTYy IMUPOKO BUBUYAIOTHCA €(DEKTH 3aMiHU KaTiOHIB
Bi karioHamMu IHIIUX PiAKO3EMEJIbHHUX EJIEMEHTIB 3 OJM3bKUM 10HHHUM PajiilycoM, MOJXIOHHM
TUTIOM 1 PO3MIPOM KpHCTATITIB Tomo [1]. ¥V poboTi mpencTaBieHO TOCTIIKEHHS BIUIHBY
jeryBaHHsl (epUTY BICMYTY HEBEIMKOIO KIJIBKICTIO KaTiOHIB Sm Ha KPUCTAIIYHY CTPYKTYpPY
Ta ONTHUYHI BJIACTUBOCTI HAHOKOMIIO3UTIB Ha 0CHOBI BiFeOs.

Pesynbratu [Y-cmektpockomii mokazanu, 1mo ¢eputu BiFeO3z Ta SmFeOs
XapaKTePU3yIOThCS KIACHYHUMH CIIEKTPAMHU YMCTUX PEUoBHH, a cMyru mpu 1072 i 812 cm?t
st BiFeOs moB’si3ani 3 popMyBaHHSIM OUIBII YUCTOI OAHOPIAHOI KpucTamiyHoi ¢aszu. s
SmFeOs croctepiraethes B obmacti 600 — 400 cm! mepekpurrs cmyr Fe-O i Sm-O. Ilpu
samimeri Bi Ha Sm B dpeput BiFeOs (Bi1xSmxFeOs) BinbOyBaroThes 3Minu B IY criekTpax, siki
noBsa3adi 3 TuM, mo Houn Sm>* (1,132 A) menmi 3a ionu Bi*" (1,365 A), Bracnizox woro
3MIHIOETHCSI CUHTOHISl Ta MapaMeTpH eJIeMEHTAapHOT KOMIPKHU 1 3MEHIIYEThCS BaJEHTHUH KyT
Fe-O-Fe. I3 cmekTpiB MOXHa NpPUIYCTUTH, IO (a30BHH Tepexin BiAOYBAETHCS MPH
3amimieHHi 15% Bi Ha Sm  (BiogsSmo,sFeO3), mo y3romkyerbcs 3 TEOPEeTHUHUMH
po3paxyHkamu (a30BHUX Jlarpam.

3rigHo 3 aHami3oM Teopii rpyn, uvctui mnopomok BiFeOs noBunen matu 13
aKTUBHMX KoJuBaidbHUX Moj Pamana (4A1 + 9E), 11 3 sxux Ham Bnanocs 3adikcysatu. [pu
BUKOpHUCTaHHI 3pa3kiB 3 SmFeOs Oyno BusBIeHO Bci 12 cMyr, IO € XapakTepHUMH AT
3pa3KiB, BHUMIPSHUX TpU KIMHATHIA Temneparypi. Hamm Oyno BiaMiueHO, L0 MpHU
MOCTYIOBOMY 3aMilieHHi atoMiB Bi y crpyktypi BiFeOs BinOyBaeTbcs riOpuan3aiis
paMaHiBCbKUX CMYT 3 iX MOCTYHNOBHUM YUIMPEHHSM IO Mipi 3pOCTaHHsS KOHIIEHTpAaIii aTOMIB
Sm. 30kpema, BiMiYa€eThCs, 110 CYTTEBHIA Tiepexif Bix cTpykrypu BiFeOs 1o crpykrypu Bis-
xOMxFeO3 BinOyBaeThes Npu KOHLEHTpawii Sm Ha piBHI 15-20%.

Pesynbratu  I4Y- Ta  PamaH-cnekTpockomii = y3rOUKYETbCS 3  TEOPETUYHO
3MO/IeTIbOBaHUMH (pa3oBUMHU aiarpamMu BiixSmxFeOs, mo oTpumaHi 3a BHKOPHCTaHHIM
MoOJIeJ1 YOTHUPHOX MIAIpaTok [2].

[1] A. Morozovska, O. Fesenko, A. Yaremkevich, T. Tsebrienko, O. Budnyk, L.
Wang, A. Semchenko, V. Sidski Appl. Nanoscience, 13, 7171 (2023)

[2] A. Morozovska, E. Eliseev, D. Chen, C. Nelson, S. Kalinin Phys. Rev. B, 99,
195440 (2019).
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EJEKTPOHHA CTPYKTYPA I'lbPUJHUX
OPI'AHIYHO-HEOPI'AHIYHHUX INTEPOBCBKITIB

Bojgoaumup JloopsincbKkuid, Muxaiijio OHUCBbKO,
Mapis KoBajienko, Ojier borupa
®di3uyHul (akynpTeT, JIbBIBChKHIM HaIllOHATLHUN (PpakyabTeT iIMeH1 IBaHa
®panka, Bya. Kupuna 1 Medonis,8 79005 JIsBiB, Ykpaina
oleh.bovhyra@Inu.edu.ua

['iOpuaHi OpraHiyHO-HEOpraHiYHI IEPOBCHKITH IPUBEPTAIOTH YyBary JOCIIIHHKIB
3aBISIKA CBOEMY HAJ3BHYAfHOMY MOTEHIialy B Traiy3i onto- Ta (oroenekrpoHiku. Lli
MaTepiaau MOE€JHYIOTh OpPraHiuyHI Ta HEOpPTraHiuHI KOMIIOHEHTH B KPUCTANIYHIN CTPYKTYpi,
JIEeMOHCTPYIOYH HU3KY MPUBAOIMBUX BIACTUBOCTEH, TAaKMX SIK €()eKTUBHE MOTIIMHAHHS CBITA,
BHUCOKa PYXJMBICTh HOCIIB 3apsily Ta MOMIpHI IIUPUHU 3a00POHEHO1 30HU. 3aBISKU UM
nepeBaraM TIOpUIHI TEPOBCHKITH PO3MIISAJAIOTHCSA SK 0araTtooOIIsgo4l KaHIUAATH IS
CTBOPEHHS BUCOKOC(PEKTUBHUX (POTOBOJIBTATYHMX €JIEMEHTIB, CBITJIOBUIIPOMIHIOIOYHX JIO/IB,
JaszepiB Ta POTOACTEKTOPIB.

['mnboke poO3yMiHHS ENEKTPOHHOI CTPYKTYpH IHMX MarepiayiB € KIYOBUM IS
PO3KPUTTS (PyHIAMEHTAIBHUX MEXaHi3MiB, LII0 BU3HAYAIOTh iX ONTOEJIEKTPOHHI BIACTHBOCTI.
JletanbHe BUBYCHHS PO3MOALIIB €JIEKTPOHHUX CTaHIB, BIUIUBY CIIiH-OPOIiTaIbHOT B3a€MOIIT Ta
nedopmariiii KpUCTaIiuHOI IPaTKU JO3BOJISIE HE JIMIIE MOSCHUTH CIIOCTEPEXKYBaH1 ABUILA, alle
W BIAKpPUBAE NUISIX JO PaIllOHATHHOTO AU3aliHy Ta ONTHUMI3allli HOBUX CKJIAJIB T1OpUIHUX
MEPOBCHKITIB JUIsl LUIBOBUX 3acCTOCyBaHb. KpiM TOro, po3yMiHHsI €JIEKTPOHHUX MPOIIECIB,
TaKMX $IK TeHepallis, TPAHCIOpPT Ta peKoMOiHallisl HOCIIB 3apsay, € KPUTHUYHUM IS
BUpILIEHHS Mmpo0ieM CcTabiIbHOCTI Ta Jerpajamii, M0 OOMEXYyHOTh KOMepIliiiHe
BIIPOBA/DKEHHSI LMX MarepianiB. ToMy BHUBYEHHS €JIEKTPOHHOI CTPYKTYpH TiOpUIHHUX
MOTEHI[iaTy B CYYaCHUX ONTOENEKTPOHHUX TEXHOJIOTISX.

Y mii poGOTI MpeacTaBIeHO pe3yabTaTh MEePIIONPUHIMITHOTO  JOCHIKEHHS
CTPYKTYPHHUX 1 €JICKTPOHHUX BiacTHBOCTEH KprcTaniunux nepoBcbkitiB CH3NH3Pb(l1—xBry)3
ta CH3NH3Pb(11-xClx)3 y pi3Hux kpucraniuaux dasax B Mexax Teopii QyHKIIOHATAa IYCTHHA
(DFT). Meroto TeopeTHyHOTO AOCIIIKEHHS OyJIo MPOaHaIi3yBaTH Ta MOPIBHATU CTPYKTYpHI
napaMeTpu OCHOBHOI'O CTaHy Ta MOBEJIHKY €JIEKTPOHHOIO CIIEKTPa OpraHiuHO-HEOPTaHIYHUX
MEPOBCHKITIB 3 BUKOPUCTAHHIM HaiocTynHimuXx MeTo1iB B Mexxax DFT, 30kpema MeToauku
i3 mompaBkamu ['a66apma (DFT+U). Onrtumizamiro reomMeTpii CTPYKTYpH Ta 30HHO-
E€HEepreTUyYHl po3paxyHku mpoBeaeHo B mnporpamHomy makeri CASTEP, nmns ioHHUX
MOTEHI[iaJliB BUKOPUCTAaHO yJbTpaM Kl TICeBIONMOTeHUIanu BaHaepOinbTa, eneKTpoHHI
CHEKTPHU Ta ONTHYHI BJIACTUBOCTI PO3PAaXOBaHI 3 BUKOPUCTAHHSAM pI3HUX HAOIMKEHb IS
OOMIHHO-KOpEJALIHHUX (PYHKIIOHATIB.

Y Bumagky BukopuctaHHs HaOmwkeHHS GGA-PBEsol+U 6yno nocsrayTo
HaAMKpaIoro y3ro/kKeHHs MDK TEOPETHUHHUMH Ta E€KCIIePHUMEHTAIbHUMH pe3yibTaTaMu. [3
3poctanHaM KoHneHtpanii Br ta Cl Bix 0.0 go 1.0 cnoctepiraemo 3MeHIIEHHsS NapaMeTpiB
IpaTKH, 3pOCTaHHS HMIMPUHM 3a00pOHEHOI 30HM Ta MIABHMILIEHHS CTAOUIBHOCTI KPUCTAIYHUX
CIIOJTYK, 110 MOSICHIOETHCS CHIIBHINIOW TiOpuau3aiieto p-craniB Br ta Cl i3 S-ctanamu Pb, y
nopiBHAHHI 13 craHamu | Sp. BcTaHOBIEHO TaKOX, IO BKIIOYEHHS /10 PO3PAXyHKY CIIiH-
opOiTaIbHOT B3a€EMO/IIT € BAXIIMBUM JJIsI OOYMCIICHHS €()EKTHBHUX Mac HOCIIB 3apsiy.
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TPUBOEJIEKTUYHI 'TEHEPATOPU HA OCHOBI
HAHOCTPYKTYPOBAHOI'O OKCHUAY HUHKY

Auina ®@egonenko?, Boaogumup Cyxos?, Cepriii [lerpymenxo®, ,Pyciaan
Cyxog?, Cepriii lykapos?®
aXapkiBchbkuil HarlioHambHUM yHiBepcuTeT iMeHi B.H. Kapazina, ®iznunuii
dakynbTeT, mwioma Ceoboau 4, Xapkin
bTechnical University of Liberec, Institute for Nanomaterials, Advanced
Technologies and Innovation, Department of Advanced Materials, 460 01
Liberec, Czech Republic, Serhii.Petrushenko@tul.cz

TpuboenexkTpuyHi HaHOreHepaTopu — MPHUCTPOi, MO 3JaTHI IEPETBOPIOBATH
MeXaHI4HEe TEPTS B €ICKTPUUHY €Heprito. BoHN MaloTh MEpCIEKTHBY BUKOPUCTAHHS Y PI3HUX
chepax KUTTS: MEAMIIMHA, EJIEeKTpOHiKa, 30ip AaHux. 3acTocyBaHHS (DYHKIIOHAIBHHUX
CTPYKTYp Ha OCHOBI HAaHOCTPYKTYPOBAaHOTO OKCHAY IIMHKY € IEPCIEKTUBHUM CIIOCOOOM
CTBOPEHHS TaKMX IPHCTPOiB, OJHAK Ha CBHOIOJHI 1€ HEIOCTaTHbO 3’SICOBAHO pOJIb
po3MipHOro (akTopa y MoBeAiHIlI HAHOCTPYKTYPOBAaHUX TPHOOTEHEPaTOPiB.

B poGori ©Oymo po3pobieHO Ta JOCHIIPKEHO JBa MPOTOTHUIM THYYKHX
TpUOOEIEKTPUYHUX HAHOTEHEPAaTOpPIB Ha OCHOBI HAHOCTPYKTypoBaHUX MacuBiB ZnO, mio
ocaypkeHo Ha ByrieneBy TkanuHy (CF). Byno cTBopeHo 3pa3ku 1BOX THIIIB. 3pa3KH MEPIIOro
tuny (CF/ZnO_nr) sieisiiin co6010 MacHB XaOTHYHO OPIEHTOBAHUX 3POCIINXCS HAHOCTPHIKHIB
ZnO, ropuHoto 1 MKM. B 3paszkax apyroro tumy (CF/ZnO_ns) dyHkunioHanbHuUit map 0ysio
npezcraBieHo HaHonmuctamu ZnO toBmuHOI0 20 MKM. J[1s1 oTpuMaHHs 3pa3KiB 000X cepiii
0yJ0 BUKOPHCTAHO METOJ aBTOMAaTU4YHOI IMOCIHIJOBHOI afcopOuii Ta peakiii 10HHOro Iapy
(SILAR), mo monsiraB y HAacCTYIHOMY: MiJKIaIKy 3aHYpIOBaIM BOTHHH PO3YHMH CYIb(ary
muHky (1 M Zns0,) ta (NH,OH), micng yoro npoMuBanu y rapsdiid BoJi Ta BOJAI KIMHATHOI
temneparypu. Llukinu moBToproBanu 25 pasiB. 3MiHY TUIY 3pa3ka 3a0€3Me4eHO HasBHICTIO
a00 BIJICYTHICTIO 3apOJIKOBOTO IIApy Ha MiAKiIaaii nepen mouyatkom SILAR.

Jlns OCHiJKEHHsT MOJIEKYJISIDHOTO CTaHy 3pas3KiB Oylo BHUKOpUCTaHO PamaHIBCBKY
CIIEKTPOCKOIIII0. MOpQOJIOTiIo Ta €JIEeMEHTHUHN CKJIaJl 3pa3KiB BUBYAIU METOJAMU CKaHYIOUYO1
€JIEKTPOHHOI MIKPOCKOIIT Ta €HeproJuciepciiHol peHTTeHIBChKOI CIIEKTPOCKOIii. 3HAUCHHS
TPUOOCTEKTPUYHOI HATIPYTH PEECTPYBAIUCS NMPH MPUKIIAJTaHHI MEXaHIYHOTO HaBaHTa)KEHHS
JI0 TUTIBOK, PO3MIIEHUX Ha Pi3HUX MiAKIaAKax (CKJIO, 1epeBO, MIHOMIACT).

ITokazano, mo wmetoxa SILAR nosBonsie crtBoproBatu Marepianu CF/ZnO, mio
BIIPI3HSIOTBCA 32  MOP(QOJIOTi€l0 Ta CKJIAZOM HAHOCTPYKTypoBaHux mapis  ZnO.
BceranoBneno, mo crpyktypa mapiB ZnO HalneXWuTh 10 TEKCaroHaJbHOI CHCTEMHU 3
IIPOCTOPOBOIO Ipynoro Cy,*(P6yme) 3 aBoMa (GOPMYILHUMM OJMHHUISAMM Ha €I€MEHTapHy
KOMIpPKY, Jie¢ yci aToMu 3aiiMatoTh (g, o3uIlii B 000X TUMax 3pa3kiB. MakcUMalbHI 3HAUE€HHS
HAIMpyT XOJIOCTOTO XOIy U, Ta TYCTUHH HaBEIACHOTO IMOBEPXHEBOTO 3apsay Om, OTPUMaHi B
po6oTi cTaHOBIATE Gm = 0.7 MKK/M? Ta Uoc = 15 B g CF/ZnO_nr, Ta om = 1.2 MKK/M? i Ugc =
30 B qnis CF/ZnO_ns. 3 oTpuMaHuX 3Hau€Hb BUAHO, 110 3pa3ok CF/ZnO_ns nmpossiisie kpaii
TpuboeneKTpuYHi BiacTuBOCTi, HiX MIiBkU CF/ZnO_nr. [Ipu Bunpo6oByBaHHAX y Mpec-TeCTi
3 M €IHAHHAM €JIEKTPUYHOIO PE3UCTHBHOIO HaBaHTaXeHHs, 3pa3ok 3 mapom CF/ZnO ns
HiATBEpAUB €(PEeKTUBHICTh BIACTUBOCTEH Ta moka3aB ais pesuctopa y 4.2 MOwM Buxiany
Hanpyry 3,6 B, ryctuny crpymy 1,42 MkA/cM? Ta rycTuHy HoTyxkHocTi 1.8 MkBT/cM?.
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AJICOPBUINHI TA MATHITOPE3UCTHUBHI
BJTACTUBOCTI IINIIBKOBUX MATEPIAJIIB HA OCHOBI
BOJIb®PAMY

Jlapuca Onnoasopens!, Isan Bypuk!?,
HNaniin Hazapenko?, Lniis Marsam?, €sren ®egyenko?,
JIroomup Pamkosennknii’, Ian Bopaeniok®

'Cymchkuii nepxkaBHuii yHiBEPCHTET, By XapkiBchka, 116, Cymu, Ykpaina,
40007,
’BCII «Knacuunnii paxosuii konemx CymIY» By Canosa, 39, Konoror,
Cymchka 00:1.,Ykpaina, 41615,
SIucruryt ¢isuxku HAH Ykpainu npocn. Hayku, 46, Kuis, Ykpaina, 03680
I.buryk@aph.sumdu.edu.ua

JocmipkeHHsT CIiHOBOT moyspu3aliii B TOHKMX IUTIBKAaX BOJb(pamMy Mae BaKIIMBE
3HA4YEHHS JUIsl PO3BUTKY HOBMX MAarHiTHUX MaTepiajliB Ta 3aCTOCYBaHb, TAKMX SK MarHiTHa
mam'siTb, CEHCOPM Ta KBaHTOBa 00poOka iH(opMarii. B3aemMo3B’s130k ancopOmiitHUX Ta
MarHiTOPE3UCTUBHUX BJIACTUBOCTEHl OOYMOBIIOE iX 3HAYHMH MOTEHLIAN II0AO0 PO3BUTKY
HOBHX TEXHOJIOTIH B Cy4acHii eleKTpoHimi. Sk BioMo ajcopOiist BigOyBaeThCs, KOJIH aTOMH
Yyl MOJIEKYJIM PEYOBMHM TIOTJIMHAIOThCS a00 aJre3yroThCsl MMOBEpXHE Martepiany. 3
ypaxyBaHHSIM HaHOMAcCIITaOHMX PO3MIpIB KPUCTAJITIB, aJCOpPOIIiiHI BJIACTUBOCTI ILIIBOK
BOJIb()paMy MOXKYTb BUSIBUTHUCS 3HAYHOIO MIpOIO BIZIMIHHUMM BiJl THX, III0 CIIOCTEPIraloThes B
MacUBHUX 3pa3kax (TUIaCTHH, CTPIUOK, TOI0). /IJiss HaHOKPHUCTAIIYHUX IUIIBOK BOJIb(pamy,
NoBepXHEBUH 00'eM cTae BaxJMBUM (HAaKTOPOM Y BM3HAYCHHI IXHIX aJcopOLiHHUX
BJIACTMBOCTEH. 3MEHILIEHHS PO3MIpPY 3€pEH MOX€E MPU3BOAUTU A0 30UIbIIEHHS MOTJIMHAIBHOI
MOBEPXHI MaTepiany, II0 B CBOK UYEpPry MOXke 30UIBIIUTH HMOro 3AaTHICTh 0 aacopOIii
PEUOBHUH 3 0TOUYHYOro cepenoBuia Kpim Toro, enekTpoHHI BIaCTUBOCTI HAHOKPUCTAIIYHUX
IUIIBOK BOJb()paMy TakoK MOXYTh BIUIMBATH Ha iXHi aacopOuiiiHi BmactuBocti [1-3].
Hanpuxknan, 3MiHU B €1EKTPOHHIN CTPYKTYpI, SIKI MOKYTh BUHHUKHYTH BHACHI/I0K KBaHTOBO-
pO3MipHUX €(]eKTiB, MOXYTh BIUIMHYTH Ha B3a€MOJIII0 MK aTOMaMU Ta MOJIEKYJIaMH
PEUOBHH.

Bonbdpam Ta fioro okcuan BiJoMi CBOEI0 BUCOKOIO TEIUIONPOBIIHICTIO 1 CTIMKICTIO 10
BUCOKHX TeMIlepaTyp, M0 poOUTh iX mNpuBaOIMBUMHU Juisi OararboX 3acTOCyBaHb B
enekTpoHili. OJHaK OCTaHHIMM POKaMHM 3pOCTAaE IHTEPEC O BUKOPHCTAHHS TaKMX MaTepialliB
B MIPUCTPOSIX CIIHTPOHIKHU Ta CHIHOBHUX TpaH3ucTOpiB. EdekT criHOBOI monspu3alii B TOHKHX
IUTIBKaX BOJb(pamy MNOB's3aHUI 3 MarHiTHOW aHizorpomieto [1]. Ile mMoke BrumBatu Ha
BJIACTMBOCTI CIIIHOBOT'O TPAHCIIOPTY B MaTepiai.

[Mopsim 3 muM B pobGoTi [2] Oynm mOCHiIKeHI OCOOJUBOCTI MarHITOPE3MCTUBHUX
BinactuBocTi miuactuH W(110), BukiukaHi aacopOLi€l0 BOJHIO MPH PI3HUX TeMIlepaTypax.
ABTopamu OyJI0 BCTaHOBJEHO 30UIBIICHHS IOBEPXHEBOIO PO3CIIOBAHHS EJEKTPOHIB
MIPOB1IHOCTI, CIIPUUMHEHE aJICOPOIIIEI0 MOHOIIAPY BOAHIO HA MOBEPXHI1 3pa3kiB (puc.l).

CunbpHUH 3B'I30K CHiH-0pOiTanbHOT B3aeMoaii 5d elNeKTpOHIB BUKIIHMKAE 3HAYHHUNA
1HTEepeC 1 crnpuse BUHUKHCHHIO CIIH-TIOB'SI3aHMX e(ekTiB. OJHUM 3 HaWIMEepPCHEeKTHBHININX
e(eKTiB € reHepailis CIIHOBHX CTPYMIB y MAaCHBHUX HEMarHiTHHX MarepiajaX 3 CHJIbHUM
CHIH-0pOITATLHUM 3B'SI3KOM, SIKI MOXYTh OyTH TIEPETBOPEHI B CTPYMH 3apsiay 3a JOIMOMOTOI0
CIIHOBOTO e(eKTy XoJuIa.
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Puc.1. MarnitopesuctuHi BnactuBoCti (HLn)
ToHKOi TiactuHku W(110), BUKIMKaHI aacopOIieto
BOJHIO MPHU PI3HUX TEMIEparypax IUIACTUHKH: 1 -
46K,2-98K,3-10,0K Ta4- 14,6 K. Pucynok
alanToBaHui 3 podoTH [2]
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[Topsia 3 UM mocipKeHHS TPoBiAHUX Sd OKCHIIB 3 PI3HOIO KIIBKICTIO 5d €eKTpOHIB
K e(pEeKTUBHUX T€HEpaToOpiB CIIHOBOTO CTPYMY JO3BOJISI€ BU3HAYMTH HAaWKpallll MaTepiasu
cepen cimeiictBa 5d OKCHIIB MEpeXiTHUX METaNiB 1 Kpaile 3po3yMiTH (Ii3UKYy CIIHOBOTO
CTpyMy, ToB's13aHO0TO 3 5d enekTponamu. OcoOIMBHIA IHTEpEC MPeICTaBisie OiIHAPHUH TIOKCH]T
Bonsdpamy WO2 3 BanenTrictio W*" (50%). WO, Bimomuii sk TapHuii NpOBiAHMK i Hagae
YyZOBY MOXIJIMBICTh BUBYATH T'€HEPAII0 CIIIHOBOTO CTpyMy. Bimomo, mo TepMoanHaMivHO
crabineHOI0 € (asza okcuay WOs y BamentHomy crami WO (5d°). Tomy Baxkmuso
KOHTpPOJIOBaTH (Ha30By CTaOUIBbHICTh MUIiBOK WO HNUISIXOM TOHKOTO HAJIAIITYBAaHHS YMOB
OKHMCHEHHsS. Y 3B'I3Ky 3 MM B po0oTi [1] Oyrno mpomemoHcTpoBaHo emitakciiuuii WO2 3
METaJIeBUMH BJIACTHBOCTSMH, IO JO3BOJMJIO BHPIIIMTH MUTAHHA TPO T€, Yd MOXYTb S5d
OKCHUJIM MEePEeXiTHUX METaTIB, BIAMIHHI BiJl OKCU/IB 3aji3a, OyTH e(peKTUBHUMHU I'eHEpaTOpaMu
CIIHOBOTO CTpyMy. ABTOpamMu poOOTH OYIIO TOCIIHPKEHO T'eHEpaIlil0 CIIIHOBOTO CTPyMy B
emitakciitnomy WO>, Bupomienomy Ha moBepxui Al2O3(001) nmpu kiMHaTHIH Temmepatypi,
OyJ0 BM3HAUYEHO ONTHUMAaJlbHI BIACTUBOCTI IUNBOK WO2 LUISIXOM BUBYEHHSI CTPYKTYpPHO-
(a30BOro ckiaay, MUTOMOTO ONOPY Ta €IEKTPOHHOI CTPYKTYPH.

[Mopsim um B poGoti [3] Hamu Oyi10 BCTaHOBIIEHO, IO MPH MIBUAKOCTI KOHACHCAIT
0,1 um/c Ta Temmeparypi migknanaku 400 K B ymoBax TexHosoriunoro Bakyymy ~107 Ila
yTBOproBanucs juie amop¢Hi miBku a-W. Ilicist IXHbOro TEpMIYHOTO BIANAIIOBAHHA [0
750 K B Bakyymi Oyno 3adikcoBaHo ¢opmyBanHs a-W+W30. Ile mnigTBepaxeHo
(dbopMyBaHHSIMH IHIIOTO KOHTpAacTy B aMOp(Hiil MaTpuii, SKi BIAMNOBIAaIOTh KyOluHIM (a3l
W:30. IMonanpiie 36inbieHHs Temneparypu miaknaaku 10 450 K ta mBuakocTi KOHAEH Al
o 1,5 am/c npusBoauTh 10 GopMyBaHHS HaHOKpucTamuHux miiBok OLIK-W 3 po3mipom
3epeH Bin 5 HM 10 10 HM. Ilicas Tepmiunoro BigmamtoBaHHS g0 750 K Takux 3paskiB B
YMOBaX TEXHOJOrIYHOIO BaKyyMy Ha e€JeKTpoHorpamax 3agikcoBaHO AupakiiiHi
MakcuMyMH Bix kpucrtamorpadiunux rronmua OIK-W + T'IK-W(C,0)x (X = 0,5) Takum
YUHOM BapilOBaHHSAM TEXHOJOTIYHUX MapaMeTpiB (OPMYIOTbCS IUIIBKM BH3HAYEHOTO
CTPYKTYPHO-()a30BOr0 CKIamay.

Sk Bigomo, Boib(paM HE € MAarHITHUM caM IO co0i, ajge MO)Ke 3MIHIOBAaTH CBOL
BJIACTUBOCTI depe3 aaAcopOIlifo ad0 TaHTEHIIaTbHY B3a€MOJII0 3 IHIIUMU MAarHITHUMHU
MaTepiajJaMi Ta MarHiTHUMHM cTpykTypamu. Ciif BIAMITUTH, IO IUTIBKOBI Marepiajii Ha
OCHOBI BOJIb()paMy MPOSIBIATH MarHITOONITUYHI BIACTUBOCTI 1 MOXKYTh OyTH BUKOPUCTAHI JUIs
CTBOPEHHS CEHCOPIB 1 MPUCTPOIB, K1 pearyroTh Ha 3MiHU MarHiTHUX IOJIB.

[1] K. Ueda, H. Fujii, T. Kida et al., APL Mater. 11, 061125 (2023).

[2]S.V. Sologub, 1.V. Bordenyu, O.V. Kanash et al., Semiconductor Physics, Quantum
Electronics & Optoelectronics. 19, 1, 52 (2016).

[3] I.P. Buryk, M.M. lIvashchenko, L.A. Sheshenia, Proceedings of the 4-rd International
Conference «Nanomaterials: Applications & Properties-2014», (Lviv, Ukraine, September
2014).
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HIERARCHY OF QUANTUM CORRELATIONS IN
CONTINUOUS-VARIABLE SYSTEMS

Haleema Sadia Qureshi
Department of Physics, Fatima Jinnah Women University, The Mall Rawalpindi
46000, Pakistan

We study interesting aspects of the quantum correlations, such as, quantum discord,
entanglement, steering, and Bell nonlocality, of two-mode Gaussian state (TMGS) for the
photons retrieved via various continuous-variable systems. We consider the initial modes
employed at the input of either pure or mixed two single-mode Gaussian states (TSMGSS).
We analyse the influences of the various system parameters on the quantum correlations, and
found that the quantum correlations satisfy a strict hierarchy relation, such that, quantum
discord 2 entanglement 2 steering 2 Bell non-locality, where X 2 Y means X is the superset
of Y, stating such that entangled states are a subset of states which exhibit discord, and a
superset of the steerable states.
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SAIVIYTAHICTD CIIIHY OAUHUIIA 3 IHIIUMUA
CHIHAMMU Y IT'PA®OBOMY CTAHI IJId YCIX
MOXJ/IMBUX ITIOYATKOBUX CTAHIB

KoJsiecauk Poctucinas
JIpBIBCHKHI HallIOHAILHUHN yHIBepcUTET iMeHi [Bana @panka, Gpi3nuHuit
dakynbTet, Kadeapa TeopeTHuHoi Pizuku iMeHi podecopa IBana Bakapuyka,
By Iparomanona 12, 79005, JIbBiB, YkpaiHa.
rst.koles@gmail.com

3HaiiicHo 3aruryTaHocTi cminy S = | 3 iHmmMMU cniHamu y TpagoBOMY CTaHi s
PI3HUX CTYIEHIB BY3Ja, @ TaKOX JUIs PI3HUX MOYATKOBUX CTaHIB. 3allsIyTaHOCTI 3HaiJieHO
BUKOPHUCTOBYIOUH eHTpomito (o Heiimana st crynenis By3na K = 1, 2, 3. Cryninb By3na K
= 1 MH yTBOPIOEMO 3a J0MOMOroi0 omneparopa eosortii Uiz = exp(iaS1*S2*) moxisBim Hium
Ha modvatkoBuid ctaH |yo> = [000...0>. CrymeHi By3Jia BUIIOTO MOPSJKY YTBOPIOEMO
N00yTKOM TOJIOHUX OmepaTopiB €BOJIOLIl, SKi yTBOPIOIOTh X-X 3B 30K ISl BiAMOBIIHUX
crmiiB. OCKUIBKH Taki OnepaTopy €BOJIONI] KOMYTYIOTh MK CO0OI0, TO II€ 03HAYaE, 10 MU
MO’KEMO [JisITH HUMU Ha TIOYaTKOBUH CTaH |yo> B JIOBUILHOMY TOPSJIKY.

BusBneno, mo Martpuis TyCTHHH ISl JTOCIIKYBAHOTO CIIiHY y TpadoBOMY CTaHi
3aBXKIU 3BOJAUTHCA JIO OJHAKOBOi (POpMH, HE3aIeXKHO Bif CTymeHs Bys3na. [loOymoBaHo
3aJIeKHICTh 3aIUTYTAaHOCTI BiJI IMapamMeTpa €BOJIIOMII Ui KOKHOTO CTYICHS By3ia. 3HAICHO
Cepe/IHIO 3allTyTaHICTh Ul YCIX CTYINEHIB By3/a Ta NOOYIOBAaHO 3aJIeXKHICTh CEPeAHbOT
3aIUTyTaHOCTI BiJ] CTYIICHSI By3JIa.
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QUANTIFYING THE ENTANGLEMENT OF RANK-2 MIXED
QUANTUM STATES WITH QUANTUM PROGRAMMING

N. A. Susulovska, Kh. P. Gnatenko
Professor Ivan Vakarchuk Department for Theoretical Physics,
Ivan Franko National University of Lviv,
12 Drahomanov St., Lviv, UA-79005, Ukraine
n.a.susulovska@gmail.com,
Khrystynagnatenko@gmail.com

Being a defining feature of quantum mechanics entanglement lies in the foundation of
quantum information domain allowing for unprecedented capabilities of quantum computers
and facilitating a range of quantum communication schemes for data transmission and
protection. Thus, quantifying the entanglement of the resource quantum states is a critical
task, and recently there have been many attempts to tackle it with the help of quantum
devices. The development of corresponding quantum programming methods remains an
active area of research. A straightforward way to approach this problem is by studying the
relationship between entanglement and some directly measurable observables, which gives
one an opportunity to estimate the entanglement on a quantum computer.

In the present study, we consider multiqubit rank-2 mixed states consisting of a set of
arbitrary pure states defined on the subspace spanned by vectors [0} [1)®¥ where N is a
number of qubits. For this specific class of mixed states, it was shown that the geometric
measure of entanglement of an arbitrary qubit with the remaining system is entirely
determined by the mean values of corresponding spin correlations [1]. Based on this
observation, we obtain an expression for the geometric measure of entanglement of the mixed
qguantum states under investigation. In addition, we consider special cases of rank-2 mixed
states prepared by mixing an arbitrary state from the given restricted subspace and one of the
Schrodinger cat states with equal probabilities. We prepare both pure states constituting the
mixed one and measure the required spin correlations on IBM’s quantum simulator Qiskit
Aer. In order to simulate a mixed state on a quantum device, the number of times we execute
each guantum circuit is set proportional to the corresponding mixing probability similarly as
was done in [2]. We obtain the geometric measure of entanglement of one qubit with the
others in such mixed states for different values of parameters determining an arbitrary state
present in the mixture with a quantum programming approach. We show that the geometric
measure of entanglement reaches its maximal value in the case when the arbitrary state in the
mixture coincides with the Schrddinger cat state it is mixed with and the resulting state is
pure.

[1] A.M. Frydryszak, M.l. Samar, V.M. Tkachuk, Eur. Phys. J. D, 71, 233 (2017).
[2] A.R. Kuzmak, V.M. Tkachuk, Eur. Phys. J. Plus, 136, 564 (2021).
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STUDIES OF EVOLUTION AND GEOMETRIC MEASURE
OF ENTANGLEMENT OF GRAPH STATES OF SPIN
SYSTEM WITH HEISENBERG INTERACTION

Sviatoslav Tymyk
Professor Ivan Vakarchuk Department for Theoretical Physics,
Ivan Franko National University of Lviv,
12 Drahomanov St., Lviv, UA-79005, Ukraine
xsvtsx@gmail.com

Entanglement is a critical resource in quantum communications and quantum
computing (see, for instance, [1, 2, 3]). Its calculation plays important role in quantum
information. Therefore, much attention has been devoted to studies of entanglement of
quantum states and its detecting on quantum computers.

In the present paper we investigate binary tree and cycle graph states of spin systems
generated by operator of evolution with Heisenberg Hamiltonian. We have found expression
that describes the evolution of the binary tree system with time and expressions for the
geometric measure of entanglement of a spin with other spins in the binary tree graph and
cycle graph states. The geometric measure of entanglement of a spin with other spins in the
binary tree graph state and cycle graph state was also quantified on the quantum computer
IBMQ Quito. The results obtained on the quantum computer are in fine agreement with
theoretical one.

[1] R. Horodecki, P. Horodecki, M. Horodecki, K. Horodecki, Rev. Mod. Phys. 81, 865
(2009).

[2] Kh. P. Gnatenko, V. M. Tkachuk, Phys. Lett. A 384, 126579 (2020).

[3] Gnatenko, K. P., Susulovska, N. A. (2022). Europhysics Letters, 136(4), 40003.
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MORPHOLOGICAL STUDIES OF SOLIDSOLUTIONS
(Ge2)1x(ZnSe)x

A.Sh.Razzokov
Urgench State University, Urgench, 14 Kh. Alimjan str., Uzbekistan.
e-mail: a.razzokov777@gmail.com

Graded-gap solid solutions make it possible to vary the basic electro physical and
photoelectric parameters of semiconductor materials within wide limits when changing their
chemical compositions [1,2]. However, morphological studies that determine the
photoelectric and electrophysical properties of (Gez)1x(ZnSe)x epitaxial layers have not been
sufficiently studied yet [3].

Defects and dislocations at the substrate-film interface serve as additional
recombination centers, which worsens the injection properties in homo- and heterojunctions
of the structure. In addition, they significantly reduce the separation coefficient of light-
generated electron-hole pairs in photoelectric converters. Therefore, the selection of
components and chemical compounds that form the necessary solid solutions is associated
with many parameters that must be taken into account: sufficient solubility of the components
in solvent at a given temperature; slight discrepancy between lattice parameters and thermal
expansion coefficients of crystal-forming chemical compounds and substrates, crystal
orientations, etc.

Crystalline perfect epitaxial layers (Gez)1x(ZnSe)x were grown from a limited tin
solution-melt with forced cooling (at a rate of 1-1.5 K/min) in the temperature range from
1023 K to 803 K on Ge(100) substrates, Ge(111), GaAs(100), GaAs(111). The resulting
epitaxial layers were single-crystalline and had a sphalerite-type lattice, which is confirmed
by XRD studies. Mutual substitution of components in the lattice did not lead to its noticeable
deformation.

Three-dimensional images of the surface of an epitaxial film (Gez)1«x(ZnSe)x, obtained
using an atomic force microscope, showed that a quantum dot with a width of 110 nm and a
height of 14 nm is formed in the surface layer. The forming quantum dots in the form of a
dipole are directed strictly in one direction, with the same slope, which indicates the
monocrystalline nature of the resulting epitaxial film.

According to experimental data, the dislocation density Np in grown semiconductor
solid solutions (Ge2)1«x(ZnSe)x depended on many technological parameters: growth
temperature, forced thorough cooling, orientation and cleanliness of substrates, type of
solvent. Therefore, in order to reduce the dislocation density, experiments were carried out at
different 7sc values. It was found that the lowest values of dislocation density
(Np=7-10+8-10* cm?) were recorded in epitaxial films at 7sc = 893 K.

[1] Wang Y. et al., Physical Chemistry Chemical Physics, (2013), p. 2912-2916.

[2] Huang W. et al., Journal of Physics and Chemistry of Solids. (2019), p. 41-45.

[3] A. S.Saidov, A.Sh.Razzakov, V.A.Risaeva, E.A.Koschanov.,Materials chemistry and
physics,( 2001), p.1-6.
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INSIGHTS INTO GLASSY FEATURES IN TCMX CRYSTALS:
CORRELATIONS, ANOMALIES, AND GRANATO’S
INTERSTITIALCY MODEL

Daria Szewczyk!?*, A. Jezowski', A.l. Krivchikov'?, J. LI. Tamarit?,
M.A. Ramos?
nstitute of Low Temperature and Structure Research PAS, Wroctaw, Poland
?Instituto Nicolas Cabrera (INC) & Universidad Auténoma de Madrid,
Madrid, Spain
3B. Verkin Institute for Low Temperature Physics and Engineering NASU,
Kharkiv, Ukraine
“Grup de Caracterizacié de Materials, Universitat Politécnica de Catalunya,
Barcelona, Catalonia, Spain
*d.szewczyk@intibs.pl

Our study presents detailed low-temperature specific heat experiments in three
different measuring setups for 2,4,5,6-tetrachloro-m-xylene (TCMX) crystals. As a result, we
observed that those quasiplanar molecular crystals of TCMX, possessing minimal disorder in
the P21/c structure, exhibit classical glassy features: namely a characteristic boson peak at
approximately 6.6 K, alongside a density of two-level systems at lower temperatures. When
comparing TCMX with similar molecular crystals like pentachlornitrobenzene (PCNB) [2]
and parachloronitrobenzene (p-CNB) [3], which also feature in-plane orientational disorder,
TCMX exhibited a stronger boson peak but a lower density of two-level systems. Notably, we
observed a lack of correlation between the occurrence of glassy features (two-level systems
and boson peak) and the number of available orientations in the molecule. Tentatively, we
attribute these differences to the more "symmetrical” molecular structure of TCMX, lacking
the NO- group and featuring only Cl and CHjs substitutions with very similar van der Waals
volumes. This symmetry potentially facilitates tunnelling jumps between energy landscape
minima. Thus, our data suggests that the effective density of two-level systems is influenced
more by the global distortion of medium-range order in the solid lattice than by isolated, non-
interacting tunnelling defects.

Conversely, we discovered a remarkable correlation between the temperature of the
boson peak (BP) and the atomic Debye temperature, aligning with Granato’s prediction
derived from the interstitialcy theory [4], where ®pat = 35Tgp. Furthermore, this correlation
holds not only for the three benzene derivatives studied but also for a series of other
molecular crystals, a previously unnoticed observation. We interpret these results as an
evidence of a direct relationship between the ubiquitous boson peak feature in partially
ordered crystals and their corresponding vibrational spectrum, with the boson peak emerging
as the focal point of the hybridization between quasilocalized vibrations and extended
phonons.

[1] M.A. Ramos, Low-Temperature and Vibrational Properties of Disordered Solids: A Half-
Century of “Anomalies” of Glasses World Scientific, London/Singapore, (2022).

[2] J.F. Gebbia, M.A. Ramos, D. Szewczyk, A. Jezowski, A. I. Krivchikov, Y.V. Horbatenko,
T. Guidi, F. J. Bermejo, J.LI. Tamarit, Phys. Rev. Lett. 119, 215506 (2017).

[3] K. Saito, H. Kobayashi, Y. Miyazaki, M. Sorai, Solid State Commun. 118, 611 (2001).

[4] A.V. Granato, Physica B: Condens.Matter 219-220, 270 (1996).
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STRUCTURE STABILITY AND ENERGY PROPERTIES OF
CADMIUM TELLURIDE CLUSTERS

Liliia Deval, Ihor Semkiv', Myron Rudysh?, Pavlo Shchepanskyi?,
Andrii Kashuba®
Lviv Polytechnic National University, 12 Bandera Str., 79013 Lviv, Ukraine
2Jan Dlugosz University in Czestochowa, 13/15 Armii Krajovej Al., 42-200
Czestochowa, Poland
3Ivan Franko National University of Lviv, 19 Dragomanov Str., 79000 Lviv,
Ukraine

Semiconductor materials are of great importance in technology development. In
particular, the materials of the A"BY! crystal group have applications such as solar cells, gas
sensors, photocatalysts, or quantum devices. This has led to extensive investigation of these
materials. The values of band gaps and some other optical properties of these compounds
make them especially interesting for solar cells. A good material for use as an absorber in a
solar cell must have band gap close to the range of the sun irradiation (~1.75-3 eV [1]). Bulk
cadmium telluride has a narrow direct optical band gap of approximately 1.44 eV [2] and a
high absorbance (above ~10° cm™). That is why the p-CdTe is used as a typical absorber for
solar cells.

In the present work, the results of the studies of the low-dimensional (ring and linear)
structures of the CdTe are analyzed. These results can help to understand the growth behavior
of the stable CdTe clusters in linear or ring structures.

The first-principle theoretical studies of the structure and electronic properties of the
CdnTen (n<10) clusters with linear and ring structures have been carried out using the
reliable techniques of density functional theory and known approximations. Based on these
calculations, the energy position of HOMO, LUMO, HOMO-LUMO gap, binding energy, and
electronegativity are obtained for the studied clusters. The decreasing tendency of the
HOMO-LUMO gap with increasing cluster size for linear structure is connected with the
overlapping of the s and d orbitals of the Cd atom with the p orbital of the Te atom. The
stability of CdTe clusters with the linear structure increases with size clusters increasing. The
most favorable linear-structure CdTe cluster sizes are n =6 and 9. The obtained values of the
HOMO-LUMO gaps for CdTe clusters with ring structure are much higher than
corresponding for linear-structure ones. If comparing linear and ring structures, the more
favorable structures are ring-type ones. The highest relative stability of CdTe clusters with
ring structure has corresponded to cases n = 3 and 5.

[1] J.M. Matxain, J.M. Mercero, J.E. Fowler, J.M. Ugalde, J. Am. Chem. Soc., 125, 9494-
9499 (2003).

[2] R. Petrus, H. lichuk, A. Kashuba, I. Semkiv, E. Zmiiovska, Funct. Mater., 27, 342-347
(2020).
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JIFOMIHECTIEHIII B KPUCTAJI BOJb®PAMATY
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B miit po6oTi O0yiio mpoBeaeHO MOCIiHKEHHS TePMOCTUMYIHLOBAHOI JTIOMIHECIICHITIT B
KOMIUIEKCI 3 aHali30M KPHUBHUX 3aracaHHs CUUHTWIALIN y HOMIHAJIbHO YHMCTOMY KpHUCTai
CaWOQ4, BupomeHoMy MetogoM Yoxpanschkoro. Ha KpuBiii TepMOCTHMYITbOBAHOI
moMminecueHuii (TCJI) Bonbdpamary Kambllito, OTpUMaHiil Micias ONpoOMiHEHHS 3pa3ka X-
BunpomiHioBaHasM nipu 77 K, BusiBineno 3 miku: npu 160, 220 ta 308 K (Puc.1). Makcumym
npu 160 K MOXHA TOSICHUTH TEPMIYHMM pPO3IAJIOM aBTOJIOKaMi30BaHUX HIpoK (Vk-IIeHTpiB
(WO4)2*), mo miATBepIKyeThCS HASBHICTIO TAKOTO K TIiKa B KPUCTAJIaX TPYHH BOIb(ppaMaTis
3 3araipHO0 (popmynoro AWOs4 (A= Ca, Zn, Ba, Mg, Cd, Pb) [1-3]. IHTeHCHBHICTh mMiKa
moMinectieHIii mpu 308 K mBHIKO 3HMKYEThCA 31 3pOCTaHHSAM TeMmieparypu. Taka
MOBE/IIHKA Y HOMIHAJIbHO YHUCTOMY KpHUCTalll BOJb(pamary Kalbllil0 OYEBUAHO CIIPUYMHEHA
HEKOHTPOJIBOBAHOIO  MOHOBAJICHTHOIO  JOMINIKOIO, KA CTAa€ HECTAOUIBHOIO  IpH
TeMmeparypax, sumux 3a 220 K.

OTtpumani 3HaUEHHS Yacy 3aracaHHs T JJIs pi3HUX KOMIOHEeHT cuuHTHisAmiin CaWO4
micis ompomiHeHHsS i3oTomoM 2Am (Puc.2). 30kpema, KOMIOHEHTH 3 KOPOTKHM 9acoM
3aracaHHs (11 = 3 £ 0,2 mxc Ta 12 = 10,25 + 0,2 MKC) pO3MIAJAIOTHCSA SIK OCHOBHI Ta
TIOSICHIOIOTECSA TIEPEXOfaMi y 37e(OpMOBAaHUX TeTpaeapuunux Kommiaekcax (WO4)% 3
cumerpiero Coy. OTpuMaHi pe3yabTaTH € BAXIMBUMHE IS TIOJAIBIIOT0 BUBYCHHS KPHUCTATIB
CaWOy4 sik MOTEHIIIHIX CIIUHTHIIATOPIB JIsI KPIOT€HHUX JI€TEKTOPIB.
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Puc.l TCJI kpucrana CaWOs4 micns X- Puc. 2 Kpusi 3aracaHHs CUUHTWIALIA B
ompomiHeHHs mnpu 77K Ta mBuakocti kpuctami CaWOs mpu 30ymKeHHI anbda-
narpiBanus 0,1 K/c. YacTHHKAMH i30Toma 2*1Am.

[1] R. Grasser, A. Scharmann, K.-R. Strack, Journal of Luminescence 27, 263 (1982).
[2] L. L. Nagornaya et al., IEEE Transactions on Nuclear Science 56, 2513 (2009).
[3] Z. Kowalski et al., Radiation Measurements 118, 1 (2018).
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CALCULATION OF ELECTRONIC STRUCTURE AND
PHYSICAL PROPERTIES FOR N2P2Xs (N = Sn, Mn; X=S, Se)
COMPOUNDS

V.Yu. Klevets!, N.D. Savchenko?, V.Yu. Bihanych?!, A.G. Slivkal,
I.1. Haysak®, A.l. Susla !, Y.I. Cheipesh?
1Uzhhorod National University, 88000, Uzhhorod, Voloshin Str., 54, Ukraine,
klevetsvyu@gmail.com
?Instituut-Lorentz, Leiden University, Niels Bohrweg 2, 2333 CA Leiden, The
Netherlands

The aim of this work is to calculate the electronic structure and physical parameters of
the ternary compounds N2P2Xe (N = Mn, Sn, X=S, Se). The following basic physical
properties have been calculated: the energy band gap, electronic affinity, mechanical modules,
dielectric and magnetic susceptibilities, some non-linear properties and vibrational frequency
spectrum. The effect of the surface electronic states and surface oxidation has been analyzed.

The calculated approach is based on the theoretical works by W.A. Harrison [1], that
is method of linear combination of atomic orbitals and pseudopotential method. In the
approach the concept of bond polarity is different from bond polarity definitions introduced
by L. Pauling and by J.C. Phillips. In particular, for binary and ternary compounds it has been
used to study the energy parameters of cubic crystals [2] and chalcogenide vitreous
semiconductors [3, 4]. We have used theoretical approach developed by W.A. Harrison [1]
and applied by us earlier to the calculation of electronic structure and properties for binary
and ternary compounds of the type under investigation [5-7].

Hartree-Fock atomic terms were utilized to construct energy band diagrams. To
determine the physical properties of ternary compounds, the values for atomic pairs were
directly summed. The influence of internuclear distances on physical properties was analyzed.
Adjustments were made to account for the impact of chemical bond polarity on metallic bond
energy, spin-orbit interaction, the d-states effect on the valence band offset, and intra-atomic
Coulomb repulsion energy. The energy levels of hybrid states associated with Sn and Mn
dangling bonds on various crystallographic planes were established. The energy levels of
surface electronic states were determined based on the concept of surface reconstruction.

[1] Harrison W.A. Elementary Electronic Structure.— New Jersey, London, Singapore,
Shanghai, Hong Kong, Taipei, Chennai: World Scientific Publishing Co., 2004. —
838 p.

[2] Litovchenko V.G. Ukr. J. Phys. — 2005. — Vol. 50, N 10. — P. 1175-1182.

[3] Shchurova T., Savchenko N., Kondrat A. et al. Photoelectronics. — 2008. — Vol. 17. —
P. 104-107.

[4] Savchenko N.D., Shchurova T.N., Opachko LI., et al, Xiwis, ¢izuxa ma mexnonocis
nosepxui, 2011, T. 2, Ne 3, C. 249-252.

[5] Kneseus B.1O., CaBuenko M /1., Illyposa T.M., Ta in., Uzhhorod Univ. Scie. Herald. Ser.
Phys., 2012, Issue 31, P. 55-60.

[6] KneBens B.YO., CaBuenko M./I., llyposa T.M., Ta iH., Ximis, ¢hisuxa ma mexnonocis
nosepxui, 2012, T. 3, Ne 3, C. 241-245

[7] Klevets V.Yu., Savchenko N.D., Shchurova T.N., et al, Functional Materials, 2013, T. 20,
Ne 1, C. 97-102.

[8] Zamaraite 1., Svirskas S., et al. Dielectric, pyroelectric and ferroelectric properties of
lead-doped Sn2P2S6 crystals. Phase Transitions, 2019, v. 92, p. 500-507.

[9] Glukhov K., Fedyo K., Banys J., Vysochanskii Y. Electronic Structure and Phase
Transition in Ferroelectic Sn2P2S6 Crystal. Int. J. Mol. Sci. 2012.
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EJIEKTPUYHI ABUIIA B IVIIBKAX CITIOJIYK
HA OCHOBI Gd i Sc

IO0piii I'onuap, Bikrop IIpucskHIOK
JIHY im. IBana ®panka, Gpi3uuHuil GakynbTerT,

viktor.prysyazhnyuk@Inu.edu.ua

Tonki mniBku OiHapaux cnoiyk cucreM Gd-Fe i1 ScCu orpumyBamum meTogoMm
TEPMIYHOTO BUIIAPOBYBAHHS y BaKyyMi MOJIKPUCTAIIYHOI IIMXTH BIIMOBITHOTO cKiaamy. Jlus
MPOBEJICHHS ENEKTPOPIZUYHUX JOCHIIPKeHb IUIIBKH Oyau KOHJCHCOBaHI Ha CHTAJIOBI
nigkaaaky 3 TouwmHOW Big 1000 mo 2000 A. ToBumIMHY TUIIBOK BHU3HAYAIH 32 JOIIOMOTOIO
ontu4HOro iHTephepomerpa. Temmeparypa migkiIagok 3miHoBasach B Mexax 300-500 K.
BuMipioBaHHS IUTOMOrO €JIEKTPOONOpY Ta TEPMO-€pC IMPOBOAWINCH Yy CHELiaJbHO
CKOHCTpYHOBaHOMY KpioctaTi Ha 0a3i ycranoBku BVII-5. Jlyisg mocmigkKeHHS TpPOIECiB
CTapiHHSA BCl IUIIBKM MHOBTOPHO JOCTIIKYBJIUCH 4epe3 3 POKU MICHs MEepUIoro eramy
BUMIpIOBaHb [1].

Hamu opepkaHO TemmepaTypHI 3aJ€KHOCTI HMUTOMOIO €JIEKTPOONopy aMOppHUX
wiiBok cucteM Gd-Fe i Sc-Cu. B 3aiexxHOCTI Biji METOIB OTPUMAaHHS (TepMivyHE HAIUICHHS,
MarHeTpOHHE PO3MMJIEHHS) 1 YMOB OCaPKEHHsS (TemmepaTypa MiJIKIaJKH) OTPUMYBAIUCH
amop¢Hi, HamiBaMOppHI Ta KPUCTAJIIYHI IUIIBKM TOBIIUHOK Topsaky 100 HM (HasBHICTH
amMmophHOI CTPYKTYpH MIiATBEPIKYBajlach eNeKTpOoHOTrpadiyHO) 3 PI3HUMH XapaKTepamu
TEMIIEPaTypPHUX 3aJIKHOCTEH MTHTOMOTO €JIEKTPOONopy; B OJHHMX BHUIMAAKaxXx M€ Oymu
HaMiBIPOBIIHUKOBI 3aJIE)KHOCTI, B IHIIMX — MeTaleBl. A B JEIKMX BHIIaJKaX criocTepiraiacs
3MiHa XapakTepy TeMIEepaTypHUX 3alIexHOCTEN enekTpoonopy (MoBa ife npo miiBku ScCu4
OTpMMaHi MarHETPOHHUM PO3NUIICHHS IpU Temrepatypi mijakiaaaku S00K).

Jani pakT MOXKHA TMMOSICHUTH BUXOJISYH 3 YSBJICHB PO Kopesnito Myimxki [2]. Mosa
ine mpo Toil dakr, mo Bci aMOpdHI MeTald MOXHa PO3IUIMTH Ha JBi rpynu. o mepiuoi
IPyNH BIJHOCATHCS METallM, €JIEKTPOOIIp SIKUX 3pOCTa€ MpH 3pOCTaHHI Temmeparypu. Lle
METaJu 3 BIJIHOCHO HHU3BKUM eJeKTpoornopoM. Jlo IHIIOI Tpymu BiIHOCATHCS MeETalId
€JIEKTPOOITIp SKUX 3MEHIIYETbCSI TNPU 3POCTAHHI TeMIEpaTypu. Mexe MK HUMHU €
enextpoornip nopsaaky 150-200 MxOM cM. [ MOsICHEHHS! 3MEHIIEHHS IMUTOMOIO ONopy 3
TEMIIepaTyporo, SIKE CIOCTEPIracThcsi B aMOp(OHUX MeTanax BUKOPUCTOBYIOTHCS YSBICHHS
npo n1u¢y3iiHuNA XapakTep eIeKTPONPOBIIHOCTI B HAOIMKEHHI CHIIBHOTO 3B'A3KY.

[1] Mpucsokaioxk B.I. BrumB mporeciB cTapiHHS Ha CTPYKTypy Ta (i3W4HI BIaCTHBOCTI
amop¢uux tiiBok cucremu Gd-Fe / Ilpucsokarok B.1., Mukonaituyk O.I'. // CtpykrypHa
penakcailist B TBepAuX Tutax: matepiainu 1V MixHaponHOT HayK.-lIpakT. KoHG., —BiHHMULS, —
2012. —C.146.

[2] M.1. 3axapenko, M. I1. Cemenbko, Meranodiznuka Ta HOBITHI TexHoorii, 29, Ne 12:

1547 (2003).
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INOBYJIOBA KPUCTA/IIYHUX CTPYKTYP TA
MOJIEJJIOBAHHS BJACTUBOCTEM CIOJIYK
CUCTEM Gd-Fe TA Sc-Cu.

IBanbo Anapiii, Bikrop Ilpucszkaiok
JIHY im. IBana ®panka, Qpizuyauii GpaxkyabTeT,
viktor.prysyazhnyuk@Inu.edu.ua

3a nonomoroto komi toteproi nporpamu PowderCell 6yno moGynoBano enementapHi
komipku croayk GdFe; GdFes GdsFezs GdFes GdaFe17 GdFei2 ScCu, ScCuz, ScCus. Takosxk
Oy70 3MOJCMIOBAIO  JUGPPAKTOTPAMU  BIAMOBIAHUX  CIOJNYK, SKi  IOPIBHIOBAJIHUCS
JudpakrorpaMaMy OTPUMaHUMM BiJ pealbHUX cnoiayk. Ha ocHoBi nux pnanux Oyio
MPOBEICHO CTPYKTYPHI JOCITIKEHHS TUTIBOK IIUX CIIOJYK.

Konnencatn oTpuMyBagM  METOJOM TEPMIYHOIO HANMJICHHA NpU  PI3HUX
temrepatypax NaCl-migkianok, a moTiM mmijgaBaanch TEMIIEPATYpPHOMY BIUIMBY B KOJIOHI
Mikpockomy. Temmeparypa migkiagok 3MiHoBamack B Mexax 300-500 K, a mexi
TemreparypHoro BmiauBy Ha IUiiBkM cTtaHoBwin 300-800 K. CrpykTypHi IoCHiIKeHHs
MIPOBOMIIMCE 32 JIOMTOMOT'OI0 €JICKTPOHHOT0 Mikpockony YEMB-100K.

Enextponorpadiuni mgocmimkenHs 1IiBoK cnonyku (GdoFeir7, ocamkeHux mpu
T,=300 K, mokazanu, mo mpu Takux yMoBax (OPMYIOThCS CTilKi aMOp(HI KOHICHCATH.
BcranoBieno, 1m0 TepMiuyHMI Bigmaql TakMX IUTIBOK HPUBOAUTH 110 (OpMYBaHHSA
NoJIIKpUCTaIiyHOi cTpykTypu 3 ¢aszamu a-Fe 1 GdeFezs B ocHosi. IlepBuHHOI0O da3zoro
KpHCTati3allii € Kpucranitu a-Fe.

[ligBuIeHHsS TeMIepaTypy MIAKIaJAKH MPUBOAMUTD 10 MOSIBU MOJIKPUCTAIIYHOI (a3u.
Po3mm¢poBka enekTpoHorpam Mnokasaia, 1o MoJiKpUcTaliuHa YacTHHA IUTIBOK CKJIAaa€eThCs
i3 Tppox (a3. 3okpema, ne crnonyka GdzaFe17 (ctpykrypuuii tunm ThoNiiz), conyka Gd2Felr
(ctpyktypHuit Tun Th2Zni7) Ta y HeBenukiil kimbkoctTi cnioiayka GdFes (cTpykTypHuil Tun
CaCus).

CrtpykrypHi pocmimkeHHs 1riBok crnonyku GdFez, ocamxenux mnpu Ty=300 K,
MOKa3aju, 10 MPU TaKMX YMOBAaX TakoX (opMyroTbcs aMop(dHi KoHJeHcaTu. BeraHoBieHo,
10 HarpiBaHHs JaHUX IUTIBOK B KOJIOHI MIKPOCKOMY MpPHUBOAUTH JI0 (OpMYyBaHHs
MOJIIKPUCTAIIYHOI CTPYKTYpU 3 KyOI4HOIO TIpaHeleHTpoBaHOIO rparkoro tumy MgCuz B
OCHOBI.



JOCJILI)KEHHSI CTPYKTYPU AMOP®HUX I

MOJIKPUCTAJITYHUX IJITBOK CITOJIYK HA

OCHOBI I'AIOJIIHI I CKAHIIIO METOJJAMU
EJEKTPOHHOI MIKPOCKOIIII.

Aptem Ocagumii, Biktop IIpucskaiok
JIHY im. IBana ®panka, ¢pizuunuil paxynsTeT,
viktor.prysyazhnyuk@Inu.edu.ua

Tonki 1iBKM OiHAPHHUX CIIOJIYK HAa OCHOBI TaJOJIHIIO Ta CKaHMII0 OTPUMYBAJIH
METOJIOM TEPMIYHOTO BUIIAPOBYBAHHS y BaKyyMi MOJIKPUCTAIIYHOI IIMXTH BIIAMOBIIHOTO
ckinamy. Jns crpykrypHux mpocmimkerb Ha ckoian NaCl 1 KCl ocamkyBaimch TUTiBKH
toBumHamu  500-600 A. ToBumMHy TIUIIBOK BH3HAYaldM 3a JIONOMOTOI0  ONTHYHOIO
inTepdepomerpa. Temreparypa miakimanok 3minroBaiack B Mexkax 300-500 K. CrpykrypHi
JOCTIPKEHHS TUTIBOK MPOBOAMIIUCH Ha €NeKTPOHHOMY Mikpockoni YOMB-100K. Tepmiuna
CTIMKICTh Ta KIHETMKAa KpuUCTamizamii aMOpQHHX  KOHJEHCATIB  JOCIiIKyBanach
Oe3nocepelHIM HArpiBOM ix B KOJIOHI €JIEKTPOHHOTO MIKpPOCKOMy (IIBHIKICTb HarpiBy S-
30 K/xB).

BceranoBieHo, mo mpu KIMHaTHHX TeMIlepaTypax HiAKIagoK (opMyroThes aMopdHi
By, npu Ty = 300-500 K — amopdHuo-kpucraniuni, a mpu 7y > 500 K monikpucramiyHi.
ITpoBeneHo po3mN(POBKY KPHUCTANIYHOI CTPYKTYpH KOHJIEHCATIB, OJEP’KaHMX HpPU PI3HUX
TeMIeparypax niaknanok. Kpucranizanis aMopHUX IITIBOK Ma€ reTepOreHHUN XapakTep.

B nonikpucraniuaux miiBkax GdzFei7 cocrepiranack nprucytHicTh 180X (a3 GdsFezs
1 a-Fe. B muiBkax, oTpumanux npu temmeparypi niakiaaaku >500 K, BcTaHOBIEHO HasIBHICTh
3 ¢a3: rekcaronanbua asa GdzFei17 3i crpykrypaum tunom ThoNiiz, pomOoenpuuna daza
GdzFe17 31 crpykrypaum THrom ThoZniz Ta rekcaronanshoi (azu GdFes 3i cTpykTypHUM
tunoM CaCus. ITniBku cnonyku GdFe; ¢opmyroTbes y xapakTepHidl Uis MacCUBHOTO CTaHy
GdFe; kyOiuHiii CTPYKTYpi 3 TpaHEIIEHTPOBAHOIO TPATKOIO.
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EFFECT OF THE INNER NANOSTRUCTURE OF
VACUUM CONDENSATES DEPOSITED BY MAGNETRON
SPUTTERING ON THEIR HARDNESS AND ADHESION TO A
GLASS SUBSTRATE

Volodymyr Stryzhak?, Martin Setina®, Sergey Petrushenko?,
Ruslan Sukhov, Sergey Dukarov
aKharkiv National University named after V.N. Karazina, Faculty of
Physics, Svobody Square 4, Kharkiv
bTechnical University of Liberec, Institute for Nanomaterials, Advanced
Technologies and Innovation, Department of Advanced Materials, 460 01
Liberec, Czech Republic, Serhii.Petrushenko@tul.cz

Thin-film materials are widely used in various microelectronic, optical, and
biomedical applications. Thin films are used to increase resistance to erosion, corrosion, wear,
and abrasion of the material. Adhesion determines the reliability of the coating and is its
ability to resist separation from the substrate. It is closely related to material hardness, which
is an important characteristic of instrument materials. Increasing hardness is an important
technological task for the solution of which, in addition to classical metallurgical approaches,
size factors can be used, that is, the transition to nanometer-sized structures. Thus, the task of
establishing the relationship between the microstructure of nanocrystalline layers and their
mechanical properties becomes important.

Thin copper films deposited in the original vacuum chamber using the magnetron
sputtering were chosen as the research object. The used vacuum chamber allows performing
RF plasma treatment of the substrate simultaneously with the deposition of the layer. The
sclerometric method was used to measure the adhesion of the obtained films. A Rockwell
indenter was used as an indenter. Glass plates were used as substrates. A Zice Ultra Plus
autoemission scanning electron microscope was used for FESEM studies. Sclerometric
studies were performed using a Bruker CETR-UMT.

It was found that for samples deposited at plasma impact energies of 0 and 180 eV
during sclerometry, Hertzian destruction is observed, and at energies of 400 eV, the samples
are destroyed by arc stretching. Thus, it is shown that plasma irradiation contributes to a
change in the type of destruction. It was established that the stability of the coating increases
with an increase in ion energy. Increasing the energy of the ion treatment increases the size of
the crystallites observed in the films by FESEM studies. This effect is due to recrystallization,
the physical mechanism of which is condensation-stimulated diffusion, which, however, is
caused not by heating, but by ion treatment. Increasing the irradiation energy, in addition to
accelerating recrystallization, increases the number of atoms segregated by intergrain
boundaries. This creates a buffer layer, the presence of which ensures the existence of an
energy barrier that the indenter must overcome when the film breaks down. This layer,
together with the increase in the size of the grains, explains the increase in the mechanical
properties of the films when the plasma processing energy changes. For these films deposited
without RF processing, a nanostructure with poorly developed grain boundaries is observed.
Its destruction is a barrier-free process. The hardness of such films is significantly lower than
that of irradiated ones. This allows for a transition from brittle failure, which is typical of
irradiated films, to ductile failure, which may be of technological importance.
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EJEKTPUYHI BJJACTUBOCTI IOJITAHIJIIHY TA
MOJIIITPOJIY JOITOBAHUX Ti:AIC

Aptem Kunbkuii, FOQuist I'opoenko, Osiena AKCiMeHThEBA
JIbBIBCHKHUI HalllOHAIBHUHN YHIBEpCHUTET iMeH1 [Bana dpanka,
ByJI. YHIBepcuTeTChKa, 1, artem.zhytskyi@Inu.edu.ua

MAX phase — Benuka poauHa MartepiaiiB, 110 aKTHBHO JOCITIKYIOTHCS 3aBISKH
apyBaTiii CTPYKTYpl Ta YHIKaJIbHOMY MO€JHAHHIO METAJIEBUX 1 KepaMIYHUX BIACTHBOCTEH,
TaKUX SK BHCOKA TEIUIO- Ta €JIEKTPOIPOBIIHICTh, MEXaHIYHA MIIIHICTh, CTIHKICTh 0O BUCOKHUX
temrepatyp i okucieHns [1]. Tlepembauaerbcs, mo MAX phase marTh MOTEHIINHE
3aCTOCYBAaHHS K BHCOKOTEMIIEPATypHHI KOHCTPYKUIWHUN Martepiall, 3aXUCHI MOKPUTTS IS
BOTHETPUBKUX CIUIABIB, B CUCTEMaX TEIUIO3aXMCHOTO MOKPUTTS Ha aBialliiHUX ABUTYHAX Ta
ra3oBUX TypOiHax, K MpHUiMadi B CUCTEMax HAKOIMYEHHS COHSYHOI €Heprii, eJIeKTpUYHI
KOHTAaKTH, KaTamizaTopu [2]. [loBinoMIIsr0Th, 1110 HAaHOKOMITO3UTH MA X/IpOBITHUN TIOJIIMED
MOXKYTh OYTH BUKOPHCTaHI K (OTOKaTaIi3aTOPH [3] 1 71 €JIEKTPOIIB CYIIEPKOHICHCATOPIB 3
MOKPAICHUMH TEIUIOBUMH Ta MeXaHiuHMMHU BiacTuBocTsME [4]. TIpore BB MAX phase
Ha BJIACTHBOCTI €JIEKTPOIPOBITHHUX MOIIMEPIB BUBUEHO HETOCTATHEO.

VY wmiii podori mu pocaiaumiam BB MAX phase, a came — Ti2AIC, Ha enekTpuuHi
BJIACTUBOCTI KOMITO3UTIB Ha OCHOBI MpPOBITHHX moyiMepiB — mnomianininy (I[TAH) Ta
nomimipony (ITITi). Jlns orpumanust 3paskiB kommo3utiB [TAH-TI2AIC Ta IIITi-TiAlC
BUKOPHCTOBYBAJIM METOJUKY MOJIMEpPHU3aI[iifHOrO HANOBHEHHS, B OCHOBI $IKOi — OKHCHA
nmoyiiMepu3allis MOHOMEpY, W0 TIPYHTYETbCd Ha Horo peakuii i3 OKHUCHHUKOM TIpHU
€KBIMOJISIPHOMY  CIIIBBIJHOLIEHHI MOHOMEP:OKHUCHHMK, 3a HasSBHOCTI Yy peakIiiiHOMy
cepenosuiii HamoBHioBaua — Ti2AIC. Bmict Ti2AlIC cranoBus 1, 3, 5 ta 10 %. [{ns cuntesy
BukopuctopyBamiu 0,1 M po3umHum aHLIiHY a6o mipoany B 0,5 M po3uuHi
TOJYEHCYTb(POKUCIOTH. SIK OKUCHHUK — MEPOKCUIUCYTh(HAT aMOHIIO.

[Ipy BHUMIpIOBaHHI HUTOMOTO OMNOPY MOJIMEPHHUX KOMIIO3UTIB 3 PI3HUM BMICTOM
Ti2AIC B inTepBani Temmneparyp 293-373 K BcraHOBIICHO, 10 3a MiJBHUILICHHS TEMIEPATypU
CIIOCTEPIraeThCsl 3MEHIIEHHS MHUTOMOTO 00’€MHOro Omnopy 3paskiB (p), 1, BIIMOBIAHO,
MiJBUIICHHS MHTOMOI 00’€MHOT TPOBIIHOCTI, IO THUIOBO JJIs HaIIBIPOBIIHUKIB.
[IpeacraBieHHs: €KCIIOHEHITIATFHOT 3aIEKHOCTI B KOOpMHATaX piBHSIHHSA ApeHiyca In p/po —
1/T nano 3Mory BH3HAYUTH €HEPTii0 akTHUBAIlil MpoBigHOCTI Ea. BusiBieHo, mo 3HaueHHs Ea
3MeHIyeThess 31 30utbieHHSM BMmicTy Ti2AlC y momiMepHux kommosutax. lo Toro ix,
nutoMa TpoBigHicTh Kommo3uTiB [IITi-Ti2AIC € 3HauHO BUINOIO, MOpiBHIOKOUK 3 [TAH—
TiLAlC.

[1] J. Gonzalez-Julian, J. Am. Ceram. Soc., 104, 659 (2021).

[2] M. Dahlgvist, M. W. Barsoum, J. Rosen, Mater. Today, 72 (2024).

[3] R. Gaur, S. Shahabuddin, I. Ahmad, Mater. Lett, 325, 132888 (2022).

[4] S. Panda, and S. K. K. Pasha, Polym.-Plast. Technol. Mater., 62, 2121, (2023).
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SELF FOCUSING OF g-GAUSSIAN ALFVEN WAVES IN
SOLAR CORONAL PLASMAS

Md. Sohail and Naveen Gupta
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Email: -skrayyan52@gmail.com

Abstract

This study explores the self-focusing of g-Gaussian Alfvén waves propagating within
the inhomogeneous plasma of the solar corona. We utilize the generalized nonlocal nonlinear
Schrodinger equation (GNLSE) to model wave propagation, incorporating g-Gaussian
statistics and ponderomotive nonlinearities. Through numerical analysis, we investigate the
influence of plasma density variations and wave parameters on self-focusing behavior. The
results reveal a significant impact of the g-parameter, with higher g values leading to weaker
self-focusing compared to standard Gaussian waves. Furthermore, the interplay between
plasma density gradients and wave amplitude is examined, demonstrating the complex
interplay between self-focusing and defocusing tendencies. These findings offer valuable
insights into nonlinear wave propagation within complex astrophysical plasmas, potentially
impacting the interpretation of solar coronal observations.
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PO3PAXYHOK CTPYKTYPU HOPMAJIBHUX 3IP ¥
PAMKAX Y3AT'AJIBHEHOI NOJITPOITHOI MOJIEJII

. J3ikoBcbkuii, M. BaBpyx
JIbBIBCHKUI HalllOHATBHUM yHIBEpCcHUTET iMeH1 IBana ®dpanka, Bys. Kupwuia i
Medonis, 8, 79005 JIpBiB, YKpaiHna
e-mail: dmytro.dzikovskyi@gmail.com

Meronom Emminrrona moOymoBaHO y3arajdbHEHE TMONITPOIHE PIBHSHHS CTaHy st
PO3paxyHKy XapaKTepUCTUK 3ip JOBLJIBHOTO BIiKYy 3 IMPOCTOPOBO HEOMHOPIAHUM PO3MOIITIOM
ximiyHoro cknagy [1]. Ha mpuknani CoHus mokazaHo, IO CTaHJapTHA MOJITPOIIHA MOJETh
BIJIMOBiAA€ 30psiIM HYIbOBOTO BiKYy [2]. Po3paxoBano xapaktepuctuku COHIIS y CydyacHY €Moxy
Ta ix eBoowiiHI 3MiHU [3]. OxepikaHi pe3yabTaTu € OJIU3BKUMU IO PO3PAXOBaHUX HA OCHOBI
piBHaHp [lIBapummibna [4]. 3ampornoHOBaHMN MiAXiJA 3aCTOCOBAaHO IO PO3PaxXyHKY
BHYTPIIIHBOI CTPYKTYPH MOJIEIIi 30pi 3 OCOBIUM 0OEpTaHHSM.

[1] Lamers H. J. G. L. M., Levesque E. M. Understanding Stellar Evolution (IOP Publishing,
Bristol, UK, 2017).

[2] Sears R. L. Astrophysical Journal 140, 477 (1964).

[3] Vavrukh M., Dzikovskyi D. Contrib. Astron. Obs. Skalnaté Pleso 54, 36 (2024).

[4] Schwarzschild M. Structure and Evolution of the Stars (Princeton University Press,
Princeton, 1958).
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HHOEJHAHHSA Te-METOAY 3 MOAEJBbHUMUAU
IOHIBAIIIMHO-e-METOJY 3 MOJIEJIbHUMMU
IOHI3AIIHMHO-METe-METO/Y 3 MOJAEJbHUMU
IOHI3AIIHO-OAY 3 MOJAEJBbHUMMU IOHI3ALIIHO-
METOJY 3 MOJAEJbHUMM IOHI3ALIIHHO-
KOPEKIIMHUMHA MHOKHUKAMU

A. Kozak!?, B. Meaex®
Tineit Ne81 imeni IMerpa Caraiimaunoro JIMP
K3 JIOP “JIbBiBchKa o6macHa Mana akazemis HayK y49HIBCBKOT MO0
3JIbBiBCHKMIA HALIIOHANIBHMHN yHiBepcHTET iMeHi IBana ®panka

JBozonnuii Te-metonmeron Ileimkena [1] mMpoKo 3aCTOCOBYETHCS MJIsi HIBUIKOTO
po3paxyHKy BigHocHUX BMicTy Okcureny B 3oHax HII. V i#oro kinacuyHomy BapiaHTi BMICT
O/H po3paxoByeThCS 3a CYMOK BMICTy IIbOro eineMeHty y 1-it ta 2-it (O'/H* ta O™/HY)
ctamisx iouizamii. Takum umHOM, Bech BMicT OKCUTEHY, 11O MepeOyBae B IHIIUX CTaIisfX
ionizamii, Te-meromom He BpaxoByeTbca. Jlis BpaxyBaHHS MOro BMICTy B IHIIHX
(OnecrniocTepe)kyBaHUX) CTaisiX 10HI3alii, a TakoX BMICTY HeWTpanbHuUX OKCUTEHY Ta
[igporeny, MM BHKOPHCTAIM METOJ 1OHI3aliHHO-METOAKOPEKIiHHNX MHOXHUKIB (OIKM),
AKUH J103BOJIsE, Ha OCHOBI ioHHoro Bmicty O/H* ta/a6o O'/H', orpumaru noBHUi
BiTHOCHUN XiMIyHMM BMIcT Oxcureny, O/H. Meroro Hamoi po6otu Oyno oOpatu HaWkparii
Bupazu Uit IKM ans mojaneiioro kopektHoro BusHaueHHs BmicTy O/H B peanbHUX 30Hax
HII. Ins nocsrHeHHs 1i€i MeTH HaMH OyJio pO3B’si3aHO HACTYIHI 3ajxadyi: 1) BuOip BUpasiB
g IKM, sixi 6ynemo mepeBipsaTH y noefaHanHi 3 Te-meronom; 2) Bubip (oToioHi3amiiHuX
MoJieJief, Ha OCHOBI SKMX MOXXHa 3JIIMCHHUTH TaKy IMepeBipKy; 3) po3poOka Koy Juis
peanizamii Te-meTony y noegnansi 3 Bignosignumu [KM; 4) Bu3HaueHHs Hallkpamnux BUpasiB
st IKM, siki pekoMeHayeThCcsl BUKOPUCTOBYBATH NpH Bu3HadeHH1 BMicTy O/H B peanbHHX
3oHax HII. ¥V pesynbrari, Mmu obpanu 5-16 BupasziB ans IKM, orpumanux y npausx [2,4]. B
AKOCTI TuIaTGopMU Ui IX NEepeBipkH Oyia0 0OpaHO HOBY MYJIbTHMKOMIIOHEHTHY MOEINb [3]
30U HII, y skiit netanbHO BpaxoOBaHO MEPEeHOC AU(PY3HOTO 10HI3yI0UOr0 BHIIPOMIHIOBAHHS.
3a OTOMOTOI0 JIIarHOCTUKK Te- METOIOM MOJENBHHUX CHEeKTPIB, PO3PaXOBaHHX Yy JBOX
CHUHTETHYHUX anepTypax (OueHTpaibHIi Malliil Ta JOBIiH UIUIMHHIN), Ta 3 BUKOPUCTAHHAM SIK
KJIacCM4HOro, Tak 1 3araganux Bumie IKM, Oyno pospaxoBano O/H, 3HaueHHS SKOTO
NOPIBHIOBABCS 3 BIJINOBIIHUMH BMICTOM, YCEpEIHEHHUM 3a MOJEIbHUM 00’€MOM, IO
“cnocrepiraeTbcs”’ 'y BianoBigHiM ameptypi. Jlume omun IKM mnokaszaB 3a10BUIBHUMN
pesyabTaT A JBOX BHJIIB amnepTyp. Takox, mo omHomy 3 IKM mokasanu 3aq0BiIbHI
3HaueHHs BiaxuieHHs (Omo 50%) Bix MOAENBHOTO BMICTY, BIAMOBITHO IS IIHPOKOI
IIUTMHHOT Ta LIEHTPaJbHOI Majoi anepTyp. Bupas, sikuil BUKOPUCTOBY€ETHCSI B OPUTIHATILHOMY
Te-meToi, moka3aB 3aI0BUTBHUHN pe3yJbTaT JIMIIE Y BUMAIKY EHTPAILHOI MaJol anepTypH.

[1] Pagel B. E. J., Simonson E. A., Terlevich R. J., Edmunds M. G., 1992, MNRAS, 255, 325.
[2] 1.O. Kommak, MonenroBaHHs CBiTiHHS HU3bKOMeTaniuHux 30H HII, ski 0Touyr0Th 06macTi
CIajaxoBOT0 30PEYTBOPEHHSI, TUCEPTAIlisl Ha 3I00YTTSI BUEHOTO CTyMeHs KaH. ¢.-M.H., 2018
[3] B. Melekh, O. Buhajenko, I. Koshmak, Sent to publication in Monthly Notices of the
Royal Astronomical Society.

[4] Pilyugin, L. S., Vilchez, J. M., & Thuan, T. X. (02006). MNRAS, 370(04), 1928-1934.
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JOCJILIKEHHS IKOCTI PIYHOI'O NIEPEJIBAYEHHS
OI'MHAIOUOI IH®PA3BYKY

Copoka O.C., Meiex B.41.
JIbBiBCHKUI HalllOHAIBHUH yHIBepcUTeT iMeH1 [Bana dpaHka,
¢13uunnii paxkynerer, Byn. Kupuna 1 Medomis, 8, JIbsi, 79005, Ykpaina,
olha.soroka.afzf@Inu.edu.ua

OCHOBHUMH JDKepelaMu €Heprii, 0 CHPUAIOTH MPUPOJHUM aTMOC(HEPHHUM 3MiHAM
TakuM SK iH(pa3Byk € JitochepHi mporecd, aTMOC(EepHi TWHAMIYHI SBHINA Ta KOCMIYHI
mkepena. [Hppa3ByKoBi XBHIII JIITOCHEPHOTO TOXOHKCHHSI BAHHKAIOTh BHACIIIIOK KOJIMBAHD Y
mitocepi, Tomi sIK aTMocdepHi IUHAMIYHI TPOIECH, Taki SK BiTep, T'PO3U, yparaHu Ta
TOpHAJ0, TeHepyloTh iH(pa3BykoBi xBwm. Kocmiuni mkepena, Taki sk Conne 1 Micsib,
MePEBAYKHO BILTMBAIOTH Ha aTMochepy 3emili uepes3 MeXaHi3MH NPUILTHBIB Ta BiamIuBiB [1].

Iadpa3ByKOBi KONMBAaHHS 3a3BUYail MAOTh MEPiOA BiJ JAEKUIBKOX CEKYHJ 10 KUTBKOX
XBWJIMH 1 JOCHIKEHHS MOKa3ylOTh MOCTYMOBI 3MIHU aMIUTITY/l KOJIMBaHb MPOTATOM KiTbKOX
rojivH abo JHIB Yyepe3 coHsuHi crianaxu [2]. Taki xapakTepuCTHKH OOIPYHTOBYIOTh OITUC 3MiH
aMIuTiTY/] iH)Pa3BYKOBUX KOJHMBAHb K O0OJOHKHM MO/AYJIbOBaHMX BHIAJKOBHX TMporieciB [3].
Pi3HuneBe HarpiBanHs atMochepu IpOTATOM JHS 1 HOYi IPU3BOAMTH /IO 3MiH y KOJMBAHHIX
iH(pa3BYKOBUX XBHIIb, TOAl1 SK 3MIHM B COHSIYHIA AaKTHUBHOCTI CIy)KaTh HAMpaBISIOYNUM
CHUTHAJIOM JUIi TIPOCTOPOBO-THMYACOBOI MOJIYJIAIII YTBOPEHHS I1OHIB Ta aepo3oiliB B
armocdepi [2].

Metoro poOOTHM € BUBYEHHS MOXJIMBOCTEH mepenadayeHHs AMHAMIKK (QYHKIIT
0005I0HKM 1H(pa3BYKy HUIIXOM iAeHTH}IKallii CE30HHOCTI Ta TPEHIIIB, BUSIBICHHS OKPEMHUX
BUIMAJKOBUX TIOMiH, SIKI CHOPUYMHSIOTH BIANOBIIHI aKyCTHYHI 3MiHH. AHAII3 TaKuX
BUIAJKOBUX MO cOpusTUMe imeHTH}IKaIlli Ta XapaKTepUCTHIIl 3eMIIETPYCIB, MiI3eMHUX
SJIEPHUX BUMPOOYBaHb, PI3KUX 3MiH COHSYHOI aKTMBHOCTI Ta 1HIIMX MPOLECIB IMJIAHETAPHOTO
macirady [4].

[IpoBeneH1 AOCHIKEHHS OLIHIOIOTh TOYHICTh PIYHOTO MPOTHO3YBAHHSI OTMHAIOYOT
¢byHKuUii iHppa3ByKy 3a TOMOMOrOI0 TPbOX CTATUCTUYHUX MOJIENIEH: aBTOperpeciiHoi Moeni
(AR), moneni koB3HOro cepeanboro (MA) i kom6iHoBanoi mozeni (ARIMA). [Tokazano, o
CE30HHICTh Ta TPEHJ OruHapouoi (yHKIIT MOXXHAa HaJIlliHO mnepeadadyuTH. 3a JOMOMOIOIO
aHami3y aBTokopensiii Ta crektpy Dyp'e Oyno BUSBICHO TapMOHIMHI XapaKTEPUCTHKU 3
YITKUM piYHUM mepiogoMm. [lin vac aHaimizy 4acTKOBOi aBTOKOpeNsAUidHOI (QyHKIiT Oymu
BH3HAYECHI ICTOPUYHO 3HAYYIl TOYKH JaHUX I mependadeHHs. KomOiHOBaHa MOeENb
ARIMA nocdrna HalHMXKYOTO CepeIHbOKBAIPATUYHOTO BIAXWIEHHS, NMPOTE HEIOCTATHHO
TOYHO BIATBOPIOE TapMOHIWHY mpupody 3racanHs. Monenr AR wmae nHa 8% Buie
CepeIHbOKBAIpaTUYHE BIAXHUIJICHHS, OJIHAK, BOHA €(EKTHUBHO BITBOPIOE PUTM OPUTIHAIBHOT
KpUBOI.

[1] Hedlin, M. A. H., et al., Annual Review of Earth and Planetary Sciences, 40, 327 (2012).
[2] Soroka S., Mezencev V., Karatayeva L., Soroka O., Kosm. Nauk. i Texn., 14, 6 73-88
(2008).

[3] Wu, Ru-Shan, Jingrui Luo, and Bangyu Wu, Geophysics 79, 3, WA13 (2014).

[4] Mezencev V., Soroka O., Soroka S., Obrob. Vymir. Inform. 28, 104, 61 (2008).
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®OTOI'PAPIYHI CIIOCTEPEXKEHHS OB’EKTIB
COHSYHOI CUCTEMMU 1 IX OBPOBKA

JlaBpeHiok €Bres BikTopoBuu
K3 JIOP «JIbBiBCchKa 0OacHa Maja akajemis HayK Y4HIBCBKOT MOJIO1»

dortorpadiyauil METON CIOCTEpEeKEeHHS abo X actpodororpadis depe3 CBOIO
JOCTYIHICTh JJOCI KOPUCTYETHCS TMOMYISPHICTIO B 0araTb0X HAYKOBIIIB, IO JOCIIIKYIOTh
O0ymm3bKi 10 3emuti kKocMiuHi 00’ ekTH. Yepes actpodoTorpadito acTpOHOMU 3HAIOTh MTOBEPXHI
Mapcy Ta MepKkypito HaCTiIIBKH JETANBHO, SK 1 TOBEpXHIO Micsllsd. 3aBasiKu JAHOMY METOY,
Oyino jochimkeHo 6arato 00’€KTiB 1 3po0ieHO e Oinblie BIAKPUTTIB B aCTPOHOMIYHOMY
cBiTi. luM MeTomoM HayKoBII 3MOTIH JOCHiuTH atMochepu ruraHeT COHSYHOT CHCTEMH,
iXHI IMOBEPXHI, Ta 1HII BJACTUBOCTI.

MeTtorw podotu €: Pororpadysanus ta o0podka dotorpadiii KOCMIYHUX 00’ €KTIB,
BUBUYEHHS (oTOrpadiyHOro METOY CIIOCTEPEKEHHS.

OcHoBHi 3aBaanHs po6otu: J[ocmigutn wmeron ¢ororpadyBaHHI KOCMIYHHX
00’ekTiB Ta 00poOKH (oTorpadiii.

Ipenmet pocaimkenns: ororpadivauii Mmerox crocrepeskeHHs 00’ exTiB COHAIHOT
CUCTEMH.

O00’exT nocaimzkenns: [lnanetn Consiunoi cucremu: FOmitep ta CarypH.

BucnoBku: OOpoOka ¢oTorpadiii nilicHO mMOKpamlye SKICTh, Ta JIeTali3ye
300pakeHHsI KOCMIYHUX 00’€kTiB. DororpadiuynHmii METOn MOXKE MOKa3aTH HAYKOBISIM YH
HasBHAa B IUIaHETH aTMmocdepa, SKIO BUKOPUCTOBYBATH KOIBOPOBI (IIBTPH, Ta MOXKE
3HazoouTucs Ay GOTOMETPUUHUX 3a/1a4.

[1] Bponmren B. A. ITnanets! u ux Habmoaenue. 2-re Bua. Mocksa : bubnmoreka moburens
actpoHomuu, 1979. 241 c.

[2]Celestron Customer Service Department. CPC series instruction manual : [HcTpyKITis.
Torrance, 2009. 61 c.

[3]https://www.wikipedia.org

[4]http://www.avistack.de/downloads/AviStack? eng.pdf
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®OTOIOHIBAIIIMHUI AHAJII3 PE3YJBTATIB
XEMOJUHAMIYHUX CUMY.JISIIA EBOJIIOIIN
KAPJIMKOBUX I'AJIAKTUK 3 AKTUBHUM
30PEYTBOPEHHSIM /U151 BIKY 100 MJIH. POKIB: OIIIHKA
JTOCTBIPHOCTI HABJIWKEHHS OUTWARD-ONLY IIPH
PO3PAXYHKY JU®Y3HOI'O IOHI3YIOUOI'O
BUIIPOMIHIOBAHHS

Muxaiijio llleBuenko, borman Mesex
Kadenpa Actpodizukmy,
JIpBIBCHKMIA HallIOHATILHUM yHIBEpCcUTET iMeH1 [Bana dpaHka,
M. JIbBiB, Byn. Kupuina 1 Medonis, 8,
Mykhailo.Shevchenko@Inu.edu.ua

Y nporeci Momugikamii MyJIbTHKOMIIOHEHTHHX (DOTOIOHI3AIlIHHUX MOJIeNel CBITIHHS
HeOymsipaoro  cepenoBuimia (MOMCHC), mo oTodye o0macTe aKTUBHOTO 30pPEYTBOPEHHS,
moOyIoBaHMX Ha pe3yNbTaTaX XeMOJIMHAMIYHUX CHUMYJIAIIN €BONIONil KapIWKOBUX TallaKTHUK i3
AKTHUBHUM 30PEyTBOPEHIM (3MIHM BMICTy XiMIiYHUX €JIEMEHTIB, KOHIIEHTpaIlii Ta TeMIepaTypy y 30Hi
“cymepBiTpy”’ 3 BIKOM) BHHHKA€E MPOOIIeMa, ITOB’s3aHa 13 BpaXyBaHHIM OIS AU(PY3HOTO 10HI3yIOUOTO
BuripoMiHtoBanHA (/{IB) y HeOymsapHOMy cepemoBuii. 3a3BU4ail, 3 I[I€F0 METOI0 BHKOPHCTOBYIOTH
nabmwkenns Outward-only [1,2]. Oxmak, 0coGnHMBOCTI HEOTHOPITHOI CTPYKTYpHU HEOYISIPHOTO
Cepe/IoBHIIA, OTPUMAaHI B MPOIECI XEMOJUHAMIYHUX CUMYJISIIN €BOJIIOIIT JaHUX 00’ €KTIB BKa3yHOTh
Ha MOXIMBY TTOMHIJIKOBICTh HAsBHOCTI 1OHI3aIlifHOTO (POHTY B €KBAaTOpIabHHUX CEKTOpPax
KapJIMKOBOI TanakTuku. I, milicHo, y mpaui [3] 3anpormoHoBaHO MpoLeaypy AeTalTbHOIO PO3PAXyHKY
JIB mig yac MyJIbTHKOMIIOHEHTHOTO ()OTOIOHI3AIIMHOTO MOJIEIIOBAHHS CBITIHHA JaHuX 00’€KTIB. Y
Lill e mpaii aBTOpU 3acTOCYBAJIHM AaHy METOAuKy a0 po3paxyHky MOMCHC ans Biky 140 muh.
pOKiB. Y pe3ynbTaTi ioHi3aliiiHa CTPYKTypa €KBaTOpiaJbHHUX CEKTOPIB, SIK 1 OUYIKyBaJOCs, CHIBHO
BIZIPI3HSIETHCS BiJl TOYATKOBOT (OTPUMAHOI B pe3yJibTarti 3acTocyBaHHs HabmmkenHs Outward-only).

VY naniii poboTi MH MOpiBHIOEMO pe3ynbTaTtd po3paxynky MOMCHC s Biky 100 MuiH.
poxkiB. IIpu mpomMy MO4YaTKOBI MPOCTOPOBI Maru emiciiHocTel Ta Henpo3opocterd (MEH) s pizamx
YaCTOTHUX IHTepBaiB (KOHTHHYaJIbHHX Ta B JIiHIAX) OoTpuMaHa y HaOmwkeni Outward-only 3a
noromororo koxay Cloudy [4]. B mogambimomy Il Mama BHKOPHCTOBYBAJIAcsl JJISl JIETAIBHOTO
pospaxynky J[IB 3a momomororo koay DiffRay [3]. OnoBneni MEHu BukopucTOBYBamucs st
nepepaxyaky MOMCHC 3a nonomororo Bepcii Cloudy, sika BukopucroBye mone 1B, monepeaHbo
pospaxoBane komom DiffRay. ¥V pesynbrari Oyino oTpumaHoO iOHI3aIliliHY CTPYKTYpY, BiAMIHHY Bif
novaTkoBoi (po3paxoBaHoi y HaOmmwkenni Outward-only), a Takoxx Bka3aHO Ha HEOOXiJHICTbH
po3paxyHky HactynHuX itepaniii Cloudy+ DiffRay.

[1] B. Melekh, S. Recchi, G. Hensler and O. Buhajenko, MNRAS 450, 111-127 (2015).

[2] B. Melekh, S. Recchi, G. Hensler and O. Buhajenko, MNRAS 502, 1048-1050 (2021).

[3] B. Melekh, O. Buhajenko, I. Koshmak. Crarts nogana 1o Apyky y kypHain MNRAS.

[4] Ferland, G.J., Hazy, a Brief Introduction to Cloudy, Version 08 (University of Kentucky Internal
Report, 2008), 807 p.
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BUITPOMIHIOBAHHSI T'OKIHIA TA YHPY IIPA
HAJACBITJOBHUX ITOJOPOXKAX 3 BUKOPUCTAHHAM
BAPII-IBUI'YHA

Ouaekciit Himuyk, FOpii Kyainiu
Kadenpa Actpodizuku, JIbBIBCbKUI HaIllIOHAIBHINA YHIBEpCUTET iMeH1 [BaHa
®panka, M. JIbBiB, By1. Kupuna i Medonis, 8,
oleksii.nimchuk@Inu.edu.ua

HancBitnoBuii pyx Bapn-ABHTyHAa BHUKJIHMKaB 0arato Cymepeuok Ta IHCKYCid 3
MPUBOY HOro cTabiibHOCTI Ta MpoOJeM 3 MPUUUHHO-HACTIAKOBUMH 3B si3kaMu. Kpim 1iboro
y pobori [1] Oynmo BusBIEHO, MO MeTpuKa AJIBKYO‘€ppe, siKa ONMHCy€e Bapi-OyiabpOamiky, €
CUHTYJIIPHOIO IMPHU HAJCBITIIOBOMY PYCi 1 IPH I[bOMY YTBOPIOIOTHCS YOpHa Ta Oinma aipu 3i
CBOIMHU TOPU30HTAMH TOJIH, SKi CHPUIMHSAIOTH KBAHTOBHIA €(EKT — BUIPOMiHIOBaHHs [ OKiHTa
[2].

OOuucIeHHS TeMIIEpaTypy BUIIPOMIHIOBAHHS € JIOBOJII CKJIATHOKO 33/1a400, OCKUITBKU
byHKIis ANbKYyO‘eppe Mae JOBOJI CKJIATHUN BUTISAI, 110 HE JO3BOJSE 3POOUTH MPOCTI
ominku. Tomy Oyna BBeneHa HOBa (QYHKINS, sKa JO3BOJIMJIA HE TUIBKH CIIPOCTHTH
o0YmCIIeHHs, ajie ¥ 3HU3UTH e(DEeKT BUMPOMIHIOBAHHS [P HAJICBITIOBUX IIBUAKOCTAX. TaKkoxk
y BHIQJIKy IUIAaHKIBCHKHX PO3MIpiB CTIHOK OynbOamku O0yio 3po0JeHo OIiHKY TeMIepaTypu
[okinra, a mi3Hime, ¥ TemmepaTypu YHpY, sIKa BHUSBHIACH TEX ‘“‘TUIaHKIBChbKOIO’. Tomy
MO’KHa 3pOOMTH BHUCHOBOK, 1110 MPU MPABWIBHO MiJIOpaHUX MapameTpax OyapOaliku MOXXHA
JNOOUTHCS MIHIMAJIBHOTO €(EeKTY BUIPOMIHIOBAHHS MPHU HAJCBITIOBHUX IMOAOPOXKAX.

Takox Oysno crpomieHo MeTpuky AJbkyO‘eppe [3] Tak, 110 BOHa cTajia MpU HOBIU
¢byHKLIi ekBiBaJIeHTHOIO 10 MeTpuku LIBapummmibpia, a mizHille METPUKY OYJO 3BEJEHO 10
MeTpuku Pinmepa. Lle mpuBeno 10 BUCHOBKY MPO €KBIBAJEHTHICTh TeMIlEpaTyp YHpPY Ta
['okinra y Oynp6amiii AiabKy0‘eppe.

Hanpukinni, BpaxoBytouu Te, 1110 BUITPOMIHIOBaHHS ['OKiHIa Ta YHpPY MOXHa ONKUCaTH
32 MOJIEJUTIO BUIIPOMIHIOBAaHHS abCOJIFOTHO YOPHOTO TiNia, 0y7I0 004YMCIIeHOo 3a 3aKk0OHOM BiHa
JOBXKMHY XBWJII BHUIPOMIHIOBaHHA TpH 3aJaHUX TEMIEpaTypax, HpH SKIA MOTIK
BUIIPOMIHIOBaHHS csAra€ CBOro MakcuMyMmy. [IpoBefeHi po3paxyHKH TOKa3ylOTh, IO
JIOB)KMHHU XBWJIb BUITPOMIHIOBaHHS [ 'OKiHIa un YHpY OynyTh HajexkaTu 0 pajaiofiana3oHy.

[1] Hiscock W. A. Classical and Quantum Gravity. 14, 11. L.183-1.188 (1997).
[2] Finazzi S., Liberati S., Barcelo C. Physical Review D. 79, 12. 2009.
[3] Alcubierre M. Classical and Quantum Gravity. 11, 5, L73-L77 1994.
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HOBUH NIAXIJ JJO OBYUCJIEHHS IO COHAYHUX
IHJIAM

Bbapan Onekcanap, Oropoanuk boraan, Ilpucszkamnii Anapin
Komynanpauit 3axnaz JIbBIBCbKOi 001aCHOT paau
“JIpBiBchbKa obOsiacHa Mata akajeMisi HayK Y9HIBCbKOT MOJI011”
M. JIsBiB Byn. Konepauka, 42

CoHue € HaOMMKYOIO 10 HAC 30PE0 Ta CYTTEBO BIUIMBA€E Ha Haiue XUTTS. OjHi€e0 3
OCHOBHHX XapaKTEPHCTHUK, SKi BH3HAYAIOTh IHTEHCHBHICTh COHSYHOI'O BUIIPOMIHIOBaHHS, €
COHSYHA AaKTHUBHICTb. | OgHHMM 31 CIOCO0IB, 3a JOINOMOIOI SKOTO MOXXHA BH3HAYMTH
IHTEHCUBHICTh COHS'YHOI aKTUBHOCTI, € CIOCTEPEKEHHS 332 COHAYHUMH IUIIMaMU. 30Kpema,
PO3paxyHOK iX IUIOMI, JA€ MOKJIHMBICTh 3POOUTH BHCHOBKH TIPO 3POCTaHHS YU CIIaJaHHS
COHAYHOI aKTUBHOCTI. Y pPOOOTI PO3MNISIHYTO HOBHI MeTOJ] OOYHMCIIEHHS IUIOIII COHSIYHUX
TUTSIM.

Ockinbku mipu GororpadyBanni CoHls BiIOyBaeTbCs HOT0o MPOEKIlis HAa IUIOMHUHY TO
Jesiki Horo 4acTUHH BHUKPUBISIOTHCS. ICHye Oarato crmocoOiB aiisi po3paxyHKY peanbHOT
ot wisM Ha CoHui. Y naHiid poOOTi pO3rsTHYTO METOJ KOPEKUIHHUX MHOKHUKIB [1]. Bin
0a3yeThCs Ha JOMHOXXYBaHHI KOXXHOTO TIKCeNs TUIAMA Ha T[EBHHA MHOXHHK SKHA
PO3PaxXOBYETHCS MO (HOPMYIIi:

1

k=
cos B (1)
e B - remioneHTpUYHKI KyT, K - KOPEKIIHHAN MHOXKHUK.

JIiist po3paxyHKy KOCHHYCa reflioeHTpHHHOTO KyTa £ Oyino BUKopucTano popmy:y (2)

|RE-r? —
cosf="——=\1-—1r2= ||1— -
Ro \ Rpy

Meton OyB peani3oBaHMIl 3 BUKOPUCTaHHSAM MOBM IporpamyBaHHs Python ta
anroputMiB 610mi0Tekn OpenCV. Jlns Toro mo6 obuucnautu 1iomy misiMu Ha ¢oTorpadii
CoHug, ToTpiOGHO MPOBECTU MEBHI MIATOTOBYI POOOTH.

Uitko chororpadysaru CoHIile, JOCTYITHUMH 3ac00aMu, Maike HE MOXJIMBO. ToMy Ha
¢dororpadii MOXKyTh OyTH TeMHIII MiKcen, Kl He € wiaMamu. [1]o6 BiAKMHYTH iX 3 aHami3y,
dotorpadis CoHIsl po3MUBAETHCS 1 Ti OOJACTi, SIKI JIACHO € TUISIMAMH Ha PO3MUTIN
¢dororpadii 3amuiaThCs TEMHUMHM, a BHUIIAIKOBI MiKCeIl 3HUKHYTh. [IporpamMHO BH3HA4Y€HO
TeMHIlI o0nacTi Ha po3MuTii pororpadii Coni, Ta copMoBaHO MacHB MPSIMOKYTHHUKIB, SIK1
ix micTaTh. Maroun iHpopMallito Mpo po3TalryBaHHS KOKHOTO MPSIMOKYTHUKA Ha doTorpadii,
MO>KHa OOYMCIIUTH IUIOILY IUISIM y KOXKHIM 00acTi, Bxke Ha opuriHayibHii poTtorpadii CoHuis.

BukopucraBmuy MeToA KOPEKIIMHUX MHOKHHKIB JJIS aHAJi3y KOXHOTO IKCENs Y
KOXXHOMY MPSIMOKYTHHMKA, OTPUMAHO IJIOLTY TiHEH Ta HamiBTIHEH SIK OKpeMOoi MJISIMU TaK 1 iX
CyMapHy IJIONLY.

[Iporpamy ampoGoBano Ha Qotorpadisx Conmg 3pobmeHux y JIbBiBChKIi
acTpOHOMIYHIl oOcepBaropii, a TakoX Ha ¢ororpadisx orpumanux ammaparom SDO.
3pobneHo aHaii3 pe3yabTaTiB Ha PI3HUX YAaCOBUX MPOMIKKAX, Ta MOPIBHSAHHS 3 JaHUMH 3
BIJIKPUTHUX JDKEPEIL.

1

[((-3405)°+(-34+057% (2

[1] Hpucsoxuuit A. 1., bapan O. A., Iligctpurau 1. SI. Bu3naueHHS IUIONII COHSYHUX
IJIIM 32 JaHUMH CIOCTEPeXEeHb y BUAuMOMY miama3oHi. . Ommc anroputmiB Ta ix
tectyBanHs. KiHemaruka i @i3uka HebecHuX Ti. 2024. (mogaeTbes 10 IPYKY)
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MYJIbTUKOMIIOHEHTHE MOJIEJIOBAHHSA CBITIHHSA
MNEPIIUX OBJIACTEH 30PEYTBOPEHHS

Cepriii Yyauk, bornan Medex, Irop Kommaxk
®i3nynmii pakyapTeT JIbBIBCHKOT0 HallIOHATIBHOTO YHIBEPCUTETY iMeHi [Bana
®panka, Byt Kupuna i Medomis, 8, JIsBis, physics.faculty@Inu.edu.ua

3niHCHEHO  EBOJIOIIMHO-TIONYNIALIMHUN  CHHTE3 IMPOIECIB  30pEYTBOPEHHS Y
KapJMKOBUX TallaKTHKAaX B MPOMDKKY MiX ermoxamu kocMmiuHux Cpitanky Ta Ilomymms.
BukopucTOBYIOUHM 3aJI€KHICTh HIBHAKOCTI 30pEyTBOPEHHS Ta Macu Tauo (IMONepeIHUKiB
KapJIUKOBHX TaJaKTHK) BiJl YePBOHOTO 3MileHHs [1, 2], a Takok mpuiiMarouu pi3HiI 3HaUYECHHS
CHIBBIAHOIIEHb MK 0apiOHHOIO Ta IOBHOIO MAacol0 Tajio, pO3paxOBaHO MYJIbTUKOMIIOHEHTHI
dotoioHI3aIiitHI MOJeneNl CBITIHHS HEOYISIPHOT CKJIa0BOI KapJIMKOBHX TalaKTHK MpU Z = §
(ermoxa KOCMIYHOTO CBITaHKY) METOAOM, MpeacTaBieHuM y mpami [3]. Mozeni po3paxoBaHo
JUTSL IBOX PI3HUX 3HAYEHb MaKCUMAJIbHO MOXKIIMBOT Macu 30pi B obnacti 3opeyrBopenHs (100
Mo 1 1000 Mo) 3 ypaxyBaHHsM TigpoanHamiuHoi eBoromii 30au H I kapamkoBoi ranakTukwy,
CIPUYMHEHOI [II€I0 CYMEpBITPY. AHANI3YIOThCS Ta MOPIBHIOIOTHCS 10HI3AIIMHI CTPYKTYpH
OTPUMaHUX MOJIEJICH Ta iX €BOIIOLIS.

[1] Piero Madau and Mark Dickinson. Annu. Rev. Astron. Astrophys. 52 415 — 486 (2014).
[2] Olof Nebrin, Sambit K Giri, Garrelt Mellema. MNRAS. 524, 2290 — 2311 (2023).

[3] Kommmaxk I. O. MonentoBanHs cBiTiHHS Hu3bkoMeTanmiuHux 30H H II sixi oTouyrots o0nacTi
crajgaxoBoro 3opeyrBopeHHs (ucepraiisi Ha 3400yTTS HAyKOBOTO CTYMEHS KaHAUAAaTa
¢13uKo-MaTeMaTUYHUX HayK, JIbBiB, 2018).
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COMPUTER ELECTRONICS AND EMBEDDED SYSTEMS
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CUCTEMA JOCJIIJIKEHHSA SAIKOCTI IOBITPSI HA
OCHOBI TEXHOJIOTII IHTEPHETY PEUEN

CearocaaB bao’ak, Irop Osienny
JIpBiBCBKHI HalllOHAJIBHUHN yHIBepcHUTET iMeH1 [Bana dpanka,
ByIL. JIparomanoBa, 50, 79005 m. JIsBiB, Ykpaina, frageks@gmail.com

3a0pyqHEHHS TOBITPS CTa€ OAHIEID 3 HAWBAKIMBINIMX MPOOJeM, sKa CTaHOBUTH
CepHo3HYy 3arpo3y Ul 340pOB’s JItoAeH 1 Mae (pyHIaMEeHTaIbHUNA BIUIUB Ha IJI00AJIbHY 3MIHY
kiaiMary. OCHOBHMMHM aHTPONOTCHHUMH 3a0pyIHIOBaYaMM TMOBITPS BBaXKAIOTh TBEPIi
MIKpOYAaCTUHKU po3MipoM a0 2.5 MM (PM2.5), siki MOXKYTh HOTPAIUIATH INIMOOKO B JIEreHi Ta
KPOBOHOCHY cuctemy Jtoauau [1]. Taki MikpoyacTKM MarOTh 3IaTHICTH aJcopOyBaTd iHIII
TOKCUYHI PEYOBMHM HA CBOIM IOBEPXHi, L0 MNPHU3BOAUTH A0 JOAATKOBUX HETaTMBHMUX
HacmiakiB. Lle yckimagHioe BU3HAa4eHHs O€3MEYHOro PiBHS KOHIIEHTpAlii MiKpOYAaCTHHOK Ta
noTpedye KOMIUIEKCHOTO MiJXOAy OO0 MOHITOPUHTY 3a0pyqHeHHs atMmochepu Ta aHamizy
pi3HuX (hakTOpiB, AKI BIUIMBAIOTH HA SIKICTh IMOBITPS. 3BakKalouM Ha CKIIAIHI 3aJ€KHOCTI
3a0pyAHEHHsI TOBITPSl Bl METEOPOJOTIYHMX yMOB, Tomorpadii MICIIeBOCTI, BHUMaJKOBHX
daykryamiii  BHacHiOK atMocepHOi TYpOYJIEHTHOCTI TOINO, OJMEPIKAHHSA J[0JaTKOBUX
CEHCOPHUX JIaHUX 1 BCTAHOBJIGHHS HOBMX 3aKOHOMIPHOCTEH MOXKE MIJBUILUTH TOYHICTh
PO3pOOITIOBAILHIX MOJICIICH aHalli3y SKOCTI MOBITps [2].

Y poboTi peanizoBaHO CHCTEMY MOHITOPUHTY 3a0pyAHEHHSI MOBITPS B paMKax
napagurmu [oT, ska mepembadae OOMIH JaHUMH MK B3a€MO3B’S3aHUMH CEHCOPHUMU
HOPUCTPOSIMU Ta KOMII'IOTEPHUMHU CHCTEMAaMU B aBTOMATUYHOMY PEXHMMi 3 BUKOPUCTAHHAM
0e31pOTOBUX TEJIEKOMYHIKAllll 1 CTaHAAPTHUX MPOTOKOMIB 3B’3Ky. Sk muiardopmy st
300py Ta ONpAIOBaHHS CEHCOPHUX JTAaHUX BHKOpHCTaHO MikpokoHTposiep Arduino UNO R4
WiFi, no sixkoro min’eaHaHi ceHcop TBepaux mikpodactiHok HM-3301 Tta anamizatop piBHs
CO2 MH-Z19B. OpnepxaHni naHi cucrema nepenae Ha Node.js BeG-cepBep 3 BUKOPUCTAHHAM
HTTP-npoTokony nns ix 30epiranHs B 6a31 nanux MySQL Ta nmopansioro anamizy. Kpim
TOro, cepBep onepkye iHpopMmalio 3 Beb-pecypey https://www.weatherapi.com 1omo
MOTOYHMX MOTOAHMX YMOB (J1aHI PO TEMIEPATYpPY, BOJIOTICTh, HANPSAM 1 MIBUJAKICTb BITPY) Y
3ajaHiil MicueBocti. [l aHadily BUKOPUCTaHO JaHi Mpo 3a0pyAHEHHs TMOBITpA Ta
MeTeopoJoriydi ymoBH y M. HoBosiBopiBebKy 3 14 nuctonana 2023 p. no 14 ciuns 2024 p.

Ha ocHoBi aHainizy 1000BOro po3noaity 3a0pyIHEeHHS MOBITPs Ta JaHUX PO HAIMpPsM i
IBUIKICTh BITPY BHUSABJICHO MOXINBI JpKepena 3a0pyaHeHHs y M. HoOBOSBOpPIBCBHK.
BceraHoBneHo KopensiiiiHMIA 3B’S30K MK KOHIEHTpAIi€l0 TBEpAMX MiKpouyacTMHOK PMI,
PM2.5 ta PM10 i momekyn CO2 B arMocdepi Ta TEeMIIEpaTyporO 1 MIBHUIKICTIO BITpY.
Busnaueno koedimieHTH JiHIHHOT Kopensuii Ta mapamMeTpu JiHii perpecii, 1o Ja€ 3MOTry
noOynyBaTH  KOPENSLINHI MOJENIl 3aJeXKHOCTI piBHS  3a0pyJHEHHA TOBITPS  BIJ
METEOPOJIOTIYHUN (PaKTOPiB: TeMIlEpaTypH MOBITPS Ta IIBUAKOCTI BITPY. 3amnporioHOBaHA
CHUCTEMa MOHITOPHHIY SKOCTI HOBITPS MO>K€ OyTH KOPHCHOIO JJIsi PEriOHIB, HE OXOIUIEHUX
17100aIbHOI0 CUCTEMOIO MOHITOPHHTY aTMOC(EpH.

[1] N. Kunzli, M. Jerrett, W.J. Mack et al., Environmental Health Perspectives, 113, 201
(2005).

[2] P. Kortoci, N.H. Motlagh, M.A. Zaidan et al., Smart Health, 23, 100241 (2022).

[3] W.Y.Yi, KM. Lo, T. Mak et al., Sensors, 15, 31392 (2015).
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CHALLENGES IN MACHINE LEARNING DEVELOPMENT
WITH AMAZON SAGEMAKER

Yevhen Bershchanskyi, Halyna Klym
Lviv Polytechnic National University, Ukraine; e-mails:
yevhen.v.bershchanskyi@Ilpnu.ua, halyna.i.klym@Ipnu.ua

Amazon SageMaker is a cloud service provided by Amazon Web Services (AWS) that
simplifies the process of building, training, and deploying ML models. Companies encounter
challenges that make the ML development process more complex. One common challenge is
data preparation [1]. ML models require large amounts of data to learn from, but preparing
this data can be time-consuming. Another one is model development, which involves
selecting the right algorithms and parameters to achieve optimal performance. Deploying and
scaling requires managing resources and ensuring that the model performs well in production
environments.

Developing ML models has a challenge of various options and configurations
available for model development. This includes selecting the right algorithms that best suit the
data and problem at hand, as well as fine-tuning hyperparameters to optimize model
performance. Algorithm selection is crucial and choosing the wrong one can led to suboptimal
results. Hyperparameter tuning is a tedious process that requires experimenting with different
parameter values to find the optimal combination that maximizes model performance. Model
optimization is an ongoing process that may require iterative adjustments to improve
performance.

Deploying and scaling ML models with SageMaker presents several challenges like
model deployment latency, where low latency is critical. Scaling ML models to accommodate
high-traffic applications requires dynamically adjusting resources to meet demand. This
involves load balancing, scaling, and resource optimization to ensure that the system can
handle spikes in traffic without compromising latency. SageMaker offers features like auto-
scaling and managed endpoints to simplify deployment and scaling, there are still areas for
improvement.

Monitoring and maintaining deployed ML models requires ensuring model
performance and reliability over time, as deployed models may experience drift in their input
data [2]. Detecting and addressing model drift is essential to maintain the accuracy and
effectiveness of deployed models. Performance monitoring is another aspect of model
maintenance, requiring to continuously track key metrics: inference latency, throughput, and
error rates. Identifying performance bottlenecks and addressing them is crucial to ensure that
deployed models meet service-level objectives and deliver satisfactory user experiences.

In conclusion, the complexities of SageMaker for machine learning (ML) development
involve addressing challenges from data preparation to model deployment and maintenance.
Overcoming these hurdles is crucial for successful ML development with SageMaker,
ensuring reliability and performance in real-world applications. ML platforms will continue to
play a vital role in driving innovation. By addressing the challenges outlined in this article,
developers can leverage SageMaker's capabilities to unlock new possibilities in ML
development.

[1] Singh, H., & Singh, H. (2021). Data Processing in AWS. Practical Machine Learning with
AWS: Process, Build, Deploy, and Productionize Your Models Using AWS, 89-117.

[2] Muppala, S., DeFauw, R., & Eigenbrode, S. (2021). Amazon SageMaker Best Practices:
Proven tips and tricks to build successful machine learning solutions on Amazon SageMaker.
Packt Publishing Ltd.
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PO3POBKA ABTOMATHU30BAHOI'O KOMIIVIEKCY JUIA
AUNJITATOMETPUYHUX TA JIEJEKTPUYHUX
BUMIPIOBAHDb HA BA3I ROBOT OPERATING SYSTEM

Ouaekciii BumineBcbknid, Irop I'ipauk, FOpiit ExisimieBcbKuii.
JIbBiBCHKHI HalllOHAILHUHN yHIBepcuTET iMeHi [Bana ®panka, Byn. Kupuna i
Medouis 8, M. JIpBiB, 79005, e-mail:Oleksii.Vyshnevskyi@Inu.edu.ua

Ha cporoguimHii JeHb OJHMM 3 HAHOUIBII TEPCHEKTUBHUX (PYHKIIOHATBHUX
NPOTPAMHUX CEPEOBHII JJISi CTBOPEHHS AaBTOMAaTH30BAHUX Ta POOOTH30BAHUX CUCTEM €
Robot Operating System (ROS). Ile Bimkpute mnporpamHe 3a0e3MeUeHHS IS PO3POOKHU
pOOOTIB, sIK€ BHMKOPHCTOBYE 3arajbHy IUIaTGOpMy Ui CTBOPDEHHS, TECTYBaHHS Ta
pO3rOpTaHHS POOOTOTEXHIYHMX a TaKOX aBTOMaTU30BaHUX cucreM. ROS po3polmserbes
BiIKpHTO Mmija Jinensiero BSD 3 no3Bosiom Ha BiabHe BUKOpHCTaHHSA. Exkocucrema ROS €
OJIHI€I0 3 11 HAMCUITBHIIIMX CTOPiH, OCKUIBKH JT03BOJIAE OY/b-SKii IPyIi CTBOPIOBATH BIIACHUYN
penozutopiii Bigkpuroro koxy ROS, mo mo3Boisie MOKpamryBaTH TPOEKT 3a PaxyHOK
KOMYHIKaIlii 3 iHIMu rpynamu [1].

JMnaToMeTpuuHUN  METOJ  JNOCHiDKEHHS  (DI3MYHMX  BJIACTHBOCTEH  HIMPOKO
BUKOPUCTOBYETHCS Il BU3HAUCHHS TEMIIEPATYpHUX 3MiH JIHIHHUX po3MipiB Ta KoedimieHTa
JIHIAHOTO PO3IIMPEHHS MaTepiaiiB, IO JO03BOJSE OTpUMYyBaTH iH(opmailiro Mpo
MOCTIIOBHICTh  (ha30BHX TMEPEXONiB Yy KpPUCTAIIYHMX Marepianax. Merox €MHiICHOI
JTUIATOMETpIi € OJHMM 3 HAWOUIBII TOYHHUX, OCKIIBKHM 3MiHA JIHIHHUX pO3MIpIB 3pa3ka
PEECTPYETHCS 38 PaXyHOK 3MiHH €JICKTPUYHOI EMHOCTI €TAIOHHOTO KOHIeHcaTopa [2].

Kommonentn Ta wMeroaum poOoTu aunatomerpa: Ilpuman —ckmamaerbest 3
TEPMOI30JIALIIHOrO  KOpmycy, sKHHM 3a0e3neuye TeMIepaTypHy cTabulizamilo  Ta
KOHTPOJIbOBaHY 3MiHY TeMIIepaTypud 3pa3ka [0 3aJaHOMY aJITOPUTMY, €TaJIOHHOTO
€JIEKTPUYHOr0 KOHAEHcaTopa JUIsl (ikcallii JIHIHUX 3MIH pOo3MIpiB 3pa3Ka Ta HarpiBaJbHOTO
eJeMEeHTa JUId MIiJBUIIEHHS TOYHOCTI cTalumizamii Temmneparypu. CherianizoBaHui
NPOTPaMHO-aNapaTHU KOMILJIEKC Ma€ KOHTPOJIOBATH 3MiHY TEMIEpaTypH TMPOTATOM
TPUBAJIOrO Yacy B TemieparypHux Mexkax 350-77 K, omHouacHO peecTpyrouu JaHi 3
BUMIPIOBAJIbHUX TPHUCTPOiB Ta ix 30epexeHHsa. KoHTponp Temmeparypu € CKIAQJIHUM
3aBJaHHSIM Yepe3 BUMOTH JI0 BUCOKOI TOYHOCTI Ta CTaOUTBHOCTI.

Po3pobka mporpamMHOro KomIuiekCy: MM BHUKOPUCTOBYEMO MOIYJIbHMM MiAXia 3a
nornomororo (perimBopky ROS, 1m0 € THyYkor0 1iatgopMoro JJisi HamMCaHHS MPOTPaMHOTO
3a0e3nedeHHs. ROS Bxitouyae 30ipKy iHCTpYMEHTIB, 010J1IOTEK Ta KOHBEHILIH, CIPOIIYyIOUH
CTBOPEHHSI CKJIaJIHUX Ta MaciiTaboBaHMX cucTeM. lle 103BoJsie CTBOPIOBATU MpPOrpaMHUN
KoJ Ha Oynap-iKiil cy4yacHiii MOBI mporpamyBaHHs Ta IHTETpyBaTH HOro B CHCTEMY,
3a0e3Mmeuyrourd 3HAa4Hy THYYKICTh 1 MOXIIMBICTH JIETKOTO TE€PEBUKOPHCTAHHS KOIy JUIs
aBTOMaTH3allii pi3HUX YCTaHOBOK.

Iarerpauist 3 EDGE cucremamu ta mTy4yHuil iHTeneKkT: 3aBasku THydkocti ROS, mMu
MoxeMo iHTerpyBatu Hami naHi 3 EDGE cucremamu Ta BUKOPHCTOBYBAaTH aHAJITHYHI JaHi.
Onepyroun BEJIUKUM OOCSTOM JaHUX, JIETKO IHTETpyBaTH HEMPOHHI Mepexi Ul
nepeadavyeHHs] HalIaTyBaHb HAIIOTO MPHUCTPOIO, 3HAYHO MOKPAIIYIOYH SKICTh MPOBEICHHS
€KCIIEPUMEHTY, HOr0 TOYHICTh Ta CTabIIbHICTB.

[1] https://www.ros.org/

[2] 1. C. T'ipuuk, B. b. Kanycrsauuk, 10. B. Hopniii, O. B. Bumaescokwii, B. A. JlaBugosud,
KBapuoBuii aunatomerp, 3asBka Ha KopucHy Mozaenb Ne u202305113, 31.10.2023, JIHY
M. . ®panka.
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DISTRIBUTED IMAGE PROCESSING USING APACHE
KAFKA

Nazar Karpiuk, Halyna Klym
Lviv Polytechnic National University, Stepan Bandera Str., 12, Lviv 79000,
karpiuk.nazar@gmail.com, halyna.i.klym@Ipnu.ua

The surge in real-time image processing demands necessitates novel solutions beyond
conventional centralized architectures [1]. This research explores the development and
performance assessment of a distributed environment employing Apache Kafka for near real-
time image processing. We propose a decentralized approach that separates image ingestion,
processing, and output, facilitating parallel processing across a cluster of computing nodes.

The primary objective of this study is to investigate the efficacy of Apache Kafka for
distributed image processing in a near real-time setting. We aim to showcase the feasibility,
advantages, and limitations of this approach. Through performance evaluation, we will
analyze the impact of factors such as topic partitioning, consumer group configuration, and
processing workload. Ultimately, this research seeks to establish the proposed environment as
a robust solution for near real-time image processing tasks, paving the way for efficient and
scalable image analysis applications.

Apache Kafka is a distributed streaming platform that excels at handling real-time data
streams [2]. It enables real-time processing by separating data producers from consumers.
Producers send data events to topics, which are categorized channels. Consumers subscribe to
relevant topics and process the events as they arrive. This decoupled architecture allows for
independent scaling of each component. Additionally, Kafka partitions topics to enable
parallel processing for high throughput.

Kafka's capabilities are well-suited for near real-time image processing. Images are
first converted into a suitable format for Kafka and sent to designated topics. Consumer
applications then subscribe to relevant topics, continuously pulling and processing the image
data. This enables tasks like object detection in real-time. However, there are challenges to
consider. Image data requires significant processing power and bandwidth, and Kafka lacks
native image processing functionalities [3]. Nevertheless, research is ongoing to explore
Kafka's potential in this domain, with promising applications in video surveillance, medical
imaging, and more.

[1] A Study of a Scalable Distributed Stream Processing Infrastructure Using Ray and
Apache Kafka / K. Kato et al. 2018 IEEE International Conference on Big Data (Big
Data), Seattle, WA, USA, 10-13 December 2018. 2018.

[2] Blamey B., Hellander A., Toor S. Apache Spark Streaming, Kafka and HarmoniclO: A
Performance Benchmark and Architecture Comparison for Enterprise and Scientific
Computing. Benchmarking, Measuring, and Optimizing. Cham, 2020. P. 335-347.

[3] Kim Y.-K., Jeong C.-S. Large Scale Image Processing in Real-Time Environments with
Kafka. Second International Conference on Computer Science, Information Technology
and Applications. 2017.
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BJAOCKOHAJIEHHA HACTIVIBHOI'O TOAUMHHUKA 3A
AOHOMOTI'O10 AHAJII3Y MIKPOKJIIMATY,
I'OJIJIOCOBOI'O ACUCTEHTA TA POMODORO-TAUMEPA

Avurtpo Ko3iawk, IBan Koaybdak
Hamionanpauit yaiBepcurtet «JIbBiBCcbKa momiTexHikay, 79013, m. JIbBiB. By
Crenana banmepu, 12, dmytro.kozliuk.ki.2020@Ilpnu.ua,
ivan.zholubak@Ipnu.ua

VY naHiif poOOTI PO3IIIAAAETHCS IHHOBAIIHUN HACTUTBHUA PO3YMHHM TOTUHHHK, SIKHHA
BKJIIOYA€E (1)yHKLIﬁ aHaJIiay MiKpOKniMaTy, rOJIOCOBOI'O aCHCTEHTa Ta TaiiMepa Pomodoro, mio
JEMOHCTPY€E IUTICHUH MiXiJ 10 YIPaBIiHHSI POOOYHM YacoM Ta CEPEOBUIIEM, MOXE 3HAYHO
30UIBIIMTH KOMQOPT 1 KOHLEHTPALI0, a TaKOXX CHPUSATH MIJABUILEHHIO €()EeKTUBHOCTI
BUKOHAHHS 3aJad, 0 POOWUTh TaKWil TONWHHHK HE3aMiHHUM IIOMIYHHKOM B Cy4acHOMY
pobouomy mpocTopi. BaknuBO NpPaBHIBHO PO3YMITH TEPMIH «PO3YMHHUI» B KOHTEKCTI
roguHHUKiB. lle He o3Hauae, MO LI MPUCTPOi MAIOTh KOTHITHBHI 3MI0HOCTI ab0 MOXYTh
MHUCIUTH CaMOCTIHHO, «PO3YMHMI1» O3HAa4ya€ BKJIIOUCHHSI IE€PEJOBUX TEXHOJIOITYHUX
GyHKITIH.

[Totpeba B MoxepHi3zallii Ta po3poOIli BIACHOTO HACTIIFHOTO PO3YMHOI'O FOJWHHUKA
BUIUJIMBAE HE JIMILE 3 0COOUCTUX MOTPED, aje i 3 BUBYEHHS 3araJiIbHUX NOTPeO rpymu JoaeH,
AK1 TIPOBOJASTH 3HAUYHY YaCTUHY CBOTO 4Yacy Yy (DiKCOBAaHOMY MPOCTOPi, TAKOMY SIK o(icu 4u
HaBYaJIbHI ayauTOpii 32 poOOTOI0 Ta HABUAHHSAM Ta 3 HEHOJIKIB, BHSBICHUX Yy ICHYHOUHX
npoaykTax. [IpoananizyBaBiu iX st 3p03yMiB, 110 MOTOYHI PIIIEHHS Ha PUHKY € 3aTOYEHUMHU
MiJ] BUPIIIEHHS KOHKPETHMX 3a/ay 1 HeMae€ pIllleHHS, fKe O MoeaHyBasio B co0l (QyHKIi
TOJJMHHUKA, TOJIOCOBOTO ACUCTEHTA, 3PYYHOIO CEHCOPHOIO €KpaHy, TaiiMepa pomodoro Ta
aHaII3y MIKpPOKJIIMaTy, HEOOXITHOTO JUIs 3/10pOBOI Ta NPOAYKTHBHOI IKHUTTEISIBHOCTI
JFO/IMHY, 3 MOXKJIIUBICTIO peecTpallii JaHuX Ha cepBepl Ul BIACTE)KEHHS CTATUCTHKU. binbiie
TOTO - 3a JOCTYIHOIO IIHOK. 3pyuHille MaTd Ha poOOYOMy MICLI OJUH YHIBEpCaJbHUUN
HOPUCTPIH, HIXK KUIbKA, 3aTOYEHUX I11]] KOHKPETHY 3a/1ady.

Jliss BUKOHAHHS TIOCTaBJICHOI 3aJadyi BUKOpHCTaHO Mikporporecop ESP32-S3,
3aBASIKM MOTO BHCOKIM O0YMCITIOBATBHIN MOTYKHOCTI Ta MIATPUMKOI MAITUHHOTO HaBYAHHS.
Peanizaris— po3mnizHaBaHHS TOJOCOBHX KOMaHJ 0a3yeThCs Ha MOEIHAHHI XMapHOTO CEpBICY
WitAl ta Tensor Flow Lite mMonemno, sika mpaifoe Ha HpUCTPoi, 3a0€3MeUyoud MHUTTEBY
peakiiro Ha KopucTyBada. JJii JETaIbHOTO MOHITOPHHTY HABKOJHIITHBOTO CEpeIOBHUIIA
BUKOPUCTOBYIOTbc  gaBaui MH-Z19B, BHI1850, BME280 ski anamizytotb CO2,
OCBITJICHICTh, TEMIEpaTypy Ta BoJjorictb. IHTerpamis 3 cepBicom AWS Cloud n03BOIUTH
MOHITOPUTH JaHi TmapaMeTpu Ta Pomodoro cecii i3 craructukoro. Takox cucrema Oyne
iHQopMyBaTH KOpHCTyBada NpHU BIAXWUJIEHHI MNapaMeTpiB CepeloBUINA 4Yepe3 TIOJ0COBI
CTHOBILIEHHA 4epe3 JuHaMik 3 migcumoBadyeM MAX98357 kmacy D. Bukopucranus
ceHcopHoro LCD ekpany IL1934 po6Guth B3a€MO/Ii10 3 TOJUHHUKOM IHTYITUBHO 3PO3yMLIOIO
Ta 3pyuHoro. Mikpodon INMP441, sxuii moOynoBanuit Ha MEMS TexHONOrii, 103BOIUTH
3MeHImmTH 00urcitoBani pecypcu MK 3a paxynok BOygpoBanoro ALIIL. [aTerparis TexHomorii
pomodoro B iHTeNEKTyaIbHUNA HACTUILHUI MPUCTPIN HE TUIBKM MiABMILYE MPOAYKTHBHICTS,
ayie ¥ IEMOHCTPYE, K TPAAULIHHI METOIM MOXHA aJanTyBaTH JUIsl CY9aCHUX TEXHOJIOTTUHUX
IIPUCTPOIB.

[1]. P. Wolkoff, K. Azuma, P. Carrer Journal of Hygiene and Environmental Health. 233
(2021).
[2]. W. E.Septiani, European Modern Studies Journal. 7, 5 5. (2023).
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IHTEJEKTYAJIBHA CUCTEMA JOIJIALY 3A
POCJIMHAMHA

Poman Kopocrencbknii, Muxaiisio IlaBiauk, Irop Onennu
JIbBiBCHKUI HalllOHAIBHUHN yHIBepcHUTET iMeH1 [BaHa dpanka,
ByJI. JI[paromanoBa, 50, M. JIbBiB, Ykpaina, roman.korostenskyi@Inu.edu.ua

Po3BuTok iH(pOpMamiIHUX TEXHOJOTIM Ta IHAYCTpii JOMAmIHBOI aBTOMATH3Aallii
PEBOJTIONIIMHO 3MIHWJIM HAIll TOOYT 3aB/SIKA CTBOPEHHIO OaraThox loT mpucTpoi 1 peaizartii
IHHOBAIITHUX PILIEHb IS MOBCIKACHHOTO KOM(OPTY. IHTEerpanis pi3HOMaHITHUX PUIajiB B
IHTEJIEKTYaJIbHY CHUCTEMY 3a0e3leuye He TUTbKU Oe3mneKky, KoM(popT Ta eKOHOMII PecypciB,
ane i (QyHKIIOHYBaHHS PO3YMHOro OymuHKY Oe3 BTpydyanHs jroauHu [1,2]. Opraniune
MOETHAHHS Y PO3YMHOMY OYIMHKY PI3HHX MiJICHCTEM OOCIYrOBYBaHHS Ta YIpPAaBIiHHS 3a
JOTIOMOTOI0 TIEPEIOBUX TEXHOJOTIH Ja€ 3MOTYy BHKOPHCTOBYBATHM CHEPreTHYHI Ta IHII
pecypcu TUIbKM y TOTpiOHMI dYac 1 B HeoOXimHid kimbkocTi. TomMy po3poOka
eHeproe(eKTUBHUX Ta CKOHOMHHX BOYJIOBAaHHMX CHCTEM, MPHU3HAYCHHUX Ui 3aI0BOJICHHS
KOHKPETHHX MOTpe0d MEMIKaHIIB PO3YMHUX OYAMHKIB, € OJHUM 13 aKTyaJbHUX HAINpPSMKIB
JOCIIKEeHD y cdepi po3ymHuX pitners Ta [0T [3]. 30ibieHHS 009HCIIOBAIBHOT TOTYKHOCTI
MIKpOKOMIT'FOTEpIB 1 TMOSiBa HOBHX IHCTPYMEHTIB [UIsl PO3TOPTaHHS HEWpOMEpex Ha
MOOUTBHHUX TPUCTPOSX Ta IHIIMX BOYIOBAHMX CHCTEMax BiJKPHBAE€ HOBI MOMIIMBOCTI IS
PO3BUTKY CHCTEM PO3YMHOT0 OYAUHKY [4].

Y pobotri po3poOJieHO IHTENEKTyallbHy CHCTEMY IS aBTOMAaTHYHOTO TOJIUBY
KIMHaTHUX POCIMH Ha OCHOBI MikpokoMm torepa Raspberry Pi. 3anmpomonoBaHa cucrema
BukopuctoBye cerHcop SENO0308 mns anamizy BoJIOTOCTI TPYHTY Y 3aJaHWUd d4ac 1, 3a
HEOOXITHOCTI, aKTUBY€E MEXaHI3M MOJHBY 3aaHUM 00’eMoM BoaM. Takuii miaxiJ nae 3Mory
BUKITIOYHTH y4acTh JIIOJIMHU B TIPOIECI MOJMUBY, MPOTE€ Y pa3i BUSBICHHS KPUTHYHUX
MOMMUJIOK (HaNpHKIIaJ], BUYEpIaHHs BOAM y pe3epByapi) nepeadaueHa MOXKIUBICTh HaJICHIIATH
CIOBIIIEHHSI 3 BHUKOPHCTAHHSAM CTaHJAPTHUX MPOTOKOJIB 3B’SI3Ky. 3 METOI ONTHUMI3alii
BUTPAaT BOJXM s NOJMBY (YHKIIOHAJIBHICTH CHUCTEMM JOMJIALY 3a pOCIMHAMHU Oyna
po3mMpeHa 3a JOMOMOTOI TEXHOJIOTII IITy4yHOTrO 1HTeNekTy. HaBuanHs Mopeni
3JIIHCHIOBAJIOCh Ha OCHOBI JaHMX PO BOJIOTICTh I'PYHTY Ta 00’€M BHKOPHCTAHOI BOJU IS
nonuBy. Jlig onTumizamii Bar Heillpomepexi BHUKOPHCTOBYBABCS aJTOPUTM 3BOPOTHOTO
HOIIUPEHHS MOMUIIKH 3 aJalTHBHUM TPaJi€eHTHUM omnTuMizaropoM Adam. 3ampornoHoBaHa
IHTENIeKTyalbHa CHUCTeMa JIOTJISIY 3a POCIMHAMH MOXE aBTOMATHYHO PETYIIOBaTH 00 €M
BUKOPUCTAHOI Ui MOJIUBY BOAM 3AJIEXKHO BiJ MOTPeO POCIMHU Ta YMOB HaBKOJHUIIHBOTO
cepeZoBHILA. 3aCTOCYBAHHS TEXHOJIOTII IITYYHOrO 1HTENEKTY 3a0e3neuye eeKTUBHUN MOJIHB
KIMHAaTHUX pPOCJIMH, MIHIMI3YIOUd TpPU LBOMY CIHOXHBAHHA BOJM Ta MIATPUMYIOUU
ONTUMAIILHUIA PIBEHHb BOJIOTOCTI TPYHTY. EKCIepMMeHTanbHO BCTAHOBIEHO, IO E€KOHOMIs
BOJU JUIA TOJIUBY POCIMH MOXe focsaratu 24 %. 3amponoHOBaHMN MiAXIJ TaKOX MOXHA
BUKOPUCTATH JJis MiJABUIIECHHS €(EeKTHUBHOCTI BHUPOIIYBAaHHS CUIBCHKOIOCIIOAAPCHKUX

KYJBTYP.

[1] T.D.P. Mendes, R. Godina, E.M.G. Rodrigues, J.C.O. Matias, J.P.S. Catalao, Energies, 8,
7279 (2015).

[2] O. Taiwo and A.E. Ezugwu, Security and Communication Networks, 2021, 9928254
(2021).

[3] U. Mir, U. Abbasi, T. Mir, S. Kanwal, S. Alamr, IEEE Access, 9, 94132 (2021).

[4] C. Tang, C. Qiu, X. Xiao, e-Prime - Advances in Electrical Engineering, Electronics and
Energy, 5, 100260 (2023).
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BLE RANGING PERFORMANCE UNDER STRONG WI-FI
INTERFERENCE

Nazarii Kotliar, Igor Kravets, Andrii Luchechko
Department of Sensor and Semiconductor Electronics, Ivan Franko
National University of Lviv, Tarnavskogo Str. 107, Lviv, 79017, Ukraine
nazarii.kotliar@gmail.com

The Internet of Things (1oT) is widely popular nowadays. In the next decade, the
number of 10T devices is supposed to reach 50 billion [1] because of the cheap narrow-band
systems available, such as Bluetooth Low Energy (BLE) or Zigbee, aimed at the healthcare,
fitness, beacons, security, and home entertainment industries. The basic required functionality
for these applications is the distance estimation between two devices which later might be
used with localization purpose. The distance between the two radio systems can be estimated
based on the following approaches: Received signal strength indicator (RSSI), Time-of-flight
(ToF)/Time-difference-of-arrival (TDoA), and Phase-Based Ranging (PBR).

Phase-Based Ranging (PBR) requires measurement of In-phase and quadrature (IQ)
components at several frequencies — transfer function [2]. For channel impulse response,
determining spectral methods can be used, such as Inverse Furrier Transform (IFT) [3] and
MUItiple Signal Classification (MUSIC) [4]. The last one is less sensitive to noise but
requires incoherent signals for estimating multiple rays correctly. Otherwise, the estimated

distance would be the same as IFT:
. - 2, —1
A = (; (A /2 ) ) , (1)

where fi';{“ — IFT value for the k-th distance, !ﬂx',‘{'j — MUSIC value for the k-th distance, 4,,..
— eigenvalue of the measured signal. In order to decorrelate the signal, spatial smoothing is
needed [5]. Also, it increases the resolution of the pseudospectrum.

Wi-Fi does not influence distance estimation accuracy much because it behaves
like white noise. In particular, bias errors almost do not change, and random errors increase
by 3-4 times if no corrections are used. BLE PBR estimation is good enough to identify a
location within 10 meters even if the initiator or reflector is located next to the Wi-Fi router.

The easiest way to correct 1Q data is to multiply them by zero at damaged frequencies,
also known as blacklisting. However, it can add fake lobes to the pseudospectrum due to the
convolution of the blacklist and transfer function. Because of it, several technics are used for
reconstructing data at blacklisted frequencies [6].

[1] “Number of Internet of Things (IoT) connected devices worldwide from 2019 to 2030,”
available at: https://www.statista.com/statistics/1183457/iot-connected-devices-
worldwide/.

[2] P. Zand, J. Romme, J. Govers, F. Pasveer, and G. Dolmans, in: IEEE Wireless Commun.
and Network. Conf. (2019), pp. 1-8.

[3] A. Dutt, and V. Rokhlin, SIAM Journal on Scientific computing, 14, 1368-1393 (1993).

[4] W. Liao, and A. Fannjiang, Appl. Comput. Harmon. Anal, 40, 33-67 (2016).

[5] T.-J. Shan, M. Wax, and T. Kailath, in: IEEE Transactions on Acoustics, Speech, and
Signal Processing (1985), V. 33, pp. 806-811.

[6] A. Sheikh, J. Romme, J. Govers, A. Farsaei and C. Bachmann, in: IEEE Internet of Things
Journal (2023), V. 10, pp. 15171-15185.
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ARCHITECTURAL APPROACHES IN MICRO-FRONTEND
IMPLEMENTATIONS

Oleksandr Stepanov, Halyna Klym
Lviv Polytechnic National University, Stepan Bandera Str., 12, Lviv 79000,
oleksandr.v.stepanov@Ipnu.ua, halyna.i.klym@Ipnu.ua

The increasing complexity of software development has led to the emergence of
micro-frontend architecture as a solution, breaking down large monolithic applications into
smaller, independently deployed units called micro-interfaces.The article explores optimal
architectural approaches in micro-frontend development. Microservice architecture,
organizing applications as loosely coupled services, offers advantages in scalability and
isolation. However, it poses challenges in minimizing connections and maintaining API
interfaces.While micro-frontend architecture enhances modularity and testing speed, it also
presents challenges such as code duplication and isolation issues.

Micro-frontend architecture offers advantages like modular architecture, independent
testing, and parallel deployment, but also presents challenges such as code duplication and
complexity, especially in small projects. The implementation of micro-frontends involves
deciding between horizontal and vertical distribution, each suitable for different types of
applications, with horizontal distribution facilitating multiple micro-frontends in one view and
vertical distribution loading one micro-frontend per unit of time. Orchestration involves
effectively managing the loading and unloading of micro-interfaces, with methods like server-
side view assembly and application shell usage. Integration methods range from software
development integration to runtime integration, each with its own trade-offs for flexibility and
complexity. Communication between micro-interfaces requires effective channels while
maintaining weak coupling, with options like event emitters and web storage. Empirical
performance comparison demonstrates the advantages of Module Federation in terms of load
time and content rendering speed compared to monolithic architectures.

The article discusses optimal architectural approaches for micro-interfaces,
highlighting the importance of finding a balance between various factors. Two hybrid
architecture solutions are proposed: one combining server-side rendering (SSR) and client-
side composition (CSC), and another combining client-side compositions with build-in
integration using Module Federation. The conclusion suggests exploring hybrid architectures
to improve system speed and SEO optimization.

[1] A. Petcu, M. Frunzete, D.A. Stoichescu (2023), Benefits, challenges, and performance
analysis of a scalable web architecture based on micro-frontends. University Politehnica of
Bucharest, Scientific Bulletin., Series C, 85(3), p. 319-334.

[2] R.P. Pontarolli, J.A. Bigheti, L.B.R. de Sa, E.P.L. Godoy (2023). Microservice-Oriented
Architecture for Industry 4.0. Eng 2023, 4, p. 1179-1197.

[3] J. Soldani, D.A. Tamburri, W.J. Van Den Heuvel, (2018). The pains and gains of
microservices: A systematic grey literature review. Journal of Systems and Software, 146,
p. 215-232.

[4] D.S. Terdal, (2022). Microservices enabled e-commerce web application. International
Journal for Research in Applied Science and Engineering Technology, 10(7), p. 3548—
3555.

[5] J. Zhou, L. Yang, J. Wu, (2023). Micro-frontend architecture base. Sixth International
Conference on Computer Information Science and Application Technology (CISAT 2023).
https://doi.org/10.1117/12.3003818.
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ENHANCING RESIDENTIAL AIR QUALITY MONITORING

THROUGH ADVANCED FILTRATION TECHNIQUES AND

INTEGRATED SENSOR DATA FUSION USING AN Arduino
UNO-BASED SYSTEM

Ivan Rudavskyi, Halyna Klym
Lviv Polytechnic National University, Stepan Bandera Str., 12, Lviv 79000,
Ivan2001rud@gmail.com, halyna.i.klym@Ipnu.ua

This paper presents a sophisticated air quality monitoring system developed to address
the growing concerns over indoor air pollution and its impact on health and comfort. The
primary objective of this study is to design and implement a system that employs advanced
sensor technologies and data processing methodologies to provide accurate and real-time
assessments of indoor air quality (IAQ). The integration of multifunctional sensors enables
the system to not only monitor key air quality parameters but also enhance the overall
reliability and effectiveness of IAQ monitoring through the fusion of sensor data and the
application of moving average filter.

The air quality monitoring system, which is centred on the Arduino Uno
microcontroller, utilises multifunctional sensors such as the BME680 and CCS811 in order to
accurately track various IAQ metrics, including temperature, humidity, atmospheric pressure,
CO., and VOC concentrations. This integration is further enhanced by advanced sensor data
fusion and filtration techniques, including a moving average filter, which collectively enhance
the system's accuracy and reliability by reducing noise and mitigating sensor biases. The data
processed by these sensors is displayed on the NX3224T028 screen, which improves user
engagement. Furthermore, an audible warning system alerts user when air quality levels
surpass predetermined thresholds. The combination of these features and technologies
addresses the growing demand for intelligent home systems, optimises performance, and
provides actionable insights for improving indoor air quality and safety.

Two distinct experiments were conducted to assess variations in indoor air quality.
The first experiment focused on analysing air quality variations across different rooms
(bedroom, kitchen and bathroom) within a single building over a 10-day period. Systematic
measurements were taken at 1:00 PM daily following a 30-minute sensor calibration. This
rigorous approach enabled an in-depth examination of the unique air quality dynamics in each
living space. The second experiment investigated the impact of fragrance products, including
aromatic diffusers, perfumes, and aerosol sprays, on IAQ. Advanced analytical methods were
employed to measure concentrations of carbon CO: and VOC, which are essential for
evaluating indoor air ventilation efficiency and the presence of potentially hazardous
compounds released by these products. These studies collectively enhance the understanding
of IAQ factors influenced by both architectural variations and common household products.

[1] M. Khatib, H. Haick, ACS nano, 16(5), 7080-7115 (2022).

[2] D. Bousiotis, L. N. S. Alconcel, D. C. Beddows, R. M. Harrison, F. D. Pope, Environment
International, 174, 107907 (2023).

[3] C. De Capua, G. Fulco, M. Lugara, F. Ruffa, Sensors, 23(8), 3999 (2023).
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MIKPOKOMIT'IOTEPHA CUCTEMA JJISI BUSBHAUYEHHSA
KOJIBOPY ®I3UYHUX OB’EKTIB

Tersina CkaJii
HanionansHuit yniBepcuret "JIbBiBChbKa noitexHika", Byn. Ctenana bannepu,
12, m. JIsBiB, 79000, tetiana.skalii.ki.2020@Ipnu.ua

HIBUAKICTH Ta TOUHICTH BU3HAYECHHS KOIBOPY (i3UYHUX O0'€KTIB Ma€ TyXkKe BaXKIIMBE
3HAQYCHHS B IIPOMHKCIIOBOMY KOHTpPOJII SKOCTI, MEIWYHIA JIarHOCTHUIl, a TakoX y cdepi
nu3aiiny. TpaauniiiHi MeToan BU3HAYEHHS KOJBOPY MependavaroTh Bi3yadbHHNA OIS, SKHA
MOke OyTH TpHUBAIMM Ta CXWIBHHM J0 THoMuiok. Lls poGora po3kpuBae po3poOKy
MIKPOKOMI'TOTEPHOI CHCTEMH, 3[aTHOI BH3HAYAaTH KOJip (i3MYHHX 00'€KTIB 3a JIOTIOMOTOIO
Mmikpomnpornecopa STM32F030C6 Ta natumka xonbopy TCS3472. OCHOBHOIO METOIO J1aHOT
pPO3pOOKH € TOKpPAlICHHS MPOIECY BHU3HAYCHHS KOJBOPY Ta CTBOPEHHS OCHOBU IS
MalOyTHIX TOCIiKEeHb Yy cepi 00poOKH 300pakeHb Ta KOMIT'FOTEPHOTO 30DY.

SAnpom wmikpokomn'torepHoi cucremu € STM32F030C6, skuii 3a JIOIOMOTOO
inTepdeiiciB SPI ta 12C 0OMiHIOETBCS TaHUMU 3 KOJIHOPOBUM ceHcopoMm Ta LCD-aucmieem
BignosigHo. JlaBau TCS3472 mpaiioe 3a NPUHIXUIIOM BUMIPIOBaHHS IHTEHCHBHOCTI CBITJIa B
pizHux kananax (RGB). Otpumani pe3ynabTaTv aHaNi3yIOThCS Ta BUBOJSATHCS Ha rpadiuyHuit
iHaMKarop, 3abe3rmedylodr KOpPHCTyBadeBl 3pydHHE croci® Bisyamizamii OTpuMaHol
iH(popMalii. ApXITEeKTYpHO MIKPOKOMI'IOTEp MOAUICHUN Ha KUTbKA BY3JIiB, KOXKEH 3 SIKUX Mae
CBO€ (YHKITIOHATIbHE 3aBAaHHs. By30J CKUIaHHS BiIIOBIIa€ 3a Mepe3aBaHTAKCHHS CUCTCMH
70 MOYaTKOBOTIO CTaHy a0o0 BIAHOBJIEHHS HaJalITyBaHb JI0 3aBOJICBKUX MapamerpiB. lLle
BKJIUBO TSI 3a0€31eUeHHsI CTaOUTBHOCTI Ta HAIIWHOCTI y BUTIAJKY TTPo0sIeM abo HEmoaaa0kK.
By3zon cunxpoHnizaiii BiiMoBiga€e 3a reHepallito TAKTOBUX CHTHAIB, SIKI KOOPAUHYIOTh POOOTY
BCIX KOMIIOHEHTIB MiKporipoliecopa. By3on xuBneHHs 3abe3neuye MoTpiOHI HANPYry, CTPyM
Ta 1HIII MapamMeTpu Ui poOOTH BCIX IHIIMX KOMIIOHEHTIB CUCTEMH.

Jlns miaTBepKeHHS TPOJYKTUBHOCTI MIKPOKOMIT FOTEPHOI CUCTEMH OYJI0 IPOBEJEHO
Cepilo0 eKCIEPUMEHTIB 3 BUKOPUCTAHHAM (Pi3MUHUX 00 €KTIB 13 PI3HOMAHITHUMHU KOJIPHUMHU
XapakTepucTukamMu. EkcrepuMeHTH mependadalii CHCTEeMaTHYHE BHMIPIOBAHHS KOJBOPY
pI3HUX MaTepianiB, BKJIIOYAIOYM TKaHWHHU, (GapOu Ta MPHUPOJIHI IOBEPXHI, B YMOBax
KOHTPOJILOBAHOTO OCBITJICHHS. Pe3ynbTaTé MpOJEeMOHCTPYBAIHM 3JATHICTH CHCTEMH TOYHO
BU3HA4YaTU KOJIIP TECTOBAaHUX 00 €KTIB 13 BUCOKHUM CTYIEHEM TOYHOCTI Ta MOBTOPIOBAHOCTI.
OTprMaHi CUCTEMOIO 3HAYEHHS MOPIBHIOBAIKCH 3 pEeaIbHUM KOJIbOPOM 00’€KTiB. Pe3ynbraTn
MOKa3aJld CUJIbHY KOpPEJAIio, MiATBEPIKYIOUM HaIiliHICTh 1 €(EeKTUBHICTh CHUCTEMH.
Po3pobiiena  mikpokomMm'toTepHa  CHCTeMa €  TEPCIEKTUBHUM  DIMICHHSIM  JUIS
aBTOMAaTH30BAaHOTO BUSBIICHHS KOJIbOPIB Yy PI3HHUX rally3siX, Jie TOUHICTh Ta €(EeKTHBHICTh €
KPUTHYHO Ba)KIIMBHMH.

[1] B.L. boiiko, A.M. I'ypxiii, B.5. XKyiikoB Ta iH., CXxeMOTeXHiKa eIeKTPOHHUX cUCTeM: VY 3
kH. Ku. 3. Mikpompouecopu ta MikpokoHTpojiepu: IligpyuHuk, 2-re BH[., JOMOB. 1
niepepo61., Buma mik., Kuis (2004), ¢.399.

[2] R. Lukac, K. N. Plataniotis, Color Image Processing: Methods and Applications, (2007),
600p. DOI: https://doi.org/10.1201/9781315221526.

[3] Andrew Colin, Programming for Microprocessors, Newnes, (2014), 216p.
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BIIMIHHOCTI Y PEAJIIBALLI IPUHIUIIIB TEXHOJIOIII
OB’€EKTHO-OPIEHTOBAHOI'O ITPOI'PAMYBAHHS B
MOBAX OBJECT PASCAL (DELPHI) I VISUAL C++

3axap /lep:xkko, IBan XBuIyH
JIpBIBCHKMIA HaIlIOHATBLHUH yYHIBEPCUTET iMeHI [Bana ®dpanka, pakynpTeT
CJICKTPOHIKHU Ta KOMIT IOTEPHHUX TEXHOJIOTiH, M. JIbBiB By:. [Iparomanosa, 50.
zakharderzhko@gmail.com, xiocompan@gmail.com

OOuaBi MOBHU € TIOpUAHMMH, OCKUIBKH BOHHU JIO3BOJISIIOTH CTBOPIOBATH IMPOTPAMH Y
JIBOX TEXHOJIOTISIX: TPOIeaypHii i 00’ekTHO-opienToBanii (OOII) [1, 2]. Mosa Delphi mae
MiHIMaJIbHY KUIBKICTh BapiaHTIB CHHTAKCHYHUX KOHCTPYKIIN, SIKi BITHOCATHCS O TEXHOJIOTI]
OOIl, a y C++ — ixHf KUIBKICTh € HaJMIpPHOIO, IO YCKIAIHIOE BHUBUEHHS OCHOB Ili€l
TEXHOJIOTIT JIJIsl IOYaTKIiBIIS.

["0710BHI BIIMIHHOCTI IUX JIBOX MOB IIPOrpaMyBaHHS:

e V Delphi € enunuit BapianT 00’€KTHOI MOJEINI, KM CIIBIAAA€ i3 BiAMOBITHUMHU
MonensimMu y moBax C# 1Java. Y C++ 00’ekTH MOKHA CTBOPIOBATH HA OCHOBI KJIFOYOBHX CITIB
class, struct, union, a cami 00’€KTH PO3TaIIOBYIOTh 200 Y CETMEHTI CTEKy Mporpamu, abo y
CErMEHTI TaHUX Mporpamu, abo y auHamiuHii mam’sti (heap).

e VYV Delphi cunrakcuuni KOHCTpYKIIii, siki crocytoThest OOII, MaroTh BiANOBIIHI HA3BU:
Constructor, Destructor, Properties, Events, B Toii gac, sk y C++ Ha3Ba KOHCTpYKTOpa i
JECTPYKTOpa CIHIBIIAa€ 13 HA3BOKO BIMOBITHOTO KJIACY, a BIACTUBOCTI CKJIAAIOTHCS 13 JBOX
YacTHH — reTepa i cerepa.

e Ilpu ycnankysanHi y Delphi kokeH kiiac-Hamajgok Mae ogHoro npeaka. ¥ C++, kpim
3BHUYAlHOrO, iCHye MHOXHMHHE YCHaJKyBaHHsS, HpU SKOMY KJac-HAI[aJOK MOXe MaTH
JIeK1JIbKa 0aTbKIBCHKMX KJIaciB 1 MOXE BHUKOPHUCTOBYBATH iXHIO (YHKIIOHaJIbHICTh. OMHAK,
OCTaTOYHO HE BHU3HAYEHO, YM € KOPUCHUM MHOKMHHE YCNaJKyBaHHSA. Y TaKkuX MOBax, 5K
Java, C# MHOXXHHHE yCIIaJIKyBaHHSI HE BUKOPUCTOBYETHCS.

e V Delphi ichytors micth crnenudikatopiB goctymy: Private, Public, Protected,
Published, Strict Ta Automated. ¥ C++ € numie Tpu crnemudikaropu goctymy — private:,
public: i protected:.

e V Delphi € nBa BapianT BipTyansHux meronis, Virtual — mis ontumizaiii Koy mo
mBuAKoAil i Dynamic — mis miHimizamii 3aTpat omepatuBHOI mam’sti, a B C++ € TilbKu
KJIF0UoBe coBo Virtual.

eV Delphi € npouenypuuii THII AaHUX, SKUH Tpae poib jeserary, 1o € y moBax C# i
Java. Lleif THI JaHUX BUKOPUCTOBYIOTH it 00poOku mofii. Y C++ HaOIMKeHUM aHaJIOTOM
OO TMOHATTS € BKa3iBHUK Ha ¢yHKkHito. [lpu Horo BUKOpHUCTaHHI, KOMIIUIATOP HE
KOHTPOJIIOE CUTHATYPY (PYHKILII.

e VYV CH++ € noHATTA BIPTy&JIbHHUX KJIACIB, SIKI BHUKOPUCTOBYIOTH IMPU MHOXHMHHOMY
ycnaJKyBaHHI Ui ycyHeHHs komisii imeH. Ockinbku B Delphi MHOXMHHE ycraakyBaHHS €
BIJICYTHE, TO BIPTyaJlbHi KJIaCH TaM HE MOTPiOHI.

e MoBa C++ mMHPOKO BHUKOPUCTOBYE TMOHATTS BKa3iBHMKa, IO Hajxae il 3HAYHOI
MOTYXXHOCTI, ajie, OJIHOYACHO, € JDKepesoM HebesmeuHux cutyamiii. B 00’exTHO-
opieHTOBaHMX Tpoekrax MoBu Delphi Bka3ziBHUKM Mali’ke HE BUKOPUCTOBYIOTH, OCKUIBKH il
00’€KTHa MOJIENb € TOCHJIAJIbHOTO THITy. Y MOBI Java BKa3iBHUKM BiACyTHi, a B C# ix
BUJUISIFOTH Y OJIOK Tak 3BaHOTO “‘HEOE3MeYHOro Koy’ .

e  Bigomuii mumre oqun crangapt moBu Object Pascal (ISO/IEC 1991), B Toit yac, sk 3
1998 poky 1o 2019 pik 3’siBusiocs monaiimeniie 5 cranaaprtis C++ [3].
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[TpoBeneHuii MOPIBHAIBHUI aHaIi3 0COOIMBOCTEH MOB nporpamyBanns Delphi i C++
MOKa3ye, 110 ISl TOYATKIBINB Kpalle MOYNHATH CBOE 3HAWOMCTBO 3 MPUHIIUIIAMH TEXHOJOT11
OOII i3 BuBuenust moBu Delphi. Binpmie Toro, cydacHuii BapiaHT Ii€i MOBH € KpoC
w1aT(OpPMHUM, OCKUIBKM BiH JI03BOJISIE CTBOPIOBATH IPOTPaMHI TOJATKH [UIS I SITH
omepaniinux cucrem: Windows, Android, MacOC, iOS rta Linux.

[1] Straustrup Bjarne. PROGRAMMING. Principles and Practice Using C++. Addison-
Wesley Publishing. 2009, p. 1248.

[2] Cantu Marco. Delphi 2010 Handbook, Piacenza (Italy), 2021. — 318 p.

[3] Josuttis Nicolai M. C++17 — The Complete Guide. The Lean Publishing, 2019. p. 430

HPUJIIAAOBE MOJAEJIIOBAHHS ITOJIBOBUX
TPAH3UCTOPIB I3 KAHAJIOM Y BUT'JIAAI
ABOBUMIPHUX MATEPIAJIIB

Isan Bypuk!, Cepriii IlaBnenxo’, Auton Bupkyn?, Jlapuca Oanoasopeus?,
MukoJa Bypuk?, Ouaekcanap JlicoBmii
'Cymchknii nepixaBHuii yHiBEpCHTET, Byl XapKiBcbka, 116, Cymu, Ykpaina, 40007,
2 HanioHanbHMI TeXHIYHME yHiBepcuTeT YKpainu «KuiBchbKuil MOTiTeXHIuHMIA
iHCTUTYT iMeHi Iropst Cikopebkoro», bepecteiickkiii mpocnexT, 37, Kuis, Ykpaina,
03056
I.buryk@aph.sumdu.edu.ua

Jns  BupilmieHHs psagy npoOsieM, TMOB'I3aHUX 3 MaclITa0yBaHHSAM  CTPYKTYpP
TPaH3UCTOPIB, JOCTIIHUKK MAlOTh 3HAYHUI 1HTEpeC 10 ABOBHMIipHUX MarepianiB (2D). Bonu
MaloTh JTUCTOMOAIOHY CTPYKTYPY 3 TOBIIMHOIO OJHOTO 200 KiTbKOX aTOMHHX IIapiB. 3aBIsSKU
CBOIM CYOHAaHOMETPOBIM TOBIIMHI KaHAIy HOCIT 3apsy PyXarThCs B MEXaxX OJIHOATOMHOTO
abo 0araroaToOMHOro KaHaily. 3acTOCyBaHHs TrpaeHONOAIOHMX MaTepialiB K KaHaliB Y
MOJIbOBUX TPaH3MCTOpax OOMEXEHE HU3bKOIO PYXJIMBICTIO HOCIIB 3apsiiy B HHMX. Y JaHId
pOOOTI PO3MIISIHYTI POOOYl XapaKTEPUCTUKU TMOJILOBOIO TPAH3MCTOpa 3 KaHAJIOM y BUITIAAL
JBOBHUMIPHOTO MaTepiaiy, PUBEIEHI OCHOBH MOJEIIOBAHHS TaKUX CTPYKTYp 3a JOIOMOTOI0
cepenouiir  Silvaco TCAD, NanoHub ta iH. Pe3ynbTaTé AeMOHCTPYIOTH iX BHIILY
MPOYKTUBHICTh MOPIBHIHO 3 1HITUMHU MOJLOBUMHU TPAH3UCTOpaMH. YncenbHe MOIETIOBaHHS
pOOOYMX XapaKTEepPUCTHK TPAH3UCTOpAa 3 KaHAJIOM Yy BHIVIAAI JBOBUMIPHOTO MaTepiairy
PO3KpHUBAE TPOOIEMAaTHIHI acCleKTH Ta OCOOJMBOCTI 3actocyBaHHs 2D marepiaiiB B
1HKeHepii eJNIeKTpOHHUX MNpHUCTpoiB. OTpUMaHi pe3ynbTaTH JEMOHCTPYIOTh NPHUHHSATHI
3HAYEHHS EJEKTPUYHUX MapaMerpiB 1 MOXYTh OyTH 3acTOCOBaHI Uil IOAAJBIIOrO
MIPUIIAI0OBOTO KOMIT'IOTEpPHOTO MOjetoBaHHS. Bapro 3ayBakuth, mo 2D marepianu maio
3MIHIOIOTh PYXJHUBICTh HOCIiB 3apsay MpH 3MeHIIeHHI ToBIMHU. KpiMm Toro, sKuio
OararomapoBi CTPYKTYpH HE KOHKYPYIOTh 3 00'€eMHUMH Martepiajamu (TakuMu K Si abo
GaAs), tomi sk 2D marepianum 9acto AEMOHCTPYIOTh OYEBHJIHI IepeBaru y Aiama3oHi
TOBIIMHHU MEHIIE 3 HM, II0 € KPUTHYHHUM JJIs1 PO3LIMPEHHS MAaclITa0yBaHHS TPaH3UCTOPIB.
PyxnuBicTh HOCIIB y Si CTPIMKO 3MEHIIYETHCS 3 TOBIIUHOIO HIDKYE 5 HM, TOA1 SIK PYXJIUBICTh
2D matepialliB MEHIII 3aJI€KUTh BiJl TOBIIMHU 1 3HAYHO BUINA Y I[bOMY BUIIAJKY.

OCHOBHI eTany MPUJIATO0BOTO MOJCITIOBAHHS TOJbOBHUX TPAH3UCTOPIB 13 KaHAJIOM Yy
Burnsaal 2D marepiamiB: CTBOpEHHS T€OMETPUYHOI MOJENi, SIKE€ BKJIIOYAE BH3HAYCHHS
pPO3MIpiB TPAaH3UCTOPA, PO3TAIIYBAaHHS €IEKTPOAIB (3aTBOp, CTIK Ta BHUTIK) 1 BJIACTUBOCTEH
MaTepialliB; TeHepallisi OOYMCIIOBAJIBHOI CITKM OKpeMHX oOjacTeil TpaH3uUCTOpa Ui
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YHCENIbHOTO aHaji3y; BCTAHOBJECHHS TPaHUYHHX YMOB Ha KOHTAKTHUX I[OBEPXHAX JUIS
CHUMYJIALII 30BHIIIHIX BIUIMBIB (HANPHUKIAJ, MPUKIAJCHHS HANPYTW 10 3aTBOPY, BILTUBY
TEMIEPaTypy, TOIO); BUKOPUCTAHHS YHUCEIbHUX METOAIB [UIsl PO3B'SI3aHHS CHUCTEMU
TPAHCHOPTHUX PIBHSHB; OIIHKA pPOOOYMX XapaKTEPUCTHK TPAH3UCTOPA, TAKUX SAK CHJIA
CTPYMY CTIK-BHTIK, KOE(QIIIEHT MiJACHICHHS, MOporoBa Hampyra Tomo. [lopsn 3 muMm y
KJIACUYHIM Teopii /Ui BHU3HAUEHHS TYCTHTH CTpPyMy HOCIiB, Koe(illi€HTIB TeHepauii,
pekoMOiHalii Ta IHIIMX MapamMeTpiB SK 0a30Bi  BHUKOPHUCTOBYIOTh TPAJUIIMHI PIBHIHHS
[Tyaccona Ta 6e3nepepBHOCTi. Y maniit podoTi s nporaozyBanHs B Silvaco TCAD pobounx
XapaKTepUCTHK IOJIHOBOTO TPAH3UCTOpa 13 KaHaioM y BUIIsiAI Mo2S Oylio 3acTOCOBaHO
Tudy3iiHO-apei(oBy TpaHCHOPTHY Mojenb i3 cratuctukoro depwmi-Zlipaka. BpaxyBaHus
KBAaHTOBOTO IMOTeHIIIay boMa 103BoJIMII0 1mooaty mpoosieMH ii armpoOarttii mpu mposiBICHHI
e(eKTiB KOPOTKOTO KaHaly.

Sx mpuknang Ha puc. 1 HaBeneHO CTPYKTYpY B MacmTabi MIKpOHHOI IIKald Ta
nepeaaBagbHl  BOJBT-aMIEpPHI XapaKTEPUCTHKHU JUIS TOJIHOBOTO TPAH3UCTOPA 13 KAHAIOM Yy
Buriai MoS». [loporosa nanpyra Oyina Bu3HaueHa aiis 3mimieHHs ctoky 0,03 B ra 0,60 B,
npyd ObOMY Ha 3aTBOpi Hampyra 3miHmoBanacs Bigx 0 B mo 1,20 B. Otpumani pesynpratu
JO3BOJIMJIM BH3HAUMTH HACTYIHI €JIEKTPUYHI mapamerpu: mnoporoa Hampyra 0,4-0,5 B;
nomoporouii po3kug 110-120 mB/mexany; cTpyMm ansi BIAKPUTOTO Ta 3aKpUTOrO KaHAIY
BimmoBinHO cranoBuB 104-10° A ta 1071°-10% A , ix Bigmomenus 10°-107 (koedirieHT
HiJICUJICHHs); 3HIDKEHHS Oap'epy, iHaykoBaHe ctokom 800-850 mB/B. B pamkax mopeni
Ilokuni [1] mpu Hanpysi 3mimenss 0,60 B pyxmusicTs HociiB craHoBHMIa 61m3bK0 80cM?/Be.
OtpumaHi pe3yiabTaTH J00pe Y3TO/KYETbCS 3 BIJOMHUMH JaHHUMH  JUIS  TTOJIbOBUX
TPaH3UCTOPIB i3 KaHaimom MoS; [1].

Regions:
source
drain
gate
channel
filler
oxide
box

Drain current (mA)

-10 -05 00 05 10
Gate voltage (V)

a 0
Puc.1. Teomerpuuna mozpens (a) Ta mnepegaBaibHi  BAX (6) ans mosnboBoro
TpaH3ucTOpa 13 KaHaioMm y BUTIsAi MOS,. Bucokwii Ta HHU3BKMH piBHI  Hampyrd Ha
€NIEKTPOJaxX BUTOKY Ta CTOKY BigmoBimHO VgsH=0,60 B (xBampatu) Ta Vgsi=0,03 B
(TPUKYTHHKWN)

[TonboBi TpaH3UCTOPH 13 KaHaIOM y BUIIIsiAl 2D marepialiiB I€MOHCTPYIOTh HabaraTo
MEHIIy BEJIMYHHY JIOTIOPOTOBOIO PO3KUIY, L0 BAXIUBO Il MaclITaOyBaHHS TPAaH3UCTOPIB.

Ile BaXKO JOCATTH B KPEMHIEBHX CTPYKTYpaxX, HaBITh SIKIIIO BHKOPUCTOBYIOTHCS IMEPEIOBI
koHcTpykuii FINFET, VGAA Tta inmmi [1].

[1] Y. Liu, X. Duan, HJ. Shin et al., Nature 591, 43 (2021).

[2] I.P. Buryk, I.M. Martynenko, L.V.Odnodvorets et al., J. Nano- Electron. Phys. 14, 01024
(2022).

[3] I.P. Buryk, A.O. Holovnia, I.M. Martynenko, O.P.Tkach, J. Nano- Electron. Phys. 13,
04030 (2021).
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BUABJIEHHS TOYOK BI®YPKALIN Y JUHAMIYHUX
CUCTEMAX 3 XAOCOM

Ouer Cinop, IBan XBuiyH
JIbBIBCHKUI HalllOHAJIBHUH yHIBepcUTET iMeH1 [Bana dpanka, hakynbTeT
CJICKTPOHIKHM Ta KOMITFOTEPHUX TEXHOJIOT1#, M. JIbBIB ByJI. [[paromanona, 50,
oldneer.dev@gmail.com, xiocompan@ gmail.com

Teopis xaocy — poO3aiT MaTeMaTHKH, SKUH BHBYA€E IMOBEAIHKY JIETEPMIHOBAHHX
JUHAMIYHUX CUCTEM, PO3B’SA3KH SIKMX MAlOTh JOCUTH CKIIAJHY CTPYKTYPY 1 TOMY 3/1a€ThCS, 1110
B Yaci BOHHM MOBOASATHCS BHIAIKOBO. /leTepMiHOBaHA CHUCTEMa — CHCTEMa DIBHSHb DPYyXY,
napaMeTpH Ta MOYaTKOBI YMOBH SIKOT BiZIOMi 1 HE € BUITaAKOBUMH [1].

VY mpoueci MaTeMaTHYHOTO MOJCTIOBAaHHS PI3HUX JWHAMIYHUX CHCTEM, MOXKHA
crocTepiratu 3MmiHy MOBEAIHKM BIAMOBITHOI CHCTEMH 1, B 3aJIeKHOCTI BiJ MapaMeTpiB i
MIOYaTKOBHUX yYMOB, TOSIBY B Hili TO4OK Oidypkariiii, Ta 3MiHy ii CTaHZapTHOI MOBEMIHKY Ha
xaoTu4ny [2].

Touka 6idypkartii — e MOMEHT 3MiHHU SKICHOT TOBEIIHKHM TUHAMIYHOI CUCTEMH, Y SIKil
MaJli 3MiHHU apaMeTpiB CUCTEMU IPUBOJAATH /10 MOSIBU XAaOTUYHOT'O PEKUMY.

Jlnist mociipkeHHsT TOYOK OiypKariii y AMHAMIYHUX CHCTeMax 3 XaocoMm, MoBoto C#
Oyn0 HamMCaHO NPOrpaMHHU IPOCKT, y sSKOMy, HesBHUM MerogoMm Illuumena [3, 4],
PO3B’SI3yBaIMCh MAaTEMaTHYHI MOJIEII ITUX CUCTEM, 3 METOIO 3HAXO/KEHHS TOYOK OiypKartiii.
Jnsa Bizyanmizamii pe3yabTaTiB JOCHIKEHb Yy BUIJIAAI IpadikiB, BUKOPUCTaHO O0i0IioTeKy
OxyPlot.

JlaHa mporpamMHa CHUCTeMa € BIJIKPUTOIO JI0 il MOJepHi3allii, TOMy BOHa MOX€E CTaTH
OCHOBOIO JIJISi CTBOPEHHSI TOTY)KHOTO CEPENOBHINA JUII BUBYCHHS XAOTHYHUX MPOIECIB Y
cucTeMax 13 pi3HUX Trajgy3ell HayKu.

VY omoBijli TMOAAHO pe3yiabTaTH JAOCTIIKEHb, fKI TOKa3add MIIAXH Ta METOIU
11eHTU(iKalli KOHKPETHUX 3HA4YEHb MapaMeTpiB CUCTEMH, IPU SIKUX BiI0YBa€ThCs 3MiHA Y ii
MOBEIIHIII Ha XaOTUYHY.

[1] Francis C. Moon. Chaotic Vibrations. An Introduction for Applied Scientists and
Engineers. A John Wiley & Sons, Inc., Publication. 2004, p. 310.

[2] Ruelle David. Hasard et Haos. Princeton University Press, (1991), p. 247.

[3] 1.O. XBunryHn. [IporpamyBaHHs i MaTemMaTiuuHe MojentoBanHs, Kuis, (2007), . 544.

[4] Shichman H. Integration System of a Nonlinear Network-Analysis Program // IEEE Trans.
on CT.-1970. - 378 — 386 p.
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BU3HAYEHHS EKBIBAJJEHTHUX CXEM 3AMIIIIEHHSA
PIZIMH HA OCHOBI BEBKOHTAKTHOI EJIEKTPUYHOI
IMIIEJAHCHOI CHEKTPOCKOIII

Apocaas bepko, Anapiii Jlyueuko
Kadenpa ceHcopHoi Ta HamiBIPOBITHUKOBOI €JIEKTPOHIKA
JIbBIBCHKOTO HAIlIOHATLHOTO YHIBEPCUTETY iMeHI [Bana DpaHka,
M. JIbBiB, Byn. TapHascekoro, 107, JIsBiB, 79017, Ykpaina
yaroslav.berko@Inu.edu.ua

Immegancua crekrpockomist (IC) mMPOKO BUKOPUCTOBYETHCS Ul XapakTepu3arii
CNIEKTPUYHUX BiacTUBOCTeW peuoBuH [1]. s GesmocepenHix BHMipOBaHb, y OLIBIIOCTI
OIyOTIKOBaHUX JOCHIJIKEHb, 3aCTOCOBYETHCS IPSIMUAN OMIYHHNA KOHTAKT M)XK €JIEKTPOJIaMH Ta
peuoBuHOO. Llel MeToj MiABHINYE piBEHb OTPUMAHOIO CUTHANY, NMPOTE € HE HaIIMHUM 3
TOYKHA 30pY JOBIOTPHUBAJIOIO BHKOPHCTAaHHS, a/PKE EJIEKTPOIU MOXKYTh OKHCIATUCS Ta
pyHHYBaTuCs, 3a0pyJHIOIOYM JOCHIUKYBaHl 3pa3ku. AJIbTEPHAaTUBHMM METOJIOM €
OE3KOHTAaKTHE BUMIPIOBAHHS, IIPH SKOMY €JIEKTPOJIM BiJIOKPEMIICHI Bij 3pa3Ka JieIeKTPHKOM
[2]. Onnak, et MeTon Mae JesKi HEIONIKH, 30KpeMa YCKIAIHECHHs CKBIBAJCHTHOI CXEMH
samimienHs: (EC3) ta oOMexeHHsI piBHS CHTHANy €MHICTIO YTBOPEHOIO MIX €JIEKTPOAOM i
JOCJIITHOIO PEYOBHUHOIO.

VY naniii po6OTI OCHOBHY yBary npuaijieHo nomyky ontumansHux EC3 ta po3ainenHs
XapaKTepUCTHK JOCIIPKYBaHUX PEYOBHMH 1 KOHTeWHepa Juisi BuMiproBaHHS. IIpoBeneHo
BUMIPIOBaHHS IMITEAAHCY JUISI €TaHOJY, JUCTHIHOBAHOI BOAM Ta iXHBOI CyMIlIl B CKISTHOMY
KOHTEWHepl 3 eNeKTpoJaMH Ha TMpOTHWIEKHUX CcTiHKax. Ilpu crabinmpHOMY 00°eMi
JOCII/DKYBAHOT ~ PIAMHM Ta  MapaMeTpax  HaBKOJUIIHBOTO  CEPENOBHINA, YaCTOTHI
XapaKTepUCTUKH KOHTEHHEpa BBaKAIMUCA HE3MIHHUMM, IO JO03BOJIMJIO BUKIIOUUTH IXHIN
BIUIMB TIIPU aHali3l JaHUX /I PO3JAUICHHS MapaMeTpiB piAuH Ta KoHTeilHepa. Ilomryk
ontumanbHuX EC3 BUKOHYBaBCS 3a JIOIIOMOIOI0 METOJy pealli30BaHOIO Ha OCHOBI
reHeTnyHuXx aiaroputMis. Ctpyktypa EC3 3amaBanacs sk BXIJHUN MapamMeTp MOIIYKY 1
CKJaaanacs 3 ACKUIbKOX MmochigoBHHX enemeHTiB dorta. Takuii BuGip OyB 3ymMOBIEHUI
ONTHUMI3AIIE€I0 MIBUAKOAIT 3aIIPOTIOHOBAHOTO aJITOPUTMY.

Otpumano Habip EC3, mo BiANOBiAaIM BUMIPSHUM JaHUM 3 TOo4HicTIO 10 1%. Ilpu
npoMy, pe3ynbpTyroui EC3 Brimroganu 4actuHy, sika Oyjia OJJHAaKOBOIO JIJISl BCIX BUMIPIOBAaHb 1
XapakTepusyBajla KOHTeWHep. [HIIMM BaXJIMBUM  pe3ynbTaToM Oyla  MOXKJIMBICTBH
BUKOpUCTaHHS oTpuMaHux EC3 st MoaentoBaHHS BIATYKY JOCTIIKYBaHOI cuctemu Ha I1-
no1ioHe 30y/PKeHHS, 1110 BiIKpUBAE MEPCIIEKTUBU MPOTHO3YBAaHHS peakilii CUCTEMH Ha OCHOBI
JTAHUX IMIIEIAHCHOT CIIEKTPOCKOTTII.

[1] G. Hsieh, D.D. Edwards, S.J. Ford, J.H. Hwang, J. Shane, E.J. Garboczi, & T.O. Mason,
MRS Online Proceedings Library (OPL), 411, 3 (1995).
[2] P. Kuban, P. C. Hauser, TrAC Trends in Analytical Chemistry, 102, 311 (2018).
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MOIEJIOBAHHSA ITIOYKY HIVIBOBUX I'PYII
KOPUCTYBAYIB Y COUIAJIBHUX MEPEX

I.C. IlepexpectoB, A.M. UmesnieBcbkuii, B.M. Mosoukos, /I.0. Kanunenko,
B.C. CuTHiK0B

Harionansauit yHiBepcuteT "Ojechbka MoTiTeXHIKa
VYkpaina, M. Ozeca, 65044, np. IlleBuenka, 1, sitnikov@op.edu.ua

OpHiero 3 3aBlIaHb COIIAJIBHUX MEPEeK € Tpoleaypa pekoMmeHmamii mapysiB. Lls
npolexypa Mae BHCOKUH IpIOPUTET, OCKUIbKM BTIJIEHHA ii J03BOJISE€ NPUBEPHYTH Ta
YTPUMATH 3HAYHY KUTBKICTh HOBUX KOPUCTYBAUiB.

Pexomenpariiiini cuctemMu 0a3yroThCS, TaK 1 MOJIETIOIOTHCSA, HA OCHOBI KOTHITUBHHUX
HayK, Teopii HaOIKeHb Ta MoTyKy iH(opmarrii, Tomo. Tak Bxe 3 cepeauan 1990-x pokiB 115
rajgy3b Ioyajla aKTMBHO PO3BHBATUCSA YE€pe3 3pOCTalody BaXJIMBICTh PEKOMEHAALId, a
aKTUBHICTh B COIIIAJIbHUX MEpeXKaxX BIJAKPUBAE HOBI MOJMIJIMBOCTI ISl IOJAIBIIOTO
HiJBUILIEHHS TOYHOCTI PEKOMEHJALIHUX CHUCTEM, HaJlaHHS KOPHUCTyBayaM HOBMX CIIOCOOIB
CHUIKyBaHHs Ta OyyBaHHS BIpTYaJIbHUX CHUIBHOT.

Tak MonemtoBaHHA Ta TECTyBaHHS METOJIB IIOUIYKY Ha JBOX JaTracerax —
BUIIJIKOBOMY Ta CIEIliabHO MiIiOpanomy, mokasanu, mo aaroputM DBSCAN wmae mpocuth
HEIOraHi [IaHCH JUISl 3aCTOCYBaHHS HOro Ha pealbHUX 3a/lauax peKOMEHallli KOpUCTYBaviB y
couianbHuX Mepexax. CiiJy BIIMITUTH, 10 MIBUIKICTb pOOOTH LIbOI'O METO/lYy — B 11€aJIbHOMY
BUNAJIKy MOXe 3HauHO mnepesuiyBatu Affinity Propagation. Ha TecroBiil koHpirypamii, Ha
komm'rorepi 3 8 ['0 oneparuBnoi mam'sati ta 2,5 I'T'n mpouecopom Intelcorei5, meron 3paTHMI
o0'eqratu 23 000 TOYOK MaHUX HA OCHOBI Bcix momapHux moaionocteit (23000x23000) 3a
KUIbKa ToauH. OCKIUIBKM JJIsl peaibHOl 3a/a4l Taka KUIbKICTh OyJie 3aHAJTO BEJIHMKOIO Ta HE
noTpiOHOI0, TO MOXKHA CKa3aTd, L0 METOJ Ma€ JOCHTh BEJIUKY IIBHAKOAIIO. YCIHilIHe
BukopuctanHa anroputMmy DBSCAN y 3amauax CTBOpPEHHsI peKOMEHAALIMHUX CHCTEM Ja€
nepesary Hag MetogoM Affinity Propagation, sikmio He BUKOPUCTOBYBAaTH #oro Opytdopc-
peaizaitiro.

Bukopucranns xoedinienty kopensuii Ilipcona 3a0esnedye OiuIbIly TOYHICTB
peKOMEH/Iallii, MOPIBHAHO 3 OOPOOKOI JaHWX 3BUYAWHUMU MeToaamu. Jlis Garathox
COLIIaTIbHUX MEpex, came Iei (akTop € TOJIOBHUM JJs 3aJy4YeHHS Ta YTPUMAaHHS HOBHUX
KOPUCTYBaYiB.

B xoa1 MozentoBaHHS KpallluM BapiaHTOM OOpaHHS TECTOBUX JAHUX Oy JaTaceTu
Social circles: Facebook i3 caiity crenadopacekoro yniBepcurery snap.stanford.edu. Lleit
Ha0lp JaHWX CKJIAJAEThCSA 3 COLIAJBHMX KUI Ta CIUCKIB Npy3iB 3 Facebook. [lani Oymu
aHOHIMI30BaHi, 3aMiHMBIIM  BHYTpilmHiI  iAeHTU¢ikatopu Facebook, mincraBuBmn
1IeHTU(QIKaTOpU Ui KOKHOTO KOpHUCTyBaua 3 HOBHM 3HAUE€HHAM. TakuM YHHOM, 3a
JIOTIOMOT 010 I[LOTO JIaTaceTy MO>KHA BU3HAYUTH OKPEMO B3SITOTO KOPUCTYBaua, Ta JAesKi Horo
IHTepecH.

3anponoHOBaHUN MiAXiJ HE BPaxoOBY€ JaHi, IO MICTATbCA MPO KOHKPETHO B3SITOTO
KOPUCTyBada, 11032 MEPEeXe, OTKE BIH PO3PAXOBAHWU TIABKH [JII MOJEIIOBAHHS Ta
PO3pOOKH peKOMEHIAIIIHOT CUCTEMH BCEPEINHI COIIaIbHOT MEPEXKI.
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MEASUREMENT OF THE SEPARATION FORCE OF THE
DISC FROM THE LIQUID IN DISTANCE LEARNING
CONDITIONS

Hladyshko Anastasiia
Kryvyi Rih State Pedagogical University, Gagarin Avenue, 54,
admissions@kdpu.edu.ua agpeca

The Young equation relates the contact angle 6 and the surface tension coefficients ¢
at the interfaces of media. From this equation, it follows that the macroscopic parameter 0
does not depend on the properties of molecules, and the concept of the force field between
molecules is considered only along their interface lines. Therefore, students mistakenly
conclude that intermolecular forces act only along the interface lines of media. Thus,
conducting research on the aforementioned topic addresses this issue.

Students can explore the role of volume and surface forces in the interaction between a
liquid and a solid at home by conducting a series of convincing experiments: measuring the
force required to detach the surface of a flat body from the liquid, using hanging drops, and
with a looped thread placed on a soap film. The simplicity of setting up the experiments and
the availability of materials allow students to investigate phenomena at the interface of two
media not only in laboratory conditions but also remotely.

Using a series of experiments, the phenomenon of surface tension is examined, the
nature of which is explained by intermolecular forces of attraction. The force required to
detach a disk from the surface of water is not proportional to the perimeter of the disk. This
proves the fact that surface tension of the liquid, as a particular tangential force, is not
manifested in this experiment. The force required to detach the disk from the liquid is directly
proportional to the area of the disk:

F o BS oy

The critical value of the cohesion strength between the molecules of the liquid equals

B =40 N/m2. The constancy of the detachment force of the same disk when increasing
the number of holes drilled into it and the dependence of the detachment force solely on the
surface area of the intact disk prove the fact that all molecules in the contact layer of the disk
and the liquid are involved in holding the disk.

In the future, a self-propelled system will be developed that utilizes surface tension
forces to move against gravity. This will enable students to experimentally compare these
forces and use the system to determine the viscosity of air, the mean free path of molecules,
and calculate their diameter.

[1] Bikerman, J. J. (1958). Surface Chemistry. New York. Academic Press

[2] Jonson, R. E., & Dettre, R. H. (1969). Surface and Colloid Science: Ed. by E. Matievic.
New York, 2

[3] Zdeshchyts, V.M., Zdeshchyts, A.V., & Prikhozha, Yu.O. (2020). Vykorystannia
tekhnolohii BYOD pid chas vykonannia laboratornykh robit z fizyky [Use of BYOD
technology during frontal laboratory work in physics]. Fizyko-matematychna osvita —
Physical and Mathematical Education, 3(25), 2, 43-49.
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MOJEJIOBAHHS PIBHSIHHS CTAHY IBOBUMIPHOI
CUCTEMMU METOJ0M MOJIEKYJSIPHOI JUHAMIKH

Baagucaas Jlanko
®di3uyauit hakynpTeT JIbBIBCAKOT0O HaIlIOHAIBLHOTO YHIBEPCUTETY iMeHI [BaHa
®panka, Byaunig Kupuna 1 Medonis, 8, JIsie, 79005, Ykpaina,
vladyslav.lapko@Inu.edu.ua

OcTaHHI TOCSATHEHHS B KOMIT IOTEPHHUX TEXHOJIOTISIX BUBEIU MOJEKYISIPHY TUHAMIKY
(MJI) B meHTp yBard HAyKOBUX JOCHIKEHb. lle 3pocTaHHS NOMYJISPHOCTI BIAKPHBAE
Oe3mpereIeHTHI MOXJIMBOCTI JUIS TMOTJIMOJIGHOTO BHUBYCHHS MOJIEKYJISPHUX 1 aTOMHHUX
MPOLECIB, SIKI JI0 LBOr0 4acy Oynau ManoJOoCTymHi 0e3 aHalITUYHUX IHCTPYMEHTIB, IO
HAJIAI0ThCSl METOJAMHU MOJICKYJISIpHOT TuHaMmiku [1, 2].

Y 1pOoMy JOCHIDKEHHI pPO3TJSAA€ThCA JBOBHMIpHA CHCTEMa YAaCTUHOK, SIKi
B3a€EMOJIIIOTEH Yepe3 moteHmian Jieanapaa-/xonca [3]. 30kpeMa, OCHOBHY yBary MpHUIiICHO
BHBYCHHIO ()a30BHX Mepexo/iB 1 (a30Boi giarpaMu B il MOJENi, 3 OCOOIMBUM aKIIEHTOM Ha
3’sICyBaHHI TeKcaTU4HOI (pa3 — OKPEeMOTro CTaHy PEYOBHMHH, MPOMIDKHOTO MK TBEPJIOKO Ta
130TPOITHOIO PiAKOIO (Pa3aMu y TBOBUMIPHUX CUCTEMaX YaCTUHOK [4].

Jlyis BUBUEHHSI HEOOX1/IHOT MOJelNi Oyl0 CTBOPEHO MPOCTe MporpaMHe 3a0e3MeUeHHSs.
PiBHsiHHS pyXy Oyim iHTErpoBaHi 3a JOMOMOTOI0 MeToay Bepiie, sikuii Mae 6arato KOpUCHUX
BiactuBocteil. [1i yac po3paxyHKiB BAKOPUCTAHO MEPIOAMYHI TPaHUYHI YMOBU. BU3HaYeHHS
(a3u cuctemu 31iHCHIOETHCS HIJISIXOM aHai3y (QYHKIIT paaiadbHOro po3noiny (auB. puc. 1),
sKa MICTUTB 1H()OPMALIIIO PO CTPYKTYPY CHCTEMHU.

Radial distribution function
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Pucynok 1: @ynkuisi pagiaabHOro po3noginay aast pisHuUX
TeMnepatyp (BUKOPUCTAHO 3Be/leHi OAUHULI).

[1] D. Rapaport, The Art of Molecular Dynamics Simulation. Cambridge University Press
(2004).

[2] D. Frenkel and B. Smit, Understanding Molecular Simulation: From Algorithms to
Applications. 2nd ed. Elsevier (2002).

[3] J. M. Phillips, L. W. Bruch, and R. D. Murphy, J. Chem. Phys. 75, 5097 (1981).

[4] Y. W. Li and M. Pica Ciamarra, Phys. Rev. E, 102, 062101 (2020).
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STUDY OF BIFURCATIONS INFLUENCE ON DYNAMICS
OF TRAFFIC FLOWS WITHIN COMPLEX LORENZ MODEL

Oleksii Khomenko'?, Oleksiy Shikura!, Kateryna Khomenko!
1Sumy State University, 116, Kharkivska st., Sumy, 40007, Ukraine
2Peter Griinberg Institut-1, Forschungszentrum-Jilich, Jilich, D-52425,
Germany 0.khomenko@mss.sumdu.edu.ua, aleksejsikura@gmail.com

Traffic flows are complex dynamic systems that are not always intuitively understood.
Their behavior can be chaotic and unstable, and it is quite difficult to predict with high
accuracy. In this work, we investigate the dynamics of traffic flows and phase transitions
using the complex Lorenz model. This model, which is used to describe a variety of
phenomena from laser systems to chemical reactions [1], has three variables and can exhibit a
wide range of behaviors, including chaos [2].

An important factor affecting the dynamics of traffic flows is the control parameter. It
determines the strength of the nonlinearity in the system. At low values, the system behaves
stably, and at high values, it behaves chaotically, exhibiting the formation of traffic jams and
other unstable states. Traffic jams are stable states of the system in which traffic flows are
blocked or significantly slowed down. To study the influence of the control parameter on the
behavior of traffic flows, we use analytical and numerical methods. Analytical methods allow
us to obtain general ideas about the behavior of the system [3,4], while numerical methods
allow us to study it in detail, with a given accuracy and taking into account the influence of
various external factors.

Our results have showed that increasing the control parameter can lead to the
formation of traffic jams. For a more detailed study of the behavior of the system, as an
example of one of the above-mentioned methods, Fourier analysis can be used. This method
allows us to decompose a signal into its constituent frequencies, which can help to identify
hidden patterns in the dynamics of traffic flows.

The Lorenz model is just one of the possible tools for studying the dynamics of traffic
flows. Its advantages are simplicity and universality, and its disadvantage is limited accuracy
in describing complex systems due to the difficulty of determining specific experimental
values of the parameters it contains.

[1] E.N. Lorenz, Deterministic nonperiodic flow, Journal of Atmospheric Science, 20, 130
(1963).

[2] S. Moon, J.-J. Baik, J.M. Seo, Chaos synchronization in generalized Lorenz systems and
an application to image encryption, Communications in Nonlinear Science and Numerical
Simulation, 96, 105708 (2021).

[3] A.D. Kiselev, Symmetry breaking and bifurcations in complex Lorenz model, Journal of
Physical Studies, 2(1), 30 (1998).

[4] A. Khomenko, A. Shikura, Nonlinear kinetics of transition between transport flow modes,
Physica A: Statistical Mechanics and its Applications, 557, 124965 (2020).
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KOMIT'IOTEPHE MOJIEJIIOBAHHSA I'A3Y TBEPAUX COEP
3 YPAXYBAHHSAM KBAHTOBOI'O TYHEJIBHOI'O
E®EKTY

Codis Ilpuxoabko, Opect I'puropuak
JIbBiBCHKHMI HalllOHAJIBHUH yHIBepcuTeT iMeH1 [Bana dpanka, ByI.
JlparomanoBa, Oyx.12, m. JIsBiB, 79005, Ykpaina, email: sofprh42@gmail.com

MogpenoBanHsl (Di3MYHUX MPOIECIB MAa€ BAaXIJIMBE 3HAYECHHS B KOHTEKCTI BUBYEHHS
0araTo4acCTHHKOBUX CHCTEM, JUIA SIKUX OTPUMATH TOYHHMH aHANITHYHHN OIHC € CKIAJHOIO, a
4acTo W HEMOXJIMBOK 3amadero. KpiM TOoro, Take MOJENIOBAaHHA Ma€ I€ W Baromy
MeAaroriyHy MiHHICTh, OCKUIBKH J1a€ MOMJIMBICTh MPOCIHIJKYBaTH OTPUMAHHS CTaTUCTUYHUX
XapaKTEPUCTHK CKIAJIHUX CHUCTEM, BUXOAAYHM 3 MEPIINX NPUHIMIIB. B IIbOMy KOHTEKCTI
0cO0JIMBE 3alliKaBJIEHHSI CTAHOBJIATH 0AraTOYaCTUHKOBI CHUCTEMH, SIKI BPaXxOBYIOTh KBaHTOBI
e(eKTH, a B TpaHuUIli BiATBOPIOIOTH AOOpE BiIOMI KJIAaCHYHI pe3yJIbTaTH.

Hame nmocmipkeHHs MOJSTaNo B MOJAETIOBAHHI TOBENIHKM Ta3y TBEPAUX cdep, KU
3HAaXOJUTHCA B TOCYIWHI NpW 3amaHiil Temmeparypi Ta KoHeHtpamii. OkpiM B3aeMomii
YACTUHOK ra3y MK cO0OI0 Ta 31 CTIHKaMU MOCYAMHH Oyino (DEeHOMEHOJOTIYHO BpPaxOBaHO
KOe(IIiEHT B3a€EMHOTO TYHEJIIOBAaHHS MK 4YacTHHKaMHu. B pe3ynbTari ais pi3HUX 3HA4YCHb
3raflanoro koedilieHTa BAAOCS AOCTIAUTHA JUHAMIKY TOBEIIHKHM razy TBepaux cdep mnpu
Horo mpsMyBaHHI 70 PiIBHOBR)XHOTO CTaHy, a TaKOXX IPOBECTH YAaCOBHU aHAJ3 PO3MOMLTY
YaCTUHOK 3a IIBUJKOCTSAMH Ta 3aJ€KHOCTI iX KOHLIEHTpALil BiJl BUCOTH B IpaBiTalliiiHOMY
noii. KpiMm 1iporo Oymna oTpumaHa 3aJIeKHICTh €HTPOIIi CHCTEMHU BiJl Yacy Ta HAOIMKEHUM
B332€MO3B’ 30K MIX TeMIepaTypolo, THCKOM Ta 00’ €MOM TaKoi CUCTEMHU.

Komm’torepue  MopenmoBaHHs ~ Oyno  37ificCHEHE 3  BUKOPHCTAaHHSIM  MOBHU
nporpamyBanHs Python ta 6i6miotrexk SymPy, Scipy, NumPy. [lns Bi3yamizamii moBemaiHKH
razy Oymo 3acrocoBaHo Oi0Omioreky Matplotlib, a inrepdeiic B3aemonii 3 kopucryBadem
peanizoBaHuii Ha ocHOBI wxPython.
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MOJEJIOBAHHS TA AHAJI3 EKCILUTYATAIIAHUX
XAPAKTEPUCTHUK I'A3OTYPBIHHOI'O IBUT'YHA

Paouyk Kapina, Bagum /lanenko
HanionansHuit aepokocMiunuit yHiBepcuteT iM. M.€. XKykoccbkoro «XAly,
M. XapkiB, Byi1. Ukanosa, 17, karina.ryabchuk13@gmail.com

3a )KUTTEBUN LIMKJI BUTYH IPALIOE HE TIJABKU Ha PO3PaXyHKOBOMY PEXHUMI, ane i Ha
HEpo3paxyHKOBUX. Lli pe’kuMH MaloTh NMEBHUH BIUTUB HA Horo podoty. Tomy 0e3 BKIIOYEHb
LUX PEKHUMIB HE MOKJIMBO CIPOTrHO3YBaTH HACKUIBKU CIIPOCKTOBAHUI JABUI'YH € HaJlHHUM Ta
EeKOHOMIYHMM 1 4YHM 3MOXKE BIANpPALIOBATH TapaHTOBaHW TepMmiH. Jlo HeoOXiTHHX
eKCIUTyaTalllfHUX XapaKTePUCTHK, sIKi OOOB’S3KOBO JOCITIKYIOTh MPU MPOEKTYBaHHI,
BITHOCSTBCSL JpOCEIbHA Ta KIIMAaTHYHA XapaKTePHCTUKU. J[pocenmpHa XapakTepUCTHKA
Oinblie HeoOXiHA AJs JBUTYHIB MPAIIOI0YMX Ha PI3HUX pexuMax. B HazeMHHX ymMoBax Iie
MPUBIIHI JIBUTYHU Tra3olepeKadyyBalbHUX arperariB, Tak SK HEOOXigHA MOTYXHICTh MOXeE
3MIHIOBATHUCS 31 3MIHOIO Yacy.

B nmpexacraBneniii  poboTi moOygoBaHa MaTeMaTH4HAa MOJENb TYpOOBaJIHHOTO
ra3oTypOIHHOIO JIBUT'YHA, MPU3HAUYEHOI0 JUIs MPUBOAY Ta3olepekadyrodoro arperary. /lana
MOJIENIb CHUPAETHCA HA METOJ PO3paxyHKy TepMorazoanHamiunux napametpiB ['T/, ta mae
1-ii piBeHp jeramizamii, BiAmoBimHO M0 Kiacudikaiii MaTemaTHuyHHX Mogaenei [1].
Pesynbprati po3paxyHKy ApPOCCENBHOI XapaKTEPUCTUKHU 3a JTOTIOMOTOI0 MaTeMaTHYHOT MOJeNi
Ipe/cTaBieHl Ha puc. 1.
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Puc. 1 — MogentoBaHHs JpOCETbHOI XapaKTEPUCTUKU: a — 3aJE€KHICTh MOTYHOCTI Ta
MMATOMOT BUTPATH MaJIMBA BiJ] BITHOCHOI YaCTOTH OOEPTAHHS POTOPa BUCOKOTO TUCKY; O -
3aJISKHICTh 3amaciB ra3oiuHamiuHoi cTiiikocti AKy Big BiTHOCHOT YacTOTH 0OepTaHHS
pOTOpa BHCOKOTO THUCKY

B pe3ynbrari po3paxyHKy BCTaHOBJIEHO, IO JOCTIKYBaHUIN IBUTYH IMpalloe Ha
CTIMKMX pexumax poOOTH (3amac ra3oJMHAMIYHOI CTIMKOCTI KOMIpecopa HU3BKOTO THCKY
>8%) B miama3oHi BiIHOCHHX YacTOT oOepTaHHs poTtopa Bucokoro Tucky: 0,845...1,000.
Takox BCTaHOBIIEHO, IO MPHU 3MEHIICHI BiHOCHOI yacToTu oOepranHs 3 1,0 mo 0,845,
MUTOMA MOTYKHICTh 3MEHILyeThbcs Ha 67%, mUTOMa BUTpaTa najiuBa 3poctae Ha 51,9 %.

CIINCOK BUKOPUCTAHUX JIKEPEJI:

1. TynakoB, A. II. Meroasl ONTUMH3ALMU TPU JOBOJKE U TMPOCKTUPOBAHUH
ra3oTypounHnsix nsurareneit / A. I1. Tynakos. — M.: Mammno6ynyBanss, 1979. — 184 c.
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BUKOPUCTAHHSA KOMIT'FOTEPHOI'O MOJAEJIIOBAHHSA
JIJISI AHAJII3Y TA ONITUMIBALII EOEKTUBHOCTI
COHAYHUX BATAPEH B YMOBAX 3MIHHOI'O
OCBITJIEHHSA

Amutpo ®egeHko
Kadeapa OyXraiTepchKoro 00Ky Ta KOHCAJITHHTY,
KuiBchkuii HarioHaabHHUI eKOHOMIYHUHN yHiBepcuTeT iM. B. ['etbmana
feddima99@gmail.com

VY cydacHOMY CBIiTi MpoOIEMH CTAJIOr0 PO3BUTKY Ta €HEProePeKTUBHOCTI BUXOASTH Ha
nepunid TiaH. 3acTOCYBaHHS BiIHOBIIIOBAHUX JDKEPEI €HEprii, 30KpeMa COHSYHUX Oarapeid,
BU3HAYAETHCS SIK KJIIOYOBUIM €IEeMEHT CTpaTerii 3MEHIIEHHS BUKHUIIB BYIJIELIO Ta
3a0e3nedeHHs] eHepreTuyHoi cTikocTi. [IpoTe, epeKTUBHICTD COHAYHHMX OaTapeil 3HAYHOIO
MIPOIO 3aJIEKUTH BiJl YMOB OCBITJICHHSI, III0 MOKE 3a3HaBaTH 3HAUYHUX 3MiH.

OnHUM 13 MIXOMIB UIS BUPIMICHHS [[bOTO MUTAHHS € BUKOPUCTAHHS KOMIT'IOTEPHOTO
MoJieloBaHHsA. Mojeni J03BOJSIOTh BpPaxOBYBAaTH BEJIHMKY KIIbKICTh (PaKTOpiB, Kl
BIUTMBAIOTh Ha €(EKTHUBHICTh COHSYHHMX Oarapeldl y 3MIHHHUX YMOBax OCBiTIeHHS. Bonu
JO3BOJIAIOTH aHAI3YBaTH Ta ONTUMI3yBaTH apaMeTpu OaTapei, Taki K po3Mip, KOHCTPYKIIis
Ta MaTepiaid, 3 METOK0 MaKCUMIi3allii OTPUMaHOI eHEepTii.

[loyHemo 3 4YacoBHMX 3MiH IHTEHCHBHOCTI COHSYHOrO BUIpPOMiHIOBaHHSA. CoOHsUHE
BUITPOMIHIOBAHHS 3MIHIOETHCS BIPOIOBXK JHS Ta POKY B 3aJI€KHOCTI BiJ] COHIYHOTO LIMKIY Ta
reorpagiuHoro po3rauryBaHHs. Komn'torepHe MoieoBaHHs JO3BOJISIE BPaXOBYBATH 111 3MiHU
1 CTBOPIOBAaTH TOYHI MPOTHO3M IIOAO TOTO, SIK 3MiHA IHTEHCUBHOCTI BIUIMBA€ HA I€HEPALI0
€JIEKTPOEHEeprii COHIYHUMHU OaTapesMu B pi3HI MEpioJiu.

Jlani, 1010 TOroJHUX YMOB, MOJIETI MOXKYTh BPaXOBYBaTH BILIMB XMapHOCTI, OMAJiB,
Temreparypu touo. Hampukiaz, BUcoka Temreparypa Moke BIUIMBATH Ha POOOTY COHSYHHUX
Oarapeil, 3SMEHILYIOUH TXHIO €()EKTUBHICTD.

Inrerpaniss yacoBUX Ta MOTOJHMX NapaMeTpiB y KOMI'IOTEpHI MOJeli J03BOJIsIE
BUCHHMM Ta 1HXKEHepaM 311 CHIOBATH IPOTHO3U Ta ONTUMI3YBaTH KOHCTPYKIIIIO Ta MapaMeTpu
COHsYHMX Oarapeid. lle cropuse mNOKpalleHHIO iXHBOI MPOAYKTUBHOCTI Ta JO3BOJISE
po3pobusiATH OLIbIl €PEeKTUBHI TEXHOJOTIi JUIsi BUKOPUCTAHHSA COHSYHOI €Heprii B ymMoBax
PI3HOMAHITHUX KIIMaTHYHUX YMOB. Takui MiAXiq BaKJIUBUW AN CTBOPEHHS CTIMKUX Ta
HAJIMHUX COHSYHUX €HEPreTUYHUX CHCTEM, SIKI MOXKYTb MPAIIOBATH €(PEKTUBHO B OYAb-IKUX
YMOBaX OCBITJICHHS.

3acToCyBaHHS KOMM'IOTEPHOTO MOJIEITIOBAHHS JUJII aHANi3y Ta ONTHUMI3aIli
e(pEeKTUBHOCTI COHAYHMX Oarapeld y 3MIHHUX YMOBaxX OCBITJICHHS MOXE CIPHITH
MOJaJbIIOMY BIOCKOHAJICHHIO TEXHOJIOTIM BIJHOBIIOBAHOI €HEprii Ta CHPUATH IXHHOMY
OUTBII IIMPOKOMY BIIPOBAKEHHIO B Cy4aCHOMY CYCIUIbCTBI.

[1] Sozen A., Arcaklioglu E., Ozalp M., Kanit E.G. Use of Artificial neural network for
mapping of solar potential in Turkey. Applied Energy, 2004, Vol. 77, No. 3, pp. 273-286.
[2] Ahmed M., Ahmad F., Wasim M. Estimation of global and diffuse solar radiation for
Hyderabad, Sindh, Pakistan, Journal of Basic and Applied Sciences, 2009, Vol. 5, No. 2,

pp. 73-77).
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MODELING THE THERMOLUMINESCENCE OF CsPbBr3
CRYSTALS

Volodymyr Turta, lvan Pryshko, Oleksandr Halyatkin, Taras Demkiv
Ivan Franko National University of Lviv, 8, Kyrylo & Mephodiy Street, Lviv,
79005, Ukraine, e-mail: VOLODYMYR.TURTA@Inu.edu.ua

Lead halide perovskites are a highly promising group of luminescent materials due to
their narrow band gap, fast sub-nanosecond exciton luminescence, and high
photoluminescence quantum yield. However, their emission is significant only at cryogenic
temperatures, attributed to thermal quenching of the exciton luminescence and small Stokes
shift [1]. There are several approaches to overcome these challenges at room temperature [2].
Examples include the use of nanomaterials, doping of bulk crystals with activator ions, or
formation of self-trapped excitons in compounds of smaller dimensions.

These materials possess promising properties for use in light-emitting and detecting
diodes, as an active medium in lasers, as a photosensitive element for solar cells, and so forth.
Such a wide range of applications is facilitated by a set of corresponding properties and the
ability to control them over a wide range of values. For instance, the exciton luminescence of
entirely inorganic halide perovskites CsPbXs, where X = I, Cl, Br [3], or their mixtures,
covers the entire visible spectrum. The electrical properties of perovskites depend on the
synthesis methodology of the crystals, which determines the perfection of the obtained
samples, their structure, and the number of defects in them. Therefore, for effective use of the
advantages of these materials and minimization of the degradation impact on their properties,
a deep understanding of their structure and the nature of their inherent defects is necessary.

It is known that the thermoluminescence of CsPbBrs depending on the initial materials
can have different appearances and significant numbers of non-elementary peaks,
complicating their interpretation. In this work, the thermoluminescence of CsPbBrs crystals
was measured and modelled. To analyze the experimental data and provide a more detailed
interpretation of the thermoluminescence spectra, first (Randall-Wilkins model) and second
(Garlick-Gibson model) order kinetics models were used and implemented in Python. For
CsPbBr3 crystals, the trap energies of trap energy levels were obtained, which are within the
range of 0.3-0.7 eV deeper than the conduction band, and their relative concentrations. The
results correlate with the X-ray-induced luminescence spectra. The results are correlated with
X-ray luminescence spectra. In particular, the structureless band in the long-wavelength
region may be due to the presence of impurities.

This work was carried out as part of the project «Fast scintillators with high light yield
based on halide perovskite crystals and nanoparticles». This project has received funding
through the EURIZON project, which is funded by the European Union under grant
agreement No.871072.

[1] R. T. Williams, W. W. Wolszczak, X. Yan, D. L. Carrol, ACS Nano 14 5161 (2020). doi:
10.1021/acsnano.0c02.

[2]W. W. Wolszczak, D. L. Carrroll, R. T. Williams, Advanced X-ray Detector
Technologies, Chapter 1 (2022). doi: 10.1007/978-3-030-64279-2_1.

[3] M. V.Kovalenko, M. Bodnarchuk,  J. Chem. 71, 461  (2017).
doi:10.2533/chimia.2017.461.
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BU3HAYEHHSA OITUMAJIBHOT'O OITIUTUMI3ATOPA JJIA
HEWPOMEPEXI ITPU PO3POBIII CUCTEM
ABTOMATHUYHOI'O TEI'YBAHHS 30bPAKEHD

Anppian Ko3uneun
JIpBIBCHKMIA HallIOHATBHUHN YHIBEPCUTET iMeHI [Bana ®dpaHka, GpakyabTeT
CJICKTPOHIKU Ta KOMIT FOTEPHUX TEXHOJIOT1i
M.JIbBiB, Byn./IparomanoBa, 50, 79005, JIsBiB Ykpaina
mr.aleryp@gmail.com

Bubip ontuMizaTopa i1 yac HaBYaHHS 3rOPTKOBOI HEUPOHHOI MEPEXKi € HaI3BUYAIHO
BOXJIUBUM €TaIloM, KM Oe3MmoCcepeHhO BIUIMBAE€ HA YaCc HABYAHHS, TOYHICTH OTPHUMAHOL
MOJIETIi Ta PI3HUII0 MK peabHUMH pe3yJIbTaTaMu Ta OTpuManumu. B crarti [1] po3risayTo
NPUYMHY, YOMY CTOXacTH4HHUIl rpamienTHud cnyck (SGD) moraHo mpaioe 3 mpoOiieMoro
0J0YHOT HEOJHOPIMHOCTI Ta YOMY ajanTHUBHA OIliHka MomeHTy (Adam) mokasye kpariti
pesynbratd B Wil curyamii. Y [2] po3risHyTro TiOpHIHE BHKOPUCTAHHS IMX JBOX
OINTUMI3aTOPIB, 1II0 IPU3BOANUTH A0 OTPUMAHHS KpaIlUX pe3ysIbTaTiB HaBYaHHS.

Ha npuknaai m’sTéd mapoBoi HEMPOHHOI Mepexi, TpH 3 SKHX - 3TOPTKOBI IIapu 3
aaqpoM 3x3, Oyno MpOBEACHO JAOCHIIDKEHHS [JBOX ONTHUMI3aTOPIB: CTOXaCTUYHOI'O
TPaJi€EHTHOTO CIYCKY Ta aJanTHBHOI OLIHKM MOMEHTY Mia 4yac HaB4aHHS Ha 550 THcsdax
300pakeHb 3 OJIHIEI0 TUCSAYCIO KiaciB. TeMn HaBuaHHS y BCiX BHUIMaJgkax OyB OJIHAKOBUM Ta
JIOP1BHIOBaB le-4. [Ins oTpuMaHHS pe3y/ibTaTiB BUKOPHCTOBYBABCS IHCTPYMEHT
TensorBoard. V tabnuii npeicTaBieHo pe3ylbTaTH TPEHYBAaHHS Bij OJHIET 0 IECATH €IOX
HAaBUaHHS IS JIBOX ONTHUMI3aToOpiB. 3 HaBENEHOI TaOJUIll BHUIHO, IO MJIs 3TOPTKOBOI
HEHPOHHOI MepeXki 3 OJJHAKOBOIO apXITEKTYPOIO 1 BEJIIMKOIO KUIBKICTIO KJIACIB CTOXACTHUYHHM
IpaJieEHTHUM CITCK IMOKa3aB Kpallll pe3y/lbTaTH, HDK aJalTHBHA OLIHKA MOMEHTY, OCKUJIbKH
BCi 300pakeHHs B oOpaHiii 30ipui OAHOTO po3Mipy Ta B JaHOMYy BHUMNAJIKy OJOYHA
HEOJIHOPI/IHICTh HE BUPAXKEHA.

1 Enoxa 2 Enoxa 5 Enoxa 10 Enoxa
SGD (TounicTh) 0.025 0.089 0.198 0.266
SGD (Btparn) 6.137 5.021 4.068 3.59
SGD (TounicTs Baniganii) 0.057 0.124 0.206 0.25
SGD (Btparu Bamizgairii) 5.433 4.666 4.041 3.752
Adam (TounicTs) 0.021 0.058 0.113 0.16
Adam (Btpatn) 6.268 5.397 4.729 4.316
Adam (TounicTe Banigamii) 0.041 0.068 0.112 0.161
Adam (Btparu Bamimartii) 5.685 5.227 4,732 4.339

3 OTpUMaHUX pe3yNbTATiB, a TaKOX 31 3reHEepOBaHUX 3a JormomMorow TensorBoard
rpadikiB 3aJeKHOCTI TOYHOCTI 1 BTpAT BiJ KUIBKOCTI €MOX HAaBUYaHHS, BH3HAYEHO, THII
ONTUMI3aTOpa, KU Kpalle BUKOHYE CBOi (PYHKIIi ISl 3rOPTKOBOI HEMPOHHOI Mepexi, ska
HABUYAETHCS HA BEITMKHUX KUTBKOCTSIX 300paK€Hb OJTHOTO PO3MIpY Ta KaTeropiii BU3HAYCHHS.

[1] Y.Zhang,C.Chen, T.Ding, Z.Li, R.Sun, Z.Luo, arXiv:2402.16788 (2024)
[2] N. Landro, I.Gallo, R.L.Grassa, arXiv:2011.08042 (2020).


mailto:mr.aleryp@gmail.com

CrcreMu IITYYHOIO IHTEAEKTY TA AHAAIZ AAHHX = ]2
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DATA MESH CTPYKTYPY

Mapkisin PocTsk
JIbBIBCHKUI HalllOHAIBHUHN yHIBEpCHUTET iMeH1 [BaHa dpanka,
(bakyIbTeT eICKTPOHIKH Ta KOMIT FOTEPHHUX TEXHOJIOT1H
M.JIpBiB, Byn./IparomanoBa, 50, 79005, JIsBiB YKpaina
markiyan.fostyak@gmail.com

Data Mesh - 1ie KoHIEemIis OpraHi3ariii 1aHuX, B SIKiii KOKEH JoMeH abo Oi3Hec-3a1a4a
Mae CBill BIAaCHUIT HaOIp TaHWX Ta BIACHY KOMaHJYy, IO BiAmoBinae 3a ui faxi [1]. B poboti
3alpOIIOHOBAHO BHKOpHCTaTH KoHuemiiro Data Mesh mns BupimmeHHs 3agadi KpeAUTHOTO
peiitunry Ha ocHoBi ML nomeny. ML anroputmu BifCHiIKOBYIOTH KPEIUTHI aHi KIIi€HTa Ta
PO3PaxOBYIOTh ONTHUMAIBHUN PIBEHb PU3MKY Ta JAOXIAHOCTI Ui MOKpAIEHHS TOYHOCTI Ta
e(eKTUBHOCTI OILIIHKU KPEAUTHOTO pU3KKYy [2,3].

Cxema Data Mesh crpykrypu Ha BXOJAI MICTHTh TPU JIOMEHH, SKi OTPHUMYHOTh
BIMOBIIHI omepariiiHi naHi. Ha OCHOBI OTpUMaHHMX JaHMX KOXHA JIOMEHHAa KOMaHJa
pO3poOHHKIB Oymye mara mpoayKTH Ui aHamidy. Lli gara mpoaykTtu o0’€HYIOTBCS B OJHH
KOMIUICKCHUI JTOMEH arperar, sK LEHTpalli3oBaHe Micle Ui JOCTYIy 0 Pi3HOMaHITHHX
JaHWX. 3a JOTIOMOTOI0 KOMIUIEKCHOTO arperaTy MOJKHa CTBOPIOBATH CKJIAAHI 3BITH Ta
aHaJi3|, sIKi BpaXOBYIOTh 1H(OpPMAIIiIO 3 PI3HUX acleKTiB Oi3Hecy KommnaHii 1 popmyroTs naTa
MPOAYKT JJIsl PI3HUX CTPYKTYp: KEpIBHULTBA, BIJAULY MapKeTHHTY, CIYy)XOU MiITPUMKH,
Mojenel kinacudikarrii.

Jlns HaBuaHHS Mojeineit chopMoBaHO AaHi Ha ocHOBI Mojem ganux Open Banking
APIL. Mopens maHux Ansi TpaH3aKIii MicTUTh iHGOpMaIllito mpo (iHaHCOBI omepailii, Taki K
nepeKasu, OIUIaTH, 3HATTA TOTIBKM Ta iHmN. JlaHi Oynu ompainboBaHI, CTaHAApTU30BaHI,
KaTeropu3oBaHi, a TakoXX po30uTI Ha 3 OJIOKM: BUTpPATH, PHU3MKOBAaHI BUTpPATH Ta
HA/JIXO/DKEHHS. Pe3ynbTaTé  JOCHITHUIBKOTO aHali3y JaHUX IIOKa3ald MOJKIIHMBICTh
BUKOPHUCTAaHHS JaHUX i moOynoBu ML mozaenei.

Jlns BupileHHs 3a1a4il KpeauTHOro pedtuHry B ML nomeHi po3risHyTO pi3HiI BUAM
KJacu(}ikaTopiB, OTPUMAHO MapaMeTpH Kiacudikaiii Ta BHU3HAUEHO KOJIOHKH JaHUX, SKI
HaWO1IbIIEe BIUIMBAIOTh HA TOYHICTH Kiacudikaiii. CTBOPEHO KOJOHKY JaHUX, SKa JTOPIBHIOE
pi3HHUIII HAIXOKeHb Ta BUAATKIB. [lokazaHo, 110 HAsBHICTH Ii€i KOJOHKU JaHUX 30UTbIIYE
TOYHICTh KJacudikalii B cepeqHboMy Ha 5 BiacoTkiB. Halikpamii mapamerpu kiacudikarii
OTpUMaHO JUIsl MojieNi Kiacudikaropa Random forest.

BaxmuBicTh KOJOHOK JOCIIPKEHO IIISXOM aHalizy MaTpulli kopensiii ta feature
extraction. ITokaszaHo, 0 UIsi OTPUMaHHS PALliOHAILHOTO TOSICHEHHS PE3YJIbTAaTiB BaXKIHBO
PO3IUTUTH JaHl HA 2 YaCTWHU BIAHOCHO MEJIaHW KOJIOHKU PI3HHII HAIXOHKCHB 1 BUIIATKIB.
[IpoananizoBaHO 1 BCTAHOBJIEHO TNATEPHU 3AJIEKHOCTEH MMOBIPHOCTI OTpPUMAHHS 1
MOBEPHEHHS KPEAUTY BiJ BXIJHHUX JaHUX.

[TpoBeneHi TOCTiIKEHHS € BaXXJIUBUMHU U1 aBTOMAaTUYHOTO PO3PaXyHKY KPEIUTHOTO
PEUTHHTY Ta BU3HAYCHHS ONTHMAJIBHUX YMOB KPEIUTYBAaHHS JIJISl KOKHOTO KITiI€HTA.

[1] A.Goedegebuure, I.Kumara at all, arXiv:2304.01062 (2023)

[2] A.R.Khalid,N.Owoh, O.Uthmani at all, Big Data Cogn. Comput., 8(1) (2024).

[3] L.O.Hjelkrem, P.Lange, E.Nesset, Journal of Risk and Financial Management 15(12):597
(2022).
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ETUYHI ACHHEKTHU HITYYHOI'O IHTEJIEKTY

OJjena Kpukiasa
HY «OIl», m. Oneca, np-1 llleBuenka 1, 65044, kaf.it@op.edu.ua

[ryunanit iaTenext (1) € ogHiero 3 HAHOLIBIT TUHAMIYHO PO3BUBAKOYHMXCS Taly3eit
TEXHOJIOT1, sIKa MPOHUKAE Y BC1 C(epr HAIIOTO KUTTS.

HITyyHuit IHTEJIEKT BUKJIMKAE PSSl €TUYHHUX MMUTaHb, BKIIOYAIOUN MPUBATHICTH JaHHUX,
Olac B anropuTMax, BIUIMB Ha pHUHOK TMpali Ta pPO3MILICHHSA BiamoBimanpHOCTI [1].
CycHiJibcTBO MMOBUHHO aKTHBHO OOTOBOPIOBATH I1i TUTAHHS Ta PO3pPOOJISATH BIAMOBIIHI €THYHI
cTaHmapTd Ta perymiuii. Etnuni acmektn mryyHoro iHTenekty (ILI) mnpencraBistors
3HAUYyIlly Ta aKTyaJbHYy MpoO0JieMy, OCKUIbKM BIUTUB LHMX TEXHOJOTIH Ha CYCHIIbCTBO,
MPHUBATHICTh, OC3MEKY Ta MiXK OCOOHCTI BIJHOCHHHU TOTPEOye pPEeTeLHOr0 OOTOBOPEHHS Ta
perymoBaHHs [2]. Hmkde mnpencraBieHO MAesKi KIIOUOBI €THYHI MUTAHHS, IOB'A3aHi 13
3aCTOCYBaHHSAM IITYYHOTO IHTENEKTY:

1. [TpuBatHicTh nanux: 30ip, 30epiranHs Ta 00poOKa BETUKUX 00CATIB 0COOUCTOT
iHdopmamii 3a momomororo cucteM Il Moke cTaBUTH Tijg 3arpo3y MNPUBATHICTH Ta
KOH(IIEHIIIIHICTh KOPUCTYBayiB. ETUYHI cTaHIapTH MOBUHHI rapaHTyBaTH MPaBO JIFOJIMHU Ha
3aXHCT CBOIX MEPCOHAILHUX JAHUX Ta KOHTPOJIb HaJl HUMH.

2. [Tpo3opicTe Ta BianosizansHicTh: [Ipu poboti cuctem LI BaxknuBo, mo6 ixHi
pimeHHst OyiaM TpPO30pUMH Ta ToscHIOBanucsA. [loogmHOKI ocoOM Ta opraHizaiii MOBUHHI
OyTu BIAMOBiIaJbHI 32 HACTIAKYA BUKOPUCTAHHS ITYYHOTO 1HTENEKTY [4].

3. biac Ta auckpumiHauis: AJTOPUTMHU IUTYYHOTO I1HTENEKTY MOXYTh OyTH
BUKJIaJIeH1 10 6iacy, SKIO BUKOPUCTOBYIOThCS HENPaBUIbHI HAOOPH JTaHUX a00 HE0CTaTHHO
penpe3eHTaTuBHI. e Moe mpu3BOIUTH 10 HECTIpaBEAJIMBUX PILIECHb Ta JUCKPUMIHAL].

4. Brue Ha pusHok mpaui: BrnpoBamxenHs cucrem IIII mMoxke mpusBectu 10
aBTOMaTH3allll Ta 3aMIHU JIOJel Ha pobounx Micusax. Lle Moke BHMaraTu HepeocBITH Ta
PO3BUTKY HOBUX HAaBUYOK Yy MPAI[iBHUKIB, 1100 BOHU MOTIJIM KOHKYPYBaTH Ha pUHKY mpaili [5].

S, besneka Ta BilficbKOBE BUKOpUCTAaHHS: BUKOpPHCTaHHS HITYYHOTO 1HTEJIEKTY
BIIKpUBAa€ HOBI MOXJIHUBOCTI B o00nacTi kibepOe3meku, ajle TaKoXK TMOPOKYE 3arpo3u
BIICbKOBOTI'O BUKOPHCTaHHS Ta KibepaTax.

6. Mopanphi autemu: LTyyHHI 1HTEIEKT MOXE CTaTH MPUYUMHOIO MOpPATbHUX
JiieM, HaIpUKIIaJ, y BUMAAKaX aBTOHOMHHX TPAHCIIOPTHUX 3aC00iB, 16 BHHUKAIOTh MTUTAHHS
Ipo Te, sIKi pIlIeHHs TOBUHHI NPUIMAaTH MallIMHU B €KCTPEMaJIbHUX CUTYyawisax [3].

[1] "Weapons of Math Destruction: How Big Data Increases Inequality and Threatens
Democracy" aBropa Cathy O'Neil, c. 389.

[2] "Artificial Unintelligence: How Computers Misunderstand the World" asropa
Meredith Broussard, ¢.721.

[3] "The Ethical Algorithm: The Science of Socially Aware Algorithm Design™
aBTopiB Michael Kearns Ta Aaron Roth, c.422.

[4] "Robot Ethics 2.0: From Autonomous Cars to Artificial Intelligence" pemakropa
Patrick Lin, Keith Abney, Ryan Jenkins, c.143.

[5] "Algorithms of Oppression: How Search Engines Reinforce Racism" aBtopa
Safiya Umoja Noble, c.541.
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BUKOPUCTAHHA 'EHETHYHOI'O AJI'OPUTMY Y
3AJAYI OIITUMIBALIII POSMIHIEHHSA OB'EKTIB
EJEKTPOMEPEXI

Hecrepenko Anapii

Hamionansauit yHiBepcuTeT «Onechka momiTexHikay, mpocnekt llleBuenka, 1,
Oneca, Ongecbka o01acTh, Mmail@op.edu.ua

OcranHIM YacoM BHUHHKJA 30UIbIIIEHA TOTpeda B €JIEKTPOCHEPrii, 10 MPU3BEIO 10
TOTO, IO MPOEKTYBATHHUKH CHCTEM EJEKTPOINOCTadYaHHS MICT CTHUKAIOTHCS 3 BEIHKOIO
KiIbKicTIO BXimHO1 iHpopManii [1]. OO6poOka Ta aHami3 BeauKuxX oO0csriB iHdopmarii Ta
BHCOKAa JWHAMiKa iX TapaMeTpiB BUMAaraloTh PO3POOKHM HOBHX METOMIB pPO3TAIlyBaHHS
o0'ekTiB enektporoctayanHs [2]. EdexTuBHICTH cucTeM BHpPOOHMIITBA, Mepemadl Ta
PO3IOALTY eIeKTPOSHEPrii 3HAYHOI MipOI0 BH3HAYAETHCS KOHCTPYKTOPCHKUMH PIIICHHSMH,
K1 OyJIM BUKOPUCTaHI PU GOPMYBaHHI ETIEKTPUUHUX MEPEX 1 CUCTEM [2].

Ilig yac NMpOEKTYyBaHHSA MICBKUX EJIEKTPUYHUX MEPEX BUHHMKA€E 3aBJIaHHS BHOOpY
pamioHasbHOI KOH(]Iryparii cucteMu eneKkTporocradaHHs. TepMiH "KoH}iryparis cuctemu
€JIEKTPOIIOCTauaHHs" O3HAayae KOHKPETHE B3a€EMHE pPO3TAllyBaHHsS €JIEMEHTIB CHCTEMH
eNleKTponocTadyanHs (KaOenbHUX, TOBITPSIHUX JIiHIHA, TpaHCPOPMATOPHUX Ta CHIIOBUX
MIJCTaHIIM 1 T. 1.), B3a€EMO3B'SI30K €JIEMEHTIB y CHCTEMi EJEeKTPOINOCTayaHHS, a TaKOX
3'€eTHAHHS eJIEMEHTIB y opMH MeBHOI CTpyKTypH [2]. 3aBnaHHs BUOOpY Miclisd (PAKTUUHOTO
PO3MILLIEHHS. O00'€KTIB EJEKTPONOCTAYaHHS BKJIIOYAE COTHI aQJIbTEPHATHUBHHUX pIllIEHb, 1
TUTAHYBAJIbHUKY IOBUHHI 3HAWTH ONTUMAJIbHE PIllICHHS.

Y 3BM3Ky 13 CKJIAIHICTIO 3aBJaHHsA BUOOpY palioHaJbHOI KOH]Iiryparii
EJIEKTPOMEpEXKi, SKE€ BKJIIOYAE PO3MIMICHHS JEKUIBKOX JDKEpeNl S>KUBJICHHS PI3HUX Ta
OJTHAKOBMX THIIOPO3MIpIB 1 OJHOYACHE 3aKpIIUICHHS 3a HUMHU CIHOXKHBAuiB, 1€ 3aBJaHHS
3QIMIIAETHCS aKTyaIbHUM Ha eTarll MpoeKTyBaHHs [3].

IcHyroui Mojeni Ta anrOpUTMHU Ul BUPILIEHHS LIbOTO 3aBJAaHHS BHUKOPUCTOBYIOTbH
amapaT JMCKpPETHOro MpOorpaMyBaHHS, 110 BKJIIOYae MOBHUN abo yacTkoBUi mepebip [3], mio
CMOBLIBHIOE MPOLEC MOLIYKY ONTUMAIBHOTO PE3yNbTaTy. AJNBTEPHATUBOIO € BUKOPUCTAHHS
eBPUCTUYHUX AJITOPUTMIB, Kl XapaKTEpU3YIOThCS BHUCOKOK €(EKTHUBHICTIO 1 3a0€3MeuyloTh
BUSIBJICHHS ONTHMAJbHOIO pIIIEHHS 3a MNPUHHATHY KUIBKICTh KpOKIB, XO4ya TOYHICTb
PO3paxyHKiB TPH IIbOMY 3MEHIITYETHCSI.

Jlnst moponanus 1iei mpodiaemu 0yino po3podiaeHo MoAU(IKOBaHUN TeHETUYHUNA METO
PO3MIIIIEHHST JDKEPENT KUBIICHHSI OJHAKOBHX THIIOPO3MIPIB Ta OJHOYACHE 3aKpIIUICHHS 3a
HUMHU CIIO)KMBA4iB JJIsl MiJBUINEHHS TOYHOCTI 1 MIATPUMKH IIBHAKOCTI PO3PAXyHKIB.
BinMiHHICTP 1ILOTO METOAY BiJ] ICHYIOUMX AaHAJOTIB TIOJSra€e Yy BHUKOPUCTaHHI
MOIM(IKOBAHOTO OIepaTropa CeleKllii, ikuii 00upae XpoMOCOMH 3 MOMYJIALIT 3 ypaXyBaHHAM
nependadyeHHs SKOCTI MOTOMCTBA, 10 MOKYTh BUXOAUTHU BiJl OOPaHUX XPOMOCOM.

Bbyno po3pobineHO TreHeTWYHHH MeTOJ| A BUPIMIEHHS 3aBIaHHS ONTHMAJIbHOTO
PO3MIIIEHHS JPKEPEIl J)KUBJIEHHS PI3HUX THIIOPO3MIpIB Ta OJAHOYACHE 3aKPIIJICHHS 3a HUMHU
crniokuBayiB. ['0J0BHA BIAMIHHICTH IOTO T€HETHYHOTO METOAY IOJIATa€ y BUKOPUCTAHHI
MO/IHM(PIKOBAHOTO OrepaTopa KpOoCoBepa, /€ MICIs BU3HAYEHHSI TOUKH PO3PUBY BIJOYBA€ETHCS
NEepepo3noiia TeHiB. 3alponoHOBaHI METOIM €(EKTUBHO BHPIIIYIOTH MPOOIEMY HU3BKOTO
yCNaJKyBaHHS, TOMOJIOTIYHOI HENPAKTHUYHOCTI 3HAaWAEHUX pIlIeHb, L0 NPU3BOAUTH [0
CYTTEBOTO CKOPOYEHHS 4Yacy BHKOHAHHS Ta IMiJBUILEHHS TOYHOCTI po3paxyHKiB. OTpuMaHi
pe3yibTaTH JO3BOJISIIOTH TMPOTOHYBAaTH €(PEKTUBHI METOAM JJIsi IIJBUIIECHHS SKOCTI
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MPUAHATUX PIIICHh IIOJ0 BHOOPY MICI pO3TallyBaHHS O0'€KTIB €JICKTPOIIOCTAYaHHS TPH
NPOEKTYBAHHI MICBKUX €JICKTPUYHUX MEPEXK.

[1] A.K. Makkapri, O.M. [Hemn, T.M. ®ennpep, "OmnepariiiHi cuUCTEMH: TPHHIUIN Ta
npaktuka", [Tirep (2015), 1200 c.

[2] LIL IBanos, T.C. Cunopos, "Enexrponika: Teopis i npaktuka", Kuis (2014), 450 c.

[3] P. Cronnman, "BinsHe mporpamHe 3a0e3nedeHHs, BUIbHE CYCHIILCTBO: BuOpani ece
Pivapga Cromnmana, GNU Press (2002), 220 cr.

[4] O. Yaeman, "Beryn mo Teopii aBromari, MoB Ta obuuciens", Addison-Wesley (1979),
428 cr.

[5] B.C. JliTBinos, JI.I. I'magkux, "Komn'torepna rpadika: [linpyunuk", Kuis (2017), 360 c.
[6] M. Kactensc, "[limitom mepesxeBoro cycminbeTa'", Blackwell Publishers (1996), 556 cr.
[7] A. Kuayr, "Mucreurso mnporpamyBanHs", Addison-Wesley (1968), T. 1: OcHoBHi
anropuTmu, 672 cr.
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SYSTEM
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Air pollution, a multifarious amalgam of particulate matter and noxious gases, has
emerged as a critical environmental and public health concern. The exigency for robust air
pollution detection systems is underscored by the escalating repercussions of anthropogenic
activities on air quality. Current detection paradigms, predominantly reliant on fixed
monitoring stations, are impeded by spatial resolution limitations, sensor calibration drift, and
latency in data dissemination. This article delineates the scientific methodologies requisite for
the optimization of air pollution detection systems, aiming to augment their spatial and
temporal resolution, and thereby enhance their utility in environmental surveillance and
policy formulation.

The pervasive nature of air pollution necessitates a comprehensive and high-fidelity
monitoring infrastructure capable of detecting and quantifying a spectrum of atmospheric
pollutants. The quintessential function of air pollution detection systems is to provide
empirical data that underpins air quality assessments, regulatory compliance, and mitigation
strategies. Despite the critical role these systems play, their efficacy is often compromised by
inherent technical and methodological constraints. To address these limitations, a concerted
scientific effort is required to refine the detection mechanisms and analytical frameworks that
constitute these systems.

Sensor technology advancements are paramount to the evolution of air pollution
detection systems. The development of novel, high-sensitivity sensors with enhanced
selectivity for specific pollutants is crucial. These sensors must exhibit minimal cross-
sensitivity to confounding environmental variables and possess long-term stability to mitigate
calibration drift. The miniaturization and cost reduction of such sensors would facilitate the
deployment of a more granular network, thereby increasing the spatial resolution of pollutant
detection.
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The integration of advanced data analytics and machine learning techniques offers a
transformative potential for air quality monitoring. By applying sophisticated algorithms to
process and analyze the voluminous datasets generated by monitoring networks, it is possible
to discern intricate patterns and temporal trends in pollutant dispersion. Predictive models,
informed by these analyses, can forecast pollution episodes with heightened accuracy,
enabling preemptive interventions.

The incorporation of Internet of Things (IoT) technology into air pollution detection
systems heralds a new era of interconnected monitoring. loT-enabled devices can transmit
real-time data to centralized repositories, facilitating an agile and adaptive monitoring
framework. This real-time data acquisition is instrumental in the prompt identification of
pollution hotspots and the rapid deployment of remedial measures.

Citizen science initiatives represent a novel paradigm in air pollution monitoring,
leveraging public engagement to expand data collection efforts. By equipping citizens with
portable sensing devices, a more comprehensive dataset can be amassed, supplementing the
fixed monitoring stations. This participatory approach not only democratizes the monitoring
process but also serves to enhance public awareness and education regarding air quality
issues.

Policy and regulatory frameworks must evolve in tandem with scientific advancements
to ensure the effective implementation of optimized detection systems. Regulatory bodies
should establish stringent standards for sensor accuracy and data integrity, fostering an
environment conducive to technological innovation. Investment in research and development,
coupled with incentives for the adoption of advanced monitoring technologies, is imperative
to drive the optimization process forward.

The optimization of air pollution detection systems is an endeavor of significant
complexity, necessitating a multidisciplinary approach that encompasses sensor technology,
data science, 10T integration, and community participation. Through scientific innovation and
policy support, these systems can be refined to provide more accurate, timely, and actionable
air quality data.

[1] Smith, J.A., & Liu, H. (2022). "Advances in Low-Cost Sensor Technology for Urban Air
Quality Monitoring." Journal of Environmental Monitoring, 24(3), 455-471.

[2] Patel, R.K., & Gomez, M. (2021). "Machine Learning Algorithms in Predicting Urban Air
Pollution: A Comparative Study." Atmospheric Environment Research, 35(2), 89-105.

[3] Huang, Y., & Zhang, L. (2023). "The Role of Internet of Things (10T) in Enhancing Real-
Time Air Pollution Surveillance Systems." Sensors and Actuators Reports, 11(1), 34-49.

[4] Lee, S.H., & Kim, J.Y. (2022). "Sensor Calibration Drift and Its Impact on Air Pollution
Data Integrity.” Journal of Atmospheric and Oceanic Technology, 39(4), 675-690.

[5] Gupta, A., & Chakraborty, D. (2021). "Regulatory Policies for the Deployment of
Advanced Air Quality Monitoring Systems." International Journal of Environmental Law
and Policy, 27(3), 213-230.
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APPLICATION OF MACHINE LEARNING ALGORITHMS
FOR GAS RECOGNITION

Oleh Osadchuk, Igor Olenych
Ivan Franko National University of Lviv
50 Dragomanov str., Lviv, 79005, Ukraine, olegosal601@gmail.com

The current level of development of electronics and information technology makes it
possible to imitate some human sensations. In particular, electronic nose technology is usually
used for the qualitative identification of gases and the quantitative determination of their
concentration [1]. An artificial nose system consists of three main components: a gas sensor
(primary converter), a signal acquisition and pre-processing device, and a pattern recognition
algorithm [2]. Gas identification is usually carried out using artificial intelligence
technologies [3]. The purpose of the study is to investigate the gas recognition effectiveness
by various machine learning methods, which do not require significant computing resources
and can be implemented on the microcomputer and microcontroller bases using edge
computing technologies. Particular attention was focused on improving the effectiveness of
machine learning models for gas recognition.

Models of multi-class classification of the sensor data obtained using the field-effect
transistor based on the reduced graphene oxide — porous silicon sandwich-like structure have
been implemented in the study. The data sets were in the form of resistance profiles for
different concentrations of such environmentally important gases as ethanol, ammonia,
acetone, and toluene. The effectiveness of recognition of analyzed gases by support vector
machine (SVM), Gradient boosting, k-nearest neighbors (KNN), and Decision tree methods
was studied using confusion matrices and classification reports. The experimental data sets
were divided into training and test samples in the ratio of 80 and 20 %, respectively.
Accuracy, precision, recall, and F1-scores metrics were used to evaluate the effectiveness of
the proposed machine learning models.

Based on the analysis of the obtained results, it was established that applied machine
learning methods classify sensor data with satisfactory accuracy, which in most cases makes it
possible to recognize the analyzed gases. An important parameter that affects the
classification efficiency is the concentration of the analyzed gases. In the case of low
concentrations, a decrease in the accuracy of multiclass classification is observed compared to
models trained and tested using the full data set. Conversely, the machine learning models
demonstrate better performance when the test set contains only sensor data for more than 5 %
concentrations of analyzed gases. It was established that the KNN method provides reliable
identification of gases in a wide range of concentrations. Based on the analysis of the
classification efficiency of the considered algorithms, it is demonstrated that optimization of
machine learning models by tuning their hyperparameters by automatically searching all
combinations of arguments using the GridSearchCV function [4] can improve the accuracy of
gas recognition.

[1] Y. Xu, X. Zhao, Y. Chen, W. Zhao, Sensors, 18, 3264 (2018).

[2] Z. Ye, Y. Liu, Q. Li, Sensors, 21, 7620 (2021).

[3] D. Ma, J. Gao, Z. Zhang, H. Zhao, Sens. Actuators B Chem., 330, 129349 (2021).
[4] J. Bergstra, Y. Bengio, Journal of Machine Learning Research, 13, 281 (2012).
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PATHFINDING APPROACH BASED ON ARTIFICIAL BEE
COLONY

Oleh Yarosh, Oleh Sinkevych, Bohdan Sokolovsky
Ivan Franko National University of Lviv,
50 Drahomanova str., Lviv, Ukraine,
oleh.sinkevych@Inu.edu.ua

Current study delves into solving the dynamic pathfinding problem for Unmanned
Vehicles (UV), which holds significance across various practical fields such as robotics,
drone development, autopilot systems, and self-learning platforms. Our proposed method,
rooted in swarm Al algorithms, aims to tackle this challenge effectively. We focus on
navigating a 2D environment cluttered with rectangular obstacles, where the objective is to
continuously compute a suboptimal path from a starting point to a destination for a UV agent.
This agent operates within a restricted vicinity around its current position, scanning for the
next best movement point. The extent of this vicinity is determined by the agent's scanning
capabilities.

Upon detecting obstacles, the agent adapts its trajectory accordingly. We employed the
constrained ABC (cABC) metaheuristic, renowned in swarm Al, for these computations. To
guide the agent toward the target point, we presented a weighted objective function which is
iteratively solved via cCABC. The validation of our approach has been tested across several 2D
maps of differing complexities and obstacle densities. Because the guided function consists of
three weighed components related to a) Euclidean distance to the target, b) avoiding obstacles,
and c) keeping the path smooth, we conducted numerical experiments to estimate the effect of
weights on pathfinding capabilities. The results have shown the significant impact of
weaknesses, which should be broadly taken into account in future studies.

Additionally, we formulated and solved an inverse problem to identify the optimal
function weights. It has been revealed that the inverse problem is computationally expensive,
and special guiding rules should be adapted to improve pathfinding accuracy. Our results
underscore the promise of our approach, offering a valuable addition to existing pathfinding
solutions.

[1] E. Yanmaz, S. Yahyanejad, B. Rinner, H. Hellwagner, and C. Bettstetter, “Drone
networks: Communications, coordination, and sensing”, Ad Hoc Netw., vol. 68, pp. 1-15,
Jan. 2018. DOI: https://doi.org/10.1016/j.adhoc.2017.09.001.

[2] P. Bhattacharjee, P. Rakshit, I. Goswami, A. Konar, and A. K. Nagar, “Multi-robot path-
planning using artificial bee colony optimization algorithm”, in 2011 Third World Congr.
Nature Biologically Inspired Comput. (NaBIC), Salamanca, Spain, Oct. 19-21, 2011.
IEEE, 2011.DOI: https://doi.org/10.1109/nabic.2011.6089601.

[3] D. Karaboga and B. Akay, “A modified Artificial Bee Colony (ABC) algorithm for
constrained optimization problems”, Appl. Soft Comput., vol. 11, no. 3, pp. 3021-3031,
Apr. 2011. DOI: https://doi.org/10.1016/j.as0c.2010.12.001.

[4] A. Q. Faridi, S. Sharma, A. Shukla, R. Tiwari, and J. Dhar, “Multi-robot multi-target
dynamic path planning using artificial bee colony and evolutionary programming in
unknown environment”, Intell. Service Robot., vol. 11, no. 2, pp. 171-186, Feb. 2018.
DOI: https://doi.org/10.1007/s11370-017-0244-7.
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MEPEKEBI XAPAKTEPUCTHUKHU 306PAKEHD
TA IXHIN 3B’SI30K I3 UACTKOIO IIIYMIB

Ouaexciit KpaBuyk, IBan JloBrans, Auapiii JIpeodor, Ouser Kymmnip
Kadeapa onToeNeKTPOHIKH Ta IHPOpMaIIHHUX TeXHOJIOT1H, JIbBIBChKUI
yHiBepcuTeT iMeH1 IBana ®dpanka, M. JIbBiB Bys. TapHaBcbkoro 107,
oleksii.kravchuk@Inu.edu.ua, oleh.kushnir@Inu.edu.ua

OcTtaHHi pOKH BiJI3HAYAIOTHCS 3HAUHUM PO3BUTKOM 0aratbox rajiy3ei, IMOB’si3aHHX 31
MTYYHUM IHTEJIEKTOM, 30KpeMa KOMII IOTEPHOTO 30py, pO3Mi3HaBaHHSA oO0Opa3iB 1
OIpaIfoBaHHs pupoHoi MoBH [1, 2]. Panime B npari [3] Oys10 3anponoHOBaHO aHAJTIOTIT Mix
TEKCTaMU Ta MUPPOBUMHU 300paKCHHSIMH, a TAKOX HOBI MIAXOAM JO aHami3ly 300pakeHb,
3al03WY€H] 31 CTATHUCTUYHOI JIIHTBICTUKM Ta 3aCHOBAHI Ha BHUBYEHHI BIJIOMOIO SBHIIA
crmasaxie (intermittance) i moBrocshkHUX Kopensiiii. Byino mokasaHo, 110 Taki MiaXxoau Jai0Th
3MOTY KUTBKICHO BiJJpi3HUTH iH(OpMaTHBHI 300pa’keHHS BiJl IIyMiB, 332 aHAJOTI€I0 A0 3a/1adi
PO3pi3HEHHS MPUPOIHUX TEKCTIB BiJl paHAOMHHX CHMBOJIBHUX ITOCIiTOBHOCTEH [3].

Jlane noCHi/KEHHsSI MPOAOBXKYE LEH HampsM 1 CIpsIMOBaHE Ha aHaNi3 MEPeXEeBHX
XapaKTePUCTUK HU(POBUX 300pakeHb 3aJIe)KHO BiJl KUTBKOCTI IIyMY Ha 300pa)K€HHI, a TAaKOX
Ha BUSIBIICHHS MOXJIMBUX KOPEJSAMIA MK IIMMU BEIWYMHAMHU. 3arajoM sl I[bOTO MOXHA
BUKOPHUCTATU METOJIU Ta aJITOPUTMHU MMOOYAOBU JIHTBICTUUHUX Mepex (IuB. [4]) 1 BU3HAUCHHS
iXHIX XapaKTEpUCTHK, SIKI paHime Oyno po3poOsieHo aBTopamu. OCHOBHOIO TIEPETIOHOI0 B
PO3BHUTKY aHAJOTIM MK 300pa’K€HHSIMM Ta TEKCTaMH € pi3Ha BUMIPHICTh LUX 00 €KTIB, a
IIISIXM 11 TOI0JIAHHS YaCTKOBO OokpeciieHi B mpai [3]. [IpoTe ockinbku CTaHAaPTHUIT epexis
BiJl JIBOBUMIPHOTO 300pake€HHS 10 OJHOBHMIPHOIO TEKCTy 3a perentamu [3] moposkye
OMAaHJIMBI CYCIZICTBa MIKCENIB Ta MPOIYCKAE NESKUX CYCIAIB, OyJI0 BUPIIIEHO 3aCTOCYBATH
1HIIMK npuifoM: OyTyBaTH HITYYHI TEKCTU», B AKUX CYCIICTBO «CIiB» (YUCEl, SIKI € PIBHSIMHU
SCKPaBOCTI MIKCENIB) KOPEKTHO BIIMOBIJA€E CYC1/ICTBY MIKCENIB Y 300pakeHHI.

Jlnst ozieprkaHHsI MepeXxi PiBHIB SICKPABOCTI MIKCENIB 3B A3KH MK BY3JIaMH-TIIKCEISIMU
OyayBaiy i3 BpaXyBaHHSM IXHBOTO CYCIZICTBa Ha 300pa’keHHI 3 JESIKHM paaiycoM I =1, 2,
... (To6TO Mepexa BpaxoBye 3B’SI3KM MK JESIKAM IECHTPAIBbHUM IIKCENeM i3 yciMa cycizamu
Ha BikHax BimmoBimHo 3x3, 5x5, ...). I3 MepexkeBUX XapaKTEpUCTHK MU Opajid 10 YyBaru
Haiirepie cepefHIo Mo Mepexi JOBKHUHY HAaWKOPOTIIOro HUIIXY Ta CepeAHid Koe(ilieHT
KJIaCTepHOCTI Mepexki [4].

B3aeM03B’ 5130k MepeKeBUX XapaKTEPUCTHK 300pakeHb 1 BICOTKY O170T0 IIyMy Ha
HUX Ja€ 3MOTYy BUKOPHUCTATH 111 XapaKTEPUCTUKHU SIK CBOEPIIHY METPUKY BIAHOCHOI KUTBKOCTI
IIyMiB 1 TUM CaMHM 3alpONOHYBaTH HOBI METOAM BCTAHOBIEHHS CITIBBIIHOIICHHS MiX
1H(GOPMATHBHOIO Ta MITYMOBOO CKJIAJ0BOIO 300paKEHHS.

[1] R.C. Gonzalez, R.E. Woods, Digital Image Processing, Pearson (2007), 976 p.

[2] A. Clark, C. Fox, S. Lappin, The Handbook of Computational Linguistics and Natural
Language Processing, Wiley-Blackwell (2010), 802 p.

[3] LA. Hosrans, O.C. Kymmnip, F0.M. ®yprana, I'.I. [Tanouko, Enextponika Ta iHdopm.
texHod, 17, 3 (2022)

[4] R. Ferrer i Cancho, R.V. Solé, Proc. R. Soc. Lond. B, 268, 2261 (2001).
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PO3POGEKA HABYAJIbHOI BEB INIAT®OPMH U151
HIATOTOBKHU HACEJIEHHSA 10 BIMHU

Jlanniio Ilerpycenko, MuxamnJio IlaBauk
JIbBiBCHKUI HalllOHAIBHUH yHIBepcUTeT iMeH1 [Bana dpaHka,
(bakyIbTET ENEKTPOHIKM Ta KOMII FOTEPHUX TEXHOJOT1MH,
ByI. JIparomanosa, 50, JIeBiB, 79005, Ykpaina
danylo.petrusenko@Inu.edu.ua

B icropii moacTBa, 30KpeMa y Cy4aCHOMY CBITI NMUTaHHA O€3MEKH ACp)KaBH Ta
TOTOBHOCTI /IO MOXKJIMBHX BOEHHUX KOH(JIIKTIB € HA/JI3BUYAHHO aKTyaIbHUMHU Ta BaKJIHMBHMHU.
Hacninkamu MoOxyThb OyTH HE TIJIBKM JIIOJICHKI BTpaTH, pPyHHYBaHHA 1H(PACTPyKTYpH,
EKOHOMIUHI Ta COIliaJIbHI KPH3W, a W BTpaTa CYBEPEHITETY Ta HE3aJIC)KHOCTI JEp)KaBH, 5K
Takoi. be3cyMHIBHO, 3aXHCT € OJHIEI0 3 OCHOBHUX LIJICH HalllOHANIBbHOI Oe3meKku OaraThox
kpaiH. Craructuka [1] Kaxe, IO OCHOBHa 4YacTKa HACEJIEHHS KpaiH 3axiJHOTO CBITY
MOKJIAIa€ThCSl HA apMil0 Ta IHII Jep)kaBHI O€3MeKOBl CTPYKTypu B pas3i 30poiHUX
KOH(TIKTIB, IMOINPH BAXKJIUBICTH T'POMAJCHKOI TOTOBHOCTI Ta CAMOCTIMHOI IMIATOTOBKH 10
eKCTPEMAIbHUX CUTYAIIii.

3perToro, pociiicbko-YKpaiHChbKa BiifHa, sika TpHUBae, MOKa3ajla, HACKUIBKU BaXKJIMBO
caMe IMBUIBHOMY HACEJCHHIO JiepaBH OyTH TOTOBHM JO BOPOXKOTO Hamamy Ha
OarpkiBUIMHY. Lle He TUIBKHM crpolye 0O0OPOHO3AATHICTh KpaiHH B HEMPOCTHI KPUTUYHHMA
nepioj BiifHH, ajie ¥ CyTTeBO 3amobirae BTparaM reHo(oHay. ToMy Ba)IJIMBOKO 3aa4€i0 €
CTBOPEHHS Ta BIIPOBA/PKEHHS I1HHOBALIWHUX pillleHb, CHPSAMOBAHUX Ha IiJBUIICHHS
CBIJJOMOCTI Ta TOTOBHOCTI I'POMA/ISIH JI0 JII B CX0XKMX CUTYaIlIsIX.

Bbyno po3po0ieHo HaBuanbHy BeO IuiatdopMmy Ui MiArOTOBKM HAceNeHHs 10 BiiHM.
Be6 ninardopma Britodae B cede He0OX1IHMIM HaOip QYHKIIOHATY JUIsl TOrO, adU MIBUIKO Ta 3
KOPUCTIO OTPUMYBATH 1H(OpPMAILiIO, SIKa JOIIOMOXKE B)KUTH HEOOX1THUX JIOKAJIbHUX 3aXOJliB B
pasi BifiHM HE TUIBKM Y MHPHOMY OTOYEHHI, a ¥ Ha moJii OO0 B SKOCTI BINCHKOBOTO YU
MeIKaHs TpuppoHTOBOi TepuTopii. 30kpema, miaThopma Haae MOXKIUBICTh KOPUCTYBady
nepeBipATH 3100yTl 3HAHHS Ta HABUYKH LUISIXOM TE€CTYBAHHS y KaTeropisix, 10 OXOIUIIOITh
IIMPOKHUNA CIIEKTP TEMAaTUK BijJ BIHCHKOBOI CIIPaBM Ta TAKTMYHOI MEJUIMHU JIO IIMBUIBHOTO
3axHCTY.

Beb cepic Mae Ha MeTi He jaMIe OyTH IHCTPYMEHTOM JJISi CAMOCTIHHOI MiJrOTOBKH,
ase ¥ CHOpUSATH MIJABUIICHHIO 3arajJlbHOr0 pIBHA TOTOBHOCTI Ta CBIJOMOCTI T'pOMajsiH y
BITHOIIEHHI JI0 MOJMBHMX BOEHHHX 3arpo3. JlocTym 110 MOBHOro (yHKI[iOHalTy Ta BCIX
OIyOJIIKOBaHUX MaTepianiB 3 KOPUCHUMHU JaHUMH HAJA€ThCSl KOPUCTYBAYy BUKIIOYHO IICIIS
NIPOXO/KEHHs eTaly aBTopu3alii Ta aBTeHTUdiKalii KopucTyBaua Ha muatdopmi. Lle
JOTIOMO>KE 30MpaTy CTATHCTUKY IS TIOKPAIIEHHS] MPOTPAMHOTO MPOAYKTY B MOJAIBIIOMY,
[0 JTO3BOJIUTH JIOJaBaTH HOBUW (YHKIIOHAT Ta TOKpAIlyBaTH SAKICTh MaTepialiB IS
CaMOOCBITH.

s po3poOku Bed miuatdopmu 0yno Bukopuctano ¢pperimBopku Django ta Bootstrap.
XapaKkTepUCTUKU apXiTEeKTypHOi OyIOBH MPOTPaMHOTO TPOIYKTY BKIIOYAIOTH MOXKJIMBICTBH
BUKOPUCTaHHA HOro sK BeO 3aCTOCYHOK Ha OyJb-KOMY MpPUCTPOI 3 pPi3HOMAaHITHUM
CHIBBIIHOILIEHHSIM CTOPIH Ta PO3AUILHOIO 3[aTHICTIO €KpaHy.

[1] ToToBHICTH 32 YMOB BiiHM BOIOBATH 3a CBOIO KpaiHy: mociimkeHHs "Peitunry” 3 Gallup
International.URL.: https://ratinggroup.ua/research/ukraine/gotovnist-za-umov-vijni-voyuvati-
za-svoyu-krayinu-doslidzhennya-rejtingu-z-gallup-international .html.
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FINE-TUNING LLAMA 2 FOR SENTIMENT ANALYSIS

Marianna Prytula, Igor Olenych
Ivan Franko Lviv National University
50, Dragomanov str., 79005 Lviv, Ukraine,
marianna.prytula@Inu.edu.ua, igor.olenych@Inu.edu.ua

In today's world, vast text data, including reviews or customer feedback, are generated
daily on social media. These data hold valuable insights that help make informed decisions,
shape business and marketing strategies, and affect individual opinions. Sentiment analysis is
a growing field at the intersection of linguistics and computer science that attempts to
determine the sentiment contained in text automatically.

In recent years, the emergence of LLMs has profoundly reshaped natural language
processing and sparked unprecedented enthusiasm for these powerful language models [1, 2].
Therefore, the adaptation of the Llama 2 model for sentiment analysis of Ukrainian-language
texts was studied in the work.

The multi-domain dataset with scraped user comments about shops, restaurants,
hotels, medical facilities, fitness clubs, and the provision of various services that consisted of
approximately 11000 samples in the Ukrainian language was used while adapting a Llama 2
for sentiment analysis. The data was divided into two labeled classes: positive and negative.

Llama-2-7b-chat-hf was used to build a sentiment analysis model. The dataset was
formatted according to the prompt template of the chat version model: system prompt, user
prompt, and model answer. After splitting the dataset into training and testing sets, a tokenizer
was loaded to convert text into a format understandable to the pre-trained model. The
Quantized Low-Rank Adaptation method was applied to fine-tune a small fraction of the
LLM parameters with 4-bit quantization. Then a Parameter-Efficient Fine-Tuning library was
applied for efficiently fine-tuning LLMs by operating on a reduced number of parameters.
Each training batch consisted of 8 examples per computational device to use the GPU
memory resources effectively. An initial learning rate of 2e-4 was employed. The AdamW
optimizer was utilized as a balanced approach to updating model parameters. The model was
trained over 4 epochs.

The testing dataset has contained 1283 negatively and 917 positively labeled samples.
Due to the predominance of negative class in the dataset, more errors were made for the
predicting positively labeled text (37 and 74 accordingly). An accuracy of 94.9% was
obtained for the fine-tuned model.

[1] Ji Peiqi, Text sentiment analysis based on LLaMA models, Proc. SPIE, 13105,
International Conference on Computer Graphics, Artificial Intelligence, and Data Processing
(ICCAID 2023), 131052E (2024), doi: 10.1117/12.3026733.

[2] J.0. Krugmann, J. Hartmann, Sentiment Analysis in the Age of Generative Al,
Cust. Need. and Solut., 11, 3 (2024), doi: 10.1007/s40547-024-00143-4.
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AUTOMATED REST API DOCUMENTATION USING
CHATGPT FOR NODE.JS MICROSERVICE

Oleh Chaplia, Halyna Klym
Lviv Polytechnic National University, Stepan Bandera Str., 12, Lviv, 79013
oleh.y.chaplia@Ipnu.ua, halyna.i.klym@Ipnu.ua

Documenting APIs for microservices introduces intricate challenges, as the distributed
nature of microservices architecture demands a higher degree of coordination and consistency
in documentation. Microservices require frequent updates and revisions in documentation that
must be synchronized across all services to avoid discrepancies. A robust versioning strategy
for documentation is necessary to communicate changes and deprecations to developers.
Implementing interactive documentation and standardizing documentation practices across
teams and services ensures clarity, accuracy, and ease of use for developers.

This research provides a method that fills the gaps needed to enhance documentation
practices' efficiency and effectiveness in microservices architectures. First, existing methods
of documentation creation were defined and compared. Manual documentation creation,
Documentation Generation from Frameworks, External Tools, and Services (e.g., Postman,
Insomnia, Swagger, Apiary, RAML), and recently created Al Services exist. Each method has
benefits and challenges, such as customization, efficiency, community support, and
automation. However, they also have limitations and potential issues, such as time-consuming
maintenance, limited customization, privacy concerns, and complex implementation.

Then, the method of automated documentation generation with a system prototype was
modeled, developed, and tested. ChatGPT was used as an Al tool for code analysis and
documentation extraction. The system generates the documentation for the Node.js
microservice, automatically validating the results by implementing automated API tests.
Then, the system automatically synchronizes the created documentation with the validation
tests. The system finishes creating a documentation file in Swagger format. Different output
formats are supported. Additional self-validation of the created documentation is executed.

After that, validation and evaluation of the results were conducted. The system was
tested in a local environment. Results show that automated documentation generation
provides precise results. However, sometimes, minor discrepancies can appear in the
documentation file. These minor issues do not critically impact the system, compared to the
improvements to the development time and reduced time instead of manual documentation
generation.

[1] J. Bogner, P. Wojcik, O. Zimmermann, How Do Microservice APl Patterns Impact
Understandability? A Controlled Experiment [J]. arXiv, (2024).
DOI: 10.48550/arXiv.2402.13696

[2] A.S. Abdelfattah, T. Cerny, Roadmap to Reasoning in Microservice Systems: A Rapid
Review [J]. Applied Sciences, 13, 1838 (2023). DOI: https://doi.org/10.3390/app13031838
[3] D. Nam, A. Macvean, V. Hellendoorn, B. Vasilescu, B. Myers, Using an LLM to Help
With Code Understanding, in: Proceedings of the IEEE/ACM 46th International Conference
on Software Engineering (ICSE '24). Association for Computing Machinery, New York,
USA, Article 97, 1-13 (2024). DOI: 10.1145/3597503.3639187

[4] A. Decrop, G. Perrouin, M. Papadakis, X. Devroey, P.-Yves Schobbens, You Can REST
Now: Automated Specification Inference and Black-Box Testing of RESTful APIs with Large
Language Models [J]. arXiv, (2024). DOI: arXiv:2402.05102
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MOPIBHAJIBHUM AHAJII3 METO/IB OIITUMI3AIIII
MOJIEJIEA I''TIMBOKOI'O HABUAHHSI

Irop SAxoBenko, SAApocaas boiiko, Muxaiiio IlaBiauk
JIpBiBCBKHI HalllOHAJIBHUHN yHIBepcHUTET iMeH1 [Bana dpanka,
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MeTtorw mnpexacraBieHoi poOOTH Oyn0 BH3HAYEHHS METOJIB ONMTHMI3aIlii MoJenei
MAaIIMHHOTO Ta INIMOOKOT0 HaBYAHHS, MPUIATHUX JIJIS afanTaiii Mojesel 1o po3ropTaHHs Ha
HPUCTPOSIX 3 OOMEKEHUMHU OOUYUCITIOBAIBHUMHU pecypcaMu. OCHOBHUMH KPUTEPIIMU BUOOPY
METO/[IB MU BH3HAUUJIIM PO3MIp ONTHMMI30BAHUX MOJENEH Ta iX MPOAYKTHUBHICTH 33 YMOBHU
30epeKEeHHS JIOCTATHBOTO PIBHA TOYHOCTI PE3YNbTaTiB (JOCTATHICTh 3aJICKHUTHh BiJl
KOHKpeTHOi 3ajmaui). Mertoau, saki Oyl JOCHKEHI — KBaHTH3Allls, OOpi3aHHS Ta
JUCTUJISILIS 3HaHBb y MozelsiX. KopoTka xapakTepucTHKa IUX METOIB:

KBanTuzaiiss BIiIHOCHTBbCS O TMPOLECY 3MEHIIEHHS TOYHOCTI 4YHCeN, WIO
NPEICTaBISIIOTh Bar MOJIENi. 3aMiCTh BUKOPUCTAHHS PyXOMOi TOYKH, sSIKa BUMarae Oarato
0iTiB A1 30epiraHHs, KBAHTOBaH1 Bard MOXKYTb OyTH MPeACTaBIEHI MEHIIOK KUIBKICTIO OITiB
(mampukiaa, 8 abo 16 6itiB). Lle n103BOIIsIE 3MEHIIUTH OOCAT TIaM’sITi, HE CHJILHO BTPAdalOdu
TOYHICTH MOJIEII.

OOpi3yBaHHS TMOJIATAE B BUIAIICHHI HAaWMEHII BOXKIMBUX Bar moxeni. Lle moxe OyTu
KOPHUCHO JIJIsl 3MEHILIEHHsI po3Mipy MoJieli Ta MpUcKopeHHs ii iHpepeHcy. OOpi3zka Moxe OyTu
3/11liCHEHa Ha OCHOBI1 3Ha4€Hb Bar, rpaJl€HTIB a00 1HIIUX KPUTEPIiB.

Jluctunsiis 3HaHb BKIIOYAE Mepefady 3HaHb BiA OAHIET Mojeni (BUMTENS) M0 1HIIOT
(yunst). Buurens Moke OyTH OUIBLIOIO Ta TOYHIIIO MOJEIIIO, @ YY€Hb — MEHILIOI0 Ta
MIBUALIOK. J[MCTUIAIIS JomoMarae 3MEHIIUTH POo3Mip Mofeni, 30epiraroud mpu oMYy ii
TOYHICTb.

Jlns BUBYEHHS 3raJaHUX METOJMIB IPOBEACHO CEepil0 OOYMCIIEHb Ha OCHOBI iX
peanizamii B nporpamHomy maketi Intel Neural Compressor [1]. Ile Bigkputa 6i0mioTeka
Python, sika mpamoe Ha mporecopax Ta rpadiuyHuxX npuckoproBadax Intel. Bona nHamae
€IUHUN 1HTepQeic s MATPUMKU KUIBKOX (peHMBOpPKIB INIMOOKOTO HaBYaHHS, TAKUX SK
TensorFlow, PyTorch, ONNX Runtime ta MXNet. TectoBi Habopu maHux 1 6a30Bi Momeni
(ResNet, MobileNet, Incepiton pi3Hux Bepciii), BUOpaHi sl TOCTIIKEHb, CTOCYIOTHCS TaKOi
npeaMeTHoOi 06JacTi, sIK po3mi3HaBaHHs 300paxeHb. OCHOBHUMHU pe3yJbTaTaMM JOCHIIKEHb
Oys0 BcTaHOBJIEHHA TakuxX (akTiB. [locTTpeHyBaibHa CTaTUYHA KBAHTU3ALlISl A€ MOXIJIUBICTD
B LIMPOKOMY Jliala30Hi KepyBaTH PO3MIPOM MOJIENi, MPOTe Majli PO3PSAHOCTI BiIUYTHO
BIUTMBAIOTh HAa TOYHICTH Kiacu@ikariii. J{ms mocsrHeHHs 30amaHCOBAaHOTO pPE3yNbTATy 3a
METOI0M O00pi3yBaHHS HEOOXiJHa, cepel] 1HIIOro, peTeibHa ONTHMi3allis TrineprnapaMeTpiB
Moxenen. Hailikpamii pe3ynapTaTH 3a METOJOM JUCTHJIALII 3HaHb OTPUMAHO Ha CIMEHCTBI
mopeneit ResNet. KpiM 116010, 32 CyKYNHICTIO XapaKTepUCTUK OTPUMAHMX 32 IIUM METOJIOM
MojieJe MOKHa 3pOOWUTH BHMCHOBOK IPO TEPCHEKTUBHICTh HOr0 3aCTOCYBaHHS B Taiysi
Fog/Edge-o6uucinens.

[1] Intel Neural Compressor. [Electronic resource]. — 2024. — [Cited 2024, 1 May.]. —
Available from :
https://www.intel.com/content/www/us/en/developer/tools/oneapi/neural-
compressor.html#gs.95tkk8
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Data Mesh - 1ie KoHIEemIis OpraHi3ariii 1aHuX, B SIKiii KOKEH JoMeH abo Oi3Hec-3a1a4a
Mae CBill BIAaCHUIT HaOIp TaHWX Ta BIACHY KOMaHJYy, IO BiAmoBinae 3a ui faxi [1]. B poboti
3alpPOIIOHOBAHO BHKOpHCTaTH KoHmermiiro Data Mesh mns BupimmeHHs 3agadi KpeAMTHOTO
peiitunry Ha ocHoBi ML nomeny. ML anroputmu BifCHiIKOBYIOTH KPEIUTHI aHi KIIi€HTa Ta
PO3PaxOBYIOTh ONTHUMAIBHUN PIBEHb PU3MKY Ta JAOXIAHOCTI Ui MOKpAIEHHS TOYHOCTI Ta
e(EeKTUBHOCTI OILIIHKU KPEAUTHOTO pU3KKYy [2,3].

Cxema Data Mesh crpykrypu Ha BXOHAI MICTHTh TPU JIOMEHH, SIKI OTPHMYIOTb
BIMOBIIHI omepariiiHi naHi. Ha OCHOBI OTpUMaHHMX JaHMX KOXHA JIOMEHHAa KOMaHJa
pO3poOHHKIB Oymye mara mpoayKTH Ui aHamidy. Lli gara mpoaykTtu o0’€HYIOTBCS B OJHH
KOMIUICKCHUI JTOMEH arperar, siKk IEHTpalli3oBaHe Micle Ui JOCTYIy JI0 Pi3HOMaHITHHX
JaHWX. 3a JOTIOMOTOI0 KOMIUIEKCHOTO arperaTy MOJKHa CTBOPIOBATH CKJIAAHI 3BITH Ta
aHaJi3|, sIKi BpaXOBYIOTh 1H(OpPMAIIiIO 3 PI3HUX acleKTiB Oi3Hecy KommnaHii 1 popmyroTs naTa
MPOAYKT JJIsl PI3HUX CTPYKTYp: KEPIBHUITBA, BIAJILIY MApKETUHTY, CIYXOM HIATPUMKH,
Mojenel kinacudikarrii.

Jlns HaBuaHHS Mojeineit chopMoBaHO AaHi Ha ocHOBI Mojem ganux Open Banking
APIL Mogenps gaHux A TpaH3akIiid MICTUTH iH(opMalio mpo (GiHaHCOBI omeparlii, Taki sk
nepeKasu, OIUIaTH, 3HATTA TOTiBKM Ta iHmI. JlaHi Oynu ompanbOBaHi, CTaHIapTU30BaHI,
KaTeropu3oBaHi, a TakoXX po30uTI Ha 3 OJIOKM: BUTpPATH, PHU3MKOBAaHI BUTpPATH Ta
HA/JIXO/DKEHHS. Pe3ynbTaTé  JOCHITHUIBKOTO aHali3y JaHUX IIOKa3ald MOJKIIHMBICTh
BUKOPHUCTAaHHS JaHUX i moOynoBu ML mozaenei.

Jns BupimeHHs 3aa4i KpeauTHOro pedtuHry B ML nomeHi po3misHyTo pi3HiI BUAM
KJacu(}ikaTopiB, OTPUMAHO MapaMeTpH Kiacudikaiii Ta BHU3HAUEHO KOJIOHKH JaHUX, SKI
HaWO1IbIIEe BIUIMBAIOTh HA TOYHICTH Kiacudikaiii. CTBOPEHO KOJOHKY JaHUX, SKa JTOPIBHIOE
pi3HHUIII HaIXO/KeHb Ta BUAATKIB. [lokazaHo, 10 HasBHICTD IIi€i KOJIOHKU JAaHUX 301IbIIye
TOYHICTh KJacudikalii B cepeqHboMy Ha 5 BiacoTkiB. Halikpamii mapamerpu kiacudikarii
OTpUMaHO JUIsl MojieNi Kiacudikaropa Random forest.

BaxmuBicTh KOJOHOK JOCIIPKEHO IIISXOM aHalizy MaTpulli kopensiii ta feature
extraction. [TokaszaHo, 10 /Ui OTPUMaHHS PAIliOHAIBFHOTO MOSICHEHHS PE3YJbTATiB BAKIHBO
PO3IUTUTH JaHl HA 2 YaCTWHU BIAHOCHO MEJIaHW KOJIOHKU PI3HHII HAIXOHKCHB 1 BUIIATKIB.
[IpoananizoBaHO 1 BCTAHOBJIEHO TNATEPHU 3AJIEKHOCTEH MMOBIPHOCTI OTpPUMAHHS 1
MOBEPHEHHS KPEAUTY BiJ BXITHUX JaHHX.

[TpoBeneHi TOCTiIKEHHS € BaXXJIUBUMHU U1 aBTOMaTUYHOTO PO3PaXyHKY KPEeIUTHOTO
PEUTHHTY Ta BU3HAYCHHS ONTHMAJIBHUX YMOB KPEIUTYBAaHHS JIJISl KOKHOTO KITiI€HTA.

[1] A.Goedegebuure, I.Kumara at all, arXiv:2304.01062 (2023)

[2] A.R.Khalid,N.Owoh, O.Uthmani at all, Big Data Cogn. Comput., 8(1) (2024).

[3] L.O.Hjelkrem, P.Lange, E.Nesset, Journal of Risk and Financial Management 15(12):597
(2022).
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CyuacHMi CBIT JIeMOHCTpye Oe3lepepBHE 3POCTAHHSA TYPUCTUYHOI aKTUBHOCTI, IO
Mi/DKUBIIIOETBCS  TII00ATI3aIli€r0, 30UTBIIEHHSM JOXOJMIB HACEJIEHHS Ta PO3BUTKOM
TPAaHCHOPTHHUX TexHoJorii. [IpoTe, 301MbIICHHS KUIBKOCTI MaHAPIBHHUKIB Ta IXHIX BHMOT
CTaBISITh TIE€pell TYPUCTHUYHOIO 1HIYCTPI€I0 HOBI BUKIHMKH, 30KpeMa, y cdepi opraizarii
CHUTHbHHUX MOAOPOXKeil. '0I0BHOIO MPOOIEMOIO € BiICYTHICTh 1HTETPOBaHOI MIATGOPMH, 1110
J03BOJIsIa O 3 JIETKICTIO 3HAXOAWTH OJHOAYMIIIB, TUTAHYBATH MapIIPyTH, OOTOBOPIOBATH
JeTali MoJopoke Ta HimuTHcs nocBioM. Tomy cmocrepiraeTbcsi 3pocratoya morpeda B
IHHOBAI[IITHUX pillIeHHSX y cdepl TypusMy, siKi O CIpolyBalid MpoIec opraHizaiii CIiIbHUX
MOJIOPOKEH Ta CIpUsIH O (OpMyBaHHIO TII00ATBHOI MEPEKI MaH/IPIBHUKIB.

[Tonut Ha tudpoBi mIaThopmu, 110 3a0e3MeUyI0Th 3PYUHHI 3B'I30K 1 CITIBIIPAIIO MIXK
KOPUCTYBAa4aMH 3 PI3HUX KYTOUKIB CBITY, 30LJIBIIYETHCS y 3BSI3KY 3 TJ00alli3amiero Ta
3pOCTaHHSAM JAOCTYIHOCTI MI)KHAPOJIHUX IOJJOPOXKEH.

Po3pobiieno BeO 3actocynok "Mandry", sikuit cripsMOBaHUN Ha OpPTaHi3allilo CIIBHUX
TYPUCTUYHHUX IOJOPOKEH. 3aCTOCYHOK peali3oBaHMi 3 BHUKOPHCTAHHSIM CYYacHOTO CTEKY
TexHoJjorii, Bkaovyaroun Python, Django ta Django REST Framework [1], Git, Docker 1
Docker-Compose, a takox BeO-texHonoriii HTML, CSS i JavaScript st ¢poHTeHmy.
OcHoBHa 1€l TIPOEKTY TMOJSArae B TOMYy, 1100 3a0e3neuuTH miaatdopmy, A€ KOpHUCTyBadi
MorIn O JIerKo IJIaHyBaTH, OPTaHi30BYBaTH Ta MPHUETHYBATHCS A0 TYPUCTHUHUX MOJOPOXKEH
110 BCbOMY CBITY, 3 aKIIEHTOM Ha CIUIbHOTHICTb Ta B3a€EMOIIIO.

CepBepHa yacTHHa 3aCTOCYHKY po3pobieHa Ha Django, sika B3aeMOJi€ 3 KIIEHTCHKOIO
yactuHoto uepe3 REST API, 3a0e3neuye rHyukuii Ta macimtaboBanuil iHtepdeiic. Okpim
TOTO, PO3pOOJIEHO CHCTEMY ayTeHTH]iKallii KOpUCTyBadiB, 4aT JUisl OOTOBOpEHHs JeTajiel
MOi3/I0K, @ TAKOK CUCTEMY PEUTHHTY JJIsl OLIIHKY YYaCHMKIB Ta OPraHi3aTopiB MOJOPOKEH.

ITpoBeneno inTerpaunito Google Maps API nis mokpaiiieHHs IUIaHYyBaHHS MapIIpyTiB
Ta JIOAaBaHHS MOJXJIMBOCTEH 3HAXO/KCHHS "NMOJATKOBHX INIKABUX MICIh"  Y3JIOBXK
3alIaHOBAaHMX MapUIPYTiB, a TAKOXK IHTErpauito 3 iHmMMHU cepBicamu Google ans HagaHHS
iH(hopMalii Mpo roTeni, pecTOpaHu Ta 1HI MOCTYTH.

BpaxoByroun 3MiHM y TIOBEHiHIIl CHOXKMBadiB, $KI Bce OuIblIe MparHyTh
MepCcoHai3aIii, THy4KOCTI Ta B3aEMO/II1, aKTyaJIbHICTh PO3p0oOKH BeO-3acTocyHKY "Mandry" €
6e33anepeuHoro. BiH BiANOBiAae CyyaCHUM TEHJAEHIISIM CIOXXHMBAHHS TYPUCTUYHUX MOCIHYT,
HAJAaI041 KOpUCTyBauaM He JIMILE IHCTPYMEHTH JUIs IJIaHYBaHHS Ta OpraHi3alii MmoJopoKeH,
a i ruratopMy AJs COLialIbHOT B3a€MO/IiT Ta CIIIIbHOTBOPEHHSI.

[1] W. S. Vincent, Django for APIs: Build web APIs with Python & Django, Independently
published (2018), p.190.
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Finding the many-electron wavefunction for atomic systems is one of the core
problems of solid-state physics. The ability to predict the wavefunction for a given system
gives us access to their physical, optical or chemical properties. A variety of approximation
methods already exist, most popular of which are methods based on the Density Functional
Theory (DFT), as well as hybrid methods based on combining it with the Hartree-Fock (HF)
method. While they are quite performant compared to the more accurate coupled cluster
methods, they can be much less accurate. While in theory DFT should be capable of finding
the exact ground state, it is limited by the absence of an exact exchange-correlation
functional.

Recently there has been much interest in applying artificial neural network (ANN)
techniques to solving ab initio problems while also capturing the correlation energy
accurately. The primary optimization method in machine learning (ML), stochastic gradient
descent (SGD) has a lot of similarities to the variational Monte-Carlo (VMC) methods where
the stochastically approximated wavefunction energy is minimized. Due to this similarity, it is
quite natural to combine ML with VMC. The first attempt to use ANN for done by Carleo et
al. [1] in 2017 and reaching chemical accuracy in 2020 by Phau et al. introducing the
FermiNet architecture [2].

In this study we investigate the application of non-gradient based optimization
approaches for VMC. Our neural network architecture is similar to that of [2], with electron
coordinates and distances relative to the nuclei are inputted electron layers which also
exchange features to other electron layers invariant to swapping of the other electron
coordinates. To get the functions for each electron orbital we multiplied them by an envelope
to satisfy the zero boundary conditions at infinity. A Slater determinant is constructed out of
these orbital functions to get the final antisymmetric electron wavefunction. For greater
numerical stability the determinant as well as the local energy are computed in logarithmic
space, which also simplifies some equations.

Here we used the Evolution Strategies method to minimize the approximated energy
using the Metropolis-Hastings algorithm. We implemented the neural network and the
optimizer in Unity compute shaders. Our approach was tested on a set of test systems, for
example, for the Lithium atom, our method computed the energy of -7.451 Hartree, compared
to the true energy of -7.478 Hartree, with a total 0.36% error. For Neon, our method achieved
an optimized energy of -54.470 Hartree, compared to the true energy of -54.589 Hartree
meaning a total error of 0.21%. Using the HF method the computed energies would have been
-7.432 and -54.405 Hartree respectively, meaning this approach is much more accurate.

[1] G. Carleo, M. Troyer, Solving the quantum many-body problem with artificial neural
networks, Science, 355, 602-606 (2017). DOI:10.1126/science.aag2302.

[2] D. Pfau, J.S. Spencer, A.G.D.G. Matthews, W.M.C. Foulkes, Ab initio solution of the
many-electron Schrodinger equation with deep neural networks, Phys. Rev. Res., 2(3),
033429 (2020).



ABTOPCBKUI NOKAKYUK
Ahmad A. B5
Aksimentyeva O. B8
Balal. Al
Bershchanskyi Y. G2
Bihanych V.Yu. E5
Borovets Y. B2
Bovgyra O. 116

Brezvin R.S. B21
Chaplia O. 112
Cheipesh Y.I. E5
Demianyk O. Bl
Demkiv T. H10, B17
Deval. E3

Dukarov S. E9
Eliyashevskyi Y. C7
Fedorchuk M. Al12, A25
Filep M.J. A2l
Gamernyk R. B13
Gnatenko Kh.P. D3
Gourbilleau F. A20
GuptaN. B3, B4, B5, F1
Halyatkin O. H10
Haysak I.l. E5

Heitmann J. A20
Hladyshko A. H4
Honchar D. C7
Hryhorova T.V. A3

Huk A. C5

HuraV. 15

Ilchuk H. A24

lichuk V. B2

Ivanichok N. C9
Jezowski A. E2
Kapustianyk V. A8, C3, C7
Karpiuk N. G4

Kashuba A. E3, A24
Kashuba I.V. A3
Kaushal S. Al
Khomenko K. H6
Khomenko O. H6
Khomenkov D. A20
Khomenkova L. A20
Khyzhun O.Yu. B21
Klevets V.Yu. E5
KlymH. G2, G4, G8, G9, 112
Kokhan O.P. A21
Kolesnichenko Yu.A. A2
Kolisnyk A.S. A2
Kolkovska H. C9

EBPHKA - 2024

Kolkovskyi P. C9
Kolodiy .V. A3
Konopelnyk O. B8
Konstantinov V.A. AlS5
Kotliar N. G7
Kotlov A. B21
Kravets I. G7
Krivchikov A.l. E2
Krivtsov V. Al2
Kulyk Y. C7
Kushlyk M. B9
Limbu A. B4
Luchechko A. B9, G7
Lys R. B13
Mahlovana A. B9
Mahlovanyi B. B9
Malakhovska T.O. A21
Malynovska A. A25
Markiv Y. B8
Marushchak R. B2
Melnichuk O. A20
Melnykova N.M. B21
Moroz M. 116
Nikolenko A. AS
Olenych I. 111,17
Omelchenko L.V. A2
Osadchuk O. 17
Pakosh V. C3
Pasternak R. B9
Pechko V.V. A21
Petrenko E.V. A2
PetrushaI. A8
Petrushenko S. E9
Piasecki M. B21
Pogodin A.I. A21
Polevoy S. Bl
Ponomaryov S. A20
Portier X. A20
Poverzhuk V. A13
Prokopchuk M. B9
Pryshko I. H10, B17
Prytula M. 111
PylypivI. B2, C5
Qureshi H.S. D1
Rachiy B. C9

Ramos M.A. E2
Razzokov A.Sh. E1
Rogacki K. A7
Rudavskyi . G9



Rudysh M. E3
Rudysh M.Ya. B21
Sadovyi B. A8, C3, C7
Sadovyi P. A8

Sagan V.V. AlS
Savchenko N.D. E5
Schafler E. A3
Semerenko Yu.A. A3
Semkiv I. E3, A24
Senkiv O. A25
Setina M. E9
Shapovalov Yu.O. A3
Shchepanskyi P. E3
Shchepanskyi P.A. B21
Shender 1.O. A21
Shikura O. H6
Shpotyuk Y. B9
Shumilin S.E. A3
Shvets V. B17
Sinkevych O. 18
Slivka A.G. E5
Slobodzyan D. B9
Smirnov S.N. A3
Sohail Md. F1
Sokolovsky B. 18
Solovjov A. A7
Solovjov A.L. A2
Soltys A. C9
Stadnyk V.Y. B21
Stepanov O. G8
Stryzhak V. E9
Sukhov R. E9

Susla A.l. E5
Suslikov L.M. A21
Susulovska N.A. D3
Szewczyk D. E2
Szlezak J. B9
Tabachnikova E.D. A3
Tamarit J. LI. E2
Terekhov A. A7
Tikhonovsky M.A. A3
Turko B. A8, C3,C7
TurtaVV. H10
TymkivY. B13
Tymyk S. D4
Vasil’ev V. A8, C3, C7
Voloshinovskii A.S. B21
Vovk R.V. A2
Yaremiy I. C9
Yarosh O. 18

Yarovyi V. A7
Yermakov O. Bl
Zehetbauer M.J. A3
AxcimentheBa O. E10
Aptiox B. B16
bao’sx C. Gl

bapan O. F8

benpiit T. C13
bepko . H2
bupkyn A. Gl12
birgait B. B18
Bimuk P. A4, A5
binaxk K. C12
boounsik H. A26
boerupa O. Cl11, C16
boiiko b. C2

boiiko . 113
Bbonnapes H. A6
bopnentok I. C18
bopnyn b. B18, C12
bopayn I. B18, C12

Bbpessin P. Bl1, B14, B15, A26

bpessin P.C. A19
bypux I. Cl18, G12
bypuxk M. G12
Baspyx M. F2
Bagum JI. HS
BacunwseB B. C4
Bunnanuyk O. CI13
Bumnescekuit O. G3
Bipa O.I. A9

lansa B. B16
lansarkia O. A5
I'enepan A. B19
I'epacumenko A. C10
lpauk I. G3

Tlonuap 10. E6
I'opbarenko FO. A10
I'op6enko FO. EI10
I'puropuak O. H7
I'pumax A. E4
I'punak A.M. C6
I'ypinl. AlS8
HaBunosuu B.A. C6
Hepxko 3. Gl11
JzikoBcekuii B. Cl11
JzikoBcwkmit JI. F2
Ho6psiacekuit B. C16
Hoprans I. 19
Honros-T'opaiftuyk C. C8



Hpebot A. 19

Hyxapos C. C17
Enismmescekuit FO. G3
EnisueBcekuii FO.I. A9
€pmakos M. C2
€pmakos O. B6, B7
€pbomenko O. Al7
E€promina K. Al7
Kabotuncekuii B. C8
Kunpkuiit A. E10
Konybak I. G5

IBanbo A. E7
IBamenko I. B16
IBamenko M. C4
Kanunenko J[.O. H3
Kaminina T. Al8
Kanycranuk B. E4, All
Kanycrsauk B.b. A9, C6
Kaprmmok JI.T. Al19
Kamry6a A. A26
Kesmiun A. BI16
Kmumkosuu C. C13
Kmumos O. C2
Kosanenko M. Cl11, C16
Kozak A. F3
Kosunens A. 11
Kozmok I. G5
Konecauk P. D2
Konomierns B. All
Konomierns B.A. C6
Kopueiiuyk A. CI10
Kopocrencokuit P.  G6
Kodmok I. B18
Kommaxk I. F9
KpaBuyk O. 19

Kpuknsa O. I3

Ky3po 1O. 115

Kymuk 10. A4

Kymuk 10.0. A27
Kyninig }0. F7
Kymmnip O. 19
JlaBpentok €.B. F5
JlaBpunenko O. B12
Jlanko B. H5

Jlapuca O. CI8
Jleuenko b. Cl11
Jleonenko €. B12, C15
JlicoBuii O. G12
Jlydeuko A. H2
ManwkoBcbka O. B7

EBPHKA - 2024

Marsm I. C18

Mensins I. B18, C12
Menex b. F3, F6, F9
Menex B.51. F4

Mizina B. Al7
MoinoukoB B.M. H3
Moposzosceka I'. C15
Mynpuit C. A4, AS
Mynpuit C.I. A27
Mynbo3-Canxoce B. C2
Haronenxo B. A6
Hazapenko /JI. C18
He6omal. C10
Hecrepenko A. 14
Hukupyii 0. Al6
Himuyk O. F7

Oscsauk P. A5
Oropoanuk b. F8
Onuonsopeup JI. G12
Onennu I. G1, G6
Onnceko M. C16
Omnanacrok A. C2, C4
Ocamumnii A. ES8
IlaBnenxo C. G12
IMaBmuk M. G6, 110, 113, 115
[Mapmumun 1. A19
[Mazyxa I. C8

ITamuk A. A22, A23
[TepekpectoB [.C. H3
[lerpycenko . 110
[lerpymenkoa C. Cl17
IInnunenko O. C8
IToninboBebkuii H. Al4
[lopana H. BI8
[Ipucsoxkunii A. F8
[Ipucsxuiok B. E6, E7, E8
[Ipuxoneko C. H7
[Ipumko I. BI1

[Ipomak M. CI12
[Ipyniuna B.B. A27
ITmennunuit P. C2
Pamnes M. C15

Pammes M. B12
Pamkosenpkuii JI. CI18
Pmxko O. A6

Poman b. Cl1
Pomanenko S1. A22, A23
Pomanmosa O. A10
Pymum M. A26, B14, B15
Pymum M.A. A19



Pynko M. E4

Psa6uyk K. H8

Caraa B. Al10
Ceitnnunnii €. B19, B20
CemOparoBuy H. Al4, A16
Cutnixos B.C. H3

Cimop O. H1

Cxkamit T. G10

Cknemnosa C.-B. C13
ConosiioB M. Al6
Contuc A. C13

Copoka O.C. F4

Copokin B. CI12

Cragnuk B. Bl1, B14, B15
CyxoBa B. Cl17

CyxoBa P. Cl17

Tapacenko A. BI16
Tomina A.-M. Al7, A6
Typko b.I. A9

®enenko J[. HI9
®denonenkoa A. C17
®enopuyk A.O. Al9
®dequenko €. C18
®decenxko O. B12, C15
®doctak M. 114, 12
XpumyH [. GI11, H1
XineOnikoB A. Al8
Xomumnda I. B18

Yivepin [I. Cl4
Umenescekuii A.M. H3
Yopuiit FO.B. C6
Yopuononscekuii .M. B10
Uynuk C. F9
[Mampascekuit A. B14, B15
[lleBuenko M. F6

[ryka O. Bl1
[llenancekmii I1. B14, B15
lynno M.I. B10
Sxumens JI. B15
SlxkoBenko I. 113
Apemkenu A. B12, C15
SImuroxk T. B16

SAmomka /I.B. B10



HayxoBe Buanus

MixHapogHa KOH(EpEeHINs CTYJASHTIB 1 MOJIOJUX HAyKOBIIIB 3 TEOPETHYHOI Ta
eKcrepuMeHTalbHOi (Pi3uku ,,EBpuka-2024”

[linnucano 10 APyKy . ®opmat 60x84/16. ITamip apyk.
Hpyk Ha pizorp. YMoBH. Apyk. apk. . Tupax 100 npum. 3am. No

BungaBanunii ieHTp JIbBIBCHKOTO HAIIOHATBHOTO yHIBEpcUTETY iMeH1 IBana dpanka
79000, JIsBiB, Byn. Jlopoiienka, 41.
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