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BUBYEHHS TA JOCJILIKEHHS METO/IB BUSIBJIEHHSI
IITYYHO 3rEHEPOBAHOI MOBHOI IHOOPMAIIII

O. younsk, I'. JIactiBka, O. JlacTiBKa
Yepniseyvkutl Hayionanvrull yuisepcumem imeni FOpis ®edvkosuua
g.lastivka@chnu.edu.ua

Po3BuTOK iHPOPMALIITHIX TEXHOJIOTIH Ta MOTY)KHUX CUCTEM 00pOOKH JTaHUX TPU3BEIH
710 BUHUKHEHHSI BUCOKONPOYKTUBHUX CUCTEM KJIIOHYBaHHS T0JIOCY, 30KpeMa Takux sk Real-
time Voice Cloning (RTVC), ki nmocTtiiHo MOIu(iKyIOTbCS Ta BUJO3MIHIOIOThCSA. BuHUKae
HEOOXIJTHICTb y BHBYEHHI Ta JOCIIDKCHHI ICHYIOYHMX METOJOJOTIA BUSBJICHHS IITYYHO
3reHepOBaHOI MOBHOI iH(popMalii 3 METOI0 BHU3HAUYEHHS HAWOUIBII ONTUMAIBHOTO METOAY
BUSIBJICHHS IITYYHO T€HEPOBAHOI'0 FOJI0OCOBOIO CUTHAITY ISl MOAAJIBIIOT0 HOro 3aCTOCYBaHHS
B CUCTEMaXx T0JIOCOBOI BepHu(iKkarii.

3 aHami3y JiTepaTypHHX JDKEpeNl JaHoi NpoOieMaTHKHW HEOOXiMHO BiA3HAYUTH
HacTynHi Tunu reHepatuBHux cuctem: TTS (Text-to-Speech), VC (Voice Conversion),
STS (Speech-to-Speech) [1, 2], a 10 HaiiOiIbIIT €PEKTUBHUX METO/IIB TOCIIIHKEHHS TOJIOCOBUX
MOB1IOMJICHb CJIiJ] BITHECTH aHATITUYHUAN Ta METO/] 3 BUKOPUCTAHHSM INIMOMHHUX HEUPOHHUX
MEpex.

AHAIITHYHUN METOJ aHaJi3y ToJiocoBoi iHdopMarii nmependavae HACTYIHI IMiIXOIH:
nepcenTyalbHUi; 13 BUKOPUCTAHHSM CIIelialli30BaHOro mporpaMuoro 3adesneyenus (CI13) ra
JTHTBICTHYHUH aHaITi3. MOXHA BiJI3HAYUTH, IO MMEPCENTYATBHHN ITiX1]1 € OUTBII IIBUIKAM Y
pPO3TOpTaHHI 3a YacoM Ta MPOCTIIIMM Y CBOiM peamizalii, OCKUIbKM BiH mepeadadae
cyO'eKTUBHUMI aHalll3 MOBHOTO CUTHAJy 3a PAJIOM TaKWX IapaMmeTpiB, SIK YITKICTb MOBH,
BUPA3HICTh, TEMII, IHTOHaLIIHEe 3a0apBieHHs Touo. [1pu 3actocyBanni CII3 aHasi3 MOBHOTO
CUTHANy 3JIMCHIOETbCA 3a IE€BHUM HAOOpPOM aKyCTMUHUX IapameTpiB (B Hallomy
JOCIIJKEHHI — TPUBANICTh MMAay3d Ta 3MIHM pIBHIB 1HTEHCUBHOCTI MOBHOI'O CHTHAIY).
OcranHii MeTOJ Tiependayac BUKOPUCTAHHS CEMAHTHYHOTO, (POHETUYHOTO, JIGKCUYHOTO M
rpaMaTUYHOrO J0CIIPKEHb I'0JI0COBOIO MOB1IOMJICHHS.

EdexTuBHICTh BHSABIEHHS IITY4YHO 3T€HEPOBAHMX YM CHUTHAJIB 13 3MIHEHMMHU
napameTrpamu, OyJe 3anexaTyd HacamIiepe]l BiJl BUAY 3aCTOCOBAHOI '€HEPATUBHOI CUCTEMH,
SKOCTI 3alMCaHOr0 MOBHOTO CHUTHaJly Ta HasABHOCTI ()OHOBHUX IIyMIB, a TaKOXX YMOB
IPOBE/ICHHS aHaJi3y MOBHOTO CUTHAITY.

He3Bakaroun Ha BIZHOCHY IIPOCTOTY Ta HIBUAKICTH PO3TOPTaHHS, a TAKOXK peasizaiii
JAHUX METOJIIB, 3aCTOCYBaHHA iX B aBTOMAaTH30BAaHMX MPOTPaAMHUX KOMIUIEKCAaX € Maibke
HEMOKJIMBHUM 4yepe3 HeoOX1AHICTh OCTIHHOT MPUCYTHOCTI 0cO0H, sIKa 311 CHIOBaTME aHali3.
ToMmy HailO1IbIII TEPCHIEKTUBHUM € 3aCTOCYBaHHS ITUOMHHUX HEMPOHHUX MEPEX.

3 MeToro BHpIlIEHHS NpobieMu Kinacudikamii CUrHalIy 3a THUIIOM 'CTBOpEHUMN
TIOAUHOW"—"MTYYHO 3reHepoBaHM", HAMH 3aCTOCOBYBAJHCS TEXHOJOTIi TIUOMHHUX
Heilipomepek. (OCHOBHOIO TEpEeBarold BHUKOPUCTAHOIO METOAY € BHCOKHI piBEHb
aBTOMaTH3allll MpoIecy JOCTPKEHHS TOJOCOBUX CHUTHANIB, a e(QeKTHBHICTb poOOTH
HelipoMepexk, IepuI 3a Bce, Oye 3ajexaru Bil 00’eMy Ta MeToay oOpoOKH TpeHYBaJIbHUX
nanux. Kpim Toro, 3ayBaskumo, 1110 IPaKTUYHA peai3allis Takoi CUCTEMH € JOCUTb CKJIaTHOIO
JUIst 0C10, SIKI HE MalOTh JIOCTAaTHHOTO MPAKTUYHOI'O JOCBIlYy B raly3i MallMHHOTO HaBYaHHS.
[TopiBHsUIbHUE aHAaTi3 e()EeKTUBHOCTI HEMPOHHUX Mepex 3/iiicHeHuit Ha 6a3i mepeBipku 60-X
aymio (aitniB BimoOpakeHuit Ha puc. 1.

3 puc. | cnigye, mo HaiOUIbII e(eKTHBHOIO KOHIrypaiiero Heiipomepexi €
KOHBOJIIOTMBHA HEHpPOHHA MEpeka, fKa XapaKTEpU3YEThCS HE TIIbKH MOPIBHSHO BUCOKOIO
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e(DEeKTUBHICTIO BHUSIBJICHHS, aJie U cepell 3a3HaYe€HUX METOJIB BUMAarae HalMEHIIIOTO 00'emMy
nam'siTi ayist 30epiranHs HerpoMepexi.
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MeTon niaroToexku naHux: BN®-BikoHHe nepeTeopeHHs ®yp'e, MHKK-Men-4acToTHI KencTpanbHi KoedilyieHTn,
YMNYH-YacToTa nepexoais 4Yepes Hy b

Puc. 1. IlopiBHAIbHUIT aHATI3 epeKTUBHOCTI HEHPOHHMX MepeX B 3a/1e:KHOCTI Bi BUOpaHoi
CTPYKTYPH Ta MeTOAY MiIr0OTOBKH JAHHUX

TakuMm dYWHOM, 3 aHai3y METOMIB BHSBJICHHS IITyYHO 3TEHEPOBAHOI MOBHOI
iH(popMallii BCTaHOBJIEHO, 110 BUKOPUCTAHHS aHAJITUYHOI'O METOAY 3abe3rneuye HailMeHILy
TOYHICTh BUSIBJIICHHS, a MOTrO IMIUIEMEHTAllis Yy MOPIBHSHHI 13 TEXHOJIOTISIMH MAalIMHHOTO
HaBYaHHS € Habarato MpocTiliuM. TakoX MIATBEPAXKEHO, 110 BUKOPHCTAaHHS INIMOMHHUX
HEHPOHHUX MEpeX € HalOuIblml e()EeKTMBHUM 3ac000M BUSBJICHHS LITYYHO 3reHEpOBaHOL
MOBHOT iH(pOpMaIlii.

[1] Text-to-Speech Synthesis: an Overview [Enekrponnuii pecypc] — Pexxum poctymy 1o
pecypcy: https://medium.com/sciforce/text-to-speech-synthesis-an-overview-
641c18fcd35f.

[2] Voice Conversion Challenge 2020 [Enextponnuii pecypc] — Pexxum qoctyy 10 pecypey:
http://www.vc-challenge.org/.

EXPLORATION AND SURVEILLANCE/RESEARCH OF
METHODS OF ARTIFICIALLY GENERATED VOICE
INFORMATION DETECTION

O. Dubyniak, H. Lastivka, O. Lastivka
Yuriy Fedkovych Chernivtsi national university
g.lastivka@chnu.edu.ua

Analytical method involves the following approaches: perceptual, using of specialized
software and linguistic analysis. The efficiency of this method depends on generative system,
that is used for voice generation, presence of noises in audio signal and the conditions, in which
surveillance is performed. This method is the fastest and the easiest in its implementation and
deployment, however it is characterized with relatively low efficiency of detection and
unavailability of automation and using in embedded systems and software. Method, that is
based on using of deep neural networks, is the most perspective approach for artificially
generated voices detection.
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BIVIUB IOT'JIMHAHHS B IPYHTAX HA CIIEKTPAJIBHI
XAPAKTEPUCTUKU CEUCMIYHUX CUT'HAJIIB BIJ]
PYXOMMUX OB’EKTIB

II. ®acTukoBchknii, M. I'maydepman
Haesuanvrno-nayxoso-eupoonuuuti yenmp OHY imeni I.1. Meunuxosa
fpp@te.net.ua

[Ipu cTBOpeHHI CEUCMIYHMX TPHUCTPOIB I IUIEH OXOPOHM Ta PO3BIIKH
BUKOPUCTOBYETHCS MOJCTIOBAHHS IOIIMPEHHS B IPYHTaX CEHCMOCHTHAIB BiJl PYXOMHUX
00’ekTiB. BimoMi pe3ynbpTaTH TOTJIMHAHHSA B IPyHTaX OO0'€MHUX CEHUCMIYHMX XBHWIb [1]
noTpeOyBal MEePEBIPKH 1 A CEMCMIYHMX XBHJIb, IO TOMIMPIOIOTHCS B MPUITOBEPXHEBOMY
mapi IpyHTY BiJi Ha3eMHHUX JKepel CeHCMIYHMX KOJMBaHb. {7 LbOrO B JOCIHIJKEHHAX
IIPOBOJIUBCS 3aITUC CEHCMOCUTHAIIIB BiJI JIFOJIMHM 1 JIETKOI BAHTAXK1BKH, 110 PYXaJIUCh Ha Pi3HUX
BIJICTAaHAX BiJ 3alMCYIOYOro MpUIaJy Ha CTENOBOMY IPyHTI. IIpoBeleHi ekcriepuMeHTalbHI
JOCITIJDKCHHST TOKa3ayid, IO 31 30UIbIIEHHSM BiJICTaHI 10 00'€KTy, IO pPyXaeThCs,
3MEHIIYIOTHCSI aMIUTITYIM CHEKTPaIbHUX CKJIAJ0BUX CEHCMOCUTHATY 1 3HMXKYETHCS BEpPXHS
Meka 9acToTHOI cMyrH. Lle, sk 1 mpu mommpeHHi 00’ eMHUX CEHCMIYHMX XBUJIb, MOXKE OyTH
MOB’SI3aHO 3 AMCIEPCIEI0 KOe(illieHTa MOTIMHAHHS TPYHTY, KWW, sIK OyJIO BCTaHOBJEHO,
JHIHHO 3a1eXKUTh Big yacToTH [1]. Y 3B's3Ky 3 MM, B CEICMOCHUTHAJTi, Y Mipy HOTO TOIITMPEHHS
y BC€ 3pocTaroyiil Mipi mepeBakaroTh HU3bKI 4acTOTH. ExcrepuMeHTan bHI pe3ysbTaTH, IO
OyiM TIpOBE/ICHI Ha CyXUX Ta BOJIOTUX CTETIOBUX I'PYHTAX, MOKA3aJIH, 110"

- aMIUTITY/I1 CeMCMIYHKX KOJTMBaHb (A) Bi pyxoMux 00’€KTiB Ha pi3HuX BifcTansx (R) Ha moBepxHi
IPYHTY MIKOPSIOTECS 3a7IEKHOCT], XapaKTepHOI /sl TOBEPXHEBHX XBIh Penest: A~ 1/\R,

- TpU TIOUIMPEHHI TOBepxHeBoi XBWUil Penero Bil pyXoMuX Ha3zeMHHMX 00 €KTIiB
MPUIIOBEPXHEBUH 1IAp IPYHTY, SIK 1 00’€MHI MaCUBH y BUIAJKY MOMIUPEHHS 00’ €EMHUX XBHIIb,
rpae poib (GuIbTpa HU3BKUX YaCTOT, TOOTO CHJIBbHIIIE IMOTJIMHAE BHUCOKI 4acToTU. Y pasi
BOJIOTOTO IPYHTY Takui BIJIUB BUpPAXEHWH CUJIBHIIIE 32 paXyHOK 30UIbLIEHHS KoedilieHTa
HOTJIMHAHHS IPYHTY.

[1] Richart F.E., Hall J.R., Woods R.D. Vibrations of soils and foundations. Ed. by N.M.
Newmark, W.J. Hall. New Jersey: Prentice-Hall, Inc. Englewood Cliffs (1970). 414 p.

INFLUENCE OF ABSORPTION IN SOILS ON THE
SPECTRAL CHARACTERISTICS OF SEISMIC SIGNALS
FROM MOVING OBJECTS

P. Fastykovsky, M. Glauberman
Training, Scientific and Production Centre of Odessa I.I.Mechnikov National University
fpp@te.net.ua

The report presents the results of experimental studies of the influence of absorption in
soils on the spectral characteristics of seismic waves from objects moving on the ground. It is
shown that seismic waves arising from the movement of objects are surface Rayleigh waves,
and the near-surface layer of the soil, as in the case of body waves propagation, plays the role
of a low-frequency filter, i.e. absorbs high frequencies more strongly. The change in the spectra
with distance due to absorption is the more pronounced, the greater the absorption coefficient
of the soil and the wider the initial spectrum.
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Y3AI'AIBHEHA MATEMATHUYHA MOJEJIb ITPOLECY
OBPOBKH JAHUX HA OCHOBI ®YHKIHIOHAJIA
KBA3ITPOTAKHOCTI

C. BoBk

J[Hinposcokuii Hayionanehuu yHieepcumem imeni Onecs [ 'onuapa
vovk_s_m@ukr.net

Po3pobka cucrem 00poOkm BUMIpHOBaIBHOI iH(OpMamii 3 00’€kTa IOCTIIKEHb
3BHUYAifHO HAIITOBXYETHCS HA 3arajibHy 1npoodsemMy edeKTUBHOT 0OPOOKH OTPUMYBAHHUX JAHUX.
[le mnPOAMKTOBAHO HEOOXITHICTIO MiHIMI3AMmil METOAMYHOI TMOXHOKH, 3YMOBIICHOT
HEaJICKBaTHICTIO 00’€KTa BUMIPIOBAHHS Ta HOT0 MOJENi, MPUHHATOI MpU BUMiproBaHHI. Ha
NPaKTUIl PO3B’SA3aHHA Mi€i MPOOJIEMHU € CKIAJHUM 3aBIaHHSAM dYepe3 pPO3MaiTTsS Mojeneu
IIyMIB 1 KIMOBIPHHUX 3aBaJl IPUPOJAHOTO M IITYYHOTO OXO/KEHHS, a TAKOXK Yepe3 BiACYTHICTh
y3arajJbHEHOI Mojeni OOpOOKM CIOTBOPEHHMX JaHUX, SIKA MPUAATHA 0 PI3HUX HIYMOBHX
OTOYEHb Ta BPaxyBaHHS BIIACTHBOCTEH OTPUMYBAHHX JIaHUX 1/a00 BIACTUBOCTEH pO3B’S3Ky. Y
nojaHid poOOTI MPECTaBICHO Pe3yJbTaTH PO3POOKU TaKoi y3arallbHEHOI MOJEINi IMpolecy
00pOoOKH TaHMX, SIKa 3aCHOBAaHA HA 3aCTOCYBaHHI (DyHKIIOHATA KBAa3iMPOTSKHOCTI.

OyHKIIIOHAT KBa31iIPOTHKHOCTI y3aralibHIOE MOHATTS MPOTSHKHOCTI (PyHKIIIT Ta cKiIaiae
KOHCTPYKTUBHY OCHOBY KpPUTEPil0O MIHIMyMY MPOTSDKHOCTI, 32 SKHUM HPOTSKHICTD (PYHKIIIT,
BUKOPHUCTOBYBAHOI sl TIOIIYKY PO3B’sI3Ky, Mae OyTu MiHiManbHOIO [1; 2]. [lng mpakTHYHUX
3aCTOCYBaHb (DYHKI[IOHAT KBa3iMpOTSDKHOCTI TOOYIOBAaHO 4Yepe3 KOHIICIIID BapTiCHUX
byHKIIH, B Mexkax AKoi Oyna po3pobiieHa y3arajibHeHa BapTicHa QyHKIiA, 110 PopMye NEBHY
«yHIBEpCaJIbHY» MHOXKHUHY BapTICHUX (YHKIIN, O3HAYeHY K «CYNEpMHOKMHA BapTICHUX
¢Gyukmiiiy [2, 3]. s AMCKpeTHOro BHMAAKy (YHKI[IOHAT KBa3impoTsDKHOCTI E ™ mms
nuckpetHoi nociigorocti manux f ;n=1..., N wmae Burmsn:

ISE WIS} @

/ . : . : :
re  ps(X) =kg - [@+|x|"/a®)’"-1]; a>0; -w<p<l; 0<q<ow; B<(q;
ke =1/[(1+] %y |* /™)’ =1]; ps(X,) =1. BpaxoByroun uIMpOKHii CIEKTp BapTiCHHX
(yHKuil, orpuMyBaHHX 3 Og(X) NUIAXOM BIAMOBIAHMX TPAHMYHUX MEPEXOMIB, BAPTO
3ayBa)XUTH, 110 MiHIMi3alis (yHKIIOHAJIA KBa3iIPOTSHKHOCTI, 3aCTOCOBYBAHOTO 10 (YHKIII{
BIJIXHMJTY PO3B’SI3KY 3ajaul, BIAMOBIIAE 11€5M SIK TPAAMILIMHOI, Tak 1 po6acTHOT 00pOOKH JaHUX,
a 1o QYHKII, 0 OMHCye PO3B’SA30K 3a7ayi Yd MEBHY (YHKIIO pPO3B’A3KYy, — 1A€IM SK
KBaJIpaTHUYHOI, TaK 1 HEKBaJAPAaTUYHOI peryispusaiii. Y CyKYyNHOCTI 1€ J03BOJISI€E OTPUMATH
y3arajbHEeHy MOENb Ipolecy OOpoOKM NaHHMX, SIKa MPU3HAYeHAa BJIOCKOHAIUTH PO3POOKY
cucteM 00poOKHM BHMIpIOBaJIbHOI 1H(OpMAIIl 3 HaJEKHUMM XapaKTePUCTHKAMH SIK 1100
IIYMOBHUX CEPEIOBUIIL, TaK 1 MIOJ0 BIACTUBOCTEH TaHUX Ta/ab0 pe3yNbTaTiB iX 00pOOKH.

Hexait nani BumiproBanb cpOpMOBaHi JIIHITHOK CUCTEMOIO Ta CIIOTBOPEH1 aAUTHBHUM
IIYMOM 1 aHOMaJIbHUMH 3HAYE€HHSMH II1]] 4ac iX peectpaiii, ToOTO:

- {Au +& with probabiliy (1- p)’ @

n with probabiliy p

Je g - BEKTOp 3HAYCHb JaHUX; A - MaTPHII, [0 BIAMOBIIA€ IPSIMOMY JTIHIHHOMY OTIEpaTopy,
KU onucye mporec GopMyBaHHS 1aHUX; U - BEKTOP, IO OMKCYE NTYKAaHUH PO3B’SI30K 3aa4i
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00p00OKH TaHuX; § - BEKTOP, 110 ONUCYE BUIIAIKOBY peai3alliio mymMy; 1 - BEKTOP, [0 OMHUCYE

BHITQJIKOBY peati3allifo aHOMaJIbHUX 3HAYEHb, SIKI BAHUKAIOTh HE3AJIC)KHO 3 IMOBIpHICTIO. Toi
y3arajJbHEHY MOJIENb Mpoliecy 0OpOOKH JaHUX BapTO MOAATH Y BUIJISIL

muin{71E1+[Au —gl+y,E; [Tul}, 3)

ne E/[...] i E;[..] — dynkuionann xBasinmpOTsS)KHOCTI BifXwuily po3B'sA3Ky Ta PO3B'A3KY 3i
CBOIMHM 3HaYEHHSMH BUIBHHUX MMapaMeTpiB, BIAMOBIAHO; T - JTIHIAHUIN orepaTop (MaTpulis), Mo
3aj1a€ anpiopHi BiIOMOCTI PO PO3B'A30K 3a1aui 00poOKH; Y, Ta ¥, - BaroBi koedilieHTu. 3
ypaxyBaHHSIM I'PaHUYHHUX NEPEXO[iB, y3araibHeHa mojeib (3) Moxke TpaHCchOpMyBaTHCS Y
Oarato pi3HHX Mojeneil 00poOKM MaHMX, 10 HAJA€ THYYKICTh B ii BUKOpHUCTaHHI. 30Kpema,
BOHA MO>Ke TpaHC(HOpPMYyBaTHCS y TPAIULIHY MOJIEb alPOKCUMAILlil JaHUX 0€3 BUKOPUCTaHHS
anpiopHHUX BigomocTed mono ¢yHkuii pos3s'ssky (komu y, =0, A=1, ne | - ToTOXHMIT
oreparop, a po3B's30K U 3a7aHO MOAEIUIIO 3 HEBEIMKOK KUTBKICTIO HEBIJOMUX HapameTpiB),
MOJIENTb PO3B'sI3aHHS 00EPHEHUX 3314 13 MPSIMUM JIHIHHAM OIIEPaTOPOM, PO3B'SA30K IKHX MA€
MaJty NpoTsKHICTh (komu T = |'), Mozenp uncenbHOro AuQepeHIiFoBaHHs 3alIyMICHUX JaHUX
3 Bukugamu (komu A - omeparop antuaudepeniitoBanas, | =D, ne D — omeparop
nrepeHIiloBaHHs Ta , —>© i (, =2), MOJENb EKCTPAIoJLii MPOCTOPOBOTO CHEKTpPa
TOYKOBUX JUKepen 0e3 ypaxyBaHHS Binxuiry po3B's3ky (koin 7, =01 T =1, a po3B's130k 3a1aH0
cymoro Dyp'e-nepeTBOPEHb BIIOMOI Ta EKCTPAaIoJbOBaHOI YAaCTUH CIEKTpa), TpPaaulliiHy
Moienb 3rTaKyBands qanux (komu A=1, T=D", ne D" — oneparop nudepeHiiroBaHHs r—
ro Mopsaky, o —>©, (, =2, a, >, (,=2) 1a iHmi. Cepex 3a3HauCHUX Mojeieh
MPAKTUYHO BAXKJIMBUMHU € MaTeMaTH4yHI MOJeNi IpPOLECIB ampoKCHMallli Ta pO3B'sS3aHHS
oOepHeHUX 3ajay 13 NPSAMUM JHIHUM OIlepaToOpPOM.

B nomnoBizii 00roBOpIOIOTECS PE3YJIbTAaTH 3aCTOCYBaHHS 3alIPOIIOHOBAHOT y3araJbHEHOT
MOJIel 0 CHUHTE30BAaHUX Ta peajbHUX JaHUX, a TaAKOXK OCOOJHMBOCTI PIIICHHS BIAMOBIAHUX
3aJ1a4 YHCEIbHOT ONTHMi3aIlii.

[1] BoBk, C.M. IlocraHoBka 3amad OOpaOOTKHM JaHHBIX HA OCHOBE KPHUTEPHUS MHUHHMYyMa
npotspkeHHocTH / C.M. BoBk // PanioenektpoHnika, iHpopmatuka, ynpasiiag. — 2019. —
Ne 1. - C. 157-166.

[2] Borulko, V.F. Minimum-duration filtering / V. F. Borulko, S.M. Vovk // Radio Electronics,
Computer Science, Control. —2016. — Ne 1. — P. 7-14.

[3] Vovk, S.M. General approach to building the methods of filtering based on the minimum
duration principle / S.M. Vovk // Radioelectronics and Communications Systems. — 2016. —
V.59, N.7.—-P.281-292.

GENERALIZED MATHEMATICAL DATA PROCESSING
MODEL BASED ON FUNCTIONAL OF QUASI-EXTENT

S. Vovk
Oles Honchar Dnipro National University
vovk_s_m@ukr.net

A generalized mathematical data processing model is proposed. This model is presented
by a generalized functional that needs to be minimized and that bases on the functional of quasi-
extent. Features of application and numerical realization are indicated.
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BUHUKHEHHA SABUIIIA NFT TOKEHY SK PI3BHOBUIY
HUD®POBOI'O AKTUBY

A. Ilaciunuk, T. IIpokod’en
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
alice.pasechnik.97@gmail.com, t104barmalei@yahoo.com

NFT — ne neBumii nudpoBUil aKTUB, SKUN MPENCTABISE COOOI0 O0'€EKTH PEalbHOTO
CBiTy, Taki K MHCTEITBO, My3UKa, irpOBi IPEJMETH Ta Bil€o. IX KyNyrOTh i IIPOAIOTh B
InTepHeTi, 4acTo 3a KPHUNTOBAIIOTY, 1 BOHM 3a3BHYail KOAYIOTHCA 32 JOMOMOTOIO TOTO XK
06a30BOT0 MPOrPaMHOTO 3a0€3MEeUCHHsI, 10 1 0araTo 1HIIMX KPpUNTOBaIOT. HeB3aeMo3aMiHHHI
tokeH (NFT, non-fungible token), Takoxx yHikanbHUIT TOKEH - BU KpUIITOrpadiuHMX TOKCHIB,
KOXKEH eK3EeMIUISP SIKUX YHIKaIbHUN Ta crenudidyHuii 1 He Moxke OyTh oOMmiHeHwid abo
3aMiIIeHUH 1HIITUM aHAJIOTIYHUM TOKEHOM [ 1], X04a 3a3BHYaii TOKCHU B3a€MO3aMiHHI 32 CBOEIO

npupoaoto [2].

\ 4
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Puc. 1. lIpuxiaax Tunosoro NFT Tokeny

ABTOpPOM 3aIlpONOHOBAHO AJITOPUTM CTBOPEHHS Ta BUKOpPUCTAaHHS THoBoro NFT
TOKEHY:

1. BubepiTh cBiii npeamer

[Tepme, mo BaM mOTpiOHO 3poduTH, 1€ BHOpaTH UTocTpariito. He3amiHHI TOKeHH
MOXYTb TPEACTABIATH OyIb-akuil 1udposuii daiin. Bu moxere 3podutn NFT mudposoro
KHUBOITUCY, TEKCTY, My3UYHOTO TBOPY, Bimeo. BykBambHO Bce, IO MOXKHA BIATBOPUTH SIK
MYJIbTUMEIIMHUN (aii.

2. Maiite Tpoxu Ether mig pykoto

Konu Bu BuGpanu cBiif uudpoBuil akTuB, HactaB yac orpumaru Tpoxu Ether.{2}Bu
Mmoskere ctBoproBaTi NFT Ha Oe3niui pi3HUX OJIOKYEHHIB, ane 1js MPOCTOTH MU Bi3bMEMO 3a
npuknaa Ethereum. Lle naiimonymnspHimmid, 1 HallBiAOMIIIMNA MapKeTIUIeiC, 10 MiATPUMYE
NFT.

3. BubepiTh MapkeTIieiic

Tenep, konm y Bac € Bce, BaM MOTPiOHO BHOpaTH PUHOK, J€ BH Oynere (i3MIHO
CTBOpPIOBaTH, a OTiM po3minryBatu cBiii NFT. Halinonynspuimmumu € Mintable, Rarible ab6o

OpenSea.
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MARKETPLACES

MARKET TRADERS VOLUME

NBA Top Shot 205,062 $372.47M
@ Opensea 71813 $222.04M
m CryptoPunks 2,299 $155.99M

R Rarible 33,135 $64.06M

11,580 39.5M
a Sorare $

Puc. 2. lIpuxaan mapketmuieiicy ajs po3mimennsi NFT Tokenis

4. CtBopite NFT

[Ticns migxmrouenns ETH Wallet 1o OpenSea Bu MOKeTe MPOJOBKHUTH CTBOPEHHS
cBoro nepmoro NFT. Harucuite «CTBOPHTH» y BEPXHBOMY MEHIO Ta CTBOPITH KOJICKIIIIO.
3amoBHITH BCIO HEOOXimHy iH(Mopmaiiro, a motiM 30epexite. Omxe, Bu crtBopuau NFT i
YCIIITHO po3MicTiiM Horo Ha puHKY OpenSea. [layni BaM MOBEIEThCS CaMOCTIHHO MPOJATH
00’€KT, MOXKIJIMBO, ICHYIOUIl CHUIBHOTI JIFONEH, AKi Oynu O 3amikaBiieHi y Bamiid poOoti. Lle
HaAWCKJIa/HIIIA YacTHMHA 1 HE Ma€ HIYOro CHUIBHOTO 3 CaMHM XYIOXHIM mnpoiecoMm./[is
HiATPUMKH BUKOPHCTaHHs OJIOKYeiHa B irpOBii MPOMHUCIOBOCTI OyJin po3po0iieHi crierianbHi
ctanaapTu TokeHiB. Jlo Hux BigHOcAThes crangapT Ethereum ERC-721 mns CryptoKitties 1
HoBuii crangapt ERC-1155 [4]. Cranmapt ERC-998 no3Bossie 06'eqnaru pizai NFT B oqun
cknanoBuii NFT, a ERC-875 - mepexatu paekiibka TOKEHIB HOBOMY BIIACHUKY B OJHIM
tpan3akmii [5]. ¥V 2021 o6'eqHaHHs KOoMIaHIA-po3poOHUKIB KoMm'torepaux irop Blockchain
Game Alliance po3po6isie HoBuit crangapt Blockchain Bean Asset (BBA) [5].

[1] Brokueiin: omuc TexHosorii mpoctiumu cioBamu. URL: https://finkontrol.com/crypto/chto-
takoe-blokcheyn/ (13.12.2018)

[2] Xemrpad - BOuBIst 6imokueitna. URL: https://smart lab.ru/blog/431134.php (13.12.2018)

[3] C.PaBan. [leuentpanizoBani nmporpamu. Texuonoris Blockchain y xii - C.Pasan, 2017. -
192 c.

[4] H. TIpacri. brnokuetin. Po3pobka nonatkie - H.IIpacri, 2018. - 256 c.

[5] KpunroBasntora ta G0KYeHH-TEXHOIIOTisSE B U(POBiii chepi: reHesuc po3Butky / badkin
A.B., bypkansuesa JI./1., [lmennunuxoB B.B., Tronin A.C. // HaykoBo-TeXHiuHI B1JIOMOCTI1
CII6ITY. Exonomiuni Hayku 2017. T. 10, Ne 5. C. 9-22. DOI: 10.18721/JE.10501

ASYMETRIC ENCODING DATA FOR REALIZATION IN
PERSONAL SYSTEMS

A. Pasechnik, T. Prokofyev
Oles Honchar Dnipro National University
alice.pasechnik.97@gmail.com, t104barmalei@yahoo.com

NFT is a specific digital asset that represents real-world objects such as art, music,
gaming, and video. They are bought and sold online, often for cryptocurrency, and are usually
encrypted using the same basic software as many other cryptocurrencies. Non-fungible token
(NFT) is also a type of cryptographic token, each instance of which is unique and cannot be
exchanged or replaced by another similar token [1], although tokens are usually interchangeable
in nature [2].
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ON SOFTWARE DEVELOPERS TRAINING

O. Lytvynov, D. Ivaschev
Oles Honchar Dnipro National University
lishu.dnepr.ua@gmail.com, litvinovmaO@gmail.com

High requirements for software developers encourage new thinking about new methods
of software developers training. It is not an exaggeration to say that effective software
developers training is one of the challenges modern Academic Education is facing to. The
ultimate goal of the educational process, in that context, is to help student to achieve the
appropriate level of skills required to realize software projects using new technologies and
approaches. To reach the goal we should involve students in software projects development as
soon as possible. This work is mainly devoted to the analysis of minimal requirements for the
training projects and the minimal set of principles should be used for software development.

As usual, the set of software requirements provided by the customer is not complete and
refactoring and improvement of the developed software units in accordance with the
requirements changes could be considered as a business-as-usual situation. Thus, developers
face the problem of building highly flexible information system able to be improved and
adopted for the business needs without extraordinary expenses.

The starting point of the system evolution is MVP (minimum valuable product). The
MVP should have the core features, which allow it to be deployed to some real customers. The
purpose of the MVP is getting initial feedback from the customers minimizing the risks of
further development. The next steps are learning and measuring customer requirements,
defining and prioritizing new objectives. Then the system should be adopted to the customer
needs as soon as it possible. How to make the system adaptable to the dynamics of changes is
the central question of software development. Most of the patterns, approaches and principles
[1-3] are developed to achieve this goal. It is supposed that the system should have the potential
of flexibility from the start and doesn’t lose this potential during its maintenance.

Taking the evolutionary development as the foundation, we need to identify the initial
point of the evolution, i.e. the skeleton of the system: layers, patterns, development
considerations etc. If we look towards the system improvement, we should admit that the first
rule of minimum valuable system asserts that each modern application intended to be used
collectively should have a potential of its use through remote access using Web protocols. In
addition, using Web-service technologies system increases its openness. Taking this assertion
as an axiom, we can define three basic layers of the system: user applications, service, server
application (business logic). Thus, generally, in terms of set theory, the system can be defined
as a system consisted of a set of clients C, a set of external services S; a set of system services
S., and a set of business logic server components B (Fig. 1).

C= <ClSi' Se,B) (1)

It is notable that the minimum valuable version of the system can be described by (2):
si a definite service without external services utilization, only one variant of user application is
realized and business logic represented in its minimum valuable version.

Conin = (1,81, D, Bmin), ¢, EC, S, €S (2)

The transformation (3) defines the existence of a procedure (set of activities) able to
transform the minimal version to its advanced form according to dynamics of changes, i.e.
minimal version should have the potential of growth. Generally, we can think about the number
of such procedures and the selection of the best one.

Sk Crin = €, ¢ €X 3)

The second rule is connected to the business layer. While the services are responsible
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for remote access and primary operations, business logic can be regarded as the core responsible
for functionality. It can be divided into three main parts: business application services, data
access layer, database. And the rule states that business logic must be prepared for change.
Formally, the assertion can be represented by the formulas (4) and (5), where R means business
logic and A denotes the set of “data access components — storage” relations.

B =(R,A), 4)
A =def {(a,d)la € A,d € D}, (5)

Minimal version of the business logic layer can be represented by (6).
Bmin =def (R) (a' d)), (a' d) € A, (6)

The transformation (7) of Bmin to B means the existence of an effective procedure
responsible for the evolution. The effectiveness of the procedure depends on time, efforts and
cost spent to achieve the result and can be estimated

Bj: Bmin — B, Bj €B (7)

It is obvious that the time and efforts spent on modification of the layer and/or its
reconfiguration (e.g. changing database provider) depends on testing environment and test
coverage of the code involved in the modification. Thus, the third rule states that the increasing
the flexibility of the system causes the improving of its testing infrastructure.

Next, to make the system and its components testable and maintainable we need to
follow interface-oriented programming paradigm and an additional set of rules represented as
SOLID principles. Simply speaking, the system is represented a set of modules connected via
interfaces. The dependencies of a module (classes the module depends on) are injected via
constructor on the phase of its instantiation.

The next question is how to solve the tasks of modification the multi-layered system
rapidly. The goal is to involve end-user in checking the functionality (use-case, user story) being
developed as earlier as it possible. It implies the need to start with Ul construction stubbing the
lower layers. Of course, the development process should be driven by the use-cases. Formally,
described use-cases allow us to form the set of tasks, applying effective planning and
monitoring activities to the development process. In such a way to start user interface
development we need only to have a stub of the service client and realization of service and
business logic layers becomes unnecessary. It significantly simplifies the process. When the Ul
is realized and end-user commits that it met the requirements, the next step is to realize the
service, stubbing the dependencies, i.e. business logic classes it depends on. Thus, there are
three basic steps needed to realize the function. This process allows us to make the system
gradually through the evolutionary approach avoiding rushing and misunderstandings. When
the work is split among several developers, stubbing also allows them to work independently.

The software can be considered as the infrastructure of business. The real project, even
if we talk about MVP, is connected to business domain. When we are going to apply new tech
stack, architecture etc. to the real project, it is evident that we should start with doing some
research on that staff (tech stack etc.). The common practice is to use pilot projects for that
purpose. Pilot project can be thought as the seed from which the real project is sewn. Having
the same structure, tech stack as the real one, it doesn’t have issues connected to the real
business domain. However, the using of such pilot projects is not restricted by the research
tasks. When we talk about introduction of new team member to the real project, we face the
problem of diving into the project and pilot project can significantly simplify the task.

[1] Beck K. Test-Driven Development By Example.— Addison-Wesley. — 2002. -240 p.

[2] Beck K. Extreme Programming Explained: Embrace Change: 2nd edition. - Addison-
Wesley — 2004. — 224 p.

[3] Eric Evans. Domain-Driven Design: Tackling Complexity in the Heart of Software.
Addison-Wesley Longman, Reading, MA, First. — 2003.
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®PAKTAJLHUNA AHAJI3 YACOBUX 3MIH JICOBUX
HACA)KEHD

A. boray, O. CBunuyk, O. banaypka
Hayionanenuu mexniunuu ynigepcumem Yxpainu

«Kuiscokuti nonimexniunuti incmumym imeni l2ops Cikopcbko2oy»
likalikaO701@gmail.com

Knacudikarist 300pakeHb y Cy4acHOMY CBITI € OJIHIEIO 3 HAMKpaIIuX MOXJIHUBOCTEH
KOHTPOJIIOBAaHHSA Ta aHali3y JIcoBUX HacamkeHb. Kiacudikamis cuctem 33 — 1€
pO3MOAUICHHS iX Ha KiacH (IMIIKJIACH, TPYNMH) HA OCHOBI CHIJIBHOCTI OJHOPIHUX CYTTEBUX
O3HaK (BJIACTUBOCTEH), MO (iKCy€e 3aKOHOMIpPHI 3B’SI3KM MIXK KJIaCaMH CHCTEM Y BiAIOBIIHIN
rayry3i 3HaHb [1].

JlaHi 3a MUHYJII POKH TIPO CTaH JIICOBUX HACA/HKEHb MOXKYTh OyTH BTpaueHi abo iX BaxKKO
micTaTH B apxiBaX, TOOTO MM HE 3aBXIM MaeMO 3MOTY iX OIpaloBaTH, came TOMY
OTPUMYIOThCS «poOinmmy». Maroun 3HiMKH Jume 3a 1999, 2009 ta 2019 poku, mu 3a
JOTIOMOT010 (PpaKTaIBLHOrO aHali3y MOYKEMO 3HAWTH JIaH1 MOTPiOH1 HAM JaHi MO 1HIIUM POKaM,
TOMY IO BCI TPHUPOJIHI MPOIECH CaMOIOIOHI SK HAa BEIMKHX MPOMDKKAX dYacy, Tak 1 Ha
MEHIIUX. 3a OCHOBY Oyno B3iTO (pakTambHy KpuBy Koxa, sika 3aJa€TbCsi CHCTEMOIO
iTepaitanx QyHKIi:

1 1 2 1 7 . . x) 1
f(z2)==-2z, f,(z)==-2+—=, f,(2)==-7-|coOs=+i-sin= |+=, (1)
n n n n 3 3) n
Jie z — 3HAUSHHS 10 OCi abciuc, N — KUTBbKICTh BiIPi3KiB KPUBOI, | — iTepalliiiHa 3MiHHA.

OTtpumaHHI JjaHi 3aCTOCYHOK BUBOJUTH y Jiarpamy, L0 Ja€ 3MOT'y MpOaHali3yBaTH HE
TIIBKM 00paHi POKH, aje 1 MOOAYUTH KUIBKICTh JepeB KOXKHOI MOPOAH Ha YChbOMY HMPOMIKKY
yacy no yciM pokam. Came neil (yHKIioOHaN poOUTh MPOrpaMHUI MPOIYKT YHIKaJIbHUM Ta
KOPHCHHM, a/KE 1€ 3HAYHO 3MEHIIY€ BUTPATH HA aHAJII3 TAKUX JaHUX.

[1] Metonu onepxanust indopmarii B cucremax /133 [Enextponuuii pecypc] — Pexum
noctymy: https://helpiks.org/6-22680.html.

FRACTAL ANALYSIS OF TIME CHANGES OF FOREST
PLANTATIONS

A. Bohach, O. Svynchuk, O. Bandurka
The National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute™
likalikaO701@gmail.com

The developed software product compares changes in forests over time, analyzes the
results of the classification of space images and the state of forests in a certain area of Ukraine
for 20 years, having data for only 3 years. The classification of space images by remote sensing
method and fractal analysis is used.
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OPAKTAJBHA MOAEJIb I'PYHHOBOI'O YIIPABJITHHSA
IHPOEKTAMHA

A. Kuubkuid, O. CBUHYYK
Hayionanenuu mexniunuu ynieepcumem Yxpainu
«Kuiscokuti nonimexniunuii incmumym imeni l2ops Cikopcbko2oy»

andriyzhytskyi@gmail.com

CporomHi ympaBlIiHHS TMPOEKTAMH € HEBIJI €EMHOIO CKJIQJIOBOIO YCIIIHOCTI Oi3HEC
nporeciB B koxHii |T komnanii. I[Ipore mpakThka mokKasye, IO AMHAMIKa MPOLECIB, SKi
B110yBalOTHCS BCEPEIMHI TAKOT CUCTEMH YIPABIIiHHS, Ma€ HEJIHIWHUM, a B ISTKUX BHMAAKaX 1
XaoTHUHUI Xxapaktep. lLle 3yMOBIIO€ HEOOXiAHICTP TOUIYKY aQJIbTEPHATHBHUX METO/IB
MO/JICJIFOBAHHSL CHUCTEMM YIPABIiHHS IPOEKTAMU 13 3aCTOCYBaHHSM HECTaHJAPTHOTO
MareMaTHuHOro amapaty. Lo mpoOiiemy 103BOJsie BHpIiNIyBaTH Teopis (pakTamiB, sKi
JO3BOJIATH OMKCATH HECTAOLIbHI MpoIiecH, 1 mepe0aunT MailOyTHE TaKUX 00’ €KTIB.

Po3pobnena Momens pearnizye rpyloBe YIPaBIiHHS MPOCKTAMU 3 BHKOPUCTAHHSIM
cucTeMHu 0araTopiBHEBUX 3aBJaHb, 3aBJSKU YOMY HaJa€ OJAHOYACHHM IOCTYM JUlsl O6aratbox
YYaCHHKIB 1 KEpIBHHKIB MPOEKTy Ha KokHOMY piBHi. Ilpomec iepapxiyHoro apoOieHHs
CTBOPIOE TIOBHOIIIHHI «MaJICHbKI MPOEKTH» HACTYMHOIO MiJPiBHSA, LIO JJ03BOJSE HaM
pO3TIsIIaTH B TpOLIECax YNPaBIiHHSA NPOCKTaMU (PaKTaIbHICTh 1 JAOCIIPKYBaTH Jaili HeH
npouec gk (pakraabHUl 00'€kT. bararopiBHEBICTH 3yMOBJIEHA CKJIAIHICTIO B CTPYKTYpi
OUTBIIOCTI Cy4acHUX IPOEKTIB. 3 ypaxyBaHHSIM BEIMKOI KIJIBKOCTI €TamiB 1 3aBIaHb Ha
KOKHOMY 3 HUX, PO3PaxXyHOK CTaTUCTUYHMX TMOKAa3HHUKIB 3aiiMae Bce Ouiblle il Oiblie vacy.
s toro, mo0 CHpPOCTUTH MOETalHYy aHANITUKY, BUKOPHCTOBYETbCA HIJ€ HE MOHOTOHHI
¢paxransHi Gynkuii [1]. ChopmoBana crcTeMa BpaxoBye Taki BXiJHI TOKA3HHUKH, SIK: KITbKICTh
JTHIB, KIJTbKICTh BUKOHAHMX Ta HEBUKOHAHUX TI1]] 3aBAaHb Ta KOS(PIIIIEHT CKIATHOCTI KOKHOTO
3aBJaHHs. Buxoasuu 3 1ux NoKa3HUKIB, apryMeHT (ppakTanbHOi (GyHKIIIT BU3HAYAE HA CKUIBKH
naHuil etan (abo Bechb MPOEKT) Y€ BHUKOHAHUM, a 3HAYeHHS camoi (QYHKIII OIIHIOE
HMOBIpHICTh TOTO, IO eTanm (MPOEKT) 3aKIHYUTHCA BYACHO. 3aBASKH TAKUM OIIHKaM
MEHE/PKEPHU MPOEKTIB MOXKYTh 30UIbIIYBAaTU-3MEHIIYBAaTH KIJIbKICTh pOOOYMX TOAMH Ta/abo
J0JIeH Ha KOXKHIM 3a1a4i, 3811 3aI100IraHHs 3ai3HECHHSIM.

Takum ymHOM, Teopisd (QpakTaiB IEMOHCTPY€E SIKICHO HOBHM MiAX1J y MOJEIIOBaHHI
ynpaBiiHHA npoekTamu. CrucTema nepeBaxHo po3paxoBaHa Ha |T kommadii, ki 3aliKaBlIeHHI
B €()eKTHUBHOMY YIPABIIIHHI IPOEKTHUMU 3aBJJaHHSIMHU.

[1] Knmumuyk C.O., IpansoButii M.B. IIpo oauH kiac Hije HE MOHOTOHHUX (YHKINH 3
(dpakTaTbHUMHU BIACTUBOCTSAMH, SIKUH MICTHThH MiJKJIAC CUHTYISApHUX (QyHKIIH. 30ipHUK
npans [H-Ty marematukn HAH Ykpainu. T.14(4). (2017). C 19-33.

FRACTAL MODEL OF GROUP PROJECT MANAGEMENT

A. Zhytskyi, O. Svynchuk
The National Technical University of Ukraine "lIgor Sikorsky Kyiv Polytechnic Institute"
andriyzhytskyi@gmail.com

The purpose of the work was to create a software application for group project
management with fractal analysis system, namely to view the list of projects, multi-level task
structure on each project, add and delete tasks, analyze each project phase.
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PO3MI3HABAHHS ®EMKOBUX HOBUH
3ACOBAMU HEMPOHHUX MEPEX

K. dixyp, C. BoBk
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
kdxkdx1006@rambler.ru

3aBIAKH CTPIMKOMY pO3BUTKY Cy4acHUX I1H(GOpPMaLiiHUX TEXHOJOTiH, ChOTOIHI
CKJIAJIOCS TakKe IHTEPAaKTUBHE CEPEIOBHINE B CYCIHIJIbCTBI, B SIKOMY HACEIECHHS MAa€ piBHI
MOYJIMBOCTI JJ1sl y4acTi B 00MiHi iH(popmartiero. 3a3Bruail Crio)KuBadi He 3aBXK/I1 30CEPEKEHI
Ha TOMY, YH SIBIIIETbCA iH(OpMAIlis, IKy BOHH OTPUMYIOTh a00 MepearoTh, CIIPABKHBOIO 200
Hi. L{e mpu3BOAUTH 10 MOMIMPEHHS B CYCHIbCTBI Ae3iHdopMallii — HermpaBauBoi, a00 (eikoBoi,
iHdopmanii. Henpapnupa iHdopMmarlis, 110 BBOAUTH B OMaHy, MOXKE€ HETaTUBHO BIUIMBATH Ha
CBIJIOMICTb ayAUTOPIi 1 MiIIPBATH Pi3HI CTOCYHKH, COIliaJIbHI HOPMH, IIIHHOCTI 1 Tpaauii. J{ms
3arnobOiraHHs LbOMY 3 SIBISIETHCS TOTpeda y po3poOIlll aBTOMATH30BAaHUX CHCTEM JUIS
imenTudikanii GpeikoBrX HOBUH y 3aco0ax MacoBOi iH(OpMAIIil Ta COLIaTbHUX Mepexkax, sKa
Ma€ Ha METI HABYMTH CHOXKHBAdiB TMPOTUCTOSATH I aesindopmanii. B naniii poborti
PO3TISIAIOTHCS IUTAHHS PO3Mi3HABaHHS (PEHKOBHUX HOBHH 3ac00aMH HEHPOHHHUX MEPEK.

[Tpobnema po3moBcroKeHHS (HEHKOBHX HOBUX y MEpPEXi IHTEpHET Ta 3ac00ax MacoBOl
iH(popMarlii ChOTOTHI BUKIMKAE 3aHEMOKOEHHS 0araThbOX MPOBIAHHUX KOPIIOpAIlid, TaKUX 5K
Google, Youtube ta Facebook. ®axiBiii 1ux KOMIIaHii po3poOISIOTh CIEIiadbHi IPOEKTH 1
MIPOBOJATh TPHUKJIAAHI JOCHIDKEHHS 3 iaeHTHdikamii ¢anpmmBoi iHGopmarii 1 mpoTuaii
nesindopmaiiii B coIialbHUX Mepekax. MeTor naHoi poOOTH € BUKOPUCTAaHHS 3aco0iB
00poOku mpupogHoi moBu 3 ramy3i Natural Language Processing (NLP), sixka Bu3Hauae
3araJibHUI HampsM ITYYHOTO IHTENEKTY Ta MaTeMaTHYHOI JIIHIBICTUKH, [T pO3Mi3HABAaHHS Ta
kinacudikamii ¢eirikoBux crateit. s mporo Oyino 3i0paHo 0a3zy maHUX crarei, 00poOiieHO
TEKCTH Ta TEPETBOPEHO CTATTI y (QYHKIIi A BHUKOPHCTAHHS B KOHTPOJHOBAHUX Ta
HEKOHTPOJIbOBAHUX MOETISX.

[[{o6 yHMKHYTH npoOJEMH HEOJHO3HAYHOCTI BIAHECEHHS HOBMHU JO pO3psay
(eikoBUX, UI JOCHIKEHb OyJI0 BUKOPHCTAaHO 0a3y (eiKoBHUX cTaTel 3 BIAKPUTOIO MPOEKTY
Kaggle [1], sixuii 306upae maHi 3a 10MOMOTO0 po3ipenHs opaysepy BS Detector, mio mrykae
3a BCiMa MOCHUJIAaHHSAMHU Ha CTOPIHIII NMOCWJIaHHS Ha HEHaJiiHI Jpkeperna Ta MOPIBHIOE X 31
CIHMCKOM CTOpPOHHIX JOMeHiB. Jlns onTuMizanii OoOpoOKH TEKCTy, 30KpeMa BUAAJICHHS
3araJlbHUX CIIiB, 3HAKIB MyHKTYyallii Ta BiACTYIiB, OyJi0 BUKOpHcTaHO nakeTu spaCy i gensim y
cepenoBumii Python. Ile momomorio 3MeHmMTH poO3Mip TEKCTOBOIO MACHBY Ta JOJATH
KOHTEKCT /10 IepeTBOPEHHS (QYHKIIIH.

[Ilo6 mpoaHamizyBaTH 1 3MOJEIIOBATH TEKCT MICid MONEpeaHboi 00poOku, ioro
HEOOXIJTHO CITOYATKy MEePETBOPUTH B 00'€KTH. [IJIs1 IbOTO BUKOPUCTAHO CTATUCTHYHHIA METO.
TF-IDF, sxuif 103BOJsie BUBHAUUTH, HACKIIBKH BAaXKJIMBE CIIOBO JJISI IOKYMEHTY B MAacHBI.
BinnosinHe 3HaueHHS 30UIBLIYETHCS MPOMOPLIHHO TOMY, CKUIBKH Pa3iB CJIOBO 3'SBISETHCS B
JIOKYMEHTI, ajieé KOMIIEHCYEThCSI HOTO YaCTOTOIO B 3arajibHOMY MacuBi. 3a gornomorow TF-IDF
OyJ10 3Hal/IeHO BIIHOCHY BaXKJIMBICTB CIIB sIK B HaOopax MaHMX (EHKOBHX, TaK 1 peabHUX
HOBHH.

Jlis OoTpUMaHHSI PIBHOMIPHOTO pO3MOJLTY 3a oOoma kiacamu OyJio BHUKOPUCTaHO
MaTpuIfo MoXuOoKk. OCKUTBKH METOI0 € PO3Mi3HaBaHHS (EeHKOBMX HOBHH, TO Ti CTaTTI, SKi
MPaBUIIBLHO KIACH(IKYIOThCS sIK (DEUKOBI, - 1€ € ICTUHHI (ITO3UTHBHI) pe3ynbTaTH, a (GerHKOoBi
CTaTTi, AKi OyJ0 HEmpaBWJIHHO KIacH(iKOBAHO SK CIPaBXKHI, - 1€ HEMPaBAUBO-HETATUBHI
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crarti (mommiika tumy II). Crarti, ski Oyno mNpaBWIBHO KiIacHU(iKOBAHO, € I1CTUHHO-
HEraTUBHUMH, a HETIPABWJILHO KJ1acH(iKOBaHI CTATTI - HEMPABIUBI CIIPAIlbOBYBaHHS (ITIOMIIIKA
tumy I). Ha puc. 1 HaBenena OyoBa MaTpHIli TOXHOOK i Yac Kiacudikarii cTaTei.

[lepenbadeno crpapikHi

[Tepen6aueHo QaapuinBi

JlilicHO cnpaBxHi

Hivicno veratusHi (JIH)

XuoHo nozutneHi (XI1)

JivicHo Qanpmmsi

XunbHo HeratusHi (XH)

JiticHo mo3utusHi (JIT)

Puc. 1. MaTpuns noxudoxk npu kiacudikanii crarei

Jliis Bizyaumizanii pe3ysbTaTiB Mojieli BUKopuctoByBabcsi nokasHuk ROC AUC, skuit
BiJoOpakae TOKAa3HUK CIPaBXKHIX TO3UTUBHUX PpE3yJNbTaTiB (Y4yTIOUBICTH) 1 pIBEHb
HEMpaBAMBHUX MMO3UTHBHUX PE3yJbTaTiB (peasibHi HOBUHHI CTaTTi, sIKi Oyno KiacudikoBaHO
HenpaBwiIbHO) [2]. Bynio BUKOpHCTaHO MepexpecHy MepeBipKy i MOUIYK IO CITIN, 00 3HANTH
kpaii napamerpu ais anroputmy TF-IDF nis koxHOT okpeMoi moneni. Mozeni T0oricTUYHO1
perpecii 1 MalllMHKA OMOPHUX BEKTOPIB JaJIM HalKpall pe3ynbTaT 3 Bukopuctanusm TF-IDF
JUTSI BIZITIOB1THOTO TIEPETBOPEHHSI TEKCTY Y pyHKuii. [[1st ocraTounoi moeni Oysio 3reHepoBaHO
CKJIQICHy MOJeJlb, BUKOPUCTOBYIOUM MPOTHO3U MOYATKOBUX Mozenel. byno takox nomaHo
pe3yJIbTaTu MOJEIIOBAHHS TEM B IKOCTI HOBUX (PYHKIIIH Ta iH(pOpMAaIIito PO AOBKUHY KOKHOI
CTarTi i Ipo Te, uM € y Hel aBTop. Lli PpyHKIT y moeqHaHHI 3 JIOTICTUYHOIO PErpeciero Haaalu
Taki pe3ynpTartu: TibKU 34 3 2208 ¢eiikoBux crareid Oyiau HEMpPaBWIBHO KiIacu(iKOBaHi 3
TecToBOro Habopy, a miacymkoBuit mokasauk AUC ckias 0,9876 (puc.2).

[lepenbadeHo crpaBxkHi [epenbaveno danpnmmbi
JiificHO cipaBXxHi 4665 50
JiiicHOo (hanpmmBi 34 2174

Puc. 2. Pe3yabTaT kiaacugikauii crareii 3a jonomoroio NLP

Taxkum 4MHOM, B JONOBIJII PO3IIIAAAETHCS PO3B’ A3aHHS MPOOIEeMHU PO3ITi3HABAaHHS
(belikoBUX cTaTell MIITXOM IX TEKCTOBOTO aHamNi3y, kKiacuikalii Ta MOIeTIOBaHHS
BIJIMIOBITHUX MAcUBIB AaHUX. OTpuMaHi pe3yabTaTH MOXKYTh OyTH BUKOPUCTAH1 JIJIst
MOKpAILEHHS SKOCT1 pO3Mi3HAaBaHHA CIPaBXHIX Ta (anpIIMBUX 1HOOPMALIIHHUX TaHUX.

[1] Fake and real news dataset [Enextponnuii pecypc]. Pexum goctymy:
https://www.kaggle.com/clmentbisaillon/fake-and-real-news-dataset

[2] ROC-kpuBas [Enexrponnuii pecypc]. Pexxum mpocryy:
https://learnmachinelearning.wikia.org/ru/wiki/ROC-kpuBas

RECOGNITION OF FAKE NEWS
BY MEANS OF NEURAL NETWORKS

K. Dizhur, S. Vovk
Oles Honchar Dnipro National University
kdxkdx1006@rambler.ru

Methods of recognizing fake news with the help of NLP have been studied. A database
of articles is collected, texts are processed and articles are converted into functions for use in
controlled and uncontrolled models.

VI BeceykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(epeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2021
24-26 aucronana 2021 p., M. /Ininpo, Ykpaina



Cexuisi |. IHOOPMAIIIMHI CACTEMM I TEXHOJIOTITI 21

AHAJIITUYHE PILIEHHA 3AJAY IEPEHECEHHSA
3ABPYJIHEHD Y IIBOBUMIPHOMY ITPOCTOPI

b. Mogoaeuns, . boaaupes, T. byiaana
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
bogdan.molodets@gmail.com

IaTrencuBHe 3a0pyaHEeHHST aTMOC(hEpU PI3HOMaHITHUMHU JHKEpeIaMHi BUKHU/IIB € OJTHIEI0
3 Cy4YacHHX MpOOJIEM OXOPOHHM HABKOJIMIIIHBOTO cepefoBuiia. Hexail BHKHI Macow m
BiJIOYBA€THCS MiXk JIBOMA IUIONIMHAMHU, BUCOTA MiXK sikuMH L,. Ha modatky BUKuA piBHOMIpHO
PO3MOALICHUH IO OCi Z, TOMY Io4aTKoBa (popmMyiia Oyze 3anmucana B HACTYIIUM YHHOM

Clx,y,t =0) =mé(x)6(y). )

Bynemo BBaxkatu, mo nudysii XxapakTepHa aHU30TPOIist. PIBHSAHHS epeHEeCEHHS MOKe
OyTu 3anucaHo [1]

ac _ . 9%

5 - DxgztDy 2

3rigHo 3akoHy ®Dika Ta piBHAHHA (2) nudy3ig B HANPSMKY X Ta Y BiJ PO3MOILTIB
BIJIMIOBITHUX OCEH, TOMy piBHSHHS (2) Oyze mpecTaBiIeHe K

C(X:J’» t) = Cl(x' t)CZ(y' t)’ (3)

ne Cq, C, — ¢yHKuii, SKI ONMHCYIOTh PO3MOAUT MO KOOPAMHATI X Ta y BiamosimgHo. [licms
M1JCTaHOBKH BHpazy (2) B (3) oTpuMaemo:

G[5- 52 - o [52- n5E] =0 @)

PimenHs piBHSHHS MOXHA OTpPUMATH, SKILO BUPA3u y Ay>KKax JOPIBHIOBATHUME HYIIIO.
BukonaBmu 1110 yMOBY, JUIsl IEPIIOTO BUpa3y OTPUMAEMO

ac 9%c
O_tl = Px ale' (5)

3anucaBiiy piBHAHHSA (5) y BUTIIAA1 BUpa3y AJIs BUPIIIEHHS OJHOBUMIPHOTO PIBHSHHS
mudy3ii y HepyX0oBOMY HEOOMEKEHOMY CEPEeIOBHILII OTPUMAEMO

2
CL(x 1) = s=exp (— 1) (6)

AHaIOri4YHI NepeTBOPEHHs MPOBEIEMO Ul IPYTroro BUpa3zy y AyXKKaxX piBHSAHHS (4).

3aranpHe pilleHHs Oy/ie 3aI1CaHo:
2

_ _ M xXP Ly
C(xr y: t) - Cl(xl t)Cz(y, t) - 4nem 4Dxt) ( 4Dyt) ' (7)
ne Aq, A, — KOHCTaHTH. 3 YMOBHU
m = fyw: C fxoi_oo C(x,y,t)dxdy , (8)
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OTpUMaemMo, o A4, = m.

Omnwucani po3paxyHKd OyJlIM BUKOHAaHI y BUIJISAI MPOrpamMHOTO 3abe3redeHHs,
BUKOPHUCTOBYIOUH MOBY IiporpamyBaHHs Python. Ha puc. 1 HaBeneno rpadik posnoainy c(x, 0,
t) , 3 Macoro Bukuay m = 3 ta gudysiero D, = 0.107, D, = 0.5 (L, = 2).

Gaussian Distribution

Parameters

05 t=1,0x =0.107, Dy =05, Lx = 2
t=5,Dx =0.107, Dy =05, L = 2
t =10, Dx =0.107, Dy =0.5, Lx = 2

= t=100,Dx=0107, Dy =05, lx =2
04

03

Density

02

01 .

0.0

-6 -4 -2 o 2 4 3

Puc. 1 Po3noain c(x, 0, t) B pi3Hi MoMeHTH yacy

Ha puc. 2 300paxeni 30miHi1 po3noniny npu t = 3. BugHo, mo misMa 3a0pyAHEHHS
TUQYHIYE 110 OCi Y Jaii, HiX 10 X.

Gaussian Distribution

-8 -6 -4 -2 0 2 4 6 8

Puc. 2 I30ainii po3noginy c(x, y, t) npu t = 3

[1] BeizoBa H.JI., Taprep E.K.,, MBanoB B.H. DkchnepuMeHTalbHBIC HCCIICIOBAHUS
aTMocdepHoi Tuddy3un u pacuersl paccenBanus npumecu. JI.: ['mapomereonsaar, 1991,
275 c.

ANALYTICAL SOLUTION OF POLLUTION TRANSFER
PROBLEMS IN TWO-DIMENSIONAL SPACE

B. Molodets, D. Boldyrev, T. Bulanaya
Oles Honchar Dnipro National University
bogdan.molodets@gmail.com

Consider the spread of dot source pollution in a stationary environment (in two-
dimensional space. The general decision is shown in formula 7. The maximum concentration
Is maintained at the point of emission. the value of the maximum concentration will decrease
when the diffusion of pollution goes on all directions.
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MO/JIEJIIOBAHHS NEPEXIJTHUX MMPOLIECIB 3A
JIOMIOMOT' OO MPUKJIAJTHOTO WEB-JTOJATKY

B. Poxkos, T. IIpokod’en
J[Hinposcokuil Hayionaneruu yHieepcumem imeni Oneca [ onuapa
morgqw666@gmail.com, t104barmalei@yahoo.com

Jlist cydacHUX Jiro/1el HalBaXKITMBILIUM 1 JIOCTYITHUM JKEpesioM iHpopMaIlii € Mmepexa
[HTEepHET 1 3aBASKH IIBOMY pO3pOOKa Web-I0aTKIB € OJHUM 3 HAHOUIBII TEPCIEeKTUBHUX
HANpsAMKIB JISTIBHOCTI At 0araThbOX KOMIIaHIN, 3aWHATHX y cepi BHCOKOTEXHOJIOTTYHHX
U(PPOBUX 1 KOMIT'IOTEPHUX TEXHOJIOTiIH. Web-caliT — OCHOBHUII OCepeioK IIbOr0 CKJIaIHOTO
MeXaHi3My, MOBHOIIIHHUHN iH(OpMAaIiifHNN KOMITJIEKC B MepeKi. Bee Oibia KiabKiCTh JIFOAeH
notpedye BHUKOPUCTaHHA WebJIonaTKiB Juisi 30iunbpmieHHs edekTuBHOCTI iX pobdoTm, 3a
JIOTIOMOTOI0 aBTOMATH3allil BUKOHAHHS PI3HUX 3aB/JaHb, a TaKOX MOJMJIHMBOCTI OHCTPOTO
JOCTYITy 10 Takux mporpam. CTBOpeHHS BJIaCHUX web-II0JIaTKiB BiJIIrpa€e iCTOTHY pOJIb B
OUTBIIOCTI chep KUTTEAISITBHOCTI JIIOAMHU.

3aco0u momanHs iH(OpPMAIii MOXYTh BHKOPHCTOBYBATHCS HE TIJIBKU JUIS TOJAHHS
iH(popMarii Ha caiiTax Mepexi [HTepHeT, ane 103BOJSIOTH CTBOPIOBATH MPOTPAMHI TPOTYKTH,
Ha MepIIui morisi, 6e3mocepeIHbO He 3B sA3aH1 3 Mepexero [HTepHer. Takumu mporpaMHAMHA
NPOAYKTAMH € TIPUKJIagHI Wweb-IoAaTKu Tpu3HAdeHi Ui OOpOoOKM HAyKOBHX IaHHUX 1
MOJYJIOBAaHHS TporeciB B  (QI3MYHMX 1 TEXHIYHUX CHUCTeMax. BOHM  MOXyTb
BUKOPUCTOBYBATHCS HAYKOBO-TEXHIYHUMH CIIBPOOITHUKAMU 1 MOXKYTh OyTH BCTaHOBIJICHI Ha
caiftax Mepexi [HTepHeT BiIOBIIHOTO MPU3HAYCHHS.

Jana numiomMHa poOoTa MPHUCBSYEHA PO3pOOLl MPHUKIATHOIO Web-T0JaTKy st
00poOKH UPPOBUX 300pakeHb aHAJOTOBUX OCLMJIOTpaM, SIKUM Moke OyTH BUKOPHUCTaHMUN
Opy JIOCTDKEHHI YacOBHUX MapaMeTpiB IMEpexiJHUX IpOLECiB B ENEeKTPOHHUX CXeMax.
Peamizariisi mporpamu Bkiodae moBu HTML5, CSS3, JavaScript, Giomioteku jQuery i
texHosorii Canvas. IIporpaMuum cepenoBuIeM isl 11 BUKOPUCTaHHS € OyJb KUl Opaysep.
Bxuttouae Taki eramnu:

1) 3aBaHTa)KE€HHsI PaCTPOBOT0 300paKEHHS OCLIIIOTPAMHU Y BIKHO NPOrpaMH;

2) BusHauenHs MacuTaly vacy;

3) BuznaueHHs KOOpJMHATH JIiHIT BIATIIKY MUTTEBUX HaNpyT CUTHAIY;

4) CkanyBaHHS KOOPJMHAT JIiHIi CUTHAJIy HAa pacTPOBOM 300pak€HH1 OCLIMJIOTPaMH B
Jiama3oHi yacy, Jie Ma€ Miclie mepexiTHui mpolec;

5) Po3paxyHOK Ha MiJCTaBi JJaHUX CKaHyBaHHs 3HaYEHb Ta MOXUOKH 1X BU3HAUCHHS.

Pacmpose (yugppose) 300paricenns ananozo6oi ocuuI0Zpamu RPAMOKYmHOZ0 IMRY1bCy
3 pponmamu, chopmosanumu inmezpyrwuum RC nanyrozom
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CkaHyBaHHS 3IIHMCHIOETBCS TOCTIOBHO B3JIOBXK OCI yacy ocumwiorpamu (Bich X
pacTpoBOro 300pakeHHsl JiHII MUTTEBUX Hampry curHamry U(t), BiamoBigHux o6macti
nepexigHoro npouecy. MurrteBum Harpram U(t) BiamoBigae Bich Y UGPOBOro 300pakeHHS.
Sxmo MU wmacmrab Hampyrn OudpoBOro 300pakeHHS aHAJIOTOBOI  OCLMJIOTpaMH
BOJIBT/IIIKCEIIb, & KOOPAMHATA JIiHIT BIJIIKY HAIIPYTH YZ, TO MOKHA MPUBECTH (OPMYITY:

t
Myly(t) — yz| = Myly, — yz| exp (— ;>,

ne Y(t) — 3HaueHHs KOOpAMHATH Y, IO BIAMOBIZa€ MOMEHTY 4acy t; y, — KOOpJauHATA, IO
BIJINTOB1/1a€ aMILTITY 11 IMITYJIbCy HanpyTu U,. 3Ha4eHHs YZ CKaHyeThCs Ha piBHI ammutityu U,
JUIS IEPETHBOTO (PPOHTY IMITYJIBCY HAIIPYTH HA PiBHI HAIIPYTH JUIS 33IHHOTO (PPOHTY IMITYIIbCY.

[1] Hlemucku P. KommbroTepHOE 3peHHE TEOPHUS M AIITOPHUTMBI.
[2] https://www.sciencedirect.com/topics/engineering/image-processing
[3] Mak-®apnenn JI. JavaScript and JQuery: Interactive Front-End Web Development

SIMULATION OF TRANSIENTS IN ELECTRICAL CIRCUITS
USING WEB APPLICATION

V. Rozhkov, T. Prokofyev
Oles Honchar Dnipro National University
morgw666@gmail.com, t104barmalei@yahoo.com

The program for processing digital images of analog oscillograms for research of time
parameters of transients is offered. The program is implemented using HTML5, CSS3,
JavaScript, jQuery libraries and Canvas technology. The software environment for its use is
any browser.

The web-application developed in the graduate work can be used both in disciplines of
digital electronics and used on Internet sites dedicated to digital electronics.

PLIbTPALIA KOJIbOPOBUX 30BPAKEHD J1JI51
PEAJIBHUX 3ABA/IOBUX CUTYALIHU

B. Peopos, B. JIykin
Hayionanonuu aepokocmiunuu ynieepcumem im. M. €. JKykoscorkozo
«Xapxiecokuti agiayitiHuil IHCMUmMymy
sinergyworld1@gmail.com

Komnboposi (TpukaHanbHi) 300pakeHHSI YacTO 3yCTPidalOThCs 1 BUKOPUCTOBYIOTHCS B
MOBCSKIEHHOMY JKUTTi. BOHHM 3aCTOCOBYIOTHCS B MEOUYHIM TIarHOCTHIN, TUCTAHIIIHHOMY
30HyBaHHI 3 aBlaIlifHUX HOCIIB 1 3 KOcMOCy [1], yuciaeHHUX MyJIbTUMETIMHUX JoaaTkax. Ha
NPaKTHUI yCi KOJIbOPOBI 300paskeHHs] HEMUHYYE 3alllyMJIeH] B OLIbIIIN 4 MEHIIIN Mipi yepes
6a30Buil npuHIMUN iX (OpMyBaHHS Ta BHACIIJOK 1HIIUX (aKTOpIB.

3a3BUYail TPUITYCKAIOTh, M0 XapaKTEPUCTUKH 3aBaJ B YCIX KOMIIOHEHTHHX
300paXECHHIX € 1IEHTUYHHUMH, ajie Ha MPaKTHUIll e He Tak. /[ MeTomiB MOKOMIIOHEHTHOTO
NPHUIYIICHHS NIyMy aJanTyBaTUCA A0 IMbhOro (akTy IOCUTH JIETKO, ajie Ijis METOMIB
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TpUBUMIpHOI (inbTparii Taka amanrtamis Moke OyTu mpoOiemaTH4HOw0. J[ns meromiB
TPUBUMIPHOI (piIBTpaIlii HA OCHOBI TUCKPETHOTO TPUBUMIPHOTO KOCHHYCHOTO TIEPETBOPEHHS
(IAKIT) xapaktepuctuku (inbTpamii MOXHa ONTHMI3yBaTH 3a pPaxyHOK BCTAHOBJICHHS
Koedimienty [, sIKMi BHKOPUCTOBYETHCS JJIsl BCTaHOBIIEHHS moporiB [2]. Ha pucynky 1
HaBEJICHI TECTOB1 300PaKCHHsI, JUIA SIKUX MOJCIIOBABCS IIyM 3 13 3HAYCHHSMH JUCHEPCii,
piBauME 130 mu1s 3enenoi Ta 260 asst 4epBOHOI Ta CHHBOT KOMIIOHEHTH.

Jnist omiHKM SIKOCTI (inbTparii 300pakeHs BUKoprucToByBanacsi Metpuka PSNR-HVS-
M sika BpaxoBye cucremy 3o0py oauHK[3]. PesynpTaTH npu ONTHMATBHHUX 3HAYCHHSX
KoedimienTa 3 HaBeAeH] B mabauyi 1.

Tabmuus 1 — IopiBHSHHS pe3ybTatiB GuIbTpamii

306paxeHHs No Tun dinbTpa R PSNR_gVS_M’ ab B
1 2D-DCT 29,65 33,14 29,81
3D-DCT 33,51 34,91 33,70
5 2D-DCT 30,11 33,59 30,12
3D-DCT 32,64 35,12 32,46
7 2D-DCT 31,73 34,92 31,89
3D-DCT 33,49 35,60 33,75
9 2D-DCT 32,18 35,09 32,05
3D-DCT 34,64 36,03 34,53
13 2D-DCT 29,12 32,48 29,31
3D-DCT 32,67 33,81 32,36
19 2D-DCT 31,32 34,19 31,47
3D-DCT 33,65 35,95 33,89
93 2D-DCT 33,08 35,32 32,78
3D-DCT 34,18 36,11 34,18

Mertoto 1anoi po6oTu Oys0 JOCTIKEHHS TOTO K KOe]IlieHT B BIUIMBAE HA Pe3yIbTaT
GbimpTparllii KoJILOPOBUX 300pakeHb MPH BUKOPUCTaHHI OJHOBUMIPHOTO 1 6araToKaHaJIbHOTO
JKII ¢inpTpis.

3 oTpuMaHUX pPE3yJbTAaTIB BHUAHO, IO, NMpU KoedimieHTax [, HA sKI TpHUMaaae
ONTUMAJIbHI 3HAUEHHS METPUK, B cepenHboMy it TpuBuMipHoro JIKII ¢inbrpa 3HadeHHs
MeTpuku Ha 2,51b 6inbmre, Hix st ogHoBUMIpHOTO JIKII dhimbTpa. 3 11bOro MoxkHa 3poOUTH

VI BeceykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(epeHIis
«IMIEPCIIEKTUBHI HATIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAILIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2021
24-26 nucronana 2021 p., m. Ininpo, Ykpaina



26 Cexuisi |. IHOOPMAIIIMHI CACTEMM I TEXHOJIOTITI

BHCHOBOK, 1110 BUKoprcTanHs OararokanaibHoro JKII ¢ineTpy € mominpHUM 1i1st GiabTparmii
KOJIbOPOBHX 300paxkeHb. Alle Tpeba HagaTH MpaKTU4YHI peKOMEHMaIil oo koedimienra 3,
SIKHIA JIO3BOJISIE JIOCSITTH ONTHMAIBHOTO PEe3yIbTaTy MpH (ijabTparrii.

[1] HloBenrepar P. A.:. JlucTaHIIMOHHOE 30HAMPOBAHUE: MOJCIM WU METOAbI 00pPabOTKH
nzoopaxenuit. - K.: Akagemudeckas npecca, Opnanmgo, 2006 — ¢. 560.

[2] Hudposas odpadoTka 2D- u 3D-u3o00pakenuii: yueoHoe nocodue / H. H. KpacuiabHukos.
- I1.: BXB-IIetrepOypr, 2011. - c. 608

[3] Ananu3 3¢hhekTHBHOCTH METOMOB CXKATUSI M300paKEHUH B COOTBETCTBUU C PA3IMYHBIMU
kputepusimu kadectsa / B. B. Jlykun, H. H. Ilonomapenko, C. C. KpuBenko. — M.:
Pagunosnexrponnka u uapopmaruka, 2007. — c. 8§5-90.

COLOR IMAGE FILTRATION FOR REAL NOISE
SITUATIONS

V. Rebrov, V. Lukin
National Aerospace University, Kharkiv Aviation Institute
sinergyworld1@gmail.com

The aim of this work was to study how the coefficient B affects the result of filtering
color images using one-dimensional and multi-channel DCT filters.

From the obtained results it is seen that, at the coefficients B, which account for the
optimal values of the metrics, on average for a multi-channel DCT filter, the metric value is 2.5
dB higher than for a one-dimensional DCT filter. From this we can conclude that the use of a
multi-channel DCT filter is appropriate for filtering color images. But it is necessary to provide
practical recommendations for the coefficient B, which allows to achieve the optimal result
when filtering.

RECOGNITION TOOLS AND FAST DATA PROCESSING OF
MOVING TWO-DIMENSIONAL IMAGES

N. Skyba
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute™
skybanadiia086@gmail.com

The most common two-dimensional images, which are widely used in all areas and
industries, are QR-codes. Now they are everywhere and in different variations. The accuracy
of methods for recognizing a moving two-dimensional image in real-time is low. These are
problems of existing systems because the energy consumption is high and the speed is not
optimal. The solution is a system that quickly recognizes moving two-dimensional images and
has tools to repair damaged data.

It is proposed the idea of developing a recognition system based on a backpropagation
neural network [1] that has complex process architecture (Fig. 1). The backpropagation
algorithm in a neural network computes the gradient of the loss function for a single weight by
the chain rule. It efficiently computes one layer at a time, unlike a native direct computation. It
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computes the gradient, but it does not define how the gradient is used. It generalizes the
computation in the delta rule.

The principle of the inverse propagation approach is to model the given functions by
changing the internal important input signals to obtain the expected output signal. In the reverse
propagation phase, the error signal is returned to the original connection path by changing the
weight of the neurons of each layer, sequentially propagating the input level for calculation,
and then through the process of direct propagation, reusing these two processes so that the error
signal is minimized. The system is trained using the method of learning to consider when the
error between the original system and the known expected result is represented by the system
and used to change its internal state.

Provide input vector Calculate the output of Calculate square error
Initialization and target output | each unit of the hidden [ FE(i) of the target value
vector layer and output layer and the actual value

F
[
Weight B The calculation of weight adjustment E(i) meet
adjustment |~ amount of hidden layer and output layer demand
N
Y
Theendofthe | Y All E(i) meet «

training N demand

Fig. 1. BP algorithm flow chart.

1. Initialization: a series of parameters in the neural network are randomly generated
during the network initialization process.

2. Determine the learning sample of the neural network, the expected output of the sample,
and the selected excitation function.

. Learn to calculate the actual output through the neural network.

. According to the global error and the local error of each layer, connection weight and
the threshold between each node are corrected.

5. Continue to input samples and repeat the aforementioned operations for learning. Once
the error meets the requirements, the learning ends.

Technically, the backpropagation algorithm is a method of training weights in a
multilayer neural network with direct communication. Thus, it requires determining the
structure of the network of one or more layers, where one layer is completely connected to the
next.

A~ W

The input layer represents the data that can be simple scalars and complex vectors or
even multidimensional matrices:

x =a", ie€l1234. (1)

The process of learning a network is to adjust the weights to minimize error. In other
words, the goal is to bring the outputs of the system closer to the actual results. The expected
number of output values is used to convert class values in the training data into simultaneous
coding. This is a binary vector with one column for each class value to match the network
results. This is required to calculate the error of the source layer. When the error becomes less
than the allowable level, the network training ends. After this process, the network best
represents the real system. Further adjustment of weights is based on the best decent method.
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The final values are stored at the hidden neurons layer that is executed by activation non-linear
function and it allows the network to learn complex patterns in data [2].

To test the method of recognizing a moving two-dimensional image, experiments are
performed based on neural network methods and existing methods. Practical studies show that
the proposed method is stable and reliable, demonstrates excellent performance, which is
mainly associated with binarization of the image [3]. The method reduces energy consumption,
increases recognition accuracy, and improves real-time recognition.

[1] Winter M. Scan me: Everybody’s Guide to the Magical World of QR Codes. Westsong
Publishing. (2011). 144 p.

[2] Szentandrasi 1., Herout A., Dubska M. Fast detection and recognition of QR codes in high-
resolution images. In: Proceedings of 28th Spring conference on Computer Graphics.
Bratislava: Comenius University in Bratislava. (2012). P. 1-8.

[3] Boyles A. The Complete Guide to QR Codes Kindle Edition. QR-Codes.com. (2012). 35 p.

3AJAYA TPADO-CXEMHOI'O ITPEJACTABJIEHHSA
KIIACUDPIKATOPIB

I. IToBxan
Yorceopoocvruii nayionanvnuii ynisepcumem
igor.povkhan@uzhnu.edu.ua

Ha cporonni Biztomi pi3HiI cxeMHu MoOyIOBH Ta NMPEACTABICHHS JepeB Kiacugikaiii.
[Ipote BCi BOHU, SIK IPABUIIO, 3BOSTHCA 10 TOOY0BH OAHOTO JiepeBa Kiacudikalli 3a JaHUMHI
HaByYaJIbHOT BUOIpKH. BiAMITHMO TakoXk, 10 B JiTepaTypi AyKe Majlo aJIrOPUTMIB OOYJ0BU
nepeB kiacudikaiii s BUOIPOK BETUKOro 00’emy. 3po3yMmisio, IO e Mae Tij coboro
00‘ekTHBHI (hakTOpHU, MOB‘sI3aHI 3 OCOOJMBOCTSAMM TIeHepallii TaKUX CKJIAJHUX CTPYKTYD,
METOJMKaMU poOOTH 3 HUMHU Ta 30epiranHsM. HaBiTh BUKOPUCTOBYIOUM 1IHCTpyMEHTapiil Java
abo C#, HeoOXigHO 3a0e3MeuuTH pealizallilo CHeliaJbHUX CTPYKTYp JaHUX JUIsl poOOTH 3
JOTIYHUMHM JiepeBamu, a rotoBi 016mioreku kiaciB (LightGBM, XGBoost) xoua 1 6au3bki
17Ie0NOTIYHO (cXeMa JIOTIYHOTO JIepeBa), aje He JJO03BOJSIOTH peaizyBaTh KOHIIEMIIIO
ITOPUTMIYHOIO JiepeBa Kiacudikalii, SKe CKIaJaeTbcs 3 HAOOpy BEPIIMH — PIZHOTHITHUX
ABTOHOMHHUX aNTOpUTMIB Kiacugikauii. [IpoTre, OCHOBHMM HEIOJIKOM HpU MOOYAOBI JIepeB
kjacudikanii € BIACYTHICTh alrOpUTMIB Ta METOJMIB, KOTpl O JaBaiu 3MOTy OJHOMAHITHO
OTKCYBATH Pi3HI AITOPUTMHU Y BUTIISAL JOTTUHUX JEPEB.

Hexait HaBuanpHa BHOIpKa 3ajlaHa y BUTJIAMAI JesKoi Tabmuii (MaTpuii) - {Xi, j} —
3HaYeHHA | — BOi O3HAKM | — ro 06’ekta BUOIpKH (i =1,...,K; j=1,...,n). Jlad crpomerHs
BHKJIA/IAHHS BBAKAEMO, IO X; j 6{0,1}, M — pankiB BUOIPKU XapaKkTepU3ye KIac Q,, a i1 —

Q,. [lobynyemo 3a manmmu HaBanbHOi BUOIpku (HB) noriune nepeso xmacudikamii (JIAK) -
(Puc. 1). Y nepury BepiuHy J0T14HOTO JepeBa CTABUMO O3HAKY x, 1 Bij Hei OyayeMo MOBHUI

HUIAX, IKMA Bianosinae HAG0py Xi1) X ;1 Xy, TOOTO 3 BEpHIMHM 3 03HAKOK X; BUXOAUTH
CTpiJIKa, IO BXOJMTh Y BEPIIHHY 3 03HAKOIO0 X, (HOMEp CTPIJKHU 3aJI€XKUTh BiJl 3HAUEHHS, KE

npuiiMae Xy ;, y KIHUEBIH BEpIIMHI CTABUMO 3HAYCHHS f, ((QYHKILi pO3Mi3HABAHHS).
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Jiis HacTymHOTO 00’ €kTa W, = (szl,---, ngn) npu w, = w, JIAK 3MiHIO€TBCS HACTYITHMM
urHOM: IpH X j # X; j 3 BEPUIMHM 3 O3HAKOK X; MPOBOIMMO APYTY CTPLIKY, K& BilIOBigae
3Ha4eHHIO X, j (I 3py4HOCTI CTPiIKK 3 HOMepoM 0 po3TaioByeMo 3 J1iBoro 6oky, a 1 — 3
NPaBoro), Ta B KiHIli CTPIIKK CTAaBUMO BEPLIMHY 3 03HaKow X;,;. Ha HacTynHomy kpoui 3 miei

BEPIIMHYU IPOBOAMMO CTPiIKY, BiIMOBIHY 3HAYEHHIO O3HAKU X;,; i Tak Aani. 3po3ymiso, 1o
B KIHIEBY BEpIUIMHY CTaBUMO 3Ha4eHHs f,(w,) (Puc. 1). Ananoriunum unHOM 100y 0BY€EMO
JIJIK s Beix iHmMX HaObopiB HavabHOT BUOiIpKH. SAkimo Ha ogqHomy JIJIK 3ycTpivaroThes aBa
a0o JeKiibKa 0JTHAKOBHX HAOOpIB 13 pi3HMX KIIACiB (pI3HUX 3HaYeHb (YHKIII po3Mi3HABaHHA),
TO KUIBKICTh 3Ha4eHb QyHKIII f, (BIANOBIIHMX MM HaOopam) GIKCYyeEMO B KIiHILIEBiM BEpLIMHI
1 OCTaTOYHO 3amucyeMo Te 3HauyeHHs (QyHKuii f,, g fKoi KinbKicTh HabopiB Oyze
MaKCHMAJIbHOIO. SIKIIO KUIBKICTh 3Ha4eHb QyHKIIi f, OJHAKOBE B AEAKIM KIHLEBIHA BEPUINHI,

TO TIepeBary BijmaemMo o0Opa3y, MOTYXHICTh sikoro menme. [licns nporo modynoy JIJIK 3a
nanumu HB Oynemo paxysatu 3akiH4eHHM. SIKIIO KiIBKICTh 3Ha4€Hb QYHKLIi f, OIHAKOBE B

JesIKif KiHIeBi BEpIIWHI, TO MepeBary BigmaeMo o0pasy, MOTYXHICTh skoro MmeHIe. [licms
poro mooyaoBy JIJIK 3a manumu HB Oynemo paxyBartu 3akiH4eHHM. 3ajada po3Ii3HABaHHS
o0pa3iB momsrae B Tomy, mo0 moOynosane JIJIK xmacudikyBano Bci Habopu TB, siki He
Bx01s1Th B HB (3ayBaxkumo, 110 Habopu 06 extiB HB, noriune nepeBo posmizHae 0€3 MOMHIOK
3a paxyHOK ix ¢ikcarii B cTpykTypi camoro nepea). Ilicimst moOymou JIJIK 3a nmanum
QITOPUTMOM OyZEMO MaTH CTPYKTYpPY, J€ HE 3 YCIX BEpIIMH BUXOAATH JBi cTpiiku. lle
JIO3BOJISIE MPOBECTH MPOCTY MIHIMI3AIlII0 — SKIIO 3 BEPIIMHU BUXOIUTH OJIHA CTPIJIKA, TO ii
pa3oM 31 CTpUIKOIO BUAanseMo 3i ctpykrypu JIJIK.

| P

fr

Puc. 1. 3araasna cxema nodyaosu JIJIK.

MinimizoBane takuM unHoM JIJIK mosnaummo uepe3 JIJIK*. BimmiTumo HacTymHi
3aranpH1 BiactuBocti JIJIK:

1) cknmaaHicTh (i CKITAHICTIO IepeBa pO3yMieMO 3arajibHy KulbKicTh BepiuuH y JIJIK)
JIAK* menme HiX ckiaaHicTh nodatkoBoro JIJIK (mpu MiHiMizanii BigOyBaeThCsl BIACIB
HaliMeHII BaxJInBoi iH(opMmarlii);

2) JIIK*, Tak camo sk 1 mouatkoBe JIJIK, 6e3momunkoBo knacudikye 06’ ektu HB ta
3a0e3medye eKCTpanossAlilo HabopiB TecTOBOI BHOIPKH, KOTPlI HE 3yCTpidaiuch B MAacuBi
noJaTkoBux nanux HB.
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np. — JIeBiB, 2019. Bumn. 11. C. 112-117.

[5] IToBxan W.®., Bacunenko lO.A., Bacunenko D.HO. KonienryanbHa OCHOBa CHCTEM
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THE TASK OF GRAPH-SCHEMATIC REPRESENTATION OF
CLASSIFIERS

I. Povkhan
Uzhgorod national University
igor.povkhan@uzhnu.edu.ua

An approach to the synthesis of new classification schemes based on logical tree
structures is proposed. An effective algorithmic scheme for recognizing discrete objects based
on the logical tree method based on step-by-step evaluation and selection of generalized
features at each stage of the scheme synthesis is presented.

MOPIBHAJIbHUM AHAJII3 KOHTEMHEPI3AILIL
ASP.NET CORE TA JAVA HA PIBHUX IIJIAT®OPMAX

B. Ky3saxkosa, T. Ilpoxod'en
Jninpoecoxuii HayionanvHuti ynieepcumem imeni Onecs I onuapa
kuziakova_vv@ffeks.dnu.edu.ua

[Ipu po3poOiui cepBepHOro MPOTrpamMHOro 3abe3MeueHHs] yKpail BaKJIMBUM €TaroM
SBIISIETHCS BUOIp MOBH MPOTpaMyBaHHs, Ha SIKOMY BECTUMEThCS po3pobOka. Bix nporo Bubopy
Hajam Oararo 1o 3anexuTh. Hampukian, cepBepHa orepariiiHa cucteMa, ado opraHizalis
po6ouux mporecie CI/CD(continuous integration / continuous delivery). V 3B's3Ky 3 BEIHKOIO
CKJIQJIHICTIO, @ 9acTO 1 HEMOXIMBICTIO, 3MIHUTH MOBY INpOTpaMyBaHHS Ha MIi3HIX CTaIisfx
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pO3pOOKH, PO3yMIHHSA TIepeBar 1 HEIOJIKIB CXOXXKHUX CEPBEPHHX MOB TIPOrpaMyBaHHS
Ha/I3BUYAITHO BaXKJIMBE ISl IPABUIIBHOTO BUOOPY.

3 METO BUSBIICHHS IepeBar i HeMOMIKIB, Ha PI3HUX IUIaTGOpMax TaKUX MOITUPEHUX
MOB TiporpamyBanHs sik C# 1 Java Oys10 mpoBeieHe JOCITIKEHHS X 0coOMMBOCTEH 1 CrIOco0iB
po3ropranHs Ha Tiargopmax Ubuntu Server 1 Windows Server, a Tako mepeBar i HeI0IiKiB
IIUX MOB ITPHU BUOOPI KOHKPETHOTO YHHY PO3TOPTAHHS.

["on0BHMIA NPUHIUTT PO3TOPTAHHS OJHOTO AOJATKY Ha PI3HUX ONEepaliiHUX CHCTeMax
sk st C#, Tak 1 uist Java 11e BUKOPUCTaHHST OJTHOTO 3 JIBOX 3acaJHU4MX miaxomiB. Lli migxomu
- KOHTeHHepu3allis 1 BipTyanizaiis. BipTyaibHa MaIiHa - 11e MOBHICTIO 130JIbOBaHE MPOTPaMHE
CepeloBHINE, IO EMYJIO€ amapatHe 3a0e3nedeHHs. Y OCHOBI BipTyami3alii JIeKUTh
BUKOPDHCTAHHA BipTyaibHOi MamuHu. KoHTeliHep - 1€ BipTyalbHE CEpeOBHILE, SKE
3abe3neuye iHTep@eiic B3aeMoaii MK MPU3HAYCHUMH ISl KOPHCTyBada 3aCTOCYBAaHHAMH 1
METOJIaMU Siipa XocTa. Y OCHOBI KOHTEIHepu3allii Ie)KUTh BUKOPUCTAaHHS KOHTeiHepa. Java 1
C# B crapmapTHid KoH(QIrypamii BUKOPHCTOBYIOTH JUISI PO3TOPTaHHS BipTyallbHY MAIIHHY
(JVM 1 DNX Bignogigno). [3] Takoxx mporpamu Ha 000X MOBaxX MOXYTh 3allyCKaTHCS B
Docker. Docker - aBromaru3oBaHuii 3aci0 ympaBiiHHS BIPTyaJIbHUMU KOHTCHHEPAMH.
[Ipore,He3Baxkatoun Ha HasBHiCT DNX, C# TicHO mpuB's3ye poO3pOOHMKIB /10 IIATHOPMH
Microsoft,y BigminHOCTI Big JVM, 1110 01HaK0BO (QyHKITIOHYE Ha 000X miatdopmax. Y Docker
J0JIaTKa Ha Java MoKa3yloTh 3HaYHO OUIbIIE CTIOKUBAHHS pecypciB Hik noaatku Ha CH.

Kopx na Java 3anmymienunii 3a 10TIoMOror0 BipTyaabHOT MalllMHU TOPIBHIOETHCS 3 KOJIOM
Ha C# 3amymeHoMmy B KOoHTelHepi Docker, ockiibku 3amyck mporpaM Java 3a JOIOMOI'OO
BIpTyaJIbHOI MAIIMHHU MTOKa3y€e HalKpamli pe3ynbraTd Ha 000X ruiar¢opMax B MOPIBHAHHI 3 1X
3aIyCKOM 3a JOMOMOI'0I0 KOHTeHHepiB, a koA Ha C# 3anyienuii B koHteiinepi Docker mokasye
HalKpami pe3yabTaTd Ha 000X miatdopmax B MOPIBHSAHHI 3 HOTO 3aIlyCKOM Ha BipTyalbHIil
MatuHi. [2] J{ns nmopiBHSAHHS BUKOPHUCTOBYBAJIMCS MPOrpaMM 3 MIOCEKYHIHHMM I10/IBOEHHSAM
kibkocTi 30BHIMHIX REST 3anuTiB, MaTemarnyHux omnepaiiil 1 onepaiiii B napajieinbHUX
NOTOKaX. MPOAYKTUBHOCTI IIO TOBOPUTH NP0 MPHUOIM3HO PiBHI MOXIIMBOCTI IIMX MOB 32
3a/laHuX YMOB. 3a KpUTEPIeEM MPOJYKTUBHOCTI HE MOXKHA BI/IaTH MepeBary KOHKpPETH1 MOBI1
nporpamyBaHHs. [Ipore, BpaxoByO4M pi3HMH CrOCiO pO3rOpTaHHS MOXHA IOPIBHIOBATH
0COOJIMBOCTI BIPTYaJbHOI MallIMHU 1 KOHTeliHepa. OcHOBHUMHM nepeBaramu C# 3amyIieHoro B
koHTelHepi Docker € mpocrimmmu 1 edpextuBHuid CI/CD 3aBAsku CKjIajkaM OJIHOTO
koHtelinepa mia (Dev, Test, Prod), i MiHiMalibHE CITIOKMBAHHS allapaTHUX PECYPCOB 33 PaXyHOK
BUKOPUCTaHHA MeTONiB sjapa xocta. [l1] OCHOBHMMH HENOJIKaMH € BUKOPUCTAHHS
nonatkoBoro I1O (Docker) 1 ycknagnenuit 3a paxyHok cropoHHboro 10 mpouec po3poOku i
nepuioro 3amycky. OCHOBHMMH IepeBaramMu Java Ha BIpTyaJibHiM MalllMHI € MpocTa 1 3py4Ha
pobota "3 KopoOku" Ha 000X omepalniiHUX CHUCTeMax, CTablThbHa POOOTa, 10 HE BHUMAarae
JOJJATKOBUX HalalITyBaHb OTOYEHHA. OCHOBHMMH HEJOJIKaMH € BHCOKE CIOXHBAaHHS
pecypciB 1 yCKIIaJHEHA IHTETpaIlis B Ipolieci po3po0OKH 1 TeCTyBaHHS KOMaHaaMu. Pe3ynbpratom
JIOCITIJDKeHHsI CTaB Halip IMOKAa3HUKIB IO J03BOJS€ JOMOBHUTH KpuTepii BHOOpY MOBH
nporpaMyBaHHs 3 OOKY iX KOHTeHHepu3alii 1 BipTyasizaiii.

[1] When to choose .NET for Docker containers [Enexrponnuii pecypc]. Pexum mocrymy:
https://docs.microsoft.com/en-us/dotnet/architecture/microservices/net-core-net-
framework-containers/net-core-container-scenarios.

[2] Oracle Linux Virtualization Manager [Enexrpounuii pecypc]. Pexum mgoctymy:
https://docs.oracle.com/en/virtualization/oracle-linux-virtualization-manager/index.html.
[3] Java and C# are Obsolete in the Age of Docker [Enextpornuii pecypc]. Pexxum moctyry:
https://medium.com/star-gazers/java-and-c-is-obsolete-in-the-age-of-docker-

39fb0d28f8b6.
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COMPARATIVE ANALYSIS OF CONTEINERIZATION OF
ASP.NET CORE AND JAVA ON DIFFERENT PLATFORMS

V. Kuzyakova, T. Prokofiev
Oles Honchar Dnipro National University
kuziakova_vv@ffeks.dnu.edu.ua

At development of server software very the important stage is a choice of programming
on that development will be conducted language. On this choice a great deal depends in future.
For example, server operating system, or organization of working processes of
CI/CD(continuous integration / continuous delivery). In connection with large complication,
and often and by impossibility, to change a programming language on the late stages of
development, understanding of advantages and defects an alike server as if programming it is
extraordinarily important for a correct choice.

ACUMETPUYHE HNINOPYBAHHS JTAHUX JUIA
PEAJII3ALII B IEPCOHAJIBHUX CUCTEMAX

B. lenucko, O. BosikoBcbKuii
Hninpoecoxuti nayionanvnuu yrieepcumem imeni Oneca I onuapa
viacheslavdenysko@gmail.com, volkovskyj@ffeks.dnu.edu.ua

Cyuacha kpunTorpadisi € 0CHOBOIO KOMI'TOTepHOI Oe3neku. OCHOBHUM KOMIIOHEHTOM
kpuntorpadii € mudpyBanHsa. [loBimomneHHs mWUEQPYIOTbCS Ta PO3MMPPOBYIOTHCS 3a
JIOTIOMOT'0I0 CKJIaJTHUX aJITOPUTMIB, CTBOPEHHX KOMOIHAIi€0 1HPOPMATUKU Ta MaTeMaTHKH.
Kpuntorpadiuni cucreMu B JaHUN yac MOAUIEHI HAa JBlI OCHOBHI Taily3l JOCIHIJDKCHHS:
CHMETpUYHA Ta aCUMeTpUu4Ha Kpunrorpadis.[1]

['onoBHA BIAMIHHICTH ACUMETPUYHMX AJTOPUTMIB IIM(PPYBaHHS - BUKOPUCTAHHS JIBOX
KJIFOYIB: BIJJKPUTOTO 1 3aKpUTOro (0coOucToro). BiakpuTuil K04 BUKOPUCTOBYETHCS IS
mu@pyBaHHs, a IpUBAaTHUH i nemndpyBanHsa. Kitoul GopMyroThCst pa3oM 3a aJropuTMoM
reHepaiii KJto4iB. 3Hal0YM OMH KJII0Y, 32 PO3yMHUH Yac, He TOBUHHO OyTH MOJIMBUM 3HANUTH
npyrui. Tooto, Oyab-siKa JAr0AMHA 3 BIIKPUTUM KIIFOUEM MOKe 3andpyBaTH MOBI1IOMIICHHS,
aJle TUTBKH BJIaCHUK OCOOMCTOTO KITF04a MOXKEe po3mudpyBaTh iHoro.[2]

KoxeH 3 1BOX TUIIB allTOPUTMIB Mae CBO1 nepeBaru i HeJjoiku. OCHOBHUM HEJOJIKOM
CUMETpUYHOro MmudpyBaHHI € Tpobiema po3moaury KiatouiB. OCKUIBKM IS TPSAMOTo 1
3BOPOTHOTO KPUNTOTPa(igHOTO MEpEeTBOPEHHS BAKOPUCTOBYETHCS OJIH KJII0Y, TO BiH TOBHHEH
OyTH mepenaHuil BCiM, KOMY MOTpiOEH JOCTYH, a L€ CTBOPIOE MEBHI PU3MKH 13 3aXHCTOM
iHdopmanii. Ane JaHUN Kjac aJrOpUTMIB Ma€ HACTYNHI MepeBaru: Habarato IIBHALIE
ACUMETPUYHOI0 1 BUMAra€ MEeHIIOi OOUNCITIOBAIbHOI OTYXHOCTI. Y CBOIO Yepry HepeBaroro
ACUMETPUYHHUX AQJIFTOPUTMIB € BHUPIMIEHHS NOpoOJeMU po3MOALTY KIIIOYIB, 3a paxyHOK
3aCTOCYBaHHA JIBOX KIIIOUIB, SIK OyJI0 CKa3aHO paHime. AJe, sk MU 3'sICyBajld, BOHH Ha0ararto
HOBIJIBHIIIE, TOMY [0 BOHH MOTPEOYIOTh 3HAYHO OiIbIITY KiNBKIiCTh omnepaitiit.[1,2]

Haii0inp1 momysisspHUM alropuTMOM acUMETpUYHOI Kpunrorpadii € aaroputm RSA
(abpeBiatypa 3 mpi3Buml po3poOHuKiB Rivest, Shamir i Adleman) - kpunrorpadgidaumit
QITOPUTM 3 BIIKPUTHM KIIIOUEM, 3aCHOBAaHUI Ha TpyAHOIIAX (haKTOpH3allii BEIMKHX LIIHX
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gucen. lled anroputM cTaB mepmUM NPUIATHAM 1 s mU@pyBaHHA, 1 I 1TUGPOBOTO
nianucy.[2]

VY kpunTtorpadiuHUX CUCTEMaXx 3 BIAKPUTUM KIIFOUEM KOXKEH YYACHUK MA€E K BIAKPUTUM
KJIIFOYEM, Tak 1 ocoOucTuii kimod. Y cuctemi RSA koskeH 3 KITI0YiB CKIIAJaeThCs 3 Mapy LIJTHX
yucen. KoxkeH y4acHUK CTBOPIOE OCOOUCTHH 1 BIIKPUTHH KIFOU1 caMOCTiiHO. OcoOUCTHI KITHOY
KOXKEH 3 HUX TPUMA€E B CEKPETi, a BIAKPUTUN KIIIOY MOXKHA ITyOJIKYyBaTdh Ta TMOBIJOMIISTH.
Biakputuii 1 0cOOMCTHI KITIOYI KOXKHOTO YYaCHHUKAa YTBOPIOIOTHh «Yy3TO/DKEHY Mapy», TOOTO
BOHH € B3a€EMHO 3BOpOTHHMHU.[1]

B ocHoOBy kpunrorpadiuHoro cucreMu 3 BIOZKpUTHM KirodeM RSA mokianeHa
CKJIAaTHICTh 3aBAaHHsA (pakTopu3amii IBOX BEIMKUX MNpocTuxX uucen. s mmdpyBanHs
BUKOPHUCTOBYETHCSI OMEpallis IMiJHECEHHs 10 CTENeHs 3a MOAYJeM BelUKOoro yucina. s
nemmdpyBaHHS 3a PO3yMHUH dYac HeoOXimHO BMITH oOumcmioBatu (yHkmito Elinepa Bin
JAQHOTO BEJIMKOTO YHWCia, A 4YO0ro HEOOXiHO 3HATH pPO3KJIaJaHHA 4YHMCIa Ha MPOCTI
MHOXHUKH.[1,2]

Jlna peamizanii nporpaMHoro 3abesneueHHs i mudpyBaHHs Ta AemupyBaHHS 3a
JIOTIOMOT010 alropuT™My RSA B mepcoHanbHHX CHCTEMax MOXHA BHKOPHCTATH HACTYITHHIMA
Ha01p 1IHCTPYMEHTIB:

e HTML - HyperText Markup Language - MoBa rinepTeKCTOBOI PO3MITKH:
e CSS - Cascading Style Sheets - kackaui Ta0IuIll CTUIB,;

e JS —JavaScript - 00'eKTHO-OpiEHTOBaHA MOBA IPOrPaMyBaHHS:

e Python - BucokopiBHeBa MOBa MpPOrpaMyBaHHSI.

Koxen 3 00paHux IHCTPYMEHTIB Ma€ CBO€ MPU3HAUYCHHA. Tak, 3aBAsIKU MOBI PO3MITKU
HTML Bnactbcs po3pobutu ctpykTypy nporpamu. [Ipu nonaBanHi cTuiis 3a qonomoror CSS
Oyze CTHIII30BaHO CTBOPEHY CTPYKTypy. JavaScript Oyne BUKOPUCTaHUHN NSl HAJaro KeHHs
3B’SI3Ky cepBepa Ta KiieHTa. [1i7 cepBepoM po3yMIEThCS PO MPOTPaMHOTO 3a0€3MEUEHHS, 1€
10yyTh peai3oBaHi yCi po3IJIsSiHYTI BULIE aJITOPUTMH, a IT1J] KIIIEHTOM pO3yMi€Thbcs rpad iy
iHTEepdeiic mporpaMu, 3aBIsSKHU IKOMY KOPUCTYBad 3MOKE BiJJaBaTH KOMaHIM mporpami. Te
came sIpo mporpamu OyJie pealizoBaHo Ha MOBi iporpamyBatHs Python.[3]

MpadiuHui inTepdeic

— T

WwdppysaHHA leHepauin knuiB NewwndpysanHa
——p 3aBaHTaxeHHs panny ChopmoBaHi Knoyi B Teui 3aBaHTaMeHHA Ganny —
IWndpysaHHa <4——  BigkpwTuii Knioy CekpeTHwid kniow  —  [lelwndpyBaHHn
3awwndposaHwii aiin Poswwind posanuit daiin
— Bigkputuii KaHan —

Puc. 1. 3arajabHa 0J10K-cxeMa peai3oBaHOI0 MPOrpaMHOro 3ade3nevyeHHs

[1] Inaitep b. IMpuknaana kpunrorpadis. [ep. 3 anri. — M.: Paxio ta 3B's130k (1999). 696 c.

[2] IBanoB M. Kpunrorpadiuni mMeToam 3axucTy iHopMallii B KOMITIOTEPHHX CHCTEMax i
mepexax. — M.: Kyain-O6pas (2001). 368 c.

[3] Epikcon JI. Xakinr: MmuctentBo ekciuioiTa. [lep. 3 anri. — M.: ITitep (2019). 496 c.
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ASYMETRIC ENCODING DATA FOR REALIZATION IN
PERSONAL SYSTEMS

V. Denysko, O. Volkovskyj
Oles Honchar Dnipro National University
viacheslavdenysko@gmail.com, volkovskyj@ffeks.dnu.edu.ua

Cryptography is the cornerstone of computer security. The main component of
cryptography is encryption. Occasionally, it is encrypted and encrypted with the help of folding
algorithms, developed by the combination of computer science and mathematics.
Cryptographic systems in the Danish hour of submission to two main hallucinations of the past:
symmetric and asymmetric cryptography.

OCOBJHUBOCTI OIITUMICTUYHOI'O IIEPEABAYEHHSA
SHAYEHHA JHTYUJIBbHUKA ITIOBTOPEHD ®I3UYHUX
BITIPAB 11O BUXITHOMY CUT'HAJTY HEMPOHHOI
MEPEXI

IO. bpoiine
Yepracvkuii 0eparcagHull mexHoL02iYHULL YHIBepcumem
124bit@gmail.com

CporosieHHsl AUKTye HEOOXIIHICTh Ta HarajgbHICTh HMpposizauii y chepi ¢izuunHoi
KyJIbTYypH Ta cHOpPTY. ICHye HHM3Ka MiIXOJIB A0 BHUPIMIEHHS 3aJadl MiJpaxyHKy iTeparii
(bi1314HOT BIpaBH 3a BiJICONOTOKOM, 30KpeMa KIaCHYHI METOAM BKIIIOYAIOTh Y ce0e pe3yIbTaTH
JTOCJIIJDKEHHS, K1 TOYaJucs MICIS TOTO SK 3’ SIBUIUCH IU(POBI BiJeOKaMEepH, METOMIH, IO
0a3yloThCsl Ha IITYYHOMY iHTeNeKkTy [1,2]. Bonu MoxyTh mpaitoBatu oiaiiH Ta 3 AeIKUMHU
MoaudikarisimMu onnaiH. s 3actocyBaHHsS oQuiaitH METOAY Yy OHJIAH 0OpOOIll TOCTaTHRO
nepe3anyckaTtu Horo KoxeH (pikcoBaHUI BiAPI30K 4acy Ha yCiX ICTOPUUHUX JAHHX, Ta 3T1JHO
3 pe3yJIbTaTOM OHOBIIIOBATH JIYMIIbHUK, aje y OyIb-sSKOMy pa3i yci Il METOAH MOTpeOyrTh
4acy Ha OOYMCIIEHHS, 0 TPU3BOAMTS /10 3aTPUMKH 3BOPOTHOTO 3B'SI3KY /10 KOPUCTYBaya.

3a ISl YHUKHEHHS BTpaT BiJl 3aTPUMKH Ha OOYHCIICHHS MOXXHAa BHKOPHCTOBYBAaTH
MeToau TmependadeHHss curHainy. [Ipy 1poMy NOCHITOBHICTE 103 (PI3MUHOI BIpaBU €
KBa31MEePiOJUYHUM CUTHAJIOM, 1 TOMY JJIsl MepeadauyeHHs] MOMEHTY KIiHI iTepalli JOri4HO
BUKOPHCTOBYBATH CKJIQJIHUHM IHCTpYMEHTapii AJIs aHaJli3y KBa3iNnepioguyHUX MOCITI0BHOCTEH,
asie OLIBIIICTh METOMAIB Nepe0aueHHs MPU3HAYEHI /IS aHANI3y BX1JTHOTO CUTHAIY 3 HU3bKUM
piBHEM BUKHUJIIB. A y BUIIQ/IKY aHaTi3y MOCIIIOBHOCTI 103 CUTHAII Ma€ PEryJIsipHi CTATUCTHYHO
HenependauyBaHl BUKHMIM, IO HE J03BOJSE BUKOPUCTOBYBAaTH L€ IHCTPYMEHT Oe3
nornepeaHpoi 00podku. BonHouac nonepenHs o0poOka, sika MOBUHHA (HIIBTPYBATH aHOMAIIT
Ta/abo 3riaJpKyBaTH CUTHAJ Moxke OyTu 3polsieHa Ha 0a3l: moving average abo Savitzky—
Golay filter. L1i Ta G11bLIICTH IHITUX METO/IIB MONEPEIHHOI 0OPOOKH CUTHAITY MalOTh HAJTUIIIOK
JAHUX Ha KIHIX MOCHIJOBHOCTI, 110 YHEMOXJIMBIIIOE X BUKOPUCTAHHS 3 BHILE3raJaHUMHU
MeTofaMu TepeadadyeHHs, 60 HEOOXIAHICTh HAIIUINKY MaHUX MPHU3BOIUTH /0 3aTPUMKHU
IPONOPLIHHOI JOBKUHH HAJJIUILKY.
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ABtopoMm [3] aBTOpOM 3ampOIOHOBAHO HOBHH METOJl aHaJi3y BHUXIJHOTO CHUTHAITY
HEHpPOHHOI Mepexi, L0 OLIHIOE IOJIOKEHHS JIIOAUHM Yy HPOCTOpi, NUISIXOM BUKOHAHHSA
HiipaxXyHKy TOBTOpPEHb BIpaBH "mpHcinaHHA". B OCHOBI LIbOrO METOAY JICKUTh MAaIIHHA
CTaHIB, KA I0JIA€ OAMHUIIIO J0 JIYMIbHUKA TOBTOPEHb Y MOMEHT 3aKiHYCHHS [IUKITY BIIPABH.
BripoBaykeHHs 11bOr0 METOAY Ha MOYATKOBUX €Tanax alroOpuTMy aHajli3y BIPaBU JOIOMOXE
y MOAAJTBIIOMY PO3POOIISATH CUCTEMH, 10 MEPEBIPAIOTh TEXHIKY MPUCIIAHHS Ta JOMOMAararmTh
CIIOPTCMEHAM 1 TPEeHEepaM I Yac TPEHYBaHHs, a TAK0X HAYKOBISIM y cdepi O10MEeXaHIKH i
yac iXHbOI MpodeciiiHol MisUTbHOCTI. BiIMIHHOIO PHUCOI0 JAHOTO METOIY € CTIHKICTh K JI0
BUKHU/IIB BXIJJHOI'O CUTHAITY, TOOTO HENPaBWJIBHUX PE3yJIbTaTiB PO3MI3HABAHHSA 103U JIIOAUHU
HEHPOHHOIO MEPEXKEI0, TaK 1 10 PyXiB JIIOJUHHU, SKi HE HAJIEXKATh 10 BIPaBU 0€3M0CEepeTHBO.
OKpiM LIbOT0, 3aCTOCYBaHHS L[bOTO METOAY A0 aHali3y CUTHAIy HEMPOHHOI MEpexi J1a€ 3MOry
IO€HATH MO3UTUBHI SKOCTI, BJIACTHBI HEHPOHHUM MepeXkaM, BHKOPHCTOBYBAaHUM B
KOMIT FOTEPHOMY 30pi (ZIOIyCTUMICTh BHCOKOi BapiaOenbHOCTI omsary 1 OHY), 1 MO3UTHBHI
SKOCTI aHAJNITHYHUX Ta aJTOPUTMIYHUX METOMIB (JIeTKAa IHTEPIPETOBAHICTh pPE3yJNbTATiB,
3py4YHE HaJaro/PKEHHsS, MOXIIUBICTh BUKOPUCTAHHS IPEAMETHOIO JOCBIJy CIELIaNICTIB Iis
migoopy mapaMeTpin).

MeToa ONTHMICTUYHOTO TependaueHHsl KiTbKOCTI iTepamiii (i3u4yHOi BIpaBH 3a
BUXIJJHUM CUTHAJIOM HEUPOHHOT Mepexi oliHIo€e 3d MOoJ0KEHHS JII0IMHU 0 OJTHOMY BiJIc0, Ha
MPHUKIAJI BOpaBH "MPUCINAHHA", IJIT MOMJIMBOCTI IMIUIEMEHTAIIl CHCTEM 3 MOMEHTAJILHUM
3BOPOTHIM 3B'I3KOM ISl KIHIIEBOrO KOpHCTyBada. Ha BXOIi cHCTEMH, OYIKYEThCS
HOCJII0OBHICTh TPUBUMIPHUX KOOPJMHAT KOXKHOTO CyIJ100y J1toiuHU. [Ipu 1bOMY CUTHAII MOXe
OyTH OTpMMaHUH 3 KJIACUYHUX cUCTeM TakuX, sk MoOCAP cuctemu 3acHOBaHi Ha TipocKomnax
(Xsens), abo Ha aHaJIi31 CTaHy MITOK 3 IeKiTbKOX Kamep (Vicon), a Takoxx Ha RGB-D cencopax
(Kinect). Anaini3 curhany, mo 0a3yeTbCsi Ha MiAPaXyHKy HOBTOPEHb BIPaBH, 3 Cy4acHOI
HEHpPOHHOI Mepexi € OIbII CKIaJHUM 3aBJaHHSM, HDX aHalli3 CUTHATY 3a KJIACHYHOIO
cucreMor0, 00 Ha MOCT/DKYBaHWH MOMEHT TAaKHi CHTHAJl € MEHII TOYHHM, a TaKOX
CTaTUCTHYHI XapaKTEPUCTUKN BUKUIIB TAKOTO CUTHATY HE MAalOTh MaTeMaTU4HOI Mozemi. s
aHaJlizy TaKoro 0araTOBUMIPHOTO CHUTHAly, SK HOCTIJOBHICTh 03 JIIOJUHH, MHOTPIOHO
po3poduTH CUCTEMY, SIKa MPOBOJUTH Bi3yajbHE MpeicTaBieHHs curHainy. Came BizyajbHe
NPEJCTaBICHHS 1103 JIOAWHM Yy TPOCTOPl MiA PI3HUMU KyTaMH CIIOCTEpEeXeHHs OyIio
po3po0IIeHO Ha OCHOBI MOBH ITporpamyBaHHs Python3 Ta makety matplotlib, a ans nigpaxyHky
IPHCiIaHb BUKOPUCTOBYETHCSI MAIlIMHA CTAaHIB 13 MPOBEIEHOr0 paHimie pocaipkeHHs [3]. [lpu
[bOMY, TPaH3aKI[il MalllMHU CTaHIB BiAOYBAIOTHCS IIPU 3MiHI1 KJIacy MO3H.

JlocItipKeHHS! IPOBOIMITUCS 3@ PaXyHOK IOPIBHSHHS MOMEHTY J10/1aBaHHs OJMHHULI 10
JYNIbHUKA JIOIMHOIO, Ta 3alPOIIOHOBAaHUM METOJIOM. BUSBMIIOCS, 110 MOMEHT 1HKPEMEHTY
JTYMIPHAKA TPAKTUYHO CIIIBIIAJa€ y JIOJWHU TPEHEpa Ta y 3alpOINOHOBAHOTO METOIY
ONTUMICTUYHOTO MepeadadeHHsl KUIbKOCTI iTepauiid. BinmmiHHOCTI Oyno 3HaiijeHo juiie y
¢dinanpHOMY Kpoli Metoay. JloguHa He BMIIpaBIsUla JUMIBHMK Yy pa3i HEBIPHOI BIIPaBH.
3aMicTh LIbOTO BOHA MTOBTOPIOBAJIA 3HAYEHHS JIYUIBHUKY IT1]1 YaC HACTYITHOTO IHKPEMEHTY .

Buxonsuu 3 pe3ynbTariB MPOBEACHOTO JAOCTIIKEHHS MO>KHA 3pOOUTH BHCHOBOK, IO
ONTUMICTUYHE Iepea0ayeHHs 3HAYEeHHs JIYWIbHUKA MOBTOPEHb MOXKE BHKOPUCTOBYBATHUCS
JUIs iMiTaIii MOMEHTaJIbHOI OOpOOKM cHurHamy 3 HeHpoHHOiI Mepexi. lled mimxim moskHa
BUKOPHUCTOBYBATH TAKOX JJIsl epe0aueHHs KIJIbKOCTI MOBTOPEHB 1HIINX 1TepaTUBHUX BIPAB,
iTeparis SKUX TpUBae Ouble CeKYyHIH (Y BUMAIKy KOPOTKHX ITepaliil — nepeaoayeHHs He Mae
CEHCY).

[1] Bruno Ferreira, Pedro M. Ferreira, Gil Pinheiro, Nelson Figueiredo, Filipe Carvalho, Paulo
Menezes, Jorge Batista (2020): Exploring Workout Repetition Counting and Validation
Through Deep Learning, ICIAR 2020.
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[2] Debidatta Dwibedi, Yusuf Aytar, Jonathan Tompson, Pierre Sermanet and Andrew
Zisserman (2020) Counting Out Time: Class Agnostic Video Repetition Counting in the
Wild CVPR '20.

[3] Bpoiina 0. KinbkicHuii MeTO po3paxyHKy HaOJIM)KEHOCTI BIPAaB Ha OCHOBI BHUXIJIHOTO

CUTHAJTy HEMpOHHOI Mepeki. YTpaBliHHS PO3BUTKOM ckiaaaHux cuctem. 2020. 44. C. 65-
69, dx.doi.org \ 10.32347/2412- 9933.2020.44.65-69.

FEATURES OF THE OPTIMISTIC PREDICTION METHOD
FOR VALUE COUNTER OF PHYSICAL EXERCISES
REPETITIONS ON THE OUTPUT SIGNAL OF THE NEURAL
NETWORK

J. Broyda
Cherkasy State Technological University
124bit@gmail.com

In recent years, due to the rapid development of artificial intelligence systems and
computer vision new neural network architectures appeared, which main function is to assess
the three-dimensional posture of a person on one video stream. Posture assessment, signal
analysis, and result generation for the end-user inevitably take some time, while in some cases
the end-user needs immediate feedback. Features of optimistic prediction are based on the
number of repetitions of the exercise until the end of a specific iteration of the exercise during
the analysis of the output signal of the neural network, which evaluates the three-dimensional
position of the person. This method is based on the addition of the exercise iteration counting
state machine. This addition increments the counter in the middle of the exercise and performs
the decrement if the exercise is declared invalid after the end of the exercise. Application of
this method in algorithms of the analysis of exercise will allow emitting number of exercise
repetitions without delay as the human coach does.
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OYHKHIOHYBAHHS KOMIPIOTEPHUX MEPEXK
IEEE 802.11 3 BUCOKOIHTEHCUBHUM TPA®IKOM Y
BUPOBHNYUX YMOBAX

B. Xangeubknuii, /. Cisuos, K. I1anin
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
v.khandetsky@gmail.com, sdp31415@gmail.com

Bukopucranns komi totepHux Mepex cranaapty IEEE 802.11 (Wi-Fi) y tenepimniit
4ac IHTEHCUBHO MOIIMPIOETHCS B PI3HOMAHITHUX c(epax AisIIbHOCTI CyCIUIbCTBA, B TOMY YUCII
Ha BUPOOHMITRBI. 3’SABIAIOTHCSA 1 aKTUBHO BIPOBAKYIOTHCSA TEXHOJOTII 1m’satoro (802.11ac) i
mroctoro (802.11ax) mokomiHb 3 (Pi3UYHUMHU IBHIKOCTSIMHU, K1 BiIIOBITHO HAOIMKAOTHCS 1
nepeBuiyoTh 10 ['6it/c. [HTeHCHUBHICTD Tpadiky B Mepexkax MOCTIHHO 3pOCTae 3aBASKU K
301IbIICHHIO Tpadika KOXKHOI OKpeMoi CTaHIii (KOKHOTO KOpPHCTyBaya), Tak 1 301IbIICHHIO
KUTBKOCTI CTaHINH, MPaOYNX 3 OJHIEID TOYKOK JaocTymy. [Ipu 1boMy, BHACIiTOK
BUKOPUCTAHHS 3arajbHOr0 CEpelloBMILA Iepeladl JaHUX, CYTTEBO 3POCTA€ IHTEHCUBHICTH
KOJTI31H, 10 Y B1IMOBIAHOCTI 3 AIFOYMM MPOIIECOM KOHKYPEHTHOT'O IOCTYITY, IKUH pealizyeThCs
13 3acTocyBaHHAM po3moiieHoi koopauHatHoi ¢yskmii (DCF) Ta anropurMom 3amobiransas
kouriziii CSNA/CA, npuBOIUTh 10 3HMXKEHHS IIBUAKOCTI Iepeaadi iHdopmariii.

TeopeTnuHi MOIOKEHHS, SKI OMUCYIOTh (DYHKIIIOHYBaHHS TAKMX MEPEX, po3poOiieH] B
pobortax [1,2] Ta po3BuHyTIi B psai iHmmx [3]. BoHm 0a3yroTbcs Ha BHKOPUCTAHHI
MaTeMaTHYHOTO amapaTy MapKOBCbKHUX JaHItoroBux mopenei. IIpu npomy DCF mexanizm
30iraeTbcst A0 CTaOUIBHOTO CTaHy MpPU HACHYEHOMY HaBaHTa)XCHHI, TOOTO MaKCHMaJbHO
MOYKJIMBIN IHTEHCHUBHOCTI Tpadika KOXKHOI cTaHIii. B HesBHiN (popMi BU3HaYeHA IMOBIPHICTh
yCHilHo1 nepeaadi ppeiima cTaHIliero 10 TOUYKH TOCTYIY Ta IMOBIPHICTH KOMi3ii B 3aJI€KHOCTI
B1JI KIJTKOCTI OJJHOYACHO MPAIIOIOUMX CTaHIlIi. BiAMOBIAHO 10 1IHOTO OEp>KaHO BUPA3 MO0
CMYTH ITPOIYCKAHHS MEPEXI.

[Ipu posropranHi 6€3ApOTOBUX MEPEX B 1I€XaX BUPOOHUUUX MIJIPUEMCTB 3 BUCOKUM
PIBHEM NPOMMCIIOBUX 3aBaJl 3HAYHO 30UIbIIYETHCS IHTEHCUBHICTh O1ToBUX noMuiok (BER) B
KaHami nepenayi. PesynbraToM € 30UMBIIICHHS BUIAIKIB BUKPUBIEHHS 1, BIAMOBIAHO, BTpAT
iHdopManiiHUX (peliMiB B Mpoleci nepenayi, sKe, B CBOIO 4YEPry, 3MEHILIYE IPOIMYCKHY
3naTHICTb. Llelt edekT mocuiaroeTbess y BUCOKOUIBHIKICHUX Mepexax. [IpoGnema mossrae B
oOMexeH1! 3/110HOCTI aNroOpUTMIYHOI MiITPUMKH CIIPABUTUCA 31 CKIIAJHICTIO O€3ApOTOBOTO
cepenoBuIna nepenayl iHGopmallli BHACTIJOK 3aracaHHsl CUTHAJIIB, KOJI31i (PpeiMiB, BIUTUBY
BHYTPIIIHIX 1 30BHINIHIX MPOMHUCIOBHUX 3aBajJ. KopucryBaueBi mpuctoi Mepexi HE MOXKYTh
BIIOKPEMUTH OAMH TUII BTPAT BiJ] 1HIIOTO, TOMY IIO CUMIITOMH € OJJHAKOBUMH 1 MOJIATAIOThH Y
BIJICYTHOCTI MiATBEP/PKEHHS YCIIIITHOTO MpUiloMy (peliMa BiJf TOUKHU JOCTYITY.

Mertoto Hamoi poOOTH € PO3BUTOK ICHYIOUMX TEOPETHYHHUX IOJIOKEHb B HAIMPIMKY
CTBOPEHHSI MOJIeNi, sika O 03BOJISUIA OJHOYACHO BpPAxXOBYBAaTH BIUIMB SIK IHTEHCHBHOCTI
Tpaiky Tak i piBHS 30BHILIHIX 3aBaJl HA MPOITYCKHY 37aTHICTh 0€37]pOTOBOI Mepexi. 3HaAUYHUN
NPaKTUYHUN 1HTEpeC MpeJICTaBIIsse€ PO3pOoOKa OOrPYyHTOBAHUX MPOIO3UIIIH 111010 30epeKeHHs
JOTTYCTUMOTO PIBHS HIBHJAKOCTI Hepenadi iH(opmalii nmpu 3Ha4HIA 1HTEHCHUBHOCTI Tpadika
Mepexi, po3ropHyTOi O6e3rmocepeIHbO Ha BUPOOHUIITBI, B YMOBAaX BHCOKOT'O PiBHS 3aBa, 110
BinmoBimae 3nauennsm BER=5-10"° - 10™*.

B cBoix gocmimkeHHs X MU 0a3yBalMCh HA BUKOPUCTAHHI TUCKPETHOTO Y Yaci rayCoOBOTO
KaHay 0e3 mam’sTi. B Takomy kaHami OITOBI NOMWJIKM € HE3aJCKHUMH 1 OJHAKOBO
PO3MOAUICHUMH T10 po3psiax Gppeimy.
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Ha ocHoBI BuIIlecka3zaHOTO 0/1epKaHO BUPA3 I MIPOITYCKHOT 31aTHOCTI S MEPExKi, sKa,
npu psani (HIKCOBaHMX IMapaMeTpiB, BU3HAYAEMHX KOHKPETHOIO crenudikaiiero CTaHaapTy
IEEE 802.11, sBHO 3ajeXUTh BiJ KIJIBKOCTI OJIHOYACHO MPAIIOIOYHMX B PEKUMI HACHUCHHS
CTaHLI{ N, IHTEHCUBHOCTI (IMOBIpHOCT1) OITOBMX MOMUIIOK Py Ta JOBXKHUHU OIS JaHUX Ppeimy
L. Bixmosigmi 3amexHoCTi po3paxoBaHi 1is 3HadeHb Bin Pp=10°, mo xapaktepusye
MiJBUILICHUN PIBEHb 3aBaj, 10 Pb=10"*, 110 € MOKa3HUKOM BHCOKOTO piBHs. [Ipu mmpomy st
L=12000 6it BesinunHa S MpakTHYHO AOPiBHIOE HYIIO TpH N=80. 3HaYeHHs S 3aJIEKUTh TAKOK
Bil BiJl IOYaTKOBOI BEJIWYMHU KOHKYpeHTHOro BikHa Wop, sKke BHU3HAYa€ CTYIiHb
BIITEPMIHYBaHHs Tiepenadi (GpeiMy 3rigHO YCEUYEeHOMY EKCIIOHCHIIIHHOMY JIBIHKOBOMY
anmroputmy. 36inemenas Wo Bim Wo=16 nmo Wo=32 npus3BoguTh 10 CYTTEBOrO (IEKiTKa
JIECSATKIB MPOIICHTIB) 3MEHIIIEHHS MAaKCUMaJIbHUX 3HAYEHb S MPpHU Pi3HHUX Ph.

3MEHIICHHS! JIOBXHMHU (peiiMy 3HMXKY€E IMOBIPHICTh HOro MOMIKO/PKEHHS Pt
30BHIIIHIMY 3aBagamMu. J{0CiiKeH] 3aJIe)KHOCTI IPOITYCKHOI 3[aTHOCTI MepexXi S BT KUTBKOCTI
OJIHOYACHO TPALIOIYMUX CTAHIM N MpU 3MEHIIEHHI AOBXKWHU Mo maHux Qpeiimy L Bin
L=12000 6iT mo L=2000 6ir. ITokasano, mo npu piai BER=10*1i L=12000 6itr Pr=0,7 i
MaKCUMaJIbHE 3HA4eHHS Smax—13,73 MOit/c (npu ¢izuyHiii mBuakocti 54 MOIT/c), a npH
L=2000 Git P 3Hmxkyetbecst 10 P=0,18 1 Smax=5,09 MO0it/c. 3HnkeHHS S 00yMOBIIIOETHCS
IiIBUIIEHHSM BiJIHOCHOI Bard HaKJIaJHUX BTPAT 32 paXyHOK HE3MIHHOCTI 00CSTY CIIy>kKO0BOT
iH(dopmaliii, sika 3abe3nedye npoiiec nepeAadi. Ha Hamy 1ymKy migBUIIUTH 3HAYEHHS S mpu
dparmenTarii ¢ppeiiMmy MOXKHA NUIIXOM 3MEHINEHHS KutbKocTi kBUTaHmiin ACK Big To4ku
JOCTYITY 3 BiMOBITHUM CKOPOYEHHSIM MDK(PEHMOBHX 1HTEPBAJIiB.

[1] Bianchi G. Performance analysis of the IEEE 802.11 distributed coordination function.
IEEEE Journal on Selected Areas in Communications. VVol.18, No.3 (2000). P. 535-547.

[2] Tinnirello 1., Bianchi G., Xiao J. Refinements of IEEE 802.11 distributed coordination
function modeling approaches. IEEE Transactions on Vehicular Technology. Vol.59, No.3
(2010). P. 1055-1067.

[3] Khandetskyi V.S., Sivtsov D.P. Performance analysis of IEEE 802.11 networks. System
Technologies. No.1(120) (2019). P. 156-163.

THE FUNCTIONING OF COMPUTER NETWORKS IEEE
802.11 WITH HIGH TRAFFIC IN INDUSTRIAL
ENVIRONMENTS

V. Khandetskyi, D. Sivtsov, K. Panin
Oles Honchar Dnipro National University
v.khandetsky@gmail.com, sdp31415@gmail.com

The results of the study of the developed mathematical model, which allowed
simultaneously taking into account the influence of traffic intensity and the level of external
interference on the Wi-Fi network throughput, are presented. It was found that at the BER=10
% level, when the frame data field length decreases from 12000 to 2000 bit, the probability of
frame distortion decreases from 0,7 to 0,18, and the maximum throughput value decreases from
13,73 to 5,09 Mbps at the physical rate of 54 Mbps.
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WEB- T1OAATOK JJ151 BUMIPIOBAHHS PO3MIPIB I
1ol OB’€EKTIB IUPPOBUX 30BPA’KEHD

O. IBon, B. Ictymkin, P. lllepmiaboB
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
aii_vel93@i.ua

B Haymi i TexHill BUHUKA€E 3a/1a4a BUMIPIOBAHHS 3 BUCOKOIO TOUHICTIO T€OMETPHUYHHUX
napameTpiB (po3MipiB, IJIOIII) MUIAHAPHUX 00’ €KTIB HEBEIMKUX po3MipiB. Jlo Takux 00’ €KTiB,
30KpeMa, BIIHOCATHCS €IEMEHTH TOMOJOTi] IHTETpaJIbHUX CXEM, EIEKTPOAN MAlIUX PO3MIpiB,
Tomo0. BuMiproBaHHs TakuX 00’€KTIB HE MOJKJIMBO 3IHCHUTH 3a JIOIIOMOTOK MIKPOMETPIB.
3Ha4YHI MOYJIMBOCTI ISl PO3B’A3aHHS IIi€i 3a1a4i HAAaTh pacTpoBi (HdpoBi) 300pakeHHS,
OTpHUMaHi 3a J01moMoro 1udpoBoi hoToKaMepH 3 BUCOKHM PO3IIIeHHM [ 1].

Jlana po0OoTa mpucBsiueHa po3poOIli MPUKIaIHOT0 WED- 101aTKy, mpu3HaAUYEHOro IS
BUMIPIOBaHHS 3 BHCOKOI TOYHICTIO PO3MIpIB 1 IJIONI IJIaHAPHUX OO’€KTIB 3a JaHUMH
CKaHyBaHHS 1X KOOpAWHAT Ha H(POBOMY 300paskeHHi.

Jlogarok crBopeHo 3acobamu moB HTML, CSS, JavaScript i Texuomorii Canvas. Bin
peaitizye anroput™ 00poOKHu nuPOBUX 300pakeHb, M0 CKIIAA€THCSA 3 HACTYITHUX eTamiB: 1).
3aBaHTa)KeHHSI 300pa)keHHS J0 BikHa Opay3epa 1 BOYIOBYBaHHS MHOro B MOJOTHO [
3a0e3nedeHHs] MOYKIJIMBOCTI BUKOPHCTaHHS 3aco0iB TexHouorii Canvas. 2). MacmrabyBaHHS
300paxenHs. 3). CkaHyBaHHS KOOPAMHAT O00’€KTy, BUKOHAHE BIIMOBIIHO Mapamerpy, IO
BUMIPIOETRCS. 4). PO3paxyHOK 3HA4YCHHS Mapamerpy, abCONFOTHOI 1 BIIHOCHOI TOXUOKH HOTO
BUMIpIOBaHHs. 5). BUBeIeHHS pe3y/IbTaTiB B IPUXOBaHi Mot hopM Web-cTopiHKH.

Texnonoris Canvas BUKOpUCTaHAa B JOJATKy Ui Bi3yawi3amii TOYOK (TIiKCeIiB)
U (POBOro 300pakeHHs, B IKUX KOPHCTYyBau BUKOHAB CKaHyBaHHs KOOpauHat. s 1boro 3a
JIONIOMOT0K0 Tery <canvas></canvas> cTBopeHo mojoTHO po3mipamu 5000x4800 mikceriB.
Benuki po3mipu MonoTHA J03BOJSIOTH Iporpami (AJ1s MiABUIICHHS TOYHOCTI BUMIPIOBAHHS)
30UIBIIYBAaTH PO3MIpHU 300pakeHHs 0€3 BUXOy 00’ €KTY, IO BUMIPIOETHCS 32 MEXI1 MOJIOTHA.

[Mepmmii eran 06poOku 1HppoBOro 300pakeHHs 3abe3neuye noie popmu tuimy «filey,
CTBOpEHE Ha BeO-CTOpIHIl JIOJAaTKy 1 CKPUOTH 3 BIACTHBOCTAMHU 1 METOJaMU 00’ €KTYy
FileReader mus 3aBanTakeHHs 300pakeHHsI 10 BikHa Opay3epa i BOyIOBYBaHHsS HOTro B
nojotHo merogom drowlmage() o6’exty Canvas. Ha erami maciraOyBaHHS MPaIfoOTh
CKPHIITH, IO JIO3BOJISIIOTH KOPUCTYBady OOpaTH OJMHHMIIO BHMipy MM ab0 UM, BUKOHATH
CKaHYBaHHS MacCIITaOHOTO BiJIPi3Ky 1 pO3paxyBaTH MacIITad Ha MiJCTaBl JAHUX CKaHYBaHHS
Ta JOBXXMHU MacIITaOHOTO BIJIPI3KY, Ky KOPUCTYBayd yBOJIUTH A0 BIMOBIAHOTO MOJIs GOPMH.
OckinbKM MacmTad 3aJa€eTbcs B OJUHMIAX MM/IIKCEIb a00 UM/MIKCENIb, WOTr0 3HAYEHHS
(GakTUYHO BH3HA4Ya€ aOCOJIOTHY MOXMOKY BUMIPIOBAHHS JIOBXKHHH, OCKUIbKM CKaHYBAaHHS
KOOpJMHAT B110yBa€ThCs 3 MOXUOKOIO 1 MiKCeNb.

Ha tperbomy erami ajiroputMmy, micis OOpaHHS KOPUCTyBaue€M TI€OMETPUYHOIO
napamerpa, SKuid OyJe BHMIpIOBATHCS, MPAIIOIOTh CKPHIITH ISl CKaHyBaHHS KOOPIMHAT
00’€KTy 1 pO3paxyHKy Ha MiJCTaBi pe3yNbTaTiB CKaHyBaHHA Ta MacIITa0y reOMEeTPUYHOIrOo
napameTpy, U0 BUMIPIOEeThbCs. Pe3ynbTaTi BUMIPIOBaHHS BUBOJATHCS Y IPUXOBaHI M0JIs GopM.
CkaHyBaHHs KOOPJMHAT 3a0€3MeUy€eThCs MIUIIXOM KJIallaHHS KOPUCTYBadeM JIiBOIO KJIaBillIeto
MUl B 00paHiil Toull 300pakeHHs. 3UNTyBaHHS KOOPAUHAT MiKcess BiAOYBAETHCS 3a MOIIE0
MOUSEUp 3 BUKOpHCTaHHSIM BiacTuBocTeil pageX i pageY oO’ekty event mou JavaScript.
Touku, B SKMX BUKOHAHO CKaHYyBaHHS KOOpIMHAT, BiAMIYarOThbCs 3acobamu Canvas Oimum
KPYXXKOM pajilycoM 5 MiKCeNiB 1 3’€JHYIOThCS Mk COOOI0 MPSAMUMH JIiHISIMH TOBIIMHOIO 2
HiKCes.
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Ha puc. 1, mokazano Burisg BeO-CTOPIHKOI JOJATKy Ha 3aKIOYHOMY €Tarri
BUMIPIOBaHHI IJIOLI CPIOHOTO €JIEKTPOJLy Majloro po3Mipy Ha MOBEPXHI OKCHIHO-IIMHKOBOTO
Bapucrtopa. [Ipu BuUMipIOBaHHI TUIONII CKaHyBaHHS Bi1IOYBA€THCS B3JIOBXK KOHTYpPY OO0’ €KTY.
[Tnoma po3paxoByeTbes 3a hopmysioro I'ayca Ha migcTaBi 3Ha4YeHb CKAHOBAHUX KOOPAWHAT.

s .
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36inNbWUTH PO3MIpK
3MEHLWINTU PO3MIpH

Puc. 1. CKlellIOT 3 Web CTOleKOl{) A0AATKY AJIsd BI/[MlplOBaHHﬂ reOMEeTpuIHHUX napaMeTpm
IVIAHAPHUX 00’eKTiB pacTpoBux 306[)3?](6]—]]) Ha 3aKJII0YHOMY erami BPlMlplOBaH]-[ﬂ l'[.]'lO[Ill

[HcTpymentapiit mporpamu (puc. 1) ckiamgaeTses 3 YOTUPHbOX OoKiB. brok imaukarii
MOTOYHMX KOOPAMHAT KypCcopy pO3TalllOBaHO Y JIIBOMY BEpXHbOMY KyTl BikHa Opay3epa. biok
3 moneM QopMu THIy «dailil» 1 KHONKOI «3aBaHTAXUTH» BHUKOPHCTOBYETHCS IS
3aBaHTaKEHHS 300paxkeHb. biok 0OpoOKM MICTUTH KHONKHU JJi1 MaciiTaOyBaHHs, OOpaHHs
reOMETPUYHOTO MapaMeTpy, KOPEKIii pe3ybTaTiB CKaHYBaHHS 1 OYMCTKU MOJOTHA. B HIkHIN
HOro 4acTWHI € IyCTe€ IoJie s BHUBOJY IPUXOBAaHUX OJIOKIB PI3HUX eTamiB OOpoOKH.
YerBeptuil ONOK NpPU3HAYEHO Ui YIpPaBIiHHA po3MipamMu 300paxeHHs. [loxuOka
BUMIPIOBAHHS 3MEHIIYETHCS MpPHU 30UIbIIEHHI pO3MipiB. Y BUNAAKY Ha puc. 1, 3aBAsKH
3011bIIEHOMY PO3Mipy 300pakeHHs, a0COI0THA MOXMOKA BUMIPIOBAHHS JOBXKUHM CKiIajae 9,7
LK/TIIKCENb, a BiIHOCHA MOXMOKa BUMIPIOBAaHHS Mol enekTpony + 1,7 %.

[1] Ivon AL, Istushkin V.F., Lischenko A.A. Measurement of geometric parameters of plane
figures in raster image / Cucremni Textosorii. 2016, Bum. 1 (102), c. 24-28

WEB-APPLICATION FOR MEASURING THE SIZE AND
AREA OF DIGITAL IMAGES OBJECTS

A. lvon, V. Istushkin, R. Shershnov
Oles Honchar Dnipro National University
aii_vel93@i.ua

An applied web-application for measuring with high accuracy the size and area of digital
images objects is presented.
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TECTYBAHHA ITIIKCEJIIB HU®POBUX 306PAKEHD

O. IBon, B. Ictymkin, 0. KpukyHenko
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
aii_vel93@i.ua

Pactpogi (1iudpoBi) 300paxeHHs € 3aco00M o1udpoByBaHHS Bi3yasibHOI 1H(pOpMAITii.
Bonu, 30kpema, 103BOJISIIOTH Ha MiCTaB1 OCHMIOTPaM, OTPUMAHUX 32 IOTIOMOT'00 aHAJIOTOBUX
ocuuiorpadis, BUMIPSTU apaMeTpy eEKTPUYHUX CUTHAIIB 3 TOYHICTIO, 1110 HE IOCTYMAEThCS
nudpoBum ocrmiorpadam [1]. BumiproBanus napamerpiB 00’€kTiB HHUGPOBUX 300paKeHb
31MCHIOETHCS Ha MI/ICTaBl JAHUX CKaHyBaHHS iX KOOpJAMHAT. Take ckaHyBaHHS BiJ0OyBa€ThCs
3 ypaxyBaHHSM KOJIbOpPY IIKCENiB MU(PPOBOTO 300paxkeHHs, skui 3amaeThess RGB-komom.
3HayH1 MOXJIMBOCTI JJIsi TECTYBaHHS KOJIbOPY MiKCENiB Ha/lalTh 3acobu TexHosnorii Canvas,
siKa BUKOPHCTOBYETBHCSI JUIsi peaiizaiii BeKTopHOi rpadikum Ha Web-cropinkax HTML
JIOKYMEHTIB.

Jlana po0OoTa mprcBsiueHa po3poOIli MpUKIaIHOr0 WeD- 1oaaTky, mpu3HaueHoro is
TECTYBaHHSI KOJbOPY MiKCeliB HU(PPOBUX 300paKeHb.

Jlonarok crBopeHo 3acobamu moB HTML, CSS, JavaScript i Texuomorii Canvas. Bin
pealtizye alropuTM oOpoOku HUPPOBUX 300paKeHb, SIKUN CKIAJAEThCS 3 HACTYITHHUX ETaliB:
1). 3aBaHTaXCHHS pacTpPOBOro 300pakeHHs 10 BikHA Opaysepa; 2). BOymoByBaHHS
300paskeHHs B ITOJIOTHO IS peatisaliii 3acodamu Texnosorii Canvas BekropHoi rpadiku.  3).
PucyBaHHs Ha MOJIOTHI y BEPTUKAIBHOMY HAIMPSAMKY BiJpi3Ky HpsAMOi JIiHIi TOBIIKMHOMIO 1
HiKcelb, B3JJOBXK sIKOi OyJZile BUKOHAHO TECTYBaHHS KOJbopy mikcelni; 4). CkaHyBaHHS KOJIIB
0a30BUX KOJIHOPIB (UEPBOHOIO, 3€JIEHOTO 1 CHHBOI0), 1110 CTBOPIOIOTH KOJIP KOXKHOIO IMIKCEJIs,
JIe’)Ka4oro Ha BiJIpi3Ky mpsAMoi JdiHii. 5). Po3paxyHOK sickpaBOCTi mikceniB 1 moOynoBa KpUBOi
PO3MOLITY CKPAaBOCTI B3JI0BK BUUICHOTO BIAPI3KY MPSAMO] JIHII.

Jns noctyny A0 ¢ailyioBoi cucTeMH KOMIT IoTepa 1 0OpaHHs MOTpiOHOro rpadivyHOro
¢ainy nudppoBoro 300pakeHHs B 10AaTKy BUKOPUCTaHE NoJie popMu TUIY «(Daidm», CTBOpEHE
terom <input type="file”/>, sxuii mictuth 00poOHUK moxiii onchange. Bin 3amyckae ckpunr,
[0 3a JOMOMOTOI0 BiJMOBIIHUX BiacTHBOCTEi 1 MeToxmiB 00’ekry FileReader 3aBanTaxye
300pakeHHs 70 BikHa Opay3epa. 3a JOMOMOro Tery <Canvas></canvas> cTBOPEHO MOJIOTHO
po3mipamu 2300x1750 mikceniB, sike MOBHICTIO MOKPUBAE BiKHO Opay3epa. /11 BOy0ByBaHHS
o0OpaHoro u¢ppoBoro 300pa’keHHs B MOJOTHO BIANOBIIHIA CKPUOT JOJATKy BHUKOPUCTOBYE
metoz 00’ekty Canvas mou JavaScript drawlmage(). Etan 3) anroputmy 00po0ku nugpoBoro
300pakeHHs peali3yl0Th CKPUITH, III0 3aIlyCKarThes 3a mofissmu mousedown i moseup. Ha
IIbOMY €Talll BUKOPUCTOBYIOThCS 3aco0u Canvas [uis pucyBaHHs NpsSMUX JIiHIN 1 BIACTUBOCTI
pageX i pageY o0’exkty event mis 3uuTyBaHHS KOOpAWHAT TikcelniB. KoopauHatu mikceniB
30epiratoThCsl y MacuBax KoopJauHat nporpamu. Ha erari 4) 3amyckaeTbcs CKpPHUIT J0/aTKY,
KU B UKJI 32 KOOPJAUHATOIO Y 3 KPOKOM 1 MiKcelnb peasizye 3UnTyBaHHs KOJIB KOMIIOHEHTIB
KOJIOPY MIKCENIB B3/I0BX BUAUIEHOT'O BEPTHUKAIBHOTO BiPi3Ky mpsMoi miHiil. s miei metn
BUKOPHCTOBYIOThCS Taki 3acobu Canvas, sk meron getlmageData() 1 metoau data[0], data[1],
data[2], o noBepTaroTh, BiIMOBITHO, KO YEPBOHOTO, 3€JIEHOT0 1 CHHBOTO KOJIbOPY, 3aJaHi y
BUIJIAJII IECATKOBUX uucen. Ha miacTaBli cyMu 3Ha4eHb IUX KOZIB Ha €Taml 5) alnroputmy
00pOOKH PO3paxOBYETHCS ICKPABICTh KOKHOTO MIKCEIs, 10 TECTY€EThCSI. 3HAUEHHS SICKPAaBOCTI
MiKCeMB 30epiraroThCs MPOTpaMoI0 B MacuBi sCKpaBocTi. Ha mijacTaBi JHaHMX 3 MacHBIB
KOOPJIMHAT 1 ICKPABOCTI MIKCEJIiB Ha MOJIOTHI PUCYETHCS KPUBA PO3MOILTY SICKPABOCTI B3JIOBXK
BIJIPI3KY BEPTHKAJILHOT MPSMOI JIiHIi, 321aHOTO KOPHUCTYyBAYEM.

Ha puc. 1, moka3zaHo CKpiHIIIOT eKpaHy 3 BeO-CTOPIHKOIO 10/1aTKy Ha 3aKIIOUHOMY eTarli
J0Tr0 BUKOHAHHS.
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. éf 1:;8 : AL “. : - Choose File Slp[0Z2VATs
u , . b % % 3arpyauThb dain

-

OyucTUTbL XOoncT
BbInoNHUTL CKaHUpOBaHUe
PacnpeneneHue SpKocTU

cCmm® §5e
Puc. 1. Cxpinmor 3 web- cTopiHKo 10JaTKy Ha 3aKJII0YHOMY eTalli BHKOHAHHSI

Iarepdeiic mporpamm Juis opranizamii B3aeMogii 3 KOpHCTyBadeM 1 peaii3amii
ITOPUTMY 00pOOKH 300paXKeHb Ma€ IHCTPYMEHTAapiH, 110 CKIaJA€ThCs 3 TOMIB (POPM 1 KHOIIOK.
[MpuxoBani monst Gopm 3 Hamucamu «X= », «Y= » NpU3HAUEH] I IHAMKAIII TOTOYHUX
KOOpAMHAT Kypcopy. Bilok y mpaBoMy BepXxHbOMY KyTi BikHa Opay3epa 3 kHomkamu «Chose
File» 1 «3arpy3uth aiin» npusHadeHo s oOpaHHS rpadiuHoro ¢aitny 300paXkeHHs,
3aBaHTa)XEHHS 300pa’keHHs /10 BikHA Opay3epa 1 BOyAOBYBaHHS HOro B MOJIOTHO. biok B
HIDKHBOMY JIIBOMY KYTi MPU3HAYEHO JJISl 3alyCKy CKPUNTIB MPOTPaMH JUIsi aBTOMAaTHYHOTO
3YUTYBaHHS KOJIbOPY IMIKCENIB 1 MOOYAOBU po3mojuty sickpaBocTi. Lleit 650k Mae KHONKY
«OYHCTUTH XOJICT» ISl BUJTAJICHHS TIONIEPEIHIX pe3yIbTaTiB TECTyBaHHS.

ITicna 3aBaHTakeHHS 300pa’kKeHHsI KOpHCTyBau oOupae o0siacTh e Oyae BUKOHAHO
TECTYBaHHs, HATHCKAE JIIBY KIIABINIY MHIII i, HE BIIMyCKAIOUHW ii, pyXxae Kypcop BHHU3 IS
BU3HAUEHHS JiHII TecTyBaHHS. [licns BiAmyckaHHS KIaBilll BiH MOCTiJOBHO HATUCKAE KHOMKU
«BemmonanTe ckanmpoBaHue» 1 «PacmpeneneHue spkoctm». Ilporpama Oymaye po3mojia
SICKpABOCTI MIKCEeiB B3JI0BXK 00paHoi KopucTyBayeM JdiHii (puc. 1).

[1] Ivon A.L., Istushkin V.F. Digitization of oscillograms by raster images for rising of accuracy
at signal parameters determination / Cucrtemui texuosorii. — 2017. — Bun. 1(108). —
C. 37-40.

DIGITAL IMAGE PIXEL TESTING

A. lvon, V. Istushkin, Yu. Krikunenko
Oles Honchar Dnipro National University
aii_vel93@i.ua

An applied web-application for testing the color of digital images pixels along a given
section of the straight line with a thickness of 1 pixel is presented.
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CUCTEMA KOHTPOJIIO KIIIMATY PO3YMHOI'O
BYANUHKY HA OCHOBI HEYITKOI'O KOHTPOJIEPA

I. Osennu
JIvsiscokuil Hayionanvhull yHieepcumem imeni leana @panka
iolenych@gmail.com

PoszButok inhopmaniiinux texaonorii (IT) Ta iHgycTpii aBTOMAaTH3aIIT KHUTIIA 3aBIASKA
CTBOPEHHIO 0araTboX PO3yMHHUX MPHUCTPOiB, Takux sk IHTepHeT peueit (10T), peBonoriiiHO
3MIHMB Hallle CEepelOBHILE MPOoKUBaHHS. [IiABUINIEHHS SIKOCTI HUTTS MEIIKAHIIIB PO3YMHHUX
OyauHKIB  3a0e3meuyeTbcs — IHTETpamic€lo  Pi3HOMAHITHUX NOOYTOBHX  HpWIagiB B
IHTENEKTyaJIbHy CUCTEMY, sIKa 3a0e3neuye Oe3neKy, KoMpOopT Ta EKOHOMIIO pecypciB. 3aBIsSKU
interpauii nepenosux IT y nomamui ymoBH, y mpoekTax Smart-home yci cucremu Ta
€JIEKTPOHHI MPWIATU Y3TOJKYIOTh BUKOHAaHHA (YHKIIH MK co0or0 0e3 ydacTi JIOAMHH.
InTenekryanpHa cucTeMa po3yMHOro OyIuHKY 3a0e3nedye He TUIBKM Oe3nepepBHUN
MOHITOPUHI 0araTboX NapaMeTpiB CepeloBHUINA TNPOKMBAHHSI, ane ¥ IeHTpai30BaHe
KEepPYBaHHsI €JIEKTPOHHUMHU MpUCTposiMu [1]. ¥V Mipy yckiaaHEHHS MiAcHUCTeM 1 301IbIICHHS
KUJTBKOCTI BUKOHYBAaHMX HHUMH (YHKIIH, KepyBaHHS HHUMH CTa€ BCE CKIAAHIMMUM. Tomy
pO3po0Ka crCTeM Ta aJrOPUTMIB, PO3PaXOBAHUX HA MEBHI MOTPEOU MEUIKAHIIB Y pearyBaHHs;
Ha CHUTYyallii, MOB's3aHi 13 3MIHOIO cepenoBUIa abo Oe3MeKO0, € OAHHM 13 aKTyalbHHX
HaINpsIMKIB JIOCII/pKeHb y Tamy3i Smart solution & 10T.

VY po6oTi po3p0o0IeHO ABTOMATUYHY CUCTEMY KOHTPOJIIO KIIMATy PO3YMHOI0 OyIUHKY,
sKa BHUKOHY€ OJHY 3 KIIOUOBUX (QYyHKLIH — 3abe3nedye koMdopT #HOro MemrkaHIis.
OcoONMBICTIO CHUCTEMH KJIIIMaT-KOHTPOJII0O € HEOOXIJHICTh BpaxyBaHHS HAOIMKEHOI Ta
cy0’ekTuBHOI iH(OpMalii AM8 KepyBaHHS MOOYTOBUMH TNPUCTPOSMHU. 3a3BUyail Taka
1H(hOpMallisl BUPAXXA€ThCS Y BUIJIAJ JIHTBICTUYHUX BHCJIOBIIIOBaHb Ta MPaBWII, 110 BUMAarae
3aCTOCYBaHHs CHEU(IYHUX MIAXOMIB JUIsl 1 aHami3y, J0 SKHX MOXHA BIJTHECTH METOIH
HEUITKOro MojeitoBaHHs [2]. 30kpemMa, BUKOPUCTaHHS JIHTBICTUYHUX 3MIHHUX JJISI OIHUCY
CKJIQJIHUX 1 CJIa0KO-CTPYKTYPOBAHMX IPOLECIB, a TaKOX MOXJIMBICTH (POPMAIBHOTO OMHCY
HEUITKUX MPaBuIl, poOJIATh HEUITKI aITOPUTMHU KEPYBAaHHS TEXHIYHUMHU CUCTEMaMH BiJHOCHO
IPOCTUMHU B iX pO3pOOJICHHI Ta peai3arlii.

3anpornoHOBaHa CUCTEMa KJIIMaT-KOHTPOJIO 0a3yeTbcs Ha HEUITKOMY KOHTpOJIEpl 3
JBOMa BXOJAaMH 1 TpbOMa BUXOJaMH. BXiIHI JIHTBICTHYHI 3MiHHI “memnepamypa” Ta
“gonocicmv nogimps” MICTATh TepMH {“Huzvka”, “komgopmmua”, “eucoxa”} 1 3ajaHi,
BIJIMOBIAHO, Ha IIKajaxX TeMIepaTyp 1 BIIHOCHOI BOJIOrOCTI MOBiTps. TepmMu BUXIIHUX
JTIHTBICTUYHUX 3MIHHHX BIAMOBiIal0OTh KEPYIOUMM CHUTHAjIaM, IO 3a0e3Me4yloTh poOOoTy
o0irpiBaya, KOHAMIIIOHEPA Ta 3BOJIOXKYBaya MOBITPs. 30Kpema, MOTYKHICTh HarpiBaya MoOXe
oytu Bucokor (Px high), cepenaboro (P4 middle) abo narpiBau moxke Oytu BuMkHeHu# (PH
off). Pexxumu konaumitoBanus (C) i 3BosokenHst (H) MoxyTh OyTu yBIMKHYTUMH (0N) abo
BuMKHeHUMH (Off). OyHKIIIT MPUHATEKHOCTI HEUITKMX MHOXHH, II0 XapaKTEPU3yKOTh TEPMHU
BXIIHMX 1 BHUXIJHUX JIHTBICTUYHUX 3MIHHHUX, 3aJaHi KYyCKOBO-NIHIHHUMHU (DYHKIISIMH,
napaMeTpH SIKMX MOXHA HAJIAIITyBaTH BiJMOBITHO /10 BIOAOOAHb MEIIKAHIIIB.

ApXITEeKTypa KOHTpOJIepa HEUYITKOI JIOTIKH, 1[0 BUKOPUCTOBYETHCSI B CUCTEMI KJIiMaT-
KOHTPOJIIO, CKJIAJAEThCs 3 JaBayiB BXiJHOT'O CUTHATY (CEHCOPH TeMIIepaTypH 1 BOJOTOCTI),
ostoky dasudikarii, 6a3u npaBui HediTkuX npoaykiid y sursia AKIIO (ymosa 1) I (ymoBa
2) — TO (mis) i Omoky nedasudikariii, skuii GopMye BUXITHI CHTHAIU i1 KEPyBaHHS
KJIIMaTHYHUMU TOOYTOBUMH TpHJIaAaMd. MexaHi3M OTpUMaHHS HEUITKOTO JIOTi4HOTO
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BHCHOBKY 3a JOIOMOTOI0 alropuTMy MamaaHi TIpyHTYeTbcs Ha 1HGOpMaIii pi3HOTO
MOXOJ/KEHHS, 30KpeMa eKCIEPUMEHTAIBHUX JaHWX, BUCHOBKAaX EKCIEPTIB Ta yHOI00aHHSIX
MEIIKAHIIIB, SIKa MOJAE€ThCS Y BUTIII HEUITKUX MPOAYKIIHHUX npaBuil. Tabmn. 1 BimoOpaxae
0a3y HEUiTKUX MPAaBUJI 3aIPOIIOHOBAHOI CUCTEMH KJIIMAT-KOHTPOJIIO.

Ta6x. 1. baza mpaBuJI HEUITKUX OPOAYKINH CHCTEMH KOHTPOJIO KJIIMATy pO3yMHOTO OYAWHKY

Temmeparypa Bosoricth moBiTpst
Husbka Komdoptaa Bucoxka
Pw high Pu high P high
Husbka C off C off Con
Hon H off H off
Pu off Pu off Pu middle
Komdoprha C off C off Con
Hon H off H off
PH off P off PH off
Bucoxka Con Con Con
Hon H off H off

3aBnagku npoueaypi dhazudikarii st OTPUMaHUX CEHCOPAaMU 3HaYEHb BX1THUX 3MIHHHUX
OyJ1I0 BU3HAYEHO CTYIMiHb ICTHHHOCTI TBEP/KEHb KOKHOTO 3 TEPMiB JIIHTBICTHYHHUX 3MiHHUX,
AKi (HOpPMYIOTH yYMOBH TpaBWJI HEUITKUX MPOAYKIiH. ICTHHHICTP BHCHOBKIB KOXXHOTO 3
NPOIYKIIHHKUX MpaBmJI OyJia BU3HAYEHA 3 JOTIOMOTOFO MPOLeypH MiN-aKTHUBI3allil BACHOBKIB.
Y pe3yibTari mpoueayp akyMyJIFOBaHHS BUCHOBKIB Ta jJeda3udikamii BUXiTHIX 3MIHHUX OyJITH
OTpUMaHi 3HAYEHHS CUTHAJIIB, K1 KEPYIOTh KJIIMAaTHUHUMU HPUCTPOSMHU.

Cucrema KOHTPOJIIO KJIIMaTy peaiti3oBaHa Ha OCHOBI MiKpokoMil totepa Raspberry Pi 3
BukopuctanHaM Moyt RPi.GPIO 1 616mioTex moBu nporpamysanHs Python, HeoOxigHUX 1151
HEUITKOTO MOJeNoBaHHs Ta pobotn 3 ceHcopom DHTI1, mo BuKOpHCTOBYBaBCS st
BHU3HAUEHHS TEMIIEpaTypH Ta BITHOCHOI BOJIOTOCTI MOBITPSI.

[1] Robles R.J., Kim T.-H. Applications, systems and methods in smart home technology: A
review. International Journal of Advanced Science and Technology. Vol. 15. (2010).
P.37-47.

[2] Sobhy S.M., Khedr W.M. Developing of fuzzy logic controller for air condition system.
International Journal of Computer Applications. VVol. 126. (2015). P. 1-8.

SMART HOME CLIMATE CONTROL SYSTEM BASED ON
FUZZY CONTROLLER

I. Olenych
Ivan Franko National University of Lviv
iolenych@gmail.com

The system of smart home climate control based on fuzzy logic and the Raspberry Pi
microcomputer that ensures the operation of the heater, conditioner and humidifier of air has
been developed. As a result of presenting input data using linguistic variables and fuzzy
production rules for current values of temperature and relative humidity, output signals to
control the functional devices of the smart home are obtained. The application of fuzzy logic in
the smart home climate control system makes it possible to take into account the individual
characteristics and preferences of residents.
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CTBOPEHHSI JELHEHTPAJI3OBAHUX JOJATKIB 3
BUKOPUCTAHHSIM TECTOBOI MEPEXKI
BJOKYEHY ETHEREUM

A. llanosaJ, I. [lonomapsoB
J[Hinposcokuil Hayionanehuu yHieepcumem imeni Onecs [ onuapa
shapoval_a@ffeks.dnu.edu.ua

Ha cporoaninmHiii JeHb, MOXHA CIOCTEPIraTd CTPIMKE BIIPOBAKEHHS MPOTPAMHHUX
pillieHb, 110 3aCHOBAaHI HAa TEXHOJIOTIT OJIOKUEHH y pi3HiI cdepu JOACHKOI AisuibHOCTI. Bee
OisIbIIe HOBUX MPOTPAaMHUX MPOIYKTIB, 3aCHOBYEThCS HA JIaHIM TeXHOJOTii. 32 IOTIOMOTOI0
IbOTO MEXaHi3My, MOXXHAa CTBOPIOBATH IIOBHOIIHHI JOJATKH, MECCHIKCPH, CUCTCMHU
rOJIOCYBaHHS, CUCTEMHU 30epiraHHs JaHUX, TOProBi IUIATGOPMH, ACIEHTPAII30BaHI CIyKOH
DNS, pimeHHs B cepi MeAUITUHN, EKOHOMIKH, €KOJIOT1i. L{e MOSCHIOETHCS TUM, 1110 TEXHOJIOT1s
OJIOKYEIH, MOJKE 33/I0BUTBHUTH BEITUKY KUTBKICTh HAHOUTBII TOCTPUX MPoOIeM OizHecy.

brnokueiin sBnsie co000 TAHITFOKOK 3B’ s13aHUX OJIOKIB. BIIOK CKilamaeThes i3 3arojoBKY
ta Tua. Jlo 3aroJioBKy BXOJIUTH Jiesika MeTaiH(popMallisi po OJIOK, Taka sIK JiaTa CTBOPEHHS,
Bepcis OJIOKY, XeIll MONEePeAHbOTO OJIOKY, Xell yCiX TPaH3aKIii, SKi YBIMIUIA 10 MOTOYHOTO
Osoky. Takox € eleMeHT nonce, SIKU 3aCTOCOBYETHCS JIJIsl KOHCEHCYCY, MallHEp 3HAXOIHTh
Horo Ta HaJCUJIA€ THIINM, JUIS MiATBEPIKCHHS.

Tino 6moky ckiagaeTbes 3 MEBHOI KUIBKOCTI TpaH3akuii. Konu 3a aesxuit nepiof, Bif
4acy CTBOPCHHSI IOTIEPEIHBOTO OJI0KY, B Mepexi OyJia MpoBe/ieHa IMeBHA KIJTbKICTh TPaH3aKIIiH,
MaliHepu CKJIaJaroTh iX y JepeBo Mepkia. 3HaueHHS HOTO KOPEHS BXOIUTH JIO 3arOJIOBKY
6soky. Ha puc. 1 300pakeHa 3aranpHa CTpYKTypa OJIOKY y OJIOKYEHHI.

Baok Nel E ' ~
3aroa0B0K 0J0KY

-Bepcis

-XemI nomepeHBOTO OIOKY

-JlaTa cTBOpEHHA 1BOTO OIOKY

-Nonce

-Xem ycix TpaH3akiiil, gkl yBifinuin no 6imoky (Merkle root)
L

Xem Tpanzakiiit A, b, BiT
(Merkle root)
A

Xemr Tpan3akniii A1 b Xem Tpam3zakuiii Bi T

A A
| 1 1 ]

Xenr Tpan3zakiii|(Xem Tpan3zakiii| [Xem Tpan3akiiil|Xenr TpaH3akiii
A b B I
1 1 1 1

Tpanzakiis A || Tpausakiist b | | Tpansakiuis B || Tpansaxis I'

Puc. 1. Ctpykrypa 610Ky y 010K4eiiHi

Jns  miaTBEp/DKEHHS KOXKHOTO OJIOKy, Ta JoJaBaHHA Horo 10 OJioK4elHy
BHUKOPHUCTOBYIOThCSl aIrOPUTMHU KOHCeHCycy. KoHceHcyc — cribHA 3rofia BCIX YYacHHKIB,
I10/10 TIEBHOT'O MHUTAHHS. Y TEXHOJIOTii OJOKYEHH BUKOPUCTOBYETHCS ISl Y3TO/DKEHHS CTaHy
0JIOKIB MIDK BY3JIaMH, Y SIKUX HEMa€ MiACTaB AOBIPITH ouH ogHOMY. KOHCEHCyC mocsraeThest
HE TOJIOCYBaHHSM, a BIJICYTHICTIO MPOTUPIY MIXK yYaCHHKaMH. B 3anexxHoCTi BiJ GJIOKYEHHY,
BUKOPHUCTOBYIOTHCS Pi3HI MEXaHI3MHU KOHCEHCYCY, a caMe JIii, Kl TOBUHHI BUKOHATH MaifHEPH.
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J1Jist CTBOpEHHS ICTIEHTPANII30BAHUX JTOIATKIB MMIAXOIUTh TEXHOJIOTis OJIOKYEITH, B IKOi
HEMa €IMHOT0 TOJIOBHOTO By3Jia Ta YIPABIIHHS PO3NOALIEHO MK OaraTbMa By3J1aMU MEPEXKI.

Cepen icHyloOUHMX Ha ChOTOJHI OJOK4YEHHIB, BuaUIieTbes Ethereum, uepes psn
NPUCYTHIX MEpeBar:

— IIUPOKO 3aCTOCOBHA TEXHOJIOTIS, M€ BEJIUKY CILIBHOTY;

— HaJIHHICTH NMEpeBipEeHa POKAMHU;

— 7100pe 3aJ0KyMETOBaHa;

— miaTpuMka moBHOi 3a ThIOpHHTOM MOBH mporpamyBanHHs Solidity, ska €
KOHTPAKTHO-OPiEHTOBaHOI0. TOOTO KOHTPAKTH B HEl BUKOHYIOTh TY 5K POJIb, 1110
1 KOHIIETIIIis KJIaciB B 00’ €KTHO-OPIEHTOBaHUX MOBax [1];

— IIBUJAKO BUNPABISIOTHCS 3HANICHI BPa3JIMBOCTI;

— TIOCTIHHO PO3BUBAETHCS (TIEPEXiJa BiJl CTAPOTO MEXaHi3My KOHCEHCYCY JO0Ka3y
po0OTH, Ha HOBUH JTI0OKa3y BOJIOJIIHHS YaCTKH);

— Mae€ TECTOBY MEPEKY, OT)KE MOXKHA OE3KOIITOBHO, CIIPOOYBATH PO3POOKY Ha ITiif
maThopmi;

— Mae BJIACHY KPHUITOBAIIOTY.

B Ethereum € tpu THmm mepex. Lle romoBHa mepexka (Mainnet), TECTOBI Mepexi
(Testnet), Ta mpuBaTHI MEpEXKi.

B nmocnimkeHHSIX IpoBeneHNX paHimie OyB po3poOiaeHHid JeIeHTPaTi30BaHuN JOAATOK
JUIsL TIPOBEACHHSI TosiocyBaHHs. [Ipane3gaTHICTh AoAaTtky Oylio HEepeBipeHO Yy NpUBaTHIN
mepexi Ethereum [2].

Ane Ui TOJANBIIOTO TECTYBaHHS JCUEHTPATi30BaHOI CHCTEMH CMapT-KOHTPAKT
Ou3Hec-JI0TiKKM Tpeba po3ropHyTH y TecToBild Mepexi Rinkeby. BukopucranHs 1aHol Mepexki
Mae psi nepesar. [lo-nepiie He MOTPiOHO CaMOCTIHHO CTBOPIOBATH BIACHY MEPEXKY 1 3alTydaTu
710 Hel HOBI BY3JTH, a TIO-APYyTe, TaK K Il MepeXka € TECTOBOIO, TO MPOBEICHHS TPAH3AKIIIN €
OE3KOIITOBHUM, 1 CTaTH YYaCHUKOM Ili€l Mepexi Moxe Oyab-xTo. lllonpasna i nposeneHHs
TPaH3aKIii Bce K NOTpiOHA BHYTPIIIHA BalOTa, aje il MO’KHA OTpUMATH OE3KOIITOBHO.

Jlnia 3BepHeHHS 110 OokueiiHy Ethereum BUKOpHUCTOBY€ETHCS KPUNTOBATIOTHUI OHJIAlH
ramanenr MetaMask. Ile mo3Bonsie KopucTyBayam OTpPUMATH JIOCTYI JIO CBOTO TaMaHIISA
Ethereum wuepe3 posmupenHs Opay3epa a00 MOOUIBHMH JOJATOK, SKUH MMOTIM MOXKHA
BUKOPUCTOBYBATH ISl B3a€MOJIIT 3 IeLIEHTPpalli30BaHUMHU IIPOrpaMaMu.

[1] Pammp U. BriokueiH: apXUTEKTypa, KPUITOBATIOTHI, HHCTPYMEHTBI pa3pabOTKH, cMapT-
KOHTpaKThI / iep. ¢ anr. M. A. Paiitmana. — M.: JIMK Ilpecc, 2019. — 538 c.

[2] I.V. Ponomarev Features of creating a voting system using the Ethereum blockchain
platform - Cucremui Texnomnorii. PerionanbHuil MiXBY3iBCbKHiT 30ipHUK HAYKOBHX IMPAIlb.
Bumyck 1(132). — duinpo, 2021, - c. 124-129.

DEVELOPMENT OF DECENTRALIZED ADDITIVES
USING BLOCKCHAINTECHNOLOGY

A. Shapoval, I. Ponomarev
Oles Honchar Dnipro National University
shapoval_a@ffeks.dnu.edu.ua

Building a decentralized application using a ready-made blockchain is the most efficient
way to develop. The development of a decentralized system on the Ethereum blockchain
platform, the use of its test network to test the operation of a decentralized application with a
different number of nodes is considered.
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PO3POBKA KJIIEHT-CEPBEPHOI'O 1OJATKY AJIA
®OPMYBAHHA 3BITIB HA BA3I .NET FRAMEWORK

O. BosioBuii, 1. Ilonomapsos
Jninpoecoxuii hayionanvruti yHieepcumem imeni Onecs I'onuapa
volovyi_oi@ffeks.dnu.edu.ua

Ha rtemepemHiii yac He BUHUKA€ MUTaHb IMIOM0 AKTYIBHOCTI TEMHU aBTOMATH3aIlii
Oi3HEC MPOIIECiB, aJPKe aBTOMATHU3AIlsT MOXKE JOIIOMOTTH MEPEHECTH PYTHHHI 3aBIaHHS Ta iX
00JTIK y cepBicH 1 TOAATKH, a0W 3pOOUTH YCI IPOIIECH OUTBII MPO30PUMH Ta KOHTPOJIHLOBAHUMHU.
SIK1110 Ha TATPUEMCTBI BETUKHIA 00csT iH(opMaIlii, 00poOsTH SIKy BpyUHY CTAIO0 HEMOXKIIUBO
(He BHUCTayae Yacy, BEJIHMKA KUIBKICTh TOMWIOK, JOPOrO KOINTY€E TIEPCOHAN), TO
aBTOMAaTHU3aLlsl — L€ BUXII.

Merta ganoi poOOTH moyATae B CTBOPEHi iHPOpPMAaIiiHOI CUCTEMH JJIsi aBTOMATH3aLlii

CTBOPEHHS Ta JPYKY PI3HOMAHITHUX aKTiB BUKOHAHHUX POOIT.
Ockinbku OyXrajrep IOBHHEH CTBOPUTH 32 OOMEXKEHHH dYac BENHMKY KIJIBKICTh aKTiB
BUKOHAaHUX pOOIT, SKi BiANOBIAAIOTH €IWHOMY IIAOIOHY, aje MaloTh pi3HE HAIOBHEHHS
cucreMa Oyze 30epiratu Ta MpOIMOHYBaTH KOPUCTYyBady o0paTu HeoOXinHui madion. Takox
JUTSL KOYKHOT'O BUKOHABIIS 30€pira€ThCsi CIUCOK JOTOBOPIB, K1 BiH 3aKIIOYHB 3 MIANPUEMCTBOM,
Ta BUIU poOIT, IO BiH MOKE BUKOHATH. 3aBJISKU I[bOMY CHCTEMa CIIPOMO’KHA IPOTIOHYBATH
KOpHCTyBady iHoOpMaIiio, sSKy BIH MOXe J0JaTH 10 3Bity. Takox A 3py4HOCTI
BUKOPHWCTAHHS, CHCTEMa MOBHHHA 30epiratu yci copMoBaHi akTH Ta HaJlaBaTH MOKJIHMBICTh
KOpUCTYBady 3MiHUTHU JaH1 Ta EPEPyKyBaTH 3BIT.

[IpoananizyBaBIIu cydacHi apXiTEKTYpHI Ia0JIOHH MPOTPaMHOro 3abe3neueHHs 0yio

o0pano apxitektypy MVVM Ta posnoniseHHs cucTeMH Ha KJIieHT-CepBep.
MVVM - nie nporpaMHuii apXiTeKTypHUHN 1A0JIOH, SIKUH MOJIETIIYE BIIOKPEMIIEHHS pO3POOKH
rpadgigHoro iHTepdency KOpUCTyBada BiJ po3poOKu Oi3Hec-yoriku. Mojenb meperismgy
MVVM e neperBoproBaueM 3HadeHb. Ll Monenb meperiyisiay BiANOBiZa€e 3a MEPETBOPEHHS
00’€KTIB JaHMX 13 MOJENI JJaHUX TaKUM YMHOM, 11100 00’€kTaMu OyJO JIETKO KepyBaTH Ta
0JIaBaTH iX.

Ha cepBepniii uacTuHi cucrtemu 30epiraetbcs Bes iH(opmallis, HeoOXimHa AJs
(dbopMyBaHHS aKTiB, 1110 HIBEIIOE HEOOX1IHICTh KOPUCTYBauy 3BE€pTaTHCA JI0 30BHIIIHIX JTaHUX
nig 4yac ¢opmyBaHHS akTiB. Takox, BHIIJICHUH cepBep 3a0e3MeuuTh JIOCTATHIA pPIBEHb
iH(dopmariifHoT Oe3neku, KOHGIASHIIIMHOCTI Ta ITCHOCTI maHuX. s 30epiranHs JaHHX
BUOpaHa 6a3a manux Microsoft SQL Server, a ans B3aemoii iHGopMariiitHOT cucTeMu Ta 6a3u
JIAHUX BHPIIIEHO BHKOPUCTOBYBaTH TexHouoriro Entity Framework 6 [1] ta maGnon
Repository [2].

KrieHnTchka yacTHHA — B CBOIO Yepry OKpIM Bi3yaJbHOro iHTep(eiicy BiAmoBinae 3a
3alIOBHEHHS Ta CTBOPEHHSI aKTiB. BIIITOBXYIOUNCH BiJ TOrO L0 Ha pa3i 3BiTH (OPMYIOTHCS B
MS Excel st ctBopeHHst 3BiTiB OyJio BHpieHHO Bukopuctatu Texnosoriro VSTO (Visual
Studio Tools for Office) Ta ctBopuTH HanOynoBy Hag Microsoft Excel [3].

VSTO - e Habip 3ac00iB po3pOOKH, AOCTYIHHX Y BUTIIAI HanOynoBu Visual Studio Ta
cepeoBHIlla BUKOHAHHS, 1110 A03Bojsie Microsoft Office 2003 Ta mi3Himmx Bepciil mporpam
Office BukopuctoByBat .NET Framework Common Language Runtime (CLR), mo0
BIIKpUTH 1X (yHKIIOHANBHICTH 3a nonomoroto NET. Ile 103Bossie mucatu po3mIMpeHHs 710
nporpam Office moBamu, cymicaumu 3 CLI, a TakoX BUKOPHCTOBYBAaTH (YHKI[IOHAJIbHI
MO>KJIMBOCTI Ta KOHCTPYKIIi iHTepdericy kopuctyBaya 3 nporpam Office y mporpamax .NET
[4]. Ockinbku HanOymoBu Office He MoxkHa cTBopuTH 3a Honomoroto .NET Core ta NET 5+,
octanHix Bepciit .NET (ue Tomy, mo .NET Core/.NET 5+ ne moxke npamroBatu pazom 3 .NET
Framework B ogHOMY TpoIieci i MOKe MPU3BECTH 10 3001B y 3aBaHTaKeHHI HAA0YI0BH) Ta /IS
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yHidikaii po3po0ku Oyino Bupimeno BukopuctoBysatu .NET Framework sik ans kinienTa, Tak
1 U1s1 cepBepa.

B pesynbraTi mpoBeneHoi pobotu Oyna po3pobieHa iHdopMaliiiHa cucTeMa s
(dopMyBaHHS aKTiB BUKOHAHUX POOIT. ApXITEKTypy po3po0iIeHo] cucTeMu HaBeeHO Ha puc. .

Reports |
Presentation | Data Layer |
Converters Dialogs
% Data Access | Repositories
use
use
UserControls Windows
<<ysen>
Domain | .
Models | Base
<<use
-= <<uge>>
Utils !
Enums |
-use

Puc. 1. Apxirekrypa indopmaniliHoi cucremu

[1] Entity ~ Framework  overview  [Emektponnuit  pecypc]. Pexum  moctymy:
https://docs.microsoft.com/en-us/dotnet/framework/data/adonet/ef/overview

[2] Repository [EnexTpoHHMIA pecypc]. Pexnm TOCTYITY:
https://www.martinfowler.com/eaaCatalog/repository.html

[3] Office solutions development overview (VSTO) [Enextponnuii pecypc]. Pexum moctyry:
https://docs.microsoft.com/en-gb/visualstudio/vsto/office-solutions-development-
overview-vsto?view=vs-2019

[4] Office and SharePoint Development in Visual Studio [Enextponnuii pecypc]. Pexum
noctymy: https://msdn.microsoft.com/en-us/library/d2tx7z6d.aspx

DEVELOPMENT OF A CLIENT- SERVER APPLICATION
FOR CREATING REPORTS ON
NET FRAMEWORK

O. Volovoy, I. Ponomarev
Oles Honchar Dnipro National University
volovyi_oi@ffeks.dnu.edu.ua

The main task of the developed system is to simplify and automate the formation of acts.
System must keep a list of contracts each contractor has concluded with the company and the
types of work he can perform. Due to this, the system should offer the user information that he
can add to the report. Also, for ease of use, the system must save all generated acts and allow
the user to change the data and reprint the report. System is based on client-server architecture
and uses .Net Framework due to constraints with using VSTO.
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OCOBJIUBOCTI POBOTHU 3 KOJIEKIISAMHA Y MOBI VBA

M. Ckok, H. Kapnenko

J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa

skok@ffeks.dnu.edu.ua

CTBOpeHHs JOKyMEHTAIli1 Ul MIATPUMKH HaBYAIBHOTO MPOoIecy (HaBYalIbHi Ta poOoUi
IUIaHY, 1HUBIAYyallbHI HaBYalbHI IUIAaHW CTYJEHTA, PO3PAaXyHOK 3arajlbHOr0 HaBaHTAXEHHs
kadeapu, po3noain HaBaHntaxenus Ha HIIII Tomro), 3aiimae mayxe Garato yacy, 0coOJIMBO Y
TOMY BUIAJIKY, KOJIH LIeH ITpoLec He aBTOMaTu30BaHUi. OKpiM 11bOT0, CIIijl 3ayBaXXKUTU Ha Te,
110 JIFOACHKHM (haKTOp HIXTO HE BIAMIHSB, OTXKE PYUHI PO3PaXyHKH Ta 3alIOBHEHHS BEJIMKUX 32
00csiroM TaOJUIb, 3a3BUYal MTPU3BOAATH 10 MOMHIJIOK. Buxogom 3 1iel cutyaiii € po3poOka
iH(dopmariitaoi cuctemu (IC), sika MaKCHMaIbHO JO3BOJIUTH aBTOMATHU3YBATH IIEH MpoIiec.

IcHyIOTB pi3HOMAaHITHI METOAOJIOTIi PO3POOKH MPOrpaMHOTo 3abe3neueHHs. B ymoBax
HETMOBHOTH Ta MIHJIMBOCTI BUMOT JIO CHCTEMH, HaH4YacTilleé BHKOPUCTOBYIOTH iTepaiiiHi
METO/IM PO3POOKH, ajie KOJIM CUCTeMa CKJIaJIHa 1 3B’SI3KM MK 00’ €KTaMH MPeIMeTHO1 00J1acTi
HE JI0 KIHIIS BUSBIICHI, TO 3aCTOCOBYIOTH MPOTOTHITYBaHHS. CTBOPEHHS MPOOOpa3y y JaHOMY
BUNIQJIKY JIO3BOJIIE 3pPO3YMITH, SKMM YHMHOM HpOAyKT Oyne mnpamtoBatu. I[Ipuuomy
HapOIyBaHHs (YHKIIOHATY IPOTOTHITY BiI0OYBA€THCS MOCTYIOBO. Y Oy/Ib-SIKUH MOMEHT Yacy
3aMOBHMK Ma€ MOXKJIMBICTb BUIIPOOYBAaTH IIporpaMHe 3abe3neyeHHs, sike € npototunom IC, ta
CBO€YACHO BIJIKOPUTYBAaTH Ta JOMOBHUTH BHMOTH OO WOTO (PyHKIIOHATBHOCTI. BHECEHHS
3MiH 710 T3 Ha MOYaTKOBUX €Tanax po3poOKH 3HAYHO CKOPOUYE Yac Ta BUTPATH HAa CTBOPEHHS
IC.

3 orngAy Ha BHILIECKa3zaHe, OyJo MNPUHHATO pIMIEHHS CIOYaTKy CTBOPUTH Ta
anpoOyBaru nipototun IC s aBToMaTu3allii HaB4aIbHOTO TPOIIECY, SKa MOBHHHA aKTUBHO
B3aeMoJiatu 3 komrnoneHtamu Microsoft Office. TexHomorieto cTBOpeHHS MPOTOTHIY Oylia
obpana CYB/I Microsoft Access. CYB/I no3Boiisie miparroBaTi 3 6a3010 B yMOBax HEMOBHOTH
JTAHMX, IIBUAKO pO3po0uisaTH iHTepdeiicu ans B3aemoii 3 b/I, a mosa VBA Oynyuun npocroro,
aJie JIOBOJTi MOTY>KHOIO, JI03BOJISIE TUCATH TTiIIPOrpamMH JUis po3impenHs moxxiuBocteit Office.

PoGora 3 B/ — 1ie HakonueHHs iHpopMallii 3 psay OB’ A3aHUX TaOIMLIb 1 iX mogaIbIIe
BUBEJICHHS B 3py4HOMY JUIsl KopucTyBauya ¢opmarti. [l moaiOHOro HaKOMWYEHHS 4yA0BO
MiIXOASITh KOJNEKIii, a/yke BOHH [al0Th MOXJIUBICTh HAKOMHYUTU TPYMy OO €KTIB Ta
IpalloBaTH 3 HEIO: 10AaBaTH, EPErJIsIaTH, peAaryBaTi Ta BUJAIATH 00’ €KTH.

st pobotu 3 komekuismu VBA wmoxe 3ampomnonysati Collection (konekmist) —
HatuBHHi kac VBA Ta Dictionary (cinoBHuKk), skuii € yactiuroro Microsoft Scripting Runtime
library. 3a cBo€r (YHKIIIOHAIBHICTIO KOJEKINT OJHM3bKi JI0 CIOBHHUKIB, IPOTE MOKJIMBOCTI
Dictionary 3nauno mupiii [1]. TTopiBHSEMO POOOTY 3 KOJEKIIIMH Ta CJIOBHUKAMHU:

e CIEMEHTH MOXXHa JI0J[aBaTH, BUIAISATH, OTPUMATH NaHi, mo 30epirac eIeMeHT, Ta
MOBEPTATH KiJIbKICTh €JIEMEHTIB;

® B KOJIEKI[ii €eIeMEHT MOXKe OyTH OB’ S3aHUI 3 KIFOUEM, THI SKOI'0 BUKIIIOYHO PSIOK
(moBHHEH OyTH YHIKaJIbHHUM JJIsi KOXKHOTO 3aIHCY), B CJIOBHUKOBI — HasIBHICTh KJIHO4a
000B’s13K0BA 1 BiH MOX€ IpUHMATH OYb-SIKHH THIT,

e KOJIeKIii MOXyTb TOBEpPTAaTH €JNEMEHTH 3a iX KIo4eM abo IHJEKCOM, CIIOBHHKH
MOBEPTAIOTH EJIEMEHTH BUKITIOYHO 32 KIIFOYEM;

e Ul CIIOBHHMKA MO’KHA TIEPEBIPUTH HASIBHICTH KJI0Ya METOI0M EXists;

® OCHOBHI THIH JIaHUX B KOJICKIISIX JOCTYITHI JIMIIE JJIsS YUTAHHS, 3HAYCHHS €JICMEHTY
HE MO)XHA 3MIHHUTH [2], CIOBHUKH — JOCTYITHI JUIsl YN TAHHSI/3aINACY;

®  BUJAJIUTH BC1 3alIMCH 3 KOJIEKIIIT 32 OJTMH Pa3 MOXHA JIUILIE 3HULIUBILYU caMy KOJIEKIIito,
JUTsL CJIOBHUKIB icHye Meto RemoveAll.
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[Tin gac cTBopenHs mporotuny IC it aBTOMaTH3aIil HAaBYAIBHOTO TIPOIECy OYJI0
BUKOPHUCTAHO SIK KOJIEKIIl, TaK 1 CIIOBHHKH JUI BUPIMIEHHS pi3HUX 3a7ad. Hampuknan, koiau
Oysa HeoOX1HICTh JOIIOBHIOBATH 3HAYCHHSI €JIEMEHTIB 13 pi3HKUX 3anuTiB A0 bJI, Oynu 3amisHi
cnoBHUKH. [Ipu HEOOXiTHOCTI TPOCTO 3amucaTH OCTATOYHO c(hopmoBaHUU 00’€kT, OyIO
JIOCTaTHLO (PYHKITIOHATBHOCTI KOJICKITIH.

MOKITUBICTh COPTYBAHHS KOJIEKIIIN € BAXKJIMBHM aCIIEKTOM pOOOTH 3 HUMHU, aJKe TICBH1
JlaH1 TOTPeOyIOTh YIOPSIKYBAHHS 3a SIKUMOCh KpUTEPIEM, IPUYOMY KPUTEPil B pi3HI MOMEHTH
gacy MOXyTh Oytu pizHumu. Haxanr VBA He mae BOymoBaHmx 3aco0iB COpPTYBaHHS Ta
IpynyBaHHS 00’€KTIB KOJEKIIH [2], ToMy BUHHKJIA HEOOXIIHICTh IIyKAaTH aJlbTCPHATHBHI
pimenHsi. BuBuenns nokymenTanii Microsoft mokasano, mo QyHKIis cOpTyBaHHs iCHYE JUist
niamasony komipok Excel daiinis [3]. Bxignumu manumu 1€l GyHKII € aiana3oH KOMIpOK,
O3HaKa, 3a KO0 BiAOYBA€THCS COPTYBAHHS Ta MOPAIOK COPTYBaHHS. 3 OIIIALY Ha Te, IO Iel
METO/I MPAITIOE 3 TAHUMHU 3 Jiana3oHy KOMIPOK, BiH HE MIIIAIIOB JJI BUPIMIECHHS 3a/1a4i, TOMY
OyJio mpuiiHATE pilleHHS HamucaTH BiAacHy (yHKIIO, sika OyJe copTyBaTH KOJEKIIiIo. 3a
OCHOBY aJITOPUTMY BUPIIIEHO B3ATH BXKE ICHYIOUHI allTOPUTM COPTYBaHHS MAacHBIB.

CrporonHi icHye noBONI 0arato alrOpUTMIB COPTYBaHHS, KOKEH 3 SIKUX Ma€ CBOi
repeBar Ta HeJIOJIKH, TOMY BHOIp 3aJICKUTH IIJIKOM 1 TOBHICTIO BiJl po3poOHUKa. BakmuBumu
KpPUTEPIsIMU BUOOPY € 4ac 3a KUl BUKOHAETHCS COPTYBaHHS, 00’ €M MaMm’aTi HEOOXiHOT [yIs
peamizanii Ta cTifikicth anroputMmy. Jljis poOOTH 3 BETUKMMH oOcAraMu JaHuX 1a00pe
3apexkoMeHayBaB cebe anroputMm «llIBuaKoro copTyBaHHS», a[pke BIH NeEpeBakae 3a
mBuakictio - O(n?) B Haifripmomy Bumaaky ta O(n log n) — cepenHiii yac BUKOHAHHS, i
notpedye Mmano gomaTkoBoro o0’emy mam’sari. J[o TOTO K JIETKO YHHKHYTH CHUTYyaIlil
HAWTIPIIOro Yacy BMKOHAHHS 3a PaxyHOK BHOOpY PiVOt maBMaHHs. Metona mpuiiMaTumMe 3
napaMeTpH: KOJEKI[is, SKy HeOOXiIHO BIJCOPTYBAaTH, IHAEKC IEPIIOr0 Ta OCTaHHBOTO
€JIEMEHTY, K BEpXHBOTO TH HMKHBOTO KOPJIOHIB JIIJITHKA COPTyBaHHS. TakuM YUHOM IMicIs
pob6oTtu QyHKIIis TOBEPHE BIACOPTOBAHY 3a BKA3aHUM IMapaMeTPOM KOJIEKITIFO.

Bukopucranus CYBJ] Microsoft Access ta moBu nporpamyBanHst VBA 1iist cTBopeHHsI
nporotunty IC moBHicTIO cebe Bumpapaano. 3aBASKH caMe MPOTOTHUITY CTajla 3pPO3yMUIOIO
nosefinka IC Ta 38’13k MIXK CYyTHOCTSIMH, yC1 3MiHM BUMOT JIOCUTh JIETKO OyJIM peani3oBaHi.
HacTtynHuM kpokoM Oyze mepeBesieHHs OBHICTIO Mpate3aaTtHoro nporotuny IC Ha cyyacHi
TEXHOJIOT11.

[1] Using the Dictionary Class in VBA [Enexrtponnuit pecypc]. Pexum moctymy:
https://www.experts-exchange.com/articles/3391/Using-the-Dictionary-Class-in-VBA.html
[2] The Ultimate Guide To Collections in Excel VBA [Enextponnuii pecypc]. Pexxum goctymy:
https://excelmacromastery.com/excel-vba-collections/#Sorting_a_Collection

[3] Microsoft Documentation Range.Sort method (Excel) [Enextponnuii pecypc]. Pexum
noctymy: https://docs.microsoft.com/en-us/office/vba/api/excel.range.sort

FEATURE OF WORK WITH COLLECTION IN VBA

M. Skok, N. Karpenko
Oles Honchar Dnipro National University
skok@ffeks.dnu.edu.ua

Development prototype of information system on VBA in "Microsoft Access"”
connected with necessity saving response from DB in collection for working with these objects.
Often order of collection is important for right data processing. Because of VBA hasn't sort
function, developer should create custom function for realization Sort algorithm.
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ABTOMATHU3ALIIA JOCIIKEHHSA 3IVIA/TZKYBAHHSA 3A
AJI'OPUTMOM BPAYHA

. Kepekema, M. TBepaoctyn
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
tven72@ukr.net

BukopucranHs cremiaigi3oBaHUX Mporpam i 0OpoOKH €KCIIEPUMEHTAIBHUX JTaHUX
JI03BOJISIE ICTOTHO MiABUIIUTH TOYHICTh 1 HAJIHHICTh Pe3yJIbTaTiB eKCIIEPUMEHTY.

Mertoro poOoTH € po3poOKa i CTBOPEHHS MPOTPAMHU-KAIBKYJISITOpa I TOCIIKSHHS
BIUIMBY 3I71a/KYBaHHS Ha TOYHICTH PE3yJIbTaTy BUMIpY.

I[Ipu  po3podui  mporpamm  OyB  BUKOPUCTAaHMW  aJalTUBHUN  alTOPUTM
€KCIOHEHITIAIbHOTO 3TJa/UKyBaHHs [1], CyTh SIKOTO 3BOAWTHCS A0 MEPETBOPEHHS MOTOYHHX
3HA4YEeHb JEAKOi 3MIHHOI Xj 3TiJHO 3 pEKypeHTHOI Gopmyioro bpayHa

Xi = aX+(L-w)Xiy, 1)

ne Xi, Xi_1 — eKcIoHeHIiaabHi cepeHi Ha MOMEHTH Yacy i i 1 — 1 BiAMOBiAHO; o - mapamerp
srnamkyBadHs (0 < o < 1). JlificHe 3HaYeHHS BUMIPIOBAHOI 3MIHHOI BEJIMYUHU Xi BU3HAYAIN Y
BUTJIAJII CEPETHBOTO apUPMETHUHOTO Xcp 3 MOXUOKOIO AX.
Jlnst ouiHKK AWHAMIKU TMOBemiHKH X¢p 1 AX B 3anmexHocTi Bif Kinbkocti N BuMIipiB
Cepe/IHE 3HAUCHHS BU3HAYAIIM Y BUTIISII KYMYJISITHBHOTO KOB3QKO4OT0
N

1
XgM) = 2D X, @
i=1
npu 1 < N <100, a noxubKy cepelHbOr0 BU3HAYAIM SIK J0OBipuMil iHTEepBan AX 3 0OpaHOIO
BiporigHicTio 0,95

\/Z?Ll(xi - ch)z
AX(N) = ty m : (©)

ne tn — xoedimient Ctoionenta. Bemuuannau Xep(N) i AX(N) obuunciroBamy 11 Mo4aTkoBOroO i
3IJ1aJPKEHOT0 YHUCIOBUX pAMiB. B skocTi JificCHOro 3HaueHHs BHUMIPSHOI BEIMYUHMU OYJI0
NPUMHATO 3HA4YeHHS Xcp MPU MakcUMaibHIM BeauuuHi N A7 JOCTIIKyBAHOTO UYMCIOBOTO
psany. Bupasu (1), (2), (3) noknageHi B OCHOBY MaTeMaTUYHOI MOJIEN1 pO3pO0IIeHOT Mporpamu-
KaJbKYJISTOPA.

VY crBOpeHiil mporpami BUKOPHCTOBYEThCS IpadidHui iHTEepdeic 3 BigoOpakeHHSIM
JAHUX Y BUTJIS1 KHOIOK, IKOHOK, Tabnuib (puc. 1) 1 rpadikis (puc. 2). Jns npuxnana Ha puc.1
IPe/ICTaBICHO MAaCHB TIOYAaTKOBUX AaHUX 00'eMoM 15 umucen i pe3ynbTati po3paxyHKy Xep(N) i
AX(N) 1o i micins 3riapKyBaHHs MpH 3a1aHoMy mapamerpi o = 0,1; Ha puc. 2 s macuBy 100
YpceN TOoKazaHi oTpuMaHi rpadiuni 3anexHocti Xep(N) mpu 3amaHux 3HaYEHHSIX Mapamerpa
srnampkyBanss o Big 0,01 mo 0,25. ¥V mporpami nependadeHa nmapajienbHa 00poOKka 70 IM'siTh
OKpeMHUX MacuBiB 4Hced. EKCIepUMEHTalbHO BCTaHOBJIEHO, IO BiJIHOCHA IOXHOKa
PO3pPAXyHKIB TIPOrpaMo0-KalbKyIATOPOM He mepeBumrye 3,2-10 % %.

B uinomy po3pobiieHa mporpama-kKajabKyJsTop TIoKa3zana cede (yHKIIOHAIbHO
THYYKUM 1 JOCUTh 3PYYHUM Y KOPUCTYBaHHI THCTPYMEHTOM JJIsl TOCTIIPKCHHSI MOYKIUBOCTEH
3rJ1aJKyBaHHs 3a anroputMom bpayha.
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& Mporpamma ans Mccreacsan e SASNTMENOO CrATKNBIHAR T = - ={El “_
Daiin
x o7 Tabnuuz 1 | TabBnuua 2 | Tabnuua 3 | Tabnuua 4 | TaGnuua 5‘
MosTopHoOe crnaXueaHne : UexoaHble Mapametp
N CrMaxnBaHuA Xcpa AX Xormk. X cpa,. crmx. NX ermx.
0 - 3HaueHna X -
1 12 0,1 12 H/O 12 12 HIO
2 13 0,1 125 215135 12,1 12,05 0,21513499999
3 11 0,1 12 1,337350496669 11,99 12,03 0,11176221501
4 14 0,1 125 1,792158493735 12,191 12,07025 0,13130725916
5 12 0,1 124 1,310753956164 12,1719 12,00058 0,10770005365
6 15 0,1 12,8333333333_ | 1,470403902655 | 12 45471 12,15126833333_ |0,17046491316
7 14 0,1 13 1,263931865252 12 609239 12,21669271428  |0,20812504620
3 13 0,1 13 1,067470575037 126483151 122706455125 |0,21535066353
9 14 0,1 13,1111111111_ |0,957133440004 | 12,73348359 12,32762752111 _ |0,22655933267
Buibop 10 |16 0,1 134 1,060787778775_ 13,105135231 12,4053782921  |0,26428343074
H2 AN STpOR| O CTROS HME 1 |14 0,1 134545454545 |0,955420995864 . | 13,1946217078  12,47712769353._ |0,28408396351...
[RaBHED 12 |15 01 13,5833333333_. |0,907833333333_. 1337515953711 |12,55196368050... |0,30412072801 .
Tabnnua 1 il 13|17 0,1 13,8461538461 | 1,004008173898 | 13,737643583309 1264316982687 | 0,34024916403
RES 14 |15 0,1 139285714285 |0,939596777674 | 13,8638792250 1273036335531 | 0,36438556469
[ X cpa. 15 |18 0,1 14,2 1,044168487553... 14,2774913025... | 12,83350521846... |0,40245246902...
] AX a
[ X crmx.
] X cpa,. crimx
[ AX crnx.
Hauate nocTpoeHue
rpadpuka

Puc. 1
Tabnuua - 1: X cpa —— 33 1y
Tabnuua - 1: X cpa. crx. —# 4
Tabnuua - 2: X cpa. crmk. —e—
Tabnuua - 3: X cpa. crk. —o— 7
Tabnuya - 4: X cpa. crx. —& J

Tabnuua - 5: X cpa. crmk. ——
Tabnuua - 1:a=0,25

Tabnuua - 2:a=0,2

Tabnuua - 3:a=0,1

Tabnuua - 4:a=0,05 32,5
Tabnuua - 5:a=0,01

32—
31,5 {2000 o A
e I?i;if;' ‘.
)
31
o] 20 40 60 80 100 N
Puc. 2

[1] Jlykammn FO.II. ApantuBHBIE METOABI KPATKOCPOYHOI'O IPOrHO3MPOBAHMSI BPEMEHHBIX
panoB. — M.: ®uHaHchl U cratucTuka, 2003. — 416 c.

AUTOMATION OF SMOOTHING RESEARCH ACCORDING
TO BROWN'S ALGORITHM

D. Kerekesha, N. Tverdostup
Oles Gonchar Dnipro National University
tven72@ukr.net

The specialized program is worked out with a graphic interface based on adaptive
algorithm for smoothing out of the numerical rows got as a result of experiment. The program
calculates a sliding mean value and his error taking into account the chosen parameter of
smoothing out.

VI BeceykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(epeHIis
«IMIEPCIIEKTUBHI HATIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAILIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2021
24-26 aucronana 2021 p., M. /Ininpo, Ykpaina



Cekuis 1. KOMIT'FOTEPHI CUCTEMMHA I KOMIIOHEHTH 53

MOAVJIBHI AVIBTEPHATUBU CUCTEMAM 3AXUCTY
IHOOPMALII TUITY XDR

A. Mamuiues, A. PogionoB
Kuiscoxuit nonimexuiynuii incmumym imeni leopsa Cikopcvko2o
anma-ipt22@I11.kpi.ua

Ha cporomni o0’eM iHdopmanii, mo 0OpoOISI€THCS KOMITIOTEPHUMH CHUCTEMaMH 1
3HaXOAUTHCS B 1H(POpPMAIIHHUX Mepexax, Oe3mepepBHO 30LIBITYETHCS 1 BXKE TOCAT TI€T MEXi,
3a SIKUM PO3IJIAAaTH KOKEH KOHKPETHUH 1HIIMJCHT BPYUHY CTA€ MPAKTHYHO HEMOXKITUBUM.

Jlnst BupimeHHs AaHoi mpoOjeMu OyiaM CTBOPEHI KOMI'FOTEPHI CHUCTEMHU 3aXHUCTY
iHpopmarii. Ha manuii MOMEHT, € TOCUTh BEJIMKA PI3HOMAHITHICTh TUIIIB TAKHX CHCTEM.

Cucremu po3mMpeHOro BUSABIEHHS 1 pearyBaHHs (Bin anri. extended detection and
response) abo XDR — me kmac cucrem iH(opmamniiiHOi Oe3neku, NpU3HAYECHUX JUIs
ABTOMATUYHOTO TPOAKTUBHOTO BHUSBIEHHS 3arpo3 Ha pI3HUX pPIBHIAX 1H(paCTpyKTypH,
pearyBaHHS Ha HHUX 1 IPOTHIIT CKIIQJHUM aTaKaM.

XDR Bkitoyae mUpOKH HaOip 1HCTPYMEHTIB, SKi IHTETPYIOTbCS 3 HASBHUMU
porpaMaMu i ToJaTKaMu s 3a0e3reueHHs 0e3neku 1 3a0e31Meuy0Th MOHITOPUHT TaHUX Ha
piBHI KiHIIEBUX TOYOK, y MEpexXi, XMapu 1 cepBepiB €NEKTPOHHOI MOIITH, a TaKOXK (YHKIIT
AQHAJIITUKY 1 aBTOMATHU3aIIi1 ISl BUSBIICHHS 1 YCYHEHHS TIOTOYHHX 1 MOTEHIIIHKUX 3arpo3.

Texnonoris XDR Oyna Bnepmie npeszentoBana y 2018 pomi B SKOCTI pO3BUTKY
texrozorii EDR (Bix anrn. Endpoint Detection and Response, BUsBICHHS Ha €HAMOIHTI Ha
pearyBaHHs) 1 Oyna 3asBiieHa SK KOMILUIEKCHE BUpIIIEHHA ycCiX mpoOieM iHdopmamiiHoi
Oe3nexu.

V sxocti onucy XDR cucrem Brnepie no3unioHyBaiocsi kKoHuemniis Bia Gartner Inc,
NPUKIaJlaMid KOMEPLIHHUX CHCTEM, L0 peani3yloTh aanuil npunuui, € Cortex XDR, Cynet
XDR, Palo Alto XDR, Cisco XDR, McAfee XDR Ta Trend Micro [1].

[Ipore, mocrayaibHMKaMM TaKUX YHIBEpCAJbHUX DpillleHb € KoMmaHii, B cdepi
KOMIIETEHIII] SIKUX JI0 LIbOTO 3HAXOJMBCS JIMIIE SIKUICh KOHKPETHHUH acmekT iH(opmauiiHoi
Oe3nekn abo AEK1IbKa TAKUX aCHEKTIB.

Takox, wacto XDR pimenHs MawooTh NpoOiieMd 3 I1HTErpari€ro 31 CTOPOHHIMHU
PILIEHHSAMH, sIKI MOTJIH O BUIIPABUTH iX HEJOJIKH a00 TOMOBHUTH iX (DYHKIIIOHAJ, SKIIIO BOHU
HE pOo3pO0JIeHI TUM CaMHUM MOCTa4aIbHUKOM.

Jesiki iHcTpyMeHTH Kibep3axucTy cxoxki 3 XDR, ane uepes O611b111 By3bK0i crieriamizamii
B HHUX, fK INpaBwio, MeHme ¢yHkuii. [IpoTe, HEMOXINBO rapaHTyBaTH, L0 KOHKPETHE
pimenHs XDR Oyne mMatu kpaiy NpOJyKTHBHICTH MO KOXHOMY a0 BCIX HaIpsIMKax, HIXK
OKpeMi pillleHHs 1HIUX TUMIB [2].

Pitmennst tuny SIEM (Bim anrn. Security information and event management,
yhpaBiiHHA iH(OpMaIiifHOI0 0e3MeK0I0 Ta MOAIsIMUA Oe3MeKH) HOBOIO MOKOJIHHSA, TaK 3BaHI
Next-gen SIEM cucremu, MaroTh MiJIBUILLEHY 3AAaTHICTh JI0 aHaJI3y OTpUMaHoi iHdopMmarlii, 1,
sk 1 B XDR cucremax, B HUX aKTUBHO 3aCTOCOBYIOTHCSI METO/IM MALITMHHOTO HaBYaHHS.

Ockinbku SIEM cuctemu He MaioTh (YyHKIIIOHATY JJISI pearyBaHHS Ha 3arpo3u, s
ILOTO BOHU MOXYTh OyTH iHTerpoBani 3 SOAR cucremamu (Big anri. Security Orchestration,
Automation and Response, opranizanis 6e3neku, aBTOMaTH3allisd Ta pearyBaHHs).

SOAR cucremu 103BOJISIIOTH aBTOMATHU3yBAaTU aHaNI3 IHUUACHTY, ieHTH(IKALi0 Ta
Kiacudikailiro 3arpo3, pearyBaHHs Ha 1HIIUIEHTH, Bi3yali3alliio JaHUX.

Henonikom SOAR cucteM € BicyTHICTb BlIacHUX 0a3 TaHUX JUISl 1X aHAJI3y Ta BUSBJICHHS
3aKOHOMIPHOCTEH, a TaKOX HEOOXIJHICTh CIHUPATHCS HAa CTOPOHHI CHUCTEMH IJII 30UpaHHS
iH(dopMmalii mpo moil, Mo BiIOYBAIOTHCS, 110 TOBHICTIO KOMIIEHCYETHCS iHTETparliero 3 Next-
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gen SIEM cuctemamu. B Takomy BUNaaKy, Bes iHGopMarlis mpo KiOepiHIUAESHTH 301MPaAEThCS
ta a”anizyetscst SIEM cknagaukom cucremu, B Tol dac ko Ha SOAR CKITaTHUK HAIXOAUTh
nviie iHGopMallis mpo 3arpo3u, Mo HoTpedyoTh peakiii cucremu [3].

Enement Enement EnemenT
iHdpacTpykTypn iH(ppacTpyKTypH iHdpacTpykTypn <
Peaxiiist
[Hpopmartis [Hpopmanis Indopmartis SOAR
SIEM cHcTema: Hopmasizallis Ta anani3 indopmatlii, BUSIBIEHHS 3arpo3, IPOTHO3  \ CUCTEMH
MOXJIMBHX HACHIAKIB MOAIi. o BiAOyauch. ONuioHANbHO: 3aCTOCYBAHHS METO/1IB Ha
MAaIIMHHOT'O HaBYaHHs [UIsl OibIl e(peKTUBHOTO (DYHKLIOHYBAHHS
A b 1 Y -/ BUSIBJIICHY
+ Indopmaris 3arposy
SOAR cuctema: BUSIBIEHHS ONITHMAJIBHOTO IIISAXY pearyBaHHs Ha podiemMy, \
crniuparoyrck Ha otpumany Bin 3IEM cuctemu J

Puc. 1. BazoBa cxema podoru SIEM Tta SOAR cucrem y noennanui

Takum umnom, moenHanHs Next-gen SIEM ta SOAR cucreM nae B pe3ynbrarti
¢ynkuionan, ananoriunuii XDR cucremi [1], mpore, He 0OMexye KopucTyBada y BHOOpI
HaOLIbII €PEeKTUBHOTO PILICHHS IS pearyBaHHs Ta BUSBIICHHS 3arpo3, 03BOJISIOYH 00paTh
SIEM ta SOAR pimieHHst OKpeMo, BUXOISYH 3 MOTPEO KOXKHOI OKPEeMOi CUCTEMH 3aXUCTY
iH(popMarii abo 11 CKIIaZ0BO1 YaCTHHHU.

[1] Understanding XDR Security: Concepts, Features, and Use Cases [Enektponnuii pecypc].
Pexxum JOCTYIY: https://www.cynet.com/xdr-security/understanding-xdr-security-
concepts-features-and-use-cases/

[2] The differences between open XDR vs. native XDR [Enekrtponnwuii pecypc]. Pexum
JIOCTYITY: https://searchsecurity.techtarget.com/feature/The-differences-between-open-
XDR-vs-native-XDR

[3] What is Next-Generation SIEM? [Enektponnuit pecypc]. Pexum moctymy:
https://www.securonix.com/what-is-next-generation-siem/

MODULAR ALTERNATIVES TO XDR INFORMATION
PROTECTION SYSTEMS

A. Mamyshev, A. Rodionov
Institute of Physics and Technology, National Technical University of Ukraine "Kyiv
Polytechnic Institute”
anma-ipt22@I11.kpi.ua

The most promising information protection systems at the moment are XDR systems,
designed to provide complete protection of the system from any threats. However, such systems
may have poor compatibility with information collection systems and other information
protection and processing systems supplied by other vendors.

Also, XDR-class systems include many different functions, while the vendors supplying
these systems most often specialize in one or more areas, not covering everything that may lead
to attempts to implement certain features without the necessary expertise. This, in turn,
increases the likelihood of errors.

As an alternative to XDR, the combination of Next-gen SIEM and SOAR systems
provides similar functionality, while allowing for a separate selection of each of the elements
to ensure the greatest efficiency, which is the main advantage of such a solution.
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EHEPI'O-OPIEHTOBAHA KOHTPOJUIEIIPUJIATHICTbD
APUOMETUYHHUX FPGA-KOMIIOHEHTIB
KOMII'IOTEPHUX CUCTEM

O. HaymoB, A. Koctpy0enko, O. /Ipo3a, K. 3amonxin

Hepoicasnuii ynisepcumem « Odecbka nOAMeEXHIKa»
alex1999099@gmail.com

Ha cydacHoMy erami pO3BUTKY JIIOJCTBO CTBOPHJIO BENUKY KUIBKICTh HaJI3BHYAIHO
KOPHCHHX Ta CKJIQIHUX TEXHIYHUX 00’ €KTIB, SIKi 320€3MEUYIOTh PECYPCH KUTTEMISIIbHOCTI. [0
TakuX OO0’€KTIB, 30KpeMa, BIJHOCATHCSA aTOMHI €JIEKTPOCTaHIli, XIMIYHI BHPOOHHMIITBA,
iH(ppacTpyKTypa BUAOOYTKY KOPHUCHHMX KONAJIWH, IIBUIKICHWNA TOBITPIHUN Ta Ha3eMHHN
TpaHcopT Touo. KokeH 3 BHIIB 3a3Hau€HUX OO’€KTIB Ma€ 3HAYHY E(EKTUBHICTH IS
BIJIMIOBIJTHOI Tajy3i, aje Mopsja 3 LIUM BEJIMKUN NOKAa3HMK pU3MKY. Bennka pu3nkoBaHiCTh
o0yMOBIJIEHa TeM, IO aBapii Ha TaKUX 00’€KTaX MOXKYTh 3arpOKyBaTH 3arnOeIuIIo JIO/ICH Ta
CTBOPEHHIO BEJIMKUX 30UTKIB BJIACHOCTI Ta ekoiorii. [y kepyBaHHA TakuMu 00’ €KTaMHU
3a3BHYail BAKOPUCTOBYIOTHCS KOMII FOTEPHI CUCTEMH KPUTHYHOTO 3acTocyBaHHs [1].

Komm’toTepHi CHCTeMHU KPUTHYHOTO 3aCTOCYBAHHS XapaKTEPU3YIOTHCS IiIBUIICHUMHU
MMOKa3HMKAMH HAIIHHOCTI TO CTIMKICTIO A0 BigMOB Ta 300iB. J{ig 3a0e3medeHHS TaKUX
MOKA3HHUKIB CUCTEMHU MPOEKTYIOTHCS 3 ypaXyBaHHAM HEOOXITHOCTI MOCTITHOTO KOHTPOJIIO Ta
OLIIHKH KOPEKTHOCTI (YHKIIOHYBaHHS Ui BYACHOTO BHUSBJICHHS HECIPABHOCTEH Ta iX
YCYHEHHs IepIl HiXK BOHU IPU3BEIYTh J10 30010 Ta HMOBIpHOI aBapii. CTyliHb MOKJIMBOCTI Ta
e(hEeKTUBHOCTI KOHTPOJIIO CTaHy, a TAKOK KOPEKTHOCTI pOOOTH CUCTEMH, 3a3BUYAl OIIHIOETHCS
yepe3 i1 KOHTPOJIENPUIATHICTb.

JUist KOMIT'FOTEPHUX CHCTEM KPUTUYHOI'O 3aCTOCYBAHHS XapaKTEPHUMHU € JIBA PEKUMHU
ix poOOTH: HOpMabHUH Ta aBapiiiHUil. B HOpManbHOMY peknMi cucTemMa (PyHKIIOHY€ OLIbILY
4yacTHHY 4acy. B aBapiiiHuil pexxumM cuctema nepexoJuTh TIIbKA B MOMEHT HAaCTaHHS aBapiiHOi
cutyauii. BaxamBoro 0coOIMBICTIO KOMIT FOTEPHUX CHCTEM KPUTHYHOIO 3aCTOCYBaHHS € Te,
Mo iX KOHTPOJENPHUAATHICTh 3a3BHYail € HHU3BKOK B HOPMAJIbHOMY PEXHMI Ta 3HAYHO
HiIBUIIYETbCS B aBapiiiHoMy pexumi [2]. Taka ocoOmuBicTh 0O0YMOBIICHa HHU3BKOIO
AKTHBHICTIO 1 HE TTOBHUM J11alla30HOM BUKOPHCTAHHS 3HAYCHb BXIJTHUX CUTHAIIIB CUCTEMHU B
HOpPMaJIbHOMY peXuMi. I, HaBmaku, BUCOKOI aKTHBHICTIO BXIJIHUX CUTHANIB CUCTEMU HpPHU
HAacTaHHI aBapiiHOro pexxuMmy. Hu3bka KOHTPOJENPHIATHICTH B HOPMAJIbHOMY PEXHUMI
CTBOPIOE YMOBH IS BUHUKHEHHSI IPUXOBAaHUX HECIIPABHOCTEH, SIKi TPOSIBIISTIOTHCS TUTBKA B
aBapiiHOMy pexuMi. B 1mmx ymoBax [uIs CHCTeM KPUTUYHOTO 3aCTOCYBaHHS ICHY€
HEOOX1/IHICTh MIJBUIIEHHS KOHTPOJIETPUIAATHOCTI Y HOPMAIBHOMY PEXUMI.

Haii61i1p11 yacTo po3riisIaeThCcsl KOHTPOJIENPUIATHICTD B 11 JIOT14HIN (opMi, B Mexax
SIKOT HECTIPABHICTh MPOSBIISIETHCS 32 MOMUJIKOIO pe3yJbTaTiB 00unCieHb. B yMoBax 3HMKEHHS
KOHTPOJIETIPUAATHOCTI B HOPMAJbHOMY pEXUMI 11 MOXJIMBO 30UIBIIMTH 3a pPaxyHOK
3aCTOCYBaHHA 1HIINX (POPM KOHTPOJIETPUIATHOCTI. [0 Takux ¢popM MOKHA BiTHECTH €HEpro-
OpIEHTOBaHY EKOHTPOJICTIPUIATHICTh, sKa Oa3yeThCcsl Ha iAeHTUdIKaIl HeclpaBHOCTEH 3a
BIJIXMJICHHSM €HEpPreTHYHUX mapaMeTpiB cuctemu [3]. Taka KOHTpOJEPUIATHICTD T03BOJISE
KOHTPOJIIOBATH CUCTEMY CHHXPOHI3allii HU(PPOBIUX KOMIIOHEHTIB, ICTOTHO JIOMIOBHIOIOUH JIOTTUHY
KOHTPOJICHPUIATHICTh TIPYU HU3bKIA aKTUBHOCTI BXiTHHX CHUTHAJIIB, KOIU JUHAMIYHA CKJIaJ0Ba
€HEProCrOKMBAaHHS B OCHOBHOMY BHW3HAYAETHhCS TEPEMHUKAHHS CUTHATNIB cuHXpoHizarii. Lle
JI03BOJISIE€ BUSIBIISITH BIIMOBH CHHXPOHI3AIII1 11010 3HIKEHHSI CTPYMIB CIIO>KHUBAHHS.
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B nmaniii po0OOTI pO3TISAAIOTHCS MHUTAHHS KOHTPOJCTPHUIATHOCTI apuPMETHIHUX
KOMIIOHEHTIB KOMII'FOTEPHHX CHCTEM KpPUTHYHOTO 3aCTOCYBaHHsA, MOOYJOBaHUX Ha
enementHii 6a3i FPGA (Field Programmable Gate Arrays). [liis miaBHIIEHHS TOCTOBIPHOCTI
pe3yJbTaTiB CHCTEMH KOHTPOJIO IPOMOHYETHCS BHUKOPHCTOBYBAaTH HE OIUH (hakTop
KOHTPOJICTIPUIATHOCTI, a JBa: JIOTIYHY Ta €HEPreTHUHY KOHTPOJIENpUaaTHICTh. Meta poboTu
MOJIATAE B €KCIIEPUMEHTAILHOMY MIATBEPAKEHHI MOXIJIMBOCTI BUSIBJIICHHSI HECIIPAaBHOCTEH B
JaHLorax cuHXpoHizamii apupmernyHux FPGA-KOMIOHEHTIB KOMIT'IOTEPHHX CHCTEM,
IPYHTYIOUHCh Ha aHaJIi31 3HaY€Hb CTPYMIB CIIO’KMBAHHSI.

Jly1st BUKOHAHHS TOCTIKEHHsI 0yJI0 BUKOpHCTaHO JlabopartopHuii creHn Intel Cyclone
10 LP FPGA Evaluation Kit, nooynoBaunuii Ha ocHoBi Mikpocxemu FPGA Intel Cyclone 10 LP
10CL025YU25617G. 3a3naueHuii CTEH/ 1a€ MOMKIIMBICTS BUKOHATH BUMIP TOKIB CITOKMBAHHS
CHCTEMH, Ta 3a JOTIOMOTOI0 BiJIOBITHOTO MPOrPaMHOTO 3a0€3MEeUCHHS, OTPUMATH BUMIpPSHI
3Ha4YeHHsA. ba3oBa eKCIeprMMEHTalbHA CXeMa CKIIAJA€ThCS 3 OCHOBHOTO OOYHCIIOBAIIEHOTO
65oky; Omoky PLL, mpu3HaueHOro js OTPUMaHHS OCHOBHOI YaCTOTH CHHXPOHI3AIl CXEMU;
050Ky (OpMyBaHHS ONEPaH/IiB HOPMAIBHOTO PEXUMY; OJIOKY KepyBaHHS peKUMaMu poOOTH
CXeMU Ta BBEJCHHS HECHPABHOCTEH. B SKOCTI OCHOBHOTO OOYHCIIOBAIBHOTO OJOKY Oynu
BUKOpHUCTaHI cTaHnapTHi O0i6mioreuni kommoHeHTHn CAIIP Intel Quartus: momHoXyBady,
NOJUTIOBaY Ta OaraTOONEpaHIHUN CyMaToOp sl LIJTOYHMCICHHUX OIepaHiiB. Pesympratn
EKCIIEPUMEHTIB IMOKa3aJId MOKJIMBICTh 11€HTU(IKYBAaTH HECIIPABHOCTI, 0OYMOBJIEHI BiIMOBOIO
JAHIIOTIB CHHXPOHI3aMii OKpeMUX po3psniB o0unciaroBadiB. [Ipu mpomy Oyio mokazaHo, 110
OTpPHMaHi pe3yJIbTaTH BUMIipiB IOTIOBHIOIOTH JIOT1YHY KOHTPOJIEPIHUIATHICTD, I IBUIIYIOYH i1 B
HOPMaJIbHOMY peXHMi pOOOTH CHCTEMHU.

[1] Smith D., Simpson K. The Safety Critical Systems Handbook, 5th ed. UK, Oxford:
Butterworth-Heinemann (2019).

[2] Drozd O., Zashcholkin K., Martynyuk O. et. al. Development of ICT Models in Area of
Safety Education. Proc. of the 18th IEEE East-West Design & Test Symposium (Varna,
Bulgaria, 2020). P. 115-119.

[3] Sarkany, Z., Rencz Marta. Design considerations to enhance thermal testability.
Proceedings of the IEEE Electronics Packaging Technology Conference (Singapore,
Singapore, 2012). P. 148-152.

ENERGY-ORIENTED CHECKABILITY OF THE
ARITHMETIC FPGA COMPONENTS OF COMPUTER
SYSTEMS

O. Naumov, A. Kostrubenko, O. Drozd, K. Zashcholkin
Odessa Polytechnic State University
alex1999099@gmail.com

In this paper the features of functioning of safety-related computer systems are
considered. It is noted that in normal mode these systems have low checkability. It is proposed
to complement the logical checkability by adding an additional form - energy-oriented
checkability. Experimental research aimed at confirming the possibility of detecting faults in
the synchronization circuits of the arithmetic components has been performed. It is shown that
the obtained results make it possible to increase the checkability in the normal mode of
operation of the system.
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MICIE TECTYBAHHS B PO3POBII IHOOPMALIMHUX
CUCTEM

1O. IlexoB, B. I'epacumos
JlHinposcokuu HayionanvHuu yHieepcumem im. Onecs [ onuapa

piekhov_yp@ffeks.dnu.edu.ua

OCHOBHOIO TEHICHIIIEID Y PO3BUTKY Cy4dacHHX iH(MOpMAIIHHUX CHCTeM € BceOiuHe
3aCTOCYBAHHS pI3HUX MOJENell JKUTTEBOTO LUKy HPOrPaMHOr0 3a0e3MeYCHHSI. Bpaxysanns
JUHAMIKU crienruiYHUX BUMOT OTOYCHHS, CKJIaIHICTh 3a/1a4 CUCTEMHOI 1HTerpanii JIMKTYIOTh
HEOOXI/IHICTh CTBOPEHHS METOMAIB Ta 3aco0iB MIATPUMKHU MPOEKTYBAaHHS PO3MOILUIEHOT
iHpOpMaLiiHOT cUCTEMH.

Coorogni po3pobiieHO Ta peanizoBaHO CTPYKTYPHHMH WiAXiJ 100 MTPOEKTyBaHHS
iH(QOpMAIITHAX CHCTEM, 0COOJIMBO HA €Talll OTpUMaHHS TIEPBUHHOT iHGOpMAITii TPO CUCTEMY.
B cepenoBuii po3poOHHKIB aKTUBHO BUKOPHCTOBYIOTHCS 00’ €KTHI METOAOJIOT 1] MPOCKTYBaHHS
iHdopmaniitHux cucreM. Lli Meromonorii opieHTOBaHI Ha CUCTEMH, IO (YHKIIOHYIOTH Yy
MOPIBHSIHO CTAIIOHAPHOMY CEPENOBUINI 1 HE 3aBXId TNPUCTOCOBaHI 10 JUHAMIYHUX
CEpEeIOBHIL; OPIEHTOBAHI CKOpillle HA OBTOPHE MPOEKTYBaHHs 1H(GOPMAIIHHUX CHUCTEM, 110
BHUMAarae y BUMaJIKy MOCTIHHUX 3MiH 3HAYHHUX JOAATKOBHX YaCOBUX Ta I'POIIOBUX PECYPCIB.

MonentoBaHHS € JOCTaTHRO €PEKTUBHUM CIIOCOOOM JOCIIHKCHHS CKJIATHUX CHCTEM
pI3HOTO MPU3HAYECHHS, — TEXHIYHHMX, EKOHOMIYHHMX, €KOJIOTIYHUX, COIIaJIbHHUX,
iH(pOpMaIiifHUX — K Ha eTari iX IPOeKTYBaHHS, TaK 1 B poleci ekcrutyaranii. [Hpopmamniiini
CUCTEMH PO3POOJISIFOTHCS TBOPYMMH KOJICKTHBAMHM, 2 OJHIEIO 13 KIIFOUOBUX MPOOJIEM TaKOTO
BUPOOHUITBA € Tpobiema skocTi ¢GyHKIIOHyBaHHSA. OCTaHHA TEPEBIPSETHCS TECTOBUMU
Metogamu. CkiajHI CHUCTEMHM BHMAarailoThb BEJIMKHX OOCSTIB 3aco0iB TeCTyBaHHS, Kl
noTpeOyI0Th CUCTEMHOT'O BUTOTOBJICHHS Ta a/IEKBaTHOI IHTEPIIPETAllii IiJl 9ac BCHOTO Mepiory
eKCILTyaTarfii.

To6T0 MOXKHa BUIIIUTH TECTYBAaHHS — SIK OJIMH 13 HAllBaXKJIMBIILIUX €TaliB y CTBOPEHHI
porpaMHOro 3ade3neyeHHs. TecTyBaHHSI B OCHOBHOMY PO3UIS€THCS HA IBa BUAN: MaHyalbHE
(pyuHe) Ta aBTOMaTHU30BaHE.

[Ipn MaHyalbHOMY TECTYBaHHI TECTYBAaJIbHUKH BPYYHY BHUKOHYIOTH TECTH, HE
BUKOPUCTOBYIOUHM HisIKUX 3ac00iB aBTOMaTH3allii [1]. PyuHe TecTyBaHHS — HM3bKOPIBHEBUI 1
MPOCTUI TUI TECTYBAHHS, SIKUI HE MOTpeOy€e BENUKOI KUTBKOCTI JOJJaTKOBUX TEXHIYHUX 3HAHb.
[Tporte, mepen THM K aBTOMATH3yBaTH TECTYBaHHA OY/b-sIKO1 MPOrpamMu, HEOOX1THO CIIOYATKY
BUKOHATH CEpil0 TECTIB Bpy4yHY. MaHyalbHE TECTYBaHHsI BUMarae 3Ha4yHHX 3yCHJb, aje 0e3
HBOTO MH HE 3MOXEMO TIEPEKOHATHUCS B TOMY, YU MOKJIMBA aBTOMAaTHU3allis B TpHHIHIT. OIuH
3 (yHIaMEHTAILHUX TPUHIUIIB TECTyBaHHS roBopuTh: 100% aBTOMAaTH3aIllsl HEMOXKIIMBA.
Tomy pyudHe TecTyBaHHS — HEOOX1IHICTb.

ABTOMaTH30BaHE TECTYBaHHS Mepeadadac BUKOPUCTAHHS CIEIiaIbHOTO MPOTPaMHOTO
3a0e3meueHHs] sl KOHTPOJIIO BUKOHAHHS TECTIB 1 MOPIBHSIHHS OYIKyBaHOTO (DaKTHUHOTO
pe3yabpTary pobotm mporpamu. Lleli TUm TecTyBaHHS [oroMara€ aBTOMAaTH3YBaTH YacToO
MOBTOPIOBaHI, ajie HEOOX1/IHI JIsl MAaKCUMI3allii TECTOBOTO MOKPUTTS 3aBJaHHS.

IcHye «kinbKa OCHOBHHUX BHJIIB aBTOMAaTH30BAaHOTO TECTYBAaHHS: aBTOMATH3aIlis
TECTYBaHHSI KOJ1y — TE€CTYBAaHHS Ha piBHI IPOTPaMHUX MOAYIB, KJIaciB 1 610110TeK (hakTUYHO,
aBToMaTHyHi XUnit-TeCTH); aBTOMaTH3allisd TECTyBaHHs rpadiqyHoro iHrepdeiicy kopucryBaua
— cnerniagpHa nporpama ((ppedMBOpPK aBTOMATH3allli TECTyBaHHS) JO3BOJISIE TEHEPYBaTH
KOPHUCTYBATBHHIIbKI MO/Ii1 — HATUCKAHHS KJIABIII, KJIIKA MHIIKOIO, 1 BIACIIIKOBYBAaTH PEaKIIiI0
mporpaMu Ha IIi Jii — YW BiAMOBiZa€ BOHA cnenudikaiii; aBTomarusaiis TectyBanHs API
nporpamMHoro intepdeiicy nporpamu [2]. Tectyrotbcs iHTepdeiicu, mpu3HadeHi 71 B3aEMOII1,
HaNpUKIaJ, 3 IHIIMMH IporpaMamMu ado 3 KOPUCTYBAYEM.

Axmo x posrmamatdy Web po3poOKy, TO HAUNOMYJSPHIIIUNA 1HCTPYMEHT IS
aBToMaTm3alii TtecryBanHs — Selenium Web Driver. Ile mporpamua 6i0mioTeka s
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yIpaBiIiHHS Opay3epamu Ta IijIe CIMEHCTBO apaiBepiB IJIs pi3HUX Opay3epiB, a TaK0X HalIp
KJIIEHTCHKUX 010110TeK Ha Pi3HUX MOBaX, 110 JI03BOJISIOTH MPAIIOBATH 3 IIMMHU JpaiBepamMu. Y
pamkax mpoekTy Selenium po3poOsroThes apaiiBepu it OpaysepiB Firefox i Safari. Jo peui
BoHU pa3zoM 3 Google Chrome po3aiistoTh mepii MicHs y PEHTHHTY 3a MOMYJSIPHICTIO
BUKOPUCTAHHSA cepell KopucTyBadiB. 3a3Buyail QA-iHKEHEpH BHKOPUCTOBYIOTH MOBY
nporpaMmyBaHHs Java 11 aBTomMaru3anii Ha Selenium, Tak K BOHA € CTPOTO TUII30BaHOIO, 110
Iy>Ke BaXKJIMBO MPU ONepyBaHH1 KOPUCTYBATIbHUIIbKUMHU JAHUMH.

HemorkHa He 3rajiati HannoTyxHinmi pperimBopk Ha Java — TestNG [3]. Lle cucrema
TECTyBaHHS JUIsl MOBU ITporpamyBanHs Java, ctBopeHa Ha ocHoBi JUnit i NUnit. Mera au3zaiiny
TestNG — 1e OxomIeHHs OUIBII IIMPOKOTO CHEKTPY TECTOBUX KaTEropiii: MOJIyJbHE
TECTyBaHHs, (YHKIIOHAJbHE TECTYBAaHHS, IHTErpaliiHe TECTyBaHHS TOIIO, 3 OLIbII
MOTY>KHUMH 1 TPOCTUMH Y BUKOpucTaHH1 PyHKIlissMu. Y TestNG € 6araTo 3pydHHX pedeid, TKux
Hemae B JUnit, ane npu npomy TestNG 3maeTbcs BaKuuM, SIK B CEHCI 00'eMy KOy camoi
6i0mioTeKH, Tak 1 IS p03yMiHHs[ ycix ToHkomiB Oibmioreku. Jlo mepeBar TesNG moxna
BIJTHECTH: aHOTAIlli, OCKUIbKU BOHH CHPOILYIOTh JKUTTSA TECTYBAIBHUKAM; TECT-KEHCH MOXKYTh
OyTH 3rpymoBaHi i leOpI/IT€30BaH1 MOYJIMBE TMapajieibHe TECTYBAaHHS;, € MOJJIUBICTh
CTBOPIOBATH MapaMeTPU30BaH1 TECTH.

SIKk BUCHOBOK MO>KHA 3a3Ha4YMTH, 10 JAESAKI 3a[a4i TeCTyBaHHS, Takl K HU3bKOPIBHEBE
perpeciiiHe TeCTyBaHHS, MOXYTh OYyTH TPYIOMICTKUMH 1 BHMAararmTh Oarato dYacy i
BUKOHAHHS 1X BPYYHY. KpiMm ToOro, MmaHnyanpHe TeCTyBaHHS MOXE HEIOCTaTHHO €(PEKTUBHO
3HAXOJUTU JEsIKi KJIach MOMMJIOK. Y TaKUX BHIIQJKaX aBTOMATH3aIlisi MOXE IOTIOMOITH
3a0IIaANTH Yac 1 3yCHIIIS TPOEKTHOT KOMaHTH.

[Ticnst cTBOpeHHSI aBTOMATH30BAaHUX TECTIB, IX MOXKHA B OY/Ib-SIKUH MOMEHT 3aIlyCTHTH
3HOBY, IPUYOMY 3aITyCKAIOTHCS 1 BUKOHYIOTHCS BOHH IIBUIKO 1 TOYHO. TakuM YMHOM, SIKIIO €
HEOOX1/IHICTh YaCTOTO MOBTOPHOTO MPOTOHY TECTiB, 3HAUEHHS aBTOMATH3AIlii /Ui CIIPOILICHHS
CYMPOBOJTY MPOEKTY 1 3HIKEHHS HOTO BapTOCTI BaXKKO MEPEOLIHUTH. AJI)KE HaBITh MiHIMabHI
naT4i 1 3MiHM KOy MOXKYTh CTaTH IPUYMHOIO MOSBU HOBUX 0aris.

[1]TIpo Tectunr - AproMaTu3upoBaHHOe TecTupoBaHue - 3adyeM HEOOXOAUMO
aBTOMAaTH3UPOBATh. [EnexTpoHHMA pecypc]. Pexum JOCTYITy
http://www.protesting.ru/automation/functional/whytoauto.htmi

[2] B. B. I'epacumos, H. D. Hukutun, A. E. lllep6ak, H. B. Kapnenko. TectupoBanue API u
aKTyaJbHblE cpelncTBa ero peanuzanuu // Cucremni TexHosorii. Cuctemu 1 mporecu
00poOku 1HpopMalii Ta ympasmiHHs: 30ip. Hayk. npaub. — Bum. 1(120) — Jlninpo:
"Cucremni Texnomnorii", 2019, c. 70-80.

[3] TestNG - Welcome. [Enextponnuii pecypc]. Pexxum moctymy https://testng.org/doc/

PLACE OF TESTING IN THE DEVELOPMENT OF
INFORMATION SYSTEMS

Yu. Piekhov, V. Gerasymov
Oles Honchar Dnipro National University
piekhov_yp@ffeks.dnu.edu.ua

The main trend in the development of modern information systems is the application of
various models of the software life cycle. Information systems are developed by creative teams,
and one of the key problems of such production is the problem of functional quality control.
The last one is tested by test methods.

So, testing process - one of the most important stages in the software development.
Selenium is an open-source automated testing framework for web applications. It is a tool for
automating a real browser, both locally and remotely, that most closely simulates user actions.
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OCOBJUBOCTI IPOI'PAMHOI'O 3ABE3INNEYEHHSA JAJIs
OBPOBKH I AHAJII3Y EKCHEPUMEHTAJIbHUX JTAHUX
JOCJIIIZKEHD I'A3OBUX CEHCOPIB

O. Tonkomkyp, A. JIo30BcbKHit
Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
andrew.lozovsky@gmail.com

Iarenexryanizanis  iHQOpMAIifHO-BUMIPIOBAIBHUX CHCTEM JJIsl HEPYHHIBHOTO
KOHTPOJIIO (Di3WYHUX 1 (PI3MKO-XIMIYHHMX BJIACTHBOCTEH MaTepiaiiB JI03BOJISE€ PO3MIUPHUTH iX
(dyHKIIOHATBHI MOXKJIMBOCTI 1 MIJBUIIUTH ONEPATUBHICTH 1 TOYHICTh TEXHOJOTII HAYKOBHX
JOCTIKeHb 1 KOHTpomto [1,2]. AKTyaJlbHUM MUTAHHSM B I[bOMY HANpsIMKy € CTBOPCHHS
IPOTrPaMHOro 3abe3neyeHHss 00pOOKU eKCIIEpUMEHTANbHUX JAHUX, KE BKIIIOYAE €JIEMEHTH 1X
aHaJIi3y BiJIIOBITHO /10 HAIBHUX, SIK IPABUJIO, CKJIATHUX B MATEMAaTHYHOMY CEHCI TEOPETHYHHUX
MOJIEJIEN.

OnHie€ro 3 TaKuX 337124 Ha JJAHUH MOMEHT € 00poOKa aHali3 eKCIIepUMEHTAIbHUX JaHUX
BUMIiPIOBaHb ra3049yTIMBHX [TaPaMETPiB HAIIBIPOBITHUKOBHUX CEHCOPIB IPH iX TOCIIIKEHHI Ta
3aCTOCYBaHHI B gKOCTI (DyHKIIOHAJIBHUX XapaKTEPUCTUK CEHCOPIB BU3HAUYAIOTh CTaTUYHY
ra3o4yTIMBICTh (BIATYK), YaCH JETEKTYBaHHS 1 peJlaKcaii 10 BUXiTHOTO CTaHy Ta 3aJIeKHICTh
iX Bl KOHIIEHTpAIlil aKTUBHOTO ra3y Ta TemnepaTtypu. OZHUM 3 HaNpsIMKiB OTpUMaHHS 1i€i Ta
0J1aTKOBOT iH(opMalii € JOCTIIKeHHsI KIHETHUKU BITHOBJICHHS CEHCOPY MICIIs I€TEKTYBaHHS
[3,4]. B miit po6OTI po3risial0oThCsi OCOOIUBOCTI MPOTPAMHOTO 3a0e3redyeHHsT OO0poOKH 1
aHaJli3y eKCIepUMEHTAIbHUX JaHUX TaKUX JOCIHIHKEHb.

Oco6auBOCTAMU pO3POOKH 3a3HAYEHOT0 MPOTPAMHOI0 3a0€3MeUeHHsI € HACTYIIHI

- HEOOXI1/IHICTb BUKOPUCTAHHS PI3HUX MPOrpaMHUX MaKeTIB 1 CEpeOBUIL, HAHOUIbII
epeKTUBHMX Ha KOXXHOMY eTari OOpoOKM 1 aHalidy JaHuX, 30KpeMma, CHeliabHUX
MaTeMaTUYHUX [AKETIB dYepe3 JOCUTh CKJIaJHI TEOPEeTHYHI MOJENi OmHucy iX 0a30BHX
BJIIACTUBOCTEI;

- poboTa 3 BEIMKMMHM MAacHBaMH €KCIEpPUMEHTAIbHUX JaHUX (OJHA 3aleKHICTh
MICTHTB, SIK TIPABUJIO, JI0 KiJTBKOX JIECATKIB THCSY €KCIIEPUMEHTAIBHIX TOYOK;

- HaSBHICTIO  3HAYHMX  MOXHMOOK, OOYMOBJIEHMX  TNpOLlECaMH  YHCEIbHOIO
nuQepeHIlitoBaHHs, BUOOPY 4acOBOro Jiana3oHy, A€ KOpeKTHa oOpaHa Mojenb (hi3HYHOTro
MPOLIECY, PEalli30BAHOIO B EKCIEPUMEHTI, II0 B KIHIEBOMY IMIJCYMKY BHMAara€e y4acTi
oreparopa i CTBOpPEHHsI aJrOpUTMIB, III0 MOJIETIOIOTH HOTro (YHKIIIT;

- BUKOPUCTAHHS MPUKIAIB (TECTIB), SIKI IEMOHCTPYIOTh KOPEKTHY OOpOOKY 1 aHami3
BIJIMOBITHUX €KCTIEPUMEHTAILHUX JaHUX.

VY naniii poOOTiI pO3IJANAIOTECS BapiaHT CTPYKTYpPH HPOTPaMHOrO 3a0e3MeyYeHHS,
MPU3HAUYEHOTO Il KOpHCTyBayda 1HTep(delcy 1 TeXHOJIOTii BUKOPHUCTAHHS IPOrPaMHOTO
3a0€3MevYeHHS 3 YUacTIO KOpUcTyBada. BiH 0a3yeThCsi Ha OCHOBI CIIEIIaII30BAaHOTO BIKOHHOTO
JOJIATKY, pO3pPOOJICHOTO paHilie A1 00pOOKH eKCIIEPUMEHTABHUX KIHETHUHUX 3aJIeKHOCTEH
BIZITyKy Ta304yTIMBHX CEHCOPIB Ta PO3pPaxyHKY iX mapameTpiB 3a aJTOPUTMOM PO3TATHYTOI
excroHeHianeHOi ¢yHkuii Konbpayma-Binssmca-Borrea [4].

IIporpamue 3abe3neyeHHs 0a3yeTbcs Ha KOMIUIEKCHOMY BHUKOPUCTAaHHI PI3HOPITHUX
MporpaMHUX MPOJIYKTIB 1 Ha/la€ HACTYITHI cepBicHI (QyHKII 0OpoOKH 1 aHAII3y 3a3HAYCHUX
JaHUX:

- BBEJICHHS JJaHUX 3a JOTIOMOTOIO eJIeKTpOHHUX Ta0nuik Excel abo TexcroBux (haiinis;
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- pO3paxyHKH B MaTeMaThuyHOMY MakeTi «Mathcady 3aganux mapameTpis;

- Bi3yalri3aliio OTpUMaHMX 3aJIe)KHOCTEH Y BUTIISAAL rpadikiB;

- HJIaHHsI HEOOXiMHOI TeKCToBoi iH(opmallii Npo BUKOPUCTOBYBaHI aJrOPUTMU
PO3paxyHKy 1 TECTOBHX NMPHUKIAIaX iX BUKOPUCTAHHS;

- JOCTyI B [HTEpHET NpHu HEOOX1THOCTI 7Sl OTPUMAHHA JOAATKOBOI iH(opMartii.

CepenoBumiem, 1mo 3abe3nedye poOOTYy OMKHCYBAHOTO IPOTPAMHOTO MPOAYKTY, €
omeparniiina cucrema Windows. Hagiramist Mik po3aiiaMu BiOyBa€eThCs 3a JOIMOMOTOIO
KHOIIOK 1 MEHIO Pi3HUX PiBHIB (TOJIOBHOTO, MPOMDKHHUX 1 pOOOUYHX MEHIO).

Jlst ynpaBitiHHS 00pOOKO0 BUXITHUX JaHUX BUKOPUCTOBYETHCS MOHITOp MakeTa, SIKUi
HamucaHuii 3 3actocyBaHHsM MoBu C # 1 Tumy mnpoekty Windows Forms Application
iHcTpyMeHTapiro Visual Studio.

PosrnsinyTe mporpamHe 3a0e3rnedeHHsT BUKOPHUCTOBYBAJIOCH JJisi OOpOOKHU 1 aHANi3y
EKCIePUMEHTAIBHUX JAHUX JOCIIKEHb HAITIBIPOBITHUKOBUX PE3UCTHBHUX CEHCOPIB METaHY
Ha ocHOB1 ZNO-Ag.

[1] CenuBanoBa 3.M. Uuremiekryanu3auuss HHOOPMAUOHHO-U3MEPUTEIBHBIX  CHCTEM
HEPpa3pyHIaromiero KOHTPOJIA Tel'IJ'IO(bI/ISI/I‘{eCKI/IX CBOICTB TBEPAbIX MAaTCPUAJIOB. I[I/ICC. Ha
couckanue 1.1.H., TT'TY, Tam6oB. (2006). 402 c.

[2] Paunes I'.I'. UnTemtekTyanbHbie cpenctBa usMepenuii / I'.I".Pannes. - M.: M3narenbckuii
neHTp «Axkagemus». (2011). - 272 c.

[3] Tonkoshkur, A.S., Lyashkov, A.Y., & Povzlo, E.L. Kinetics of Response of ZnO-Ag
Ceramics for Resistive Gas Sensor to the Impact of Methane, and its Analysis Using a
Stretched Exponential Function. Sensors and Actuators B: Chemical. Vol. 255, Part 2.
February. (2018). P. 1680-1686.

[4] Toukomkyp, O., JTozoBchkwii, A. Application for calculating the parameters of a gas sensor
from the experimental kinetic dependence of response. CucrtemHi Texuosorii, Bum. 2.
(2021). C. 26-32.

FEATURES OF THE SOFTWARE FOR PROCESSING AND
ANALYSIS OF EXPERIMENTAL DATA OF GAS SENSORS
RESEARCH

A. Tonkoshkur, A. Lozovskyi
Oles Honchar Dnipro National University
andrew.lozovsky@gmail.com

The issues of creating intelligent information-measuring systems for non-destructive
testing of physical and physicochemical properties of materials are considered, which aim to
expand their functionality, including solving problems of analysis of experimental data, and
increase the efficiency and accuracy of research and control technology.

Elements of the structure and interface of a specialized application based on the
algorithm of the model of the stretched exponential function for data processing of the response
Kinetics of resistive gas sensors are presented.

While creating a program, the concept of using different software packages and
environments that are most effective at each stage of data processing and analysis is used.

VI BeceykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(epeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2021
24-26 aucronana 2021 p., M. /Ininpo, Ykpaina



Cekuis 1. KOMIT'FOTEPHI CUCTEMMHA I KOMIIOHEHTH 61

AJAIITUBHA CEI'MEHTALIA CITABOKOHTPACTHHUX
30BPA’KEHDb 3 BUKOPUCTAHHAM MHOKHUH THUITY 2

JI. AxmeTmmHa, O. KHum
J[Hinposcokuil Hayionanvuuu yHieepcumem imeni Oneca [ onuapa
intdnp@gmail.com

CermenTarist 300pa>keHb - OJHE 13 HAHCKIaJHIIINX 3aBAaHb MPH 00poO1Ii 300paXeHb.
Yepes 3aBKaAM MPUCYTHIO y 300paKEHHAX HEUITKOCTI Ta HEBU3HAYEHOCTI, 3yMOBJICHY, 30KpeMa
JUCKPETHU3AIII€I0 32 YaCOM Ta KBAaHTYBAaHHSM 32 aMIUTITY 1010, 17151 PO3POOKH HOBOTO MOKOIIHHS
AITOPUTMIB 0OpOOKH 300pa)K€Hb HMIMPOKO BHKOPUCTOBYIOTHCS HEUITKA JIOTIKA 3 HEYITKUMH
mHoxuHamu tuny 1 (T1). [Ipote, nepexix y neuitkuii npoctip T1 Takoxk € HEOTHO3HAYHOIO
npoueayporo. [l HanamTyBaHHS Ta yTOYHEHHS (QyHKIIH NIPUHAIIEKHOCTI HEUITKUX CUCTEM
CyYacHi JOCIIPKEHHS! BAKOPUCTOBYIOTh HeuiTKI MHOXHHHK Ty 2 (T2) [1].

Sxio GyHKIIII0 MPUHANEKHOCTI [L HeUiTKOoI MHOXHHH T1 Bu3Ha4YeHo, Ha 11 OCHOBI AJis
omucy HeBH3HAYeHOCTI T2 BUKOPUCTOBYIOThCs HWxkHS UL Ta Bepxus pU  QyHkumii
NPUHAUICKHOCTI

p (i J) = (9 )™,
L @)
#y (i, ) = (g i, j)*Y

ne o e (l,00). 3a3Buuail I 300pakeHHsI 3HA4YeHHs Hemae ceHcy. OnuH 13 cmoco0iB

Q/IalITUBHOT'O BU3HAUEHHS MTapaMeTpa ISl KOXKHOI MPOCTOpOBOi ToUKH (i,j) Mae BUTIIS [2]

max g (i +K, j + k) —min(i +k, j +k)
a(i, j) = F x min| 1, — - 1k , (2)

ne kxk po3mip BikHa nepeTBopeHHs, a KoHcTaHTa FE(1, o0) € KoedilieHTOM MOCUIIEHHS, 1110
KOHTPOJIIOE JIOBXHUHY/IIMPHUHY ciainy HeBu3HaueHocTi FOU, L —xinbkicTe piBHI ciporo. Lle
O3Haya€, IO SKIIO IHTEHCHBHICTh IIEHTPAJIBHOTO TIKCENsS 3HAYHO BIAXWIISETHCS BIJ
6e3nocepeIHbOr0 OTOYEHHS, TO HEBU3HAYEHICTh CETMEHTAIlIl 3pOCTaE.

Hoguii piBens ciporo g(i,])' o0uncioeThes 3a HopmMyIioro:

g'(i, J) — (L _1) % a)U (I’ J):uU (g(|’ J)) + a)L (I! J):‘uL (g(ll J)) (3)
ay (i, J) + o (i, J)
ne Baru WL Ta wU nnsa ¢yskui nHamexsnocti pU, pl MoXyTh po3paxoByBaTucs 13

CITIBBITHOIIICHHS JIOKAJLHOTO Ta T7100aTbHOT0 MIHIMAJIBHOTO PIBHS CIPOTO B MEKax BIKHA.
mkin g(i+k,j+k)

o (i, j) =
ming(i +k, j + k)
ay (i, ) =— g (4)

B pamkax maHoi momoBiml po3rasgacThes iH(OpMaIiiHa MOXIIMBICTH CErMEHTAIlli
CJIa0OKOHTPACTHUX 300pa)KeHb 3 BUKOPUCTAHHSAM (QYHKLIA MpuHanexHocTi T2, Ha OCHOBI
¢byukuii npunanexxsHocti T1 p, orpumanuii Meronqom FCM, oninka BIJIMBY Ha 11 4yTJIMBICTb
cnocoOy Bu3Ha4YeHHs ¢yHkuii npunanexHocti T1 ta mapamerpis k, F.

BukopuctoByBaHuid aITOPUTM BKJIKOYAE KPOKHU:
- BH3HAYEHHS PO3Mipy MPOCTOPOBOTO BikHA 00poOKu k, mapamerpa F;
- BU3HAUYCHHsI HEUITKOTro cryreHs HamexHocTi T1 p metonom FCM 3 BUKopucTaHHIM
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iH(opMarttii mpo po3MmoALT ICKPABOCTI Y BiKHI IEPETBOPCHHSI;

- BH3HAYeHHs gmin, gmax A QyHKIIT IpuHaIEKHOCTI g 00paHoro Kiacy;

- obOuucnenHs o(i,]) I BCIX IPOCTOPOBHUX BIKOH BIAMOBIAHO 110 (2);

- po3paxyHok Bar wL ta wU 3a popmyroro (4)

- Bu3HaueHHs BepxHbOi WU Ta HmwkHbOI UL Mex (yHKid mpuHanexkHocti T2 3
BUKOpUCTaHHSM (1);

- po3paxyBaTH HOBHH piBeHb ciporo g '3a popmyioro (3).

Ha puc. 1 npeacraBneHo c1abOKOHTpACTHE 300payKEHHS 3pa3Ka CIUIaBY 31 301IbIIIEHHSIM

3500 pa3iB Ta pe3yabTaTu Horo cermenTarlii metogoM FCM Ta 3 ypaxyBaHHsIM HeuiTKocTi T2.

BHXIJ(HE 300paKCHHS M xnaca FCM 3 o0'ektamu iHTEpeCy g(i,j)’

Puc.1. Pe3yabTaTn cermeHTauii c1a00KOHTPAcTHOrO 300paskeHHss merogom FCM
Ta 3 ypaxyBaHHAM HediTkocTi T2

BucHoBku:

- 3aCTOCYBaHHS HEUITKMX MHOXHH THUITy 2 J03BOJISI€ MIABHIIUTH YYTIMBICTH CErMEHTALil
CI1a0OKOHTPACTHUX 300pakeHb;

- ampiopHa iHQopmalis npo 00'€eKTH IHTepecy Ta METOAU NepeloOpoOKH BUXIAHHUX JTaHHX
H1JBUIIYIOTh €()EKTUBHICTD aJITOPUTMY;

- Ha CTYMiHb JeTami3auii pe3yibTaTy cerMeHTalli BIUIMBae crocid (gopMmyBaHHS (QyHKIIT
NpUHANEXKHOCTI THITY bI2.

[1] L. Akhmetshina, A. Yegorov. Low-Contrast Image Segmentation by using of the Type-2
Fuzzy Clustering Based on the Membership Function Statistical Characteristics /
International Scientific Conference Lecture Notes in Computational Intelligence and
Decision Making. AISC, - v. 1020. pp 689-700.

[2] H. Bustince et al., (eds.), Fuzzy Sets and Their Extensions: Representation, Aggregation
and Models. C Springer 2008.

ADAPTIVE SEGMENTATION OF LOW-CONTRAST IMAGES
USING SETS OF TYPE_2

L. Ahmetshina, O. Knysh
Oles Honchar Dnipro National University
intdnp@gmail.com

The paper considers a segmentation method based on fuzzy logic methods of type 2.
As a result, a comparison was made between the methods of fuzzy logic and fuzzy logic of

type_2.
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PO3POBKA MIKPOCEPBICHOI CUCTEMM JIJ151
OBCJIYT'OBYBAHHSA BATATOKBAPTUPHUX BY/IUHKIB

M. Ilomin, H. MaTBeeBa
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
pominmaksim127@gmail.com, 31nata@ukr.net

B mporpamHiii iHXeHepii MOHOJITHA MOJENb BIHOCUTHCSA O €IWHOI HEMOIITbHOL
onuHMIl. KoHIENIlis MOHOJITHOTO MPOTPAaMHOTO 3a0€3MEUCHHs MOJIsAraE B TOMY, IO Pi3Hi
KOMITOHEHTHU IpOrpaMu 00'€THYIOTHCS B OJHY MporpaMmy Ha ofHii rardopmi [1].

[TepeBaru MOHOJIITHOT apXITEKTYPH:

e crpolleHa po3poOKa Ta pO3rOpTaHHS;
e MCHIIIC HACKPI3HHUX MPOOJIeM;
e Kpaia NpoayKTHBHICTb.
Henomniku MOHOITHOT apXiTEKTypHu:
e Ko0j0Ba 0a3a 3 4aCOM CTa€ ITPOMI3JIKOIO;
® CKJIaJIHO BIIPOBA/KyBaTH HOBI TEXHOJIOTII;
e o0OMexeHa THYYKICTb.

MikpocepBichk — 1€ THI CEPBICHO-OPIEHTOBAHOI AapXITEKTypHd IPOTPAMHOTO
3a0e3eueHHs], KU OpIEHTOBAaHUI Ha CTBOPEHHS psAy AaBTOHOMHHMX KOMIIOHEHTIB Ta
CKJIQJIOBUX JOJATKiB. MIKpOCEpBICHI JONATKH CKJIAMAIOThCS 3 JICKUIBKOX HE3aJIeKHUX
KOMIIOHCHTIB, SIKi CKJIEEH] pa3om 3a gormomoror API [2].

MikpocepBicHUI MiJX1J Ma€ Ha yBa3l po30MTTS Ha CEPBICH BIANOBIIHO 10 MOTPeO
0i3Hecy. Taki cepBicH BKIIIOUAIOTh B ceOe MOBHUI HAOIp TEXHOJOTiH, HEOOXITHUX OIS LUX
013Hec-noTped, B TOMY YHMCII KOPUCTYBALbKUI 1HTepQeic, CXOBHILE AAHUX 1 Oyab-sKi
30BHIIIHI B3aemonii. Lle mpu3BoanuTe 10 (opMyBaHHS Kpoc-(YHKIIOHAIBHUX KOMaH[, IO
MalTh TOBHUN Ha0lp HEOOXIIHMX HABHUOK: user-experience, 0a3u maHuUX 1 project
management.

[IepeBaru MiKpocepBICHOT apXITEKTYypH:

® JIETKO PO3pOOJIATH;

® JIETKO TECTYBaTH i pO3TOPTATH:

® T[IiJBUIIIEHA THYYKICTb,

® MOXJIMBICTh MAacHITa0yBaHHS 110 TOPU3OHTAI.
Henomniku MikpocepBiCHOT apXITEKTypHu:

® CKJIAIHICTD;

e mpolOiemu Oe3MeKu;

® pi3HI MOBHU MPOTPaMyBaHHS.

Ha nanuii MOMeHT icHye OHJaiH-cepBic [uis OOCIYroBYBaHHS OaraTOKBapTHPHHX
OyIUHKIB, HAMCAaHUW 3 BUKOPHCTAHHSIM MOHOJITHOI apXITEeKTypu. AJle uepe3 3pOoCTaHHS
KUJIBKOCTI KOPUCTYBaUiB, KIIEHTIB, PErYJISIpHOI HEOOXITHOCTI J10/IaBaHHs/OHOBICHHS Pi3HOTO
GyHKI[IOHATY [TOYaJI MPOSIBISTUCS HEAOIIKA MOHOIITHOI apXITEKTYPH.

Byno npuitHATO pillleHHs 3MIHUTH apXiTeKTYpHHUH MiJIXiJ MPOEKTY Ha MIKpOCEpBiCH,
nepexig B pe3ysibTati JOMOMOXKE BUPIIIUTH JIEKUJIbKA 3aB/IaHb:

e (aratopa3oBe BHKOPHCTaHHS MIKPOCEpPBICOB JO3BOJIUTH JIETIIC aqamTyBaTHCS
M1 HOBl BUMOTHY IPOEKTY 1 MaciTadyBaTH HOro;

e BIPOBAKYBAaTH HOBUH (QyHKIIOHAT 0€3 JOAATKOBUX BUTPAT;

® CIPOCTUTH IHTETPAIliI0 HACTYITHUX JIOAATKIB.
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[1] Kpama  apxitektypa it MVP  [Enekrponnuii  pecypc]. Pexum  jmocrymy:
https://habr.com/ru/company/otus/blog/476024/

[2] Monolithic and Microservice Architecture [Enexrponnuit pecypc]. Pexum mocrymy:
https://microservices.io/

DEVELOPMENT OF A MICROSERVICE SYSTEM FOR
MAINTENANCE OF APARTMENT BUILDINGS

M. Pomin, N. Matvjejeva
Oles Honchar Dnipro National University
pominmaksim127@gmail.com, 31nata@ukr.net

Currently, there is an online service for the maintenance of apartment buildings written
using a monolithic architecture. But due to the growing number of users, customers, the regular
need to add / update various functionalities, the shortcomings of the monolithic architecture
began to appear.

It was decided to change the architectural approach of the project to microservices, the
resulting transition will help solve several problems:

e repeated use of microservices will make it easier to adapt to new project
requirements and scale it;

e introduce new functionality without additional costs;

e simplify the integration of the following applications.

3AXUCT WEB-3ACTOCYHKIB BIJ{ ATAK TUITY XSS

A. Tperyo, M. Kosiomuuesn
Hayionanvnuii mexuiunuii ynieepcumem Yxpainu « Kuiscokuii noiimexHivHuu iHCmumymy
Di3uKo-mexHiYHuu THCmumym
antontregub1001@gmail.com, box144.85@gmail.com

XSS BpaznuBOCTI BXKe HE MEPIIMi pIK 3aiiMalOTh BHCOKI MO3MIIi Yy BiIKPHUTOMY
peittuary OWASP top 10 Security Risks & Vulnerabilities [1]. 3 koxHIM pokom Bce Oiiblie
IPOTPaMHUX MPOAYKTIB NEPEXOAUTh Y OUIbII 3py4YHUH Ui cydacHoro yacy intepgeiic Web-
3aCTOCYHKIB.

Web-3acrocyHok — 11e po3noaisieHa nporpaMa, y SKoMy KJIi€HTOM BHCTYIIae Opaysep, a
cepsepom — Web-cepsep. 3a3Buuaii Opaysep BUCTYIIA€E JIUIIE T BiJOOPaXKCHHS Ta BBEACHHS
iHpopMallii KopHCTyBaueM, ajieé MOXJIMBUH BHIAJOK KOJM KIIEHTOM € 3aCTOCYHOK Ha
wiaropmi Oynb-sfikoi omepauiiiHoi cucremu. [lns 3abesnedeHHs OOMiHY 1HQOpMAIlEO
BUKOPUCTOBYIOTh Nepenauy mapamerpiB y paaky URL a6o y HTTP 3anutax, Haituacrime e
metomau POST, PUT, GET, DELTE.

XSS abo mixkcaiiToBe BUKOHaHHA KOy — L1e BUJ aTaku Ha Web-cepBep, sika nosisraii y
iH’ €Kil 3T0BMHCHOTO KOy Ha CTOPOHY CEpBepa Ta B3aEMOJIi 3 CEpBEpOM 3JIOBMHCHHKA.
ATaka MOXe HECTH IIUJTb: KpaaixkKu cookie-¢aitniB, KOH(PIACHIIHHUX JaHUX, TIepEHATIPABICHHS
Ha IHITUH cepBep a00 3aBaHTAKECHHS (aiIiB.
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[Teprme, mo cimi po3TIIIHYTH TiJ Yac IJIaHyBaHHS apXiTeKTypu Web-3acTOCYHKY, IIe
HeHaJiiiHi mkepena. Hailimpocrimmii mpukian, ne AaHi, SKi BiANpaBiIeHI Ha cepBep 3a
JoroMoror Opaysepa 1 Takux enemeHntiB HTML, sk dopmu. ¥ TakoMmy Bumaaky Oyio 0
JOCTaTHRO (iTBTPa HA CTOPOHI KJIIEHTA, aje MOKJIMBA CUTYAIlisl KOJH 3alUT HAICHIAETHCS
HarpsMmy, 3a gonomororo Web API inTepdelicy, omuHaroun Oyb-sIKUMA 3aXKUCT 31 KIIIEHTCHKOT
YaCTHHH.

Hixomu He BctaBmsatu B HTML kox cTopiHKY 1aHi 3 HenepeBipeHux mpxepen. Jani Oyne
HTH MOBa PO BUHATKH, aJie L€ MPaBUIIO JOIIOMArae MoNepeuTH BEUKY KUIbKicTh atak. CyTb
HOJISITA€E y TOMY, 1110 KOAYBaHHSI CTOPIHOK JIOCUTh CKJIJIHUM ITPOLEC 1 MOXKIIMBICTD JAOMYIICHHS
MIOMHIJIKH JTy>K€ BICOKA. HaliromoBHilIe, yHUKATH 3aBaHTAXCHHS IIPOrPAMHOTO KOy CiIMEHCTBA
JavaScript 3 HeHaIIHHOTO JKepena 1 He 3amyckath Woro. He pekoMeHI0BaHO 3MIHIOBATH
crieHapii y Terax <script>, BCTaBJISIFOUM TEKCT 3 HEHAMIHUX JKepen. Takok CIou BiTHOCITHCS
komeHTapi HTML <!---...---> ctuni <style>...</style>, arpu0yTtiB <div ... ></div> Ta y Teru
<.../>

[HKONM BHMHUKAIOTh BMIAAKU KOJIM HEOOXIJHO BCTABUTH €JIEMEHTH 3 HEHaJiltHOro
mwkepena B cropinky HTML, six npukiiag moxke Oytu ¢opma nomryky. Konmu kopuctyBay BBiB
HEOOX1THUI 3aITUT, a Ha CTOPIHIII Bi0OpakaeThCs SIK 3aT0JIOBOK CTOPIHKH, TaK 1 B Tery <title>,
SIK Ha3Ba CTOPiHKH. TO B TaKOMy BUTIaJIKy 00OB’SI3KOBE KOJTyBaHHSI CHMBOJIB.

binburicte cy4acHHX MOB NpOorpaMyBaHHs, sKi Oe3lmocepeqHbO MpH3HAYeHI IS
cTBOpeHHs1 Web-3aCTOCYHKIB MalOTh B)KE€ BIIAIITOBaHI 3aco0m 3amoOiranHs XSS-arakawm, aie
iX moTpiOHO 00Epe’kHO BUKOPUCTOBYBATH Ta AOTPUMYBATHUCA MpPaBWI, SKI 3a3HA4YEHl Yy
odimiiiHiii mokymenrarii. Llefi BUnmajox migxoauTh A0 OUTBIIOCTI 3aCTOCYHKIB, ajle MOXeE
HENPaBWIBHO MPAlLlOBaTH 3 BUKOPUCTaHHS IHLIMX KOJYBaHb, HAIPUKIAJ HA CalTI MOXIMBO
BUKOPHUCTAHHS CHMBOJIB sIKI BUXOJSTh 32 MEXKI JATHHWII Ta KUPWIUIl, HAIPHUKIA] MOBHU
CX1JTHUX KpaiH.

st po3poOku BiracHoro (ineTpy Oyio odpano mnatdopmy .NET Core, Ta TexHOMOTI10
REST API. OckinbKu 1151 TEXHOJIOT1SI Ma€ pAJ epeBar Ta THyYKiCTb Yy IJIaHi CTBOPEHHS /10 Hel
KJIIEHTCHKUX 3aCTOCYHKIB 1 PO3IIMPEHHS (pyHKIIOHANTY. SIK y KO’KHOT MOBM NpOrpaMmyBaHHS,
OynM mpoaHani3oBaHi 0cOOIMBOCTI (pOpMyBaHHS Ta pOOOTH 3 PAJKOBHUMHU 3MIHHHUMH, IS
3ano0iraHHs Herepea0aueHNuX MUIAX1B 00X0/y 3aXHUCTy, TAKUX SIK IepernoBHEHHS Oydepa.

Ane TrapHOI0 TMpPaKTHKOI € JIOTYBaHHA MOMAIH, SKI MalTh Ha MeTI BUKOHATH
HECaHKI[I0HOBaH1 [ii, TOMYy Ha JIOOMOT'Y NpUXoauTh XSS-(iIbTp — yaCTHMHA MPOrpaMu, siKa
aHaJlizye pAIOK, SKUH HaAAIWIIOB 3 HEHAAIMHOro JKepena Ta BU3HAYa€ 4YM € MOTEHIiiHa
HeOe3neka mij yac oOpoOKH 3anmuTy. Y pas3i HampoO4yJl YacTHX 3alMTIB 3 OJTHOTO 0OJIIKOBOTO
3anucy NpuiMaTH 3aX0JIH, K1 BU3HAYEHI 1 MOMITUL Oe3MeKn 3aCTOCYHKY.

Ji1s po3poOku BacHOTO (1abTpy OyJI0 BUKOPUCTAaHO KOMOIHOBAHUH MiJIX11 A0 aHAJ3y
JTAaHUX, Ha OCHOBI NEPEBIPKM OKPEMHMX CHMBOJIB, TaK 1 BUKOPHCTAHHS PETyJIIPHUX BUPA3iB.
[lepeBaroro BUKOpHCTaHHS BJacHOro OGUIBTPY € Te, L0 WOro HajJalTyBaHHS Ta BHOIp
KOJyBaHHsS BIJIOBIHO JO perioHaJpHOi Ipynu. IHIIMM AOCTYNHUM (YHKI[IOHAIOM €
3HAXOJKEHHsI Ta 3aMiHa HE KOJIOBAaHUX CHUMBOJIIB.

Jlnist TecTyBaHHS CTBOpeHO1 6i6ioreku Oyio 3reHepoBaHo 0m3bko 2500 pizHux XSS
atak. bibmioTeka mokasana JIOCUTh TapHHM pe3ynbrar. Ha meprmioMy erami Brajgocs JOCATTH
65u3bK0 96% 3HaXOKEHHsI CIEHApiiB, a y BUMAAKy MEPEBIPKU BHUIIAJKOBOIO TEKCTY (iJIbTP
OTIPAIlIOBAB BC1 PAAKHU 1 HE 3HAMILIOB M1A03P1Ii.

s 3a6e3neueHHs 3axucty Web-3acToCcyHKYy HEOOXITHO JOTPUMYBATUCS HaBEIEHUX
peKoMeH 1alliii, BUKOPUCTOBYBATH PIlLIEHHS 5IK1 3alIpONOHOBaH1 Opay3epamu. Takox HeoOX1aHO
NPOBOJUTH PETYJISIPHI TECTYBaHHS 3aco0amMM TakuMH sk Nessus Ta Acunetix.

[1] OWASP Top 10 - 2021 [Enextponnmuii pecypc]. Pexum goctymy:
https://owasp.org/Top10/.
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[2] Cross  Site  Scripting  (XSS)  [Enektponnmii  pecypc]. Pexkumm  mocrymy:
https://owasp.org/www-community/attacks/xss/.

[3] Prevent Cross-Site Scripting (XSS) in ASP.NET Core [Enexrpounuii pecypc]. Pexxum
JOCTYIIY: https://docs.microsoft.com/en-us/aspnet/core/security/cross-site-
scripting?view=aspnetcore-5.0.1

WEB APPLICATION PROTECTION FROM XSS ATTACK

A. Trehub, M. Kolomytsev
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” Institute
of Physics and Technology
antontregub1001@gmail.com, box144.85@gmail.com

XSS vulnerabilities are not the first year to occupy leading positions in the rankings of
the most common. Because their protection is in the adoption of comprehensive measures that
must be taken both on the client parts of the application and on the server. We look at the main
aspects of building protection, and focus on creating an application that can determine whether
a string contains a potential hazard and, if necessary, edit it to a safe form.

IHTETPALISI IDENTITY SERVER ®PEVMBOPKY SIK
CTOPOHHBOI'O MOCTAYAJTbHUKA ABTEHTU®IKALIT
Y ASP.NET CORE JOJATOK

A. Kpagenp, 1. [lonomaproB
Jninpoecoxuii nayionanvruti yHieepcumem imeni Onecs [ onuapa
workkravest@gmail.com

IcHye cTibKH 3 cr1oco0iB 30eperTu AaHi B Oe3meli, CKUIbKH ICHy€ ClIoc0o0iB aTaKyBaTH
ix. [ns pos3pobnukiB Ta IT-cmeuiamicTiB BuOip crocoOy 3abe3nedeHHsl Oe3NeKku JaHuX
NOYMHAETHCSI 3 BUOOPY CTaHAAPTY, SKHHM CIIiJI pO3TOpHYTH, 100 3abe3neynTu Oe3neky
MOCBITYEHB OpraHizaiii.

[MpoBinnimM Bapiantom i iHterpamii y ASP.NET Core nomatok e ldentity Server
dpeitmBopk. IdentityServer - e Habip ciryk0 1 MPOMIKHOTO MTPOTPAMHOTO 3a0€3MeUeHHSI, 110
BOynoBani B gomatok ASP.NET Core [1]. ®peliMBOpK Hagae MOXIUBICTh 3a JiYeH1
XBWJIMHH/TOIMHY 3aITyCTUTH CEPBEP, SIKUH Y3rOKY€EThCs 3 MpoBimHUME cTannaptamu: OAuth
2.0 ta OpenlD Connect. ['apHOI0 NPaKTHKOIO € PO3MIIIEHHS cepBepa aBTeHTU(IKALIi SIK
OKpeMOoro 00’ekTa. 3aBIsSKH L[bOMY MOYKHA OTPHUMATH CHUCTEMY €IMHOTO BXOAY JUISl PI3HUX
pOTpam.

IdentityServer mae psit 3aBadb Ta GYHKIIIH, Y TOMY YHCITI:

e 3axuuiaTy pecypcH.

e ABTeHTHU(]IKYBaTH KOPHCTYBaiB 3a JOIIOMOTOIO JIOKAJIBHOTO CXOBUIIIA OOJIIKOBUX

3amuciB a00 yepe3 30BHIMIHBOTO MOCTaYalbHUKA IICHTH(IKAIIHHUX JTaHUX.

e 3ale3mnedyBaTy yNpaBIliHHS CEAHCAMHU Ta €MHUN BXi.

e BunaBaru kiieHTaM iieHTH(IKAIINHI JaH1 Ta TOKCHH JTOCTYIY.

e [lepeBipsaTH TOKEHHU.
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MoskHa BUAUTMTH HacTymHI iepeBaru IdentityServer:

e [lintpumka OAuth 2.0 (TokeHH AOCTYyNy A0 PeCypciB, BUKOPUCTaHHS OOJIKOBUX
JIAaHUX KOPHCTYBAYiB).

e Ilintpumka Bcix motokiB OAuth 2.0, ToOTO MOXJIMBO JIETKO aBTOPU3yBaTH
KOPHUCTYBaYiB y TaKUX MpOrpamMax, siK: BeO-calTh, MOOLIbHI MIpOrpamMu, MPUCTPOT
IoT, irpoBi KOHCOTI.

e Kondirypariis cepsepa 3a 10IOMOTr00 KOAY.

e ['myuka interparis 3 .NET Core miardopmoro ta miarpumka moBu CH.

e JletanbHa JOKyMEHTAIIiS.

e [ngcambHO WIAXOAWTH JJS CUTYaIliid, KOJMU € PIi3HI MPOrpamu, SKi MOXKYThb

BUKOPHCTOBYBATH OJIMH CEPBEP aBTEHTHU(IKAIIiI.

e OyHKUiIOHAT PPEHMBOPKY JETKO PO3IIUPIOETHCS.

KirouoBi momentu min yac iHterpanii Identity Server ¢peiimBopky y ASP.NET Core
JI0JJaTOK TIOBUHHI OyTH HACTYIIHI.

1. I[TpomixkHe mporpamue 3abe3neuenns Identity Server ans nogatky ASP.NET Core

Sk mpaBUIIO, CTBOPIOETHCS JIOJATOK, SIKUM MICTUTh CTOPIHKY BXOJy Ta BHUXOIY, a
npoMikHe mporpamue 3a0esnedeHHst IdentityServer nomae mo HBOTO HEOOXigHI JaHi
MPOTOKOJIIIB, 1100 KIIEHTCHKI MPOTrpaMH MOTJH 3 HUM CIIJIKYBAaTHUCS BUKOPHUCTOBYIOUM IIi
CTaHJapTHI MPOTOKOJIH.

2. HanamrryBanns Identity Server.

IdentityServer — 11e KoMOiHAIlisI TIPOMIYKHOTO MPOrPAMHOT0 3a0€3MEeUYESHHS Ta CIYXKO.
Bces kondirypariis BUKOHyeThCs y kiaci Startup. HeoOxiano nogatu ciyx6u IdentityServer no
cucremu DI (in'exuii 3anexxHocteil), Bukimkaoun Mmeton services.AddldentityServer() B
ConfigureServices kiaci. 3a JOIOMOTOIO IILOTO, IIOBEPTAETHCS 00’ €KT - KOHCTPYKTOP, KU, Y
CBOIO Uepry, Ma€ psJ 3pyYHUX METOIB IS MIJKIIOUEHHs J101aTKOBUX cepBiciB. Hanpuknan,
IdentityServer niarpumye ceptudikatu X.509, ski He0OXiTHO KOHITYpYyBaTH 3a AOMOMOIOI0
metoxy AddSigningCredential.

OxpeMo HajamToOBYeThCs 30epiranHs KoH(irypauii Ta KopucTyBauiB y cucreMi. J{ns
IIBUJIKOTO CTAapTy BHUKOPHCTOBYEThCS in-Memory koHdirypariis, mo 30epirae yci HeoOXiiHi
00’exTH KOH(]ITYypaIli y mam’siTi CTBOPEHOTO JI0JIaTKy, ajie BOHHU € KOPCTKO 3akooBaHi. [1if
yac po3poOKH 1iel (PyHKIIOHAT 3aMIHIOEThCS, Hampukian, Ha SQL cepBep ans 30epiraHHs
iH(popMartii.

3. HanarokeHHs 101aTKy, 3aJ18 BUPIIIEHb TPOOJIEM 3 TOCTYIIOM IIiJ] 4ac PO3POOKH.

g toro mo0 mpoaHaii3yBaTH ycio HeoOXiJHy iH(opMaliio nepefaHy y 3amuTax
HEOOXiJTHO BUKOPUCTOBYBATH crielianibHy nporpamy — Fiddler [2], mo siBIsieTbess MOTYXHUM
IHCTPYMEHTOM JUIsl J1arHOCTYBaHHSI Ta BUPIIIEHHS NMPOOJeM MOB’SI3aHUX C HEKOPEKTHUMU
JAaHUMHU TIepEeaHAMHU Y 3amuTax. TakoX, Ui TOro MO0 MPOTECTyBaTH JOAATOK, BIAJIHM
pimeHHsiM Oyne BUKOpUCTaHHS Postman mnporpamu, sika Ja€ MOXJIHMBICTb CTBOPIOBATH,
HAJIAIITOBYBATH Ta MMOCUJIATH 3aITUTH J0 HEOOXITHOTO PECYpCy.

Identity Server 1e moTyxHHI (PEHUMBOPK, IO MOETHYE B cOO1 CydacHI TEXHOJIOTII,
MICTUTh OOIIMpHY 0a3y, Ul IIBUAKOTO MOYAaTKy pPOOOTH, MIATPUMYE PO3IIUPEHHS, Ta
inTerpyerbes 3 cydacHoro ASP.NET Core margopmoro.

[1] Identity Server. Setup and Overview. / [Enexktponnuii pecypc]. Pexum mocrymy:
https://docs.identityserver.io/en/release/quickstarts/0_overview.html

[2] Debug and Troubleshoot like a Hero. / [Enexrponnuii pecypc]. Pexum moctymy:
https://www.telerik.com/blogs/how-to-select-the-fiddler-tool-or-solution-that-aligns-with-
your-debugging-and-troubleshooting-requirements
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IDENTIFICATION SERVER INTEGRATION AS A THIRD
PARTY AUTHENTICATION PROVIDER IN ASP.NET CORE

A. Kravets, |I. Ponomarev
Oles Honchar Dnipro National University
workkravest@gmail.com

IdentityServer is a set of services and middleware built into ASP.NET Core. The
framework provides the ability to start the server in minutes/hours, which meets the leading
standards of OAuth 2.0 and OpenlID Connect, contains built-in templates for quick start, and
supports extensions. A methodology has been developed that outlines the basic steps for
integrating IdentityServer with ASP.NET Core and emphasizes the benefits of the framework.

ABTOMATHYHA IN'EHEPAIIAA EXCEL JOKYMEHTIB Y C#
3A JOIMOMOI'OIO BIBJIIOTEK

I. Xo3nogepos, T. Bakaiok
eporcasnuit ynisepcumem «Kumomupcora noiimexnikay
officerector@ztu.edu.ua

JUnist pi3HUX MIJIPUEMCTB TOCTPO CTOITh MpoOIeMa aBTOMAaTUYHOIO reHepyBaHHs excel
3BITIB JIJIS1 TUX Y THIIUX MOTPEO.

PosrnsHemo 3 HalO1IbII moMyIIsipHi 610110TEKH [T aBTOMAaTH3allil reHepyBaHHs excel
(aiiniB Ta MOPIBHIEMO IX M1k CO0OIO.

EPPlus OyB 3acHOBaHUH K MPOEKT 3 BIAKPUTHM KOJIOM IIBEJICHKUM IPOrpaMicTOM
Snom Kemnmanom y 2009 poiri. 3aBasku BENMHMKIA KUIBKOCTI (DYHKITINA, TPOTYKTUBHOCTI Ta
sxocTi EPPlus He3abapom craB nonyssipaum cepes po3poonukis .NET y Bcbomy cBiti. CTanOM
Ha 2021 pik e, 0e3yMOBHO, HalOUIBII 3aBaHTaKeHa 010i0TeKa €NEKTPOHHUX TaOIHIL HA
Nuget 3 monax 30 minbiloHaMu 3aBaHTa)keHb 3 camoro noyatky. EPPLUS Hamae MOXITUBICTh
YUTaHHA, 3aMuCcy Ta iHmUX omepaimii ana daitnie Excel 2007/2010/2013 y dopmati Open
Office Xml (xIsx).

EPPlus miaTpumye HacTymHI MOXJIMBOCTI: poOOTY 3 Jlanma3oHaMH KIITHH, CTHJIb
KOMIpOK (paMKH, KOJIip, 3ajMBKa, HMIPpU(T, BUPIBHIOBAHHA), diarpamu, KapTHUHKH, (Irypw,
KOMEHTapi, 3aXUCT, WHU(PpPyBaHHs, 3Be/eH] TaOmuii(Ha 6a30BOMYy piBHi), NMEPEBIPKY JTaHUX,
yMOBHE (pOpMaTyBaHHs, pO3PaXyHOK (pOPMYIL.

NPOI - 11e mpoeKT 3 BiIKPUTHUM KOZOM, SIKUH MOYKE YATATH/TICATH PO3MUPEHHs (haiimiB
XLS, DOC, PPT. Lleit inctpyment € Bepciero .NET Java -npoekty POI Bin oxormuioe
outbiicTs yHkui Excel, Takux sik cTriictuka, popmaTyBaHHs, GOPMYIIN TaHUX, BUITYYEHHS
300paxkeHp Touo. [ podoru 6i6miorekn He notpidbeH Microsoft Office Ha cepsepi. NPOI
Mo>kHa BUKopucToByBaTu /uist: CTBopeHHs 3BiTiB Excel 0e3 BcTanoBneHoro nakera Microsoft
Office, orpumanHs TeKkcTy Ta 300paxenb 3 nokyMeHTiB Office, ctBopenns nuctiB Excel, siki
MICTATH (GOPMYIIH.

COM Interop - texnonoris, BkmodeHa B .NET CLR, mo pno3Boisie o00'ekram
COM(TexHoNOTiYHUM CcTaHAapT Bix KommaHii Microsoft, mpu3Ha4YeHHWd [JI1 CTBOPEHHS
MIPOrpamMHOTO 3a0€3MeYeHHsI Ha OCHOBI B3aEMOJIIFOYMX KOMIIOHEHTIB 00'€KTa, KOXKEH 3 SIKUX
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MO’KE€ BUKOPHCTOBYBATHCS B 0araThoX MporpaMax 0JJHOYacHO) B3aeMoaisiTH 3 00'ektamu .NET,
1 HABIaKHU.

3aBnanusamM COM Interop € 3a0Ge3nedeHHs TOCTYITy A0 iCHYyrounx KomnoHeHTiB COM
0e3 HeoOxigHOoCTI MoaudiKkallii OpUriHATPHIX KOMITOHEHTIB. /laHa TEXHOJIOTiS HaMaraeThCs
3pooutn Tinu .NET exkBiBamenTHuMu tTurmamu COM.

Microsoft Office Interop (aBTomaTtmsamist Excel) y C# ta VB.NET, ne onmis ans
ctBoperHs/uutanus ¢ainis Excel (XLS, XLSX, CSV) i3 nmporpamu C# a6o VB.NET, ane y
Hel e Oarato HemonikiB: moTpiOHa inensis Ha Microsoft Office, BiH mpaitoe TiUIBKH B
omepamiiiHux cuctemax Windows, mpu BuKopucTaHHI aBTomartm3anii Microsoft Excel
3aBaHTAXYETHCA Y (DOHOBOMY PEXKUMi, BUKOPUCTOBYIOUH 0araro mam'siTi Ta 3aBaHTaXXKYIOUU
BEIIUKY KUTbKICTh (paitiiB 1 610mioTex DLL, API nyxe noBinpHUi.

Tabauys 1
[TopiBHsIbHA XapaKTEPUCTHUKA aHAJIOTIB
XapaKTepUCTHKA EPPIlus NPOI Intertop
MoxnuBICTh reHepartii 0€3 BCTAaHOBJIEHOIO 0(ICy + + -
Excnopt daniais + + +
Bukopucranas dhopmyn + + +
Crunizanis JOKYMEHTY + + +
ITinTprMka poOOTH C JiarpaMaMH + - +
PoboTa ¢ joxkymentamu Word - + -
IligTpuMka poboTH 3 GopMaTyBaHHSM 1 THIIAMH JAaHUX + + +
IloBHA MIATPHMKA 3BEJICHUX 3BITIB - - +

FRAME-BASED SENTENCE PATTERNS FOR INTEGRATIVE
COMPUTER-AIDED LANGUAGE LEARNING SYSTEM

O. Lytvynov, M. Lytvynov
Oles Honchar Dnipro National University
lishu.dnepr.ua@gmail.com, litvinovmaO@gmail.com

According to Warschauer [1] there are three key classes of CALL systems:
behavioristic, communicative, integrative. While behavioristic systems are focused on “drill
and practice” principle [1], communicative systems try to involve the computer
system encouraging students to generate original utterances rather than manipulate
prefabricated language. From the point of view of communicative systems developers, making
the system flexible to a variety of student responses causes the creation of an environment in
which using the target language feels natural. Integrative systems are based on two
technological components - multimedia computers and the Internet [1]. The main features of
such systems are as follows: authentic linguistic environment simulation using the media which
makes it natural to combine reading, writing, speaking and listening in a single activity;
individual approach to each student; focusing on the content the students are interested in.

The paper [2] represents a formal description of the scenario of the scenario-based
integrative language learning system. According to [2] the scenario can be represented as a set
of steps. The key element of the step is a message which passes a meaning of the event to the
user. The message consists of a number of projections of the message: text, formula, video-clip,
audio, image, diagram, virtual agent actions etc. There are two types of the messages: task-
oriented messages which cause interrupts of the flow requiring user reaction and context-
oriented messages. Context-oriented messages form a background to make a natural
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involvement of the user into communication based on task-oriented messages. Each task was
defined as a 3-tuple “task definition — a set of weighted correct answers — a required time to
perform the task”.

A set of weighted answers forms a pattern P/ which provides a set of pairs “expression
- value”.

Pl =g {(sv)|ses/veqQ), PPcP (1)

And there was also introduced an operation y which can estimate a certain expression
against a pattern of answers.
v,3s:(s,v) € P/

0,7s:(s,v) € P/ )

be.a) =

To make the interconnection between the user and the system more natural and effective
means making the system flexible to a variety of student responses. This claim gets the
developers faced the issue of a huge number of probable variants of acceptable answers
connected to one task, considering their completeness, acceptability etc. It is obvious that this
problem cannot be resolved simply by the enumeration of all the available variants. Even for a
10 words long sentence we could have a huge number of variations: more or less acceptable,
more or less complete etc. Thus, there should be applied a mechanism able to help teachers to
describe a huge number of variants using compact structures. Of course, this mechanism should
consider both semantic and syntactic features of the expression. One of the powerful knowledge
representation systems which could be used for that purpose is frame-based paradigm provided
by Minsky in [3]. The main goal of the frame approach was to gather all relevant knowledge
about a situation in one object instead of distributing this knowledge across various axioms.
Frame is a data structure that is typically used to represent a single object or a class of related
objects. The main benefit of such structure is its compactness. Frames reflect the human
thinking mechanism and though perceived by the humans naturally. Frames are composed of
slots which describe attributes or properties of the thing represented by the frame and can also
describe binary relations between the frame and another frame (in the case of complex
property). Slots also contain restrictions on their allowable values. Slot in turn could have a
number of facets - attributes such as a slot datatype and restrictions on the allowable values.

According to frame-based paradigm, each sentence can be represented as a number of
ordered slots (terminals and non-terminals) connected with the terms (variants of expression
parts represented by the slots). Some slots are strongly required to be filled with the values
others are optional ones. The collection of required slots forms the semantic core of the
expression: the meaning cannot be passed if the slot is not filled with a proper value. Slots can
be connected to a number of alternative values — the terms with the same meaning (i.e.
synonymous). Some of the values can be regarded as preferable (the priorities can be defined
guantitatively) and can be complex structures(frames) or simple — a sequence of words. The
order of the slots allows us to build syntactically right sentences. Thus, we have a semantic core
of the expression represented by the frame with syntactical facets.

Frame can be defined as a set of slots (Fig.1).

C =def § (3)
We can describe the structure of slot as an ordered set of facets.

Si =def (ﬁi, (ﬁi e dc ch X CDZ X q)k (4)
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Domains represent the axes of slot’s definition. For example, ®; can represent the type
of slot {terminal, nonterminal}, ®, — number restriction used to describe the number of
relationships of a particular slot that individuals can participate in etc.

We can say that two frames are similar if the sets of sentences generated by those frames
are similar.

The language we use to describe the frames is very closed to IC (immediate constituent)
patterns improved with new semantic marks. The description is more simple and
understandable than the variant of pure frame-based language description. “<...>” — defines the
borders of the slot. An asterisk (“*”) placed before the denoted axis (the name of the terminal
slot, e.g. Q, T, Tt, S) means that the slot is optional, “!”” before the axis declares that the slot is
required. The names of the slots can be selected randomly, their role is to represent a number
of alternative slot values. Notably, that any part of the expression can be transformed into slot,
means the slot is not connected to grammar structures (part of speech etc.). The value of the
slot can be represented by the frame having some slots (Ttl = today <*Tt>).

Let’s look at the example.

<*Q ><*T >«<!IS >

Ql=as you're aware {.1}

Q2=as you know {.2}

Tl=today <*Tt> {.3}

Ttl=in the evening {.1}

Sl=we're going to be looking at your career options {.5}

Such frame produces the following set of sentences (decimal numbers in square brackets
denotes the value of acceptance of the phrase):

We're going to be looking at your career options [.5]

Today we're going to be looking at your career options [.8]

Today in the evening we're going to be looking at your career options [.9]

As you know we're going to be looking at your career options [.7]

As you're aware we're going to be looking at your career options [.6]

As you know today we're going to be looking at your career options [1.0]

As you're aware today we're going to be looking at your career options [.9]

As you know today in the evening we're going to be looking at your career options
[1.1]

As you're aware today in the evening we're going to be looking at your career options

[1.0]

It is obvious, that the adding of only one required slot with two alternative values will
double the number of generated sentences.

The next question considers the rules of interpretation, e.g. according to the rule of
indefinite article “a” becomes “an” before the word started with the vowel. It seems to be better
to apply the generic set of rules of transformation for each language according to which
generated sentences could be refined. Another variant is to attach the set of such rules to each
frame. The most flexible solution is to use the combination of above two approaches: first apply
generic rules set and then the specific one.

How to use the patterns. The easiest way is to use the patterns for the tasks connected
to translation. But, firstly, forming the material for several pairs of languages seems very
expensive. Secondly, it is far from the main goal of such systems that is to simulate a linguistic
environment. Another variant is to allow the user to catch the meaning of the accepted phrase
and let them to pass the meaning of that phrase. It’s quite often happened in real world when
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someone asks his/her companion to repeat the last phrase, or to explain the expression just heard
on TV etc. In addition to checking the user’s interpretation the system can provide an approach
of evolutionary message construction. Every message has its minimal meaningful form
captured by the frame. Thus, the system can show the user a process of evolution of the message
from its minimal form to the complete one. It is more effective than the repetition of the whole
phrase without understanding its structure and variations it encompasses.

[1] Warschauer M. (1996) "Computer Assisted Language Learning: an Introduction™. In Fotos
S. (ed.) Multimedia language teaching, Tokyo: Logos International: 3-20.

[2] Litvinov A.A. On formalization of computer-aided language learning system scenario. //
System technologies. — N.1(108). — Dnepropetrovsk, 2017, pp. 63-70.

[3] M. Minsky 1975. ‘A Framework for Representing Knowledge’. In The Psychology of
Computer Vision, ed. P. H. Winston, 211 — 277. New York: McGraw-Hill.

BUSIBJIEHHA AHOMAJIIA Y TEKCTOBUX JAHUX

A. sk, O. lepe’sinko, C. Iliasaka
Jninposcoxuii nayionanvruti yHieepcumem imeni Onecs I'onuapa
elrondcastillo@gmail.com, alex_di_46@ukr.net

BusBneHHs aHoMadiii € OJHMM 13 aKTyaJbHUX HaNpPsAMKIB JOCIIKEHb y cdepi
IHTENEeKTYyaJIbHOT0 aHallizy AaHuX. [Ipo0neMa BUSBICHHS aHOMAJIiH MOJIATa€e y OUTYKY MEBHUX
€JIEMEHTIB y JaHUX, AKi He BIAMOBIIal0Th ouikyBaHii moBeaiHIi[ 1]. Taki eleMeHTH Ha3UBaIOTh
aHoOMaTisiMi 200 BUKMIaMU. MeTonu BUSBJICHHS aHOMATid IIMPOKO BUKOPHUCTOBYIOTHCS Y
chepl kibepOesneku, Mpu MOMEPEHIM 00pOOIl JaHMX, JJIA PEECTpallii MEIKUX MO YH
CTHIOCTEPE)KEHb TOMIO. Y KOHTEKCTI TEKCTOBHX JAHMX 3a/laya BUSBJICHHS aHOMAJii MOXe
BUHHUKHYTH pu aHai31 3BITIB (y BUTJISIIL TEKCTOBHX JIOKYMEHTIB
4y Jor-QaiisiiB), MOHITOPUHTY COLIAJIbHUX MepeX, (QuIbTpalii cnamy Ta y Oararbox iHIIMX
curyanisx. OcobaMBO akTyaJbHOIO I MpobsieMa cTae MpH poOOTi 3 BEIMKUMHU MacHBaMU
JTAHUX.

Icuye 6e3nid pi3HOMAHITHUX METOIB BMSABICHHA aHOMalid. Y BHMAgKy poOOTH 3
TEKCTOBUMH JIAaHUMH YaCTO 3aCTOCOBYIOTHCS Ti %K METOM, 11O 1 JJISl YUCIIOBUX, aJie IPHU LIbOMY
JIOJJATKOBO TIOCTAa€ MUTAHHS KOHBEPTAIlii TEKCTY y NESKUi duciioBuii popmat. 3a HasIBHOCTI
PI3HUX CIIOCOO1B BUPILICHHS TPOOJIEMHU BUSBICHHS aHOMaJIH y TEKCTOBUX AaHUX, HEOOX1THUM
KPOKOM Y 11 pO3yMiHHI € MOPIBHIHHS €(PEeKTUBHOCTI IUX METOAIB. Y AaHii poOOTi pO3IIISHYTO
Taki MeTo/Iu BUsBICHHS aHomauii, sik Local Outlier Factor (LOF, JlokasnbHuit piBeHb BUKUY ),
One-Class Support Vector Machine (OCSVM, OnHokiacoBuii METOJ] OMOPHUX BEKTOPIB),
Isolation Forest (I3omsmiiinuii sic) ta Global-Local Outlier Score from Hierarchies (GLOSH,
['mobanbHO-M0KaNBHA OliHKa BUKHLY 3 iepapxiit). OCSVM ta Isolation Forest € meronamu,
3aCHOBAaHMMU Ha KJIacHQiKallil Ta MPUITyCKAaIOTh MONEPeHE HABYAHHS Ha TECTOBUX JaHMX, Yy
toif wac sk LOF ta GLOSH € meromamm, 3acHOBaHMMH Ha WIUIBHICHIM KjacTepu3arlii
(anmroputv DBSCAN) Ta 3acTOoCOBYIOTBHCSI 0€3 MONEepeAHHOT0 HaBYaHHS. Y SIKOCTI METO/IIB
MIPEICTABJICHHS TEKCTY BUKOpPUCTaHO KiacuuHuii miaxin TF-IDF, a Takox OimpIn cydacHi
METO/M BKIIaaeHHs ciiB, Taki sk Word2vec ta GloVe (Global vectors, I'mo6anbsHi BekTopH). Y
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SKOCTI MPOrpaMHOr0 IHCTPYMEHTapil0 BHUKOPHCTOBYEThCS MOBa ImporpamyBanus Python Ta
HaOip Oi0mioTek st poOOTH y 0O0JacTi IHTENEKTYyaJIbHOTO aHalli3y JaHuX Ta OOpoOKH
npupoaHoi MoBH, Takux sk NUMPY, SciPy, scikit-learn, hdbscan[2], Gensim, NLTK (Natural
Language Toolkit), pandas, matplotlib Tomto. JlocmimkeHHs mpoBeacHO Ha TECTOBUX Habopax
AQHTJIOMOBHUX TEKCTOBHMX JaHHMX, IO BIAPI3HSAIOTHCA 3a TEMAaTHUKOI, PO3MIPOM TEKCTIB,
KUJTBKICTIO TEKCTIB y HAabopi 1 T.1.

VY pe3ynbTaTi JOCTIIKEHHS OTPUMAHO MOPIBHAIBHY XapaKTEPUCTUKY, L0 AEMOHCTPYE
3aCTOCOBHICTb KOXXHOTO 3 METOJIB Ul PI3HMX HAOOPIB JaHUX MPH BHKOPHCTAHHI OJHOTO 3
TPbOX METOMIB MpPEJCTAaBICHHSA TeKCTy. s [bOro MiApaxoBaHO BiJCOTOK MPAaBUIIBHO
BU3HAUCHUX AHOMAJIbHUX TEKCTIB JJIs KOXXHOTO BHITAJKy, BHKOPHUCTAaHO MAaTPHII
HEBIJIMOBIIHOCTEH, a TaKO0X 3acCTOCOBAHO HEMapaMeTpUyHi CTAaTUCTHUYHI KpHUTepii s
BUSIBJICHHS TIEpEBard MeBHUX METOIIB Haj 1HIUMHU. OTpUMaHi 1aHi Jal0Th Kpaile po3yMiHHS
TOTO, SKi METOJM BUSBICHHS aHOMAJid € OUIbII €(PEKTUBHUMHU IPH POOOTI 3 TEKCTOBHMH
JaHUMH 3arajioM Ta 3 IEeBHUMH KOHKPETHUMH Habopamu naHuX. Takox pe3ylbTaTu
JIEMOHCTPYIOTh TIEPEBar i HEJIOJIIKH METOJIIB MPEACTABICHHS TEKCTY MPH X BUKOPHUCTaHHI Y
MOETHAHHI 3 TICBHUM METOJIOM BHUSBIICHHS aHOMAJIH JIJIsl ICBHUX TECTOBUX HAOOPIB TEKCTIB.

[Tomanpire ompaitoBaHHs IMUTAHHS BUSBICHHS aHOMAJiil y TEKCTOBHX IaHHX MOXKE
BKJIFOUATH TECTYBaHHS OUIBII IMMPOKOTO CIIEKTPY METOJIIB BHPIIICHHS 3aaadi. [cCHye Benmka
KUTBKICTh MOJIU(IKAIiil pO3TIITHYTUX METOJIB, IIEPCIIEKTUBHAM HAIPSMOM € 1 BUKOPUCTAHHS
PI3HMX THIIB HEHPOHHUX MEPEX IS BUPIMICHHS 3a/1a4i. TaKoK BAXJIMBUM € PO3TJISA] HIIUX
CyJ4acHMX METOMIB MpeAcTaBieHHs TekcTty, Takux sk BERT (Bidirectional Encoder
Representations from Transformers, JlBocmpsiMOBaHiI KOIyBalbHI NPEICTABICHHA 3
TpauchopmepiB), ELMo (Embeddings from Language Model, Bknanenuns 3 MoBHOI Mojeni),
fastText i T.x. JIast Kparoro po3yMiHHsS OCOOJUBOCTEH BHSIBIICHHS aHOMAJiH y KOHKPETHUX
oOnacTsx (HampuKiIald, y COLIAJbHUX Mepekax 4YM CHeluu(IuHUX TEXHIYHUX 3BiTax) €
HEOOXITHUM TIPOBEICHHsS OLIbIN JETaIbHOTO JIOCHI/PKEHHS Ha Habopax JIaHUX, 10
BIJINOBIIatOTh 11 00JacTi. AHAJIOTIYHO, HEOOXITHO OCHIIIUTA OCOOJMBOCTI POOOTH 3
TEKCTaMH Ha PI3HUX MOBax, 1110 MOTpedy€e MOBHO-cTIeM(p1uHNX HAOOPIB JaHUX Ta MPOTPaMHHUX
IHCTPYMEHTIB U1l pOOOTH 3 JEsKOI MOBOIO. 3a BIJCYTHOCTi, a00 HEAOCTaTHIM KUTBKOCTI
BIJIMIOBITHUX HAOOPIB Ta 1HCTPYMEHTIB MOCTA€ MUTAHHA iX PO3POOKH, K€ TaKoX MOTpedye
PO3TIIATY.

[1] Chandola, Varun & Banerjee, Arindam & Kumar, Vipin. (2009). Anomaly Detection: A
Survey. ACM Comput. Surv.. 41. 10.1145/1541880.1541882.

[2] L. Mclnnes, J. Healy, S. Astels, hdbscan: Hierarchical density based clustering In: Journal
of Open Source Software, The Open Journal, volume 2, number 11. 2017

ANOMALY DETECTION IN TEXT DATA

A. Piliak, O. Derevianko, S. Pliaka
Oles Honchar Dnipro National University
elrondcastillo@gmail.com, alex_di_46@ukr.net

The problem of anomaly detection in text data is discussed. This work aims to examine
the effectiveness of existing anomaly detection and text representation methods via applying
them on a variety of datasets and comparing the results.
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OBPOBKA KOJIBOPOBUX CJIABOKOHTPACTHUX
30BbPA’KEHD 3 BUKOPUCTAHHAM METOJAIB
BATTATOBUMIPHOI'O AHAJII3Y

JI. Axmermiuna, C. Mitpoganos
J[Hinposcokuii nayionanehuu ynusepcumem imeni Onecs I'onuapa,
mitrofanov.stas@hotmail.com

3amada BUSBJICHHS Bi3yalbHO HEpO3pi3HEHUX obJacTeil cnaboKOHTpacTHUX HUPPOBUX
300paKeHh Ma€ BEJIMKE 3HAUYCHHs y OaratboxX cdepax AiSUIBHOCTI JIOAWHU. MeTroau
0araTOBUMIpHOTO aHaIi3y JO3BOJISIOTH BUSBUTH BAXJIMBI 0a30Bi 3aKOHOMIPHOCTI Y BUXITHUX
JTAaHUX Ha OCHOBI JIOCITI/PKEHHSI CTATUCTUYHOI'O B3a€EMO3B'I3KY OKPEMUX KOMITIOHEHTIB. B nanmii
4yac, pO3MUPIOEThCS cdepa ix 3acTocyBaHHS mpu 0OpoOIl OaraTroBUMIpHHX 300pakeHb,
30Kpema, JUIsl MOy KOMIIOHEHTIB, BUSIBJICHHSI 00'€KTIB IHTepeCy, CTUCHEHHS Ta iH.

Mertoro maHOi IOMOBiAI € AeMOHCTpauis iH(OPMAMIMHUX MOXXIMBOCTEH METOIIB
0araToBUMIPHOTO aHali3y mpu 006poOIll KOIbOPOBUX CIAOOKOHTPACTHUX 300paKEHb.

Merton ronoBaux komnoneHTiB (PCA) 3a0e3neuye nepexia y HOBy CHCTEMY KOOPIHUHAT
Ha OCHOBI aHaJli3y MaTpUIll KoBapiallii CKIagoBUX 0araTOBUMIpHUX BEKTOpPiB. Pe3ynbratom €
OpPTOTOHAJIbHI KOMITOHEHTH, IO € JIHIHHOI0 KOMOIHAIIEI0 BUXITHUX 3HAYCHb, KOTPUM OIIHKU
Jucrepcii Ha HOBI KOOPAMHATH MalOTh MakcuMalbHy MiHauBicTb. PCA Bujanse 3 naHux
CTaTUCTHYHY 3aJEKHICTh JPYroro MOPSAKY 1 BCTAHOBIIOE 1H(POPMALIHHIA BHECOK KOXHOI
HOBOT KOMIIOHEHTH Y BUXIJHHUX JIaHUX.

Hezanexxunii komnonentauit ananiz (ICA) 3 BuxiiHux 6araToOBUMIpHUX JaHUX BUJAJISE
CTaTUCTHYHI 3aJISKHOCTI BHUCOKOTO MOPSAKY MK 3MIHHMMH, IIPHU IIbOMY BCi c(OpMOBaHi
KOMITOHEHTH, OyJTydd CTATHCTUYHO HE3aJEC)KHUMH, HE YTBOPIOIOTH OPTOTOHAIBHUH Oa3uc i
MaroTh OJIHaKOBUIl IPIOPUTET.

Opuum 3 TunoBux 3actocyBaHb ICA € ciinuil moain abo BUSIBICHHS HE3aJIEKHUX
JOKEepeN Ha OCHOB1 €KCIIEPUMEHTATbHHUX CIIOCTEPEIKEHb, SIK1 SIBISIFOTH COOOI0 HEBiAOMI JiHIIHI
CyMIIII CKJIaJI0BHX.

Y 3BI3KYy 3 3aBXKAM TPUCYTHBOIO Yy 300paKeHHSAX HEOJHO3HAUHICTIO Ta
HEBU3HAYEHICTIO OCTaHHIN Yac JUIs iX 0OpOOKH MIKMPOKO 3aCTOCOBYIOTh HEUITKI MeTou. VY [3]
TIpe/ICTaBIICHHIT HeuiTKHiT MeTo]1 0OCHOBHIX KoMroHeHTiB (FPCA). Moro oco6uBicTs momsrae
B TOMY, 10 BUKOHY€EThCS HEUiTKa KJIACTePH3allis BUXiAHOI MHOKHHH N BekTopiB X=/x, ..., x"}
PO3MIPHICTIO p Ha S HEUITKUX KJIacTepiB Ha OCHOBI MiHIMI3aLlii IIIbOBOT (QyHKIIIT

S n

IP.L) =YY (A d* (<), L)

i1 -1
ne P={A1,. .., As} - Heuitke po30ouTts; Ai(Xj) €[0,1] € cTymneHem npHHAIEKHOCTI TOYKH Xj JI0
HeuiTkoro knactepa Ai; d(xj, L") — eBkizoBa BizcTanb BiJy TOUKH Xj 10 MPOTOTHITY KiacTepa Aj
L = (L% L2 ..., L%); m> 1 — mapameTp da33idikanii. Po3rnsnaoThcs MuTiHAPHYHI KIaCTEPH 3
JiHiHHEUM mipotoTunioMm L(U,V): U - BiIacHUil BEKTOp, IO BiJIOBIIA€ HAHOLIBIIIOMY BIACHOMY
3HA4YEeHHIO MaTpuii koBapiarii C

Zp:A(x“)rrI x (X = %) x (X} = X;)

Ci= p
Z A(Xk )m

Jd,)=1..,n

U]
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ne X;- cepe/iHe 3HAYCHHS i-01 3MIHHOMW. V — IICHTp Bar HEYITKOro kiacrepy 4 ¢ m-oi CTYIeHIO
HEYITKOCTI.

Jlinisg, 3BaHa TEPHIOK TOJOBHOK KOMIIOHCHTOIO HEYITKOI MHOXKHHH, 3a1a€ThCS
OKPEMHUM BJIaCHHM BeKTOpoM ||U||=1 , MOB'sI3aHNM i3 HAHGLIBIINM BIACHHM 3HAYCHHAM Ay
HeuiTKoi KoBapiauiitnoi matpuii C = (Cjj).

Bekrop HewiTkMX umcen X = (il, )~(2) MIPOCKTYEThCSI Ha JiHIO L, HampsMok sKoi

. = (v® y@ O @ .
BHU3HAYAETHCS BEKTOPOM B, 1110 1ae HewiTke 9uciio Y = ( Yo,y Yy ) . Ile HeuiTKe ynciio
MOTIM MPOEKTYETHCS Ha3a/a Ha JBI BUXIAHI OC1 X1 Ta X2, 1al04YM PEKOHCTPYHOBAHUN pe3yJIbTaT

~ o~

BeKTOp Z = (Zl, 22) . Bexrop Barum B Bu3HauaeThcs Tak, mo0 MiHIMI3yBaTH Mipy po30iKHICTh
MK Z Ta X .

Ha puc. 1 a, 6 npexacraBieHa reoMeTpuYHa iHTEpHpPETAIlisi HOBUX KOMITOHEHT ISt
nBoBUMIpHHX naHuX MetojoM PCA 1 ICA, BianoBigHO.

x

5(77 ”723\\\ L

i

PCA i ICA

FPCA

Puc. 1. 'eomeTpuyHa inTepnperanis MeToAiB 6araTOBUMIPHOI0 aHAII3Y

Ha puc. 1 a mpexncraBieHa 4MciaoBa MOJEIb KOJBOPOBOIO CIA0OKOHTPACTHOIO
300pakeHHs, Ha TPeTiil KOMIIOHEHTI SKOro € CiM Bi3yaJbHO Hepo3pi3HeHHX oOiacteid. Ha
puc.2 06, B, T - pe3yabTaT 3acTocyBaHHs mpu Horo obpobui meroais PCA, IC u FPCM,
BIJIIOBIAHO.
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Puc. 2. Pe3ysbTaTn 3acTOCYBaHHSI METOAIB 0araToBUMIipHOr0 aHaTi3y KOJHOPOBOT0 300paskeHHs
a) BxiaHe 300paxennsi; 6) PCA; B) IC; r) FPCM
BucHoBkH. 3acTocyBaHHS METO/IB 0araTOBUMIPHOTO aHaJi3y JaHHUX JI0 KOJIbOPOBOTO
CJIa0OKOHTPACTHOTO 300pa)KeHHsI JO3BOJISIFOTh BHUSBHUTH Bi3yaJlbHO HEBUPA3HI Ha BUXITHHUX
3HIMKax oOmacti iHTepecy. Merog FPCA no3Bossie po3nimutu (OHOBI CKIIaI0BI Ta 001acTi
iHTEpECy.

[1] Horia F. Pop. Principal components analysis based on a fuzzy sets approach // Studia Univ.
Babes —Bolyai, Informatica, - 2001.- Vol. XLVI, Ne 2. - pp. 45-52.

PROCESSING OF COLOR LOW-CONTRAST IMAGES
USING MULTIVARIATE ANALYSIS METHODS

L. Akhmetshina, S. Mitrofanov
Oles Honchar Dnipro National University
mitrofanov.stas@hotmail.com

The work is devoted to demonstration of information possibilities of methods of
multidimensional analysis at processing of color low - contrast images. .The results of
experiments on the application of the methods of PCA, NC and FPCA for model data are
presented.

oA KJIMEHTCBKOI'O 113 1A IHNIAKJIIOYEHHSA
10 TEPMIHAJIBHOI'O CEPBEPY

M. IllleByenko, B. I'epacumos, H. Kapnenko
Jninposecoxuii hayionanvruti yHieepcumem imeni Onecs [ 'onuapa
shevchenko _mv@ffeks.dnu.edu.ua

Bynb-sika opranizauis, B sKiii KOMIT'IOTepH 3’€/IHaHI1 B €IMHY MEPEXKY, CTUKAETHCA 3
poOJIEMOTO TiIKJIFOUEHHS KIIIEHTIB 10 cepBepa, TOOTO, 10 BiaIeHOro podouoro crouy. Lo
npobjaeMy MOKHA BUPILIMTH Pi3HOMaHITHUMM criocobaMu. ICHye 1Ba OCHOBHI MPOTOKOJH
HaJaHHsA JOCTYNy 10 BimmaneHoro komm'totepay Mepexi TCP/IP 3 iHmHMX KoMIT'tOTepiB:
3akputiii Microsoft RDP Ta Binkputuit VNC. Yci nporpaMHi pillleHHS TaKk 4Yd 1HaKIe
BUKOPHUCTOBYIOTb 111 MPOTOKOJIH.

J1J1s BCTaHOBJICHHS B1IIAJICHOTO JOCTYIY MMOTPiOHO BU3HAUUTH CEPBEPHE Ta KIIEHTChKE
nporpaMHe 3a0e3nedyeHHsl, siki 0y 1yTh BUKOPUCTOBYBAaTHCh. HalimomysipHIIIUM IpOrpaMHUM
3abe3nedeHHsM (I13), ske BCTaHOBIIOIOTH HA CEPBEP, € HACTYITHE:

v' RDP - e crammaptHuii cepBep BigmaneHoro poGodoro croixy Microsoft st
omepariiuux cucrem cimeiictBa Windows. BukopucToBye  OIHONMEHHHIA
npornpierapauii npotokoi. RDP inrerpoBanuii B yci Bepcii Windows, mounHaroouu 3
1998 poky, ane 3a JOMOMOTI0I0 1IOTO MTPOTOKOIY HE MOXKHA MigKIrouaTucs 10 Home
BuryckiB Windows, mounnarouu 3 XP [1].

v TightVNCServer — e kpocmiarpopmue 113 Bignanenoro pocryiy, peanizye VNC 3
PO3MIUPEHHSIMH JJIs1 ONTUMI3aIlii poOOTH B yMOBax IMOBUTbHUX KaHATIB Iepeaadi TaHuX.
€ cyMiCHUM 31 CTaHAAPTHUM NporpaMHUM 3abe3nedeHHsM it VNC. 3aBasku boMy
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11 VNC-KITIEHTH MOXKYTb TiIKITIOYATUCS 10 pOOOYUX CTOJIIB, 110 00CTYTOBYE CepBEp

TightVNC, i naBnaku, kmieaTa TightVNC MoyTh 3BepTaTucs 10 BiJIaJC€HUX BY3IiB,

K1 06ciyroBye iHmmmil cepsep VNC.

v xrdp — 1e BizkpuTa peanizaiis cepsepy Microsoft RDP y BinbHOMY nocTyIi, sika
JIO3BOJISIE OTICPALIITHIM CUCTEMaM, sIKi BiIpi3HAI0THCs Big Microsoft Windows (Takum
sk Linux ta BSD), HamaBatu nmoBHOdyHKmioHanbHHMI RDP-cymicHuii BimmaneHuit
po6ouwnii ctin. ITinTpumye o6uasa nporokoiu, sk VNC, Tak 1 RDP [2]. € cymicHuM 3
Oynp-skumu kiieHTamu. [lepeBaroro xrdp mepen TightVNC e Te, mo ne 13 moxe
MOBHOIIIHHO KEPYyBaTH CECIIMU KOPHUCTyBadiB. Tak, MO0 MiAKIOYUTUCA OO cecil
kopuctyBada depe3 TightVNC, Tpeba cmoyarky HOTO 3amyCTUTH, BBECTH JaHi
KOPHUCTYBay4a, 1 TUILKM MOTIM MiAKII0YaTHCI. Xrdp BMi€e caM BXOJUTH B CUCTEMY TIif
noTpiOHUM KOpHUCTyBayeM depe3 BimjaneHuit qoctyn. OKpiM 1boro, KiIieHTH i rdp
BcTaHoBiIeHo y Windows Bcix Bepciii Ta B Ubuntu, a B iHmux Linux-guctpuOyTuBax ix
3aBaHTa)XEHHS — CIIpaBa OHI€T KOMAaHM B TEPMiHAJII.

B skocti cepBepHoro I13 MoxHa Takok BUKOPUCTOBYBATH OyAb-sIKI 1HIII peanizarii
VNC, KOTpHX 4epe3 BiIKPUTICTh TOCUTH Oararo.

[Tporpamue 3a6e3neyeHHs U1 BUKOPUCTAHHS Ha CTOPOHI KJII€EHTa HACTYIIHE:

v Remote Desktop Connection — st 3a6e3neuenHst BiiaieHoro J0CTyIry J0 CEpBepiB i
pobounx cranmii Windows;

v" Remmina — 1ie Haii6Libn QyHKIIOHATBHUIA KiieHT Juisi Linux, mo npaioe 3 RDP ta
VNC;

v Oynp-skuii VNC-kimient. 3apusaku tomy, mo VNC € CTaHmapTHUM Ta BiIKPHTHM
IPOTOKOJIOM, TO HOMY JOCTYIHA MHOXXHHA IOBHO(YHKLIOHAJIbHUX KIIE€HTIB —
TightVNC, Real VNC, PuTTY Tomio.

Oxpemo ciin Bim3Hauntu TeamViewer Ta AnyDesk — 1ie komepiiiiHi pileHHs A
BIJIJTAJICHOTO aJIMIHICTPYBaHHS 3 OOMEXKEHUM O€3KOIITOBHUM BUKOpHCTaHHAM. L1 mporpamu
IpaLoTh BUKIIOYHO 3a nportokoioM VNC. Jlo mepeBar TeamViewer ta AnyDesk cimin
BITHECTH HAsBHICTh MPOCTOro iHTepdeiicy Ta Te, 110 BOHM HE BUMAararoTh MOINEPEIHHOTO
HaJIaIITyBaHHS.

BaxxnuBuM 4MHHHMKOM i 4ac BHOOpPY CEpPBEPHOTO Ta KIIIEHTCHKOTO IMPOrPaMHOI0
3a0e3MeueHHs € XapaKTepUCTUKN HAsBHUX KOMII FOTEPIB, SIKi IUTAHY€ETHCS 00’ €THATU B MEPEXKY.
OCKIUTBKM XapaKTEpUCTHKU KOMII FOTEpIB, 110 CTOSITh B KOMIT IOTEpHIM Jaboparopii kadenpu
EOM, nocuTth nanexi Big 6axaHuX, TO JUIsl OpraHizallii cepBepiB TEpMiHAIBHOTO 10CTYILy OyJ10
oOpano aBa pimenHs: Microsoft RDP server ans Windows ta xrdp ans Linux-cepsepa. Taxuit
BUOIp OOTPYHTOBAHO THUM, IO:

1) Microsoft RDP server ta xrdp CTBOPIOIOTH MEHIIIE HAaBaHTAKEHHS HAa MEPEKy Ta
KoMl torepu nopiBHsAHO 3 VNC-pimennsamu [3].

2) Microsoft RDP server ta Xxrdp moBHOIIIHHO KEPYIOTb CECisIMUA KOPUCTYBAUIiB, 1[0 3HAYHO
CIPOIIYy€ aJIMIHICTPYBaHHS Ta KOPUCTYBAHHS CHCTEMOIO BiJIaJIEHOTO JIOCTYILY.

3) Kuientn Microsoft RDP server ta Xrdp Bjke BCTAHOBJICHI 3a 3aMOBYCHHSM Ha YCi
KoMIT'roTepu Ha 0a3i omepamiiiHoi cucremu Windows (To0to yci, siki € HasBHI Ha
Kadenapi).
3acrapini Bepcii kimieHTa, mo BcraHoBieHo B Windows XP ta Windows 7 He

niATpuMytoTh cydacHe TLS-mudpyBaHHs Ta He 3MOXKYTh MpaloBaTu 3 cepsepoM xrdp. Sk
BUXIJI 3 Li€] CUTYallii — BIAKIIOYEHHS MU(PYBaHHS y BUIAJKY, SKILIO J103BOJISIE 0OCTAaHOBKA.
VY HamoMy BUIajKy 00CTaHOBKA JOCUTH CIIPUSATIMBA, OCKUIBKH YyCi 3’ €IHaHHS B110yBarOThCS
BCEpEMHI JIOKAIBHOT Mepexi Ha KomyTaTopax, ae ataka MITM (Man in the middle — araka
HOCEpEeHMKA), TS 3aXUCTY BiJ SIKOT cCaMe BUKOPUCTOBYIOTh MIM(PYBAHHS, HEMOKIIMBA.
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[1] Connect to another computer using Remote Desktop Connection [Enektponnuii pecypc].
Pexum nocrymy:
https://web.archive.org/web/20130116172522/http:/windows.microsoft.com/en-
GB/windows-vista/Connect-to-another-computer-using-Remote-Desktop-Connection

[2] Xrdp [Enexrponnuii pecype]. Pexxum poctymy: https://wiki.archlinux.org/title/Xrdp

[3] Xrdp [Enextponnuii pecypc]. Pexxum noctymy: https://en.wikipedia.org/wiki/Xrdp

REVIEW OF THE CLIENT SOFTWARE FOR CONNECTION
TO THE TERMINAL SERVER

M. Shevchenko, V. Gerasimov, N. Karpenko
Oles Honchar Dnipro National University
shevchenko mv@ffeks.dnu.edu.ua

Any organization in which computers are connected to a single network faces the
problem of connecting users to the server, in other words, to a remote desktop. This problem
can be solved in various ways.

This article describes the main solutions available now for Windows and Linux systems.
It also gives a selection of such solutions for the computer lab.

OCOBJIUBOCTI OBPOBKH ®PIHAHCOBUX JOKYMEHTIB
ITPUBATBAHKY

M. Ipo3nos, B. Xangeuskuii, B. I'epacumon
Jninposcoxuii nayionanvruti ynieepcumem im. Onecs I 'onuapa,
drozdov_ms@ffeks.dnu.edu.ua

OO6cyroByBaHHs 6araTOKBapTUPHOIO OYAMHKY — CKJIQAHUN IpOIieC, TOMY KOMIIaHis,
sAKa HaJa€ JaHy TOCIyTy, MOBHMHHA OYyTHM BIEBHEHAa B MpaBWIbHIM 00poOIi (hiHaHCOBHUX
JIOKYMEHTIB.

baHk, SIKHM KOPHCTY€ETHCSI KOMIaHis JTs1 OTUTATH PaXyHKIB MEIIKAHIISIMH, CTBOPIOE JIBa
BUAM (IHAHCOBMX [OKYMEHTIB: PEECTp Ta BHIIMCKA. PeecTp CTBOPIOETbCA MpPH OILIATI
MEIIKaHIleM OyJWHKY 4Yepe3 TepMiHaJ, a BUMUCKAa — MPHU OIJIaTi roTiBKoro. (s xommanii
BOKIUBIIIUM € Te€, IO JaHi (iHAHCOBI JOKYMEHTH € pI3HUMH THNaMu (ailmiB 1 Tomy
BUMArarwTh PI3HUX MIIXO/MIB JJII 3UYATYBAHHS Ta 0OpPOOKH JTaHUX.

PeecTp € TEKCTOBHM JOKYMEHTOM, SIKMM CKJIaJa€TbCs 3 TPbOX YACTHH: 3aroJOBKY
IaTeXxXy, TabJMWIll 3 JTaHWUMH MEIMIKAHIIIB, K1 BHECIH IJIATIXK, Ta HIKHBOTO PSIAKY CaMOTO
IUIaTEXYy. 3aroJIOBOK Ta HUXKHS YaCTHHA MICTATH CHUIbHY iH(pOpMaIliio (1aTy miIaTexy, cymy
BCIX IJIATEXIB 1 T.J.), @ CEPEIHS YaCTHHA PEECTPY € TaOIHIIEI0, /Ie BKa3aH1 OKPEMI MIIATHUKH.

Jlns BunoOyBaHHA iHoOpMaLii 3 peecTpy OynM BHUKOPHCTaHI PEryysipHi BUPa3H IJis
aHaJIi3y 3arojIOBKy Ta HIKHbOI yacTHHH. JlJis aHammizy cepelHbOi YaCTUHU JIOKYMEHTY OyB
BUKOPUCTAHUHN MOPSIKOBUI repedip JaHuX, K1 MICTATbCS B 1aHii TaOIuUII.

Jlst KopekTHOT 00p0oOKH peecTpy Oys10 BBEIEHO TaOIUIIIO s 3anucy iHdopmartii mpo
peecTp Ta TaOIUIIIO TS 3aMUCY TUIATEXKIB OKPEMUX MEIIKAHIIIB.
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Bunucka sBnsge coboro dbf-daiin, skuii MICTUTH CTPYKTypoBaHy ©Oa3y [aHUX,
OpraHi3oBaHy y BUTJISAI TAOJIHIIb 13 3aITFCAMH.

3arosoBok ¢aiiny dbf 36epirae iHpopmarliiro mpo BiANOBIAHY 0a3zy gaHuX, 30epekeHy B
nBiiKoBOMY (popmari. 3aroIoBOK MIiCTUTh TaKy iH(pOpMAaIIito: Bepcis ¢aiiry, 1ata OCTaHHBOTO
OHOBJICHHS 0a3W JaHUX, KUIbKICTh 3anmuciB (32-0iTHE YKCIIO), JOBKHHA 3arojOBKY Ta TOJIS
3anucy, BUKOPUCTAHHS MU(PYBaHH, OUC MOTIB 0a3u JaHUX y BUTIIAAl Tabmuii [1].

Jlst 06poOKu Takoro ¢aiiay HEMOKIMBO BUKOPHUCTOBYBATH 3acOoOM, MPU3HAYCHI IJIS
00poOKH peecTpy, OCKIITBKK 00poOKa JaHOTO (ailiry K TEKCTOBOTO HE € MOXKIJIMBOIO BHACIIIIOK
0COOJIMBOCTEH CTPYKTYPH Ta KOJTyBaHHSI.

Crpykrypa dbf-¢aiiny nogana B Tabmmmi 1.

Ta6murst 1. Crpykrypa daiiny dbf

JloBKMHa 1OJIs [Ipu3HaueHHs
32 3arosoBok daitury dbf
nx48 JleckpunTopu MmosiB B KUTBKOCTI N
1 Tepminansauit 6aiit CHR(13)
mxk 3amnucy 3 1aHUMH (JIOBKUHOIO K 1 KiJIbKiCTIO M)

Sk BugHO 3 moAaHoi Tabauii o0podKa gaHoro ¢ainy nosusrae B 00poOIli 3aroioBKy Ta
okpemux 3anuciB. Criovarky e modiToBe untanHs (aiiny, naixi BUIoOyBaHHS 3aroJIOBKY 3a
JOTIOMOTOI0 TTOPIBHSHHS 3 33/IaHOI0 CTPYKTYpOIO 3aroyioBky. [licis BuaoOyBaHHS 3aroyioBKY
e BUIOOYBaHHS OKpEeMHUX 3amuciB (HeckpunrTopiB). Tak sk iX KUIBKICTh HE € CTalO —
raTexiB OyBae Jeska HecTalla KiJbKiCTh, TO 32 JOIOMOTOK0 JaHUX, sKi Oynu 3i0paHi 3
3aroJioBKy (KUIBKICTh IUIATEXIB), /1€ HUKIIYHA 00poOKa JECKPUNTOPIB 1 BUIOOYTOK MOJIB, HA
K1 BKa3yIOTh JECKPUITOPH.

B tabnuii 2 mokazaHa CTpyKTypa JECKPUITOpa

Tabuuus 2. CTpyKTypa IECKpPUITOPIB

Anpeca Hosxuna | IlpusnayeHHs

0 | 0x00 32 ImM’s mosis

32 | 0x20 1 Tun nosns

33 | 0x21 1 IToBHa moBXMHA MOIA

34 | 0x22 1 Uuco 1ecITKOBUX PO3PSLIIB

35 | 0x23 2 3ape3epBOBaHO

37 | 0x25 1 [Tpamopens tery daitmy MDX

38 | 0x26 2 3ape3epBoBaHO

40 | Ox28 4 Jlis aBTOIHKPEMEHTOBAHOTO MOJII — HACTyIHE 3HA4YeHHS, I
iHmIX — 0

44 | 0x2C 4 3ape3epBOBaHO

[Ticns oOpoOkM  BCIX JaHUX CTBOPIOEThCA TUMYacoBa TaOmuus (data table), sxa
3aHOCUTHCS Y BIIMOBIIHY TaOJIUIIO BUTIMCOK 0a3u aHUX.

Po3pobnena cucrema 3a10BONbHSE MNOTpeOM (ipMU y g0maTKy s OOpOOKH
(b1HaHCOBHUX JOKYMEHTIB, 1110 € HEOOX1THUM MpH (PIKCyBaHHI BHECEHUX KOIUTIB Ta MiJIPaxXyHKy
HEOOXIJTHUX JI0 CIUIaTH CyM.

[1] Pacuupenune ¢aitna DBF [Enektponnuii pecypc] Pexum moctymy: https://www.file-
extension.info/ru/format/dbf
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[2] CtpykTypa DBF-aiina [EnexTpoHHwMii pecypc] Pexum JOCTYITY:
http://www.autopark.ru/ASBProgrammerGuide/dbfstruc.htm

FEATURES OF PROCESSING FINANCIAL DOCUMENTS OF
PRIVATBANK

M. Drozdov, V. Khandetsky, V. Gerasymov
Oles Honchar Dnipro National University
drozdov_ms@ffeks.dnu.edu.ua

Flat house handling is a complex process, so company who does it needs to be sure in
finance documents processing.

Company’s needs in application for finance documents processing, which is key for
counting sums and fixing input money were covered by developed application.

ABTOHOMHA BE3IPOTOBA CUCTEMA JUIA
BE3KOHTAKTHOI'O KOHTPOJIIO BUMIPIOBAHHA
TEMIIEPATYPHU TA KOHTPOJIIO MIPUCYTHOCTI 3A

JOINOMOI'OIO MAIINMHHOI'O 30PY

H. I'apa¢onosa, /1. YepHeTueHKO
Hninpoecoxuti nayionanvnuu yrieepcumem imeni Oneca I onuapa
nadyagarafonova@gmail.com

['mobanbHMil TpeHa cydacHOTo cBiTy — mudpoBa peBomoiis. OXopoHa 310pOB'sS HE
CTajla BUHATKOM. Bjke chorojHi MiJIbIiOHU JItOJIEH 10 BCbOMY CBITY aKTUBHO KOPHCTYIOThCS
MOPTATUBHUMH €JIEKTPOHHUMHU TPHUCTPOSIMH ISl MOHITOPHHTY CTaHy CBOTO 37I0POB'A,
BUKOPUCTOBYIOTh ~MOOUIBHI HPUCTPOi A JIIKAPCHKUX  IHTEPHET-KOHCYJbTALIH 4M
BineokoHpepenuii. [Tanaemis COVID-19 HarnsiiHO 1eMOHCTPY€E aKTyalIbHICTh 1HHOBAIIHUX
TEXHOJIOT1H OXOPOHH 3/I0pPOB'A, SIKI MOXYTh JIOMOMOITH KpaiHaM MOKpAIlyBaTH MOKa3HUKH
3IOpOB'SE HACeNEeHHs 3a paxXyHOK IIBHJAKHUX pilIeHb, peani30BaHUX HaBiTh 3a YMOB
HEPO3BUHEHOI IHPPACTPYKTYpHU Ta HECTAUl PECYPCIB.

Koxxna neprxaBa po3po0iisic CBOIO CHCTEMY BIJICTEKEHHS 3apaXEHUX Ta MOTEHIIIHHUX
HOCIiB Bipycy. TexXHONOriyHO JOCTYNHI HAcTyIHI BapiaHTH: BUKOPUCTAHHS BiJleOKaMep
30BHIIIHBOTO CIIOCTEPEKEHHSI, BU3HAUEHHS MICIS NPOBEICHHS ormepaiiil 3 OaHKIBCHKUX
KapTOK, BU3HAUYEHHS TPAEKTOPII MEPEMILLIEHHS Yepe3 CUTHAJ ONepaTopiB MOOLITBHOTO 3B'A3KY.
Texnomnorist komm'totrepHoro 3opy (Computer Vision) nomomarae oOpoOisiTH JlaHi 3 Kamep
BIJICOCTIOCTEpEXKEHHS 1 3a JomomMororo posmizHaBaHHa oci® (Face Recognition) Braerbcs
3HAXOJIMTH MOPYUIHHUKIB KapaHTHHY abo camoizossiii. Kpim niporo, Computer Vision BusiBisie
KOJIO THX, 3 KUM KOHTAaKTyBaB MOTEHIIITHUI XBOPUil, 3aB/SIKM YOMY BUKOHABY1 OPraHU MOXKYThb
B3SITH 1X T/ HATJISL, HAPABUTHU 0 HUX MEIMYHUX MpaIliBHUKIB [1].

VY Benukoi KUIBKOCTI MAIlieHTiB KOPOHABIpYyC NpoTikae 6e3cuMnToMHo. Cepesl TUX, XTO
Ma€ CHMIITOMH, HAaWOUTBII TONIMPEHUMH € CYXWH Kallellb, 3auIlKa, XapaKTepHa CHIbHA
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BTOMa, OUTh y M's13ax, OUTb y TOpJIi, TOJIOBHUN O11b, BTpaTa ab0 MOpPYIIEHHS cMaky Ta / abo
3amaxy (XapakTepHuil cumnToMm). HallronoBHIMMI CHUMITOM — JUXOMaHKa, ado IIiABHUIICHA
Temreparypa. ¥ moOyTOBHX YMOBAX 3aCTOCOBYIOTh PIJUHHI I'PAIyCHHUKH, Y SIKHUX MICTUTbCS
COMPT YW PTYyTh. TOMy aJbTEPHATUBHUM BapiaHTOM 4YaCTilIE CTAalOTh OE3KOHTAKTHI
iH(ppauepBOHI TEPMOMETPH.

Macku cTany HeBiA'eMHUM aTpuOyTOM MaHjaeMil, a IPaKTUYHO BCl €KCIIEPTH Ta BUYCHI
CTBEPAKYIOTb, 1110 IX HOCIHHS 3MEHIIY€ PU3UK Ilepeaadl Bipycy. SKII0 Macka He 3aKpUBae Hic
abo poT, ab0 HEIIBHO HpUIArae 300Ky OOIUYYs, BIpyC MOKE BUAUIATHCA 1 MOTPAIUTU 10
IUXanbHUX NULIXiB. B [HCTUTYTI Menuuman npu TokicbKoMy yHIBEPCHUTETI OYJI0 IMOKa3aHO
CHPaBXHIO €(PEeKTUBHICT MAaCOK, IIOMICTHBILIHU B 130JbOBAHOMY IPOCTOpi Ha Biactani 50 cm
roJOBH MAaHEKEHIB 3 JaT4uKaMu. 3'acyBajiocs, IO MOTJIMHAHHSA 1H(QEKUiT 3HUKYBAJIOCs MpU
BUKOPUCTAaHHI Ha MOJEJI Marep'sHOl MacKu, 110 Bauxae, Ha 17 %, xipypriuHoi TpUIapoBoi
macku — Ha 47%. Ilpu upomy pecniparop Tumy N95 3MEeHIINB NOIVIMHAHHA KOPOHaBIpycCy
npubimzno Ha 79%. Ilpm 3actocyBaHHI OyJb-SIKOi 3 MacoK Ha MOJENi, IO BHIUIAIA
KOpOHaBIpyc, HOro MOTJIMHAHHS IHIIUMHU O00’€KTaMH 3MeHIryBayiocss Ounbin HiK Ha 70%.
MaxkcumanbHi TOKa3HUKA OyJIM OTPUMaHI IiJ] 9ac BUKOPUCTAHHS XipYPriYHUX MAacoK Ha 000X
manekenax — 80%][2].

Bueni cripsMOBYIOTh 3yCHJUISI TEXHOJIOTIH HA CTPUMYyBaHHS MaHIEMii KOpOHaBIpyCy
(COVID-19). Curyariiss yCKJIagHSIOTHCS BHIIAJKAMH IALI€HTIB 3 XHOHOIMO3MTHBHUMHU
BUINaKamu 3axBoproBanHs. LlITyunuii intenekr ta Big Data B naHuii yac 3aCTOCOBYIOTBCS IS
HEepeBIPKU JAOTPUMaHHS KapaHTHUHY, NOCIIKEHHs npenapariB. Hampukian, BUKOpUCTaHHS
iHTeNneKTyanpbHux kamep y Kurai i Ha TaiiBani J03BONMIIO BU3HAYATH JIIOJICH, SIKI HE HOCATH
MacKH, a TaKOXX IPOBOJAMUTH TEIUIOBE CKAaHYBAaHHS TEMIEpaTypH TuUIa JIIOACH Yy PpexXuMI
pearbHOTO Yacy Ui BUSBICHHS MOXJIMBUX BHIIQIKIB 3apaxkeHHs. SenseTime — kommaHis, sika
3aliMa€eTbCs PO3POOKOI0 TEXHOJIOTIH IITYYHOIO IHTENIEKTY OroJIOCWia, W0 ii mporpamHe
3a0e3nedeHHs Uit OE3KOHTAKTHOTO BU3HAUEHHS TeMIIepaTypu OyJio BCTAHOBIICHO HA CTAHIIISX
METpo, B IIKOJIaX 1 rpoMajchkux neHTpax y Ilexini, [lanxai ta [llenpwkeni|3].

["0JI0BHOIO METOIO TIPOBENIEHOI pOOOTH € CTBOPEHHS aBTOMAaTH30BAHOTO MPOTPaMHO-
anapaTHOTO KOMIUIEKCY Jisi O€3KOHTAKTHOTO BHUMIPIOBAHHS TEMIEpaTypH Ta JAETEKTYBaHHS
MacK Ha OO0JHYYl TPH MPOXOKEHHI KOHTpOJto. JIisi OE3KOHTAKTHOTO BHMIPIOBAHHS
Temneparypu Oyno oOpano iHdpadepBonuit cencop MLX90614 xommanii MELEXIS i3
TOYHICTIO BUMIPIOBaHHSI TemIiieparypu y ¢izionoriunoMy pianazoni moauau 0,1 °C. 3a
JIOTTIOMOT'0}0 BUCOKOUYTIIMBOIO JIATUMKA YJIOBIIOETHCS 1H(ppauepBOHUI NOTIK, 1110 i€ Bij Tia.
byno nokasano, o TemnoBuil ceHcop (pikcye BCl BIAXUIIECHHS BiJ HOpMaibHO HOpMH 36,6 °C
IpU BUMIPIOBaHHS BOPOJOBXK 5 cekyH[. L{udposa iHdopmariis nepeTBoproeThCsl Ha Tpalycu
[lenbcis 3a gomomoror Mikpokomn totepHoi mardopmu Raspberry Pi 4B (4Gb RAM) ta
BUBOIUTHCS Ha TFT mucrieid. 3HaueHHs Temreparypu 00’€KTa Takox 30epiraerbcs B 0asi
nanux. [IpoBeaeH1 1OCHTIHKEHHS TTOKA3alld, 0 IIJITHKOIO ISl BUMIPIB MOXe OyTH OyIb-sika
30Ha roJI0BHU (HaMKpalli pe3yabTaTu OyJIH Mmokas3aHi Ha J001), a Takox pyku (3am'scts). o nuux
oOnacTel JIETKO OTpUMATH JIOCTYI I/l Yac MPOBEACHHS TEMIIEpaTypHOrO0 CKPUHIHTY INpU
POXO/KEHHI KOHTpouto. [IpH 11boMy JI10/TMHI HEMa€e He0O0X1THOCTI pO3AraTucs, poOuTH 3aiiBi
PYXH.

Jis KOHTpOMI0O Macku Ha oOJMY4i JIIOJUHM OyJIO 3aCTOCOBAaHO YYTJIMBY LU(POBY
KaMmepy 13 J0JaTKOBUM 00’ eKTUBOM 50 MM J1s peecTpallii Biieo 300paKeHHsI BIPOJOBK TECTIB.
[ToTik MaHMX pEECTPYETHCS 3a JOMOMOIOI0 TOJIOBHOTO MPOIECOpPY, ONTHUMIZYETbCA Ta
30epiraeThcs 3a gomomoror cranmapty MPEG4. 3a ngomomororo 3aco0iB MalIMHHOTO
HaBYaHHS 13 BUKOpucTaHHAM Tensorflow Ha OKpeMHUX 300pa)XEHHSAX Ta IHCTPYMEHTapiio
OpenCV ms Raspberry Pi, Oyiio cTBopeHO mporpaMHe 3a0e3MeueHHs 11 IeTeKTyBaHHS MacKH
Ha o0xmyyi. [Tonepeani pe3yiabTaTH TECTYBAaHHS MOKa3aJid TOYHICTh PO3MI3HABAHHS HA PiBHI
95% na 10 pi3HHX 00’ €KTaX.
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B pesynbTari, TMOKa3aHO, MO0 BUKOPUCTAHHS aBTOMATH30BAHOTO TMPHUCTPOIO i3
CTaOUIBHUMHU TIOKa3HMKAMU TOYHOCTI MOXYTh 3HAUHO TOJIETIIUTH MPOIEC aBTOMATHYHOTO
BIZICTBE)KYBaHHS XBOPHX Yy TPOMAJCHKHX MicHix (HampKiIaja, Kach MarasuHiB, MeETpO,
MapKOBKHM, BX1Jl HAa OpPTaHi3alliio, TOIIO), MOJIETIATH JIOACHKUNA TPYA, Ta 3MEHIIUTH KiIbKICTh
JIOAATKOBUX KOHTAKTIB JUIS TECTYBAHHS.

[1] Big Data mnporus COVID-19 [Enexktponnmii pecypc]. Pexum  mocrymy:
https://www.rspectr.com/articles/617/big-data-protiv-covid-19

[2] Packpbita wictuHHas 3G ¢GeKTUBHOCTH Macok [EjekTponHuit pecypc]. Pexum moctymy:
https://lenta.ru/news/2020/10/22/maska/

[3] Bopoteba 3 COVID-19: cuna mry4noro intenekty Ta Bil Data [Enexrponnuii pecypc].
Pexxum moctymy: https://www.everest.ua/borotba-z-covid-19-syla-shtuchnogo-intelektu-
ta-big-data/

AUTONOMOUS WIRELESS SYSTEM FOR
CONTACTLESS CONTROL OF TEMPERATURE
MEASUREMENT AND PRESENCE CONTROL USING
MACHINE VISION

N. Harafonova, D. Chernetchenko
Oles Honchar Dnipro National University
nadyagarafonova@gmail.com

The global trend of the modern world is the digital revolution. The COVID-19 pandemic
demonstrates the relevance of innovative health technologies that can help countries improve
their health through rapid solutions implemented even underdeveloped infrastructure and lack
of resources.

Computer Vision technology helps to process data from video surveillance cameras and
with the help of face recognition (Face Recognition) it is possible to find violators of quarantine
or self-isolation.

The main purpose of this work is to create an automated software and hardware complex
for non-contact measurement of temperature and detection of the mask on the face during the
control, which can greatly facilitate the process of automatic tracking of patients.

JOCJITKEHHA EPEKTUBHOCTI BUKOPUCTAHHA
PROGRESSIVE WEB APP 111 BUKOHAHHSA
PECYPCHOMICTKHUX 3ATAY

B. Labin, O. [lepeB’sanko, C. [laska
Jninpoecoxuii nayionanonuii ynieepcumem imeni Oneca I onuapa
vitalii8ilin@gmail.com, alex_di_46@ukr.net, plyaka@ffeks.dnu.edu.ua

B ocTaHHE AECATHITITTS aKTUBHO MOIIUPWIIHCS CMapT(OHH Ha ONEPAIiifHUX CHCTEMax
i0S Ta Android, B Ham yac Maiie KOXKHa JIFOJUHA Ma€ CBill BIacHUM cMapTQOH, KU Ha/lae
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BENMKUI HaOlp pi3HUX QYHKIIH, cepen SKUX BCTAHOBJICHHS noAaTkiB. Tomy Oi3Hecy,
HAYKOBISIM, JIepKaBi BaXIIMBO OyTH NMPUCYTHIMU B cMapT(OHI KOKHOI JIIOJUHH. B 3B'A3Ky 3
UM BUHUKa€ MOTpeda B TEXHOJOTISAX, 32 OMOMOTOI0 SKMX MOKHA peajli3yBaTH MOOLIbHI
nonatku. Tak sik MOOUIBHI TPUCTPOT MPALIOIOTH HA PI3HUX ONEPAIifHUX CUCTEMaX, sl KOKHOT
3 HUX OyJia CTBOpPEHa CBOs MOBa IporpamyBaHHs, Hanpukinan s 10S - Swift, mist Android -
Kotlin. 3 1XHBOIO JOMOMOrOK MOXHa BUKOHATU 3aJladi ajie BUHUKae mpobiema: moTpiOHO
peamizoByBaTd (AaKTUYHO 1ACHTHYHHA (DYHKI[IOHAJ, BUKOPUCTOBYIOYHM [UJISI IIHOTO pPI3HI
IHCTpYMEHTH, II0 B CBOIO YEPry YIOBUIBHIOE IPOLEC PO3POOKM Ta MiJBHUILYE BAPTICTh.
Po3poOHuKH, B MONIyKax pillIeHHs, 3BEPHYJIN YBary Ha TEXHOJIOT11, IKi BAKOPHCTOBYIOThCS JJIsI
pO3poOKHM BeO-CaiTiB Ta JOAATKIB, IO MPAIIOIOTH B Opay3epax. laes monsrae B BUKOpUCTaHHI
HTML, CSS Ta JavaScript mis po3poOku MOOUIBHMX MporpaMm, TaKHX IIIIXOM MOXHa
yHi(iKyBaTH TexHOJNOTrii 1 He mepenucyBatu ¢ynkuionan mig pizai OC. Texnomnoris PWA
BHPIIIYE IT0 331249y, JO3BOJISIOYM 1HCTATIOBATH BEO-CAlT K MOOUIbHMI goaaTok. [Iporte meit
MiaXig Mae cBoi oOMexkeHHs. HaTWBHUE MiAXin Mae mepeBarw, TOMY IO Hajgae OuIbIe
MOYJIMBOCTEH JUIsl B3aEMOJIIT 3 anapaTHOK YacTHHO. [IpoBeneHe NOCiKeHHS TIOKa3ye, SK

MoxHa 32 fortomororo WebWorker Ta WebAssembly komrnieHcyBaTi HEZJOCTATHIO IIBUIKOIIO
PWA.
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Puc. 1. Apxitekrypa PWA

ITpu crBopenHi PWA s 06poOku 300paskeHs 3a gonomororo JavaScript 616aioTekn
JIMP oGpano came Takuii (pyHKIIIOHAI, TOMY 10 POOOTa 13 300pakeHHSIMU MOTpedye Oarato
00YHCIIEeHb.

JIMP BuUKOpUCTOBYE ABONPOXIAHUI OUTIHIMHUI aJIropuT™M A 3MIHM PO3MIpIiB
300pakeHHs MO IIMPHUHI 1 BUCOTI 3a AOMOMOro0 MeToay resize(). OOpoOka 300paxeHHs - 11e
CHHXPOHHA orfepailis, sika 0JIOKYe OCHOBHHI MOTIK Ha Yac CBOTO BUKOHAHHS, 00 YHUKHYTH
poro, Bukopucrano WebWorker. Lle API sike 103BosIsI€ 3amTyCTUTH KO B (DOHOBOMY PEXKHUMI
Ha cTopoHi kiieHTa. [IporectoBano nekinbka JPG 300pakeHb, 3MEHIITYIOUN PO3Mip KOXKHOIO,
Ta OTPUMaHi pe3yJbTaTy HaBeJleHi B Ta0. 1.

Tabmung 1. Pe3ynbratu TecTyBaHHS MIBUAKOCTI 3MIHU pO3MipiB 300pakeHHs B PWA

OpuriHanbHe 300pakeHHs [Ticna oOpobxu 3atpauenwuii vac | AnroputMm Ha Kotlin
5616x3744 (~52 MB) 2836x1816 (~24 MB) 2.61 cexk. 2.55 cek.
3424x1236 (~38 MB) 1236x880 (~14 MB) 1.42 cek. 1.32 cek.
1920x1080 (~20 MB) 400x200 (~3 MB) 1.04 cex. 0.96 cek.

TectyBanns npoBoauiiocs Ha mpuctpoi Google Pixel 4a 3 HacTynmHHUMHU XapaKTepUCTUKAMMU:
OC: Android, RAM 6 GB, Qualcomm Snapdragon 2 x 2.2 [T+ 6 x 1.8 I'T'11.
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OTpumMaHo pe3ynbTaT, KWW MOKa3ye, M0 HaTUBHI AofaTku 1 PWA cnpaBisioTecs 3
MIOCTABJICHOIO 33/1a4€I0 3a CX0XKUU 4yac, mpote PWA MokeHO 3amycTHTH Ha OyIb SKIH 1HIIN
OC. Omxe minkoM J0I1IBHO BUKOpucTOBYBatH JavaScript, WebWorkers ta ServiceWorkers
JUIs po3poOKH PyHKITIOHATY, 1110 TOTpeOye 3HaYHUX 00uncieHb. [Ipu 3iTKHEeHI 3 00MEKEHHAMH
JavaScript - e He nmpo6iiemMa, U OKpEMHUX MOJYJIiB MOXHA BUKopuctatd WebAssembly.

[1] Odiuiitna noxymenrariist mo PWA [Enexrponnuii pecypc]. Pexum goctymy:
https://web.dev/progressive-web-apps

[2] Tal Ater. Building Progressive Web Apps. P. 20-64.

[3] Maximiliano Firtman. High Performance Mobile Web: Best Practices for Optimizing
Mobile Web Apps 1st Edition. P. 74-101.

INVESTIGATING THE EFFECTIVENESS OF THE USE OF
PROGRESSIVE WEB APPLICATION FOR HIGH
PERFORMANCE TASKS

V. Ilin, O. Derevianko, S. Plaka
Oles Honchar Dnipro National University
vitalii8ilin@gmail.com, alex_di_46@ukr.net, plyaka@ffeks.dnu.edu.ua

The report suggests using Progressive Web App instead of native app for high
performance tasks. PWAs use WebWorkers to solve the performance problem. Testing shows
that bilinear image resizing algorithm works almost the same in native app and PWA. This
shows us that PWA can be an alternative to mobile development. This reduces application
development time, cost, and provides almost the same performance. If your application requires
more performance, you can use WebAssembly.

ONTUMI3ALIS PO3POBKHU JTOJIATKIB 1151
OIEPALIIITHOI CHCTEMHU ANDROID

1. Xapaamos, C. BoBk
Jninpoecoxuii HayionanvHuti ynieepcumem imeni Onecs I onuapa
dendik13121@gmail.com, vovk_s_m@ukr.net

Po3poOka nonatkiB A MOOUIBHUX MPHUCTPOIB € OAHUM 3 BaXIMBUX Ta MOMYJISIPHUX
3aBlaHb y cdepi iHpopMmaiifHux TexHonorid. CroroaHi B CBITI HajiuyeTbes OMU3BKO 3,5
MUIbsIpJIa KOPUCTYBAaYiB, IKi B OCHOBHOMY BUKOPHCTOBYIOTh cMapT@oHnu Biag Google Android
ta Apple 10S, mo pazom cknagae npuban3Ho 99% Bix CBITOBOIO PUHKY MOOIJIBHOTO 3B'SI3KY.
[Tpu nbomy omnepariiiina cucremMa Android TOMiHY€ Ha CBITOBOMY PUHKY, 00 Ha Hel MpUIIagae
npubimzno 71% cmapt¢oHiB, ki BUKOpucToBYyBanucs Ha mouyaTky 2021 poky [1]. Oxpim
cMmapTdoHiB, onepauiiiHa cuctema Android BUKOPUCTOBYETHCS y TUTAHIIETHUX KOMIT IOTEPAX,
Hapy4YHUX CMapT-TOJUHHHUKAX, CMapT-TeleBi30pax, MPUCTaBKaX O TEJIEBI30PIB, EIEKTPOHHUX
KHHUTax, MUGPOBUX MporpaBayax, GiTHec-Opacierax, HOyTOykax, HETOyKax, TOIIO.

Icuye psan TexHomoriii, 3a JONOMOrOI0 SIKUX BEAETHCS PO3pPOOKA JOAATKIB IS
onepaiiitHoi cucremu Android. 3BU4aitHO OCHOBHOIO cepej X TEXHOJIOT1M € BUKOPUCTAHHS
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MoBH Java paszom 3 makerom Android SDK, mpuyomy moBa Java € odiliifHOIO MOBOIO IJIs
po3pobok i onepariiiny cucremy Android. YriMm icHye i iHima odimiiina MoBa — 00’ €KTHO-
opienroBana moBa Kotlin, ska takoxx migrpumyerscs Android Studio i Oyma orosomeHa
kommaniero Google sik odimiiiHa Ta npiopuTeTHa MOBa po3poOku nonatkis mix Android. Kpim
IIbOTO, JUIsl PO3POOKH JOJMATKIB TAaKOXX BHUKOPHCTOBYIOTBHCS KpOC-TUIAT(OPMHI TEXHOJIOTII.
Opniero 3 Takux € Kpoc-matdopMHa TexHosoris Flutter — BiTHOCHO HOBa TEXHOJOTIS Bif
koMmrtanii Google, sika Ma€e TOBHOIIHHY CHCTEMY MPOTPaMyBaHHS Y BHIJIAJI BiAMOBIIHOTO
SDK, Bunymienoro y 2018 poiii, Ta B siKiif mporpamyBaHHs BeaeTbcs MoBOI0 Dart. Takosx amst
PO3poOKHU Kpoc-TIaTGOpPMHUX T0AATKIB MOXKHA MPOrpamyBatu MOBo0 C#, BUKOPUCTOBYIOUU
wiatrpopmy Xamarin. Ille oauM mnomymApHEM —Kpoc-TIaT(GOPMHUM  DILICHHAM €
IporpamMyBaHHs 3a JOIIOMOTOI0 MOB po3poOku BeO-gonatkiB — HTML, CSS, JavaScript (abo
TypeScript), BukopucroBytoun ppeiimBopku React Native abo PhoneGap (Apache Cordova).

B npescrapiieHiit 40moBiIi MpoaHaaizoBaHO €(EKTUBHICTh BUKOPUCTAHHS 3a3HAYCHHUX
TEXHOJIOTIN Ui po3pOoOKH JOAATKIB, IO PO3MIMIEHO y MaraszuHi nonaTtkiB Google Play, 3a
JIOTIOMOTOI0 CTAaTUCTHYHUX JAHUX, PO3MIIIEHUX Ha CaiTi, JOCTYMHOMY 3a MOCHIaHHAM [2].
Takosx 3a mocuiiaHHsAM [3] BiICTEKESHO TOIMYJISIPHICTH MOB TIporpaMmyBaHHs mia Android cepen
YKpalHChKUX MPOTPaMiICTiB, a TAKOX 3arajbHa TMOMYJAPHICTH PO3POOKU At MOOUIBHHX
CHCTEM.

OnTuMizaiiis po3poOKH OJATKIB Tependadae BU3HAYCHHS ONTHMAIbHOI TEXHOJIOTIT
JUIL PO3pOOKH TOTO YH IHIIOTO JOJATKY, BU3HAYEHHS KPHUTEPIiB SIK CYyry0O TEXHIYHHMX TakK i
Ccy0’€eKTUBHUX, BUBHAYEHHS BOKIMBOCTI KOKHOTO 3 KPUTEPIiB, IX KPUTUYHOCTI. Y IIOMY 1€
BEJIC /IO OTPAIFOBAaHHS HAWMOMYJISIPHIIINX TEXHOJIOTH PO3pOOKH JOJATKIB Ta 10 BUKOHAHHS
iX MOPIBHSJIBHOTO aHAMi3y i 4ac PO3pOOKH KOHKPETHOTO OJIAaTKY.

Jlnst BUpIMICHHS 33734l ONTHMI3amii po3pOOKH MOJATKIB IMiJl ONEpaIiiiHy CcHCTEMY
Android 3anpornoHOBaHO CTBOPUTH JIEKIJIbKa peai3alii MOOIIbHOTO AOAATKY 31 3BUUaliHUMU
OCHOBHUMH (YHKI[ISIMU Ta B3a€EMOJII€I0 3 onepaliiiHoro cucteMoro Android, BUKOpHUCTOBYIOUU
pi3Hi 3 00paHKX TEXHOJOTIH, a camMe THX, [0 BUKOpUCTOBYIOTH Java, Kotlin, React Native Ta
Flutter. ITpu oMy OyJio BU3HAYECHO TaKi 00’ €KTUBHI TEXHIYHI MapaMeTpH KOXHOI peari3ariii
PO3po0IIEHOr0 JOJaTKy, sIK OOCSr mam’siTi, o 3aiiMae J0JaToK, HOro MBHUIKICTH poOOTH,
KUIBKICTh OTIEPATUBHOI MaM ATi, Ky 3aiiMae JOJATOK Mij 4ac poOOTH, 00’€M CIIOKMBAHHS
JI0JJAaTKOM eHeprii akyMyJsTopa Toio. Takox Oysio BU3HAU€HO 1 Cy0’€KTUBHI TapaMeTpH, 110
CTOCYIOThCS €(EKTHBHOCTI PO3POOKM IHUX peaiizaiiii, a camMe JOKYMEHTOBaHICTh
BUKOPHCTOBYBAaHUX TEXHOJIOTIM, IErKiCTh iX BHBYEHHS Ta MIpOrpaMyBaHHs, oOCAT Ta
YUTAOENBHICTH KOY, HOTO CTPYKTYpa TOIIIO.

3a pe3yibraTaMM pOOOTHM BHKOHAHO OIIIHIOBAaHHS KOXKHOI 3 3a3HAaYeHHUX Ta
BUKOPHCTAHUX TEXHOJIOT1H, 31CTaBJIEHO MEpEeBaru Ta HEJOJIKU K cepel] 00’ €KTUBHHUX, TaK 1
cepesl Cy0’€KTUBHUX MapaMeTpiB Ta YUHHMKIB, BU3HAYEHO MPIOPUTETHICTh LIUX HEAOJMIKIB Ta
mepeBar Mmoo iX KPUTHYHOCTI TOMIO, a TaKOX 3pOOJEHO BHCHOBKH IIOJO AOIUIBHOCTI
BUKOPUCTAHHS KOXKHO 3 TEXHOJIOT1H JUIsl TPEACTABICHOIO 10/IaTKY.

[lomanpma po3poOka MaHOTO NHUTAHHS € JIOLUIBHOIO Y HampsIMKy MOPIBHSHHS
3a3HAYCHUX Ta, MOXKIIUBO, IHITUX TEXHOJOTI A AOJATKIB PI3HUX THIIB. J[OIITEHUM TaKOX €
pO3MIISIT  KpOC-TUIAaTPOPMHUX TEXHOJOTII M omepamiiHy cucreMy 10s 3 BIIIOBITHUM
TECTYBaHHAM IX Ha NPHUCTPOAX Kopropamii Apple, MOpiBHAHHS TEXHOJOTIT /Uil PO3POOKH
JIOMATKIB JUIsl IMi€1 omepamiitHOl CUCTeMH W CTEXKEHHS 32 HOBHMH TEXHOJOTIAMH y cdepi
PO3pOOKU MOOUTHHHX JTOAATKIB.

[1] Cratuctuka Android vs iOS B 2021 roay. Pa3zoupaem aktyanbHble HUPPHI U (PAKTHI |
Yuraiite Ha rtme  Tpaduke  [Enektponnuit  pecypc]. Pexum  moctymy:

https://gdetraffic.com/Analitika/Android_vs_iOS
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[2] The list of top Android Development tools for Android. Android app frameworks |
AppBrain [EnexTponHmii pecypc]. Pexum JOCTYIIY:
https://www.appbrain.com/stats/libraries/tag/app-framework/android-app-frameworks

[3] Peiituar moB mporpamyBanHs 2021 | DOU [EnextponHmii pecypc]. Pexum mocrymy:
https://dou.ua/lenta/articles/language-rating-jan-2021/

OPTIMIZATION OF APPLICATION DEVELOPMENT FOR
ANDROID OPERATING SYSTEM

D. Kharlamov, S. Vovk
Oles Honchar Dnipro National University
dendik13121@gmail.com

The problem of optimization of application development for the Android operating
system by using different technologies is investigated. To solve this problem, it is proposed to
compare the most popular technologies by writing an application for each of the selected
technologies. To write variants of the application it was chosen the Java, Kotlin, React Native,
and Flutter. Comparison of technologies is carried out both in terms of objective technical
parameters: the amount of memory that the application occupies, its speed of operation, the
amount of RAM that the application occupies during operation, the amount of battery power
consumed by the application, etc, as well as by subjective parameters related to the development
efficiency: documentation of the technologies used, ease of learning and programming, the
volume and readability of the code, its structure, etc.

3-D MOJIEJIIOBAHHS B CUCTEMAX BI3YAJII3ALIT
MOPCBKOI CHEHH

A. KoBasnenko, O. bapadam
Hayionanonuu mexuniunuu ynigepcumem Yxpainu
“Kuiscvkuu nonimexniynuul incmumym imeni leops Cikopcvkoeo”™

mail@kpi.ua

OmauM 3 cmoco0iB Bi3yamizaimii MOPCHKOI CIIEHH (aHajlor MOpChKoi kapTu) € 3-D
MojentoBaHHsA. JlaHui miAXia J03BOJISE Kpalle BiJOOpa3UTH MOJOXKEHHS CYAHA, OCKUIBKU
JTIO3BOJISIE SIBHO Bi3yalli3yBaTH IITMOMHY, 110 TOBOJII MpobIeMaTuyHo st 2-D kapT.

Posrnsinyta nani 3-D mopnens Oyne BUKOPHCTOBYBAaTHCH JJIS Bi3yatizallii MmiJABOAHOTO
npocTopy, penbedy AHa, 00 €KTIB MOPCHKOI 1HGPACTPYKTYpPH, Ta PYXOMHUX OO’€KTIB —
HAJBOJHUX Ta MiABOJHUX. BBaxaeTbcs, 1m0 B 3a/aHiid TOYIl Ha AHI MOPS PO3MIIIYETHCS
riipoaKycTUYHa CTaHIisl 3 Ha0OpOM UYyTIMBHUX €JIIEMEHTIB MJs peecTpaiii Ta oOpoOKu
rizipoakycTuyHux curHaiiB. Lle mo3Bomute 30HMpaT iH(pOpMaIlilo MpPo pyxomi 00’€KTH,
0o0YMCIIIOBaTH iX HIBUJAKICTb, HAaNpsAM pyxXy Ta MapHIpyT pyXy Ta iHImI napameTrpu. Lls
iHpopMallisi Mae mepelaBaTUCh B LEHTP NpUloOMy HaHHUX, B SKOMY iHQOpMalis Mae
B1JI0OpaKaTHCh HA €KpaHi JIJIsl TOAAJIBIIOTO IPUHHSATTS OOTPYHTOBAHUX PIIICHb.

Jis moKpatieHHs! KOPUCTYBaIbHULIBKOTO CIIPUHHATTSI MOPCHKOT aKBaTOpii Ta pyXOMHUX
00’€KTIB JIOIITLHO CTBOPUTH TPUBHUMIPHY MOJETh B CEpeIOBHUIIN Opay3epa, ska Oyje
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3aImyCKaTUCh 1 KEPYBATHCh KOPUCTYBaYeM sIK BeO-caiiT. CydacHU# po3BUTOK Opay3epiB Ta MOBH
nporpamyBaHHs JavaScript 103BoJIsiE OBOJII JIETKO CTBOproBaTH monioHi 3-D mopemni. [ns
TaKUX M€l BUKOPUCTOBYETHLCS CIellianbHa Opay3epHa Texuojoris API — WebGL [1].

Texuounorist WebGL BukopucToBye crienianbHy MOBY niporpamyBanss meiaepis GLSL.
B posrasnyTiii 3-D Mozen kamepa (crocTepirad) BUIBHO IMEPEMIIIAETHCS 10 CIeH1 (KapTi) 3a
JIOTIOMOTOFO ITPUCTPOIO BBE/ICHHS (KIaBiaTypH ). MHIIIKOIO 5K KOPUCTYBAa4Y MOKE 3MIHIOBATH KYT
ormsay. s 3aaanns ranbunu O0yJio BUKOPUCTaHO MaTpHLto IuOuH N*N, 1e Ko)KHe 3HaYeHHS
MaTpHIIi BUCTYIIA€ MTHOMHOIO B MeTpax. OTke, 3Mo IeroBaBIIM KyO 1*1 M, sik 6a30Buit 00’ €KT,
MU MOKEMO CTBOPUTH BCIO CLIEHY, PO3MHOXYIOUHU JaHy Qirypy.

[Ticnst Toro sik Oyno BimoOpakeHO CIEHY Ta JIOAaHO KaMmepy, MOTPIOHO 3MOCIIOBATH
MiaBOHI Kopabui. /[ KoxKHOTO CynHa, 3 cepBepa OyAyTh MPUXOJAUTH TaKi JaHl: KOOPAHMHATH
B TPUBHMIPHOMY IPOCTOPI, IBUIKICTB PyXY, KypC pyXy B Ipajaycax, riauduHa cyana. s toro,
o6 BimoOpasutu pyx kopabmiB, cepBep Mae onutyBaTHCh koxHi 0,5 c. Ilicnsg oTpumanHs
HOBHX KOOpJAMHAT, Kopabenpb Oy/e nepemManboBaHo Ha cueHi. OOYuCIeHHsT KOOpIUHAT Kpallie
MPOBOAMTH HE3aJEeKHO BiJ 3alMUTy KIi€HTa Ta 30epiraTu pe3ynbTaT B 0a3i gaHux abo
BUKOPHUCTOBYIOUM JIOKaJbHY Ham’ATb. Lle 00yMOBIEHO MOXKIIMBICTIO 3€KOHOMMTU PECYpPCHU
cepBepa, He 0OYUCITIOIYN KOOPAUHATH OKPEMO ISl KOSKHOTO KIIEHTCHKOTO 3aIlUTYy.

Kapty akBaropii He0OXiJHO aBTOMaTHYHO MAacITaOyBaTH B 3aJIS)KHOCTI BiJ TJMOWHH
CIIEHH, OCKUIbKH MPHY BENUKIii rI1HOUHI TEBHI 00’ €KTH MOXKYTh BUXOAUTH 3 KyTa OTJISITy KaMepH
4y OyTH pomyieHi crioctepirauem [2]. [Ipu BTparti 3’ €qHaHHS 3 CEpBEPOM BCi MiABOIHI CyTHA
HAa CIICH1 He TIOBMHHI 3HUKATH BiJpa3y, a BiJoOpakaTu OCTaHHI MOMEHT OHOBJICHHSI CUTHAITY
CTOCOBHO ITApaMETPiB CyHA, OCKIIBKHU BIJICYTHICTh KOPaOJIsl HA ClieHl He Oy1e 03Ha4aTH HOTro
BIJICYTHICTh B PEJbHOCTI.

TakuMm yuHOM, po3BUTOK 3-D MopenmtoBaHHS B Opay3epi Ta BUKOPUCTAHHS TEXHOJIOTil
WebGL no3Bonsie moOymyBaTH TPHBHUMIpHY MOJEb Bi3dyanmizalii MOPCHKOi akBaTopii 3
B1JI0OpaXK€HHAM PYXOMHUX 00’ €KTIB Ta MapaMeTpiB iX pyxy.

[1] OxuBnenune oobexToB npu momouu WebGL [Enexkrponnuii pecypc]. /— Pexum goctymy
JI0 pecypey:
https://developer.mozilla.org/ru/docs/Web/AP1/WebGL_API/Tutorial/Animating_objects_
with_WebGL

[2] Jessie Kennedy. A Framework for Information Visualisation / Jessie Kennedy, Kenneth J
Mitchell, Peter J Barclay. — Edinburgh: Association for Computing Machinery (ACM),
1996. — 30 c. — (Volume: 25).

3-D MODELLING IN VISUALIZTION SYSTEMS FOR
NAUTICAL MAPS

A. Kovalenko, O. Barabash
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

mail@kpi.ua

There of ways of sea scene (analog of a sea map) visualization a is 3-D modeling. This
approach allows you to display the position of the vessel in more accurate way, as it allows you
to clearly visualize the depth, which is quite problematic for 2-D maps. The following 3-D
model will be used to visualize underwater space, bottom relief, marine infrastructure, and
moving objects - surface and underwater. This model will be displayed in web-browser.
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BUBIP OITUMAJbHUX TAPAMETPIB PYIIOPY JIJISI
PEAJIIBAIIILI METOAY ®YP’€-I'OJIOI PA®DIT

O. Ipobaxin, O. OneBcbknii
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
tigozavr@gmail.com

[IpaBunbHMd BHUOIp MapaMeTpiB aHTEHH € BAXIUBUMH JUIsl OTPUMAHHS SKICHHX
pe3yJbTaTIB 3a IOTIOMOT0I0 TeXHIKH Qyp’e-ronorpadii y mpoctopi yacrora-vac. s pynopaux
aHTEH, SK1 IIMPOKO BUKOPUCTOBYIOThCS B Aiana3oHi HBY, rakumu nmapamerpaMu € JOBXKUHA,
nepepi3 KHUBIISTIOTO XBUIIEBOAY 1 mepepi3 aneptypu. B maniii poboti Oyio po3risiHyTo BUOip
ONTUMAIPHUX TapaMeTpiB aHTEHU ISl BHIAAKY PO3MIIICHHS O00’€KTy y ONKHINA 30HI
BUIIPOMIHIOBaHHS.

OcCKinbKM PO3MOALT TONIB y ONMKHIA 30HI B MPUCYTHOCTI BiOMBaya € JOCUTh
CKJIaTHUM, BUBYCHHS 3AJICKHOCTI KOCQIIIEHTY BIIOWTTS CHCTEMH BiJl YaCTOTH MOXe OyTH
30IHCHEHO JIMIIE EKCIEpUMEHTAJbHUM LUIAXOM. B HamoMmy Bumaaky aias Lbporo OyJo
IpOBE/IeHE KOMII ' FOTEPHE MOJIENIIOBaHHS PYIIOPHOI aHTEHU 3 (PIKCOBAaHUMH JI0BXKUHOIO PYIIOPY
i mepepizom XxBuiIeBOMYy, mo ckaagami 30 MM i 5.2x2.6 mm? Bignosigno. Ilepepis ameprypu
aHTEHH TIPM IPOBEIEHHI eKCTIepUMEHTY OyJI0 3a[aH0 B MexkKax Bif 5.2x5.2 Mmm? 10 46x46 Mm2.
B sxocti BimOuBaya mpu MoOJEIIOBaHHI OyJ0 BHKOPHCTAHO 1/€ajJbHO MPOBIAHY MOBEPXHIO
posmipamu 54x54 Mm?, mo Gysa po3TamoBaHa Ha BificTaHi 23 MM Bij anepTypy mapanenbHO
no Hei. Biacranp Bin ameptypu 1o BigOuBada Oyna oOpaHa 3 METOI BHKIIOUEHHS €PEKTY
HaKJIaJJaHHS TIKiB, 1110 MOYKE€ BUHUKATH BHACIIIIOK MTEPEBIIONTTSA. BUMiproBaHHS TPOBOIUINCH
qutst 9acToT Big 38 mo 52 I'T'x 3 kpokowm 0.25 I'Tm.

Jlis moyaTKOBOi OIIIHKM BIACTaHI BIJ anepTypu 10 BiaOuBauya OyB BUKOPHCTaHUMN
crangaptaHuit Mmerox OAIID. [Tpu upomy Oysio0 BiMiYeHE CUIIbHE PO3MUTTS MKiB BIAOUTTS, 110
OpUTaMaHHO  JaHoOMy  MeTony. /JIng  mokpamieHHs — po3pi3HIOBAJBHOI  37aTHOCTI
0araro4acTOTHOTO METOAY OyJIO BUPIIIEHO 3acToCcyBaTh MeTo 1 [1poHi.

Merton IIpoHi € BiTOMUM METOZOM MapaMETPUUHOTO CIIEKTPaJIbHOTO aHanizy Omuoka!
HcTouyHnk cchblIKM He HaiieH.. ['0IOBHUMHU mepeBaraMu JJaHOTO METO/AY € MPOCTOTa HOro
QITOPUTMY 1 TOUHICTb OLIIHKU KOMIUIEKCHUX YacTOT 1 aMIUTITYA JUIsl MAJIOIIyMJIMBUX CUTHAIB
0. Januit meTon OyJ0 YCHIIIHO 3aCTOCOBAHO B TaKMX Taly3sX, SK aHTCHHA TEXHIKa,
IIPOMMCIIOBA €JIEKTPOHIKA, MaTepiaJlo3HABCTBO, MEXaHiKa Ta Teopis CUurHaiiB. HasBHICTh mymy
3 SNR < 20 nb npu3BoaMTk 10 3HAYHUX MMOXUOOK B OIiHIII TapameTpiB curHaiy. [yt o0poOku
CHUTHAJTIB 31 3HAYHOIO IITYMOBOIO CKJIaJI0BOIO OYJIH PO3POOJICHI MOKPAIICH] AITOPUTMUA METOTY
[Tponi. [ToniGHI anropuTMH BKIIOYAIOTh B ce0e METOA penyKIii ICceBI000epHEHOT MaTpHIli,
METOJI BIacHOTO BeKkTopy 1 Meton Ckisipa 0.

B pesynbrati npoBeaeHHs pobotu Oyino oTpumaHo rpadiku, moaioHi no puc. 1. Sk
MOYKHa MOOAYUTH 3 HaBeJleHOTo rpadiky, HalKpamuii pe3yabTaT 0yja0 OTPUMAHO Ul aHTECHH
3 mepepizoMm amneptypu po3mipy 23.3x23.3 MMm. Pesynmbratn 00poOku MetozoMm Ilponi
JIO3BOJIMJIM OI[IHMTH BiJCTaHbL O BigOuBada Ak 53.28 MM, IO BIOMOBIigae BimcTaHi 23.28 MM
BiJ] aniepTypH.

Jlnist onTUMalIbHOT aHTEHH OYJI0 IPOBEIeHO OUTBII AeTAIbHUIN aHalli3, B XO/I1 KOro Oyna
BU3HAYCHA 3aJCKHICTh OIIHKKA BIJCTaHI 7O BimOWBada Bii CMYTH 4YacToOT, IO
BUKOPUCTOBYBAJIACh JJIsi PO3paxyHKiB. st 1iporo OyJi0 BUKOHAHE MOJICIIOBAHHS 3 KPOKOM
0.025 I'T. Ilicna uporo pe3ynbrar 00poOku OyJIO PO3AUIEHO Ha CETMEHTH, JJIsi KOXKHOTO 3
akux Oyna mpoBeneHa omiHka 3a gomomoror OJIIID ta meromy Ilponi. Ilpu mpomy Oyiio
BU3HAYECHO, IO HAWKpaIIll pe3yabTaTu aae€ maiana3oH Big 43.7 1o 45.1 I'T.
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Puc. 1. 3anexunicTs Moayas koedinieHTa BindUTTA Bix BiacTaHi 3 pesyJabrataMmu podoTH MeTOaY
poni. Jlinii BianoBigaoTh pi3HUM 3HAYEHHAM J0BKHHH CTOPiH pynopy

[1] MeToan KOMITIOTEPHOTO EKCIIEPUMEHTY B pamiodi3uili : HaBYaJbHHH MOCIOHUK /
[M. B. Aunpees, C. JI. bepauuk, O. b. 'nunenko ta in.]. — X.: XHY imeni B. H. Kapasina,
2016. - 256 c.

[2] Maprut C. JI. Hudpooii cniekrpasibHblii aHamu3 U ero npuioxenus / C. JI. Maprmi. — M.
Mup, 1990. — 584 c.

[3] Cxsip B. M. OrneHnBaHHe YacTOT CyMMbI CHHYCOHWJ C HCIIOJIb30BaHHUEM OTOOpa IO
npupameHusM pyHKuM HauMeHbInX kBaapatoB / B. M. Cxkuisip. // Panuorexnuka. —1990. —
Ne6. — C. 50-51.

OPTIMAL HORN ANTENNA PARAMETER CHOSEN FOR
THE FOURIER HOLOGRAPHY METHOD
IMPLEMENTATION

O. Drobakhin, O. Olevskyi
Oles Honchar Dniepro National University
tigozavr@gmail.com

Parameters of the antenna are important for the quality of radioimage forming with the
help of the Fourier holography methods. In the current paper the optimal aperture shape for the
near-zone Fourier holography was researched for the horn antennas which are usually used in
the microwave band. In order to improve the accuracy of the obtained distance estimations the
Prony’s method was used in parallel with the classic IDFT method.

The Prony’s method is a parametric spectral analysis method. Its main advantages are
the simplicity of implementation and precision of the parameter estimates for low-noise signals.

During the research the reflection coefficients for horn antennas were calculated for a
frequency band of from 38 to 52 GHz with the step of 0.25 GHz. The reflector was positioned
at 23 mm from the aperture. Such distance was chosen so that the reflection peaks wouldn’t
overlap. It was found that the best results were obtained for an aperture with the size of
23.3x23.3 mm?. This configuration was then further tested to determine the optimal narrower
frequency band if the Prony’s method is used.
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MOPOI'OBI 3HAYEHHSI TECTOBOI CTATUCTUKHU B
ITEPATUBHUX AJITOPUTMAX AHAJII3Y
PAJTIOYACTOTHOI'O CIIEKTPA

M. byraiios
Kumomupcoruu giticokosuii incmumym imeni C. I1. Koponvosa
karunen@ukr.net

[IIupoke BUKOPHUCTAHHS CHCTEM KOTHITHBHOTO PaJi0 CTUMYIIIOE€ PO3BHTOK METOIB
aHaJi3y paaiodyacTOTHOrO crekrpa. Y poborax [1-2] 3amponoHOBaHO iTEpaTUBHUI alIrOPUTM
BUSIBJICHHS 3alHATHUX JUISTHOK CIIEKTpa 13 BUKOPHCTAHHIM KoedillieHTa Bapialii sk TeCTOBOT
cTaTucTUkH. [laHuii anroputm He oTpedye iHhOopMaIlii PO MOTYKHICTH MIyMY, 3aTHIIAETHCS
CTIMKUM TpU IIUPOKOMY JMHAMIYHOMY Jiana3oHi CHUTHAIB, 3aBAaHTAXEHOCTI CMYTH YacTOT
ananizy 10 70 % Ta 103BOJIsIE€ OIIHIOBATH YAaCTOTHI MapamMeTpu curHamiB. [IpoTe He 10 KiHIIA
BUPIMICHAM 3QJIMIIA€THCS THUTAHHS BCTAaHOBJICHHS 3aJIC)KHOCTI MK WMOBIPHICTIO XHOHO{
TPUBOTH B YACTOTHIH 00JIACTI Ta TOPOTOBUM 3HAUYEHHSIM TECTOBOI CTATHUCTUKHU B ITEPATUBHUX
ITOPUTMaX aHajli3y Pagio4acTOTHOTO CIEKTPA.

Mertoanka AOCHIHKEHb TOJISTalla B €KCIIEPUMEHTAILHOMY BH3HAYCHHI 3aJI€KHOCTI

jimoBiprocTi xuGHOT TpuBoru Pr Bix 3HauenHs TectoBoi cratmerHkn Q . [ OLiHIOBaHHS
E€HEPreTUYHOT0 CIIEKTpa BUKOPUCTAHO MepiojorpaMy Yeida 3 JOBKHUHOKO BiKHA IIBUIKOTO

neperBopenns ®yp’e Nper = 1024 Bimiku, T0BXHHOW (parMeHTy JifCHOrO mIyMmy, o
aHaI3y€eThCS N=4Nq; 1a MEPEKPUTTAM MiXK BIKHAMHU O,SNFFT . Toxi 3HaUeHHs IIyMOBHX

o . . . 2
BIJUTIKIB OYyTyTh MiANOPSAAKOBAHI po3noalty ) 3 7 cTyneHsMu cBobou (puc.l a).

— PDF 0.175 o Pr=0.002
== yx for Pc=0.1 s
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—== Yo0012) (®O08
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0.050

] 0.025 HITHNEHE S it
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a) 0)
Puc. 1. Po3noain uriibHoCT iiMoBipHOCTel BiJiikiB mepionorpamu Yemua ajs mymy (a) Ta 3ajexKHIiCTh
HMoOBipHOCTi XHOHOI TPHBOTHU Bi/l 3HAYEHHS TECTOBOI CTATUCTUKH (0)

Jlyis KOXKHOT peanizallii eHepreTHYHOrO CIEeKTpa BiJUTIKIB IIyMYy JOBKHUHOIO O,5NFFT

pO3paxoByBajacs eMIlipuuHa WMOBIpHiCTh XuOHOT TpuBOTH P: st 3amaHoro mopory Yy, 1o

BIJIMOBiTa€ HEOOX1THOMY 3HAYEHHIO PF , Ta BigmoBigHe 1M 3HAYEHHS TECTOBOI CTAaTHUCTHUKH.
3HavueHHS Q pO3paxoBYBAJIOCS JUIsi HOPMOBAHUX JI0 €HEPrii 3HAYeHb YaCTOTHUX BiymiKiB. Ha

puc. 1 6 HaBeICHO BIAMOBIIHI 3JIEKHOCT] Y BUTJISIAIL JllarpaM po3CiFOBaHHS, 0 TOOYI0BaH1 3a
10° peanizanisiMn eHepreTHyHoro criektpa. Ha nani giarpamMu HakIageHo ricTorpamy 3Ha4eHb
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TeCTOBOi crarucTuKU. [loporose 3HauenHsa Yo A1 3a1aHOI KIMOBIPHOCTI XMOHOI TPUBOTH P-

PO3paxoOBYETHCS K IICHTP Mac BiJIMOBIIHOI JiarpaMu pPO3CIFOBaHHS:
Mo Mo\t
7o ZZPFiQi (Z PFij ' (1)

3 prc. 1 6 BUAHO, 1O 1IpH 36inblIeHH] P- 3HauYeHHS Q 3MEHIIYETHCS | HAGIIKAECTHCS

110 cBoro cepeHboro My,

[Ipu HasIBHOCTI CUTHAIBHUX BiJIJTIKIB B eHEPT€TUYHOMY CIIEKTPi BOHU HAKJIaIal0ThCSl HA
JIesIKi IIyMOBI 1 B pe3ysbTaTi poOOTH ITEpaTUBHOTO alrOPUTMY OyAyTh BiIKMHYTI. OCKUIBKH

, , , , , 012 PO3MIIIIEHHS SK CHUTHAJIBHUX TaK 1
——- mean(Qrangom) H IIYMOBUX BIUTIKIB Ha BICI YacToT
at std(Qrandom) :" 10.10 BHUIIAJIKOBE, TOMY BIAKHAIAHHS
S CUTHAILHUX BUIIIKIB TpUBEIE 10
8l /I 208 BIAKUIAHHA HE MaKCUMaJIbHUX, a
g /,’ |5 658 BUIAJIKOBUX 33 BEJIHYMHOIO MIYMOBHX
g | ) 2 BIJUTIKIB. Ha pwuc.2  HaBeacHO
P |oiaa 3QJIEKHICTD CEepPEHBOTO Ta
/,// ; CePeIHbOKBAPATUYHOIO  BIIXUIICHHS
i e = 110402 3HAUYE€Hb TECTOBOI CTATUCTUKHU Qrandom
il | , , Ls6p IS Hymy npu BIAKHMJAHHI

0 100 200 300 400 500

BUIIAJIKOBOTO 34 BEJIWYUHOK BIlJIKa

Puc. 2. 3aeRHICTh CTATHCTHYHUX XaPAKTEPHCTHK BIX £{OMepa 1Tepatti. BI/IKOpHCT@HH;I
TECTOBOI CTATHCTHKH BiJ HOMepa iTepauii AaHOl 3aJIC)KHOCT1 'y IO€JHAHH1 3
eMIipu4HuM npaBuiioM (1) 103BoIUTH

OTPUMATH BEKTOP MOPOrOBHX 3HAYEHb TECTOBOI CTATHUCTHUKH I KOXKHOI iTepallii mpu
3aJJaHOMY 3Ha4€HH1 HMOBIPHOCTI XMOHOT TPUBOTH.

i

[1] ByraiioB M. B. ItepaTuBHUiI MeTO]] BUSIBICHHS PaIiOCHTHAIIB HAa OCHOBI BHUPIIIYFOUHX
cratuctuk // Bicauk HTVYY "KIII". Cepis Paniorexnika, PanioamapatoOymyBaHHS.
Kwuis : KIII. Ne 81. (2020). C. 11-20. doi: 10.20535/RADAP.2020. 18.11-20

[2] Buhaiov M. V. Fast spectrum sensing method for cognitive radio. Visnik NTUU KPI. Ser.
Radioteh. Radioaparatobuduv. Ne 83. (2020). P. 41-4e. doi:
10.20535/RADAP.2020.83.41-46

THRESHOLD VALUES OF TEST STATISTIC IN ITERATIVE
SPECTRUM SENSING ALGORITHMS

M. Buhaiov
S. P. Korolov Zhytomyr Military institute
karunen@ukr.net

The paper considers problem of relationship between quantils of noise samples in
frequency domain and test statistics for required false alarm rate. Coefficient of variation was
used as test statistic. Obtained in experimental research equation allows to implement iterative
spectrum sensing algorithms with constant false alarm rate.
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BUKOPUCTAHHA MAIIMHHOI'O HABYAHHS HA
OCHOBI METOAY ITYYKA MATPUILIb VIS AHAJII3Y
YACOBOI'O BIAT'YKY PE3OHATOPA

. Koctuk, M. AHapees
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa

dnupkr@i.ua

BukopucTaHHs MalIMHHOTO HAaBYaHHS J103BOJIsi€ OyayBaTH (pi3MuHi MO/EN HA OCHOBI
JIAaHUX, 1110 POOUTH IIIKaBUM II€H MiAX1 JUIsl pO3B'sI3Ky PI3HHMX 3a/1a4 MPUKIAAHOT pagiodi3uKy.
Opniei 3 TakuxX 3a7ad, /1€ MAIIMHHE HABYaHHS JO3BOJIAE€ OLIbII €PEKTUBHO 3HAXOIUTHU
YHCETbHUN PO3B'A30K, € aHANI3 PE30HATOPIB Y 4acoBiit obnacTi. IcHye Hinuii psa METOAIB TUITY
FDTD [1] a6o DGTD [2], 110 103BOJISIOTH 3HAXOUTH PO3B'SI30K €ICKTPOIUHAMIYHHX 33124 Y
4acoBiil 00JacTi, OJHAK JUIs BMIAJKy PE30HATOPIB JOBOJUTHCS MaTH CIpaBy 3 JIOBIUM
HE3aTyXalyuM 4YacoBuM Biarykom. I1[o0 BuTSATrTH 1HpOpMAIliI0 3 HHOTO, HE YCKAIOYH HOTO
3aKiHUEHHSI, MOKe OyTH BUKOPUCTAHUI METO[ Iy4Ka MaTpuIs [3].

HNanuii minxix OyB BUKOPUCTaHHUU Ui aHaJi3y 4YacoBOrO BIATYKY BIAOWUTTSA BiX
KoakciaibHOrO pe3oHartopa (puc. la). PosrmsmaBcss Bumagok 30yKEHHS pe3oHaTopa
raycciBCbKUM IMITYJIbCOM, 1HQOpMAIliS MPO PE30HATOp BUTATANACS 3 BIAOUTOrO YacoBOTO
curHainy (iX BUIJISLI MOKa3aHUi Ha puc. 10). SIKmo paHHbO4YacOBa 4aCTHHA BIATYKY BiIOUTTS
BU3HAYA€ThCS (popMOIO 30yMKYyrOuoro IiMIyjbCy, TO HOro IMi3HbOYAcOBAa YacTUHA JUIs
PE30HATOPIB BU3HAYAETHCA MOBUIRHO 3aracalouyMMH KOJHMBAHHSMH BHCOKOJOOPOTHHX MO
pe3onaTtopa. IligraHsHHA Mozeni y BUIJISII CYMH 3BaXEHHUX EKCIIOHEHT 13 KOMIUIEKCHUMH
MOKAa3HUKAMH JIO3BOJISIE JAOCSTTH BHCOKOI €(EeKTHBHOCTI MAITMHHOTO HaBYAaHHS 32 YaCOBUM
BIJIT'YKOM BIJJOUTTS p€30HATOpA.

OTtpumana B pe3ynbTaTi TaKOro TPHUINACYBAaHHS MOJIENb JO3BOJISIE BUKOHATH
nepeadavyeHHs Mi3HBOI YaCTUHU CUTHAITYy BIATYKY 0€3 HEOOXiAHOCTI BUKOPUCTAHHS AJS i€l
METH Yac3aTpaTHUX METOJIB YHCENBbHOI €IEKTPOJUHAMIKH, IO Pi3KO MPHCKOPIOE TPOIeC
pPO3paxyHKy XapaKTE€pPUCTHK JOCHIJUKyBaHOro pe3oHaTopa. OjepKyBaHa TpU IbOMY
iH(dopMallist Moke OyTH IpEICTaBI€HA y BUIVISII XapaKTEPUCTHKU BIAOUTTS pe3oHaTopa B
4acTOTHIN 06sacTi abo MpsIMO y BUIVISLI PE30HAHCHUX YaCTOT aHAII30BAHOTO PE30HATOPA,
IPUYOMY 13 3a3HAUEHHSM BIAMOBIIHUX IM TOOPOTHOCTEW, a TaKOXk 1 KOe(Ili€HTIB 3B'S3KY.
JlonatkoBy iH(pOpMAaLlit0 MOKE JaTH BUKOPUCTaHHS KOB3HOI'O BapiaHTa METO1Y IIy4Ka MaTpHIlb
13 pyXJIUBUM BIKHOM MaJiO1 JIOBKUHH.

7 Input
i~ Output
S
s (\ E 500 g
e \) ko
\ ) | @©
- — =
ail s 0 Y TSP WS WP U
| 8 "~ 5 g
A — ﬁ & -500 f
| | 0 0.2 0.4 0.6 0.8
= Time [ns]
a) KOaKClaJIbHUH pe30HaTOp 0) 4yacoBi cUTHAIN 30y KSHHS 1 BITOUTTS

Puc. 1. AnajizoBanmii KoakciaJbHHU pe3oHaTOp (2) i YacoBi curHaym B iioro By3.1i 3B'A3KY (0)
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[lepeBaroro BHKOpHCTaHHS METOAY Mydyka MaTpUIb U PO3TISIHYTOI peawi3arii
MAIIMHHOTO HAaBYaHHS € HOro cyOONTHMaNbHUI XapakTep. 3 OHi€l CTOPOHH BiH JO3BOJISE
BUUTH NPAaKTUYHO Ha rpaHullo Kpamepa-Pao, a 3 iHI10i cTOpoHM BiH J03BOJISIE 3p0OUTH 11e 03
3aTpaTHOI iTepamiifHOT ONTUMI3aIlIHHOT TPOLIETYPH.

PesynbraTi BUKOpPUCTaHHS MAIIMHHOTO HABYaHHS HA OCHOBI METOAY ITy4Ka MaTpHUIlb
JUIA aHaJli3y YacoBOTO BIATYKY KOAaKCiaJIbLHOTO pE30HATOpa, IO Mae€ JOBXKHUHY 15 MM,
30BHINIHIN paaiyc 2.7 MM 1 BHYTpimHIK paaiyc 0.75 MM, mokaszaHi Ha puc. 2. J{ns onepskaHHs
X pe3yJbTaTiB BUKOPUCTOBYBABCS MOPSAOK MOJENi (YMCIO KOMIIOHEHTIB MOZENi), II0
nopiBHroe 15. [Tpu 11bOMy TOMUIIKA alpOKCHMAITiT MOJICIUTIO (IIOMIJIKA MAlTMHHOTO HAaBYaHHS )
cknanana 0.1%. [Ipu 3MeHIeHH1 opsAKy MO 10 8 moMuika 30ibmryBanacs 10 1.42%.

R(f)
= = =Fit
-0 Pensil matrix estim.

4k , . .
0.5 0.6 0.7 0.8 0.9 1 1.1 0 20

( 40 60 80
Time [ns] f [GHZ]
a) aHAII30BaHMI YaCOBHI cHrHa BimOuTTs I(t) 0) mpeacTaBiacHAS iHGOPMAIIl B YaCTOTHIH 00JacTi

Puc. 2. YacoBuii curnaji BigOuTTs Bil pe30HATOpa 3 Pe3y.IbTATOM i{0r0 MPUNACYBAHHS METOIOM My4Ka
MaTpuUb (2) i iX moAaHHS B YACTOTHIH 00/1acTi pa3oM 3 oHiHKaMM MeTOAY Nyuka MaTpuub (0)

OTpuMaHi pe3yibTaTH MOKa3aJId BHUCOKY €(QEKTUBHICTh peai3alii Mpoueaypu
MaIIMHHOTO HaBYaHHS Ha OCHOBI METOJy IyyKa MAaTpHUIlb JUIsl aHalli3y 4acOBOI'O BIATYKY
PE30HATOPIB 1 BU3HAYEHHS X PE30HAHCHUX YacTOT.

[1] Taflove A. Application of the finite-difference time-domain method to sinusoidal steady-
state electromagnetic-penetration problems. IEEE Transactions on electromagnetic
compatibility. N. 3 (1980). P. 191-202.

[2] Gedney S. D. et al. The discontinuous Galerkin finite-element time-domain method solution
of Maxwell's equations. ACES Journal-Applied Computational Electromagnetics Society.
V.24, N. 2 (2009). P. 129.

[3] Hua Y., Sarkar T. K. Matrix pencil method for estimating parameters of exponentially
damped/undamped sinusoids in noise. IEEE Transactions on Acoustics, Speech, and Signal
Processing. V. 38, N. 5 (1990). P. 814-824.

USING MACHINE LEARNING ON BASE OF MATRIX PENCIL
METHOD TO ANALYZE THE RESONATOR TIME RESPONSE

D. Kostyk, M. Andreev
Oles Honchar Dnipro National University
dnupkr@i.ua

The use of machine learning on base of matrix pencil method to analyze the resonator
time response was considered. The efficiency of the considered approach was shown for a
coaxial resonator. In addition to the possibility of predicting the resonator time response from
its initial part, this approach allows one to determine the resonant frequencies of the resonator.
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BIZJTHOBJIEHHS MTPO®LIIO CTOAYOI XBUJII I3
3ACTOCYBAHHAM HEMPOMEPEKEBUX TEXHOJIOI'TA

O. Ipobaxin, B. Uyusa
JIHinposcokuiul Hayionanvruu yHieepcumem imeni Onecs I onuapa,
chuchva@ffeks.dnu.edu.ua

[Tpu mpoBeneHHI ekcriepuMeHTaIbHUX aociimpkeds y HBY nianasoni mpu peamizanmii
BUMIPIOBaHb 3a JOIMIOMOT'OI0 0araTo30HJIOBUX JaTYMKIB, a00 pedIeKTOMETPIB, KIOYOBUM €
KOPEKTHICTh iH(pOpMaLlii, IKa OTPUMYETHCS 32 JOIIOMOTOIO IETEKTOPIB, Y AKOCTI SIKUX 3a3BUYAN
BukopucToBytoTh HBY miogu. [[na kamiOpyBaHHS MOKa3aHb Ai0/IB 3aCTOCOBYIOTH PO3MOILI
HopMoBaHoi Hanpyru B HBY xBuiieBoai Ipu HasIBHOCTI PeXXUMY KOPOTKOTO 3aMHKaHHSI.

[podine crosuoi xBwimi (1) mis ammutityau mnagawodoi xBwii Upe, = 10 MB
npeacrarieHo kpusorw Uo Ha puc. 1.

U:Una.::"jl-l' IT|* + 2T cos(2R1 + ). 1)

OCHOBHHMH HEOJIKaMH JI0JHUX JCTEKTOPIB € HEMOBTOPIOBAHICTh BX1IHOTO IMIIEIaHCY

Ta BIAXWICHHS BiJ i7€albHOI JIHIHHOCTI MK BHMIPIOBAHOIO TOTYXKHICTIO Ta BHUXIIHOIO

Hanpyroto nerekropa 0. Yepe3 HemiHINHICTD BOJBT-aMIEPHOI XapaKTEPUCTUKH 10A1B

BiJTHOBJICHUH 3a pe3yJbTaTaMH BHMIpIOBaHb MPO(iah BUMIPSIHOT XBHJII MOXKE MaTH CyTTEBI

BIIXWJICHHS BiA BipHOro posmonxiry. Jlms moOKpameHHS TOYHOCTI MHPUCTPOIB, IO

BUKOPHUCTOBYIOTh JIOJHHUI JETEKTOp, HEOOXITHO BUKOHATH KOPEKIiIO 1i€i HemiHiiMHOCTI. B

JaHiii poOoTi OyJI0 PO3TISHYTO 3aCTOCYBAHHS HEMPOHHUX MEPEX JJISl BIIHOBJICHHS NPOQLII0
CTOSYO1 XBUJI1 y IPSAMOKYTHOMY XBHJIEBO/II 32 ITOKA3aHHSAMH JIIOJTHOTO AETEKTOpA.

[TocninoBHICTh MOKa3aHb JI0JJHOTO JA€TEKTOpa O0yJI0 OTPUMAHO JUI MOJIENI 171eaIbHOTrO

niona Ilokm Buny (2), Ae y SKOCTI MOCHIIOBHOCTI 3HA4€Hb Hanpyru Ha gioai Up B3ATO
pO3paxoBaHy MOCJIIJOBHICTh 3HAU€Hb AMIUTITY/IU ITOBHOI HAIIPYTH CTOSYOT XBHUJIL.

I, =1, (et_? — 1). )

Kpusa Ur Ha puc. 1 BianoBigae BiIHOBICHOMY 3a MOKa3aHHSMHU JIOJJHOTO JI€TEKTOpa
npodUTI0 XBWIL Y XBWJICBOAI As aMIuniTyau magarodoi XBUil Upa, = 10 MB. fx BumHO 3
PUCYHKY, BIJHOBJICHHM 3a TOKa3aHHSIMH JIOJHOTO JETEKTOpa MNpodiab XBHIL CYTTEBO
BIJIPI3HSETHCS BiJl BUX1THOTO.

Binmomo, mo s ampokcumanii (QyHKLIH 3aCTOCOBYIOTH Taki HeHpomepexeni
apxiTeKTypH, SIK OaraTtomapoBuil mepuentpoH (Mepexa npsimoro mommpenHs) 0 1 mepexa
panianbHuX 6asucHux QyHkiiii 0.

bararomapoBuil nepuenTpoH CKIAAA€TbCS 13 JOEKUIBKOX pPIBHIB OOUYMCIIIOBATIBHUX
0JIOKIB, MOB’SI3aHUX MK COOOI0 32 JIOMOMOTOI0 MpsiMOTo 3B’s13Ky. KoxkeH HelpoH B OJHOMY
mapi Mae HampsMJIeH1 3B’SI3KM 3 HeMpoHaMu HacTynmHoro mapy. HaBuanHs Takoi mepexi
3MIHCHIOETBCS 32 METOJIOM 3BOPOTHOTO IIOIIUPEHHS TOMIJIKMA. 3HAYeHHS Ha BHUXOII
MOPIBHIOIOTHCS 13 TPAaBUJIBHUM  PE3yJbTaTOM JUIsl OOYMCIEHHS 3HAYeHHA JesAKOi
nepeBu3HayeHoi (QyHKUiT moMumiku. Jlami pi3HMMH crHoco0amMH IMOXHMOKa IOBEPTAETHCS
Mepexero. BukoprctoBytouu 1110 iHGOpMaIlito, aIroOpuT™M KOPUTYE Bard KOKHOTO 3’ €THAHHS
3a/Ul1 3MEHILEHHs 3Ha4eHHS (YHKIII NMOMIIKM Ha JAesKe HeBeluke 3HaueHHs. Ilicis
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HOBTOPEHHS I[LOTO IMPOIECY A AOCHTh BEIHMKOI KUTBKOCTI TPEHYBAIBHUX LUKIIB Mepeka
3a3BUYAll 3BOJAUTHCS JI0 JESIKOTO CTaHy i3 Mol MOXHOKOI o0uMcieHb. Y naHiil poOorti
BUKOPHCTOBYBAJIMCSA JIBOLIAPOBI MEpPEeXi MPSAMOTr0 MOMIMPEHHS i3 TpEeHYBaHHIM 3a
anroput™mamu JleBenOepra—MapkBapara, 6a€coBoi perysipusarii Ta CpspKeHUX TPalie€HTIB.

1.5
I, cm

Puc. 1. Buxignmii Uo Ta oTrpumanuii Ur 3a nokazaHHSIMU 1i0THOTO A1€TEKTOPA PO3MOAiIU
aMILTITYIM XBHJIi y IPSAIMOKYTHOMY XBHJIEBO/i.

Mepexa pangianbHuX Oa3ucHUX (QYHKLIH 13 JOCTaTHBOIO KIUIBKICTIO MPUXOBAHHUX
HEHPOHIB MOXE alpOKCUMYyBaTH Oy/b-sIKy HEMEepepBHY (YHKIIIIO Ha 3aMKHEHIH oOMexeH1i
MHOXHHI 3 JOBUTLHOIO TOUHICTIO. BX1]1 Mepexi MOKHa MPEACTaBUTH SIK BEKTOP JIHCHUX YHCE,
a BUXI1JI € CKaJSIpHOIO (DYHKIIEIO BX1AHOTO BekTopa. LlenTpu 6azucHux QyHKIIH MOXYTh OyTH
BUIIAJIKOBO BiAi0OpaHi cepes BXIIHUX €K3eMIUISIpiB a00 OTpUMaHl B paMKaxX OpTOTOHAJIBHOIO
QITOPUTMY HAaBUYaHHsS HaWMEHIIUX KBaJpaTiB, abo 3HalieH! 3a JONOMOror0 KiacTepu3arii
3pa3kiB Ta BHOOpY KiacTepiB sk LeHTpiB. Ilicig Toro, sik meHTpu 3adikcoBaHi, Baru, I10
MIHIMI3yIOTb ~NOXHMOKY Ha BHXOJl, OOUYHUCIIOIOTBCS 3a  JIONOMOIOK0  JIIHIHHOTO
IICEB/I000EPHEHOT0 PO3B’A3KY B1JIMOBIIHOTO MAaTPUYHOT'O PIBHIHHS, ICHYBaHHS KO0 O3HAYae,
10 Ha BIAMIHY BiJ OaraTolapoBUX MEPLENTPOHHUX MEPEXK, MEpexi paialbHUX 0a3HCHUX
(byHKLIHA MalOTh YHIKaIbHUN JTOKATbHUHM MiHIMYM (KOJIM LIEHTPU QiKCYIOThCs). Y AaHiit poOoTi
BUKOPHCTOBYBAJIMCS 3BHUaiiHa pajiajibHa Oa3uCHA Mepeka, TOUHA pajliajibHa 0a3ucHa Mepexa
Ta y3arajibHeHa perpeciiiHa HepoHHa Mepexa.

B pe3ynbraTi npoBeeHHs poO6OTH AJ1s 010 OTpuMaHo rpadiku, noaioHi g0 puc. 2. Tyt
kpuBoro Ur mpecTaBieHo BiTHOBIEHUH 3a JOTIOMOTOIO Y3arajbHEHOI perpeciiiHoi HeMpOHHOT
Mepexi Ipodib CTOSUOT XBUII I aMILTITYAu majgarodoi XxBuili Un.; = 10 MB, sika nmokazana
Haifkpaumit pesyneTar (HeB’s3ka mopaaky 107+10° MB) and maHoro mopsAAky 3HadyeHb
aMILTITY IH.

3a3HaueHi HeMpOHHI MepexXi OyJIM 3aCTOCOBaHI JAJIS BITHOBICHHS MPO(IIIO XBUII IS
ammtitya mopsaaky Bix 107 o 10? MB. Haiikpami pe3ynbTaTi IOKa3add ABOMIAPOBI MEPexi
MIPSIMOTO TIOIIUPEHHS 13 TPEHYBaHHAM 3a anroputMmamu JleBen6epra—MapkBapira Ta 6aecoBoi
perynspusanii, TO4Ha pajiaspHa Oa3ucHa Mepeka Ta y3araJbHeHa perpeciiHa HeWpoHHa
Mepeka Ha BChOMY JIlara30Hi 3Ha4eHb aMIUTITYId HaIllPYTH.
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Puc. 2. BiznoBiaennii Ur 3a 10moMororo y3arajibHeHoi perpeciiiHoi HelipoHHOI Mepe:xi po3noain
aMILITYIM XBHJIi y IPSIMOKYTHOMY XBHJIEBO/I.

[1] Andreev M.V., Borulko V.F., Drobakhin O.O. Approximate models of the inverse problem
for detector characteristic. Visnik Dnipropetrovs’kogo universitetu. Seria Fizika,
radioelektronika. Vol. 25. (2017). P. 93-98.

[2] Hornik K., Stinchcombe M., White H. Multilayer Feedforward Networks are Universal
Approximators. Neural Networks. Vol. 2. (1989). P. 359-366.

[3] Park J., Sandberg I.W. Universal Approximation Using Radial-Basis-Function Networks.
Neural Computation. Vol. 3. (1991). P. 246-257.

RECONSTRUCTION OF STANDING WAVE PROFILE USING
NEURAL NETWORK TECHNOLOGIES

O. Drobakhin, V. Chuchva
Oles Honchar Dnipro National University
chuchva@ffeks.dnu.edu.ua

During experimental studies in the microwave range for taking measurements using
multi-probe sensors, or reflectometers, the key is the correctness of the information obtained
using detectors, which usually are microwave diodes. Due to the nonlinearity of the volt-ampere
characteristic of the diodes, the reconstructed profile of the measured wave may have significant
deviations from the correct distribution. To improve the accuracy of devices using a diode
detector, it is necessary to correct this nonlinearity. In this paper, the application of neural
networks to reconstruct the standing wave profile in a rectangular waveguide according to the
readings of the diode detector was considered.

The best results were obtained using feed-forward neural networks with Levenberg—
Marquardt’s and Bayesian regularization training algorithms, exact radial basis and generalized
regression neural networks.
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ABOAIAITASOHHA AHTEHA 3 CEKTOPHOIO ATAI'PAMOIO
HAHPABJIEHOCTI JJIAA WI-FI MEPEK

C. byxapos, M. Kocresan
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
sergeyvbuharov@gmail.com

CydacHi Mepexi 3 pajio qoctynoM Ha 0asi crangaptiB 802.11 ac/ax BUKOPHCTOBYIOTh
y po6oTi 1Ba yacToTHi miama3zonu 2.4 I'Tyta 5/6 I'T'ny [1,2]. [Ans 6araThox 3acTOCyBaHb TaKOX
ICHye HEOOXiJHICTh y CEKTOPHHX AaHTEHaX, CIPOMOXKHUX IPALIOBATH Yy JBOX YaCTOTHHX
Jiarma3oHax 0JJHOYACHO.

AHTEHa, 110 MPOIOHYETHCS, CKIIAAACThCS 3 YOTHPHOX YMOBHHUX 4acTHH (puc.l,a):
paMKoBa aHTeHa i poOoTH y miamazoni 2.4 I'Tn, cumerpuyni BiOpartopu mis poboTH y
niama3oni 5 I'T'm, By30s1 cHMETpYBaHHSI Ta y3TOJKCHHS, eKpaH. JKUBICHHS 3iHCHIOETHCS
KOakciaJbHUM KabejeM y Toulll IepeTuHy pomba 3 BiOparopamu. UucenbHe MOJEIIOBaHHS
3IIMCHIOBAJIOCS METOJJOM MOMEHTIB B mporpamHomy cepenoBuini FEKO [3]. Pesynbrartu
MOJICITFOBAHHS JliarpaM HaIlpaBJICHOCTI IMOKa3aHo Ha puc. 1,0,B.

Puc. 1 /IBogiana3onHa aHTeHA 3 CEKTOPHUMH JAiarpaMaMi HANIPABJICHOCTI:
a) 30BHIIIHI BUTJIS;
0) niarpaMu HANPaBJICHOCTi Y TOPU30HTAJILHIN Ta BepTHKANBHIN MIomuHAaX HA yacToTi 2.45 I'T'1.;
B) AiarpamMu HANIPABJICHOCTI y TOPM30HTAJIBHIN Ta BepTHKAJIbHIN MIomuHAaX HA 9acToTi 5.5 I'T'1.;
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Koedimient miacwnenns Ha vactori 2,45 I'Ty cknamae 2.8 ab (pucl,0), Ha "acToTi
55ITn 5.8 nb. llupuna niarpamMu HampaBJICHOCTI B HIKHBOMY YacCTOTHOMY Jliama3oHi
ckiagae 6au3bpko 120 rpamyciB, y BepXxHbOMY — 01u3bK0 90 rpamyciB. SKiCTh y3roKeHHS 3
dinepom xuBnerHs 50 Om moka3zaHo Ha puc.2

3.0 35
2.8 \

26 30
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25 \ 25 /
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8 \ 15 \
1.4 T —
1.2 10
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f, GHz f, GHz
a) 6)

Puc. 2 YacroTHi 3a71exH0CTi KoedinieHTa cTOSI40I XBUJII.

VY miamazoni 2.42-2.5 I'Ty KCX menmn 1.5, y nianazoni 5.3-5.6 I'Tu KCX menm 2.

AHTEHa BUKOHYETbCA MeTonaMHu (OTOApyKy Ha (onbroBaHomy JieneKTpuky. s
CKJIOTEKCTONITY 3 MICNCKTPUYHOI IPOHUKHICTIO OJM3BKO 5 pO3MipH MOJOTHA aHTCHU
cKiIagarTh S0x65 MM, po3mipu cTopoHH pomba 22.5 MM, po3Mip KOpoTKoro Bidpatopa 11 mwm,
BIJICTaHb BiJl KOPOTKOI'O BiOpaTopy 10 ekpaHy 15 MMm. OcKUIbKM MapaMeTpy aHTEeHHU 3HAYHOIO
MIpOI0 3ajieXkaTh Bl IapaMmeTpiB AI€NIEKTPUKY, JUIs 3axBaTa IMEBHUX CMYyI 4YacTOT, ILIO
BU3HAYAIOTHCSl YCTATKYBAaHHSIM, PO3MIPH YCiX €IEMEHTIB HEOOXITHO YTOUHIOBATH.

IIponoHoBaHa aHTeHa MoO)ke OyTH BHKOHaHa K OKpPEMHUI BY30J]l, TaK 1 SK €JIEeMEHT

AQHTEHHOT PENIiTKH IS MATPUMKH TeXHoJorii mimo, beamforming.

[1] IEEE 802.11, The Working Group Setting the Standards for Wireless LANS [Enexrponuuit
pecypce]. Pexxum poctymy: www.ieee802.0rg.

[2] Wi-Fi 6 Explained: The Next Generation of Wi-Fi [Enexkrponnuii pecypc]. Pexum
noctymy: https://www.techspot.com/article/1769-wi-fi-6-explained

[3] baukor C.E., Kypymun A.A. Pacuer uziydaromux cTpyktyp ¢ nomoinsio FEKO. — M.,
3A0 «HIIT «POAHUK», 2008. — 246 c.

DUAL BAND SECTOR ANTENNA FOR WI-FI NETWORKS

S. Bukharov, M. Kostelan
Oles Honchar Dnipro National University
sergeyvbuharov@gmail.com

The paper presents the results of the two band sector antenna modelling. This antenna
consist of loop rhombic element for work in low band and balanced dipole elements for work
in high frequency band. The antenna is made of FR-4 textolite by photo printing methods.
Modelling was carried out by method of moments with the FEKO environment. The results can
be used to build wireless networks based on the 802.11 ac, ax standards.
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MIKPOXBUJIBOBE JOCJ/IIKEHHA
HHIHHUX 3PA3KIB

A. Ueps sxoB, B. Marpo, JI. ®iiinceKuii

J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
leonidfil2016@gmail.com

BumMiproBaHHsI KpaTHOCTI HIHHUX CTPYKTYP Y MIKPOXBHJILOBOMY Jlialla30Hi € 3 OJJHOTO
0OKy B@)XJIMBOIO NPAKTUYHOKO 3a7a4eio, a 3 IHIIOTO OOKYy — Ma€ 3HaudHI TPYAHOCTI NPH
peamizanii. TpynHou BUMIpIOBaHb MOB’SI3aHI 3 TUM, LIO IMiHA € TUHAMIYHOIO CTPYKTYPOIO.
TpuBanicTh mpoliecy BUMIPIOBaHHs TIOBUHHA HE TIEPEBHUIIYBAaTH Yac CTaOUILHOTO 1CHYBAaHHS
miau [1].

VY 3B'S13Ky 3 BUILIEBUKIIAJICHUM B SIKOCTI BUMIPIOBAJIBLHOTO JIaTYMKA OOpaHO OIKOHIYHUN
PE30HATOP 3 BIIKPUTUMH KIHIIMH 1 3 PO3TAIIOBAHOIO B3/IOBXK HOTO OCi KBapIIOBOIO TPYOKOIO.
Takuii BUMIpIOBAIbHUI JATYUK YCIHIIIHO BUKOPUCTOBYETHCS JII BUMIPIOBAHHS MaTepiaiiB 3
MaJIIMH BTPaTaMH.

Ha puc. 1 npezacrasieHa OJIOK-cXeMa BUMIPIOBAJIbHOI YCTaHOBKH, B SKii pe30HATOP
BKITFOUAETHCS 33 CXEMOIO «HA MPOXi» 1 BAKOPUCTOBYETHCS CTAHJAPTHUN METO]| JMHAMIYHOTO
BUMIPIOBaHHS PE30HAHCHOT YaCTOTH Ta HABAHTAXKEHOI JOOPOTHOCTI.
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Puc.1. Cxema BUMipIOBaJIbHOT YCTAHOBKH () Ta 3aJIeKHICTh PE30HAHCHOI YaCTOTH
Bil KpaTHOCTI NiHANX 3pa3KiB (0).

VYcTaHOBKa CKJIaJa€ThCsl 3 BHMIPIOBAIBHOTO XBUJIEBOJAHOTO TPAaKTy, 310paHoro 3
OIKOHIYHOTO pe30oHaTopa 1, XBWJICBOJHOTO BEHTHJIS 2 1 KOAKCIaIbHUX XBWJICBOJIHUX
nepexiTHuKiB 3 1 4, MIKpOXBUIJIBOBOT'O FeHEpaTopa 5, MUIKONOIOHOr0 reHeparopa Harnpyru 6
1 aHaizaropa crnektpa 7. 3MOHTOBaHa MPo30pa KBapiioBa TpyoOka § B oTBopax pe3oHaTtopa. Ha
BXiJ] 8 TIOTIK MiHU MOAAETHCS BiJl MOBITPSHO-MEXAHIYHOTO MiHOTeHepaTopa 9, 1o 3abe3nedye
YTBOPEHHS MIHM B IIMPOKOMY Jiarna3oHi kpatHocTi (60 — 150 omuHHMIIE).

VY SKOCTI MIHOYTBOPIOIOYOT PiAMHU BUKOPUCTAaHUN 5% pO3UMH MiHOYTBOPIOBayYa TUILY
[1O-1 y Bomi. 3pa3ku 3HAXOIWUIUCh B KBa3iCTAIIOHAPHUX yMoOBaxX 0€3 ICTOTHOI 3MIHH
TeOMETPHUYHUX PO3MIpiB OyIbOAIIOK.
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Enextpomarnitai  konuBanHsa Bim HBY  reneparopa, sKkuii MOIYTIOETHCS
NWIKONOAIOHNM reHepatopoM Harpyroro nmopsaky 10 - 30 (B), npoxoasats kpi3b KOaKciaabHHNA
XBUJICBOJHUH 1tepexia 3 1 BeHTmIb 2 Ha pe3oHaTop 1. [Ticis mporo KoJauBaHHS IPOXOASTh KPi3h
XBUJICBOJHO - KOaKcianbHUH nepexin 4, kadbens 10 mo anamizaropa criektpy. Moaymsiis HBY-
KOJIMBaHb 3/1MCHIOBaNIacs B cMy3i yactoT 5-10 (MI'm).

Pezonancna kpuBa pe3oHATopa 3 MOPOKHBOIO TPYOKOIO Ta pE30HAHCHA KpUBa
pe3oHaropa 3 TpyOKOI0, 3allI0BHEHOIO IMIHOI0, 3alMCYBAJIMCh Ha aHAJI3aTopi CHEKTpa, a came
3HaYeHHA pe3oHaHCHOI Yactoth (MI'm) i mMpPUHM PE30HAHCHOI KPUBOI HA MOJOBHHI
noTy>kHHOCTI (MI'1).
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Puc.2. 3ane:xHicTh IMPHUHM Pe30HAHCHOI KPUBOI (2a) Ta HABaHTAKeHOI 100poTHOCTI (0)
Bi/l KpaTHOCTI MiHHMX 3pa3KiB.

OTpuMaHi pe3yibTaTH MIATBEPAXKYIOTh MOXKIJIMBICTh BHKOPUCTaHHS O1KOHIYHOTO
pe3oHaTopa JUIsl BUMIPIOBAHHS KPAaTHOCTI MIHM a TAKOX JAJIS JOCHIKEHHS TapaMeTpiB PiIKUX
CEpEeOBUII Ta JIEJIEKTPUUHUX MaTepialliB y BUTIISA] [MJIIHAPUYHUX 3Pa3KiB.

[1] TpuBanor E.H., ®unuuckuii JI.A. BUKOHHUYECKHII pPE30HATOP C OCEBOW KBapIICBOI
TpyOKOH, 3amoHEHHOM BOAHOW meHoW // OnekrpoauHamuka u ¢usuka CBY. -
Huenponerposck, AI'Y. 1983. C. 144-147.

MICROWAVE RESEARCH OF FOAM SAMPLES

A. Chervyakov, V. Magro, L. Filins’kyy,
Oles Honchar Dnipro National University
leonidfil2016@gmail.com

The scheme of microwave measurements is reflected in the work. It is built on the basis
of a biconical resonator. The results of measurements of foam samples in a wide range of
multiplicity, from 60 to 150 units are presented.
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I'EHEPALIISA TEPATEPHHOBOI'O BUITPOMIHIOBAHHA
3ACOBAMMU BKP ®OTOHIKHA

SA. Kpyrtinsb, O. Kopuak, M. Pe3nikos, I'. ®eincbKuil
Kuiscokuu nayionanvruti ynisepcumem imeni Tapaca llleeuenka
yakov.krutin@gmail.com

[Ipobnemy cTBOpeHHS €(EKTHBHOTO JDKepesia BUIPOMIHIOBAHHS BIIHOCATH [0
TOJIOBHMX Ta HE BHUPIIIEHUMX HATenep 3aBIaHb TepareproBUX TEXHOJOTiH. OCBOEHHS
TEpareploBOro Jiamna3oHy s Oe3IpOTOBOrO 3B’A3KYy NOTpeOye 3acTOCYBaHHS HOBUX
($OTOHHUX cHuCTEM, 30KpeMa MoOyA0BaHUX Ha 2-X HaIIBIPOBITHUKOBUX Jlazepax [1], mumaxom
iX MO€AHAHHS i3 MOTEHILIAJIOM ONTHKO-BOJOKOHHUX TexHOJoTii. OCHOBHHUH HEHOJIK
TPaIUIIIHOT CXEMH HOJISTa€e Y HEKOT€PEHTHOCTI CUTHAIIB, 10 TPU3BOIUTH JI0 TIOSIBU HA BUXO/I
3MilllyBa4a 3HaYHUX (Pa30BUX IIyMiB.

JIns BULIpaBIICHHS BUILE3a3HAYCHOTO HEJONIKY B SKOCTI albTEPHATHBHOTO JDKEpena
BUIIPOMIHIOBaHHS 3arpononoBana cxema BKP ntaszepa, 300pakena Ha puc. 1.[2,3]
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Puc. 1 a) Cxema 2\ BKP nazepa: 1 - sazepuuii giox (JI1/]) Hakauku, 2 - BOJIOKHO, JeropaHe 20% GeO:2y

cepueBMHi; 3 — 3mimyBau (poroaion ado poromikcep); 4 — cmyroBuii QpiibTp.
0) ¢pyHKuUis MOBHOI MPO30POCTi AKTHBHOI0 BOJIOKHA, 1110 BU3HAYA€E NOPIr reHepaiii 000x J1a3epis.

Jlns MonemtoBaHHsA cxemoTexHiuHoi peamizanii BKP nazepa (Puc.la) oOpano Taki
noyatkoBi aaHi: JI/] renepye Ha noBxuHi XBUii Ap = 1450 HM, noTyxHicTh Hakauku 100...400
MBT; nosxuna aktuBHoro KP Bomokna 20% GeO: y cepueBuni ckiagae 0,1 km ... 10 km.
Pospaxynok mapametpiB 2A nazepa (Puc.10) mpoBoauBcs 3 BUKOPUCTAHHSM (DYHKIIT TOBHOT
TIPO30POCTi, KA I HAmOro BosokHa (0s=0,5 15/kM, Qrmax=6,38 B1lkm™?) mae Burms:

0

gr (®)

P (w) = =P /9(@), P, =o,/g; =0,018BT, (1)

ne @(®)=0,02exp[-0,17(w -34)?]+0,04exp[-0,04(w -30)]+0,09exp[-0,5(w -24)?)+0,2eXp[-0,2(w -20)7]
+ 0,25 exp[-0,6(w -17)?] + 0,08exp[-2,6(w -14)?] + 0,7 exp[-0,17(w -13)?] + 0,5 exp[-0,08(w -11)?] +
0,2 exp[-0,11(w -5,4)7 + 0,09 exp[-0,4(w -2,7)2] + 0,04 exp[-1,9(w -1,4)7]
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Bxinna i Buxigna operriscski rpatku (BBI), sixi mosnageno BBI 11, popMyioTs 06macTsb
HEPLIOro pe3oHaropa. BinanosinHo, BXigHa i BuxigHa OperTiBebKi IpaTkH, AKi no3Haueno BBI
bopMyIOTH 00JIaCTh APYTOTO PE30HATOPA. 32 JOMIOMOTOI0 HABEJICHUX CITIBBIIHOIICHB Ta pUC.10
po3paxoBaHi ocHOBHI mapamerpu 2A BKP maszepa nans resepamii BChOrO CIEKTPY
teparepiioBoro BunpomintoBanHs Bif 1 TI'm qo 10 TI'n y mOBHICTIO BOJIOKOHHOMY BUKOHAHHI,
a YMCIIOBI JaHi BiIHOCHO MOPOTY ITiICHIIEHHS 171 000X pe3onaropuux BBI naBeneni y Taou. 1.

Tabmuus 1. [lapamerpn BOJOKOHHHMX OpETIBCHKHMX IPATOK JUIS JIa3€pHUX PE30HATOPIB Ta MOPOTH IMiACHUIICHHS
nBoxBuiiboBoro BKP masepa juist TppOX 4acToOT reHepallii TepareplioBoro BUIIPOMiHIOBaHHS

No Iapan f.=10 Tl f.=5TI'y f.=1TI

- pametp BIn | BbIx BEIn |  BbIv BEIn | BBIn
1. | loB>KkHHA XBHJIi, MKM 1,5845 1,4624 1,5639 1,5241 1,5509 1,5421
2. | opir migcunenus, MBt 55 31 18,7

Taxum unHOM, Yy KBap1ioBomy BostokHi i3 20% GeO2 y ceplieBHHI MOPOToBi MOTYKHOCTI
NOMITYBaHHS HE TepeBUILYIOTh Pp<55 MBT mst A, = 1,45 MKM, 110 MiATBEPIKY€E MOXKIUBICTH
reHeparlii BCbOro Jiana3oHy TepareproBOro BUIpoMiHIoBaHHS 3aco0amu BKP ¢oroniku.
3acrocyBaHHs cxemu ABoxdyactoTHoro BKP nasepa, noGynoBaHoro Ha 0JHOMY BOJIOKOHHOMY
Ja3epi, JO3BOJIUTH MMOKPAIIUTH SIKICTh KOPUCHOT'O CUTHAITY IIUISTXOM 3MEHIICHHS PiBHS (ha30BUX
IIyMiB, 3MEHIIIUTH IOPOTOBY MOTYKHICTh HAKAYKU B JIECATKU a00 HaBITh COTHI pasiB., a Ie, B
CBOIO Yepry, JO3BOJIHUTH 3HAYHO 3MEHIIUTH MAcO-Ta0apuTHI XapaKTEPUCTUKU JTBOXBUIHOBOTO
BKP nazepa muisixoM ontumizariii #oro KOHCTPYKIIi.

[1] H. Shams and A. Seeds “Photonics, fiber and THz wireless communication,” Optics and
Photonics News 28 (3), 24-31, 2017.

[2] ApyxwuHnin B. A., Kopuak O. B., Pe3nikoB M. 1., ®enincekuii I'. C., CylijgpHO-BOJIOKOHHUI
nBoxdactoTHuid BKP nazep nist TenexomMyHIKaiHUX CUCTEM TEparepiioBOro Jiana3oHy.
Bicuuxk HTVYY "KIII". Cepis Pagiorexnika, Pagioanapato6yayBanns, 2020, sumn. 80, c. 63—
72. doi: 10.20535/ RADAP.2020.80.63-72.

[3] I'puropyk B.I., Kopuak O. B., Pe3nikoB M. 1., ®emnincekuii I'. C., Crocid ¢popmyBaHHs
TepareplioBOro BUIIPOMIHIOBaHHS Ha 0a3i JBOXBWIbOBOTO Jazepa. [lareHt Ykpainu Ha
KopucHy Mojenb Ne 148586, my6u. 25.08.2021, Bron. Ne 34.

GENERATION OF TERAHERTZ RADIATION BY RAMAN
PHOTONICS TECHNIQUE

Y. Krutin, O. Korchak, M. Reznikov, G. Felinskyi
Taras Shevchenko National University of Kyiv
yakov.krutin@gmail.com

It is shown the pumping power thresholds in a silica fiber with 20% GeO: in the core
do not exceed 55 mW for A, = 1.45 um. Our modeling results confirms the possibility of the
entire generation range of terahertz radiation by Raman photonics technique. The proposed
scheme of a 2A. Raman laser built on singlemode fiber will improve the quality of the terahertz
radiation by reducing the phase noise level, reduce the threshold power of the pump tens or
even hundreds of times, and this, in turn, will significantly reduce the mass characteristics of
two-wave SRS laser by optimizing its design.
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JOCJUIIIZKEHHSA BUITPOMIHIOBAYA 31 CKJITAJHUM
HEPEPI3ZOM

B. Mopo3sos, B. Marpo, €. Tpaxrman
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
gekan1997@mail.ua

[Ipy mpoekTyBaHHI XBWUJICBOJHHMX BHUIIPOMIHIOBAYIB i1HTENEKTYalbHOI aHTEHHOI
CHCTEeMH OJHHMMH 13 3aBJaHb € Y3TO/UKEHHS BHUIIPOMIHIOBAada 3 BUIBHHUMHU IIPOCTOPOM Ta
3arno0iraHHs BAHUKHEHHS «e(eKTy ociituieHHs». [ IbOro BUKOPUCTOBY€ETHCS JieIEKTPUYHE
HNOKPHUTTS HAJ AaHTEHHOI pemriTkoio. [Ipore mis BupimeHHS OUX 3a1ad Moxe OyTh
3arpoNOHOBaHa KOHCTPYKIIS iHTEJIEKTYaIbHOI aHTEHHOT CUCTEMH 31 CKIIaqHUM niepepizoM. Le
KOHCTPYKIiS PElIiTKH, B SKiM MO€AHAHI JlIeJIeKTpUYHE TIOKPUTTS Ta MeTasieBa faiadparma, sika
po3TamioBaHa Ha JesKii BiACTaHi Bif aneptypu (puc. 1).

Posrnsinemo 3amavy nudpaxiiii e1eKTpOMarHiTHOT XBIJII HA HECKIHYEHI XBUICBOIHIN
¢da3oBaHili aHTEHHIM pemITIi, $Ka BKpPUTAa IIapoM JienekTpuka. llpm npomy Ha
JieTIeKTPUYHOMY IIapi HassBHA MeTaneBa Aiadparma. Bukonano nocmipkeHHs ckanyBaHHs B E-
[UIOIIMHI.

hi

11

diz

Puc. 1. OnuHnYHa KoMipKa HecKiHYeHHOI XBHJ1eBOIHOI (Pa30BaHOI AHTEHHOI PelIiTKH

Ha pucyHky noka3aHa oMHMYHA KOMipKa, sIKa pO3TallloBaHa Ha IMOYAaTKy KOOP/JHMHAT.
YMOBHO pO3ALTUMO BCIO 00JIaCTh BU3SHAUEHHS €IEKTPOMArHITHOTO IMOJIS Ha JIBi 00JIacTi:
Ob6nactb 1 (xBUNEBON): —0<z2<0,—W/2<x<Ww/2.

O6nactp 2 (mpocTopoBHii XBUIIEBO, «KaHaT Doke»): 0< z<oo,— f/2<x< f /2.

Ha ocnogi apyroi ¢popmymu ['piHa iHTETpanmbHe IpeICcTaBISHHS 71 HAIIPY>KEHOCT]
€JIeKTPOMArHiTHOTO MO 00J1acTi 2 Ma€e BUTIIS!

w/2 .
H2(y,2)=— | G*(y,z;y',0)

2di ;o0
—aHX (Iyiz)J_Z'=0 dy'+
—-w/2 0z
—hil2 562ty 7. v 2
+ [ H2(y,2) W2YZ) |, i dy+ (1)
—f/2 oz
£/2 2di L
i, . _n0G ,2,¥',2 :
+ [ H2(y,2) (y. Y )J—z'=diz dy'.
hi/2 oz
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[lincraBuMo y BKa3aHe BHINE IHTETpaJbHE TpenctaBieHHs (1) Bupasm s
HANpy>KEHOCTI MarHiTHOTO Moyig B oOjacti 2 B AieNeKTpUYHOMY miapi Ta ¢yHkuii I'pina
IUTOCKO-IIIAPYBATOTO 3allOBHEHHS o0uacTi 2. [licis Hporo BUKOPHCTAEMO «YMOBH 3IITMBAHHS)
nouiB oonacreii 1 Ta2 npu Z=0. TakuMm YUHOM, MO’KHA OTPUMATH CUCTEMY PiBHSHB BiJIHOCHO
HEBIJIOMUX HaNpy>KeHOCTEeH MarHiTHOTo moiist y oonactsx 1 Ta 2.

BukoHaHo 4mcenbHE MJOCTI/DKEHHS 3alIeKHOCTI MOAYNsl KoedillieHTa BIAOUTTS
najsarouoi XBWJII BiJl CHHycCa KyTa CKaHYBaHHS JUId HECKIHUYCHHOI XBHJICBOIHOI (ha30BaHOI
AQHTEHHOI PELIiTKY 3 ieIeKTPHUUYHUM NMOKPUTTAM B E-mmonui (puc. 2).

IR]
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Puc. 2. 3anexxHicTh 3HaYeHHs1 MOAY IS KoedilieHTAa BiIOUTTS BiA CMHYCa KYyTa CKAHYBAHHS NIPH Pi3HUX
ToBIIMHAX apy Aiesexrpuka diz B E-muiomuni; £=3,0625; hi=0,5714

BcranoBieHo, 110 KO 10 aHTEHHOI PEeIliTKU JOJaTH LIap AieJIeKTpUKa TOBLIMHOIO
32, 2/16 abo A/8, To 3HaueHHS MOayJs KoedimieHTa BIAOUTTS Maaar04y0i XBUJII HE3HAYHO
3MEHUIYIOThCS MPH JSSIKUX 3HAYEHHSAX CHHYCA KyTa CKaHyBaHHSL.

JlociipkeHo CyMICHE BUKOPHMCTAHHS HaJ pPEIIITKOI JIEJEKTPUYHOrO IIapy Ta
MeraneBoi giapparmu. Po3paxyHKky BUKOHaHI /Ul TOBLIMHM mIapy dieiektpuka A/32, /16 ta
A/8. Taka KOHCTPYKIIisl JO3BOJISIE 3SMEHIIUTH 3HAYEHHS MOTYyJIsl Koe(ilieHTa BIIOUTTS y IEBHUX
KyTax CKaHyBaHHsI TOPIBHSAHO 3 BUNIaJIkaMu 6e3 Jiadparmu.

INVESTIGATION OF A RADIATOR OF AN ANTENNA
SYSTEM, WHICH HAS A COMPLEX CROSS-SECTIONAL
SHAPE

V. Morozov, V. Magro, YE. Trakhtman
Oles Honchar Dnipro National University
gekan1997@mail.ua

The problem of diffraction of an electromagnetic wave on an infinite waveguide phased
antenna array, which is covered with a dielectric layer, is considered. In this case, there is a
metal diaphragm on the dielectric layer. E-plane scanning studies were performed.

A numerical study of the dependence of the modulus of the reflection coefficient of the
incident wave on the scanning angle has been carried out.
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KOHTPOJIb BMICTY BO/IU Y HA®TOIIPOAYKTAX 3A
JOHHOMOI'OIO BIKOHIYHOI'O PE3OHATOPA

B. sAABTymenko, /I. Cantukon
Jninpoecoxuii hayionanvruti yHieepcumem imeni Onecsa I'onuapa
Yavtushenko.Vladislaw @gmail.com

B poboti nochimkeHa MOXIMBICTH 3aCTOCYBaHHS OIKOHIYHMX PE30HATOPIB LIS
KOHTPOJIS 1 BUMIPIOBAHHS JI€JIEKTPUYHOI MPOHUKHOCTI PIAKUX HAPTOMPOAYKTIB 3 MOMITHUM
BOJIOTOBMiCTOM. BiKOHIYHMIT pe30HATOP SIBJIIE COO0I0 00’€M, OOMEKEHUI TBOMA yCiYCHUMU
KOHyCaM i3 3arajbHO0 ocHOBOIO [1]. JlocmimKyBaHa pedOBHHA BBOJMTHCS B PE30HATOP 3a
JIOTIOMOTOI0 TOHKOCTIHHOI JIi€JIeKTPUYHOT TPYOKH, PO3TAIIOBaHOI B3IOBX OCI pe3oHaTopa
(puc. 1). 3 MeToro MiABUIINEHHS TOYHOCTI 1 YYTJIMBOCTI BHUMIpPIOBaHb 3aCTOCOBYBAIUCS
BiCOKOIOOPOTHI KOJIMBaHHS a3UMYTaIIbHO-CUMETPHYHOTO THITY Ho11.

Mertoro po6oTH Oyiio AOCTIIKEHHS BIUIMBY JOMIIIOK BOAM Y PIIKUX HAPTOMPOIYyKTaX
Ha mapaMeTpu OIKOHIYHOTO pe3oHaTopa (PE30HAHCHY YacTOTy 1 TOOpOTHICTB), Ta OIiHKA
MOJKJIMBOCTEH 3aCTOCYyBaHHS OIKOHIYHHMX pPE3OHATOPIB JJisi BHSBJICHHA 1 KIUJIbKICHOTO
BU3HAYEHHS BOJIOTOBMICTY HATONMPOIYKTIB.

Puc. 1. Bikoniunuii pe3onaTop 3 TpyOKOI0 3 10CTiT:KYBaHOI0 PiIHHOIO

Byno mnpoBeneHo eKkcnepUMEHTalbHE JOCTIIKEHHS XapaKTePUCTUK OIKOHIYHOTO
pe3oHaTopa y pasl 3armoBHEHHS TPYOKH HA(TOMPOIYKTAMHU 3 PI3HOK KOHIICHTPAIIE€I0 BOIIH.
Jns BuMiproBaHb OyJM 3acTOCOBaHI HaJBHCOKOYAcTOTHUHM TreHeparop [4-83, anamizaTop
criektpa C4-27 1 61KOHIYHUN PE30HATOP 3 HAUOIIBIITNM pajilycoM ao = 25,25 MM, MTOJIOBUHHUM
KyTOM Yy BepuiuHi KoHyca ® = 30°. Pe3oHaTop MiIKIIOYaBCsA O 30BHIIIHBOTO XBUJIEBITHOTO
TPaKTy 3a CXEMOIO «Ha MPOXiaA», pajlycH OTBOPIB 3B’sA3Ky I = 4,00 mm, 2 = 3,25 mm. s
BBEJICHHS B PE30HATOP JOCIIKYBaHOI PIIMHM 3aCTOCOBYBaJlaCh TPyOKa 3 MOJINPOMiJICHY
miamerpom d = 6 MM, ToBmKHOK cTiHOK 0,3 MMm. JlocmimkyBaHi piguHu GopMmyBatucs
JoJlaBaHHAM y (ikcoBaHUN 00’eM HadTOompoaykry (OeH3uHY, KEpOCHHY TOIIO) MEBHOIO
00’eMy BOM 3 MOJAJIBLINM IEPEMIIITYBaHHSIM.

Jns mpukiany Ha puc. 2,a MOKa3aHI €KCIIEPUMEHTAJIbHI 3aJIe)KHOCTI PEe30HAHCHOL
4acTOTU OIKOHIYHOTO pe3oHaTopa Julsl KoiauBaHHsS Tuny Hoii Big 00’e€MHOro BMICTY BOAU Ny
cyMimni 3 aBTOMOOUTEHUM OeH3uHOM Ai-92. V pasi 30inbiienHs Bmicty Boau 3 0 1o 13%
yactota koiquBaHHSA Hoi1 3meHmyerscs 3 9513 MI'nm go 9472 MI'n, To6to Ha 41 MI.
HasiBHiCTb BOH y CyMillli TOYMHAE IIOMITHO BIUTMBATH Ha pe30HaHCHY YyacToTy (~10 MI'r) Bxe
y BUNAJKy KOHIEHTpalii Boau B 1-2%. 3anexHicTb HOCUTh MPAKTUYHO JIHIHHUN XapakTep.
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Puc. 2. 3anexnicTs pe3oHaHCHOI YacToTH (@) i 100pOoTHOCTI (6) OiKOHIUHOTO pe3oHATOpa
Bi/l KOHUEeHTpauii Boau N 'y 6eH3UHO-BOASIHOT cyMili

Ha puc. 2,6 HaBeieHa 3aJIC)KHICTh HABAHTAXKECHOT TOOPOTHOCTI OIKOHIYHOTO PE30HATOPA
BiJl POIIEHTHOTO BMICTY BOJM Y O€H3MHO-BOJAAHOI cyMimni. HasBHICTH BOAM MPU3BOAUTH 10
CTPIMKOTO MaJiHHS JOOPOTHOCTI, 1110 OB s3aHE 3 BEIMKUMHU J1€JIEKTPUYHIUMHU BTpaTaMH BOJU
y HBUY-gianazoni. ¥V Bunaaky 10% BMicTy BoaM y AOCHIKYBaHIN piiuHI JOOPOTHICTH
pe3oHaTopa cnajae Oiabil HiX B 2 pa3u, 3 7000 no 3000. [TomiTHE 3MEHIIEHHS JOOPOTHOCTI 3
7000 no 6000 cnocrepiraerbest Bxe s 3% BMICTY BOAM B cyMili. 3 rpadiky BUAHO, IO B
Jliana3oH1 3MIHU IPOIEHTHOTO BMICTYy BoJu 1-15% 3anexxHicTh 6iM3bKa A0 JiHIHHOI.

OTxe MOeTHYIOUM pe3yJabTaTH BHUMIPIOBaHb PE30HAHCHOI YaCTOTH 1 JOOPOTHOCTI
OIKOHIYHOT'O pe30HATOpa MOKHA YITKO (DIKCyBaTH BMICT BOAU B O€H3MHO-BOJSHUX CyMIIIaX,
HaBITh JJIs1 BETUYUH BMICTY MeHIe 1%.

[1] Topes H. b. [latunku Ha ocHoBe CBY-pe30HATOPOB AJIsi CHCTEM KOHTPOJIS MapaMeTpOB
oprannyeckux kuakocredt [Texcr] / H. b. I'opes, O. O. Apob6axun, I1. 1. 3a6onoTHBIH,
. ®. Komxecnuposa, E. H. I[IpuBanos // TexH. mexanuka. — 2009. — Ne 3. — C. 122-131.

CONTROL OF WATER CONTENT IN PETROLEUM
PRODUCTS USING A BICONIC RESONATOR

V. Yavtushenko, D. Saltykov
Oles Honchar Dnipro National University
Yavtushenko.Vladislaw @gmail.com

The paper is devoted to the measurement water content in petroleum products using a
biconical cavity resonator. Responses of the resonance frequency and Q-factor on water
percentage were obtained.
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MOJAEPHI3AIIA HOHNEPETHBOI'O BIAEOHIICUJIFOBAYA
EJEKTPOHHOI'O CKAHYIOUOI'O MIKPOCKOITA PEM-100

C. biniuyk, C. Yynupa, C. Hiunii, O. Muciawok, O. I'pyuika
Yepniseyvkutl Hayionanvrull yuisepcumem imeni FOpis ®edvkosuua
s.chupyra@chnu.edu.ua

PacTpoBa enekTpoHHa MIKpPOCKOMIS € JOOCUTh E(PEKTHBHUM Ta i1H(QOPMAaTUBHUM
METOJ/IOM JOCIIIJDKEHHS B IIUPOKIHA 00J1aCTI HAYKOBUX €KCIIEPUMEHTIB. TOMY JJIsl BITUM3HSHUX
HAyKOBO-JOCTIIHUX YCTAHOB JIOCUTh AaKTyaJbHUMH € MOJEpHi3allid Ta TEXHIYHE
00CITyroByBaHHSI HAassBHHX PacTPOBUX EIEKTPOHHUX MIKPOCKOIB. 30KpeMa, Y BITUYU3HSIHOTO
eJIEeKTPOHHOro pacTtpoBoro Mmikpockorna PEM-100 ogHuM 3 OCHOBHUX CIa0KHX MiClb €
NOTIEPEHIN  BigeOomiACHIIOBaY CHTHANy (oroenekTpuyHoro momHoxyBaua (DEII),
noOy/0BaHUN Ha JUCKPETHUX elieMeHTaX (MOJbOBHUX Ta OIMONSIpHUX TpaH3HCTOpax). YacTa
MOJIOMKa IhOTO ITiJICHJIFOBA4a BHACIIJIOK IMITYJILCHOI TEPEHANPYrd Ha BXOAI 3yMOBHIIA
HEOOXITHICTb PO3POOKM HOBOTO MiACHIIOBaYa 3 AHAJOTIYHMMH Ta IOJIMIICHUMH
XapaKTepUCTHKAMH Ha CyYacHii eJeMeHTHiH 0a3i 3 yCyHEeHHSIM clIabKHUX MicIlb OTIEPETHHKA.

Hogwuii nonepenHiii BiieoniACHIIOBaY OOYIOBAaHUN HA CYYaCHOMY IIBUIKOIIFOYOMY
onepanitnomy miacumoBadi (OI) OPA357 [1] ¢ipmu Texas Instruments 3 Moib0BUMHU
TpaH3UCTOpAaMH Ha BXOHI (BXIZHHH CTPyM CTaHOBUTH 3MA), 31 CMYIOO OJWHHUYHOTO
nigcuienHs 250MI'n, HaBaHTaxXyBalibHOIO 31aTHICTIO 10 100MA Ta BUBOJOM JUIsl aKTHBAIlii
poboTtu miacuiroBavya. Cxema po3po0JICHOTO MiICHITIOBaya MpecTaBlieHa Ha puc. 1.
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Puc.1. Cxema ejleKTPUYHA NPUHIUIIOBA BAOCKOHAJIEHOI0 NONEPeIHBOI0 BijeomiicuioBaya

Yacrora 3pidy BEpXHBOI TpaHMIN BiIECOCHTHATY IITATHOTO IiJICHIIOBAYa CKJIAJa€e
500 kI, Tomy, 3aBASIKH MUPOKiK pomyckHii cmy3i OPA357, Gyno pearnizoBaHO KOedillieHT
nigcuneHHs 100 va ogaomy OIl, mo mpusBeno a0 3HMWKEHHS cMyru mnpomyckanas OIT mo
2.5MTI'u, ogHak, mist 3a0e3neueHHs BxigHoro omopy 430 kOM (SIK 1 y mTaTHOMY MiACHIIIOBAdY1),
y iHBepTytouoMy miacumoBaui Ha OPA357 Gyna peanizoBana T-mozibHa cxema 3BOPOTHOIO
3B’s3ky [2]. Ha pesucropax Rz, ta Ros peamizoBana cxema 3MillleHHS Ui KOMIIEHCAITIT
teMHOBHX cTpyMiB DEII 11 BcraHoBIEHHS piBHSA “dopHOTO” BimeocurHany. Busig 5 OPA357
nepeBoauTh OIl y pekuM 3 BHCOKOOMHHM BUXOJIOM TPU HYJIHOBOMY MOTEHI[IAMT, IO JaJI0
MOXJIUBICTh JIETKO peajli3yBaTH MiAMINIyBaHHS CHHXPOIMIYJbCIB Yy BigeocurHan. Jlis
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Y3TO/DKCHHSI KUBJICHHS PO3pOOJICHOTO IMiJICHIIIOBaYa BIJ JKEpesia >KUBJICHHS IITATHOTO

npuiiany, Oyna po3poOiieHa cXxema y3ro/PKEHHS PiBHIB HAIIPYTH, KIIFOYOBHM €JIEMEHTOM SIKO1 €
LM2776 [3] ¢ipmu Texas Instruments.

Puc. 2. Maker apykoBanoi miatu B EasdyEDA Puc.3. IInara, 3MOHTOBaHA B KOpIyc
IITATHOIO BigeomiacujoBaya

JIBOCTOpPOHHSI JIpyKOBaHa I[UIaTa po3po0JieHa 3 ypaxyBaHHSM OCOOJIHMBOCTEH
BHCOKOOMHHX Ta BHCOKOYAaCTOTHHUX CXEM, 3a JOIMOMOIOK BUIBHOTO IPOTPAMHOTO
3abe3nevyenns EasdyEDA. BUroToBsieHHs IpyKOBaHOI IUIATH 3MiCHIOBAIOCS HAa BUPOOHUYNX
notyxuoctsix PCB Prototype & PCB Fabrication Manufacturer (KHP). Ha puc.2
MPEJICTABICHO MaKeT JAPYKOBAHOI IUIATH, a HAa PHC.3 - TOTOBY IUIATY, 3MOHTOBaHY B KOPITYC
[ITAaTHOT'O BiAE€ONIACAIIOBAYA.

[1] OPAX357 250-MHz, Rail-to-Rail 1/0, CMOS Operational Amplifier With Shutdown
[EnexTponnwmii pecypcl]. Pexum JOCTYIIY:
https://www.ti.com/lit/ds/symlink/opa357.pdf?ts=1628585877860&ref _url=https%253A
%252F%252Fwww.ti.com%252Fstore%252Fti%252Fen%252Fp%252Fproduct%252F%
253Fp%253DOPA357AIDBVR.

[2] Xoposur I1., Xumn Y. UckyccrBo cxemorexuuku. M: BUHOM. (2014). 704 c.

[3] LM2776 Switched Capacitor Inverter [Enektponnuit pecypc]. Pexxum noctymy:
https://www.ti.com/lit/ds/symlink/Im2776.pdf?ts=1635095583710&ref _url=https%253A
%252F%252Fwww.google.fr%252F

MODERNIZATION OF THE PREVIOUS VIDEO AMPLIFIER
OF THE ELECTRONIC SCANNING MICROSCOPE REM-100

S. Bilichuk, S. Chupyra, S. Nichyi, O. Mysliuk, O. Grushka
Yuriy Fedkovych Chernivtsi National University
s.chupyra@chnu.edu.ua

Using a modern operational amplifier OPA357 (Texas Instruments) upgraded video
amplifier electron scanning microscope REM-100. An achieved gain of the input video
signal is 100 at the bandwidth 2.5 MHz.

The double-sided printed circuit board is developed taking into account features of
high-impedance and high-frequency schemes, by means of the free EasdyEDA software.
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EJJEKTPOIUHAMIUHUM AHAJII3 BUITPOMIHIOBAHHA 13
H-IIVIOIUHHOTI'O PYIIOPA 3 BbYIOBAHOIO
METAJIOIIVIACTUHYATOIO JITH3010

I. 3inenko, B. II’siHkoB
Hayionanenuit ynieepcumem “3anopizvka nonimexwuika”
vppyankov@gmail.com

OnHuM 3 HAMOIIBII NEPCHIEKTUBHUX THUIIIB aHTEH, SIKI IIMPOKO BUKOPUCTOBYIOTHCS B
niarmazoni HBY, € pynopni antenu. Lli aHTeHM MalOTh IMIMPOKY YaCTOTHY Jialma3OHHICTH,
OpocTi B KOHCTPYKTHBHOMY IUIaHi, HaAiiHI B eKciUlyatamii. PymopHi aHTeHHm 3
METaIoIIaCTUHYATO JIH30I0 OKpIM TOTO, II0 BUKOPHCTOBYIOTHCS SIK QHTEHHU INpHIHOMY Ta
nepenavi iHdopmalii, MOXyTh OyTH 3aCTOCOBaHI JJIsi BUMIPIOBAHHS JliarpaM CIPsIMOBAHOCTI
(AC) iHmux anTeH. /11 mpoeKTyBaHHS PyHOPHHUX aHTEH 3 METAJOIIAaCTUHYATUMMU JIIH3aMHU
HEOOXiJHI aJeKBaTHI MaTeMaTW4YHI MOJENi, $AKi JO3BOJSATH TPOBOAUTH PO3PAXYHKU
XapaKTEPUCTUK TAKUX aHTEH 3 JOCTATHbOI TOUHICTIO.

Mera pgaHoi poOOTH — PO3paxyHOK
XapaKTepUCTUK BHUIIPOMIHIOBAaHHS Ta MHapaMeTpiB
y3rOMKeHHsT 3 30y[KYIOUMM  XBHJIEBOJIOM
KOMIIAKTHOI AHTEHHOI CHUMETPUYHOI CTPYKTYpH,
AKa CKJIa/1a€ThCS i3 H-nommnzHoro
CEKTOPIaJIbHOT'O pymnopa 3 BOY/JJOBaHOIO
METaJIOIUIAaCTUHYATOI0 JiH3010 (puc. 1), po3mipu
SKHMX JIOPIBHIOIOThH JIEKIIBKOM OJUHMLISM JOBXHHU
XBUIl A. [l aHami3y TakuxX CTPYKTYp METOIU
reomerpuuHoi ontuku Ta Kipxroda-Itoiirenca
HENpUUHATHI. Y ndaHid poOOTI JUis pO3paxyHKIB
BUKOPUCTOBYETHCS CTPOTMH €JIeKTPOAMHAMIYHUIN
MeTo/ T00yTKy obnacreit [1].

Ha puc. 1 mno3HayeHi: a — mMpHHA Prc. 1
30y/KYIOUOTO0 XBHJIEBOJY, R — JOBXXKHMHA CTIHOK
pynopa, 2 — KyT #oro po3kpuBy, D — mupuHa po3kpuBy pynopa Ta JiH3u, O — ToUka, B sKii
po3TtaiioBanuii Gpokyc emntuaHoro npodiao miu3u, f — GokycHa BijacTans, b — BigcTanp Mix
rutacTuHaMu JiH3M. Touka O BuOpaHa, K Touka BiAiKy. [ImacTuHu iH3M, CTIHKM pynopa Ta
XBUJIEBOY BBKAJIMCh HECKIHUEHHO TOHKUMHU Ta 11€AJIbHO MPOBIIHUMH.

Ha puc. 2 npuBeneHa HemepepBHOIO JIIHIEID pO3paxOBaHAa HOPMOBAaHA AMILTITY/HA
niarpama cropsmoBanocTi (JIC) BunpomiHioBaHHS y JajbHIM 30HI Ui CTPYKTYpH pPymop 3
miH300 posmipamu: a=0,711; R=28074;, f=24,88°; D=3,125); f=3,3814; 1=0,54;
b =0,6251; a mTpuxoBoro JiHier0 HOopMmoBaHa amrutityaHa JIC y mganmbHii 30HI JUIS TOTO X
pynopa 6e3 miin3u. Enintuunuil npodiss niH3M po3paxoByBaBcs NpH Koe(pillieHTI 3aJIOMIICHHS
— 0,6. IlomoBnHa wMIMpPHUHHA @01 TOJIOBHOI TENIOCTKH JlarpamMu CHpPSMOBaHOCTI
BUIIPOMiHIOBaHHA Ha piBHI 0,1 moTyxHOCTI Oyna oTpuMaHa piBHiH @o,1=17,0° mis pynopa ¢
JH3010 BKa3aHUX pO3MIpIB 1 ¢0,1=23,7° myst Takoro pymnopa 6e3 nin3u. [lpu oMy 3HaueHHs
moxys || koedinienrta BinourTs orpumano || = 0,226 y pymopa ¢ J1iH3010, 10 3HAYHO OIbIIIe
uix |['| = 0,049 y pynopa 6e3 nmiH3u.

Ha puc. 3 npuBenena HenepepBHOIO JIiHIEI po3paxoBaHa HOpMoBaHa amrutiTyaHa JC
BUIIPOMIHIOBaHHS Y JalibHIM 30HI JUIS CTPYKTYpH PYIOp 3 JIH30I0 3 OUIBIIMMHU PO3MipaMHu:
R =4,9204; #=29,77°, D = 5,6254; f = 6,085/; a mTpuxoBoI0 JIiHI€I0 HOPMOBaHA aMILTITyIHA
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JC y manpHIN 30H1 I TOTO X pyrnopa 0e3 JiH3H. [HII po3Mipu 1 mapaMeTpH Taki X, SK y
nepiii crpykrypu. st iporo pymopa 3 niH3010 0ysio orpuMano ¢01=8,9° 1 |I'| = 0,201, a Ge3
JiH3M — ¢0,1=24,0° 1 [['| = 0,051.

Fle ;
ﬂﬁﬁ o m:o}; <
FO) N F(0)
-10 = -10 T .\\
-20 VA\‘} -20 \\/\\ 3
30 S 30 N ke
p: \ ) \\_\—\‘m
40 e -40 - ~\-
0° 20 40 60 80 100" @ 0° 200 407 600 80 100 ¢
Puc. 2 Puc. 3

OTtpumani po3paxyHKH MOKa3ylTh, OO0 YMM OiIbIIe PO3KPUB pyIopa THM Oijblie
BUIIPAB/IAHO 3aJy4eHHs BOYAOBaHOI METAJIOIUIACTIHYATOW JIH3M JJIsl 3MCHIICHHS IIMPHHU
TOJIOBHOI TENIOCTKH JiarpaMu CHPSMOBAHOCTI BUIPOMIHIOBAHHS, X04a II€ 1 TMPU3BOAUTH JI0
NESIKOTO 301IbIIeHHS KoedilieHTa BIIOUTTS B 30YKYIOUHI XBUIIEBI].

Ha 3aBepmieHHss  BiA3HauMMoO, IO CTPYKTypu "pymop 3  BOyIOBaHOIO
METAJIOIIACTHHYATOO JTIH3010" Ma€e MPUOIM3HO Take K 3Ha4eHHs |[], Sk 1 cTpykTypH "pymop 3
HEBOYIOBAHOIO JIIH3010" 3 MEHIIUMH CTiHKaMH PyIlopa Ta BKa3aHUMHU PO3MipaMu JIiH3, aie
3HaYHO MEHIIIE 3a/{HE BUITPOMIHIOBAHHS, SIKIIIO OPIBHIOBATH 3 pe3yJbTaTaMu poooTH [2].

[1] Yymauenko B.I1. Pemrenue 3aaun nudpakiiiny BOJIH Ha MHOTOYTOJBHOM IIMITHHIPUIESCKON
MOBEPXHOCTH METOJI0M TipousBenenus oonacreit // JJoknanst AH YCCP. — 1989. — Cep. A,
Ne 7. - C.73-76.

[2] TesirKOB B.I1. XapakTepuCcTUKU HU3IIyYEHUS H-mockoctHOTO pymnopa c
MeTautoruiacTua4aroi mH30i / B.I1. [IesuakoB, B.I1. Yymauenko / Pannorexanka. — 1991.
—Ne 3. - C.70-72.

ELECTRODYNAMIC ANALYSIS OF RADIATION
FROM AN H-PLANE HORN WITH BUILT-IN
METAL PLATE LENS

I. Zinenko, V. Pyankov

Zaporizhzhia Polytechnic National University
vppyankov@gmail.com

At a strict electrodynamics level, using the method of product of the regions, radiation
calculations were performed from the compact antenna structure, which consists of an H-plane
sector loudspeaker with a built-in metal-plate lens, the dimensions of which are equal to several
units of wavelength. The obtained radiation patterns in the far zone and the coordination
parameters with the excitation waveguide for a loudspeaker without a lens and with a lens are
given.
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CUCTEMA ABTOMATHUYHOI'O BUMIPIOBAHHSA AKOCTI
ATMOC®EPHOI'O MOBITPA MONAIR

I. Fominko®?, M. ®ecenko>?
YUTninpoecoxuii nayionanvuuii ynieepcumem imeni Onecs I'onuapa
2Noosphere Engineering School
3Iucmumym mpancnopmuux cucmem ma mexnonoziii HAHY
gomilko@ukr.net

CraH JOBKULIS — OAHE 3 HaMaKTyaJbHIIIMX NHUTaHb cydacHoro cpity. Huni ioro
BUHECEHO Ha PIBEHBb JEP)KAaBHOrO KOHTpoJro. Lle mMae crpareriune 3HaueHHs JUid KpaiHd 3
MOTJISATY KypCy €BpPOIHTETpallii.

JepkaBHa cUCTeMa MOHITOPHUHTY HaBKOJIMIIHBOTO CEPENOBHINA — I CHCTEMa
crocTepekeHHs, 300py, oOpoOku, mepenaui, 30epiranHs Ta aHamizy iHdopmaiii mpo craH
HaBKOJIMIIHBOTO CEpEeIOBUINA, TPOrHO3YBaHHS 11 3MiH Ta PO3POOKH HAYKOBO OOTPYHTOBAaHUX
peKOMEHIaIId A OPUHHATTS pilleHb MO0 3amo0iraHHs HEraTUBHUM 3MiHAM CTaHy
HaBKOJIMIIIHBOTO CEPEOBHUIIIA Ta TOTPHUMAHHS BUMOT €KOJIOTIYHOT O€3IeKH.

OcHOBHUMM IPOOJIEMaMU 1CHYOUOI CUCTEMH €KOJIOTTYHOI'O MOHITOPUHIY € HEBEJINKA
KUTBKICTh CTAaHIIA MOHITOPUHTY, SIKIi MAalOTh 3MOTY BUMIPIOBATH MOKA3HUKHU 3a0pyJAHEHHS 3
HeoOxiaHoI0 TouHicTI0. Hanpuknaa, no JHinpy Takux cranuiii aume yotupu. [leprn 3a Bee e
OB’ S13aHO 3 JOCTATHBHO BEIMKOIO BAPTICTIO TAKUX CTAHLIIH.

IcHytoua Ha JaHMIl MOMEHT JOCHTH BEJIMKa MepeXka CTaHIIl €KOMOHITOPUHIY, sKa
CTBOpPEHa aKTUBICTAMH, HE MOXKE BUMIpPIOBATH KOHIICHTpaLii 3a0pyAHIOIOUMX PEYOBHH 3
HEOOX1JTHOIO TOYHICTIO, aJie OKpeMI CTaHLii IPU I[bOMY MalOTh IOCUTh Mally BapTiCTh.

Hamu po3poOneHa cucremMa aBTOMAaTHYHOI'O BHUMIPIOBAHHS SIKOCTI aTMoc(epHOro
HOBITPS sIKa MOXKE BUMIPIOBAaTH OKa3HUKH 3a0pY/JHEHHS MOBITPS 3 JOCUTH BEJTMKOIO TOUHICTIO
1 IpY LIbOMY 3HAYHO JIEIIEBIIE ICHYIOUNX aHAJIOTIB.

Jiama3oH Ta moxuOka BUMIPIOBAHHS NapaMeTpiB, fKa BHUJA€ CHCTEMa HAaBEJCHI Yy
Tabi. 1.

Tabmus 1 TlapameTpu, sIKi BUMIPIOIOTBCSI CTBOPEHOIO CHCTEMOIO.

ITapametp Jiana3on IToxuoka
Temnepatypa | 0 ... 65°C +1.00 °C
20... 0°C +1.25°C
-40 ...-20°C £1.50 °C
Bosmoricts 0...100 % +3 %
Tuck 300 ... 1100 xI1a +1.7 xlla
Bumict PM2.5 | 0 ... 100 mxr/m® £10 mMxr/m
100 ... 500 mxr/m® | £10%
Bwmict PM10 | 0 ... 100 mxr/m® +10 mMrr/™m®
100 ... 500 mxr/m® +10%
Bwmict SO2 0...2000 ppb +10 ppb
Bwmict CO 0... 12500 ppb +100 ppb
Bwmict NO2 0...2000 ppb +10 ppb
Bwmict O3 0...2000 ppb +10 ppb

Jlnst BUMIpIOBaHHS BMICTY Ta30BUX CKJIQJIOBUX BUKOPHUCTOBYIOTHCS €JIEKTPOXIMIiUHI
JATYUKU TEPMiH CITY>KOH SIKUX 2 pokH. € MOXKIIMBICTD 3aMIHUTH OyAb-SKHI €1eKTPOXIMIUHUI

JATYNK KU Oy1e BuMiptoBaTu BMicT HoS.
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SAnpom BUMIprOBabHOI cucTeMu € cydacHuid ARM mikpokoHTposiep. Otpumani gaHi
30epiraroThest Ha SD KapTy Ta HaJACHIAIOTHCS 10 XMAPHOTO CXOBHIIA 3a fgoromoror GSM abo
WIFI 3B’s13ky st moganbiinoi o0poOku. KepyBaHHs cHCTEMOIO BiIOYBA€ETHCS 3a JOIMIOMOTOIO
Bluetooth. IcHye MOXIHMBICTh BH3HAUCHHS MiCLIE3HAXO/KEHHS CcTaHIi 3a gonomoroo GPS.
JKuBneHHs MPUCTPOIO BiIOYBAETHCS Bl MOCTIHHOT Hanpyru 12 B, ane MOXXIMBe BUKOPUCTaHHS
amantepa ~220 B =12 B. Takox B mpuctpiii BOyOBaHMI aKyMyJsTOp, SIKHH 3a0€31E€YUThH
Mparne31aTHICTh TPUCTPOIO MPHU BIACYTHOCTI 30BHIITHBOTO JKUBJICHHS HA Yac HE MEHIIUH HIX
8 rogun. Crig TakoX 3a3HAYMTH, IO PO3POOJICHHI MPHUCTPIH BIANOBITAE CTYMEHIO 3aXUCTY
IP53, m0 103B0OJIsI€E BUKOPUCTOBYBATH HOTO Ha BIIKPUTOMY IPOCTOPI.

BunpobyBanusi poOOTH po3po0ICHOI CUCTEMH BiOyBaslacs 3a JOIMOMOTOIO CTAHIIIHA
HEHTPY €KOJIOTTYHOr0 MOHITOpUHTY JIHimponeTpoBchKkoi obsacti (M. {ninpo) ta JIY «Iactutyt
rpomaacekoro 310poB’st imeni O.M. Mapseesa HAMHY» (M. KuiB). Anpobauis poboTtu
MoKa3aja, 10 MPUCTPIi BIAMOBiA€ yCiM 3asBJICHHUM BUMOTaM Ta HE MOCTYIMAETHCS HIIKUM
IHIIMM aHAJIOT1YHUM MPUCTPOSM MAIOUYH MPH IbOMY 3HAYHO HUKUY IIHY.

AUTOMATIC AIR QUALITTY SYSTEM MONAIR

I. Gomilko'?, M. Fesenko?®
10les Honchar Dnipro National University
“Noosphere Engineering School
3Institute of Transport Systems and Technologies of NAS of Ukraine
gomilko@ukr.net

An air quality assessment system has been developed. The developed system determines
the presence of the following harmful inclusions: NO2, Oz, CO, SOz, PM2.5, PM10. In addition,
the system measures temperature, humidity and pressure. Electrochemical sensors were used
as the main measuring elements.

Testing of the developed system showed that the device meets all the stated
requirements and is not inferior to any other similar devices.

JOCJIIKEHHA CKIHHEHHUX AHTEHHUX PEIHITOK

M. Iloranos, B. Marpo
JHinposcokuii nayionanehui yHieepcumem imeni Onecs [ onuapa
maks104p@gmail.com

Huni 3HayHa yBara npuainserses 1udpoBoMy (opMyBaHHIO MpoMeHs (Lu(ppoBOMY
JiarpaMOyTBOpPEHHIO 4M IMppoBoMy (OpPMYBaHHIO JiarpaMu CIpsSMOBaHOCTI aHTeHu). Lle
3YMOBJICHO THM, 110 Ha IIU(PpoBOMY (OpMYBaHHI IPOMEHs 0a3yeThCsl KOHLEMIiSI MOOLIBHOTO
3B'SI3KYy 4ETBEPTOro Ta I’ATOro nokoiiHb. L{udpose GpopmyBaHHS MpoMeHs peanizyeThbCs, K
BIJIOMO, 3a JIONOMOTOI0 IM(PPOBUX AaHTEHHUX PELITOK, B aHIJIOMOBHIN JiTeparypi
BHUKOPHUCTOBYEThCS TepMiH Smart-anteH ado Intelligent Antenna. OaHOO 13 CKJIaI0BUX TaKol
CHCTEMH € BHUIIPOMiHIOIOUYHMH npucTpiil. Cepen pi3HOMAHITTS KOHCTPYKIIM BHUIIPOMIHIOIOUHX
MIPUCTPOIB Oe3mepeuHy IepeBary MarTh CKIHUEHHI aHTEHHI PEIITKH Y BUTJISAL BIAKPUTHUX
KIHIIIB XBUJICBOJIIB. 3a3BUYall MPH aHANTi31 XBUJIEBOJHUX AHTEHHUX PENITOK 3aCTOCOBYIOTH
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MOJIeNIb HECKiHUeHHO1 pennTku. [IpoTe Takumii miaxig HE BpPaxoBYE KpalloBUX €(QeKTiB,
0COOJMBO B pEHIITKax 3 MAJOK KUIBKICTIO BHIIPOMIHIOIOUMX €JeMEHTIB. B CkiHUeHHHX
peliTKax Kl 3aCTOCOBYIOThCSI B CyYaCHUX CHCTeMax 3B’S13Ky HE0OXiTHO chopMyBaTH OAMH
TOJIOBHUH NMPOMIiHB, SIKHI OyJie CynpoBOIKYBaTH pyxomoro abonenTa. [Ipu oMy HeoOXinHO
3BECTH JI0O MIHIMYMY BHUIIPOMIHIOBaHHs y OIYHUX MemtocTKax. JlaHa 3amaya peamizyeTbes
BUOOPOM pO3MipiB XBUJIEBOJY, 32 JOTMIOMOIOI0 PI3HOMAHITHUX Y3TO/DKYIOUHUX MPUCTPOIB IO
po3TamioBaHi MmoOnM3y amnepTypu pemiTku. [IpoTe B BiIOMHUX JiTepaTypHUX DKEpesax
BIJICYTHSI TIOBHA iH(oOpMallis CTOCOBHO CKIHYEHHUX XBWIJIEBOJHUX pemnitTok [1, 2]. Bce me
3YMOBIIIOE aKTyaJIbHICTh JAHOTO JOCIIIKEHHS.

[IpoBeneHO pO3paxyHOK XapaKTEPUCTUK JIIHIMHUX CKIHYCHHHX PEIIiTOK, IO MICTATh
TpH, I’SIThb Ta ciM eneMeHTiB. PosrmsHyTo Bumaaku ckanyBanHs B E- Ta H-mimomumnax
(puc. 1, 2).

0 150 300 (mm)

Puc. 1. CkiHyeHHa aHTeHHA pelliTKa WO ckaHye B E-nuiomuni

Po3paxyHOK aHTEHHOT pEIITKH TMPOBEACHO METOJOM KIHIICBUX €JIEMEHTIB B
TPUBHMMIPHIH OCTAHOBLI, 1110 Peai30BaHUi B YaCTOTHIN 001aCTi. U1 pO3paxyHKY MOBEAIHKH
€JIEKTPOMAarHiTHUX IOJIIB Ha JOBUIbHIA reoMeTpii 13 3aJJaHMMH BIACTUBOCTSAMU MaTepiajliB.

Y

0 150 300 (mm)

Puc. 2. CxinyeHHa aHTeHHA pelliTka Mo ckanye B H-mommui

OTpuMaHO 3aJIeKHOCTI MO I Koe(imieHTa BIIOUTTS BiJ] KyTa CKaHYBaHHS JJIS PI3HUX
PO3MipiB XBUJIEBOY, TOBIIMHU CIUIBHOI CTIHKH Ta BiJ] KUIBKOCTI BUIIPOMIHIOIOUHX €JIEMEHTIB
B penrniTii. Jlocmipkeno kpaiioBi eeKTH B CKIHUCHHIN PETiTII.
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[1] Balanis C.A., loannides P.I. Introduction to smart antennas. New York: Morgan&Claypool.
(2007). 175 p.

[2] Tomasic B., Hessel A. Analysis of finite array — a new approach. IEEE Transaction on
antennas and propagations. Vol. 47. (1999). P. 555-565.

INVESTIGATION OF FINITE ANTENNA ARRAYS

M. Potapov, V. Magro
Oles Honchar Dnipro National University
maks104p@gmail.com

The problem of diffraction of an electromagnetic wave on a finite waveguide phased
antenna array is considered. The calculation of the finite linear antenna arrays scanning in the
E- and H-planes has been performed.

A numerical study of the dependence of the modulus of the reflection coefficient of the
incident wave on the scanning angle has been carried out.

ABTOMATU30BAHUM KOMILJIEKC JJ151 JOCJIAXKEHHA
TA30YYTJIMBUX BJIACTUBOCTEH CEHCOPIB
PE3UCTUBHOI'O TUITY

/. CaB4enko, I. 'omisiko
Jninposecoxuii hayionanvruti yHieepcumem imeni Onecs [ onuapa
sava777cool@gmail.com

[Ipu pociijkeHi pi3HOMAHITHUX Ta304yTJIMBUX CEHCOpPIB BHUHHUKAe MOTpeda
JOCTI)KYBaTH OJUH 1 TOM caMuUil CEHCOp 3 PI3HUMU CXEMaMU MIJKIIOYEHHS, PI3HUMHU
TeMIIepaTypaMi OTOYYIOYOr0 CEpEIOBUINA, KOHIEHTpallli rasiB, Tomo. BumiproBaHHs
MOKAa3HHUKIB PE3UCTUBHUX CEHCOPIB BUKOHYETHCS MO CXEMI AUIbHUKA HANpyTH, ane B Takid
CXEMI € MOXJIMBICTD MIJKIIOYUTH CEHCOP MIJIKJIIOUUTH SIK B BEpXHbOMY I1JI€Ul AUIbHHUKA TaK 1 B
HIDKHBOMY Tutedi. TakuM 4MHOM, MM MO>KEMO OTPHUMATH Pi3HI pe3yJIbTaTH, Ki MOXKYTh JAyXKe
CHJIBHO BiJIPI3HATUCS OJMH BiJl OJHOTO.

[Ipomec mocmigy ceHcopis, siki Oyiu BiIiOpaHi, SIK HAMBIMOBIHIII O HAIIUX BUMOT,
CKJIaJIaBCsl 3 HACTYITHUX Jii:

1. BcraHoBIIEHHS CEHCOpa Ha IUIaTy BUMIPIOBATBHOTO KOMILICKCY.

2. BcTaHOBJIGHHS TUIATH B KaMEpy peakTopa.

3. [omaya mocnigHOTO ra3y HEOOXiMHOT KOHIIEHTpALlIl B Kamepy.

4. dikcyBaHHS 1 3aIUC OTPUMAHUX JAHUX 3 JTOCTITHOI YCTAaHOBKH.

5. 3aMmiHa gaTumka.

Bei mi gii HeoOXiHO BHKOHYBATH KOXKEH pa3, KOJM HEOOXITHO 3aMiHHTU CXEMY
BHUMIPIOBAHHS, 3aMIHUTH PE3UCTOP 1HIIOTO HOMIHAITY Ta 1HIIE.

Tox ans onTuMizamii mpouecy JOCHIKEHHS, BHUMIPIOBAJILHUI KOMIUIEKC OYB
pO31IeHNH Ha Tpu yacTUHU. [laTy Ha Ky MOHTYIOTBCSI CEHCOP 3 HEOOXIJHUMHM MaCUBHUMHU
Ta aKTUBHUMHU KoMrioHeHTaMu (puc. la). [IpomixkHa 1urata MK POILIECOPHOIO 1 TUIATOO 3
CEHCOpOM, Ha IIiil TUIaTi BCTAHOBJIEHO TEMIEpaTypHUH CEHCOp 1 (UIBTPYIOYl €leMEeHTH
(puc. 16). Ta mpouecopHa 1iara, ska 3’€qHaHa 3 MONEPEAHBOI0 THYYKUM JPOTOM, IS TjIaTa
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00po0JIsie OTpUMaHHI CUTHAJHW, MICIS 4YOTO Tepenae AaHi Ha KOMITIOTEp I MOJIbIIOT
00poOku (puc. 1B).

ABTOMAaTH3aIlisl YCTAHOBKU TIOJSTAE B TOMY, IO 3aBISKH JOCTATHHO IIBUAKOMY 1
MOTYKHOMY MiKpOKOHTpOJIepy cepii STM32-FI103RET6, MoxHa OZHOYACHO IPOBOJUTH
06p061<y CHTHAJIIB 3 CEHCOPA, KepyBaTH nigirpiBomMm ceHcopa, CIIIIKYBaTH 3a TEMIIEPATypPOIO B
peaKTop1 Ta TepesaBaTy OTpPHMaHi pe3yJIbTaTH 0 KoMIl toTepa. st Toro mob He p03p06ﬂﬁm
JIBI CXeMH JIJIs1 AOCIIIJIKEHHSI CeHcopa, OyJia onpalboBaHa Ta BUKOPHUCTaHA CXeMa 3 JeKIJIbKOX
MOJILOBUX TPAH3UCTOPIB CcTpyKTypu p-channel MOSFET, ski 3a0e3nedyroTh MepeMHUKaHHS
CeHcOopa Ta €JEMEHTIB JKUBJIEHHS. 3aBISKM YOMY MOXKHAa BHKOPUCTOBYBATHU CXEMY
M1JKII0YEHHS CEHCOpa SIK B BEpXHbOMY TaK 1 B HYKHBOMY ILJIEYaX CXEMH JUIbHUKA HAIIPYyTHd Ha
OJIHI{ TUTATI HE 3aJIe)KHO BiJI TOTO SKHI cCaMe CEHCOp BCTAHOBIEHO. Takox TeopeTudHa MOJICTh
PO3paxyHKYy, JIJIsl OMOPHOTO PE3UCTOpa Jlajia 3MOTY MiIi0paTh pe3ucTopH, K1 MPalol0Th B yCiX
Jianma3zoHax JOCIIDKYBAaHMX CEHCOPiB. Ta 3 BUKOPHCTAHHSM CXEMH Ha TPAH3UCTOpaxX MU
OTPUMAJTH 3MOTY 3MIHIOBATH HOMIHAJIM PE3UCTOPIB HE BUHMAIOUYH CEHCOP 3 PEKTOpa.

Tak Ha mepuInii NorjsiA CKIaJHa cucTeMa Jlaina 3MOTY TOCIHiKyBaTH OIUH CEHCOp 3a
pa3 3 ypaxyBaHHSIM YCiX MOXJIMBHX BHUIIAJKIB B paMKax OIHOTO ekcrepuMmeHty. Lle myxe
CWJIBHO MPUILIBUIIINIIO MIPOLEC TOCHTIIKEHHS ra309yTIIMBUX BIACTUBOCTEH CEHCOPIB.

Puc. 1. Cxi1aoBi 4acTHHH aBTOMATH30BAHOI0 KOMILICKCY /IS JOCJTiKeHHS Ta309yTIHBUX
BJIACTUBOCTEl CEHCOPIB: a - IJIATa 3 CEHCOPOM, 0 - NPOMiXKHA IJ1aTa 3 TeMIepaTyPpHUM CEHCOPOM, B -
NMPpOLECOPHA IJIaTa.

AUTOMATED COMPLEX FOR RESEARCH OF GAS
SENSITIVE PROPERIES OF RESISTIVE TYPE SENSORS

D. Savchenko, I. Gomilko
Oles Honchar Dnipro National University
sava777cool@gmail.com

When studying various gas-sensitive sensors, there is a need to study the same sensor
with different connection schemes, different ambient temperatures, gas concentrations, and so
on.
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Therefore, to optimize the research process, the measuring complex was divided into
three parts. The board on which the sensor is mounted with the necessary passive and active
components. Intermediate board between the processor and the board with the sensor, this board
has a temperature sensor and filter elements. And the processor board, which is connected to
the previous board's flexible wire, processes the received signals, and then transmits the data to
a computer for further processing.

PO3POBKA MIKPOKOHTPOJIEPHOI'O ITPUCTPOIO JIA
ABTOMATHYHOI'O AJAIITUBHOI'O HAJTIAIITYBAHHA
AHTEH Y PEAJIBHOMY YACI

I. IIpokonenko, /I. YepHeTueHKO
Jninposecoxuii hayionanvruti ynieepcumem imeni Onecs I onuapa
ivanprokopenko567@gmail.com

JlocsiTHEHHS Cy4acHOI MIKPOEJIEKTPOHIKM Ta MIKPOKOHTPOJIEPHOI TEXHIKH O3BOJIMIN
3HAYHO MOJIETIIAaTH BUKOHAHHA 3ajlad aBTOMaTu3allii y 6araTbox rajgy3sx HayKd Ta TEXHIKH.
3aBISIKH TOMY, 110 B MIKPOKOHTPOJIEpPI pealli3yBal i/1et0 00'€IHATH MPOLECCOpP, ONEPATUBHY
nam'saTh, MaM'siTh TMOCTIMHOTO 30€piraHHs, a TAaKOX IHIIY mepedepiro B cepeauHi OTHOTO
KOPIYCY, 1€ JI03BOJIUIIO pOOUTH Jy’Ke €HeproePeKTUBHI Ta KOMITAKTHI CHCTEMH KepyBaHHs [1].

CporogHi MIKpOKOHTPOJIEPH 3aCTOCOBYIOTHCS 3ayacTilie y BOYJOBaHHMX cHCTEMax
TaKUX SK CTaHK{, JOMAIIHS TEeXHIKa, CHUCTEMH aBTOMATOYHMIO YIPABIiHHS, TOILO.
[TomynsipHicTIO KOpUCTYIOThCS 8-0iTHI MikpokoHTposiepu PIC ¢ipmu Microchip Technology
ta AVR ¢ipmu Atmel, 16-6itoBi MSP430 ¢ipmu TI, a Takox 32-6iTOBI MIKPOKOHTPOJIEPH,
apxitektypu ARM, siky po3po0isie pipma ARM Limited.

Jly’)ke BaXJIMBOIO Ta AaKTyaJbHOIO 3a/1aY€l0 B TEJIIEKOMYHIKAIIHHUX CUCTEMax Ta
Mepekax MOCTa€E MUTAHHS SIKOCTI MpUHOMY Ta Mepenadi CUTHajiiB. SIK IpaBUIIO, 3 METOIO
MOKpAIIEHHS SKOCTI Iepefadl CHUrHally MOXKHa BUKOPHUCTOBYBaTH AaKTyaTOPHI CUCTEMH
HiANAIITYBaHHS aHTEHH, 32 JIOTIOMOT'0I0 SIKOi TPAHCIIOEThCS KOPUCHUH curHail. Onuparduch
Ha MO>KJIMBOCTI SIK1 Ha/la€ MIKPOKOHTPOJIED, a 1€ HacaMIepe/, IBUIKICTh pOOOTH, TOUHICTh Ta
pocToTa peainizaiii, iloro Oyno oOpaHO $K TOJOBHUN €JIEMEHT KEpyBaHHS CHUCTEMOIO
HaJIAIITyBaHHS aHTCH.

VYnpaBiaiHHS aHTEHOI0 CHCTEMOIO Iepejadi JaHuX OyJo peanizoBaHO 3a J0MOMOTO0
MikpokoHTpoiepy ATmega328A ta mporpaMHo-amapaTHOro Moaysst mpoekTyBaHHsS Arduino
UNO. KepyBaHHsI Ta HalalTyBaHH MIKPOKOHTPOJIEPHOT'O MOTYJIS BiZIOyBa€ThCS AUCTAHIIIMHO
3a ormoMoror 0OesmpoBooBoro moayis Wi-Fi ESP8266 Ta opuriHaabHOro po3po0iieHOro
MOOLITBHOTO J0JAaTKy st MOOLThHMX omepariiaux cucrem Android Tta i0s. Po3pob6ieHo
BOyZIOBaHE TpoTrpaMHe 3a0e3NedeHHs Ui TOJIOBHOTO MIKPOKOHTPOJIEPY CHCTEMH Ha MOBI
nporpamyBaHHs C++.

Po3pobnennii MOOLTBHUN /101aTOK MOXKHA PO3JIUIMTH HA JBa BEIMKI apXITEKTYpHI
omoku - e front-i back-end [2]. BignosigHo no wactuau Front-end BXOIATh KOMIOHEHTH Ta
OMIIii MporpaMu, 3 KO B3a€EMOJIE KOPUCTyBad. B ToMy uucii, maHeias BHOOpY, mamoop,
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HaJAlITYBaHHS ONIIA aHTEHW Ta BIMOOpaKEHHS MOTOYHUX IapaMEeTpiB CHUTHAIY, IO
nepenaerscs. Back-end — ne cepBepHa 4acTHHa, sika BUKOHYE (YHKIIIO OTPHUMAaHHS JaHUX,
30epiranHs Ta nepeaadi Ha front-end.

Wi-Fi (Wireless Fidelity) ne po3po6nenuii 06'ennanasism WECA na 6a3i IEEE 802.11
CTaHJAPT MUPOKOCMYTOBOI 0€3IpOTOBOT Mepexki. 3a HOro JONOMOTOK KOPHCTYBad OTPUMYE
BHCOKOIIIBUJIKICHUH JOCTYIT A0 mpuctporo 3i cramionapHoro IIK, cmaptdona abo iHmoro
MEPEHOCHOr0 amapara 0e3 HEOOXITHOCTI BHKOPUCTAHHS IMPOBOJOBOTO 3’e€qHaHHS. Jls
3a0e3neueHHs O6e3neKu 6e3MpoBOI0BOTI Mepeki BUKOPUCTOBYEThCST WPA2 [3].

Po3pobnennii  MOOINBHUI  TOJATOK  JO3BOJIE KEPYyBaTH MIKPOKOHTPOJIEPHUM
NPUCTPOEM, SIKUH B CBOIO UEPT'y B3a€MOJIIE 3 TOBOPOTHOIO CUCTEMOIO Ta HAIIPABIISATH AaHTCHH B
3aJJaHOMY HAIPSIMKY. MIKpOKOHTPOJIEPHUI MPHUCTPild MPAIOE B IBOX PEKUMAX: PYYHOMY Ta
aBToMaTHYHOMY. [IpH poOOTi B aBTOMAaTHYHOMY PEXKHUMI MIKPOKOHTPOJIEP B PEXKUMI PEaTbHOTO
Yyacy 34YMTY€ 3HAYEHHS NOTY>KHOCTI CHUTHAy, Ta BHKOHYE KalliOpyBaHHS 3a JIOTIOMOTOIO
aKyaTOPHOTO MIOBOPOTHOTO MEXaHI3MY JUISl JTOCSTHEHHS MaKCHUMAaJIbHOI MOTY>KHOCTI CUTHAITY.
[TporpaMHe miAyalITYyBaHHS TIiJi CHTHAJI BiIOyBaeThCs 3a jgomomoror amropurmy I11J]-
perynsitopa. e 103BosIsi€ 13 MaKCUMAIIbHOKO TOYHICTIO, IIBUJIKO Ta CTAOUIBHO MiATPUMYBATH
MaKCHUMAaJIbHUIA piBEHb MpUHOMYy curHainy. [IoBOpOTHHMI MeXaHi3M aHTCHHM peali3oBaHO 3a
JIOTTIOMOT'O}0 CHUCTEMH IIIarOBUX JABHUTYHIB, SIKi JIO3BOJISIIOTH HAAIITYBATH OPIEHTAIIII0 AaHTCHH Y
POCTOPOBUX KOOPAWHATAX.

Byno mokaszaHo, mo peanizoBaHa MIKpPOKOHTPOJIEPHA CHUCTEMa aBTOMATH3allli Mae
3HAYHI TepeBard Nepe] pyYHHM HaJallTyBaHHSAM, OCKUIbKH BuKopucTanHs [IIJ] perysmsmii
JIOBOJISIE MaKCHUMAaJIbHO MIBHJIKO pearyBaTH Ha BiJIXWICHHS NapaMeTpiB NMpuUAoOMYy-Tiepenadi
CUTHAJIIB B PeaJbHOMY 4acl.

[1] YTo Takoe MHKPOKOHTPOJLIEPHI - Ha3HAUYEHHUE, YCTPOoHcTBO, codT [EnekTponuuii pecypc].
Pexum nmoctymy: http://electrik.info/main/automation/549-chto-takoe-mikrokontrollery-
naznachenie-ustroystvo-princip-raboty-soft.html .

[2] Yro Takoe mobmibHOE nprioxenue [EnekTponnuii pecypc]. Peskum goctymy:
https://www.calltouch.ru/glossary/chto-takoe-mobilnoe-prilozhenie-i-zachem-ono-
mozhet-potrebovatsya/ .

[3] Yro Takoe Wi-Fi? [Enextponnuii pecypc]. Pexxum moctymy: http://ipkey.com.ua/faq/463-
what-is-wi-fi.html .

DEVELOPMENT OF A MICROCONTROLLER DEVICE FOR
AUTOMATIC ADAPTIVE REAL-TIME ANTENNA TUNING

I. Prokopenko, D. Chernetchenko
Oles Honchar Dnipro National University
ivanprokopenko567@gmail.com

A microcontroller is a special microchip designed to operate various electronic devices.
Microcontrollers first appeared in the same year as general-purpose microprocessors. Taking
into account the capabilities provided by the microcontroller, it was chosen as the major element
of controlling of the antenna tuning system.

Such a system will be controlled remotely due to a self-written mobile application and
Wi-Fi technology. The mobile application will allow controlling a microcontroller device,
which in turn will interact with the rotary system and direct the antennas in a given direction.
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ONTUMIBALIA NPOITYCKHOI 3JATHOCTI
KAHAJIIB IEPEJAYI BATATOBUMIPHUX
TEJEKOMYHIKAIIMHUX CUT'HAJIIB

B. KopunHcbKkHni

J[Hinposcokuil Hayionanehuu yHieepcumem imeni Oneca [ onuapa
korchins50k@i.ua

Po3risinaroTbest AUCKPETU30BaHI TEICKOMYHIKAIIIMHI CUTHAIM, SKi CKIanaroThes 3 K ix
peamizamiii. Sk Bimomo, mponyckHa 3AaTHICTh C JTOBUIBHOTO TEJIEKOMYHIKAI[IHHOTO KaHATY
nepenadi Bu3HayaeThes Teopemoro llennona-Xaptii [1, 2]:

S
C=W-lo 1 ) 1
gz(+No'Wj ()

IS W - U pHUuHa YaCTOTHOHM Y4acTOTHOIL CMYTH IIPOITYCKaHHA KaHally, S - CCPCAHA HOTY)KHiCTB

iH(bOpMaTI/IBHOFO CUrHaly, NO — CIICKTpaJibHa H_IiJ'IBHiCTL KaHaJIbHOI'O IIyMY. 3 HaBCIACHOI'O

CHIBBIJHOIICHHS BUIUIMBAE, IO 3MEHIIECHHS CMYTHM YaCTOTHOTO CHEKTPY CHUTHAIy BeAe 0
301IBIIEHHS IPOITYCKHOI 3[aTHOCTI KaHATy TIepeiadi i THM CaMUM — 10 30UIbIIICHHS IIBUAKOCTI
nepeaayi 1aHux. 3BY)KEHHsI YaCTOTHOI CMYTH CHTHAITy MOKe OyTH peaii3oBaHe IUIIXOM HOTro
KOMIIpecii (CTHCHEHHS).

VY nauiii po6OTI IPONOHYETHCS METO]T 301IbIIIEHHSI MAKCUMAJIBHOI IIBUIKOCTI Mepeaayi
(IpOIYCKHO1 3JaTHOCT]) 0araTOBUMIpHUX CUTHANIB, SIKUH 0a3yeThCcs Ha iX KOMIpecii.

VYci icHyro4l METoAu KOMIpecii CUTHalliB 3 YaCTKOBOKO BTPATOI 1H(GOPMATHBHOCTI
0a3yloThCsl Ha IX pO3KiIagax 3a MOBHUMU (YHKLIIOHAJBHUMU OazucaMu 3 HACTyIHUM
OOHYJICHHSM YacCTMHU KOeQili€HTIB po3kiany. Y naHiii poOoTi 3a kpurepii OoOHYJIEHHS
NPUMHATI 3aJlaHe BIHOIIEHHS €Heprii KOMIPECOBAHOTO Ta MEPBUHHOTO CUTHAIB Ta 3ajjaHe
BIJTHOILIEHHS] EHEPreTUYHUX 1H(QOpMaLIfHUX €HTPOMIHM LIUX CUTHAJIIB.

BararoBuMmipHUIl TUCKPETH30BaHWH CHUTHAJ MOJIAHO Y BUTJISII IBOBUMIPHOTO MacHBY

(1) (2) (k) e . I N
G Nk :[xerXle’-“'Xle , 1e N — KiIbKiCTh BITIKIB cUrHaNMy, K — KUIBKICTh HOTO
peaizaliii; CTOBIII MOJAIOTh BIIJIIKM OKpeMux peamizaumid.  Lleil MacuB po3risiaemo sk
KOHKATEHAIli0 10 CTOBMIIX K BEKTOpIB xﬂ), =LK, 3ix mactymHor opToronamisariero.

. .y : k
Jani 3a1iCHIOETBCS PO3KIIaJl BEKTOPIB x(N >)<1 10 33/1aHOMY JUCKPETHOMY OPTOHOPMOBAHOMY

) ) .. (k) (k)
0a3ucy y BIAMOBITHOCTI 13 3arajJbHUM BHPA30OM XN><1 = ch “Up,
n
3HavYeHHS 1HJIEKCY, TMOYMHAIOUM 3 SKOTO 3JIMCHIOETHCA OOHYNIHHS KOoe(]iIlieHTIB
HaBEJIEHOTO PO3KJIaly Cgk) BH3HAUEHI1 K PO3B’SI30K JBOKPHUTEPIATBHOI ONTUMI3aIifHOT 331241

MiHIMi3allii BIIHOIIEHb €HEeprii Ta eHepreTUYHOoi 1H(OpMaLIHHOT eHTPOITIi CKOMIIPECOBAHOTO
CUTHAIIy 70 BIAMOBIJIHUX 3HaU€Hb BUXIJTHOT'O CUTHATY 32 MAaKCUMAaJIbHOTO 3HAYEHHS 1HJEKCY
CTPYKTYPHOI CXOKOCT1 Y BIAIOBITHOCTI 3 HOTO 03HaueHHs y poOoTi [9].

B pesynprarti hopmyeTbes HoOBa MHOKHHA KOS(DIIIEHTIB gnk 3a IKUMH B1THOBJTIOIOThCS

CKOMIIPECOBaH1 BEKTOPH x(l\ll)xl = Zggk) “Up :
n

[TokazaHo, 110 TPOMOHOBAHUN MeTOA 3abe3nedye 3BY)KEHHS YaCTOTHOTO CIIEKTPY
CKOMIIPECOBAaHMX CHUTHAJIIB, 30UIBIIYIOYM BHACTIJOK I[bOTO MPONYCKHY 3JaTHICTh KaHATy
nepeaayi Ta 301TbIIEHHS CTIHKOCTI 10 KaHaBbHOTO 1rymy. [IpennoskeHHbIi METo/ ] pealn30BaHO
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Ha OCHOBI HHU3KM JWCKPETHUX (YHKIIOHATHHUX Oa3uciB: Yommra, Xaapa, Xaptiw,
JUCKPETHOTO KOCHHYCHOTO TIPeoOpa3oBaHUSI. [x 3icraBmeHHs mOKa3ano HAWGITBIIY
e(eKTUBHICTD 32 3a3HAYCHUMH KPUTEPISIMHU AUCKPETHOTO (PYHKI[IOHAIBHOTO Oa3ucy XapTiii.

Merton onpo6oBaHo Ha CdMa — cUrHajax 3a BUKOPUCTAHHS aJPECHUX MOCIII0BHOCTEH
Yomma 1 — 64 nopsiakis. BcranoieHo, mo o0csr iHgopmaltii, oo nepesaeTbesi, 3MEHITYEThCS
y 3 — 5 pa3u npu 30UTBIICHHI MPOMMYCKHOI 31aTHOCTI KaHamy Bif 7 % mo 13%. [Ipu mpomy
CTYMiHb 3MEHIICHHS 00CATY JIaHUX TIepeadl 1 BIAMOBIAHO 301JIbIIEHHS IMPOMYCKHOT 3/JaTHOCTI
MaroTh TCHJICHIIIIO IO cTa01Ti3amil 13 MiABUIIEHHSIM IMOPSAIKY aApECHOI MOCIIiI0BHOCTI.

[1] Kpyxmanes B.B., T'opauenko B.H., MouenoB A.Jl. IludpoBbie CHUCTEMBI Mpeaaym.
M:T"opstuast muaus — Tenekom (2007), 352 c.

[2] Kinumarmr M .M., Temimok B.O., Muxaiinenna I1.M. TexHosorii 6€3mpoBiaHOTO 3B’SI3Ky.
JIbBiB: JIbBiBChKa momiTexHika. (2007). 818 c.

[3] Wang Z.. Bovik A.K. Sheikh H.R.. Simoncelli E.R. Image Quality Assessment: From Error
Visibility to Structural Similarity. IEEE Transactions on Image Processing, VVol.15. (2004),
P. 600-612.

BANDWIDTH OPTIMIZATION OF MULTIDIMENSIONAL
TELECOMMUNICATION SIGNALS TRANSMISSION
CHANNELS

V. Korchynskyj
Oles Honchar Dnipro National University
korchins50k@i.ua

A method is proposed for increasing the maximum transmission rate (throughput) of the
multidimensional telecommunication signals. The method is based on the compression of such
signals, optimized according to the criteria for maximizing the stored energy and energy
Compression is carried out on the basis of signal expansions on full functional bases, zeroing
out a part of the expansion coefficients and subsequent signal restoration.

XAPAKTEPUCTUKHU AKOCTI HEPEJAYI JAHUX Y
TEJEKOMYHIKAINIHUX CUCTEMAX 3 CAMOINOAIBHUM
TPA®IKOM

I. Ko3aps, B. Kopuuncskuii, O. Haropumii
/ninpoecoxuii HayionanvHuti ynieepcumem imeni Onecs I onuapa
i.Lkozar97@gmail.com, korchins50k@i.ua, nahornos@ukr.net

[Ipu  aHamizi  mpoleciB  TepeaaBaHHsS  TPaH3aKTIB y  OaraTokaHaJIbHHUX
TEJIEKOMYHIKAIIMHUX CUCTeMaX TPAAUIIIMHO MPHUIMAETHCSA, 10 WMOBIPHICTh HAAXOKEHHS
TpaH3aKTy HE 3aJeXUTh BlJl MOMEPEIHBOrO iX HAIXOMKEHHS (BIACYTHICTh MICIAALI), a
CTaTUCTHYHUM PO3MOJUI JUHAMIKM BXIJHOTO IOTOKY TPAH3aKTiB Ma€ EKCIOHCHIIaJbHHUN
xapaktep (ommcyerbesi posmomaiioM Ilyaccona) [1]. Taka crporieHa Mojeidb HeaJaeKBaTHa
peaslbHUM TIpollecaM TepefaBaHHs, SIKI XapaKTePU3YIOThCS HASBHICTIO JOBTOTPUBAION
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3JIEKHOCT1 1HTEHCHBHOCTI HABAaHTAXCHHS TEJIECKOMYHIKAIIIMHOX CHCTEMH 1 MOXYTb OyTH
OIMCaHI YaCOBUMH PSJIAMHU C CAMOIIOII0OHOI0 TUHAMIKOO [2].

VY naniif poOOTI MPONMOHYETHCS METOJT BU3HAUEHHS HU3KH TTOKA3HHKIB SKOCTI Iepeaayi
TPaH3aKTIB Yy OJHOCEPBEPHHX TEIEKOMYHIKAI[IHHUX CHCTEMax 3 CaMOMOJIOHUM
(bpaktaneauM) TpadikoM. OCHOBHHUM IapaMeTpOM, SKHH BCTAHOBIIIOE CTYyMiHb
caMonoiOHOCTI Oy/Ib-SIKOTO 4acoBOro psny (abo ii BiaCYTHOCTI), € MOKAa3HUK XepcTa, KUK

BH3HA4Ya€MO Ha OCHOBI HCpiOI[OFpaMI/I IIponeCcy HAAXOPKECHHSA TpaHSaKTiB
2

1 N jko
W(a))_ﬁ-kz_:lx(k)-e ,

ne N — KUTbKICTh BIJUTIKIB YaCOBOTO PALY 31 3HAYCHHSIMU X(k). OOGuwnciroBagbHa peajizaris

nepioiorpaMu 3idcHoBaIacs 3a MeTozoM Yemda [3]. CTaTUCTUYHI XapaKTePUCTUKH YaCOBOTO
psiy omucyBasucs posmoisiom [Tapero.

[Toka3nuk Xepcra BH3HAUEHO SIK TAHTCHC KyTa HAXWIy 3aJICKHOCTI IogW(a)) BiJ
log w, moanoi i mpsiMoro perpecii.

3Ha4YeHHsT OCHOBHHX TOKa3HHUKIB SKOCTI mepenavi JaHuxX (CEpeaHbol JOBXKHHU Yepru
TPaH3aKTIB Ta CEPEIHHOTO Yacy OWIKYyBaHHS Mepeiadl) BU3HAYAIKCS LUISIXOM IMITaliiftHOTO
MoJIeTIOBaHHs y cepenoBuii cuctemu GPSS: BcranoBneHo, 110 31 30UIBIICHHSIM ITOKa3HUKA
Xepcra cepeHs TOBKUHA YEPr'H, K i CepeTHhOro 4acy O4iKyBaHHS repeadi npu QikcoBaHii
KUTBKOCTI CepBepiB 301IbIIY€ETHCS MPUOIM3HO 32 eKCIIOHEHIIATBHOIO 3AJIEKHICTIO.

SIk mpukiIaq Ha puc. 1 MoIaHO 3aJIeKHICTh CePeAHbOT JOBKUHH YepTH Bif TpadiKy s
JIBOCEPBEPHOI TEIEKOMYHIKAIIHHOI CUCTEMHU TPH PI3HMX 3HAYCHHAX Mapamerpy Xepcra H
(cyuineHa kpuBa — H=0.6; mrpux-myHKTHpHa kpusa — H=0.65; mrpuxosa kpusa — H=0.7).

Otpumani pesynbTaTd 100pe Y3rO/UKYIOTBCS 3 TpaHHYHUM Bunaakom H=0.5
(BiACYTHICTH CaMOTIOIIOHOCT1).
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[1] JTosxkoBckuit A.I'. Teopust MaccoBOro oOCIy>KWBaHHs B TelekomMMmyHuKarusax. Omgecca:
OHAC um. A.T'.Ilonora (2012). 112 c.

[2] Hlenyxun O.U., Tenskmes A.M., Ocun A.B. MozenaupoBanue nH()OPMAIIMOHHBIX CHCTEM.
M.: Paguorexnuka (2005), 368 c.

[3] Cepruenxo A.b. [Tudposas obpadoTka curaanos. CI16: IIMTEP (2002). 608 c.

DATA QUALITY INDICATORS IN TELECOMMUNICATION
SYSTEMS WITH SELF-SIMILARITY TRAFFIC

I. Kozar, V. Korchynskyj, O. Nahorny
Oles Honchar Dnipro National University
i.kozar97@gmail.com, korchins50k@i.ua, nahornos@ukr.net

A method for determining a number of indicators of the quality of transactional
transmission in single-channel telecommunication systems with self-similarite traffic is
proposed. The method is based on the determination of the Hurst index based on the analysis
of spectrograms of time series describing the dynamics of the transaction receipt.
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MODELING OF EPR SPECTRUM OF ZnSe:Cr SINGLE
CRYSTALS

M. Hidulianov!, K. Lamonova?, S. Orel?, N. Kovalenko?, D. Savchenko?,

I. Ivanchenko?, N. Popenko?
10. Ya. Usikov Institute for Radiophysics and Electronics, National Academy of Sciences of
Ukraine
20. O. Galkin Donetsk Institute for Physics and Engineering, National Academy of Sciences
of Ukraine
3Institute for Single crystals National Academy of Sciences of Ukraine
*National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute
m.s.hidulianov@ukr.net

The work aims to study the mechanism of the EPR spectrum formation of ZnSe:Cr
single crystals with Cr concentration of about 3-10'® cm obtained by the Bridgman method
under excessive pressure of Ar. For that, a complex theoretical approach combining the semi-
empirical Modified Crystal Field Theory (MCFT) [1] and the DFT plane-wave computational
QUANTUM ESPRESSO code have been applied.

The EPR measurements were performed using the Bruker ELEXSYS EPR E580
spectrometer with ER 4122 SHQE SuperX High-Q cavity in the X-band (~9.4 GHz) within a
temperature range from 5 up to 150 K. The EPR spectra were simulated using the EasySpin
5.2.28 software package [2]. It was observed that the EPR spectra (Fig. 1a) consist of an intense
lines sextet with g ~ 2.005 and A ~ 6.5 mT due to hyperfine interaction with >*Mn nuclei (I =
5/2) caused by the Mn?* ions along with a broad line with a line-width of about 20 mT. The
latter changes its position and the intensity of magnetic resonance when temperature decreases.
At 5 K, the additional lines appear in the EPR spectrum of ZnSe:Cr. At the same time, we may
assign the broad line to the FMR.
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Fig. 1. The EPR spectrum in the ZnSe:Cr sample (B || [110]) obtained at T = 5 K (a); the angular
dependences measured at T =5 K (0 < ¢ 180°) (b); the resonance magnetic field position of the observed
EPR lines near @ = 90° ().
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The red solid line at the Fig. 1b and Fig. 1c shows the results of the EPR spectra
simulation of Cr?* ion (S = 2, | = 3/2) in ZnSe according to the literature data. The results of
modeling the EPR spectrum of the Cr?* ion (S = 2, | = 3/2) in ZnSe gives the following spin
Hamiltonian parameters: g. = 1.98, g = 1.961, D = -2.48 cm™, a = 0.02 cm™. The symmetry of
the center was taken as D2g. Thus, the lines appeared in the EPR spectrum at 5 K should be
related to Cr?* ions in ZnSe.

During doping, the chromium ions, as a rule, substitute the Zn?* ions and are located in
tetrahedral positions formed by Se?". The well-resolved symmetric lines with g =5.5, g = 2.8
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and g = 1.18 appear in the EPR spectrum at 5 K (Fig. 1a). To test the assumption about the
nature of the signal origin at g = 3.73, we calculated and graphed in Fig. 2c their integral and
inverse intensities depending on the temperature. Fig. 2c (insert) demonstrates three linear
portions with different slopes. Thus, there are three active magnetic subsystems (Cr, Fe, and
Mn), each of them gives its specific contribution to the EPR spectrum.
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Fig. 2. (a) Decomposition of Cr luminescence spectrum (b) The MCFT calculations of the electron levels of
Cr?*, which is located in the tetrahedral [CrSes] complex. The °D term splitting due to the low-symmetry
distortions caused by Cr doping depending on Zes. (¢) The temperature dependence of the line intensity
calculated as a square under the curve.

To calculate g-factors of the Cr?* ions located in the [CrSes] tetrahedral coordination
complex by the MCFT, we need to define the value of Zes for Cr?* in the sample. For this
purpose, we used the luminescence spectrum obtained from the ZnSe:Cr sample under test (Fig.
2a). Since Cr?* is a 3d* ion with the ground °D term, it is reasonable to decompose the
luminescence spectrum using only three lines. That's because the °D splits into a doublet and
triplet (°D — °T2 +°E) by a cubic crystal field. We calculated the energy levels of the [CrSeq]
coordination complex depending on Zes (Fig. 2b). It was revealed that the transitions from Eog
to T1, T2 and Tz occurs in the range of 5.88 < Zef < 5.94.

Using the MCFT and coordinates of the [Cr?*Se4] coordination complex, we found that
the experimental series of g-factors can be reached if the Qs = 0.023 A. Thus, the EPR signals
with g=5.5, g = 3.73, g = 2.8, and g = 1.18 originate from the Cr?" ion being in tetrahedral
coordination complex, which experiences predominantly rhombic (Jahn-Teller) distortions of
the Qs-type. In addition, the signal with g = 3.73 formed by the Fe?* ions is located in the
tetrahedral [FeSes] coordination complex.

The six manganese lines appear in the centre of the EPR spectrum and correspond to
Mn?* ions replacing the Zn ions in the tetrahedral positions. Given that the ionic radius of Mn?*
in four-fold coordination is slightly more than Zn?* has, Mn?* undergoes weak pressure from
Se ions. As a result, the tetrahedral field enhances and causes a deviation of the experimental
g-factor value of Mn?* (gexp ~ 2.005) from the g-factor for a free electron. The results of the
MCFT calculations based on geometry optimization data coincide with the experimental value
Jeale = 2.005 at Zer = 5.6175. At that the [MnO4] complex distortions are Q1 = 5-10° A, Q. =
3-10° A, and Q3 =2-10% A.

[1] K. V. Lamonova, S. M. Orel, Yu. G. Pashkevich, Modified Crystal Field Theory and its
Applications, Kyiv: Akademperiodyka, 2019, — 226 pages.

[2] Stoll S. and Schweiger A. EasySpin, a compre-hensive software package for spectral
simulation and analysis in EPR. J. Magn. Reson. 2006. 178, No 1. P. 42-55.
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ELECTRICAL PROPERTIES OF Ga;03; FILM DEPOSITED
ON Si POROUS SUBSTRATE

M. Derhachov?, V. Moiseienko?, O. Sushko?, V. Kidalov?,

I. Jankowska-Sumara®
10les Honchar Dnipro National University
2Berdyansk State Pedagogical University
3Faculty of Mathematics, Physics, and Technical Sciences, Pedagogical University of
Cracow, Polska
derhachov_mp@dnu.dp.ua

The scope of gallium oxide (Ga203) thin films and nanostructures is very broad: from
applying in high-temperature sensors, luminescent phosphors, and lithium batteries up to using
in solar cell as antireflection coating.

Thel20 nm Ga20s thin films were deposited on Si-porous substrates by rf magnetron
sputtering from a high-purity Ga>Os powder in an argon-oxygen atmosphere, with the following
thermal annealing at 1173 K in an air-resistance furnace for two hours. The admittance spectra
were obtained within a 20 Hz — 2 MHz frequency region by changing temperature from 313 K
to 623 K. The measurements were carried out in a dark chamber employing Agilent 4980A
LCR meter.

The results were analyzed by using electrical equivalent scheme, composed of two series
elements. The first was a parallel combination of resistance (R1) and capacitance (C). It was
used to model processes responsible for charge transfer inside grains (bulk) of Ga2Os. The
second part of the electrical equivalent scheme consisted of a parallel combination of resistance
(R2) and fractal capacity (CPE) (fig. 1). The CPE impedance was given by the equation Zcpe =
Qx(jo)™ where Q was the CPE element capacitance of the and o showed the degree of
deviation with respect to the “pure” capacitor. The second part of the scheme represented the
grain boundary region.

The values of all fitted parameters are listed in Table 1. The electrical conductivity was
calculated from the obtained fitting resistance values within a 483 K — 523 K range, and its
dependence of the reciprocal temperature can be well described by the Arrhenius relation oxT
= Axexp(-Ea/ksT) where Ea is a charge mobility activation energy (fig. 2). This testifies the
existence of activated conduction mechanism and allow us to estimate the values of Ez as equal
to 0.58 eV for grain (bulk) processes and 0.78 eV for the grain boundary processes. The first
value is quite correlated with literature data for bulk gallium oxide crystal.

Table 1. The values of fitted parameters at different temperatures

T (K) Ri (Q) C (F) Rz (Q) Q (F) a
483 3.95x10° 1.63x107° 6.53x10° 3.22x107° 0.7550
493 1.89x10° 1.02x107° 2.80x10° 3.86x107° 0.7490
503 1.58x10° 9.31x1071° 9.36x10° 3.36x107° 0.7419
513 6.03x10% 7.35%x1010 6.76x10° 5.80%x107° 0.7616
523 3.60x10% 5.12x10%0 2.39x10° 8.87x107° 0.7383
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Fig. 1. Nyquist plots as a function of temperature of annealed Ga:Os film deposited on Si-porous substrate
(inset electrical equivalent scheme)
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Fig. 2. Arrhenius plots for conductivity calculated from values of the modelling parameters (R1 and Rz)
with a linear fit for each dependence.
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OTPUMAHHSA HAHOKPUCTAJIIB TBEPIAUX CIIOJIYK
THUITY ZnxCdixS

0. KoBaJjienko, €. ILnaxriii, O. Xmesenko, B. CiiaBanii

Jninpoecoxuii HayionanvHuti yHieepcumem imeni Onecs I onuapa
khmelenko@ukr.net

B po6Goti mpoBeneHo mocmipkeHHs ¢Gi3MYHHX BiacTuBocTe HaHokpucTamiB (HK)
TBepAUX po3unHiB THIy ZNxCd1xS, siki Oyiam OTpHMaHi METOJOM CaMOIIOIIMPIOBAHOIO
Bucokoremrieparyproro cunresy (CBC) - [1]. Pentreno-mudpakmuonnuii ananiz (PJIA)
cnonyk (puc.l) Oymo mpoBeneHo Ha mudpaktomerpe JIPOH-2 3 BuKOpHCTaHHSM
BunpomiHoBanHsa Co K.
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Puc.1. Jani PJIA HK ZnxCdi4S (A — x=0, b — x=0.1, B — x=0.2, I' — x=0.3, ]I — x=0.4, E — x=0.5, 7K — x=0.6,
3 —x=0.7, K — x=0.8, JI — x=0.9) i mTpux-audpaxkrorpamu KyoiuHoi crpykrypu ZnS (M), rekcaronajabHoi
crpykrypu ZnS (H), ky6iunoi crpykrypu CdS (O) Ta rexcaronannbHoi crpykrypu CdS (IT)

Cunre3 HK tBepaux po3umniB ZnxCdixS ta ZnxCdixS: Mn Oyno mpoBeneHO B
KBapIIEBii ammyJi, BMIIIEHIH B TepPMETUYHUIN CTajeBHil peakTop. B amiyny 3aBaHTaxyBasin
MexaHigHo 3Mmimrani mopomku Zn, Cd i S, B34aTi y BimmoBimHux mponopiisx. [lomepeaHe
NepeMilllyBaHHS IIUXTH MPOBOIWIOCS 3 JOJABaHHSAM ETHJIOBOTO CHUPTY JUIS TONIMIICHHS
nporecy nepemimyBanHsa. CriBBigHOmEHHS MK KaTioHamMud Zn 1 Cd B mHMXTI NMPU 1IOMY
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XapaKTepu3yeTbcss mapaMmerpoM Xp. Ilicns cymku cywimn iHimiamis peakmii CHHTE3y
TIPOBOIMIIACS TEILIOBUM iMITyJIbcoM. Moro 3a6e3neuyBana HiXpoMOBa CITipalib, PO3TalIOBAHA y
BepxHiil yacTuni peakropa. CHHTE3 MPOBOAUBCS MpU aTMOChepHOMY TUCKY. PaHimie mo mii
texHosorii Hamu Oyiu orpuMani HK tBepaux po3unniB ZnSySeix [2].

Otpumani B pesyibrati CBC HK ZnxCdixS mpezacraBisuin co00K0 TOPOIIOK. 3a
naaumu PJIA B HK ZnxCdixS 3apeectpoBaHo ImiaBHHU pyx pediiekciB, M0 JTOBOIUTH PO
OTPUMAaHHS 3MIIIAHUX TBEPAUX po3unHiB. Takox criektpu PJIA pi3HHMX CKIafiB CBiI4aTh Mpo
Te, 1110 TapaMeTp notpiitaoro 3’eqranus HK ZnyCdixS X B CHHTE30BaHUX MMOPOIIKAX MA€E TaKe
K 3HAYCHHS, SIK 1 B CyMillli 7151 CHHTE3Y — Xp. [Ipu 11bOMy, TIEBHA BiAMIHHICT MiXK TapaMETPOM
X Ta Xp 3apeecTpoBaHa y mopoumikax 3i 3HaueHHsM Xp= 0.7 =+ 1. Lli nopouku
XapaKTepu3yBaJIMCS  ICTOTHUMM  BigMiHHOCTsSIMH 32  po3mipamu HK, crynenem
Mikpoaedopmariiii Ta CIiBBIIHOIMIEHHSIM MK KyOI4HOIO 1 TeKCaroHaJIbHOIO (pa3zamu.

CuHTE30BaHU# MOPOIIOK TBepauX po3urHiB ZNxCd1xS ckiamaBcs 3 MOMIKPUCTATIB 13
3MIIIAHOI0 KPUCTAIIYHOI CTPYKTYPOIO 1 cepelHiMU po3Mipamu 1 - 5 MKM, SIKi B CBOIO 4epry
cknamamics 3 HK. Ix posmipu 6ymu BusHadeni 3a metoaukoro Llleppepa i 3HaX0ummch A1 Xp
=0+0310.7+ 1 B mexax 60 £ 5 M, a ans mapamerpa Xp = 0.4 + 0.6 B mexxax 40 £ 5 M.
[Toni6bni po3mipum Oynmu wamu otpumani 1 mans  HK ZnSxSeix[3]. Ilpm mpomy B mux
HAHOTIOPOIIKaX, HaMu OyJI0 3apeecTpOoBaHO CTPUOKOMOMIOHY 3MiHY B CIIBBIJHOILIEHHI
rekcaroHasiabHoi i Ky6iuHoi a3 B HK ZnxCd1xS. Bona BinOyBasachk B ckianax 3 Xp = 0.4 + 0.6.
BcTaHoBiieHo, 110 31 3MEHIIICHHAM TapaMeTpa Xp, yacTka rekcaronanbhoi ¢asu B HK ZnyCd1-
xS 3pocTana, a KyOi4HOI BigmoBiAHO 3MeHImyBanach. Cmin 3a3Haunmtd, mo B HK CdS
rekcaroHaibHa ¢aza cyTTeBo nepebinbinye Kyoiuny ¢asy. Lle He € XxapakTepHOI pUCOIO IS
00'emuux kpucramis CdS.

[1] M.®. Bynansii, O.B. Kosamenko, O.C. Mopozos, O.B. Xwmenenko. Ilonyuenue
HAHOKPUCTANIOB ZnS METOAOM CaMOpaclpOCTPAHSIONIErOCs BBICOKOTEMIIEPATYpPHOTO
cunTte3a. JKypHan HaHO- Ta enekTpoHHoi pizuku. 2017, T.9, Ne 2. 02007

[21 0.B. Kosanenko, €.I'. Tlnaxtiii, O.B. Xwmenenko. JlocmiKeHHS  CIEKTpiB
doToMOMIHECIIeHITIT HaHOKPHUCTAJIB ZnSxSe1x:Mn, OTPUMaHUX METOI0M
CaMOIIOIIMPIOBAHOTO BHCOKOTEMIIEpaTypHOTro cUHTe3y. JKypHan HaHO- Ta €NeKTPOHHOI
¢izuxu. 2019, T.11, Ne 4. 04031(5cc)

[3] A.V. Kovalenko, Ye.G. Plakhtii, O.V. Khmelenko. The peculiarities of the properties of
ZnSxSe1.x nanocrystals obtained by self-propagating high-temperature synthesis. Functional
Materials. 2018, T.25, Ne 4. P. 665-669

PREPARATION OF NANOCYSTALS OF SOLID
COMPOUNDS OF ZnxCd1xS TYPE

O. Kovalenko, Ye. Plakhtii, O. Khmelenko, V.Slavnyi

Oles Honchar Dnipro National University
khmelenko@ukr.net

The study performed nanocrystals (NC) of solid solutions of ZnyCd1S type, which were
obtained by self-propagating high-temperature synthesis.

Their sizes were determined by the Scherrer method and were in the range of 40 + 60 +
5 nm. ZnxCdixS nanocrystals in all compositions were characterized by a mixed crystal
structure; the maximum proportion of the cubic phase was typical for compositions close to
ZnS, and the minimum one — for compositions close to CdS.
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AJI'OPUTM PO3PAXYHKY KIHETUKHU TEMIIEPATYPH
COHAYHOI'O EJIEMEHTA 3 HO3UCTOPHUM HIAPOM
ITPU JIOKAJIBHOMY IIEPEI'PIBI

O. IBanyenko, O. ToHKOIIKYP

J[Hinposcokuil Hayionanenuu yHieepcumem imeni Oneca [ onuapa
IvanchenkoAV@ukr.net

OnHuM 3 HOBHUX pillleHb B pealtizailii 3aXUCTy KOMIIOHEHTIB COHSYHHUX OaTapeil Bif
CICKTPUYHUX TIEPEBAaHTAXCHb 1 JIOKAJIBHUX IIEPErpiBiB € MiaXia, SKUKW 3aCHOBAaHMHA Ha
CHpalbOBYBaHHI  NpH  MiABUIICHHI  TeMmmeparypu  BOYJOBAaHOTO  PO3MOIIIEHOTO
CaMOBITHOBJIIOBaIbHOTO 3ano0ixkHuKa «PolySwitch» Ha OCHOBI MO3UCTOPHOTO MOJIIMEPHOTO
HAaHOKOMIIO3UTY 3 BYTJICIIEBUM HAIOBHIOBAYEM, IO 3HAXOJHUTHCS B TEIJIOBOMY KOHTAaKTI 3
noBepxHero goroenekTpuyHoro constuHoro enementa (CE). B [1] mpencrasneni pe3yiapTatu
TEOPETUYHOT0 aHANI3Y PO3MOIUTY TeMIIepaTypu B auckonoaionii miactuni CE npu HasiBHOCTI
BOYZIOBaHOT'O TAKOT'0 IMO3UCTOPHOIO LIapy MPH JOKAIbHUX (TOUYKOBHUX) IEPETPiBaX, AKI MAIOTh
CJIIEKTPUYHY TpUPOAY. 30KpeMa, B paMKaxX YsBIEHb NPO «PO3ILIMBAHHS» JDKEpena Teruia
BCTAHOBJICHO, 1110 3 INIMHOM 4Yacy 00JIacTi JIOKAJIbHOTO HarpiBy pO3IIMPIOIOTHCS, 3alI0BHIOIOUYH
y pe3ynbrati Bcto miaactuHy CE. IIpoTsroM IeKiTbKOX CEKyHJ BCS CTPYKTYpa HarpiBa€eTbCs
BUIlle TeMmIepaTtypu (azoBoro mnepexoay mnosucropHoro mapy. Lleit map nepexonutsh B
HU3BKOIIPOBIIHUAM CTaH 1 OlIbIIIa YaCTHHA HAIPYTH aJa€ HA HHOMY.

Kiro4oBUM MOMEHTOM B JaHOMY IpOLIEC € BU3HAUEHHS MaKCUMaJIbHOI TeMIIepaTypH,
1o BuHukae B ractuHi CE, Ta i yacoBoi 3a/1e)KHOCTI, TOCHII)KEHHIO Y0TO ¥ MMPUCBAYEHA JTaHa
pobGoTta. Y Hill npeAcTaBiIeH] TEOPETHUHI KIHETUYHI 3aJIe)KHOCTI MaKCUMaJIbHOT TeMIepaTypu
Tmax 1 maaiHHS HaOmpyru B IuiacTuHi okpemoro CE 3 BOyIOBaHMM IIapoM IO3HCTOPHOTO
HOJIIMEPHOTO0 HAHOKOMITO3UTY IPH HAasBHOCTI IEPEHANpyrd, fKa 3MIIlye B 3BOPOTHOMY
HanpsMKy p-n nepexia CE.

3 METOI0 CIIPOIIEHHS PO3B’SA3aHHS CKJIAJHOIO 3aBJaHHS OMMCY KIHETUKM TEIUIOBHX 1
€JeKTPUYHUX TPOIECIB, 10 BUHUKAIOTH B JIaHIA CTPYKTYpl, MpPEICTaBISETbCS AOLIIBHUM
po30uTH Horo Ha JBI MmijA3ajadi, Mepia 3 SKUX BiJIMOBIJIA€ CUTYALil 10 MOBHOI €JIeKTPUYHO]
130J1S11111 COHSYHOTO (oToesneMeHTa (K1l BiANMOBIAA€ nAedakuil yac t*), a npyra npu HasgsBHOCTI
Takoi MOBHOI 13o0Mswii. BinmoBigHo A0 ysBieHb [1] B 00nacTi 31 3HMKEHUM EJIEKTPUYHUM
OTOPOM 3MIIIEHOTO y 3BOPOTHOMY HampsMKy p-n mnepexoxy CE, skuii Mae temmeparypy
HaBKOJIMIIHBOTO cepeloBUINa 7o 1 3HAXOAMTHCS Yy BHUCOKOIPOBIJHOMY CTaHi, MOYMHAE
NPOTIKATH 3HAUYHUN CTPYM, SKHM 30aTHUM pO3IrpiTH 3a3HayeHy 00JIacTh 1 MPUJIErIy 0 Hel
YaCTHHY ITO3UCTOPHOTO IIapy 70 TEMIepaTyp, 0 NePEBUILYIOTh TEMIIEPATYpy HOro nepexomay
B 130M0I0Uni cTaH Ttrip. CTpyM p-n mepexoay 3MYyLIEHHH «0OTIKaTw» TakKy 130JbOBaHY
JIUISHKY, II0 MPU3BOJUTH JIO MPOCTOPOBOIO PO3IMIMPEHHS («PO3IUIMBAHHS») MEPBICHO
BUHUKJIOTO JDKEpenia Teruia. B Mipy Takoro «po3IruiMBaHHsD) HOBI AUISTHKY MIO3UCTOPHOTO MIApy
HarpiBaroThCs 1 MEPEXOATh B HU3BKONPOBIAHUMA cTaH. [Ticis nmepexoay BChOro 1boro mapy B
HU3bKOIIPOBIIHUN CTaH NepeHanpyra, sika cnoyaTky Oyna npukiaaeHa ao p-n nepexony CE,
nepepo3noaIsieThecs, 1 OUmbIa i yacTWHA Majae Ha MO3MCTOpHOMY mIapi. BinmosinHo,
po3B’si3aHHs nepmioi mig3anadi (t < t*) Moxxe OyTu peani3oBaHO 3 BUKOPUCTAHHSM PiBHSHHS
TEIUIONPOBIIHOCTI B MOJSIPHIA CHCTEMI KOOpAMHAT 1 alroputMy, HaBeieHoro B [1], ne
posriganacs 3MiHa TpoQUI0 PO3NOALTY TEMIEpaTypu Y3A0BXK IMO30BXKHbOI KOOPIWHATH
miactuau CE. MakcumanbpHa Temrepatypa Tmax BHUHUKAE O€3MOCEPETHBbO B TOYIN, €
3BOpPOTHHI ormip obepHeHO 3MimieHoro p-n mnepexoxy CE MiHimaneHuii, TO6TO B MicIi
MOYaTKOBOTO PO3ITpPiBY.
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[Ipu anami3zi MoBeNiHKKM poO3MOALTY Temiepatypu B mpoueci mnepexoxy CE B
CTaIllOHAPHUI HArpiTM CTaH, CIIiJI BpaxyBaTH, IO OCHOBHMUM BIATIK TEIUIOBOI EHEepTii
miactuan CE, sika Mae BigHOCHO BenuKy miomty (mo 15x15 cMm?) i Many TOBIMHY (MeHIe
1 mm), ige depe3 11 MOBEpXHi, a TEILUIOBOK MEPEIAYCI0 B MO3J0BXKHBLOMY HAIMPSMKY MOXHA
3HexTyBatu. lle mgae mincTaBy MNOPUIYCTUTH, IIO €JIEMEHTapHI JAUISHKH IUIACTHHH 3
TeMreparyporo 7> Tyip 3MIHIOIOTH CBOKO TEMIEpPATypy MPAKTUYHO HE3AJICKHO OJUH BiJ
OJIHOTO, 1 IIeH MpoIiec JJIsi KOXKHOTO 3 HUX MPUOIU3HO MOXKHA PO3TIISAIATH B paMKax ysBJICHb
CUCTEMH 13 30CcepeKEHUMH ITapaMeTpaMu. TakuM YHHOM, pO3B’SI3aHHS IPYTOi MM1/13a/1a41 MOXKe
OyTu peaizoBaHO Ha OCHOBI 3a3HAUEHUX YSBJICHB JIJIS €IEMEHTAPHOT NIJITHKY 3 Tmax B paMKax
Mojeni, sika 0a3yeTbcs Ha BUKOPUCTAHHI DPIBHSHb TEIUIOBOrO OallaHCy 3 YypaxyBaHHSAM
TEIJIOBOTO KOHTAKTy MIX IIapaMu CTPyKTypH [2].

OTpumaHi 3a TaKUM aJTOPUTMOM TEOPETHYHI KIHETHUYHI 3aJEKHOCTI MAaKCUMAaJIbHOI
temneparypu 1 nagiaas Hanpyra Ha CE 103BoMIN BCTAaHOBUTH, IO 32 JACKIIbKA CEKYHJ] BCS
CTPYKTypa HarpiBa€Tbcs 10 TEMIEPaTypu Imax, SIKa 3HAYHO MEepPEBUIIYE Tirip. [1lap mo3ucropa
NEPEeXOIUTh B HU3BKOMPOBIAHUIA CTaH 1 BEJIMKA YacTHHA HAMpYrH Iajgae Ha HboMy. [loTim
TEMIIEpaTypa CTPYKTYPH 3HIDKYETHCS JO 3HAYCHb OJMM3BKHX JIO Ttrip MPOTITOM JCKIITBKOX
JECATKIB CEKYH]I. 30UTBIIICHHS BETUYHHA TICPEHATIPYTH IPU3BOIUTH JI0 HEBEIIMKOTO 3POCTAHHS
Tmax Ha TIOYATKOBIM JUISHII KIHETHYHOI 3aJ€KHOCTI Ta HE3HAYHOTO CKOPOUYEHHS dYacy
CIPAIbOBYBaHHS TAKOTO 3aXHUCTY.

bepyun 1o yBaru, mo mpoIec JOCATHEHHS TeMIlepaTyp, JOCTaTHIX JUISl TEIJIOBOTO
npo6oro Bimomux kpemHieBux CE TpuBae OIM3bKO KUTBKOX JECATKIB CEKYyHJ, a epeOyBaHHs
takux CE 3a remneparyp nuxue 300 °C npoTsArom KijbKOX TOAWH HE MPU3BOJUTH 10 CYTTEBOI
ix merpamamii. OTpuMaHi pe3yJbTaTH MPEACTABISIOTECS OOIPYHTYBAHHSIM TMEPCIICKTHBHOCTI
BBEJICHHS TIO3UCTOPHOTO Iapy /uis 3axucty CE Bin nepeHanpyru.

[1] Tonkoshkur A.S., Ivanchenko A.V. Analysis of temperature distribution in a solar element
with posistor layer in the presence of local electric heat source. Journal of Physics and
Electronics. Vol. 28, No. 2. (2020). P. 95-100.

[2] Ivanchenko, A.V., Tonkoshkur, A. S. Application of a polymer nanocomposite with carbon
filler to limit overvoltages in a photovoltaic element. Journal of Advanced Dielectrics.
Vol. 10, No. 5. (2020). P. 2050020.1-2050020.7.

ALGORITHM FOR CALCULATING TEMPERATURE
KINETICS OF SOLAR CELL WITH POSISTOR LAYER AT
LOCAL OVERHEATING

A. lvanchenko, A. Tonkoshkur
Oles Honchar Dnipro National University
IvanchenkoAV@ukr.net

It is shown that, for a separate solar cell with built-in posistor layer, the region of local
heating expands with time, and as a result, it extends to the entire plate of such a structure. This
leads to the heating of the entire structure above the tripping temperature of the posistor layer
to the low-conductivity state in a time of the several seconds, while practically all the applied
voltage drops across it. After the transition of the posistor layer to a low-conductivity state, the
temperature of the structure decreases to values close to the tripping temperature of the posistor
element.
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KOMII'IOTEPHE MOJAEJIOBAHHA TAHAEMHOI'O
COHAYHOI'O EJIEMEHTA Si/Ge 31 CTYHNIHYACTUM
BY®EPHUM ITAPOM SiixGex

O. I'nmnenxo?’, C. Ilnakcin®
YUTninpoecwxuii nayionanvnuii ynisepcumem imeni Onecs I'onuapa
2[ucmumym mpancnopmuux cucmenm i mexronoziti HAH Ypainu
gnilenko@ua.fm, svp@westa-inter.com

IIpoBeneHO KOMII'IOTEPHE MOJENIOBAHHS TaHIEMHOrOo COHAYHOro enemeHnra Si/Ge,
YTBOPEHOI0 JBOMa KacKaJaMd 3 KPEMHIEBOIO Ta TIEpPMaHIEBOIO COHSYHUX EJIEMEHTIB,
3’€IHAHUX Yepe3 repMaHieBUii TyHenbHUM 11oa. Ha BiaMiny Bix podotu [1], y 3anpomnoHoBaHiit
KOHCTPYKLIi COHSYHOIO €JeMEeHTa MIX KPEMHIEBUM KacKaJOM 1 IeépMaHi€BUM TYHEIbHUM
niosioM po3TamioBaHuil Oyepuuit map Si1xGex 31 CTyniHYaCTUM 3MIHEHHSIM CITIBB1IHOIICHHS
KoMnoHeHTiB. CTyniHuacTa 3MiHa criBBigHOImEHHs Si1 Ge B OydepHoMy 11api J03BOJISIE 3HIATU
Hapyry MK KackaJaMH TaHJIEMHOIO COHSYHOIO €JIEMEHTa 1 THM CaMUM 3MEHILIUTH
KOHIISHTPAIIII0 TUCITOKAIIH.

Constunuii enemeHT (CE), cTpyKkTypa SIKOro nokasaHa Ha puc. 1, cKiajaeTbes 3 ABOX
KackaziB. BepxHiil kackaa yTBOPEHHI TOHKUM HMIAPOM KPEMHIIO 3 TOMOT€HHUM P—N IIEPEX0I0M
Ta TOBIIMHOIO eMiTepa Ta 0a3u, BiAmoBigHO, | Ta 6 MkM. HmxHii kackax yTBOpeHHI
TOMOTEHHHMM P-N IEPEX0/I0M Y IIapi FepMaHiro 3 TOBIIMHOIO eMiTepa | MKM Ta TOBIIMHOO 0a3u
90 mikpoH. KoMmyTye xackaau TyHENbHUH 110/, YTBOPEHUH TOMOTE€HHUM p-N MEPEXOJOM Yy
BHCOKOJIETOBAaHOMY I1api repMaHiio 3 ToBmuHOKW0O 0,1 MkM. Mix repmMaHi€eBUM TYHEJIbHUM
JI0JIOM 1 BEpXHIM KpEMHIEBUM KackazioM po3MimieHuit Oydepuuii map SiixGex, mpuzHadyeHuit
JUIsL 3MEHIIEHHS HEY3rO/DKEHOCTI 3HadeHb NocTiiiHuX pemnitku Si 1 Ge. bBydepuuit map
cknamaetses 3 10 mapiB SiixGex 31 3MIHHUM CIIBBITHOMIEHHSM KOMITOHEHTIB BiJI YHCTOTO
KPEMHIIO /10 YMCTOro repMmaniio. EneKkTponn BBakalOThCsi HECKIHYEHHO TOHKUMH, (hakTop
3aTiHEHHSI KOHTAKTHOIO CITKOIO HE BPaXOBYETHCH.

J1st MaTeMaTUYHOTO MOJIEJIFOBAHHS B MIKPOEJIEKTPOHIIIl BCE YaCTillle BUKOPUCTOBYIOTh
OporpaMHi CHUCTEMHM aBTOMATHU30BaHOrO TexHojoriuHoro mnpoektyBanHs TCAD, 3a
JIOTIOMOT'0I0  IKUX MO)XKHa MPOBOJUTH HACKpi3HE MOJENIOBAHHS Ta IPOEKTYBaHHS
HaIIBIPOBIIHUKOBUX IMPUCTPOIB BiJ] TEXHOJOTIUHOrO Mpolecy (HopMyBaHHS MPHUCTPOIO 0
pPO3paxyHKy IOBHOTO Ha0Opy WOro xapakTepucTuk [2]. YV mbOoMy HOCHIIKeHHI Oyna
BUKOPHCTaHAa OJ{HA 3 TaKUX cucTeM — nporpamuuii naket Silvaco TCAD [3], opienToBanuii Ha
BUPILICHHS BCHOI'O KOMIUIEKCY KOHCTPYKTOPCHKO-TEXHOJOTIYHUX 3aB/aHb, MOB'SI3aHUX fK 3
MO/ICJIFOBAHHSAM TEXHOJIOTTYHOTO MapIIpyTy (pOpMyBaHHS HaIliBIPOBIIHUKOBOTO MPHUCTPOIO,
TaK 1 3 aHATI30M EJIEKTPUIHHUX XaPAKTEPUCTHK TOTOBOTO MIPHUCTPOIO.

MopentoBanHs 0yJI0 BUKOHAHO /I HOPMAJIBHO OPIEHTOBAHOT'O COHSYHOTO OCBITIICHHS
3 1HTEHCUBHICTIO 1 coHIle 3a ymMOB ocBiTieHocTi AMO. ¥V mociimkeHHl TPOBEACHUIN aHami3
MIOBEJ[IHKM BOJIBTAMIIEPHHAX XapaKTEPHCTUK Ta OCHOBHHX (oToBOIbTaidyHMX MapamerpiB CE B
3aJIe)KHOCT] B TOBIIMHUA BEPXHbOTO KPEMHIEBOTO Kackaay Ta OydepHux mapis. Kpim Toro,
OyB 3HaiileHu# PO3MO/LJI OCHOBHUX (DI3MYHUX BEJIMYMH 1 Bi3yasli30BaHa €HEpreTUYHa 30HHA
ctpykrypa CE, posmomin mBuakocTi ¢orto reHeparii, tomo. Ha puc. 2 mpencrabieHi
BOJIbTAMIIEPHI XapaKTEPUCTUKU COHAYHOIO €JIEMEHTA, 1110 po3risaaeTbes. Kpusi orpumani 3a
PI3HMX 3HAYECHb TOBIIMHU 0A30BOTO APy BEPXHHOTO KPEMHIEBOTO KaCKay.
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Po3paxoBanuii KoedillieHT KOPUCHOI il TaKOro COHSYHOrO eineMmeHTta csrae 13%.
BpaxoByroun, 1o OJHONEPEXiTHUN KPEMHIEBH COHSYHHUN EIEMEHT 3 TaKUMH IKe
KOHCTPYKTUBHUMHU Ta (PI3MYHMMH TapaMeTpaMu (3ayBa)XMMO, IO 4YacC >KUTTS HEOCHOBHHUX
HOCIiB 3apsay B kpemHii B mporpami Silvaco TCAD 3a 3amoBuaHHSAM JopiBHIOE 1
MIKpOCEKYH/l) JeMOHCTpye edeKTuBHICTh, 1o He mnepesumrye 10-11%, mnepexig npo
TaH/JEMHOTO COHsYHOTO ejeMmeHTa Si/Ge J03BOIIsA€ MIABHIMUTH KOe(ili€HT KOPUCHOI mii
(bOTOENEKTPUYHNX KPEMHIEBUX TEPETBOPIOBAUIB SIK MIHIMyM Ha 4YBEpTh. BainBoro
00CTaBUHOIO € T€, IO BHKOPUCTaHHs Oy(depHOro mapy Mix KackaJaMH JO3BOJISE€ 3HU3UTHU
HANPYTy peIiTku npu nepexoi Biag Ge 10 Si 1 THM caMUM 3MEHIIUTH MUTBHICTh AUCIOKAIii
JI0 TIPUHHATHOTO PiBHS, a, OTXKE, 1 iX BIUTMB HAa XapaKTEPUCTUKH COHSIHOTO SIIEMEHTA.

[1] Sun G. High efficiency thin-film crystalline Si/Ge tandem solar. Optics express. Vol. 18.
No. 4. (2010). P. 3746-3753.

[2] Simulating Solar Cell Devices Using Silvaco TCAD. Simulation Standard. Vol. 18. No.2.
(2008). P. 1-3.

[3] ATLAS User’s Manual. Santa Clara, CA: Silvaco, 2004.

COMPUTER SIMULATING Si/Ge TANDEM SOLAR CELL
WITH Si1xGex STEPWISE GRADED BUFFER LAYER

A. B. Gnilenko?, S. V. Plaksin?
0les Honchar Dnipro National University
2Institute of Transport Systems and Technologies NASU
gnilenko@ua.fm, svp@westa-inter.com

The results of the computer simulation for Si/Ge tandem solar cell with Si1xGex buffer
layer are presented. The voltage-current characteristic, photovoltaic parameters and the
distribution of basic physical values are obtained for the investigated tandem solar cell. The
influence of layer thicknesses on the photovoltaic parameters is studied. The calculated
efficiency of the tandem solar cell is appeared to be a quarter more than the efficiency of a
simple silicone solar cell with the same constructive and physical parameters and under the
same illumination conditions.
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BIJTHOBJIEHHS MATHITHUX BJIACTUBOCTEN
HAHOKPUCTAJIIB ZnO:Mn

O. KoBaJsienko, B. Boposcbkuii, M. bysianuit
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
kovalenko.dnu@gmail.com

Hanokpucraniunuii ZnO JieroBaHuii MapraHieM BiJIHOCUTBCS [0 pPO30aBICHHX
Mar”iTHUX HamiBnpoBigHukiB (PMH) Tomy, 1110 npy BiANOBITHUX yMOBaX CHHTE3Y BiH Ha0yBae
¢depomarniTHux BiactuBocTer (PB) mpu kimMHaTHil TemmepaTypi. Taki MaTepiaqu ocTaHHIM YacoMm
NPUBEPTAIOTH 10 ceOe yBary y 3B’A3Ky i3 MOXIIMBICTIO iX BHKOPHCTaHHS y CIIIHTPOHIIN, a
TaKO y 0araTboX 1HIIMX HaNpsMKax NPUKIIAJAHOI HAHOEIEKTPOHIKU. BaXkaMBUM pe3ynbTaToM
nocmimkenb PMH Oyno BcTaHOBIIGHHS BUpIIIAIbHOI poii  AeQeKTiB Yy BHUHUKHEHHI
¢depomarnernsmy. Takok TOKa3aHO, IO YMOBOI (PEPOMArHITHOTO YIOPSIAKYBAHHS Y
HaHOKpucTaniunux PMH € He TinbKM HasBHICTh, aje W BIAMOBIAHA CTPYKTypa BIACHUX
nedextiB. HeoOXigHy nedeKkTHY CTPYKTYPY, ska NpUBOAUTS 10 nosisiu OB, Oy0 yTBOPEHO Imif
yac cuHTe3y HK ZnO:Mn Metonom ynbTpasBykoBoro mipomizy aeposonto (YITA) [1]. OcobnuBicth
dopmysanus HK npu ribomy cunTe3i IPUBOAUTH JI0 MOSIBU Y HUX BEIHKOI KUTHKOCTI 1e(heKTiB a
TaKOXK HEOJHOPIAHOT KPUCTATIYHOI CTPYKTYPH y BUTIIAL Oe3nedexTHOro supa Ta aedekTHol
obononku. OctanHiM YacoMm npu gociimkeHHi PMH wnacninkam tepmiunoi o6poOku (TO)
BOJIHEM MPUALISETbCA Oararo yBarMm TOMY, LIO 3’SBISETHCA MOMJIMBICTH KOHTPOJIbOBAHO
BIUTMBATH Ha Je()eKTHUI cTaH 3pa3KiB Ta Ha iX (izuuHi BractuBocTi [2]. B poboTi npuBeneHi
pe3yabTaTd jAochipkeHHs BBy TO y BOOHI Ha CTPYKTypy JAe(deKTiB Ta MarHiTHi
xapakrepuctuku HK ZnO:Mn orpumanux merogom YIIA.

byno cunresoBano 3pazku HK ZnO:Mn 3 koHueHTpami€ro Maprasuipo 2at.% 3a
METO/MKOIO, sIKa HaBeZieHa B poOoTi [1]. OTpumani 3pa3ku cnoyaTtky OyiM BiAnajieHi Ha
noBiTpi npu T=850°C npotsarom 20 xB., a notiM BoHu nijisirany TO y cymimi ra3is a3oty Ta
BosHIO ( N2 : Hz = 3:1) mpu T=550°C mpotsirom 20 xB. 3 MeTo0 30epexeHHs KOHLIEHTpaLil
BJIACHUX JE(EKTIB, sIKi yTBOPMINCH Mij yac Takoi TO, 0X0n01KeHHs 3pa3KiB MPOBOAMUIIOCH 32
MEXXaMHU T4l y MOTOIl Ta30Mo/1I0HOTO a30TYy.

0,06 | FM+PM 1 0,04 I I
o o . . 2
M. = 0,028 emulg / 1 - anneal. 850°C, air, 20 min.
0,04 - s /' FM_ 2 - anneal. 550°C, H,, 20 min y—>"
I > A 0,02 ‘ 7z
0,02} S | T
K T 3 /) ,/
S5 - » o M, = 0,028 emu/g _—
g - [ = s /<>
Q 0,00 — £ .‘,00
- - PM (] 0'00 = 4
= Pz - 3 /“ /’-’
0,02} S ’.; spra)./ pyrol)‘/,sls = ‘/‘ /’) spray pyrolysis|
> %/,:./ ZnO:Mn - 2%, — ‘}/ ZnO:Mn - 2%
-0,04 | ./ as-qrown 0,02 7~
./ l___,—"
-0,06 —
1 1 1 1 1 1 .0’04
-4000 -3000 -2000 -1000 O 1000 2000 3000 4000 -4000 -2000 0 2000 4000
H, Oe H, Oe
a 0

Puc. 1. Kpusi nHamarniuenocri (a) - cuaTe30BaHoro 3pa3ky ZnO:Mn (2at.%) - 3pa3ok Nel: 1-
eKCIIepIMEeHTAIbHA KPUBA, 2- (hepoMarniTHa cKiI1a0Ba, 3- mapaMardiTtia ckjianosa; (0) - micas TO: 1- Ha
noBiTpi npu Te=850°C ( 20 xB.) — 3pa3ok Ne2; 2 — y Boani (N2 : H2=3:1) nmpu Ts=550°C (20 xB.) — 3pa3ok Ne3.

JlocItipKeHHs! MarHiTHUX BIIACTUBOCTEH CHHTE30BaHOTO 3pa3ka (3pa3ok Nel) mokasaio,
110 1OTO KpHBa HAMArHIY€HOCTI He Ma€ cTaHy HacudeHocTi (puc.1 a). Lle € o3Hako0 HasIBHOCTI
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y HaMarHi4eHoCTi 3pa3ka mapaMarHiTHOI CKJI1aqoBoi. BimokpemieHHs 1i€l cki1aoBoi i3 KpUBOi
HaMarHi4yeHoCTi Jajo 3Ha4eHHs NMUTOMOi HamarHideHocTti (epomarniTHoi da3zu Ms = 0,028
emu/g. Ilicns TO nporo 3pa3ka Ha moBiTpi 3a Temmeparypu Tz = 850°C mpotsarom 20 xs.
(3pazok Ne2) iioro ®PB 3HUKAOTH, BIH CTa€ TNapaMarHiTHAM. 3HAYCHHS MAarHiTHOT
cpuitHATINBOCTI 3paska Ne2 yp = 3,3x10° emu/g-Oe. (puc. 16.). TO mporo 3pasky y cymirmi
rasiB azoty Ta BojgHIO (N2 : Hz = 3:1) 3a temneparypu 550°C npotsirom 20 xB. (3pa3ok Ne3)
MPUBOUTH 0 BigHOBIEHHS iioro ®B. KpuBa HaMaraiueHOCTI Ma€ CTaH HACUYCHOCTI, IKOMY
BIJIMIOBiTa€ 3HAYCHHSIM MUTOMOI Hamar"igeHocti Ms = 0,028 emu/g. Otpumani pe3ylibTaTi
MOXYTb OyTH TIOSCHEHI 3MEHIICHHSM KITbKOCTI nedekTiB micass TO Ha moBIiTplI Ta iX
301IBIIEHHSIM ITICIISA BiANATy y BOJHI.

3riHO MojeNi 3B’s13aHOro0 MarHitTHoro nojspony (3MII) depomarnerusm y ZnO:Mn
00YMOBIICHHIT OOMIHHOIO B3a€MOJi€l0 MiK ioHaMH Mn?" omocepenKoBaHO Yepe3 BIACHI
neeKTH KpHCTaNiyHOi T'paTKW, Hampukian, kucHeBi Bakancii (Vo) [3]. Tomy MoxiuBO
3pOoOUTH MPUITYIICHHS, [0 MarHiTHI XapakTepUCTUKH 3pa3ka Nel oOyMOBIIEHI BiAMOBITHOIO
CTPYKTYpoto nedeKTiB MpH sKili KilbKiCTh BinmbHMX i0HiB Mn?' 3mHauHO 6inbIna KimbKoCTi
KHMCHEBHUX BakaHCiit Vo, N(Mn?*) >N(Vo). Ilicist 06’eqnanns eodXignux ionis Mn?* ta Vo
JUIsl YTBOPEHHS! MAarHiTHUX KIAcTepiB, el HaUIMIIOK 1 (OpMye MapamarHiTHy CKIIaJOBY
HamarHigeHocTi 3pasky. [lapamarHiTHi BaacTuBOCTI 3pa3Ky No2 MOSICHIOIOTBHCS BiACYTHICTIO
nedekrie - kucHeBux Bakaucii Vo, ( N(Vo) = 0 ), Ta HasgBHICTIO AEIKOi KiJIBKOCTI
napamarHiTHHX i0HiB Np(Mn?"). ®epomarnitHOMy 3pasky Ne3 Bimmosinae cTpykrypa nedekTis
IpH SIKif KUTBKICTh KHCHEBHUX BAKaHCIH Vo, IEPEBHIY€ KITBKICTh MapaMarHiTHUX 10HiB, TOOTO
N(Vo) > Np(Mn?*). TakuM 4HHOM, MOKIIHBO 3pOOUTH BUCHOBOK, IO HE TilbKH KilbKiCTh, alie
1 CIIBBITHOIIICHHSI YYaCHUKIB MarHiTHOI B3aeMofii BHyTpimHiX (Vo) Ta qoMimkoBux (ioHiB
Mn?*) nedexTiB BU3HAYAIOTH MATHITHI BIACTHBOCTI 3pa3KiB.

B poGoti mokazana MOXXJIMBICTH BigHOBJICHHS PB cHHTE30BaHUX 3pa3KiB MIIAXOM
KOHTPOJIbOBAHOTO BiANaly Yy BOJHI, IpH SKOMY 3HUKAa€ I[apaMarHiTHa CKJIaJ0oBa
HamarHiyeHocTi. OTpuMaHi pe3yibTaTH MOXYTh OyTH BHKOPHCTaHI MpU po3poOLli peXUMiB
cunte3y PMH.

[1] Vorovsky V.Yu, Kovalenko A.V., Kushnerov A.l., et., al., Preparation of zinc oxide
nanopowders doped with manganese, which have ferromagnetic properties at room
temperature. J. Funct. Mater.,vol. 25, 61 (2018), pp. 61- 66.

[2] Sharma V.K.,Varma G.D. Oxygen vacancies induced room temperature ferromagnetism in
hydrogenated Mn-doped ZnO. J. Appl. Phys. vol.102 (2007), pp. 056105-056107/

[3] Coey J.M.D., Venkatesan M, Fitzgerald C.B. Donor Impurity Band Exchange in Dilute
Ferromagnetic Oxides, J. Nature Mater.vol.4 (2005), pp. 173-179.

RESTORATION OF MAGNETIC PROPERTIES OF
NANOCRYSTALS ZnO:Mn

A. Kovalenko, V. Vorovsky, M. Bulaniy
Oles Honchar Dnipro National University
kovalenko.dnu@gmail.com

The paper presents the results of a study of the effect of heat treatment in hydrogen on
the structure of defects and magnetic characteristics of ZnO:Mn (2 at.%) nanocrystals, which
were obtained by the method of ultrasonic pyrolysis of aerosol. It is shown that the synthesized
samples have ferromagnetic properties, which disappear after heat treatment in air. These
properties are restored after thermal treatment in hydrogen. It is assumed that this changes the
structure of defects in ZnO:Mn nanocrystals. The number of oxygen vacancies Vo, becomes
greater than the number of paramagnetic ions Mn?*, N (Vo) > Np (Mn?").
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BIIVIUB TEMIIEPATYPHU HA EJIEKTPUYHI
XAPAKTEPUCTUKHU JIBOILIAPOBOI CTPYKTYPH
BAPUCTOP-ITIO3UCTOP

O. IBanvenko, €. TypOin

J[Hinposcoxuii Hayionanevhuu yHieepcumem imeni Onecs [ onuapa
IvanchenkoAV@ukr.net

OnHUM 3 IEPCHEKTUBHUX HANPSIMKIB BUPIMICHHS TPOOJIEMH 3aXUCTY EIEKTPHYHUX KiJT
BIJ{ TpI/IBaJ'IOI 1 OCTIHHOT TepeHanpyry € BAKOPUCTAHHSA KOMOIHOBaHOI JBOIIAPOBOI CTPYKTYpH
Ha OCHOBI BapUCTOPHOI KepaMikd 1 HAaHOKOMIIO3WTIB 3 BYIIICUEBUM HAlOBHIOBAYCM, AK1
3HAXOAThCA y TeruioBoMy KOHTakTi [1]. OcoOmuBuii iHTEepec Taki oOMexyBadi Hampyru
OPEACTaBISIOTh IS PO3POOKM 3aXMCTy B EJNEKTPUYHHUX 1 TEIUIOBUX HABaHTAXEHb Yy
(hOTOENEeKTPUYHOT CUCTEMI COHSIYHHMX OaTapei [2].

Mertoto poboTr OyJI0 BUBUECHHS BIUIMBY TEMIIEPATYPH Ha €IEKTPUYHI XapaKTEPUCTHKU
oOMexyBaua Hallpyr'y Ha OCHOBI JBOLIAPOBOI CTPYKTYPU BapUCTOP-TIO3UCTOP.

VY ekcriepyuMeHTax JaHoi poOOTH BUKOPUCTOBYBAJIMCS 3pa3Kku OOMEKyBayiB HAIIPYTH, Y
SKHX pOoOOYMii eneMeHT (map aiameTpoM 14.5 MM 1 TOBIIUHOIO ~ 3 MM) CKJIa/IaBCsl 3 CEPIHHOTO
Bapuctopa VCR-14D180L (map miamerpom 14.5 MM i ToBmmHOIO 1.5 MM, Kiacudikariitna
Harpyra 18 B, koedirtienT Heniniiinocti > 50), 3a Apyruii 1ap BAKOPUCTOBYBABCS 3al1001KHUK
PPTC tuny FRX110-60F (map miamerpom 11 MM i TOBmMHOIO ~ 1 MM, omip eneMeHTa B
npoBigaomy crani 0,38 Om, Temneparypa crnpanboByBanHsa 125 °C) Ha OCHOBI MOJIMEPHOTO
HAaHOKOMIIO3UTY 3 BYIJICLIEBUM HAINOBHIOBaYeM. TemoBMH KOHTAaKT MDK IIapamu
3a0e3medyBaBcsi BAKOPUCTaHHIM KpeMHieBo1 Terutonposianoi nactu KIIT-8.

Bxinna nanpyra U, mogaBaniacs Bii CTAaHIQPTHOTO PETYJIbOBAHOTO JDKEpeEsa Halpyru
Ta TMpUKIagasacs 0 MOCTIZOBHO 3 €HAHMX IIApIB CTPYKTYpH. BuMiproBaHHsS 3Ha4yeHb
cTpyMmy |, BxigHoT1 Hanpyru Ug Ta BUXiHOI Hampyru (Harmpyru Ha BapucTtopHoMy mmapi) Ugux
IPOBOJIMIIACS TIPOMHUCIIOBUMH aMIIEPMETPOM Ta BoJbTMETpamMu. OOMexyBad Hampyru
MOMIIIIABCS B TEPMOCTAT, SIKUM JI03BOJISIB BCTAHOBJIIOBATH Pi3HI Temneparypu. Temneparypa T
¢ikcyBanacs 3a JOIOMOT 00 TEPMONIapH.

Pe3ynbpTaTn excrepuMeHTaIbHUX JIOCIHIKEHb 3aJ€KHOCTI Hapyru Ha BUXOJ1 Uy Ta
cTpyMy | mocnipkyBaHOT CTPYKTYypH Bl NPHUKJIAAEHOI A0 HEl BXIJHOI HANPYTU y pexuMi
XO0JIOCTOTO X0y MpeJcTaBleH] Ha puc. 1.

Sk BUIIHO, 31 301IbIIEHHAM BX1HOT Hanpyru Ug: BuxinHa Hanpyra Ugu TOCTIIKYBaHOT
CTPYKTYpH Ma€ TEHJEHIlI0 J0 oOMmexeHHs. Lleit edekT CynmpoBOIKYETHCS IiIBHIICHHIM
TEMIIepaTypu CTPYKTYpHU T 10 3Hau€HHs, OJU3BKOTO 1O TemIepaTrypu (a3zoBOro Mepexojy
OPOBIAHUK-130J1ATOp Tn, IIO CHOCTEPIraeThCsl Yy HAHOKOMIIO3UTAX 3 IO3UTHBHUMU
TeMIEpaTypHUMHU KoedilieHTamu onopy. 31 30uibeHHsIM Hanpyru Uq cTpyM |, 1o nporikae
4yepe3 CTPYKTYPY, 301TbIITY€ETHCS, TPOXOAUTH Yepe3 MaKCUMYM (KOJIH TeMIepaTypa CTPYKTYpH
HaOMMXKaeThes 10 T,, O BiAMOBiAae 3a3HaueHOMY (hazoBoMy mepexoay). Hamami ctpym, 1mo
MPOTIKA€E Yepe3 CTPYKTYPY, SMEHIIYEThCS Yepe3 30UTbIICHHS] OIOPY HAaHOKOMITO3UTY .

JlocaiakeHo 3a1exHOCTI BUX1AHOT HAanpyTH Ugy Ta cTpyMy | pO3IIISIHYTOTO MPUCTPOIO
OOMEXEHHSI Hallpyrd, a TaKoXX TeMIepaTyp HOro CKJIaJOBHX EJIEMEHTIB (BapucTOopa Ta
NO3KMCTOpa) BiA NPUKIAJEHOI HAlpyru NpH pi3HIAH Temmeparypi. BcranoBneno, mo 3i
3pOCTaHHSM Ili€l Temmeparypd MaKCHMalbHa TeMIlepaTrypa IIO3UCTOpa HE3HAYHO
3011b1Iy€eThesi. CTpyM, IO MPOTIKAE yepe3 CTPYKTYPY, 3MEHILYEThCS B KiJIbKA Pa3iB, OCKUIBKH
HEOOXiJJHa KUIBKICTh TEIUIOTH JAJISl PO3IrpiBy MO3MCTOpA 3HUKYETHCA 1, OTHKE, 3MEHIIYEThCS
He0OXi/THa TOTY)KHICTh PO3CiOBaHHs BapucTopa. BuximHa (oOMexyBaHa) Hampyra HE3HAYHO
3HIUXKYEThCA, TEMIIEpAaTypa BapUCTOpPa 3pOCTAE.
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Puc. 1. 3anexunocti Buxinnoi Hanpyru Usux i cTpymy | gocainskyBanoi ABomapoBoi cTpyKTYpH
BapHCTOP-MO3UCTOP Big mpuKJIaaeHoi BXinHoi Hanpyru Uq mpu pi3niii
temmeparypi T, °C: 1 -20; 2 - 40; 3-60; 4 - 80; 5 - 100

Takox BHBYEHO BIUIMB TEIUIOBOI MOTY)KHOCTI, IO ITiJIBOJAUTHCS JI0 MO3UCTOPA, SKa
3MIHIOBAJIACsI IUISIXOM ITiIKJIFOYESHHS I1I€ OJJHOTO BApUCTOPA MapaeIbHO 10 BCTAHOBIEHOTO.

[Ipu BUKOpHUCTAaHHI ABOX BAPUCTOPIB BHACIIOK 30UIBIIICHHS TETIOBOI MOTYKHOCTI, 110
MiJBOMUTECSA IO TIO3UCTOPA, CIIOCTEPIra€ThCsl 3HIDKEHHS MAaKCHMAJBLHOI TeMIIepaTypu
BapuCTOPA, aJie MPH IIbOMY 3POCTAE CTPYM, IO MPOTIKAE Yepe3 MPUCTPii OOMEIKEHHSI HAPYTH.

[1] Golubovic B., Becker P. N., Moore R. P. Circuit protection device having thermally coupled
MOV overvoltage element and PPTC overcurrent element. U.S. Patent 7660096 B2 (2010).

[2] Tonkoshkur A.S., Ivanchenko A.V., Nakashydze L.V., Lyashkov A.Yu., Gomilko L.V,
Application of polymer posistor nanocomposites in systems for protecting photovoltaic
components of solar arrays from electrical overloads. Monograph. USA, Boston: Primedia
eLaunch (2021). 172 p.

EFFECT OF TEMPERATURE ON ELECTRICAL
CHARACTERISTICS OF TWO-LAYER STRUCTURE
VARISTOR-POSISTOR

A. lvanchenko, Y. Turbin
Oles Honchar Dnipro National University
IvanchenkoAV@ukr.net

One of the promising directions for solving the problem of protecting electrical circuits
from prolonged and constant overvoltage is the use of a combined two-layer structure based on
varistor ceramics and nanocomposites with a carbon filler, which are in thermal contact. Such
voltage limiters are of particular interest for the development of protection against electrical
and thermal loads in a photovoltaic system of solar cells. The voltage limiter consisted of
series-connected layers of varistor and posistor. With an increase in the input voltage, the output
voltage of the structure under study tends to be limited. The dependences of the output voltage
and current of the device under consideration, the temperature of the varistor and posistor on
the applied voltage at different temperatures are investigated. It was found that with an increase
in the indicated temperature, the maximum temperature of the posistor increases slightly. The current
flowing through the structure decreases several times, since the amount of heat required to heat
the posistor decreases and, therefore, the required dissipation power of the varistor decreases.
The output (limited) voltage decreases slightly, the temperature of the varistor increases.
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EJJEKTPOITPOBIJHICTb JIOKCUJHOBAHAIIEBOI
CKIIOKEPAMUKH 3 TJOBABKAMMU Cu TA Cu20

B. Koa0ynoB, O. Bamepyk
Jninpoecvruii nayionaneruti yHieepcumem im. Onecsa I 'onuapa
kolbunov_vadim@i.ua

CkJiokepamiuHi MaTepiajad Ha OCHOBI cucreMu miokcup BaHamio (VO2) —BaHamie€Bo-
docdarue ckio (BOC) maroTh pi3ky (Ha 2-3 MOPSIAKY) 3MIHY €JIEKTPOIPOBITHOCTI B MEXKax
temneparypu Tt = 341K ¢a3zoBoro nepexoay meran-namniBnposigauk (PIIMH) B VO2 [1]. Lie
Jla€ MOXKJIUBICTh BUKOPUCTOBYBATH TaKi Marepiajd B KPUTHYHUX TEPMOPE3UCTOpax, SKi
NOEAHYIOTh BIACTUBOCTI 3BHYAMHOTO TEPMOPE3UCTOpPAa 3 HETAaTHBHUM TEMIEpaTypHHUM
KoedilieHToM onopy i Tepmiunoro pene [1].

Meroto 1aHOi pOOOTH € TOCIIIKEHHS eJIEKTPOIPOBITHOCTI CKIIOKepaMiku cucteM VOo—
B®C i VO2-B®C-Sn0; 3 nodapkamu Cu i Cu20 B mmpokiit o0acti Temmeparyp.

SIx 0a30Bi KOMITOHEHTH CKJIOKEpaMiKM O3HAYEHUX BHUIIEC CHCTEM OyJiM BUKOPUCTaHI
B®C ckinany (Mon1.%) 80V205-20P20s i kpucrtaniunuit VO,.

Ha TtemmepaTypHHX 3aJ€KHOCTSX IMUTOMOI EIEKTPONPOBIIHOCTI O CKIOKEPaMiKh
ckimany (Bar. %) 40VO2-15BOC—-aCu20—(45-a)SnO2 3 pisaum  BMmicTom o Cu20
crocrepiraetscsi ctpubok o B Mexax 341 K, axuit nos'szanuii 3 ®IIMH B VO (puc. 1).
HasiHicTh Takoro crpubka ¢ Oyia BHsBIEHA y CKJanax ckiokepamiku 3 BMmictoM Cu20 He
Oinpmie 6 Bar.%. Y ckiajax 3 BMICTOM 3akucy Miai 8 Bar.% 1 Oinblie CTpUOOK G He
cnoctepiraBes. Lle moxe OyTu MoOB’si3aHO 3 HU3BKUM BMICTOM VO2 y Takux cKiajgax i, siK
HACJIZ0K, BIICYTHICTIO TIpoTikaHHsA 1o 1id ¢azi. Jani JITA mokazanu, 1o BMICT JIOKCHITY
BaHAII0 B JIOCIIHKEHUX CKIAJaX CKIOKEPaMIKU MPOSBISE Pi3Ke 3MEHIIEHHS, KOJIH BMICT
no6aBku Mini nepesumiye 5 Bar.%. Ilpu Bmicti Cu 15 Bar.% Bmict VO:2 He nepeBuILye
1,5 Bar. %.

3menmienHs  BMmicty VO2 i3
3pOCTaHHSAM BMICTY MiJli, UIMOBIPHO, €
HaCJI1IKOM OKHCITIOBAJIbHO-
BiTHOBJIIOBAaHUX peaKLid MK HUMH
KomrnoHeHTamu. lle  minTBepmKye
MosiBa JIiHiK BUIoro okcuay mimai CuO
B PEHTTeHIBCHKUX CIIEKTpax
ckiokepamiku, Komu BMicT Cu0
nepesuinye 7 Bar.% [2]. Hacmigkom
OKHCITIOBTHHO-B1THOBITIOBAHUX

& . ... peaxkiiit

2 34 56 7 8 9 1011 12 13 nVO2 + Cu — VnO2p-1 + CuO
1000/T, K VO + CUz0 — VnOzn1 + 2CUO

Puc. 1. TemnepaTypHi 3a/1e;KHOCTi MUTOMOT . . c ey
. . . MOXe OyTH KpHcCTami3aris 1IK1U
eJIeKTPONpPOoBiTHOCTI cKI0Kepamikm (Bar. %) 40VO2- y P sty pia

15VPG-aCuz0- (45-a) SnO2 3 BmMicToM Cuz20 o Bar.%: asi mpu cuntesi cxiokepamiku das

1-2;2-5;3-8;4-10. Marueni 3 3aranpHoi  (hopmyIoro

VnO2n-1. HasBHicTe Takux a3 y

Kepamitli Ha ocHOB1 VO3 3 MmiIBUIIIEHUM BMiCTOM MiJi MIATBEPKYIOTh JIaHi pEHTI€HO(a30BOTO
aHamizy [2].

log,o(c, Ohm™ em™)
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w
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Bxman ¢a3 Marnem y eIeKTPONPOBIAHICT MIOKCHIHOBAHAII€BOI CKIOKEpPaMIKU
BUABJISIETHCS B 11 TEMITEpATyPHii 3aIeXKHOCTI, o0y aoBaHii B koopauHaTax logo ~ 1/T, konu
BMicT CU20 nopiBHIOe 8 abo Ounbiie Bar. % (puc. 1). Lleit Bkiaa cnocrepiraerscs K 31aMu
THIMHUX OUIIHOK 3aneskHocTti logo ~ 1/T npu temmeparypax 240 K, 150 K i1 130 K, ski
BiMiueHI Ha puc. 1 crpinkamu. Lli TemmepaTypu BiAmMoOBiAarOTh TemiiepaTypaM (a3oBUX
NepexoIiB MeTan-HamBIpoBiAHUK Tt B pazax Marueni V407, VeO13 1 VsOo. EHepris aktuBartii
o npu T>Tt menmre, Hix npu T<Ti, M0 CBITYUTH MPO 3MiHY €HEPreTUYHOI CTPYKTYPH 30H
XapakTepHOMY JUTst ()a30BOro Mepexoay MeTal-HaliBIPOBIIHUK.

HasBhicte Briamy (a3 MarHemi B e€JIEKTPONPOBITHICT TIOKCHIHOBAHAI1€BOT
CKJIOKEPaMIKH 3 TABUIIEHUM BMicTOM Mijii (8 Bar.% i OUIbIIE) CBIAYUTH PO TE, IO iX 00'eMHa
JIOJISL TIEPEBHUIIY€E TOPIr mpoTikaHHA. [Ipu HeBenmukux qo0aBKax Miai MPOTiIKaHHA 1O (a3ax
Marneni BiICyTHE 3aBISIKM iX MajJOMy BMICTY i OCHOBHHII BHECOK B €JIEKTPOIPOBIIHICTH
CKJIOKEpaMiKH 3a0e3redye JIOKCH] BaHali0, PO IO CBITYUTH CTPUOOK €NEKTPOIPOBIIHOCTI
npu Tt = 341 K (puc. 1). Ockinbku dazu V407, V6O13 1 VsOg Bume temneparypu ®IIMH
3HAXOMATHCS Y METAJICBOMY CTaHi, BOHU MOXYTh CTBOPIOBATH JOJATKOBI MPOBIIHI €IEKTPUYHI
3B’s13kM MK KpucTtamitamu VOg, sIKi CIPUSAIOTh MPOTIKAHHIO 110 IIiH (a3i.

Takum uynHOM, ckiokepamika cucteM VO,—BDC 1 VO.-BDPC-Sn0; 3 nodaBkamu Cu i
Cu20 npumaTHa 111 BUKOPUCTAHHS B KPUTHYHUX TEPMOPE3UCTOPAX IMPH BMICTI O3HAUCHUX
n00aBoK He OublIe 5 — 6 Bar. %.

[1] Ivon A.l., Kolbunov V.R., Chernenko I.M. Protection of the computer power supply unite
against a making current. System Technologies. VVol. 64, N° 5. (2009). P. 80 — 88.

[2] Kolbunov V.R., Ivon A.l., Kunitskiy Y.A., Chernenko I.M. The influence of microstructure
and phase composition of glass ceramics in the VO2>—V205-P205—Cu20-SnO system on
the electrical properties related to the metal-semiconductor phase transition. Ceramics
International. Vol. 39, N°. 4. (2013). P. 3613-3620.

ELECTRICAL CONDUCTIVITY OF GLASS-CERAMICS
BASED ON VANADIUM DIOXIDE WITH ADDITIVES OF Cu
AND Cu20

V. Kolbunov, A. Vasheruk
Oles Honchar Dnipro National University
kolbunov_vadim@i.ua

The electrical conductivity of glass-ceramics of VO, — VPG and VO2 — VPG - SnO>
systems with Cu and Cu2O additives in a wide temperature range is investigated. On the
temperature dependences of the specific electrical conductivity o of glass-ceramics of
composition (wt.%) 40VO2—-15B®C — aCu20- (45-a) SnO> with different content o Cu20, a
jump o within 341 K is observed, which is associated with PTSM in VO,. The presence of such
a jump o was detected in glass-ceramic compositions with a Cu2O content of not more than 6
wt.%. In compositions with a content of copper oxide of 8 wt.% And more jump ¢ was not
observed. Thus, glass-ceramics of VO, — VPG and VO2 — VPG — SnO; systems with Cu and
Cu20 additives are suitable for use in critical thermistors when the content of these additives is
not more than 5 - 6 wt.%.
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MOPOOJIOI'TYHO-CTPYKTYPHI IEPETBOPEHHA B
KPUCTAJAX I EHNITAKCIMHUX IIAPAX CdSb TA InsSe;
I AI€I0 JTASEPHOI'O BUITPOMIHIOBAHHSA

M. Copoxkartnii, B. [Innunko, B. Ctpedexes, I1. €Benuyk
Yepniseyvkutl Hayionanvuull yuisepcumem imeni FO. @eodvkosuua,
m.sorokatyi@chnu.edu.ua

KepoBani  tpanchopmarnii peanpHOoi  Mopdosiorii  Ta  CTPYKTYpH  IOBEPXHI
HAMIBIPOBIIHUKIB y 0araThbOX BHIIQAKaX MOXYTh OyTH 3a0e3leueHHMH JIa3epHUMHU
TexHoJIOTiAIMU. ONTUMI3yr0Ya JIisl iIMITYJIBCHOTO JIa3€pPHOT'O0 BUIIPOMIHIOBAHHS Ha €MITaKCIHHI
IapH, TOHKI TUTIBKH, HAHOMaTepianu € 0co0IuBo epekTUBHO0. B maniil poOOTi 11 OTpUMaHHS
emnitakcidaux mapiB CdSb ta InsSes 6yB 3acTocoBanuit meron pinuuHodasznoi enitakcii (POE)
B arMocdepi BOJHIO 3 PO3YMHIB-pO3ILUIaBiB Ha OCHOBI Bi. ®OTOHHA KOpEKIis CTPYKTYPHO-
dazoBoro crany kpucramiB Ta emiTakciiiHux mapiB CdSb Tta InsSes micna mpouecy POE
3MilicHIOBaIacs 3a qoromMororo Miicekynaaoro YAG-nazepa “Kpant-12 7 (A =1,06 MkM, T ~
1,5 Mc) 3 TycTHHOI eHeprii BumpoMinioBarHs 2,4—10 JIx/cm?. JlOCKOHANICTh CTPYKTYpH
KPUCTATIB 1 emTaKkCIHHUX MIapiB Ta OMHOPIAHICTH iX (a30BOTO CKIAY HOCHIIKyBaiacs
metogamu PEM, ACM Ta enekTpoHHO-30HI0BOT0 MIKpOAHAi3y.

Ha murommui (100) xpuctamiB nN-CdSb nasepHOI0 mporuiaBkor Oyino CTBOPEHO
BIIOPSAJIKOBaH1 KBa3iMepioANdHI CTPYKTYpU MIKpOHHHUX MaciuTadiB (puc. 1).

Z,nm
448
227

6:
-215
-436

X:13.4um Y:13.4um Z:1.2um [l.1:1]
Ra: 110.9nm Rg: 14Z2.7nm

Puc. 1. Mopdoaorist nosepxni kpucrany CdSb micis siazepHoi npomiaBku
(nocaigxenns B ACM).

IIpu upomy BinOyBamacs 1HBEpCis THIY MPOBIAHOCTI 3 YTBOPEHHSM Ja3epHOi
¢doTouyTIMBOi MOBEpXHEBO-0ap’ €pHOI cTPpyKTYpH [1]. MakcumyM OTOUyTINBOCTI CTPYKTYpH
y BUNAAKY JieryBaHHs kpuctany CdSb momimkoro In 3naxonuses B obmacti 2,1 MkMm. Sk
NoKa3aJii MPOBECHI JOCIIIPKEHHSI, JIETOBaH1 eMiTaKkCiiiHi CTpyKTypu Ha ocHOBI mapiB CdSb,
HapomieHux metoioM POE, porouyrnusi B gianazoni AA=1,35-2,75 mxwm. Jlazepra o6pobOka
eMmiTaKCIMHUX  [IapiB  JO3BOJNIMJIA MOKPAIIMTH 1X  cXig4acty  MOpQoJorio,  II0
CYNPOBOIKYBAJIOCS TAKOXK OMTUMI3AIIEI0 TapaMeTpiB (POTOUYTIMBOCTI.
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Puc.2. MopdoJoris micJisi 1azepHoi 00po0KH IONEPEYHOr0 NMepepisy eniTakciiiHOT CTPYKTYpH
Ha ocHoBi InsSes (nocaixkenns B PEM).

OTpuMaHi TaKOX €MITaKCIiHI CTPYKTYpH Ha 0a3i mapyBaTUX HaIiBIPOBIAHUKIB [nsSes
ta IngTe3 [2] i BcTaHOBNICHI ONTUMAJIBHI PEXKUMHU JIa3epHOI 00pPOOKH, MPH SIKUX MOKPAIILYETHCSI
JIOCKOHAJICTh MepexigHoi o0nacTi emiTakcid HUM map — MigKIaaKa, [0 3MEHIIy€e BIUIMB
nporeciB pekom6Oinanii. [Ipu BuBuenni B8 PEM mopdostorii moBepxHi Ta monepeyHux CKOJIiB
cTpykTyp Ha InsSes (puc.2) MeromaMu pPEHTICHOCHEKTPAIBHOTO MIKpOaHami3y, a TaKoxX
€JIIICOMETpii, BCTAHOBJICHO, IO JIa3epHa 00pOOKa MPU3BOIUTH A0 YTBOPECHHS B €IITAKCIHHOMY
IIapi SK By3bKO30HHHUX, TakK i HIMPOKO30HHKX (a3 cuctemu In — Se [3].

B mizomy mpoBeneHi JOCTIKEHHS MOKa3aJid MOXIIMBICTH KEPOBAHOTO JIA3€PHOTO
BIUIMBY Ha CTPYKTYpHO-(ha30Buil CTaH emiTakCiiHuX (oTouyTauBux eiaeMmeHTiB Ha CdSb ta
IN4Ses 3 MeToro MOKpaIIeHHs XapaKTePUCTHUK iX (POTO Uy TIMBOCTI.

[1] Record M.C., lzard V., Bulanova M., Tedenac J.C. Phase transformations in the Zn-Cd-Sb
system, Intermetallics. VV.11. (2003). P.1189-1194.

[2] Li Xingfu, Xu Bin, Yu Gonggi [and other] Anisotropic optical and thermoelectric properties
of InsSes and InsTes, Journal of applied physics. V.113. 2013. P.203-502.

[3] L. Makinistian, E.A. Albanesi, N.V. Gonzalez Lemus [and other] Ab initio calculations and
ellipsometry measurements of the optical properties of the layered semiconductor InsSes.
Phys.Rev.B. Vol. 81. Ne7. 2010. P.075217-1-075217-8-075217-8.

MORPHOLOGICAL-STRUCTURAL TRANSFORMATIONS
IN CRYSTALS AND EPITAXIC LAYERS OF CdSb AND InsSes
UNDER THE ACTION OF LASER RADIATION

M. Sorokatyi, V. Pylypko, V. Strebezhev, P. Evenchuk
Chernivtsi National University named after Yu. Fedkovych
m.sorokatyi@chnu.edu.ua

Epitaxial structures based on layered InsSes and InsTes semiconductors are obtained and
optimal laser treatment regimes are established, in which the perfection of the epitaxial layer-
substrate transition region improves, which reduces the influence of recombination processes.
When studying the surface morphology and transverse chipping of structures on InsSes by X-
ray methods of X-ray spectral microanalysis, as well as ellipsometry, it was found that laser
treatment leads to the formation of both narrow-band and wide-band phases of the In - Se
system in the epitaxial layer.
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CHEKTPHU EITP HAHOKPUCTAJIIB ZnO:Mn

0. KoBaJienko, B. BopoBcbkuii, O. XMes1eHKO
Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
kovalenko.dnu@gmail.com

Hanokpucraniyauit ZnO neroBanuii Mn BIiTHOCATBCA N0 CKJIaay po30aBICHUX
MarHiTHUX HaniBrnpoBigaukis (PMH). B po6oTi npuBeaeHi pe3yibTaTy AOCITIIKEHHS CIEKTPIB
EITP 3pa3zkiB nanokpucranis (HK) ZnO:Mn, oTpuMaHUX METOIOM YJIBTPa3BYKOBOTO MipOTi3y
aeposoimo (YIIA) [1]. HocmimkyBanucek 3pazku HK ZnO:Mn 3 KOHIIEHTpaIli€l0 MapraHIis
2ar.%, sik cuHTe30BaHui (3pa3okNel), Tak 1 TepmiuHo 00pobaenuit (TO) Ha nmoiTpi npu T=
850°C mpotsirom 20 xB. ( 3pazok Ne2), a TakoXkK 3pa30K, SIKAW Micis Bianary Ha moBiTpi, 0yB TO
y cymimri ra3iB a3oty Ta BojHio ( N2 : H2 =3:1) mpu T= 550°C npotsrom 20 xB.(3pazok Ne3). 3
METOI0 30epeXEeHHsI KOHIIEHTpamii BIacCHUX Ae(eKTiB, sSKi yTBOpHIUCH min vac Takoi TO,
OXOJIO/IKEHHS 3pa3KiB MPOBOIMIOCH 32 MEKAMH TIedl Y MOTOIll ra30omoAioHoro a3oty. CrnekTpu
EIIP 3a3naueHux 3pa3kiB npuUBeIeHI Ha puc.la.

Oco6nuBictio criektpy EITP 3paska Nel, oTpumaHOro mnpu HEpiBHOBRKHHUX YMOBAX
cunte3dy meronom YIIA (puc.la, minisl), € iforo acumerpuuna ¢opma. BoHa e Hacmigkom
HasBHOCTI y HK nedexTiB akuenTopHOTO THIY TaKHX, SIK KHCHEBI BakaHCii (Vo), MIXKBY3JIOBHIA
IUHK (Zni), a Takox riapokcuibHi Tpynu (OH) Ta koMiekciB 1ux 1edeKTiB i3 JOMIIIKOBUMU
ionamu Mn?*. TIpu 3HauenHsx maruiTHOro mons H ~ 200 MT TakoX peecTpyeThcs IIMPOKa,
0e3CTpyKTypHa JIiHis, sKa Moke OyTH JIiHI€I0 (epoMarHiTHOro pesoHancy. Bona ooymoneHa
HASIBHICTIO y 3pa3Ky (pepoMarHiTHUX KjacTepiB Ta CBITYUTH MPO iCHYBaHHS (hepOMarHiTHUX
BiactuBocteil (PB), siki Oynu BcranosiieHi y po6oti [2]. [Ticns Bigmany HK 3a T = 550°C us
niHig Ta @B 3HUKAIOTH B HACHIAOK 3MEHIIEHHS KIIbKOCTI BiacHUX naedekrtiB. B obmacti
3HaueHb MarHitHoro monst H = 325mT (g ~ 2,0) peecrpyerbest HanToHka ctpykrypa (HTC).
s miHig cki1aiaeThes 3 MIECTH JIiHIN Ta OB’ s13aHa
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Puc. 1. Jlinii cnexrpiB EIIP 3pazka ZnO:Mn (2a1%) - (a): 1- cuHTe30BaHMii 3pa30K, 2 - micJs Bianajay Ha
noBiTpi 3 — micsis Binmany y BoaHi, 4 — JiHisA, sfiKa € pe3yabTaTOM BijoKkpemaeHHs JiHii 2 Bix Jinii 3
cnexTpiB EIIP. Ycepennenni Jinii EIIP ciextpis 2 ta 4 - (0).

3 ionramu Mn?" posramoBaruMu B y37max KpucTaiiunoi rpatka ZnO. [To iHTEeHCHBHOCTI TaKuX
NiHi#t MOXINBO POOHTH BUCHOBOK 100 e)eKTMBHOCTI neryBanns ZnO iomamu Mn?*. Crig
3a3HaunTu, mo JdiHis HTC cnektpy EIIP HaknamaioTbess Ha MMPOKY (OHOBY JIHIIO
MOTJIMHAHHS, STKa 00yMOBJIEHA OOMIHHOIO B3a€EMOJIIEI0 BITbHUX, JOMIIIKOBUX 10HIB Mn?". Cami
ninit HTC € cTpykTypoBaHUMH, KOXHa 13 HUX po3/aBoioeThed. [TosBa nogarkoBux niniit HTC
obyMoBiIeHa ioHaMu Mn?*, sKki 3HAXOIATBCA B Pi3HOMY JIOKATBHOMY OTOUEHHi, IO MOXE
CBIAYUTH PO HASABHICTH AePopMallifHUX HANPyKeHb y KpucTaniyhii rparui ZnO. Taki ioHn
Mn?*, moxuBo, posramosani Ha nosepxHi HK y HK ZnO [2]. Takum unHOM, IpoBeaeHHit
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aHaJi3 Ja€ mijicTaBu 3p0OUTH BHCHOBOK IPO T€, 1[0 PO3TAIIyBaHHS JIETYI0UO0i JOMIIIKM Mn Ta
MoB’si3aHUX 3 Hero BiacHUX nedextiB B 00’emi HK € HeomnopignuM. BoHu B ocHOBHOMY
3HAXOJAThCA y IpunoBepxHeBomy mapi. Jlegexrna crpykrypa HK Mae Bun «s11po — 0007I0HKa»
- Oe3gedexTHe sAapo Ta AeQeKTHHH mpunoBepxHeBud mmap. Taka cTpykTypa nedexTiB
OpUBOIUTH 10 (opMmyBaHHS (hepOMarHiTHUX BJIACTUBOCTEH y cuHTe30BaHOro 3paska HK
ZnO:Mn (2 at.%) [2].

[Ticna TO 3paska No2 Bci BnacHi Ta CprKTypHi ne(heKTH 3HUKAIOTh, TOMY HOTO CIIEKTP
EINIP mictuth Tineku ainii HTC Ta IHPOKY JTiHIFO MOTJIMHAHHSA BiTbHUX i0HiB Mn? (pHc 10,
ninisg 2). Benuka intencusnicts niniit HTC cBiguuTh Ipo 3HAYHY KibKicTh ioHiB Mn?*, ski
npuiiHsaau y4acth y jeryBanHi HK ZnO. BiacyTHicTh pO3JABOEHHS IUX JIiHIA € O3HAKOIO
BigcytHocTi y HK nedexkrnoro nmpunosepxneBoro mapy. 3HauHa iHTEHCUBHICTh IIUPOKOT JiHIT
TIOTJIMHAHHSA € 03HAKOI HAABHOCTI BiBHMX i0HiB Mn?*, siki if 0OyMOBIIOIOTH NapaMarHiTHi
BJIACTUBOCTI 3pa3ky [2].

Cnektp EIIP 3pa3zka Ne3 € mpaktuuHo ineHTHYHUM Buny cnektpy EIIP 3paska Ne2
(puc.16, ninig 3). Lle MOSCHIOETHCSA THUM, IO TOBTOPHUN KOPOTKOTEPMIHOBHH BiJman 3pa3ka
IpY HIDKYAK TeMIepaTypi HE MOXKE MPHUBECTH 0 3HAYHUX CTPYKTYpHHUX 3MiH. [lisi BOIHIO
BU3HAYAETHCSI HOTO BHCOKMMH pEaKIifHUMU BiacTUBOCTsAMH. Pearyroun Ha moBepxHi HK i3
aTOMaMU KHCHIO, BIH MOXKE€ YTBOPIOBAaTH KHCHEBI BakaHCcii (Vo) Ta iHmi gedextu. Bimomo, 1mo
HasBHICTH KMCHEBHX BakaHCil (Vo) Ta BinmbHMX ioHiB Mn?" micas TO y BoaHI MPUBOAMTH 110
nosiBu y 3pa3ky ®B [2]. Tomy MOxJIHBO 3p0OUTH BUCHOBOK MpO Te, 1110 y criekTpi EITP 3paska
Ne3 noBunHa OyTH JiHIS TOTIMHAHHSA KUCHEBUX BakaHCIH V. Taky niHito Oyio BUALIECHO Micis
BiZIOKpEMIICHHS JIiHIT criekTpy 2 Bif JiHil ciektpy 3 (puc.la. miHis 4). AHai3 ycepeaHeHNX
miHii 2 ta 4 (puc.10) mokasas, 110 pe3oHaHCHe MarHiTHe noje Hp ninii 4 mae 3nauerns Hp(4)
= 331,78 mT, mus sikoro g4 = 1,965. Lleil pe3ynbpTar BiANOBiIae 3HAUYCHHIO g-(hakTopa It
KHCHEBOI BakaHcii [3]. TakuM 4MHOM, BCTAaHOBJICHO, IO CaMe KHUCHEBI BaKaHCIi MPUIMAIOTh
yuacTb y popmyBanni @B micns TO 3paszka y BogHi. OTpuMaHi pe3yapTaTu CBi4aTh Mpo Te,
110 HasgBHICTh @B B HK ZnO 06yMOBI€HO YTBOPEHHSAM BIANOBITHUX KOMIIJIEKCHUX AEQEKTIB.

[1] Vorovsky V.Yu, Kovalenko A.V., Kushnerov A.l., et., al., Preparation of zinc oxide
nanopowders doped with manganese, which have ferromagnetic properties at room
temperature. J. Funct. Mater.,vol. 25, 61 (2018), pp. 61- 66.

[2] O. V. Kovalenko, V. Y. Vorovskiy, O. V.Khmelenko. The effect of heat treatment on the
magnetic properties of ZnO:Mn nananocrystals obtained by ultrasonic aerosol pyrolysis. J.
Functional Materials. J. Functional Materials, 27, 4, 2020, p. 687-694

[3] Morazzoni F., Scotti R., Di Nola P., et., al., Electron Paramagnetic Resonance Study of the
Interaction of the ZnO Surface with Air and Air-Reducing Gas Mixtures. J. Chem. Soc.,
Faraday Trans., 1992, v. 88, p. 1691-1694.

SPECTRA OF EPR NANOCRYSTALS ZnO:Mn

A. Kovalenko, V.Vorovsky O. Khmelenko
Oles Honchar Dnipro National University
kovalenko.dnu@gmail.com

The paper presents the results study of the EPR spectra of nanocrystals ZnO:Mn, with
a concentration of manganese 2at.%. Obtained by the method of ultrasound pyrolysis of aerosol.
The EPR spectra of a synthesized sample, thermally processed in air, as sample well as
thermally treated in a mixture of nitrogen and hydrogen gases is studied. It was concluded that
the defective structure of the nanocrystals synthesized sample has the appearance of the "core
- shell” - a non-defective core and a defective near-surface layer. It is shown that precisely
oxygen vacancies (Vo) take part in the formation of ferromagnetic properties after thermal
processing of the sample in hydrogen.
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AHAJII3 MOXKJINBOCTI 3ACTOCYBAHHA
HPOMUCIOBUX CAMOBIJIHOBJIIOBAHUX
SAITIOBI’KHUMKIB JJIA 3AXUCTY ®OTOEJEKTPUYHUX
EJEMEHTIB COHAYHUX BATAPEA HA OCHOBI
IIJIACTHUH 3 MOHO- TA ITOJHKPUCTAJITYHOI'O
KPEMHIIO BI/I CTPYMIB IIEPEBAHTAKEHHSA

O. JIssmkoB
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
alexdnu@ukr.net

Constuni GaTtapei sSK IpaBUIIO CKIAJAIOThCA 3 Habopy okpemux ¢oroenemenTiB (DE)
3'€eTHAHUX TOCIIIOBHO a0o0 mapanensHo, abo 3Mimano. B xoni ekcrutyatanii ¢oroeneMenTu
MOXYTh BHXOJMUTH 3 JIaAy B PE3yJbTaTi MEXaHIYHHUX IOIIKOIKEHb, AETpaaalii, Mpuxomy B
HENpUJIATHICTH 13051s1ii. L1 HecripaBHOCTI 4acTo MPU3BOASTH /0 MaAiHHS BHYTPIITHHOTO OMOPY
¢doroenemMenTa, MO B CBOIO 4Yepry BeA€ A0 IIYHTYBaHHS BCHOTO JIAHIIOTY MapayiebHO
3'eqHaHuX (poToeIeMeHTiB. AHANOTIYHUM eekT Moxke BuHuKatu npu 3aTiHeHHi OE. Ctpywmu,
110 MPOTIKAIOTh Yepe3 eIEMEHT 31 3HIKEHUM BHYTPIIIHIM ONIOPOM iCTOTHO PO3irpiBarOTh HOTO
1 BUKJIMKAIOTh MOSIBY 30H JIOKJIbHUX MIEPErpiBiB, TAK 3BaHUX «rapsyux miasm» [1]. ¥ miacymky
11 MO>KE€ TIPU3BECTH BUXOY 3 Jay BCi€l COHSUHOI OaTapei i HaBiTh 0 MOMKEXKI.

OnHuM 3 e(eKTHBHUX 1 MPOCTUX pIllIEHb € BKJIIOYEHHS IOCIIJOBHO 3 KOXHHUM 3
¢doToeneMeHTIB caMOBIAHOBIIOIOTHCS 3ano0ikHUKIB (CB3, ado PolySwitch, PPTC (Polymeric
Positive Temperature Coefficient)).

OcHoBHMMHU nacniopTHUME napameTpaMu CB3 € Ryin — MiHIMaIbHMM TOYaTKOBUI OMip
(260, Rimax — MakcuUMadbHM{ omip micis OJHi€l roAMHU BiAHOBIEHHS) 1 lwip — CTpyM
CIpAallbOBYBaHHS, MpPHU SKOMY BIJIOYBAa€ThCs Mepexis 3anoODKHUKA BiJi CTaHy 3 BEJIMKONO
IPOBIAHICTIO JI0 HEMIPOBIHOTO. 3aXKCT MapajiesIbHOro 3'€IHAaHHS (OTOETEMEHTIB MOXKe OyTH
peai3oBaHMi IPU BUKOHAHHI HACTYTTHUX YMOB:

Rmin << I, (1)

Jie F — BHYTpIiLIHIH omip ¢oToeneMenTa, ToOTO HassBHICTh TAKHMX 3a001KHUKIB B €NIEKTPUYHIH
CXeMi He TTOBUHHO BIUITMBATH HA HOPMaJIbHY pOOOTY MOJIYJISI B I[IJIOMY;

(n - l)l > Itrip > Isc, (2)

TO0OTO, CTpyM cripaiboByBanHs CB3 nmoBuHeH OyTH OiIbIe CTpyMy KOpOTKOTo 3aMuKaHHSI OF
Isc 1 MEHIIIE CyMapHOTO CTPYMY MapajieibHO 3'€HaHIX (POTOCIEMEHTIB B poOodoMy pexumi (N
—1)I, ne (n — 1) KiTBKICTH CIpaBHUX (HOTOECTCKTPHYHHX MOJYJIIB.

BuyTpimmniii omip doroenementa MoxkHa OmiHUTH K I = Uoc/lse, e Uoc — Hampyra
XO0JIOCTOTO XoAy; lsc — CTpyM KOpOTKOro 3amukaHHs. Ha chOromHIIIHIN JeHb HaWOLIbII
HNOUIMPEHUMH € TUTACTHHU 3 MOHO- 1 OJIIKPUCTAIIYHOTO KpeMHito po3mipoM 156x156 mm. [lnis
HuXx cepenne 3Ha4eHHSI Uoc ~ 0,64 B, lsc ® 9 A, 3riqHO mMacmopTHUM 3HAYEHHSIM BUPOOHUKIB.
Cepenne 3Ha4deHHs I, Buxos4u 3 1poro, 0,07 + 0,08 Om. Takum unHOM, Ui 3a0€3MeYeHHS
ymoBH (1), Rmin He moBunHwMIA nepesutnyBatu 0,11 (~ 0,007 Om).

Amnaniz mapamerpiB mnpomuciaoBux CB3 Bcix tumopo3mipiB, Bkiatouaroun SMD,
JI03BOJIMB BCTAHOBUTH ICHYBaHHSI CTATUCTUYHOTO B3a€MO3B'S3KY MK MiHIMAJIBHUM OIIOPOM 1
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CTpyMOM mepemuKkaHHs. Jlnsg  3axucty  (QOTOENneMEHTIB  BUSBHIUCS  NPHIATHUMH
BKpaiioOMexeHui nepemik nmpomucioBux CB3 (puc. 1).

100 ¢ .
i Al
| " @ Littelfuse, Inc.
%o .
TRy #Boums, Inc.
10 " ¥ EE:?%%’E;?- AFuzetec Technology Co
3 | 2% on ’
< e
= | y = 0,432x282
_— i R*=0,925
N e
" AR y=0,400x25
ey T R?=10,957
O 1 1 1 1| E il 1 1 1 [ 1 1 1 [ 1 1 1 i1 ¥
0,001 0,01 0,1 1 10

Rmin:l Ohm

Puc. 1. Kopeusinisi Mizk onopom B npoBinHomy crati Rmin i cTpymom cipanboByBanHs lrip cepiiinux CB3
Pi3HUX BUPOOHMKIB (32JMBKOIO NO3HAYeHA 00J1aCTh NPUITHATHUX NapaMeTPiB 11 3aXHCTY KpeMHi€BUX
¢doTtoesiemenTiB po3mipom 156x156 mm)

Takum uYnMHOM, MOXXHa 3pOOMTHM BHUCHOBOK IIPO JELI0 OOMEXEHI MOXIMBOCTI
3aCTOCYBaHHS NPOMMCIOBUX CAMOBIJHOBIIOIOTHCS 3aMOODKHMKIB Ui 3aXUCTY COHSIYHHUX
Oarapeil MoOyJJOBaHUX HAa OCHOBI IUIACTUH 3 MOHO- 1 MOJIKPUCTATIIYHOTO KPEMHIIO PO3MIPOM
156x156 mm.

[1] Dhimish M., Holmes V., Mather P., Sibley M. Novel hot spot mitigation technique to
enhance photovoltaic solar panels output power performance. Solar Energy Materials and
Solar Cells, vol. 179. (2018). P. 72-79.

THE APPLICATION ANALYSIS OF INDUSTRIAL SELF-
REGULATING FUSES FOR PROTECTION OF SOLAR
BATTERIES PHOTOELECTRIC CELLS BASED ON PLATES
OF MONO- AND POLYCRYSTALLINE SILICON
FROM CURRENT OVERLOADS

A. Lyashkov
Oles Honchar Dnipro National University
alexdnu@ukr.net

The possibility of using industrial self-regulating fuses for protecting photovoltaic solar
cells based on mono- and polycrystalline silicon plates 156x156 mm in size from current
overloads is considered. The limits of applicability of self- regulating fuses for solving this
problem are analyzed.
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NANOCONES FORMATION ON A SURFACE OF Ge, Si
AND GaAs BY LASER RADIATION: QUANTUM
CONFINEMENT EFFECT

A. Medvid
Riga Technical University
medvids@latnet.lv

Nanostructures are the most investigated object in solid-state physics, especially the
Quantum confinement effect in quantum dots, quantum wires, and quantum wells [1, 2] because
in these conditions the change of conductivity and valence bands structure of a semiconductor
takes place. This leads to a crucial change of the semiconductor properties such as: electro
conductivity, optical parameters [3], mechanical and heating properties. It allows controlling of
semiconductor properties and to design of new devices. Only some very well elaborated
methods for the formation of nanostructures are known. Therefore, elaboration of new methods
for nanostructures formation in Si, Ge, and GaAs is a very important task for nanoelectronics
and optoelectronics. The aim of this study is to investigate nanocones' optical properties formed
on a surface of semiconductors by laser radiation. Nanocones on a surface Ge single crystal
were formed using the basic frequency of Nd:YAG laser intensity of 30 MW/cm?, This structure
is characterized by patterns related to Cei point group symmetry covering a surface of the sample
by translations symmetry [4]. In the case of Si, the nanocones are formed by the second
harmonics of Nd:YAG laser intensity of 20 MW/cm? on the mechanically polished surface.
Photoluminescence from irradiated surfaces is found in the visible range of the spectrum.
Peculiarities of photoluminescence from Ge and Si nanocones could be explained by the
Quantum Confinement effect in nanowires with a gradual decrease of nanowire diameter from
the maximum on the base of the cone to a minimum on the top of nanocone [5]. It is a
semiconductor with a graded bandgap. Photoluminescence from the surface of GaAs single
crystal irradiated by the second harmonic of Nd: YAG laser at intensity 7.5MW/cm? is
characterized by blue shift on 100 nm and increase of its intensity by 10 times in comparison
with a nonirradiated sample. A shift of micro-Raman scattering spectra is good evidence of this
suggestion. The calculated minimal diameters of nanowires on the top of nanocones for Ge, Si,
and GaAs single crystals are 4, 9, and 11.5 nm, correspondently.

[1] Alivisatos A. P. (1996) “Semiconductor Clusters, Nanocrystals, and Quantum Dots’,
Science, Vol. 271, 933-937.

[2] Brus L. E. (1984), ‘Electron—electron and electron-hole interactions in small semiconductor
crystallites: The size dependence of the lowest excited electronic state’, J. Chem. Phys., 80,
4403- 44.

[3] Furukawa S., Miyasato T. (1988), ‘Quantum size effects on the optical band gap of
microcrystalline Si:H’, Phys. Rev. B 38, 5726-5729.

[4] A. Medvids, Y. Fukuda, A. Michko, P. Onufrievs, Y. Anma (2005) “2D lattice formation
by YAG:Nd laser on the surface of Ge single crystal”, Applied Surface Science, vol. 244,
pp. 120-123.

[5] A. Medvids, A. Mycko, P. Onufrijevs, E. Dauksta (2012)” Application of Nd:YAG laser in
semiconductors nanotechnology”, in “Nd YAG laser”, Ed. Dan Dumbras, INTECH.
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MEXAHI3MMU ITPOXO’KEHHA CTPYMY B
I'ETEPOCTPYKTYPI Cu:0/CdTe

I. Ko3sipcbkuid, E. MaiicTpyk, J. Ko3sipcbkuid,
I'. Auapymaxk, E. Kace

Yepniseyvkuil HayionanvHull yHieepcumem imeni FOpis @edvkosuua
i.koziarskyi@chnu.edu.ua

OcHOBHUMH TiepeBaraMy IUIIBOK OKCHIY Mial SIK MaTepiamiB JJIsd €JICKTPOHIKU 1
COHSIYHOT CHEPreTUKH € iX HETOKCUYHICTh [UIsl JIIOJMHH, BEJIMKA KUIBKICTh METOIIB
BUPOOHMIITBA 1 JIeNIeBa Miap vepes il mupoke momupeHHs. KpiMm Toro, okcuau Mifi MOXYyTh
BUKOPHCTOBYBATHCS B IaTUMKAX ra3y, JiTiH-IOHHUX aKyMyJIITOpax, (POTOeIEMEHTaX Ta iH.

B octanH1 pokM OCHOBHUM IMUTAHHSAM PO3IIMPEHHS MK BUKOPUCTAHHS OKCUIIB MiJli B
COHSIYHIN CHEPreTULll Ta CICKTPOHIL( € MOMINIICHHS ONTHYHHX, CICKTPUYIHHX 1 CTPYKTYPHHX
XapakTEPUCTUK LUX OKCUIIB. IX 0COOJNMBE 3HAYECHHS: OKCHI MiJi CHJIBHO 3MiHIOE CBOI
BJIACTHBOCTI (THIT TPOBITHOCTI, 3a00pOHEHY 30HY) B 3aJICKHOCTI BiJI BMICTY KHUCHIO.

Tomy mnpeacraBisio iHTepec MIOCHIKEHHS BOJbT-aMIEpPHI XapaKTEPUCTHKH Ta
BCTAHOBUTH JIOMIHYIOYl MEXaHI3MH CTpymonepeHocy rerepoctpykryp pP-Cu20/n-CdTe
oTpuMaHux MeTojoM BUY-marnerponHoro posnuieHHs. Kpim Toro, Oyino mpoBeneHO
JIOCITI/DKEHHST BIUIMBY CBITJIOBOTO BHUIIPOMIHIOBaHHSI Ha rerepoctpykTypy P-Cu20/n-CdTe.
Teepni po3unnu CdTe Oynu oOpani B sKOCTi 0a30BOi MiAKIAAKK 4epe3 iX OLIbIl BHCOKY
MeXaHIYHy MIIHICTh, CTPYKTYpHY AOCKOHAJICTD 1 BEIMYUHY IIUPUHU 3a00POHEHOI 30HH, IO
pPOOHTH iX MPUIATHUMHU JUIsI BAKOPUCTAHHS B COHAYHIN eHepreTull.

Hnst orpumanns kpuctaniB CdTe wnHamguucTuii kaamid 1 Telyp 3amaroBalid B
BaKyyMOBAaHUX KBapLoBUX ammyiax. Lli ammynu manu koniuHe nHo. Ilicng mporo cunTes
matepianiB CdTe npoBoaAMBCS B TOPU30HTAIBHUX KOJIMBHUX Nedax. Kpucranu Bupourysanu 3a
MeToioM bpiikMeHa B THX ke ammyjax. B pe3ynbraTi BUpOILLyBaHHS METOAOM bpimkMeHa
Oy OTpUMaH1 KpUCTAIN HWIIHAPUYHOT (POPMH TOBXKHUHOIO ~ 6 ¢M 1 AlaMeTpoM ~ | cM.

Tonki Bk Cu20 Oynu OTpUMaHI METOJOM BHCOKOYACTOTHOTO MAarHeTpOHHOTO
posnmienHa mimeHi CuO. Ilponec HamwieHHs MPOBOJAMBCS 3a JIONOMOIOK0 MarHeTpoHa,
poboya yactora sikoro craHoBmia 13,56 MI'n. s 1boro B IKOCTI BUCOKOBaKYYMHOT'O Hacoca
BUKOPHUCTOBYBaBcs TypOomonekynsipuuii Hacoc TMH-500. Ilopomox oxcuay wmimi 11
3alpecoBYBAJIM B aJIOMIHIEBHI CTaKaH 1 BUKOPUCTOBYBAJIM SIK MillleHb. BHYTpimHii aiameTp
AIIOMIHIEBOrO CTakaHa OyB 3HauHO OuUIbLIE JAlaMeTpa poOo4oi 00siacTi PO3MMIECHHS (30HU
epo3ii) MarHeTpoHa.

Tonki mniBku Cu20 HaHOCWIIMCS Ha CKIISHI MIAKIAIKU (IOKPUBHE CKJIO CTaHAAPTHHUX
pO3MIpIB) AN JOCHI/DKEHHS ONTHYHMX BIIACTUBOCTEW, HA CHUTAJOBI MIAKIAIKH s
JOCITIKEHHST CIEKTPUYHMX BIIACTMBOCTeW Ta Ha Kpucramiuauii CdTe. Iligkmaaku
3aKpITUTIOBAIM Ha MIYIl 3 HEPKaBilOYOi CTalll, SIKa JO3BOJIsUIA MIATPUMYBATH TEMIEPaTypy 10
600 °C. TemrnepaTypy HiIKJIaIKH KOHTPOJIIOBAIH 32 goroMorow K-repmomapu.

BAX rerepoctpykrypu p-Cu20/n-CdTe BuMmiproBaiM 3a JOMOMOTOK MPOTPaMHO-
amapaTHOro KomIuiekcy Ha 0a3i nudpoBoro myiasTumerpa Agilent 34410A 1 650Ky KUBICHHS
Siglent SPD 3303 X, gkuMM KepyBald NEpPCOHAIBHHUM KOMII'FOTEPOM 32 JOHNOMOTOIO
MIPOrpaMHOro 3abe3neueHHsl CTBOPEHOro B cepenoBull LabView.

Ha ocnoBi otpumannx BAX ekcTpanossiiero IpAMOTIHIHHUX TUISHOK MPSMHX T1IO0K
BU3HAYCHO 3HAYCHHS BUCOTH IMOTEHIIAILHOTO Oap'epy 1 OTPUMAHO BEJIMYMHY TOTECHIIIAIIBHOTO
Oap’epy TpuU ONMPOMIHEHHI CBITJIOBHM MOTOKOM. TakuM 4WHOM, OyJI0 BCTAHOBIEHO, IO IS
ocBiTieHoro rereporepexoaa @k (300 K) = 1,95 eB, a ans neocsitiaenoro @k (300 K)=2,1 ¢B.

VI BeceykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(epeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2021
24-26 mucronana 2021 p., m. Ininpo, Ykpaina



146 Cexuist IV. ®YHKIIIOHAJIbHA EJJEKTPOHIKA. MIKPO- I HAHOTEXHOJIOT'Ti

3 BAX Oyno BusHaueHo koedimienT BunpsamieHHs RR g V| =3 B i1 T =300 K i
BCTAHOBJICHO, 110 JIJIs1 OCBITIeHOTO Tereponepexoaa RR = 35, a mst nHeocBiTiienoro RR = 240.
Ils pi3auns B 3HaueHHsAX RR moB'si3aHa 31 3MEHIIEHHSM omopy obnacti 0asw mix JIi€ro
ceiTiioBoro omnpomineras (CdTe), mo miaTBepKye BeludnMHA MOCHiA0BHOTO omopy (Rs)
OCBITJICHOTO Te€Tepornepexoay i, K HacHiJoK, BUCOTa MOTEeHLIanbHOro Oap'epy. IlocmigoBHi
OIIOpH TS OCBITIIEHOTO 1 HEOCBiTIEHOTO rerepornepexoaa pP-Cu20/n-CdTe cranouian Rs = 3
Om 1 Rs = 6,4 OM, BiAIIOBIZHO.
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Puc. 1. Hpsami rinku BAX p-Cu20/n-CdTe y nanisiaorapudmiunnx koopaunarax (T =300 K)

Sk BuaHO 3 puc. 1, Ha BAX, noOynoBaHuX B HamiBlorapu(MidyHUX KOOpJHHATAX,
CIOCTEpIrarThesl MPSAMOTIHIAHI UIHKY pu Manux (0 B <V <0,7 B) 1 Benukux (0,7 B <V <
2,1 B) 3mimenHsax. TakuM unHOM OyJi0 BU3HAUYEHO MOKa3HUK HeineanbHoi BAX mist koxHOT
JUISHKA OCBITJIEHOTO 1 HEeOCBiTIeHOTO Tereporepexona P-Cu,0/n-CdTe. J{ist ocBiTieHoro i
HEOCBITJIEHOT'O TeTeporepexo/ia Oyiau oTpUMaHi HACTYIHI 3HaYeHHs IMOKa3HUKa HelJeaabHOi:
maui 3mimenss (0 B <V < 0,7 B) n = 5 1 Benuki 3mimenss (0,7 B<V <2,1 B) n= 15. Anani3
OTPUMAaHUX PE3yJIbTATiB OKa3aB, 1110 IPU MAJIHX 1 BEIMKUX 3MILICHHAX IIepeBakae TyHEIbHUN
MeXaHi3M IPOXOJKEHHS CTPYMY.

BanexHicTs Inley = f(go - qV) ™2 ans 3BopoTHOI rinku BAX € npsmMoro TiHi€o, 1Mo Takox
BKa3ye€ Ha Te, IO TYHEIbHUI MeXaHi3M MPOXO/KEHHS CTPYMY € JOMiHYIOUHM.

CURRENT TRANSFER MECHANISMS IN Cu.O/CdTe
HETEROSTRUCTURE

I. Koziarskyi, E. Maistruk, D. Koziarskyi, G. Andrushchak, E. Kass
Yuriy Fedkovych Chernivtsi National University
I.koziarskyi@chnu.edu.ua

The p-Cu20/n-CdTe heterostructure was obtained by RF-magnetron sputtering of the
CuO target on a CdTe crystal substrate. From studies of current-voltage characteristics it was
found that the obtained heterostructures have rectifying properties. The height of the potential
barrier, the value of the series resistance and the dominant mechanism of current transfer were
determined.
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CBITJIOBI XAPAKTEPUCTUKU JETEKTOPA
IOHI3YIOYOI'O BUITPOMIHIOBAHHS I'PA®EH/CdTe

M. CoaoBan, A. MoctoBuii, 1. MULIKAHIOK
Yepniseyvkuil HayionanvHull yHieepcumem imeni FOpis @edvkosuua
a.mostoviy@chnu.edu.ua

I'paden € nBOXBUMIpHUM MaTepiayioM, SIKMM BOJIOJI€ YHIKAIBHHUMH CICKTPUIHUMU 1
ONTHYHUMH BIaCTHBOCTAMH [1]. 'padeH € mepcrieKTHBHUM MaTepialioM JJisl 3aCTOCYBAHHS Y
AKOCTI  ()POHTATBHOTO  EJIEKTPUYHOTO KOHTAKTy JJIs  JETEKTOpIiB  pI3HOTO  THITY
BUIPOMIHIOBAHHS, KM IMIUPOKO BHKOPHUCTOBYETHCS B HAyIll, TEXHIIl, MCIUIIMHI Ta 1HIIUX
rayry3sx. 3aBIsK{ BEJIMKAM aTOMHHM YHCJIaM KOMITOHEHT croiyku (48 mns Cd 1 52 mis Te),
poOouwmii gianazon aerextopiB CdTe mommproeTsest Ha OLTBIT BUCOKY 00acTh eHeprii GOTOHIB
(o 1 MeB) y nopiBHsHHI 3 feTekTopamu Si, a mpuHa 3adoponenoi 3ouu CdTe (~1,5 eB npu
300 K) no3Bosisie mpamtoBatu nerekropaM Ha ocHoBI CdTe B mmpokomy niana3oHi TeMIeparyp
0e3 crerianbHOro 0X0Ja0KeHHs [2].

A (ceitena mazepom 2=405 BM
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Puc. 1. 3aexXHicTh YyTIMBOCTI CTPYKTYPH Bil HANPYTrY NPU OCBiTJIEHHI JiazepaMu Ta OLIMM CBiTI0M.
Ha BcTraBni — 3a/1e5KHICTD I€TEKTUBHOCTI CTPYKTYPH BiJ HAanpyru

BucoxoskicHuii rpadeH Benukoi miomli OyB BUpPOIIEHHUH METOJOM XIMIYHOTO
ocapkeHHs 3 mapoBoi ¢aszu (CVD) Ha mimaux makmankax. [Ticas MexaHidHOTO MOJipyBaHHS
MiZHOT (ONBrd BOHA IMOCTIAOBHO MpOMHBAjacs B YIbTPa3BYKOBill BaHHI aleTOHY Ta
130IPONUIIOBOTO CIIUPTY, MPOTPABIIOBANIACS B OLITOBIM KUCIIOTI 1 MPOMUBANIACS JI€10HI30BaHOIO
Bojor0. IloTim MigHa (ompra mepemimmanacs y BHCOKOTEMIEpaTypHy BakyyMHy mid. [llap
BJIACHOTO OKHCIy BHJAJSBCS LUIIXOM BHCOKOTEMIIEPATYpHOIO BiAmady MiaHOI (osbru B
atMocdepl BHCOKOYHCTOro BOJHIO. Ha mapyromy erami g0 MOTOKY ra3onomiOHOTO BOJHIO
nomaBaymm Metad (CH4) nns mowatky BupomryBaHHs rpadeHy. ['paden ocamkyBamu mnpu
temneparypi 1050 °C. Ilicns oxomnopkeHHs Imapu rpadeHy NepeHOCHIN Ha MiAroTOBJIEHI
nigknanku CdTe. s miporo rpadgeH 101aTKOBO 3aXHUIABCS TOHKUM IIapOM HITPOIETIOIO03H,
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SKMI HAHOCUBCS METOJIOM CIIIHKOYTHUHTY 3BEpXy Ha CTPYKTYypy rpaden/mins. Ilotim minb
pO3UMHsIIACS B KOHIICHTPOBAaHOMY BOJHOMY pPO3UYMHI XJIOpuay 3aiiza abo aMOHiko
nepcynbdary. B pesymbraTi  OoTpuMyBajach BUIBHO IUIaBalO4ya  CHUCTEMa  IIap
HiTpouemtono3u/rpader, sKka MpOMUBANAcCsH JACKUIbKAa pas3iB y J€lOHI30BaHIA BoOal JUis
BUJIAJICHHS BCIX 3QJIMIIKOBHX JIOMIIIIOK TTiCIIsl TIpotiecy TpaBiieHHs. HacTymHuM Kpokom Oyiio
nepeHeceHHs 3axuieHoro rpadeny Ha miakiaaaky CdTe 3 mogansiM BUJAICHHSIM 3aXHCHOTO
1apy HITPOLIETIOJIIO3U IPOMUBAHHSM B aIleTOHI.

Otpumana crpykrypa rpaden/CdTe Oyna gociaimkeHa npu pisHUX YMOBAX OCBITJICHHS.
CtpyKTypa I0ciipKyBaiach Py OCBITIICHHI J1a3epOM 3 TOBXHHOIO XBHIII 405HM, a TAaKOXK MPU
OCBITJICHHI O1JTUM CBITJIOM.

J1J1s1 OLIHKK MOYIJIMBOCTI BUKOPUCTAHHS CTPYKTYPHU B SIKOCTI (DOTOUYTIMBOTO JaTYHKA,
Oyno mociimkeHo uyyTiuBicTs cTpykTypH (R) (puc.l), a Takox nerextuBHicTh (D*) (BcTaBka
puc.l). Sk BUIHO 3 PUCYHKa, JOCII/)KyBaHa CTPYKTypa BHUSBHJIACH OUIBII YYTJIMBOIO JI0
JIA3epHOTO BUIIPOMIHIOBAHHS 3 JIOBXKMHOIO XBWI 405 HM, a Mpu OCBITJICHHI OUTMM CBITIIOM
CIIOCTEPITaeThCs BXKEe MEHIIA YyTIHBicTh. [Ipy 301IbIIEHHI HAIIPYTH 3BOPOTHOTO 3MILICHHSM
CIOCTEPIraeThCs 30UTBIICHHS Yy TIIMBOCTI, 110 BiJOYBA€THCS 32 PaXyHOK 301IbIIEHHS 00JIacTi
MIPOCTOPOBOTO 3apsily Ta 30UTbIIEHHS €(EKTUBHOCTI PO3JIUICHHS Iap HOCIIB 3apsiB.
AHAJIOTIYHO 0 YYTIUBOCTI, NETEKTHBHICTh 3aJEXKHUTh BiJl THITy MaJal04oro Ha CTPYKTYpY
CBITJa, 1 BUAHO, IO IpU JOBXKUHI XBWJI Majgatodoro cpitia 405 HM CTpyKTypa BOJIOJIi€
HAOLIBIINM 3HAYEHHSM JIETEKTHBHOCTI, a MpPH OCBITJIIEHHI OUTMM CBITJIOM 3HAa4YECHHS
JETEKTUBHOCTI B3KE MEHIIII.

[1] Xu K. Zeng C., Zhang Q., Yan R., Ye P., Wang K., Seabaugh A.C., Xing H.G., Suehle J.S.,
Richter C.A., Gundlach D.J., Nguyen N.V. Direct Measurement of Dirac Point Energy at
the Graphene/Oxide Interface. Nano Lett. VVol. 13. (2013). P. 131-136.

[2] Brus V.V. Maslyanchuk O.L., Solovan M.M., Maryanchuk P.D., Fodchuk I.,
Gnatyuk V.A., Vakhnyak N.D., Melnychuk S.V., Aoki T. Graphene/semi-insulating single
crystal CdTe Schottky-type heterojunction X- and y-Ray Radiation Detectors. Scientific
Reports. Vol. 9. (2019). P.1065.

LIGHT CHARACTERISTICS OF THE GRAPHENE/CdTe
RADIATION DETECTOR

M. Solovan, A. Mostovyi, Y. Mytskanyuk
Yuriy Fedkovych Chernivtsi National University
a.mostoviy@chnu.edu.ua

In this work, we developed a semiconductor detectors based on a large area
graphene/semi-insulating single crystal CdTe Schottky-type heterojunction. It was fabricated
by forming a VVan der Waals contact between large area chemical vapor deposited graphene and
CdTe substrates in air and at room temperature.

The 1-V characteristics for the graphene/CdTe were measured, and also the parameters
of the structure when illuminated by white light and a laser with a wavelength of 405 nm were
investigated.

The performance of the photodetector was quantified by determining the sensitivity (R)
and detective (D *), which reflect the sensitivity of the photodetector to incident radiation.
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BILJIMB MTOBEPXHEBUX CTAHIB HA EHEPTETUYHUM
HPO®LJIb TA EJIEKTPUYHI BJACTUBOCTI I3OTUITHUX
I'ETEPOIIEPEXOIIB n-TiN/n-CdTe:Cl

I. Opaenbkuii, M. Lnamyk, E. Maiictpyk, M. CosoBan, 1. Ko3sipcbkmii,

. Ko3sipcbkuii, €. I'padiureiin
Yepniseyvkuil HayionanvHuil yrisepcumem imeni FOpis @edvkosuua
i.orletskyi@chnu.edu.ua

[Iupoko3onnwuii HamiBrpoBinHUK TIN (Eg= 3,4 eB), sikuii XxapakTepu3yeThCsi BACOKHM
Koe(illiEHTOM MPOIYCKaHHS Yy BUAUMINA Ta OmmKHIA iH(QpauepBOHIM 00JaCTIX CHEKTpa
(T = 70 — 80 %), a TakoX 3HAYHOI KOHIEHTpamiero enekTponiB (N = 10 — 10'° cm®) €
HNEepCHEKTUBHUM MaTepiajioM Ui BUTOTOBJIEHHS (POHTAJIBHOIO Liapy y ¢oTomnpuiimMayax Ta
¢doroneperBoproBayax JUis BKa3aHOro ONTHYHOro niamasony [l]. OntumanbHa ams
(bOoTOeNEeKTPUYHOTO TEepeTBOPEHHsT eHeprii mupuHa 3aboponeHoi 3ouu (Eg = 1,5 eB) Ta
BUCOKHIA KoedinieHT QyHmamMenTanpHOro normuHanss (a = 10° M) cpusiors 3acTocyBanHio
CdTe B Takux CTpyKTypax sk €(peKTUBHOTO MOTJIMHAYA.

I3otunuHi rereponepexoan N-TIN/n-CdTe:Cl BHUroTOBISAIMCS HAHECCHHSIM TOHKHX
wriBok TiN Ha CBIKOCKOJOTI KPUCTAIIYHI MIAKIATAHKA 0a30BOTO Marepiary METOJIOM
PEaKTHBHOTO MarHETPOHHOTO PO3MHJICHHS MIIlIEHI YUCTOTO TUTAHY B aTMOCQepi CyMillli a30Ty
1 aprony npu noctiiHii Hanpy3i. Temneparypa nigknaaku ctanouna 570 K. Monokpucranu
CdTe:Cl BuporiyBaiy BepTHKAILHUM METOJOM bpimkMeHa Mpu HEBHCOKOMY THCKY IMapiB
KaaMilo B ammyni. KoHientpanist ieryiodoi gomimkm B posmiasi craHosuma ~ 2-1018 em,
Kinernuni koedimientn kpucranis CdTe:Cl mpu T = 295 K nopiBHIOBanM: mnHTOMA
enekTpornpoBinHicTs o = 0,12 OM™-CM™, KOHIIEHTpallis Ta XONTiBChbKa PYXJIUBICTh €EKTPOHIB
n=238,7-10* cm3, un = 850 cem? B¢, BigmosinHo. ToBumHa JoCTiKyBaHuX MTiBOK TiN,
BU3HAYCHA 13 OTPUMAHHX Ha €JICKTPOHHOMY CKaHYIOUOMY MIKPOCKOII 300pakeHb, CTAHOBHIIA
~ 100 HM. AHauni3 CHEeKTPIiB paMaHIBChKOI'O PO3CIIOBaHHS Ta PEHTTEHIBCHKUX JAU(paKTOrpam
HOoKa3aB, [0 OTpuMaHi IWIBKK TIN € MOJIKPUCTATIYHUMHE 3 PO3MIpOM 3epeH ~ 15 HM, a ix
CKJaJ € CTexiOMeTpu4yHUM. Po3paxoBaHa 3 €JNEKTPUYHHUX BHUMIPIOBaHb KOHIIEHTpALlis
eNeKTPOHiB cTaHoBMia N = 5- 108 cm 3,

Bonbr-amnepni  xapakrepuctukn  (BAX) rerepomepexonie  n-TiN/n-CdTe:Cl
BUMIPIOBAJIM 32 JIOTIOMOIOI0 arapaTHO-MPOrPaMHOTO KOMIUIEKCY, peasli3oBaHOro Ha 0asi
iatdopmu Arduino, udposoro mynstumerpa Agilent 34410A Ta mporpaMoOBaHOTO JKeperna
xuBneHHst Siglent SPD3303X, siki kepyBaiuch MepcOHATEHUM KOMIT FOTEPOM 32 JIOTIOMOT OO
porpamMHOTo 3a0e3nedeHHs, CTBOPEHOro aBTopamu y cepenosuili LabView. BumiproBanus
BOJIbT-(hapaHuX xapakrepucTuk (BOX) cTpykTyp nmpoBoaMIM Ha BUMIPIOBAILHOMY MPHIIAIL
LCR Meter BR2876.

BAX nmochmimxyBanux i3otunHux rereporepexoniB N-TIN/n-CdTe:Cl mpu npsiMux
(mo3uTuBHMN moTeHIian Ha wiBmi TIN) Ta 3BopotHuX (mo3utuBHM noTeHnian Ha CdTe:Cl)
Hafpyrax, BUMIpsHI B TemieparypHoMy aianazoHi 7 =295— 340 K xapakrepusyroTbces
JiogHUMH BiacTUBOCcTAMH. Busnawenunit npu [V| = 1,5 B t1a 7=295 K xoediuieHT
BUIIPAMJICHHS CTaHOBUB ~ 5-10°. 3HadeHHs HampyTy, AKa BiANOBiAa€ CTPIMKOMY 301TbIIEHHIO
OpSMOT0 CTPYMY, OILIIHIOBAJIOCS METOJOM EKCTpamoslii JiHIHHUX AUISHOK MPSMHUX TLIOK
BAX no oci Hanpyr i ctanoBuiio 1,28 B.

3a ananizom BOX nociimxysani rerepoctpykrypu N-TiN/n-CdTe:Cl BizHOCATBCS /10
pi3kux Oap’€pHUX CTPYKTYp 3 PIBHOMIPHHUM pPO3MOILIOM JOMIIIKKA B 00JacCTi IPOCTOPOBOTO
3apsany. BuznaueHa 3a BiIOMOIO METOJMKOIO BUCOTA MOTEHIIAIBHOTO Oap’e€pa CTAHOBUIIA ¢k
= 1,3 eB, mo nobpe cmiBnagae 3i 3HaYCHHSM, SKE€ OI[IHIOBAIOCSA MPU aHAII31 MPSMUX T1IOK
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BAX. Po3paxoBana Ha OCHOBI MPSAMOJIHIHHUX JUISHOK 3aJekHOCTe C 2=f(V) KOHI[EHTpALis
€JIEKTPUYHO aKTUBHOI AOMIIIKH B 001acTi TPOCTOPOBOTO 3aps Ly nopisuioBana Np = 2,5-101
cM>, mo 06pe Y3romKyeThcs 3 KOHIIEHTPALIE€I0 eleKTPOHiB y 0a30BOMy Marepianmi Ta
niaTBepKye QGopmyBaHHS enekTpuuyHoro mnepexony B N-CdTe:Cl. Buznayena ToBHIMHA
3aps110Boi 06macTi craHoBmiaa d = 2,5 MkM.

3rigHo Mojesi GopMyBaHHS FeTEPOIIEPEXO/IiB 3a CITIBBITHOIICHHIM TEPMOAMHAMIYHUX
pobit Buxoay einekrpoHiB CdTe (4 = 4,49 eB) ta TIN (4 = 4,45 eB) y i3orunHOoMy
rereponepexoai N-TIN/n-CdTe:Cl BiacyTHi yMOBH YTBOpPEHHs Oap’epa 3 BHIIPAMISIOYNMH
BJIACTUBOCTSIMHU, WO CYINEPEYHTh eKCHepuMeHTy. JlioaHI BIACTUBOCTI JOCIHIHKYBaHHX
CTPYKTYD MOSICHIOIOTBCSI TEOPI€I0 130THUITHUX IeTePONEPEXOiB, B IKUX IMOTCHILIATBHUN Oap’ep
YTBOPIOETHCS BHACIIZOK 3aXOIJICHHS HOCIB 3apsy 3 00’€My HaIliBIPOBIJHUKIB €JIEKTPUYHO
AKTUBHHMH IOBEPXHEBUMHU cTaHamMH. CTaHM Ha METalypriiiHiii MeXi yTBOPIOIOTBCS depe3
PO3ODKHICTD TapaMeTpiB KPUCTATIYHUX TpaToK. ['ycTmHa moBepxHeBHX cTaHiB Nss, sKi
BIJIMIOBITAOTh JMCIOKAIISIM HeBiamoBigHocTi Ha reteponepexoi N-TIN/n-CdTe:Cl ctaHoBUTH
Nss= 6,64 <10 cm 2

OCHOBHUMH MEXaHi3MaMHu CTPYMOIECPEHOCY Y BHUIOTOBJICHHX TETEPOCTPYKTYpax
n-TiN/n-CdTe:Cl, six mpu npsMOMY, TaK 1 3BOPOTHOMY 3MIILIEHHSIX, € TYHEIIFOBAHHS €JIEKTPOHIB
Kpi3b Oap’ep i3 30uu mposigHocti N-CdTe:Cl ta n-TiN, BiAmoBigHO, 3a Y4aCTIO JOHOPHOTO
piBus E. - 0.2 eB, sxuit B kpucTanax Tenypuay Kaamiro BiI[l'IOBiI[ae JIBOXKPATHO 10HI30BaHUM

. . ++
MUKBY3JIOBUM aTOMaM KaJIM11O Cdl

[1] Solovan M.N., Brus V.V., Maistruk E.VV., Maryanchuk P.D. Electrical and Optical
Properties of TiN Thin Films. Inorganic Materials. VVol. 50. (2014). P. 40-45.

INFLUENCE OF SURFACE STATES ON THE ENERGY
PROFILE AND ELECTRICAL PROPERTIES OF ISOTYPE n-
TiN/n-CdTe:Cl HETEROJUNCTIONS

I. Orletskyi, M. llashchuk, E.Maistruk, M. Solovan, I. Koziarskyi,

D. Koziarskyi, Y. Hrabshtein
Yuriy Fedkovych Chernivtsi National University
i.orletskyi@chnu.edu.ua

Isotype n-TiN/n-CdTe:Cl heterojunctions were fabricated by sputtering thin TiN films
on freshly cleaved crystalline substrates of the base material by the method of reactive
magnetron sputtering and were characterized by diode properties with a rectification ratio of |~
5.10° at |V| = 1.5 V and T = 295 K. Based on the analysis of the capacitance-voltage
characteristics of the investigated n-TiN/n-CdTe:Cl structures, it is shown that the current
rectification is due to the existence of a potential barrier (gox = 1.3 eV) in the CdTe:Cl near-
surface layer. The calculated concentration of the electrically active impurity and the thickness
of the charge region were Np = 2.5 x 10 cm™ and d = 2.5 um, respectively. It is found that
surface energy states at the semiconductor interface play a significant role in the formation of
a potential barrier. The main mechanisms of current transfer in the fabricated
n-TiN/n-CdTe:Cl heterostructures, both at forward and reverse bias, are electron tunneling with

the participation of doubly ionized internodal cadmium atoms Cd."". The electrical properties

are in good agreement with the proposed model of the energy diagram of the
n-TiN/n-CdTe:Cl heterojunction.
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EJIEKTPUYHI XAPAKTEPUCTUKHU BAPUCTOPIB HA
OCHOBI SnO; 3 JOMIIIKOIO OKCHUAY HIOBIIO

O. I'anonoB, A. MeJIbLHUKOB
Jninpoecoxuii HayionanvHuti yHieepcumem imeni Onecs I onuapa
alexei_gaponov@ukr.net

Kepamiuni BapucTopr Ha OCHOBI Pi3HHUX OKCHJIIB BHKOPHCTOBYIOTBHCS IJISI 3aXHUCTY
NpUjIagiB E€JIEeKTPOHIKM Ta EHEpreTWKH Bix mnepeHanpyrd. OCTaHHIM YacoM HIMPOKO
JOCIIJIKYIOTBCS BapPUCTOPH HA OCHOBI OKCHJIHO-OJIOB’SIHOI HAITiBIIPOBITHUKOBOI KEpaMiKH.
Bonu MaroTh JOCTaTHRO BENUKE 3HAUCHHS KoedimieHTa HeNMHIHOCTI £, aje 1 TOCUTh BEJIHKE
3HAYCHHSI CTPyMY BUTOKY 1, BIIIOBIJIHO, BEJIMKE 3HAUCHHSI MUTOMOI E€JIEKTPOIPOBIIHOCTI Y
ciabkomMy 1ot o. J{7sl 3SMEHIIeHHs 3HAYeHHSI ¢ OKCHUTHO-0JI0B’STHOI K€paMiKi Ta 3MEHIICHHS
MUTOMOTO omopy ii 3epeH p OyJo 3amporOHOBAaHO BBECTH JIO CKIAAy MarepiajiB, IO
BUKOPHCTOBYIOTBCS [UIsI CTBOPCHHS 3pa3kiB, okcu Hi00it0 ND2Os Ta mpoBecTH A0CIIIKSHHS
CJICKTPUYHUX XaPAaKTEPUCTHK OTPHUMAHHUX BAPHUCTOPIB.

3pasku kepamiku (98,45-X) SnO2 - 0,5 Bi2Os - 1,0 C0304 - x Nb20s - 0,05 Cr203 (Mo1. %),
e x = 0,1; 0,3; 0,75; 1,0; 1,5 momn. %, Oynu BHUTOTOBJICHI 3a TPAIUIIHHOI KEpaMidHOIO
TeXHOJOori€ (akcianpHuil TUcK mpecyBanHs — 160 MIla, temmneparypa crmikanns — 1350°C
npotsiroM 3 ronuH). OneprkaHi eNeKTPUYHI XapaKTEPUCTUKH BapUCTOPIB MPEACTABICHI Ha
puc. 1 12, ob4KcIIeHi mapaMeTpH 3pa3KiB HaBeleHi B Ta0. 1.

—0—1-0,1mon.% Nb,0,
10°—€—2-0,3 mon.% Nb,O,
—4—3-0,75 Mmon.% Nb,O,

-3 —€—4-1,0 mon.% Nb,O,
—0—5-1,5wmon.% Nb,O,

L1 L o1l L L ' L1
10’ 10° 10° 10*
E, B/cm
Puc. 1. 3a/ie;KHOCTi T'YCTHHM CTPYMY | Bil HAIPYKEHOCTi eJIEKTPUYHOTO MoJis E kepamiku
SnO:; - Bi203 - C0304 - Nb20s - Cr203 3 pi3HoI0 KoHIeHTpanie aomimkn oxeuay Nb2Os

Ta6u. 1. ITapamerpu kepamiku SnO; - BiO3 - C0304 - NbyOs - Crp03 3 pisHoro koHieHTparieto goMinku Nb,Os

Nb2Os, Y, i E1, o, Es,

Mo % % B-emt Om?t-cm? eB
0,1 10 60 1670 4,8-10° 0,83
0,3 9 67 2890 5,7-107° 0,86
0,75 14 49 3430 9,2:1010 0,59
1,0 14 62 4670 8,1-10 0,63
1,5 13 46 9540 1,6-1010 0,54
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PozpaxoBani 3HaueHHs KoedimieHTa HemiHiitHOCTI f = 46 — 67 (Tabn. 1) nocuTth BemuKi
JUTSL BCIX JTOCIIKEHUX BapucTopiB. [Ipu 301IbIIIeHH] y CKIaAl KepaMiKi KOHIICHTPAIIi OKCHIY
Nb2Os Bix 0,1 mo 1,5 mon. % 30inblIyeThCSI 3HAYEHHS KiacHU(iKalliifHOI HampyXeHOCTI
enexktpuydoro noys E1 Bim 1670 no 9540 B/cm, ane 3MEHIIYEThCS €IEKTPOIPOBIAHICTD Y
cnabkomy moni ¢ (puc. 1). Haiimenme 3Hauenns o=8,1-10 Omt-cm? mae xepamika 3
koHmentpariero goMimku Nb2Os 1 moin. %. V Takiii kepamini HemiHiiiHicte BAX Bemuka
(8 = 62) 1 ycaaka 3pa3KiB y IpH CITiKaHHI JJOCTaTHLO 3HauHa (y = 14).

3a mornmomororo rpadikiB TeMIepaTypHoi 3aI€XKHOCTI €IEKTPUYHOI TPOBIAHOCTI (pHC. 2)
JUIs  BCIX JOCHIDKEHUX 3pa3KiB Oyiaum oOYMCIEeHI 3HA4eHHS CHeprii  aKTHBamii
eleKTponpoBiTHOCTI Es. IloTeHmiansHi 0ap’epu, 10 YTBOPIOKOTHCSA HA MEXaX KPHUCTAIITIB
SnO; mixg wac cmikaHHS 3pa3KiB, MalOTh JIOCUTh BeIHKY BHCOTY (E;=0,54—-0,86¢B) i1
KOHTPOJIIOIOTh MPOTIKAHHS €IEKTPUYHOTO CTPYMY Kpi3b BapucTtopu. OTpuMaHi 3HauYeHHS Eo
KOPEIIOIThH 31 3HAYSHHSAMU KoedilieHTa HeniHiiHocTi £ (Tabin. 1). JlocTaTHRO BETUKUN BMICT
okcuay Nb2Os y 3paskax (1,5 moit. %) mpuU3BOAUTH 10 3MEHIICHHS BUCOTH MOTCHIIATLHHX
Oap’epiB Ha Mexkax KpuctaiiTiB SNO2 1 MmeHIo1 HeniHiHOCTI BAX BapucTopis.

Takum unHOM, 301TBIIICHHS KOHIIEHTPAIIi] JOHOPHOT JI0 OKCHJIY OJIOBA JIOMIIIIKH OKCHTY
Hi00110 B OKCHTHO-OJIOB’SIHIM Kepamilli IPU3BOANUTE 10 3MEHILIEHHSI CTPYMY BHUTOKY 3Pa3KiB i
HEBEIMKOMY 301IbIIIEHHIO0 POOOYOi HAIIPYTH BapUCTOPIB.

—4—1-0,1mon.% Nb205
——2-0,3 mon.% Nb,O,
—£4—3-0,75 mon.% Nb,0O,
——4-1,0wm0n.% Nb205
—0—5-1,5mon.% Nb,O,

10°F

L 1 1 g n
2.4 26 2.8 3.0 3.2 3.4
10° T, K™

Puc. 2. TemnepaTypHi 3aJIeXKHOCTI eJIeKTPHUHOI mpoBigHocTi Kepamiku SNO2 - Bi20s3 - C0304 - Nb20s - Cr203
3 pi3HOI0 KoHUeHTpamicw gomimku oxcuay Nb20Os

THE ELECTRICAL CHARACTERISTICS OF SnO2-BASED
VARISTORS WITH NIOBIUM OXIDE ADDITION

O. Gaponov, A. Melnikov
Oles Honchar Dnipro National University
alexei_gaponov@ukr.net

The enhancement of Nb2Os addition to the SnO2 - Bi2O3 - C0304 - Nb2Os - Cro0O3 ceramic
system resulted in the lower leakage current and higher breakdown electric field E; of varistors.
The optimal concentration of Nb2Os addition in SnO.-based varistors is 1 mol. %.
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OTPUMAHHA I JOCIIIKEHHSA J°KEPEJI
HOJAPU3OBAHOI'O BUITPOMIHIOBAHHS HA B-ZnS

M. Cabotos, O. CaboroB, O. Kinzepcbka
Yephiseyvkutl Hayionanrbrutl yrigepcumem imeni FOpis @edvrosuua
M.Slyotov@chnu.edu.ua, O.Slyotov@chnu.edu.ua

BaxiuBoro mpoOiaeMor0  CydacHOI  €JNEeKTPOHHOI  TEXHIKM €  PO3IMIMPEHHS
(GyHKLIIOHATPHUX MOXJIHMBOCTeW mpmianiB. Cepel HUX BaXKIMBOIO 3HAYECHHS HAOYBaIOTh
PI3HOTO THIY CBITJIOBHIPOMiHIOBaYi Ta (hoToceHCOpH. JIJIT HMX aKTyaJlbHUM € PO3IIUPEHHS
(YHKLIIOHATPHUX MOMJIMBOCTEH. BIAMOBIIHO akTyadbHMM € CTBOPEHHS NpUIagiB Jis
NOJISIPU3aIifHOT ONTOENEeKTPOHIKK. BukopucToByBaHi B HHMX MmUpoko3oHHI |I-VI cnomyku
3a0e3MeYyl0Th BUCOKY €(EeKTUBHICTh MOJSPU30BAHOTO BUIPOMIHIOBAHHS 1 (POTOUYTIUBICTH
BHACITIJIOK JICTYBaHHSI 130BaJICHTHUMH Jomimkamu [1]. 1o Toro *k, BaKJIMBUM € OIaHYyBaHHS
KOPOTKOXBHJILOBOTO Jlialla30HY, BKIIIOYAIOYH YIbTPadioneToBy 00IacTh.

JlocmipKyBaacst JIIOMIHECIICHIIIS KPUCTANIB Cynb(iay TUHKY B-ZNS, siKi JeryBalIuch
i3oBasienTHOIO nomimkoro (IBJ]) marwito. JleryBanHs mpoBommiock meronoMm audysii y
3aunHeHoMy o0’emi mpu 7 ~ 900 °C. BcranoBneno, mo aomimka Mg icToTHO 30inblIye
IHTCHCUBHICTh BHUIIPOMIHIOBaHHS y CHHBO-(ioneToBiii oOmacti. JlochmikeHHS KBaHTOBOL
e(eKTUBHOCTI BCTAHOBWIHM ii BeMUUUHY — /) = 14 %. Bu3zHaueHO pexUMU JIeTyBaHHS, 3a SIKUMU
HE 3MIHIOETHCS XIMIYHMIA cKi1a]l 6a30B0i pedoBUHHU B-ZNS. Lle miaTBepKy€eThCs pe3yibTaTaMu
JOCTIKEHb I  ONTUYHHX BIIACTUBOCTEM. s BOTO BUKOPHUCTOBYBAJIacs
A-MOIyTsLis, sSIKa iCTOTHO MiJABHUIIyBaja YyTIUBICTh 1 PO3ALIBHY 3JaTHICTh BUMIpIOBaHb [2].
BusnadeHo 3a A-MOAy/1bOBaHUMH ONTUYHUM MOTJIMHAHHAM 1 BIIOMBAHHAM THUII 1 TapaMeTpu
30HHOI CTPYKTYpH, 32 SKMMHU BEIMYMHA IUPUHHU 3a00pOHEHOT 30HN CTaHOBUTH Eq = 3,68 eB, a
criH-opOiTanbHOI B3aeMoii 4so = 0,08 eB. OTpumani 3HaueHHS KOPETIOITh 3 JIITepaTypHUMHU
JTAaHMMHU, 110 BKa3y€ Ha BIICYTHICTh YTBOPEHHS TBEPAOT0 po3unHy ZN1-xMQxS npu BU3HaYeHUX
YMOBaxX JIETYBaHHSI.

Bcranosneno, mo neryBanHs IBJl Mg oGymoBinioe ¢gopmyBaHHS MOJISIPU30BAHOTO
BUNIpoMiHIOBaHHA Yy B-ZNS:Mg. Tlonsipu3zartist IIOMiHECTICHITIT TOCIiKyBalacsk 3a BiZJJOMOIO

mertomukoo [3]. Otpumano xapakrepHi Ve B O.

CHEKTpPH 1 BHM3HAUEHO CKJIQJ0BI CMYyTH 3 15
MakCUMyMaMH TpH €Heprisix (OToHIB /iw

3,11 eB; 2,95 eB; 2,72 eB; 2,58 eB, puc. 1.
3a3Hae  ICTOTHMX 3MiH  CHEKTPalbHUA
po3monin B o0macTi eHeprii  KBaHTIB

hw = 2,6-3,0 eB. IHTEHCHBHICTH BHIPOMI- !
HIOBAHHS CKJIAZOBHX ICTOTHO 3MIHIOETHCS !
BIAMOBiIHO 10  opieHTamii  BeKTOpa 50 )
nonspuzanii.  BiImoBiAHO  3MIHIOETHCA i

CyMapHHU CIIEKTD MOJIIPU30BAHOIO
BUIIPOMIHIOBaHHS Ha NIeTOBAHMX T T
130BAJICHTHOIO JIOMIIIKOIO ~KpHCTalax 3 2.4 26 2.8 3.0 3.2 ho, B

KyOIYHOI0 KPHCTaIiYHOIO TPaTKOI0, IO € Puc. 1 Cnextpu awomiHecuenuii p-ZnS:Mg npu
NepNeHINKYJISAPHAX MoJasapu3anisax: 1 — BepTuKajJbHa
BAKJIMBOIO nepecayMmoBOrO CTBOPCHHA EPHEHTHKYISP oJisipH3an p ?

. 2- TOPU30HTAJbHA
JOKEPEIT MOJIAPHU30BaAHOI'0 BUIIPOMIHIOBAHHA.
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[Tpupona nonspusanii Moxe OyTH MOSCHEHA 3 HACTYITHOI MOJIEINI MOXIIUBUX (Pi3HUHUX
MpoIIeciB. 3arajibHOBIIOMO, IO JIETYBaHHS HAITIBIPOBIAHUKIB 130BAJICHTHUMH JIOMIIIKAMH
00YMOBJIIOE TIPOIIECH 3MIHM TEeTpaeapU4HOi KOHQIrypamii y ix crpykTypi. BigmoBigHo 10
KYJIOHIBCHKOTO HAOIM)KEHHS MIPU B3a€EMOJII1 aTOMIB TPaTKH YTBOPIOIOTHCS €PEKTHBHI 3apsian
Qs aTomiB cmomyku i neryrouoi IB momimku Q°cpac). BOHM BIIIMBAIOTH Ha B3aEMHE
pO3TalIyBaHHs aTOMIB , IO CYIIPOBOIKYETHCS JIOKAILHUM 3MIIICHHSM KaTioHy A (4u aHIOHY
B) cnonyku y HampsiMKy Jieryrodoro atomy C. BinmoBinHi 3cyBU MOXXYTh OyTH BU3HAUEHI 3a
BIJIMOBIIHUMH KPUCTAJIOXIMIYHUMH MTapaMeTPaMH KPUCTAIIYHOT IPATKH BIAMOBIIHO 10 MO
POIIECB, 0 BpaxoBye edexTnBHi 3apsamm Q caac) Ta Qas. 3a OTpUMaHUMU pe3ynbTaTAMu
MOYKJIMBO BU3HAYHUTH 3CYBH aTOMIB 3 LIEHTpa TeTpaenpa. BinmosigHa acumeTpis po3TairyBaHHS
JIOKaJbHUX IICHTPIB BHACIIOK JedopmMaltiid y rpaTiii 00yMOBIIIOE€ ONITHYHY aHi30TPOITIIO.

OTpumani pe3yJibTaTH JOCTIDKEHb JIIOMIHECHEHII CBig4aTh Mpo (OpMyBaHHS
MOJIIPU30BAHOTO BUIPOMIHIOBAHHA. 3a3HA4MMO, IO CaMe AacHMETpis pO3TallyBaHHs
JOKAJIbHUX  IIEHTPIB  BHU3HAYa€  MOJSAPHU3ALIAHUN  XapakTep BUIPOMIHIOBAHHA Yy
nocimpKyBaHoMy B-ZNS 3 KyOiYHOK KPUCTAIIYHOIO TPaTKO0. BoHa iCTOTHO 30UIBIITY€ETHCS Y
MaTepiajax 3 reKcaroHalibHOI0 Moaudikamiero rpaTku [1]. 3a3HaunMo, 10 aTOMH JOMIIIOK Y
KPUCTATIYHIN TPaTIli pO3TAIIOBYIOTHCS XaOTHYHO BIAMOBIIHO 110 iX KoHIeHTparii N. OyHKiis
posnozainy N(r) 3MIiHIOETbCS BIAMOBIAHO 10 X IMOJOKEHHs (pO3TallyBaHHS) ' 1 BU3HAYAE
XapakTep 3aMillleHHS 3 YTBOPEHHSM JOHOPHUX YU aKIENTOPHUX CTaHiB. BiamoBimHo mo Hel
dbopMy€eTbCcs  THTCHCHBHICTh  (DIIyOpECILICHINIi, Tepepi3 3axOoIUICHHS Ta HMOBIPHICTH
pexomOinanii. MOXIJIHMBO MNPUMYCTUTH, IO TaKa XaOTHYHICTh BIUIMBA€ Ha MPOLECH
dbopMyBaHHS CKIIAJJOBHUX CyMapHOro crekTtpy. Came 130BaJICHTHUH XapakTep Jeryrouoi
JOMIIIKM OOYMOBJIIOE BHCOKY KBAaHTOBY edexkTuBHICTIO # = 14% 1 nonspusauito
BUIIPOMIHIOBaHHS.

[1] Slyotov M.M., Slyotov O.M. Preparation and luminescent properties of zinc sulfoselenide
thin films. Physics and Chemistry of Solid State. Vol. 20, N 4. (2019). P. 354-359.

[2] Makhniy V.P., Slyotov M.M., StetsE.V., Tkachenko I.V., Gorley V.V., Horley P.P.
Application of modulation spectroscopy for determination of recombination center
parameters. Thin Solid Films. N450. (2004). P. 222-225.

[3] Bopobser 10.B., JloopoBonbckmit B.M., Crpuxa B.M. Mertoasl wucciaenoBaHus
nosymnpoBoanukoB. Kues: Bura mkomna. (1988). 232 c.

PREPARATION AND INVESTIGATION OF SOURCES
OF POLARIZED RADIATION ON B-ZnS

M. Slyotov, O. Slyotov, O. Kinzerska
Yuriy Fedkovych Chernivtsi National University
M.Slyotov@chnu.edu.ua, O.Slyotov@chnu.edu.ua

Polarized luminescence of cubic 3-ZnS due to doping with an isovalent impurity Mg
was obtained. It is shown that according to the effective charges of atoms, the change of
tetrahedra of their location determines the local internal anisotropy of the location of the
centers, which causes the polarization of radiation with high quantum efficiency » = 14%.
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CTPYKTYPHI, CYBCTPYKTYPHI XAPAKTEPUCTUKU TA
XIMIYHUM CKJAJ HAHOYACTHUHOK ZnO JIETOBAHOI'O
AJIIOMIHIEM TA IHAIEM

M. €pmakos, P. ITmennynnii, B. €EBnokumMenko, A. OnaHaciok
Cymcoxuii Oepaicasruil yHisepcumem
m.yermakov@ekt.sumdu.edu.ua

B ocrannHi pokM yBary IOCHIIHMKIB 70 ce0¢ MPHUBEPHYIH OKCHIM METaliB, SKi
MOETHYIOTh B €001 HHU3BKMM NMUTOMHE Omip Ta mpo3opicTh. Haibumemn iHTEepec cepen HUX
BUKJIMKaJIa crioiryka ZnO, ska Ma€ yHiKaiabHi (Pi3MKO-XiMiYH1 BIACTUBOCTI JJISl 3aCTOCYBAaHHS B
THYYKii €JeKTPOHilll, Telli0eHepreTulll, JaTuukax rasy, tomo. Cepes nepeBar i€l COTyKU
BapTO BKAa3aTH BHUCOKY IOMIMPEHICTh CKJIAIOBHX, 1X HETOKCHYHICTh Ta BHCOKI 3HAYCHHS
XIMIYHOI CcTIHKOCTI. Jl7s MiABUINEHHS ENEKTPUYHUX Ta ONTHYHUX XapakTepuctuk ZnO
IPOBOJAITH HOTO JeryBaHHs AoMimkamu MetaniB Al, In. B pesynprari jeryBaHHsS MOKHA
OTPUMATH MaTepia, sIKUI MOKe CTaTH JELIEBUM aHAJIOrOM JIOPOrOro OKCHJa 1HA10-0JI0Ba
(ITO).

CunTte3oBaHi HaHOYACTUHKH ZnO JIETOBAHOTO AFOMIHIEM Ta 1HJIIEM, PO3TIISIAFOTHCS SIK
OCHOBA Il CTBOPEHHSI HOHOYOPHHIJI 32 JIOTIOMOTOI0 SIKUX OYyTh OTPUMYBATHUCS TOHKI TUTIBKH
OKCHJly JIi TOTped eNeKTpoHiKM MeronoM JpyKy. L{o0 mocsartu mocraBieHoOl MeTH,
BU3HAYEHHS ONTHMAJIBHUX YMOB CHHTE3Y HAHOYACTHHOK, B POOOTI MPOBEACHI JOCIIHKEHHS 1X
CTPYKTYPHHUX, CYOCTPYKTYPHHX, MOP(HOJIOTTYHUX XapAKTEPUCTHK 1 XIMIYHOTO CKIIATYy.

Hanouactunku ZnO nerosani Al ta In 6ynu ofepraHi METO/I0M MOT10JIBHOIO CUHTE3Y.
[Mpu cuntesi 3paskiB ZnO:Al Oyno B3sato coii Zn(CH3COO)2-2H20 ta Al(NO3)3-10H20
3aranabHOI0 KijbKicTio pedoBuHH 0,01 MO 3 MOJTBHOIO YacTKOKO coli amtoMiHio 1, 2, 3, 5, 7
ta 10 %, B cBOtO yepry s curresy ZnO:In BukopuctoByBanucs coii Zn(CH3COO)2-2H20 Ta
INCl3-3H20 3aranpHor0 KibKicTio pedoBruHu 0,01 MOJIb 3 MOJIBHOO YaCTKOKO COJIi iHAi0 1, 2,
3,5, 7 ta 10 %, BkazaHi coJi moMiliany y 1Boropiy kondy Ha 50 mui Ta 3anuBanu 10 ma EG.
Opepxxani cCyMillli HarpiBajiu B KOJIOOHArpiBayi 3 IHTEHCUBHUM II€pEMILTyBaHHAM TE(IOHOBOIO
mimankoro. Ilicns nocaraenns temneparypu 160 °C cymimi ButpumyBanu 60 xB. [lani cymini
OXOJIOJKYBAJIM 11O KIMHATHOI TeMIepaTypud Ta BIAJUISUIA CHUHTE30BaHUM MPOAYKT BIJ
opraniunoi cknanoBoi (EG). Ounmensi 3pazku ZnO(Al) Ta ZnO(In) cyumnu npu temmneparypi
60 °C ynponosx 24 roju.

CTpyKTypHi  JOCHIPKEHHS  OTpUMaHUX  MaTepiamiB  Oylm  TOpoBeleHI  Ha
pentrediBcbkomy audpakromerpi JIPOH 4-07 y Ni-dinerpoBanomy K, BUmMpomiHIOBaHHI
MIJIHOTO aHOJIa P TaKUX BCTAHOBJIEHUX NapameTpax poOoTu peHTreHiBcokoi Tpyoku: U = 30
kB; I = 20 MA. Jliana3zoni kyTiB 20 nns 3HiMaHHS OpaBcst B Mexkax Bim 20 10 80°, e 20 —
OperiBcbkuii KyT. MOp(OIIOTi0 CHHTE30BaHUX HAHOYACTHHOK JOCIIPKYBAU 32 TOIMTOMOT0I0
npocBiayBanbHOI (TEM, SELMI) Ta ckanyBanbHOI enekTpoHHOI Mikpockorii (SEO-SEM
Inspect S50 B).

Ha puc. 1 HaBeneHi pe3yapTaTH AOCTIIKEHHS PEHTIeHAU(PPAKTOMETPUYHUM METOA0M
Ha"HokpHcTaniB ZnO seroBanux Al ta In npu pizHOMY iX BMmicTi. BiZmoBigHO 10 HUX Yy 3pa3Kax
ZnO:Al cnioctepiraeThbesi TUIbKU rekcaroHabHa (aza ZnO o konueHtpaiii Al 2% BKITOUHO
y npekypcopi. Ilpu nmonansmomy 36ib1eHHi BMicTy Al mounHae 3’sBisATHCS BTOpUHHA (a3a
Al>03. B cBoro gepry mis HaHokpuctaiiB ZnO:In oxHodasHa CTpyKTypa crocrtepiraiacs 10
BMIiCTY 1% BKIIIOYHO Y IPEKYpCOpi, a Aajli CIIOCTEpiraeThesl yrBOpeHHs BTopuHHUX a3z InOOH
ta In20s.
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BinnoBinHo 10 aHamizy oOJepXkKaHUX pe3ysbTaTiB Oylo 3po0JeHO BHCHOBOK, IO
ONTUMAJIBHUI BMICT JIETYIOUOTO0 MaTepially, MpH SIKOMY 30epiraetbes ogHodasHa CTPyKTypa
HOHOKpucTaliB, 1 Al nopisaroe 2%, a nist In — 1%.
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Puc. 1. Pentrenorpamu HanokpucraiiB ZnO jgeropanux Al(a) Ta In(6) mpu pizHomy ix BmicTi

3a nudpakTOMETPUIHUMHI JAHUMH MH PO3paxyBalld CTPYKTYPHI Ta CyOCTPYKUTYpHi
XapaKTePUCTHKU HAaHOYACTMHOK. B pesynbrari mporo Oylo BUSBIEHO, 10 IpHU 30UIbIIEHI
KOHIIEHTpAIIli ATFOMIHIIO Y 3pa3Kax Nepiof] rpaTKu a 301IbITyBaBcs Bijg 3HaueHb a = 0,3245 uMm
1o a =0,3257 HM, B TOI ke yac cTajia ¢ Marepiany 3MmiHoBanacs ciadko (¢ =0,5214 — 0,5211
HM), aHaJIOTiYHE 30UIBLICHHS 3HAYEHb CTAMX TPATKH @ Ta ¢ BimOyBajocs mpu 30UIbIICHI
KOHIEHTpalli iHAil0 y HaHOKpucTaiax Big a = 0,3255 um 10 a = 0,3258 um, Bix ¢ = 0,5216 um
1o 0,5221 aMm.

JlocnmipKeHHsT XIMIYHOTO CKJIQAy CHHTE30BaHMX HAHOYAaCTHHOK IPOBOAMIIOCA 3a
nonomoroto EDX-ananizy. PesynpraTit AOCHiIKEHb MIATBEPININ YCITIIITHE BKIIIOUEHHS aTOMIB
Al Ta In B cTpykTypy HaHokpuctaiis ZnO.

Hanoxpucranu ZnO neroBanux Al ta In, gochimkenHs skuii Oyio MpoBeACHO B Mii
po0O0T1, MaIOTh XapaKTEPUCTUKH, SIKI POOJIATH X NEPCIEKTUBHUMH I BUKOPUCTAHHS B SIKOCTI
Mmartepiany Ui CTBOpEHHsS (YHKLIOHAJIbHMX ILIAPIB MPHIAAIB TeiIOCHEPreTUKU Ta THYYKOI
€JIEKTPOHIKH.

STRUCTURAL, SUBSTRUCTURAL, MORPHOLOGICAL
CHARACTERISTICS AND CHEMICAL COMPOSITION OF
ZNO NAPARTICLES DOPED WITH ALUNINIUM AND
INDIUM

M. Yermakov, R. Pshenychnyi, V. Yevdokymenko, A. Opanasyuk
Sumy State University.
m.yermakov@ekt.sumdu.edu.ua

In this work, we investigated the effect on structural substructural, morphological
characteristics and chemical composition of ZnO nanoparticles doped with aluminum and
indium at their content of 1.0, 2.0, 3.0, 5.0, 7.0, 10.0%, which were obtained by polyol
synthesis. As a result of research, the optimal content of alloying material was revealed, at
which the homogeneity of the structure of nonocrystals is preserved, which is 2.0% for Al and
1.0% for In.
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MOJIMEPHUIA KOMIIO3UT HA OCHOBI
BAPUCTOPHOI KEPAMIKH

B. Makapos

Jninpoecoxuii HayionanvHuti yHieepcumem imeni Onecs I onuapa
mvol3@ukr.net

[TonmimepHi KOMIIO3UTH — 1€ HEOJHOPIAHI Marepiadd B SIKUX MPOBIIHMKOBA (aza
BUKOPHCTOBYETHCS B SIKOCTI HAITIOBHIOBAYa B MOJIMEPHIN AienekTpuyHiid marpuii. Ha ocHOBI
KOMITO3UTY MOJICTHICH-TpadiT BKe CTBOPEHI CaMOBIIHOBIIOBaIbHI 3ano0ikuuku [1]. s
BUTOTOBJICHHS IOJIMEPHUX KOMIIO3UTIB 3 IHIIMMHU €JIEKTPUYHUMH BIIACTHBOCTSAMH, KpPIM
BYIJIELIO BUKOPUCTOBYIOTh OKCUAN METAJIIB.

[TosiMepHI KOMIIO3UTH HAa OCHOBI OKCHJIIB METaJIB IIMPOKO 3aCTOCOBYHOTHCS IS
CTBOpEHHsI Ta30BHX AaryukiB. [lokazaHo [2], mo KOMIIO3UTH THMY mojiMep-ZnO MaroTh
HENIHIAHY BOJBT-aMIEPHY XapaKTEPUCTUKY 1 MOXKYTh OYTH BHKOPHCTaHI B SIKOCTI
Bapuctopis [3].

Y npaniii poOOTI HaBeleHI pe3yJdbTaTH JOCIIHKCHHS EJIEKTPUYHUX BIACTUBOCTEH
KOMIIO3UTIB Ha OCHOBI OKCHJHO-IIMHKOBOi BapHCTOPHOI KepaMiKH B SIKOCTI HaloBHIOBa4ya. B
SKOCTI MaTpPHUIli BUKOPHCTOBYBABCS MONIETHIICH HU3BKOI LIUIbHOCTI abo mojinporrinex. byio
BUTOTOBJICHO 3pa3Kd KOMIIO3HUTIB TOJICTHJICH-TIOPOIIOK TMOAPIOHEHOI ITUHK-OKCHIHOI
BapHCTOPHOI KepaMiKH, MPOIIEHTHUH BMICT SKOTO BapitoBaBcs B Mexkax Bif 14% mo 84%
00’€MHOI 10711, Ta 3pa3Ky 3 MOJIMPOIIJICHOM B KX BMICT BapiroBaBcs B Mexax Bix 12% mo
30%.

HarpiBanHg muXTH 3A1MCHIOBAIM 10 NEPEXOAy MOdieTUIeHy (IMOJIIPOIiJIeHY) B
B'SI3KOTEKYUYUH CTaH, MICIS YOTro MaTepiayii MEXaHIYHO mpumylryBaiu. OXOJOMKEHHH 10
KIMHATHOI TeMIIepaTypHy KOMITO3UT NOApiOHIOBaU 1 pOPMYBAIU Y BUTJISAI IUCKIB M1/l THCKOM
~10 MIla. ¥ Topui AMCKIB yNpECOBYEThCS €IEKTPOAU 3 JIPiOHOKOMIPUACTOT MIJHOI CITKH.
Bropunny TepMo06po6Ky mpoBoawiin B npechopmi pu HajumikoBomy THcKy ~ 0,1 Mlla 1
temneparypi 120°C npoTsIrom roguHu.

Bonbr-amnepHi XapakTepUCTUKM CHHTE3yBaHHS KOMIIO3UTIB OyiM ci1aOOHeNiHiHHI
(B = 2-4). TemneparypHi 3aJ€KHOCTI MUTOMOI EJIEKTPONPOBIAHOCTI KOMIIO3UTY IOJIiMep-
BapUCTOpHA KepaMika B iHTepBaJii Temreparyp 16-72°C mpu pi3Hiit 00'€MHIH YacTIli MPOBiTHOTO
HaloOBHIOBaYa HaBe/eH1 Ha puc. 1.

1E-03

1E-05 |-
= 1E-04 |

a, 1/0m*m
M

o, 1/0|

1E-05 |

1E-06 |

1 1 1 1 1 1 1 1 1 1 1 1 1 1E_06 1 1 1 1 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50 55 60 65 70 75 20 25 30 35 40 45 50 55 60 65 70 75

T, °C T,°C

(@) ©)
Puc. 1. TemnepaTypHi 3aj1e;KHOCTi MPOBITHOCTI KOMMIO3UTY NMOJINPOMiJIeH-BAPUCTOPHA
kepamika (a), (Vd =20%) Ta KOMIO3UTY MOJTieTHJIEH-BAPHCTOPHA KepaMmika (0)

(rpuxyrHukyn — Vd = 37%, kBaapatu — Vd = 45%)
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3 puc. 1 MoxHa MOOGAYMTH, IO MPOBIIHICTh, B 3pa3Kax i3 MOJICTUIIEHY, 3HUKYETHCS.
Lleit mpo1tiec Bi1OYBa€eThCs Yepe3 BUCOKUN KOS(IIIEHT JIHITHOTO PO3LINPEHHS O TUICHOBOT
MaTpHIll B MOPIBHAHHI 3 YaCTUHKAMHU BapuUCTOpHOI kepamiku. IlomimpomisieHoBa MaTpuis
Maike He po3mmpsuiack. (s 3pa3ky Ha OCHOBI MOMIMPOIIJIEHY €IEKTPONPOBITHICTE TPH
301IBIIEHH] TEMIIEPATYPH TAKOXK 3POCTAE, 11€ MOB’A3aHO 3 TUM, 1[I0 OCHOBHUM YWHHHKOM PU
3MiH1 €JIEKTPOIPOBITHOCTI € 301IBIICHHS MPOBITHOCTI HAIIBIIPOBITHUKOBOI'O HAIIOBHIOBAYa, a
HE PO3IIMPEHHS MOJIMEPHOI MAaTPHIIl K y BUMAAKY 3pa3KiB Ha OCHOBI MOJIIETUIICHY.

[1] TaBpukoB B. CamoBoccranaBnuBaroriuecs: PTC-npeaoxpaHuTesu IjIst 3aIIUThI OT TOKOBBIX
neperpy3ok. Hosocmu snekmponuxu, Ne 12. (2014). C. 11-15.

[2] A.Yu. Lyashkov, A.S. Tonkoshkur, Varistor composites with a positive temperature
coefficient of resistance. Tech. Phys., 56, (2011). P. 427-428.

[3] Banees X. C., KBackoB B. b. HenuneiiHble MeTaIIOKCHIHBIE TIOJTYIPOBOIHUKH. MOCKBa:
Oueprousnat. (1983), 160 c.

POLYMER COMPOSITE BASED ON VARISTOR CERAMICS

V. Makarov
Oles Honchar Dnipro National University
mvol3@ukr.net

The results of studying the electrical properties of polyethylene-varistor ceramics and
polypropylene-varistor ceramicscomposites are presented. The current-voltage characteristics
of both composites are weakly nonlinear (p = 2-4). As the temperature rises, the electrical
conductivity in samples based on polyethylene decreases, but the electrical conductivity
increases in samples based on polypropylene.

MOBEJIHKA A-LIEHTPIB IIPU JE®OPMALIIITHOMY
MEPEBYJOBAHHI CTPYKTYPU KPUCTAJIIB ZnS

M. byaaunui, O. Koajsienko, O. Mopo3zos, O. XmeJsieHKO
J[Hinposcokuii nayionanehuu yHieepcumem imeni Onecs [ onuapa
bulanyi@ukr.net

JloGpe Bi10MO, 1110 TOUKOBI IeeKTH Pi13HOI MPUPOAN MOKYTh 00'€ JTHYBATUCH Y CKIIATH1
YTBOPEHHS, SIKI MPUIHATO HAa3MBATH acOIlaTHBHUMH LIEHTpaMHu. Benuka pi3sHOMaHITHICTh
BU/IIB aCOIIAaTUBHUX IIEHTPIB TMOSICHIOETHCS THM, II0 BOHU B PI3HUX KOMOIHAIISIX MOXYTh
MO€HYBATH OJIMH 3 OIHUM BJIACHI Ta JOMIIIKOBI Ae(DeKTH KPUCTATIIUHUX IpaT. Y 3B'A3KY 3 THUM,
1m0 6arato (pi3WYHUX BIACTHBOCTEH KPUCTAJIB 3aJ€KaTh B/l HAABHOCTI B HUX TAKHUX IICHTPIB,
iX BUBUEHHSI, KpIM CyTO HayKOBOI'O 1HTEpECY, IPEJICTABIISAE BAXIINBE IIPUKIIAJHE 3HAUCHHS.
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VY kpucramax ZnS acomiaTuBHI LIEHTPU € JOCHTH TOMIMPEHUM THUIIOM AE(EeKTiB i,
Oyny4yn  IEHTpaMH  peKOMOIHaIii  BUIIPOMIHIOBaHb, BH3HAYAIOTh  JIFOMIHECIICHTHI
XapaKTepUCTHKH IUX MaTepiamis [1].

VY miif poboTi AOCTIAHI acomiaTUBHI MEHTPH, SIKI MAIOTh IMapaMarHiTHI BJIACTUBOCTI 1
MOXYTb OyTH BUKOpHCTaHi K 30011 st EIIP - nocmimkens.

JlociKeHHs TMOKa3aIy, 10 BiAMOBIIHI IEHTPH JIFOMIHECIEHIIIT € OLIbII CKIaJHUMHU
YTBOPEHHSMH, HI)K 130JIb0BaH1, Xa0THYHO PO3MOALJICHI KOMIIEHCOBaH1 JOHOPH1 a00 aKLIEeNTOPHI
JIOMINIKY 3aMillieHHs. Byio Tako)k BCTaHOBIICHO, 1110 TIPW BBEJICHHI JIMIIE aKTUBATOPHUX, 200
TIIBKH CIIBAKTUBATOPHUX JIOMIIIOK, YTBOPIOIOTHCS IIEHTPU CBIYCHHS 10 CKJIaLy SKHX, KpPiM
aTOMIB JIOMIIIKHA, BXOAATh BJAcHI Je(EKTH PEMITKH, 110 BHHHUKAIOTh BHACIIIOK
CaMOKOMIIEHCAIII].

3a3Buyail, y HOPMaJbHOMY CTaHi, A-IEHTpPW diaMarHiTHi, aje mnpu 30yHKeHH]
KpHUCTaNIB ynbTpadioneToBUM cBiTiIOM mpu 77 K BOHM 3aXOIUIIOIOTH JIpKH 1, B pe3yJIbTati
I[bOTO, CTAIOTh MTApaMarHiTHUMH.

[Tapamerpu criektpiB EIIP A-nienTpiB B kpuctanax ZnS

Marpuis Lentp 01 g2 03
ZnS (rexc.) Vzn - Cl gu= 2,059 g.= 2,0287

Vzn- Ga 2,004 2,0534 2,0587
ZnS (xy06.) Vzn- Cl 2,0027 2,0502 2,0565
Vzn- Br 2,0029 2,0537 2,0569

Vzn— | - 2,018 -
Vzn- Al 2,0030 2,0513 2,0560
Vzn- Ga 2,0025 2,0509 2,0557

[TpuBeprae yBary Te, 110 /Ui BCiX A-LIEHTPIB 3Hau€HHS g-pakTopiB OLIbIIE, HIXK g-
dakTop BUIBHOTO eleKTpoHa, piBHUH 2,0023. Lle o3Haka AIpOYHOro XapakTtepy A-IEHTpIB Y
BCIX Kpucraimax ZnS - Al, B SKHMX JOCHIJKYBaJUCS IMapaMarHitHi A-leHTpu, npu YO
30yKxeHHl (A = 365 HM) cnocTepiranacst 10CUTh sCKpaBa (POTOJIOMIHECLEHIIS 3 HIMPOKOIO
CMYroro CBIYeHHS B OmakuTHiM oOmacti crektpa. Ilpu npomy, y cmnektpax EIIP Bcix
JIOCIIJKYBAaHUX 3pa3KiB, KpiM JIiHii, 0OyMOBJIEHI HAsSBHICTIO HEKOHTPOJIbOBAHMUX JIOMIIIOK
mapraamo (Mn?") ta dorouyramBux mapamarsitarx nentpis (®I1LI) xpomy (Cr') Ta 3amiza
(Fe**) npu temneparypi 77 K cnocrepiraerses crextp EINP, 1m0 cknafaeTbes 3 HOPIBHAHO
BEJTMKOI KUTHKOCTI JIIHIM HEBEJIMKO1 IHTEHCUBHOCTI, TTOJIOKEHHS SKUX 3aJICKUThH Bl OpleHTAIli
3pa3KiB 100 HANPSAMKY 30BHIIIIHBOTO MAarHITHOTO MOJIS.

[TpoBeneHo pocniKeHHs BIUTUBY MIacTuyHOi Aedopmariii Ha ciektpu ETIP A-nienTpis
y kpuctamax ZnS-Al. BcraHoBieHO, 110 XapakTep IMOBEAIHKM A-IIEHTPIB, B OCHOBHOMY,
BU3HAUAEThCSl  MpoliecaMu  JedopMaliifHOI  NepeopieHTalli  KpPUCTAIIYHOI  pelNTKU
MIKPO/IBIITHUKIB 1 MOJIITHKIB CYJIb(iay IUHKY B CTPYKTYPY OJJHOOPI€EHTOBAHOTO CalepuUTy.

BusiBieno, 1o yepe3 3MEHIIEHHS KUIBKOCTI A€(QEKTIB YIIaKOBKH, TOBHA KUIbKICTh A-
LIEHTPIB B pe3yJIbTaTi I1acTHuHOi Aedopmarii kpucraniB ZnS-Al 30ibnryeTbes.

JocmikeHHs cieKTpiB GOTOTOMIHECIIEHITIT TOKa3aay, 0 Ha BiIMIHY BiJ A-IIEHTpPIB
JesIK1 1HII acowiarii TOYKOBUX Ie(EeKTiB IPU PyCi AUCIOKaIiil pyHHYIOTbCS HE3BOPOTHO, 200
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BITHOBJIIOIOTHCSI, aj€ y BUIJISAAI HOBHUX, OUIBII CTiHKHX, YyTBOpeHb. Taka cuTyauis
crocTepiranacs y kpucrainax ZnS-Al, Cu.

[1] ®usuxa u xumus coequuennii A'BY!/ nep. ¢ anrn., mox pen. C.A. Mensenesa. — M.: Mup,
1970. - 624 c.

PHOTOLUMINESCENCE OF ZnS CRYSTALS
UNDER THE ACTION OF ULTRASONIC VIBRATIONS

M. Bulanyi, O. Kovalenko, O. Morozov, O. Khmelenko
Oles Gonchar Dnipro National University
bulanyi@ukr.net

The study of the influence of plastic deformation on the EPR spectra of A-centers in
ZnS-Al crystals has been carried out. It was found that the nature of the behavior of A-centers
Is mainly determined by the processes of deformational reorientation of the crystal lattice of
microtwins and zinc sulfide polytypes into the structure of oneoriented sphalerite.

PROSPECTIVE METHODS OF PARAMETER CONTROL
OF ACOUSTOELECTRONIC DEVICES ON
SURFACE ACOUSTIC WAVES

Ya. Lepikh, P. Snigur
Odesa I.1. Mechnikov National University
ndl_lepikh@onu.edu.ua

A typical acoustoelectronic element based on surface acoustic waves (SAW) is, as is
known, a piezoelectric plate (acoustic duct), in which a SAW is excited with the help of an
interdigital transducer (IDT), and propagates along the surface of the acoustic conductor from
the generating IDT to the detecting one. When interfering with the process of propagation over
the surface in one way or another: mechanical deformation of the acoustic duct, mechanical
load, electric field, etc. the frequency, phase and amplitude of the output signal vary. These
effects can be used, in particular, to create sensors for various functional purposes. However,
the characteristics of sensors based on these effects cannot always compete with sensors based
on other physical principles.

The report presents the results of investigation of methods for changing the parameters
of SAW devices, which make it possible to significantly increase the range of output signal
parameters.

In particular, the previously proposed by us method [1] of using the anisotropic
properties of monocrystalline piezoelectrics has been developed, which makes it possible
controlling the frequency of the output signal 2-3 times more than the known analogs.

An equally effective method for controlling signal parameters is the propagation of a
SAW in a layered structure piezoelectric - liquid - dielectric of a polar liquid with a variable
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thickness of its film. In this case, the layered structure makes it possible, in addition to creating
appropriate sensors, to study the properties of liquids.

In the process of this method studying, the effect of the appearance of double resonance
of SAW was discovered at certain thicknesses of the liquid layers, respectively, the distance
between the IDT electrodes. This effect can be used to create other controlled devices on SAW.

In passing, we note that under the conditions of a liquid medium and research, including
the properties of liquids, little-studied near-surface acoustic waves with longitudinal
mechanical displacement, named after the scientist I. Anisimkin, are promising.

[1] Lepikh Ya.l. Acoustoelectronic devices with controlled characteristics. International
Conference "Information and Telecommunication Technologies and Radio Electronics”
(UkrMiCo), Ukraine, 11-15 Sept. 2017, P. 201.

QUANTUM DOT ARRAYS WITH DEFECTS

I. Bilynskyi®?, R. Leshko?, O. Leshko?
IKryvyi Rih State Pedagogical University
2Drohobych lvan Franko State Pedagogical University
iv.bilynskyi@gmail.com, leshkoroman@gmail.com

Significant success has been achieved in the theoretical and experimental studies of
nanoheterostructures over last years. They are the most interesting and promising for practical
application. Heterostructures with quantum dots (QDs), quantum wires, quantum rings are
considered to be very perspective in optics and electronics.

For further improvement of optoelectronic devices, it is necessary to conduct both
experimental and theoretical studies of the physical properties of the structures of spatially
ordered quantum dots. Therefore, the superlattice of quantum dots has attracted a lot of attention
in recent years. There are many theoretical works where the one-, two- and three-dimensional
superlattices of QDs have been studied [1-3]. QDs had chosen of different forms: spheres,
cubes, with the same volumes [3]. Using the theory of plane waves, tight-binding model
the energies of the ground and excited states had calculated and zone spectrum of QD
arrays has been defined.

Above mentioned models assume that QD arrays contains identical QD and they placed
strongly periodically. In practice QDs which forms arrays can be different by size and periodical
structure can be partially broken. Those vialiation from ideal structure can be considered as the
defects of QD arrays. That is why the minizone energy spectrum undergoes significant changes.

In this work we presented theory of the miniband structure of QD arrays with defects
which is based on the tight-binding model. We showed how vialiation from ideal structure
changes the band structure.

[1] V.I. Boichuk, R.1. Pazyuk, 1.V. Bilynskyi. The Electrical Conductivity in Superlattices of
Spherical Quantum Dots Physics and Chemistry of Solid State. 2016. Vol. 17, Ne 3. P. 320—
328.

[2] V.1. Boichuk, R.1. Pazyuk, 1.V. Bilynskyi. Miniband Electroconductivity in Superlattices of
Cubic Quantum Dots of the InAs/GaxInixAs Heterosystem Physics and Chemistry of Solid
State. 2017. Vol. 18, Ne 1. P. 94-101.
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[3] I.V. Bilynskyi, R.Ya. Leshko, H.Ya. Bandura. Influence of quantum dot shape on energy
spectra of three-dimensional quantum dots superlattices // Physics and Chemistry of Solid
State. 2020. Vol. 21, Ne 4. P. 584-590.

EJJEKTPOITPOBIJHICTHh HU3bKOBOJILTHOI
BAPUCTOPHOI KEPAMIKA HA OCHOBI SnO: 3
JTOBABKAMM Cr203 TA Bi2O3

A. Kporenko, I. CkypaToBCchbKHi
J[Hinposcokuil Hayionaneruil yHieepcumem imeni Onecs I onuapa
artur.krotenko@gmail.com

Jliokcu 1 oJi0Ba JJ1s BATOTOBJICHHST BAPUCTOPHOT KepaMiKK JOCITIKY€EThCs 1aBHO [ 1, 2].
Hosuii momToBx pociuipkeHb SnO2 BapUCTOPIB MOYABCS MICHIs OTPUMaHHS HU3bKOBOJIBTHOI
BapHUCTOPHOI KepaMiKd Ha OCHOBI JMiOKCHay oJoBa [3], IO MOBrwii Yac BBaXKaJoCh
HEMOXKJIUBUM.

[IpencraBnse iCTOTHUN 1HTEpeC CHUHTE3 Ta JIOCHIDKCHHS HOBHX CKJIQTIiB IS
HU3bKOBOJIbTHOT BAPUCTOPHOI KEPaMIiKH.

VY naniit poOOTI TOCHTIKSHO P CKJIAliB BAPUCTOPHOI KepaMmiku 3 modaBkamu Co304,
Sh20s Ta pisauM BMicToM 106aBok Cr203 Ta BizOs 1 JOCIIHKEHO X eNIeKTPHYHI BIACTUBOCTI.

Kepamiky oTpumaHO 3a CTaHZapTHOIO TEXHOJOTIEI0, IO BKIIOYAE 3MINTyBaHHS
BUXI1JTHUX KOMIIOHEHT 3 JOJaBaHHSAM €TaHOIy, NMpecyBaHHs 3pa3kiB mig TMckoM 60 MIla ta
BUMNaoBaHHA npu Temnepatrypi 1350 °C npotsirom 1 rogunu.

EnextpuuHi mapameTpu oTpUMaHOi Kepamiku HaBeseHi B Tad. 1. HeoMiuni Bi1acTuBOCTI
KEepaMiKi TOPIBHIOBAJIMCH 3a JIOMIOMOIOI0 IMOKa3HUKA HeNiHIMHOCTI o [2], 1m0 AOpiBHIOE
BIJTHOILIEHHIO Koe]ilieHTa HeTiHIHHOCTI 3 10 Kiacu(iKaliifHOI Hallpy>KEHOCTI eIEKTPUYHOTO
nosis Ea.

Tabnuys 1
Enexmpuuni napamempu oocnioxcysanoi xkepamiku cucmemu SnQOz — 3 mon.% Coz04
— 0,95 mon. % Sb20s 3 0obaskamu Biz03 ma Cr203

Jlo6aBka Jlo6aBka

Cr203, moi. % | Bi203, moin. % B E1, B ow™ o, o B

0.03 0,9 3,36 199 0,012

' 1,0 1,76 18 0,042

0,5 5,23 307 0,017

0,05 0,9 2,34 114 0,021

1,0 2,20 35 0,034

0,07 0,9 4,06 59 0,051

1,0 1,85 68 0,012

Ha ocHoBi manmx, mo HaBeneHi B TaOmwmill Oysa moOymoBaHa KapTa PO3MOAUICHHS
MOKA3HMKA HETIHIMHOCTI 0 B 3aJI€KHOCTI Bl KoHIeHTpalii 1o6aBok Cr203 ta Bi2Os
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0,05100

0,04587

0,04075

0,03562

0,03050

Bi,0,

0.02537

0.02025

0,01513

0.01000

5 1 1 1
0,03 0,04 0,05 0,06 0,07
Cr,04

Puc. 1. KapTa po3noaijieHHsI NOKa3HUKA HEJIHIHHOCTI 0L B 32JI€2KHOCTI Bij
nodaBok konuenrpauii Cr203 Ta Bi2O3

Ha xapti po3moniieHHs1 TOKa3HUKa HETHIHHOCTI BUAHO, IO MOKA3HUK OL 3pOCTA€ MpHU
HaOJIMKeHH1 BMICTy J00aBKM okcugy xpomy 10 0,07 mon. % Ta mpu HaOJIMKEHHI BMICTY
okcuny Biemyty 1o 0,9 mon. %. Takox crocrepiraerbesi pict oo Ipu HAOMMKEHHI BMICTY
no6asok Cr203 ta Bi2O3 1o 0,03 mom. % ta 1 moi. % BiAMOBIIHO.

HaiiOinpme 3HaYeHHS MOKAa3HWK HENHIMHOCTI HaOyBae y 3pa3ka 3 KOHIICHTPAIIIEI0
npo6aBoku 0,07 mon. %. Cr203 ta 0,9 moir. % Bi2O3 ta mae 3nauenns 0,051.

[1] Pianaro S. A., Bueno P. R., Longo E., Varela J. A. A new SnO2-based varistor system //
Journal of Material Science Letters. Vol. 14, Ne 10. (1995) P. 692-694.

[2] Glot A. B., Skuratovsky I. A. Non-Ohmic conduction in tin dioxide based varistor ceramics
// Materials Chemistry and Physics. Vol. 99, Ne 2-3. (2006) P. 487-493.

[3] Glot A.B., Bulpett R., Ivon A.l., Gallegos-Acevedo P.M. Electrical properties of SnO-
ceramics for low voltage varistors // Physica B: Condensed Matter Vol. 457 (2015) P. 108-
112.

ELECTRICAL CONDUCTIVITY OF LOW VOLTAGE SnO2
BASED VARISTOR CERAMICS WITH ADDITIONS OF Cr20s3
AND Bi20s3

A. Krotenko, I. Skuratovskyi
Oles Honchar Dnipro National University
artur.krotenko@gmail.com

The tin dioxide-based ceramics in the system SnO»-Bi»03-C0304-Cr.03 are presented.
The electrical properties of these materials are analyzed.

Voltage-current characteristics of ceramics are studied in respect of different amount of
chrome oxide in the range of 0.03 — 0.07 mol.%. and bismuth oxide in the range
of 0.5 — 1.0 mol.% additions.

It was shown nonlinearity factor alpha takes the maximum values with amount of
additions: Bi2O3 near 0.9 mol.% and Cr.Os near 0.07 mol.%
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OCOBJIMBOCTI IPUITIOBEPXHEBOTI'O LIAPY
OKCHUJIHO-IIMHKOBOI BAPUCTOPHOI KEPAMIKHA

P. JlaBpos, B. Koa0yHoB
JHinpoecvkuii nayionanvruu yHisepcumem imeni Onecs I'onuapa
rlavrov024@gmail.com

Bapucropna kepamika Ha ocHoBi okcuay nuHKY (OLIK) 3 Mibk3epeHHUMH
NOTEHIIaTbHUMH Oap’€paMH BHKOPHCTOBYETHCS JUISI CTBOPEHHS TBEPAOTUILHUX MPUIIAJIIB
3aXUCTY BiJl MIepeHanpyru €JIEKTPOTEXHIYHHUX K1 Ta €JIEKTPOHHHX
cxeM. Iloxgiitni moreHmiansHi Oap’epu IllorTki (ITIIBII) Takoi kepamiku 0OYMOBIIIOIOTH
BHUCOKY HEIiHIMHICTh i BonbT-ammnepHoi xapaktepuctuku (BAX) B oOmacti 060poTHOTO
EJIIEKTPUYHOTO TMPOoO0I0 1 cuMeTpuuHicTh BAX BIZHOCHO TOJSPHOCTI MPHUKIAACHOT
Hanpyru [1].

XapaktepHoto ocoonuBicTio OLIK € Te, 1m0 npu cuHTE31 B OKUCTIOBAIBHIN aTMochepi
Ha 11 TOBEPXHI yTBOPIOETHCS AP 3 BIAMIHHUMH Bifl 00’€MHOI YaCTUHU €NEKTPOQI3HIHIMHA
BIIaCTUBOCTAMHU [2, 3]. MeToro maHoi poOoTH € mopiBHsIHHS BUCOTH Epr aktuBHEHX IITIBII B
IPUIIOBEPXHEBOMY IIIapi BaprCTOpHOI Kepamiku Ha ocHOBI ZnO BimHocHo Bucotu I1I1BII B
00’emi.

PactpoBi 300paxkeHHs, 0OpOOJEHI 3a OMOMOTOK TpadigyHOrO PEeNaKTOpy s
BUJIUICHHS MEXK1 MK TOCIIPKYBaHUM IIapoM 1 00’ €MOM KepaMiku, Ipe/ICTaBlIeHl Ha puc. 1.

a) 6)

Puc. 1. PacTposi 300paskeHHsI IONEPeYHOr0 BigK0/1y BApDHCTOPHOIO JMCKY Y NPHIIOBEPXHEeBiii 00J1acTi
npu 30iabmenHi: a) x500; 6) x1000, 06po0dJieHi B rpadivHOMy pegakTopi

3epHa ZnO y moBepxHi KepaMiKu B MPOIEC] Binary B OUTBIIINA Mipi MiIaHi BIUTUBY
aTMOC(EpHOT0 KUCHIO, HIK B 00°€Mi, 1 JJIs1 HUX CIiJ O4iKyBaTu OuTbIly KOHLEHTparito Nt
TIOBEPXHEBUX CTAHIB, 5Ki (HOPMYIOTH aTOMH KHCHIO. 3 ypaxyBaHHsIM Toro, mo Epr ~ Né/Ng [1],
ne Ndg — KOHILIEHTpallisl eHepreTHYHO JpiOHMX JOHOPIB B 3epHI kepamiku,— Bucota [ITIBIII B
MIPUIIOBEPXHEBOMY IlIapl MOBHMHHA OyTH BUIIOI0 3a 00’eMHYy. OCKUIBKM OMIp BapuUCTOPHOI
KepaMiKi B 00JacTi BUKOHaHHA 3akOoHY OMa BH3HAUYA€ThCs BEIMYMHOIO Epr, 0TpUMyeMO
HacTynHui 3B'130Kk M Bucotoro IITIBII Eprs) B mpunosepxueBomy mapi OLIK 1 BucoTtoro
6ap’epiB Epr(v) B 11 00’ emi:

Eors) _19(ps)=19(po) _ l9(ps)
Eory  19(py ) —19(pe)  19(py )

: 1)
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Po3paxyHku, BUKOHAaHI 3a JaHUMH €JIEKTPO(I3MUHUX BHUMIPIB, IOKa3aIH, IO
BigHOMmICHHS Epr(s)/Ebr(v) ckimamae 1,22.

[TpunoBepxuesuii map OLIK mae 6inbm Bucoki (y 1,22 paszu) ITIBIL, Hix B 00’ eMi, 110
00yMoBieHO mporiecoM BupoOHHITBA Kepamiku. [TIIBII npunoBepxHeBoro mapy B 001acTi
BUKOHaHHs 3aKk0OHy OMa BiJI3Ha4al0ThCsl BACOKUM €JIEKTPUYHUM OIIOPOM 1 IpUMaroTh Ha cebe
NPaKTUYHO YCIO HANpyTy, MPUKIAJACHY 110 3pa3ka. BinTak, yBIMKHYTI y IUISIXH CTPYMY MiXK
€JIEKTPOJaMHU, BOHH TIOBUHHI NEPIIMMHU MEPEXOJUTH IO PEKUMY 3€HEPOBCHKOTO 1 JIABUHHOTO
po0oro.

[1] Clarke, D. R. Varistor ceramics [Text] / D. R. Clarke // J. Am. Ceram. Soc. — 1999. —
Vol. 82, Ne 3. — P. 485 — 502.

[2] KatkoB, B. ®. DneKTponpoBOAHOCTh U CTPOCHUE MPUIIOBEPXHOCTHOW 00JIaCTH OKCHIHO-
LIIMHKOBOM  KEpaMHUKH [Texcr] /" B. O. KarkoB, A. b. I'nor,
A. 1. Von // Heoprannyeckue marepuainsl. — 1989. — T. 25, Ne 2. — C. 526 — 528.

[3] Lavrov R. I. Electrophysical characteristics of the near-surface layer of semiconductor
ceramics for ZnO varistors / R. Lavrov, V. Kolbunov, V. Bashev // Journal of physics and
electronics.— 2018, — Vol. 26, — Ne 1, — P. 63 — 68.

FEATURES OF THE NEAR-SURFACE LAYER ZINC OXIDE
VARISTOR CERAMICS

R. Lavrov, V. Kolbunov
Oles Honchar Dnipro National University
rlavrov024@gmail.com

The aim of this work is to compare the height Eyr of active double potential Schottky
barriers (DPSB) in the near-surface layer of ZnO-based varistor ceramics relative to DPSB in
volume.

The near-surface layer of varistor ceramics has higher (1.22 times) DPSB than in
volume. DPSB of the near-surface layer in the field of Ohm's law are characterized by high
electrical resistance and take on almost all the voltage applied to the sample. Therefore,
connected to the current paths between the electrodes, they must be the first to switch to the
mode of Zener and avalanche breakdown.

VI BeceykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(epeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2021
24-26 mucronana 2021 p., m. Ininpo, Ykpaina



166 Cexuisi V. ®I3UYHI IBUIIIA B MATEPIAJIAX EJIEKTPOHHOI TEXHIKH TA
TEXHOJIOI'IS iX OTPUMAHHS

JAHN-TELLER EFFECT MANIFESTATION IN A Cu-DOPED
EuAl:(BO3)s SINGLE CRYSTAL

K. Lamonova?, A. Prohorov?, R. Minikayev?

10.0. Galkin Donetsk Institute for Physics and Engineering, National Academy of Sciences of Ukraine
2Institute of Physics of the CAS, 182 00, Prague, Czech Republic
prokhorov@fzu.cz
3Institute of Physics, Polish Academy of Sciences, Poland
k.v.lamonova@ukr.net

The work aims to study the mechanism of the EPR spectrum formation of a EuAIz(BO3)4
single crystal doped by 0.1% Cu?* and grown by the spontaneous solution-melt crystallization
method. For that, a complex approach combining the EPR investigation and the theoretical
analysis performed by the semi-empirical Modified Crystal Field Theory (MCFT) [1] has been
applied.

The samples were examined by X-ray diffraction techniques (X Pert Pro Alphal MPD,
Panalytical). The XRD investigations revealed that the samples crystallize in the huntite
(MgsCa(CO03)s) structure with space group R32 and do not contain impurity phases. The unit
cells parameters and atomic positions were refined by Rietveld’s method. We found that the
lattice parameters are slightly smaller than those for undoped materials [2], but the ratios c/a
are in good agreement (c/a = 0.78096(2) for the doped, and it is about 0.78045 for an undoped
sample). The base of the crystallographic structure is trigonal prisms, octahedrons, and triangles
formed by oxygen ions around Eu®*, AI**, and B3*, correspondingly. Rare-earth ions occupy
the Dan sites, boron ions have two sites with Cz and C> symmetry, and aluminum ions occupy
three differently oriented but energetically equivalent crystallographic positions with C point
symmetry. The differently oriented octahedra are colored in brown, green, and blue in Fig. 1a.

The EPR measurements were performed using the Bruker ELEXSYS EPR E580
spectrometer at the X-band (~9.4 GHz) within the temperature range from 5 up to 150 K. A
hyperfine structure caused by two copper isotopes %3Cu (69.1%) and %Cu (30.9%) with the
nuclear spin | = —3/2 is observed. The three nonequivalent EPR spectra appear when the
magnetic field rotates in the [0001] plane, and they repeat via 120°. We established the EPR

spectrum axes using the measured angular dependences. The Z- and X-axes lie in the (lEIO)

plane, and the Y-axis is perpendicular to that plane. The Z-axis of the EPR spectrum deviates
from the c-axis of 54.2°.

Analyzing the distortions of the [CuOs] coordination complexes in the EuAl3(BO3)a:
0.1%Cu sample shows the Jahn-Teller (JT) distortions (Q2, Q3) and the trigonal ones (Qa, Qs,
Qs) are present. Moreover, the monoclinic contribution from the low-symmetry distortions T1y"
(Q10, Qu1, Q12) is expressed.

Applying the MCFT, the energy levels of a Cu?* ion in the octahedral [CuOg]
coordination complexes with the unit cells parameters and atomic positions obtained by the
XRD technique have been calculated. We used the following MCFT parameters for the
calculation: (i) the effective nuclear charge (Zer) for Cu?*; (ii) one-electron spin-orbit constant
(&s0); (i) the fitting parameter S. In particular, the value of Zess = 9.493 was applied to fit a free
Cu?* ion energy levels in accordance with the NIST Atomic Spectra Database [3].

The three distortions along the C4 axes are nonequivalent because there is a monoclinic
component in the crystal field potential. A configuration with the distortion is directed towards
the oxygen ion O1 (i.e., along the Z-axis of the EPR spectrum) has the minimum energy
(Fig. 1a).
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Fig. 1. (a) Elementary cell of Cu doped EuAls(BOs)a. (b) The EPR spectrum of the EuAl3(BOz3)4:0.1%Cu

sample (v =9.4005 GHz; T = 15 K). (¢) and (d) The angle dependences of the g-factor is calculated for the

[CulOes], [Cu20s], and [Cu3Os] coordination complexes in the (zx)-plane (¢ = 0;0 < 0 <) and (xy)-plane
(0 < @ <7 ;0 =0. The horizontal dash lines mark the experimentally obtained g-factors.

The angle dependencies are calculated for EuAI3(BO3)4:0.1%Cu by the MCFT show
that the Cu?*-containing octahedra reveal themselves differently in the EPR spectrum (Fig. 1c
and Fig. 1d). The case when the magnetic field is oriented along the z-axis (Cs-axis) is the
exception. In particular, the Cu2 ion is seen in all local directions. The Cul ions can be
identified along the local X- and Y- axis, and Cu3 in the Z- and Y-axis, correspondingly, but
their signals are very complicated. Hyperfine splitting is much better resolved in one direction
than along the other two directions owing to crystallography anisotropy. Indeed, the hyperfine
coupling along the Z-axis for Cu2 is much greater than that along the X- and Y-axes.

[1] K. V. Lamonova, S. M. Orel, Yu. G. Pashkevich, Modified Crystal Field Theory and its
Applications, Akademperiodyka, Kyiv, 2019.

[2] Leonyuk N. 1., Leonyuk L.I. Growth and characterization of RMs(BOs)s4 crystals. Prog.
Cryst. Growth Charact. Mater. 31. (1995). P. 179-278.

[3] Sugar A., Musgrove A. (1990) Atomic Energy Levels and Spectra Bibliographic Database
(version 2.0). [Online] Available: https://physics.nist.gov/asd [2021, September 7].
National Institute of Standards and Technology, Gaitherburg, MD. DOI:10.1063/1.555855
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SPECIFICITIES OF ANELASTIC AND ELASTIC,
ADSORPTION CHARACTERISTICS OF SiO2/Si,
NANOCOMPOSITES OF MULTIWALLED CARBON
NANOTUBES AND POLYAMIDE, POLYETHYLENE,
POLYVINYL CHLORIDE, FOAM POLYSTYRENE
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Measurement of temperature dependences of internal friction (IF) on identical Si p-type
substrates, orientation (100), doped with boron B with specific resistivity p ~ 7.5 Ohm-cm and
thickness h = 4.7-10° nm was performed. The samples passed the same technological route after
applying a layer of SiO. with a thickness of h~ 600 nm. It was found that the annealing of
structural defects SiO2/Si changes the shape of the IF temperature spectrum Q}(T). The leading
factor of the elastic anisotropy forming is a crystallography orientation and the orientation of
grains on the form with the orientation of microcracks, pores. Acoustic emission (AE) allow to
receive the additional information about the process of microcracks.

Poisson coefficient p in Fig. 1 is equal to ratio of relative transversal compression &L to
relative longitudinal lengthening ¢|| and equal [1,2]:

_& _ 1 1 , 1)
A _8" 2 1+ vV, 2
()

where V| is quasilongitudinal ultrasonic (US) velocity, VL - quasitransversal US
velocity. Elastic module E = pV||? is demonstrated in Fig. 2.
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Fig. 2. Stereoprojection of isolines of the elastic module E SiO:

The modified polymer real network has the large number of the different defects, those
do not participate in the transfer of the strains ¢ in the network, and, therefore, do not contribute
to its elastic modulus G, E. It’s showed, that anelastic Q! and elastic E characteristics are
essentially depended from morphology of surface layer. The determination method of the
distributing function of microcracks orientation is developed from data of the azimuthal
measuring of elastic waves velocities. With the purpose of determination of temperature
position of relaxation of the elastic modulus AG/G, simultaneously with the internal friction Q
1 = §/m, where § - the logarithmic decrement ultrasound attenuation, measuring temperature
dependence of G = pV1? was measured.

Conclusions

1. The elastic modulus E, the shear modulus G, Poisson coefficient p, internal friction
Q! are dependent from SiO,/Si wafer-plate anisotropy.

2. The value of internal friction background Q%o after temperature, mechanical
treatments describes the changes of the elastic stress i fields in SiO2/Si wafer-plate.

3. It was found that as the result of the structural defect annealing internal friction
background Qo significantly decreases during measuring of internal friction temperature
dependence Q}(T), which indicates the improvement of SiO/Si crystal structure.

4. The study of vibrations of disk wafer-plate SiO,/Si at different harmonic frequencies
fo, f2 made it possible to develop the technique for determining the structural defects density np
for semiconductor wafers-substrates.
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MOBILITY ANISOTROPY PARAMETER IN THE
TRANSMUTATION DOPED AND ORDINARY SILICON
CRYSTALS

G. Gaidar
Institute for Nuclear Research of the NAS of Ukraine
gaydar@kinr.kiev.ua

Today, the main materials for the production of a wide class of electronic devices are
multi-valley semiconductors, among which the main place belongs to silicon. To study the
properties of multi-valley semiconductors, the theory of anisotropic scattering is used, which
can be used to quantitatively describe the entire set of kinetic phenomena in a magnetic field,
in an elastic deformation field, at the presence of a temperature gradient in the crystal [1]. The
mobility anisotropy parameter K = p./y; (the ratio of the mobilities pr and w; along the
principal axes of the mass tensor for electrons of one valley) is included in the expressions for
all kinetic coefficients without exception and, therefore, is of great importance for calculating
any of the kinetic effects [2].

The aims of this work were: 1) determination of the mobility anisotropy parameter by
two independent methods in silicon crystals doped through the melt and by the method of
nuclear transmutation; 2) study of the processes of complexation during high-temperature heat
treatment of these crystals.

The n-Si crystals doped with phosphorus in two different ways were investigated. Some
of the crystals (ordinary, OR) were doped from the melt, and the other part was doped using
nuclear transmutation (transmutation doped, TD) — under irradiation with thermal neutrons of
high-resistance silicon with the resistivity of p >2 kOhm-cm. To elucidate some features of
interdefect interactions stimulated by heat treatment, all Si crystals were subjected to high-
temperature annealing at 1200 °C for 2 h in a nitrogen atmosphere, followed by rapid or slow
cooling.

In order to reveal changes in the level of defectiveness of crystals as a result of heat

treatment, a method based on measuring the change in the resistance of these crystals (Apﬁ| Ipg

and Ap"H Ipy) in a classically strong magnetic field H was used. This method is very sensitive

to the presence of complexes in the bulk of crystals.
To analyze the results obtained and to elucidate the nature of the observed changes, the
data on the Hall effect and tensoresistance, which were measured (at 77 K) on the same crystals

at mechanical compressive stresses X || ] || [001] (|X| <1TTa), were used.

In the studied n-Si crystals, the mobility anisotropy parameter K = K(ne) was determined
by two independent methods (on tenso- and magnetoresistance) for ordinary and transmutation
doped crystals. It was known that the data for the parameter K(ne) obtained from the

tensoresistance in the saturation region (p% /py) are insensitive to the presence of imperfections

in the form of point defects and impurity complexes statistically distributed in the bulk of the
crystal. The dependence K = K(ne) found experimentally from the tensoresistance data is also
quite satisfactory for those values of K obtained from the measurements of the

magnetoresistance Ap','4 Ipy in Si crystals doped with phosphorus from the melt. However, the

data for K obtained from the magnetoresistance Ap'L Ipy on the transmutation doped crystals
deviated considerably from the obtained dependence K = K(ne).
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Since a significant scatter in K data obtained using magnetoresistance Apl, /p, = f (H)

is characteristic only for transmutation doped crystals, it was natural to associate this feature
with a different level of their perfection. This can be based on two well-known facts, namely:
a) in the initial state (preceding technological annealing), the transmutation doped crystals have
a huge number of point defects — vacancies, divacancies, interstitial silicon atoms, Si atoms,
which are partially displaced from sites, etc.; b) the technological annealings of different
transmutation doped crystals is not exactly equivalent to each other.

To test the above assumptions regarding the differences that appear when measuring the

longitudinal magnetoresistance Ap',tI /p, on ordinary and transmutation doped Si crystals, it

was desirable to simulate (at least approximately) in experiments with an ordinary crystal the
conditions a) and b), characteristic for the transmutation doped samples. Some approximation
to the fulfillment of condition a) could be achieved by high-temperature annealing of the
ordinary crystal (n-Si (P), psoo k & 100 Ohm-cm) in the nitrogen atmosphere (1200 °C; 2 h). The
condition b) could be tried to provide by the significant difference in the cooling rates (up to
700 °C) of the crystals under study. For this, two cooling rates were used: v1 ~ 1 °C/min — slow
and vz ~ 1000 °C/min — fast cooling.

The experimental results confirmed the above assumption, which links the reason for

the scatter in the K values determined according to Ap'L I py ratio in the transmutation-doped

crystals with the presence of imperfections (such as complexes) in these crystals.
From the same ingot samples were cut so that the growth layers did not appear when

measuring the transverse magnetoresistance ( J || [100], H || [001] || GA (GA is the crystal

growth axis). By measuring Apy; /p, = f (H) on these samples, we were convinced that in the

initial state of the crystal under study and statistically distributed inhomogeneities (complexes)
have no noticeable effect on the transverse magnetoresistance. This is evidenced by the well-

pronounced saturation of Apy; /p, = f (H) in the region of strong magnetic fields. However,
the heat treatment adopted in the experiments (the high-temperature annealing followed by slow
or fast cooling) led to qualitative changes in the form of the dependences Apﬁ Ipy=f (H ): in

both cases, the saturation region characteristic of the initial state of the crystal under study
disappeared.

Comparison of the results of measurements of the mobility anisotropy parameter in
ordinary and transmutation doped n-Si crystals by the tenso- and magnetoresistance methods
indicates that the magnetoresistance method is more sensitive to the presence of not only
electrically active scattering centers, but also various structural defects. It was shown that, upon
high-temperature heat treatment of ordinary and transmutation doped Si crystals, complexes
are formed due to the interaction of electrically neutral impurities with point defects. The
possibility of using the method of measuring the magnetoresistance for a qualitative assessment
of the presence of electrically neutral defects and their complexes in samples was established.

[1] Baranskii P.I., Buda l.S., Dakhovskii I.\VV. The Theory of Thermoelectric and
Thermomagnetic Phenomena in Anisotropic Semiconductors. Kyiv: Naukova Dumka.
(1987). 272 p. (in Russian).

[2] Baranskii P.1., Belyaev A.E., Gaidar G.P. Kinetic Effects in Multi-Valley Semiconductors.
Kyiv: Naukova Dumka. (2019). 448 p. (in Ukrainian).
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LOW-ENERGY EFFECTIVE LAGRANGIAN OF
THE TWO-HIGGS-DOUBLET MODEL

M. Dmytriiev, V. Skalozub
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dmytrijev_m@ffeks.dnu.edu.ua, skalozubvv@gmail.com

According to the modern observations, there exist some phenomenons which could not
be explained within the Standard model (SM) of elementary particles. For instance, these are
neutrino masses, baryonic asymmetry, dark matter, etc. Because of this, different models have
been proposed which extend the SM. In many cases, such models predict the new particles to
be very heavy. So that, they could not be directly observed at the energies of modern colliders.
However, their existence could be detected via some effective interactions of known particles.
In this work, we build a low-energy effective Lagrangian of the two-Higgs-doublet model
(2HDM), and derive the new vertexes of interaction between the SM particles, introduced by
the 2HDM.

In the SM, Higgs field is a complex doublet in the fundamental representation of the
SU(2) group, with a mass of about 125 GeV. However, Sakharov’s baryogenesis conditions
can not be fulfilled for such field configuration and the matter-antimatter asymmetry can not be
explained. According to [1], 2HDM satisfies these conditions at the certain values of its
parameters. Also, this model allows to give masses to neutrinos [2], introduce particles, which
are dark matter candidates, etc. Nowadays, 2HDM is discussed in the context of experiments at
the particle modern and future colliders [3]. So, we consider it in what follows.

We start with the following Lagrangian [1]:

2 2
L= 501 + 5 Bu) = [—%u?qsl b+ i8] ] +

i=1

i @
wx(R[olea] )+ ni(3]el6e]) +2s(0101) (dhen).

It introduces two neutral and two charged scalar fields, and one pseudoscalar field. We
integrated out all the fields except one neutral scalar, which correspons to the SM Higgs one.

The Lagrangian of the SM scalar sector was obtained, with the low-energy corrections
coming from the additional fields of the 2HDM. We investigated the annihilation process
e'e — p'u which accounts for the SM particles in the initial and final states and the
contribution of the low-energy effective vertexes from the 2HDM. Renormalization group

relations for these vertexes have been calculated.

[1] Kozhushko A.A., Skalozub V.V. The parametric space of the two-Higgs-doublet model and
Sakharov’s baryogenesis conditions. Ukr. J. Phys. Vol. 56, No. 5. (2011). P. 1-12.

[2] Camargo D. A., Dias A. G., de Melo T. B., Queiroz F. S. Neutrino Masses in a Two Higgs
Doublet Model with a U(1) Gauge Symmetry [Enexrponnuii pecypc]. Pexum gocrymy:
https://arxiv.org/pdf/1811.05488.pdf.

[3] Marzocca D. (ed.), RivaF. (ed.), Criado J., Dawson S., de Blas J., Henning B., LiuD.,
Murphy C., Perez-Victoria M., Santiago J., Vecchi L., Lian-Tao Wang. BSM Benchmarks
for Effective Field Theories in Higgs and Electroweak Physics [Enektponnuii pecypc].
Pexxum noctymy: https://arxiv.org/pdf/2009.01249.pdf.
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CIIEIIU®IKA BUSHAYEHHSA TEH30O0IIOPY PO3TAI'Y
KPUCTAJIIB 'EPMAHIIO n-TUITY

I'. Taiinap
Incmumym soepnux oocnioxcenv HAH Ykpainu
gaydar@kinr.kiev.ua

VY mporieci eKCrepuMeHTaIBLHOTO JOCIIKEHHS BIACTUBOCTEH HAMIBIIPOBIIHUKIB YaCTO
BHHHKAE MOTpeOa BUMIPIOBATH MaJli 32 BEJTMYMHOIO TTapamMeTpu abo Taki, 0 BEIbMHU Yy TINBI
70 BIUIMBY HE3HAYHUX HEOJHOpPiIHOCTEH, fKi ICHYIOTh Yy Kpuctami. OJHaK, Koiu
B)XKOJIOCTYITHUH Il BHUMIPIOBaHHS TIapaMeTp IOB'S3aHUI TICBHUM CIIBBIIHOIICHHSIM 13
JIETKO BHMIpPIOBaHUM, TO JOLIJIBHO EKCIEPHMEHTAILHO OTPUMATH OCTaHHIM, a TOTiM,
BUKOPHCTOBYIOUYHM CIIBBIJHOLICHHS, OOYMCIWTH MapaMmeTp, BEIWYHHY SKOTO HEOOXiJIHO
BU3HAYUTH.

Posrnsinemo Takuii miaxig Ha mpukiani MoHokpucrtamiB N-Ge. Ilpu npomyckanHi
CIIEKTPUYHOr0 CTpyMy (j) 1 HaKIagaHHI MEXaHIYHOTO HAMPYXXCHHS CTUCKY X B3I0BXK
kpuctanorpadiyaoro Hampsmky (111), ToOTo, B3IOBX BEIHMKOi OCI OJAHOTO 13 YOTHUPHOX
130€HEPTeTUYHUX EIIICOIIIB, el eIICOi] OMyCKaTUMEThCS, a TPH IHIINX ITiTHIMATUMYThCS
B3JIOBXK IIKAJTU €HEPriid. 3aBASKU LIbOMY BiIOyBaTHMETbCS MEPEPO3MOILT HOCIIB 3apsay Mixk
MiHIMyMaMu eHeprii y 30Hi mposimHOcTi. 3a mocuth Bemmkux X || (111) yci emexTpoHm
MOXYTh MEPEHTH B OAMH EIIICOiN, pO3MIIIEHUH y HampsMKy oci aedopmarii 3 MiHIMaIBEHO
MOJJIMBUM 3HAUEHHSM PYXJIHBOCTI HOCIiB 3apsity | = ||, BHACIIIOK YOI'O IMHTOMHU OIIip

KpUCTaJla, KU BUMIPIOETHCS Y TOMY CaMOMYy HampsiMKy ( i || (111)), cunbHO 3pocTae 3i

301IbIIICHHSIM CTUCKYHOUUX MEXaHIYHUX HaIIpYy>XCHb X mo HaCUYCHHA, IO BHU3HAYACTHCA

BUPAa30M pﬁ%ﬁ) =1/(ene p”)z const, ae p%ﬁ) — TEH300MIp B 00JIaCTI HACUYEHHS; e — 3aps

eJIeKTpoHa; Ne = 4No — MOBHA KOHLIEHTpAIlisl eneKTpoHiB; No — KOHIIEHTpaLisl €JIeKTPOHIB Y
KO)KHOMY 3 €JIICOIfIB 3a BIACYTHOCTI JIedopmalii KpucTana; [ — PyXJUBICTb €JIEKTPOHIB
Y3JIOBXK BEITUKOI OC1 130€HEPTreTUYHOTO EIIINCOiIa, KA BI/IMOBI/Ia€ MaKCUMAIbHINA ePEeKTUBHIN
Maci HociiB Mj. Y 1[bOMy BHUIAJKy MapaMeTp aHi30TPOMil pyXJIMBOCTI MaTUMe BUTIIAA [1]:

(111)

K = § pX(oo)cmuCK _E . (1)

XapakTepHOIO OCOOJMBICTIO TEH300IOPY, IO BHHHUKAE TMPH po3TsAryBaHHI N-Ge B
HanpsamKy (111), € rysxe Masi 3MiHM TUTOMOTO OIIOPY 3aJIKHO BiJl MEXaHIYHOTO HANIPYKEHHS
MOPIBHSHO 3 THUMH, $IKI CIOCTEpITAlOThCS TPU OJHOBICHOMY CTHCKY B TOMY CaMOMy
KpHucTanorpagiunomy HarpsMky. Tomy 6axano Oyno 6 MaTH MOXKIIUBICTb ISl OLIHKU MaJjioro
TEH300II0PY PO3TATY CKOPUCTATUCS 3HAYHO OUTHIIUM 1 10Ope BUMIPIOBAaHUM 3HAYCHHSIM
TEH300I0PY CTHUCKY.

Jlnst  peamizariii  3ampoONOHOBAHOI MPOIEAYPH CKOpPHUCTaEMOCS (GopMynamMHu IS
TEH300II0pY CTUCKY i1 po3Tary [2]:

(111) (111)

W:1(8K+1+1j, —pX(w)""m:E( > +1)- 2)
o 2\ 3 Po 4\ 8K +1
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BuxmounBmm 3 cucreMu piBHSHBb (2) 3HAYCHHS Po, MICHS MPOCTHX ajareOpaidyHux
MIEPETBOPEHD OACPKUMO

(111) P<>111>)
— 9 00 ) CMUCK ’ (3)

pX(oo)posm_ 8K +1

a mapameTp anizorporrii pyxsimBocTi K oTpuMaeMo 3 pe3yibTaTiB TOTO caMOTro BUMIpIOBaHHS

(111)
X () emuck

TEH300I10PY CTUCKY p 3a JornomMororo Bupasy (1).

Crig 3a3HaunTH, 110 napamerp K 11 J0BUTbHOT KOHIIEHTpAIil, 1110 HE PU3BOIUTH I1Ie
JI0 BUPOJDKCHHS €JICKTPOHHOIO ra3y 3a TemiepaTypu BuMmiproBaHHs Ttenzoomnopy (77 K),
MO>KHa po3paxysatu ajis N-Ge 3a hopmyaMu Teopii aHI30TPOITHOTO PO3CIsSTHHS [2].

TakuM YUHOM, BCTAHOBJICHO IMPOCTUH 3B'130K (BHpa3 (3)) MK 3MIHOIO ITATOMOTO OIIOPY
n-Ge mij BILTMBOM HAIPaBJICHOT MPYKHOI AedopMallii CTUCKY Ta 3MIHOIO MIUTOMOTO oropy, 1o
BUHUKAE TpU HampasleHi aedopmarnii posrsary. Ilokazano, mo sk ans kpucraiiB N-Ge,
BUIPHUX BIiJ JIETYBaJbHOI JOMIIIKK, TaK 1 JJIsl KPUCTANIB 3 BiTHOCHO BHCOKUM piBHEM
JIETYBaHHS, IKHH, OJTHAK, HE IPU3BOIUTH IO BUPOKEHHS €IIEKTPOHHOTO Ta3y 3a TeMIIepaTypu
BHUMIPIOBaHHS TEH300MOpPY, BEIMYMHA TEH300IOpPY CTUCKY MaiKe Ha MOPSI0K MEepPEeBUILYE
3HAYeHHS TEH300II0py pO3TATY, a OTXKE, 3alPONOHOBAHY METOJMKY OLIHKHA TEH300I0pY
PO3TATY 32 eKCIEPUMEHTAIbHUMU 3HAYSHHSIMH TEH300110PY CTUCKY JJISl BChOTO JOCTIIKEHOTO
KOHIIeHTpaliitHoro inTeppaiy (Bix 102 1o 10'® cm®) moxkna BBaskaTH npuitHaATHOO Ta (izuuHO
0OTIPYHTOBAHOIO.

[1] Bapancekwii [1.1., Taitnap I'.I1. @i3u4ni hakTopH, 110 3yMOBIIIOIOTH aHI30TPOIIII0 TEPMOEPC
1 aHI30TPOMII0 PYXJIMBOCTI B 0araTOAOJIMHHUX HamiBOPOBiAHUKAX. ONTOAIEKTPOHHKA U
MOJTYTIPOBOTHUKOBAs TexHuKa. Brim. 48. (2013). C. 54-509.

[2] bapanckuii [1.1., Byna U.C., J[laxoBckuii U1.B. Teopuss TEpMOIIECKTPHUESCKUX H
TEPMOMArHUTHBIX SIBJICHUH B aHM30TPOMHBIX MoOJynpoBonHukax. Kues: HaykoBa mymka.

(1987). 272 c.

SPECIFICITY IN THE DETERMINATION OF TENSION
TENSORESISTANCE OF n-TYPE GERMANIUM CRYSTALS

G. Gaidar
Institute for Nuclear Research of the NAS of Ukraine
gaydar@kinr.kiev.ua

In the framework of the anisotropic scattering theory, a relation
(111

P tenson :9[)”22%5“0" was established for n-Ge single crystals, which allows one to
+

obtain information on a quantity that is difficult to measure in experiments (the tension
tensoresistance) from measurements of a well-measurable quantity (the compression
tensoresistance in the saturation), which is important in practice.

Such an approach to the measurement methodology can be especially useful in radiation
physics. After all, it is known that radiation treatment of semiconductors usually leads to an
increase in the degree of heterogeneity of crystals and a decrease in the mobility of the main
charge carriers and, as a consequence, to certain complications when studying relatively small
effects.
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PARAMETRIC SPACE FOR h2HDM WITH DIFFERENT
THEORETICAL CONDITIONS

P. Minaiev, V. Skalozub
Oles Honchar Dnipro National University
ffeks@365.dnu.edu.ua

In the Early Universe there are many phase transition happened. The most important is
the electroweak phase transition (EWPT) when particles acquired masses. Other important
problem is baryogenesis.

As it is well known, in the Standard Model (SM) of elementary particles the
baryogenesis is not explained. Experimental data is my=125 GeV and the EWPT is second
order. Sakharov [1] proposed the conditions for generation of asymmetry between baryons and
antibaryons. Today they are formulated as three baryogenesis conditions. According to them
the phase transition should be strong first order. So Sakharov’s conditions are violated.

The parametric space of two Higgs doublets model with my=125 GeV (h2ZHDM) is very
rich [2]. The additional doublet of scalar fields gives us the new phenomenology described in
many papers. For numerical calculations we should include theoretical condition for stability
of vacuum, experimental measurements for couplings etc to obtain the bound for masses of
particles. We want to add to known conditions the results from finite temperature field theory
for EWPT to have new bound for parametric space. These theoretical restrictions can reduce
parametric space where the Sakharov condition’s are satisfied and fined the region of masses
for new particles.

[1] Sakharov A.D. Violation of CP invariance, C asymmetry and baryon asymmetry of
Universe JETP Lett, Vol. 5. No 24. (1967)

[2] Branco G.C., Ferreira P. M., Lavoura L., Rebelo M. N., Marc Sher, Joao P. Silva. Theory
and phenomenology of two-Higgs-doublet models, Physics Reports. Vol. 516(1): (2012)
p. 1-102

[3] Minaiev P., Skalozub V. The electroweak phase transition in a spontaneously magnetized
plasma, Ukr. Phys. J., Vol. 64, No 8, (2019) p. 706

PAMAHIBCBKA XAPAKTEPU3ALIA
HAHOKPUCTAJIYHOI ®A3H HEJITHIHHUX
JIEJEKTPUKIB Y IIOPAX OIAJIOBOI MATPHUIII

B. Moiceenko, M. [leprauon, O. Orienko
J[Hinposcokuii nayionanehuu yHieepcumem imeni Oneca [ onuapa
vnmois@ukr.net

PobGoTa mpucBsYeHAa MOCTIDKEHHIO CIEKTPIB KOMOIHALIHHOTO PO3CISHHS CBITJIA
HAHOKpUCTaNiuHOi (asu HeniHiiiHux gienextpukiB  BipSi(Ge)Oz, BixTeOs, TeOso,
NaBi(Mo00Oa)2, Pb3(PO4), y nopax CHHTETUYHHX ONAJIB SIK (POTOHHUX KPUCTAIIB 3 JIaMETPOM
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o0y 300 aM. MakcuManbHUNA TiHIHHUN po3mip mop ckianas 120 M. Po3miaB BiAmoBiAHUX
MOHOKPHUCTAJIIB BBOJMBCA y IOPHUCTY OMNAJIOBY MATPHII0 33 PaXyHOK KamUISIPHUX CHIL.
Hanoxkpucranizamis BigOyBanacs Ha MOBEpPXHI TNOOyI, sika Malla BJIACHY CyOCTpPYKTypy 3
MacmTaboM JIeKiJTbKa HAaHOMETPIB 1 CTBOpIOBaja LEHTPU KpucTamizaiii. /(s ycix 3paskis
HAaHOKOMIIO3UTIB MAaKCHUMyM OperiBCbKOTO BIJOWUTTS 3CyBaBCS 3 BHAUMOI y ONMKHIO
iH(ppauepBoHY 007aCcTh criekTpy. CrieKTpy KOMOIHAIIIHHOTO PO3CISIHHS CBITJIa BUMIPIOBAIUCH
Ha Ja3epHUX crnekTpomerpax Ha 0a3i JPC-12 Ta 3 BUKOPUCTAHHSAM KOH(OKAIBHOTO
pamaniBcekoro mikpockora LabRamHR800. 30y mkeHHs ClIEKTPiB 3AiCHIOBATIOCH JTIa3epPHUM
BUIIPOMIHIOBAHHAM 3 JIOBXKHHAMH XBWIb 532 HM 1 514.5 HM. YcCi BUMIpPSHI CIIEKTPH Mau
PE30HAHCHUN BUTJIS, IO XapaKTEPHO JJIs KPUCTATIYHOI (ha3u BiAMOBiAHMX MaTepiamB. Jis
HaHOKpHucTamiuHoi (asu BinSi(Ge)O2o, BiTeOs, TeO, Oynu BuABICHI HOBI IMOJIOCH B
CIIEKTpax, sKi Oy iHTEpPHpPETOBaHI J0JaTKOBUM (DOPMYBaHHSAM y IMOpaxX IHIIHUX CIOJIYK 3a
paxyHOK B3aeMoJii po3miaBy 3 moBepxHero rio0yn SiOz. JlogaTKOBUMH CIIOJYKaMH, SIKi
chopMyBaIKCh B yMOBAaX HaHOKpHCTaNi3allii B OpaX CHHTETUYHUX OMatiB, OYJIH BiAMOBIAHO
st posmiaBy BioSi(Ge)O2o — oprocinikar Bicmyty BisSisO12; s BioTeOs - a-kpucrobdatir;
st TeO2 — nogatkoBo GopmyBanack MetactabinpHa daza y-TeO,. B Toif jxe yac Asns croyyk
NaBi(M00Os)2, Pb3(PO4), He Oys0 BHSBICHO HOBHX IOJIOC y CHEKTpax KOMOIHAIIITHOTO
PO3CISIHHS CBITIIA, aje MapaMeTpH I0JIOC BIAPI3HSUIUCH B/l TAKUX y CIIEKTPAaX MOHOKPHUCTAJIIB.
Kpim Toro iHTerpajJibHa IHTCHCHBHICTh CIIEKTpiB Oyja 3HA4YHO OUIBIIO HIDK A
MOHOKPHUCTaJIIB (B OJIHAKOBUX YMOBax 30yJKEHHs) 1 CYTTEBO BIAPI3HSIACH /ISl PI3HUX TOYOK
nosepxHi (111) HaHOKOMIIO3KTY. BusiBieni ocobmuBocTi criektpiB s cronyk NaBi(MoOs)2,
Pb3(PO4), moxxyTh OyTH 00YMOBJICHI SIK HEPIBHOMIPHUM PO3MOALIOM PSUYOBUHH TI0 3pa3Ky TaKk
1 edexkTaMu JoKamizaiii CBiTIa B IPUIIOBEPXHEBOMY Iapi HAHOKOMIIO3UTY Ha JedeKTax
CTPYKTYpH, JIeé TYCTUHA ONTHYHUX CTaHIB PI3KO 3pOCTA€, a TAKOXK e(PeKTaMH CTPYKTYpHOTO
¢dboxycyBaHHS CBITIA.

RAMAN CHARACTERIZATION OF THE
NANOCRYSTALLINE PHASE OF NONLINEAR
DIELECTRICS IN THE PORES OF THE OPAL MATRIX

V. Moiseienko, M. Derhachov, O. Ohiienko
Oles Honchar Dnipro National University
vnmois@ukr.net

The work is devoted to study of Raman spectra of nanocrystalline phase of nonlinear
dielectrics Bi12Si(Ge)Ozo, Bi2TeOs, TeO2, NaBi(M0Oa4)2, Pbz(PO4). in the pores of the opal
matrix. In all cases, the measured Raman spectra corresponded to the crystalline phase state of
the injected substance in the pores of the opal matrix. It was found that the new bands in the
opal - Bi12SiO29 nanocomposites are due to the formation of bismuth orthosilicate BisSi3O12 in
the pores of opal during nanocrystallization. New bands for the opal - Bi>TeOs nanocomposite
correspond to a-cristobalite, and for the opal - TeO2 nanocomposite are associated with the
formation of the metastable y-TeO2 phase in the pores of the opal. At the same time, no new
bands were observed in opal - NaBi(Mo0Oas). and opal - Pb3(PO4). nanocomposites, but the
parameters of the spectral components changed. These changes can be related to both the non-
uniform filling of the structure of the opal matrix, due to the presence of surface and volume
defects in it, and the localization of the field of exciting radiation on them, as well as the effects
of structural light focusing.

VI BeceykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(epeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2021
24-26 aucronana 2021 p., M. /Ininpo, Ykpaina



Cexuis V. ®I3UYHI SIBUIIIA B MATEPIAJIAX EJTEKTPOHHOI TEXHIKH TA 177
TEXHOJIOI'IA iX OTPUMAHHS

CTPYKTYPHI BJJACTUBOCTI TOHKHX TJIIBOK
OKCHJIY MIJI (CuO)

C. Kypumyk?!, T. Kopamok*?, I'. Ilapxomenko’, M. ConoBan’
YYepuiseywvruii nayionanvnuil ynisepcumem imeni FOpis ®@edvrosuua,
2Charles University in Prague, Faculty of Mathematics and Physics, Czech Republic
kuryshchuk.serhii@chnu.edu.ua

OctaHHIM 4YacoM MPOBOJUTHCS TIOMIYK 1 JOCTIDKCHHS JEIIEBUX Ta HETOKCUYHUX
MartepialiB /Uil BAKOPUCTAHHS Y TOHKOIUTIBKOBUX COHSYHHX elleMeHTax. OKCH MiJli IIUPOKO
BUKOPUCTOBYETHCS B (POTOCTEKTPUYHIA Tamy3i, JiTiH-loHHUX Oarapesx, O0i0JOTrTYHUX
JaTYMKaxX, Ta30BUX JaTYMKaxX, MarHiTHUX HaKONMYyBadax, MIKpOIPHIaJaXx Ta B SKOCTI
HETaTHBHHUX €JIEKTPOAiB. BiH € akTyaqbHHUM MaTepiaioM i BUTOTOBJICHHS COHSYHHX
eneMeHTiB. OCHOBHOIO HOT0 IEPEBAro € Te, 110 BiH Moxke yTBoproBaTu croinyku CuO ta Cu20
3 mUprHOK 3a00poHeHoi 30U 111 CuO 1.3 eB — 2.1 eB, a gna Cu20 2.1 eB — 2.6 eB. Taki
IUTIBKA MOKYTh BOJIOHITH N- a00 p- THIIOM MPOBIAHOCTI. 3aBASKHU I[bOMY BYEHHUM BJIAJIOCS
CTBOPHUTH TOHKOILTIBKOBI COHSIUHI €JIEMEHTH Ha OCHOBI retepornepexo i Cu,O/CuO.

BuroroBnennst tonkux 1mwiiBok CuO mnpoBoguiocs B YHIBEpCalbHIM BaKyyMHIH
ycranoBii Leybold-Heraeus L560. HanunroBanuce ToHki miiBku CuO METO0M pEaKTUBHOTO
MarHeTPOHHOTO PO3MWJICHHS Ha CKIISTHI MIIKJIAIKH, TEMIIEpaTypa SKUX CKJIaJaia: Ui 3pa3ka
Nel —300 K ta nns 3pa3ka Ne2 — 523 K.

CTpyKTypHI BJIACTUBOCTI TOHKHX IUTiBOK okcumy wmiai (CuO) mociimkyBaiuch 3a
JIOTIOMOTOI0 ~ CKaHyrouoro enekrponHoro Mikpockona (MIRA3 FEG, Tescan) Ta
peHTreniBebkoro nudpakromerpa XRD System — SmartLab, Rigaku.

OnpoMiHEHHS 3pa3KiB MYYKOM €JIEKTPOHIB MPHU3BEIO HE TUIBKU JI0 YTBOPEHHS
BTOPUHHUX 1 BIIOMTHUX €JIEKTPOHIB, a TAaKOX BUKJIMKAJIO MOSBY XapaKTEPUCTHYHOro X-
XBHJIBOBOTO BHITPOMIHIOBAaHHSI (TUITOBI 3aJI€)KHOCTI IPEICTABICHO Ha puc. 1).

o}

keV

Puc. 1. EDS-cnextp anst Tonkoi naiBkun CuO 1.

AHai3 XapakTepUCTUYHOTO X-XBUJIHLOBOTO BUIIPOMIHIOBAHHS JI03BOJIMB BH3HAYUTHU
€IeMEHTHUN CKIIaJ MIKpoOoO'eMy IOCHIPKYBaHUX TOHKHMX IUTIBOK, IO BIAMOBiJIa€
CTEXIOMETPUYHOMY CKJIaAy TOHKHX IUIiBOK CUO, a TakoXk TMOKa3aHO JesSKe BIAXWUICHHS BiJ
crexioMeTpii /it TOHKUX TTiBOK CuO No2.

Ha mudpakrorpamax tonkux miiBok CUuO (Puc. 2) cmocrepiraioTbes IOMiHYHOUYE
BinOuBaHHs Bif tuiommHU (-111) mpu 35.5° 1 BinOMBaHHS MEHIIOT IHTEHCUBHOCTI BiJI MJIOIIUH
(111) mpu 38.54° , (110) — 32.5° 1 (220) npu 66.7°. HasBHICTh IMX MIKIB Y3rO/DKYIOTHCS 3
JiTepaTypHUMH JaHUMH OTPUMaHUMH B poboTax [1-2].
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a} 3pazok Nel

IHTeHcHBHICTS (B.0.)

10 20 30 40 50 60 70 8 90
20
Puc. 2. Tuppaxrorpamu Toukux miiBok CuO oTpuMaHuX NpH Pi3HUX TeMmepaTypax miaKJIaIKu:

a) 3pa3ok Nel; 6) 3pasok Ne2.

Crnocrepiraerbcsi OibIIa IHTEHCUBHICTh IIKIB I TOHKHX IUTIBOK OTPUMAaHUX IPH
BUIIMX TEMIepaTypax MiIKIaIKd, [0 MOXe OYyTH 3yMOBJICHO KpAaIlloK CTPYKTYPHOIO
JOCKOHAJIICTIO TOHKHUX IUTIBOK Ta OiIbIIMM po3MipoM 3epeH [3].

BukopucroBytoun piBHsHHS Lllepepa BusHaumiam po3mip 3epeH it 1wiiBok CuO
OTPUMAaHUX MIPH PI3HUX TEMIEpaTypax IMiIKIaJKH
pyu HIDKYiM Temnepatypi miakiaaaku D craHoBuTh ~ 16 HM, a 17s TUTIBOK OTPUMAHUX NPU
BuUIIii Temneparypi — D ~ 26 awm.

[1] Dolai S., Dey R., Das S., Hussain S., Bhar R., Pal A. K. Cupric oxide (CuO) thin films
prepared by reactive dc magnetron sputtering technique for photovoltaic application.
Journal of Alloys and Compounds. Vol 724. (2017). P. 456-464.

[2] Sangwaranatee N., Chananonnawathorn C., Horprathum M. Deposition of CuO thin film
prepared by DC reactive magnetron sputtering. Materials Today: Proceedings. Vol 5.6.
(2018). P. 13896-13899.

[3] Murali D. S., Kumar S., Choudhary R. J., Wadikar A. D., Jain M. K., Subrahmanyam A.
Synthesis of Cu20 from CuO thin films: Optical and electrical properties. AIP advances.
Vol. 5(4). (2015). P. 047143.

STRUCTURAL PROPERTIES OF COPPER OXIDE (CuO)
THIN FILMS

S. Kuryshchuk?!, T. Kovalyuk!?, H. Parkhomenko?, M. Solovan?
Yyuriy Fedkovych Chernivtsi National University
2Charles University in Prague, Faculty of Mathematics and Physics, Czech Republic
kuryshchuk.serhii@chnu.edu.ua

The structural properties of copper oxide (CuO) thin films were studied using a scanning
electron microscope (MIRA3 FEG, Tescan) and an X-ray diffractometer XRD System -
SmartLab, Rigaku.

Using Scherer's equation, the grain size for CuO films obtained at different substrate
temperatures was determined: at a lower substrate temperature D is ~ 16 nm, and for films
obtained at a higher temperature - D ~ 26 nm.
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EFFECTIVE CHARGE AT Ao BACKGROUND

V. Skalozub

Oles Honchar Dnipro National University
Skalozubv@daad-alumni.de

In quantum chromodynamics at high temperature, a new matter state - quark-gluon
plasma - is created. Its background is formed out of so-called A, condensate which is a constant

constituent of the gluon field potential Q, =[Q, = Ay +(Q)) 241 (Q)a.] and Q. are radiation
fields. This constant potential is related with the Polyakov loop and could serve as the order
parameter of the deconfinement phase transition. At low temperatures T <T,, A;=0. For

T >T, and A, #0. In this phase color becomes open and colored states are realized.
The generation of A, was derived from a two-loop effective potential

W(A) :W(Ab)(l) +W(A))(2). Review paper on this topic is [3] where detailed information is

presented. The result of calculation for SU(2) gluodynamics in a background Feynman gauge
reads [1], [2]:

W(x) =W ¥ (x)+W2(x), (1)
BW O (x) = %;;2 {84(0) +2B, (gﬂ ,

oy L e e[ X X
pWOR=1g [BZ[Z}ZBZ(O)BZ(ZH,

where B;(X) are Bernoulli's polynomials, X=9A B/ 7, g is coupling constantand f=T " is

inverse temperature. In what follows, we consider the interval 0<x<2. The Bernoulli's
polynomials defined module 1 are

X 1
B (X)=Xx———, B, (X)=x*—| x|+= 2
0 =x-50 BO=X g, @
3
B3(x)=x3—§x—+1x,
2|x| 2

1
B,(X)=x*—2|xP +x*——.
4 (X) | x| 30

At x=0 the B,(X) is defined to be 0.
To find minima of it we apply an expansion in powers of g and get

1

/BA\Nmin:ﬁAW(O)_64ﬂ_29 '
, 1
(Xc|)o =g A2 ' (3)
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where the first term is the value at x=0. Just the minimum value (X,), is realized in the

plasma.
Now, to derive the dependence of the coupling on the condensate, we introduce the
definition
@
iz 1 oW 1[1 oW j 4)

= —_— = _|_—
g> g>ow® g2 oW ®

where qz is an effective parameter determined from the correlation of the two-loop W(X)(z)
and on-loop W () radiation contributions. Remind that here X = (X4), (3). Inone loop order
the condensate is absent and gz = gz. It worth to note that an actual value of g2 could be
dependent on other parameters - temperature, fields, etc. Relation (4) accounts for the (XCI )O,

only. Such a situation is due to the spontaneous generation of the A, condensate at two loop
level and the effective charge is considered at this background.

Taking into consideration the relation for the Bernoulli polynomials dB(;—)Ex)z nB, . (X),
(4) can be written as
_ 9’
e - ©)
1+972 3+1 B,[x/2]
87 2 B,[x/2]

To investigate q2 (5) as a function of spontaneously generated A, field we have to set

X—>(X,), = g2/4ﬂ2. Since the charge g2 is temperature dependent and due to asymptotic

freedom it decreases with temperature increase, we calculate the effective charge for a number
of decreasing values. The results are presented in Table.

Table 1. Fit results for effective charge
g2 2 1 0.5

e 3.5523 1.8812 0.9693

As we see, due to the presence of A, condensate the effective coupling parameter is

approximately twice increased and even for §° =05 is close to unit. This is unexpected
behavior which should be taken into account when the deconfinement phase transition and the

high temperature plasma are investigated. In particular, the values of gz have to be used in a
perturbation calculations of radiation corrections in the plasma. It is important that the

expansion parameter of the theory ~ 92 /87° remains small and the effective potential (1) is
the reliable approximation.

[1] V.M. Belyaev, Phys. Lett. B254 (1991) 153.
[2] V. V. Skalozub, Mod. Phys. Lett. A7 (1992) 2895.
[3] O.A. Borisenko, J.Bohacik and V. V. Skalozub, Fortch. Phys. 43 (1995) 301.
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PI3NUYHI BTACTUBOCTI TOHKHUX IIVIIBOK
BUCOKOEHTPOHNIMHOI'O CILJIABY
CUCTEMMU Co-Cr-Fe-Mn-Ni

O. KyminepsoB, C. PsaoueB, B. bamen
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
kushnrv@gmail.com

Po3BuTOK TEOpid 1 TEXHOJIOTIM B Traiy3i CTBOPEHHS HOBUX MaTepiaiiB MPU3BIB 0
30UTBIIEHHST KUIBKOCTI €JIEMEHTIB Yy CKJaai 0araTOKOMIIOHEHTHHX CIUIaBiB. Y OCTaHHI
JECATHIIITTS PO3pOOJICHO HOBUH KJac METaJCBUX CIIOJIYK — TaK 3BaHI 0araTOKOMIIOHEHTHI
BrucokoeHtpormriiHi crasu (BEC). Taki crutaBu BMIIYIOTh y cO01 HE MEHIIIE 11’ SITH €JICMCHTIB
y €KBIaTOMHUX 200 JOCTaTHHO OJMM3BKUX IO €KBIATOMHUX KOHIIEHTpALiAX (3a3BUuail BiJ 5 10
35 ar.%) [1]. TonoBHa ocobmuBicte BEC mnonsrae y ¢opmyBanHi oaHoda3HuX,
TEPMOJIMHAMIYHO CTiHKMX TBEPAMX PO3YHMHIB 3aMIIEHHS 3 KyOI4HOIO 00’ €MHOIICHTPOBAHOIO
(OLIK) abo rpanenentpoBanoro (I'LIK) rpatkoro. Cralimizamiss TBEpAOro PO3UHMHY MPH
KpHUCTai3aiii 3a0e3neuyeTbcsi BUCOKOIO EHTPOMIEI0 3MIITyBaHHS KOMIIOHEHTIB y pO3IUIaBi.
MaxkcumanbHe 3HA4eHHS! €HTPOIIii 3MilTyBaHHS, BOYEBH/Ib, JOCATAETHCS MPH EKBIMOJISIPHUAX
cniBBiAHOmEHHsAX  eneMmeHTiB. BEC  xapakrepusyrooTbcs ~ OaraTbMa  KOPUCHUMH
XapaKTEPUCTUKAMH, TAKMMH K TBEPIICTh, 3HOCOCTIMKICTh, CTIUKICTh 0 OKHUCJICHHS, KOPO3ii
Ta 10HI3y04Oro BUIIpOMiHIOBaHHsI [1-3]. 3aBIsKu IbOMY BOHU MOXYTb OYyTH EPCICKTHBHUMH
MaTepianamu ais 6araThox ramyseil TexHiku. BogHouac Oinmpiricts BEC gocnimkyBanucs y
JUTOMY CTaHi, TOAL SIK BUBYCHHIO TOHKUX IUIIBOK BHCOKOEHTPOMIMHUX CIIIaBiB MPUILIAIOCS
3HaYHO MEHIIIE yBary.

Jlana poGoTa npucBsiu€Ha JOCTIPKEHHIO TOHKUX IUIIBOK BUCOKOECHTPOIIHHOIO CIUIaBY
Co19CrigFe22Mn21Niz (y at.%), mo Hamexuth g0 cucremu Co-Cr-Fe-Mn-Ni. ITniBku Oynu
OTPHMaHi 3a JOMOMOTOI 1OHHOTO-TIJIA3MOBOTO PO3IMWJICHHS MO3ai4HUX MIIIEHEeH, 10
CKJajanucs 3 uumctux MetaniB. [Ipoliec ocaqkeHHs IJIIBOK NPOBOAWIM TNpPU KIMHATHIN
temneparypi B armocepi Ar. ToBmmuHa oTpuMaHuX 3pa3kiB craHoBwia ~ 110 HM.
PentreHoaudpakuiitHi OCIiPKEHHS OKa3aly, o Oe3MocepeHbOo Micias OTPUMAHHS TOHKI
wiiBku Co19CrigFe22Mn2iNizo matoTh amophHy cTpykTypy. Jeski 3pa3ku OTpUMaHUX TOHKHX
wiiBok BignamoBanu npu 600°C y BakyymHii neui. Ilicns TepmiuHoi 0OpoOKH y IUTiBKaxX
Co19CrigFe22Mn21Niz0 Mae micue mepexin 3 amopdHOro y kpucramiyauii ctas. [Ipu mpomy
KpHUCTaliuHa CTPYKTYpa SBJISIE COOOI0 TOJIOBHIM YHHOM HEBIOPSIIKOBAHHUIA TBEPAUN PO3UHHU
tuny ['1IK i3 mapamerpom pemritkn @ = 0,3613 HMm. V BignaneHuX MTiBKaX TAKOXK YTBOPIOETHCS
KkyOiuHa B2 ¢a3za tuny FeCo 3 mapamerpom pemritku 0,2857 HM. B pe3ynbraTi OKHCIEHHS
HEBEJIMKOIO KUIBKICTIO KHCHIO L0 3aJMILIABCA Y BaKyyMHIA Kamepi MHICHIs BiAHANIy TaKOX
YTBOPIOEThCS AucniepcHa (paza kyOiyHoro okcuay Maprauiro MnO i3 pemritkoro Tumy 'IK.

MarHiTHI BJIacTHUBOCTI IUTIBOK BHMIPIOBAJIUCS 32 JIONOMOTOI0  BiOpariiiiHoro
MarHitomerpa. AMopdHi 3pa3ku TOHKUX MTiBOK Co19CrigFe22MnziNizo 1eMOHCTPYIOTH THTIOBI
MarHiToM’siki XapakTepUCTUKH 13 3HaueHHSAM koepuuTuBHOI cuiu 400 A/m. Ilicnsa Bigmamy
3HaYeHHA KOEpUUTHBHOI cuiu 3poctae g0 8760 A/m. Tomy BiamaneHi IUTIBKM MOXHA
pO3MIIAaTH SK MAarHiTOTBepAl Marepiaiv. BiIHOCHO BHCOKE 3HAUYEHHS HAMarHiuyeHoCTi,
orpumane y turiBkax Co19CrigFe22MnziNizo, Ta #oro 3pocTaHHs Imicis Bixmaay MOXHA
MOSICHUTH, BPAaXOBYIOUH, 10 HAMArHi4eHiCTh HACHUEHHSI CIUIaBY 3aJIEKHUTh TOJIOBHUM YHHOM
BiJl CTPYKTypH Ta CKJIaay, 30KpeMa, BiJl MarHiTooOMiHHOi B3aemonii. TakuM dYHHOM,
KpUCTaJi3alisi CynpOBOKYETbCS OTPYOIHHSIM CTPYKTYpH, a (a3oBe MEpPETBOPECHHS MOXKE
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NPU3BECTH JI0 3MIHM MarHiTHUX BiacTUBOCTEH. OYEeBHIIHO, 10 OCHOBHY POJb Yy 30UIbIICHHI
HamarHideHocti Bimirpae ¢asza FeCo, ska XxapakTepu3yeTbCs BHCOKMMH 3HAYCHHSIMH
HaMarHi4eHOCTI HACMYCHHS. Y TBOPEHHS MIHOPHOI (Da3u OKCHIY MapraHIl0 TaKOX MOBHUHHO
CHPUATH TOMY, 1110 aHTH(EPOMArHITHUI MOPAIOK, MOB'sI3aHUMA 3 aTOMaMu Mn, IPUTHIYYETbCS
Ha KOPUCTh pepoMarHeTu3My. 30UTbIICHHS KOSPIIUTUBHOT CHITH BOUEBH/Ib TAKOXK BiIOYBAETHCS
3a paxyHOK YTBOPEHHS MIKPOKPHUCTAIIYHOI CTPYKTYypH, IIO0 MICTHTH Oarato nedexTiB i
HAHOBKJTIOYEHb, 1110 MEPEHIKO/HKAE 3MIIIEHHIO JOMEHHUX CTIHOK IIPY IIepeMarHidvyBaHHi.

TemnepaTypHi  3aJ€XKHOCTI  €IIEKTPOONOpPY, BHUMIpPSHI 13  3aCTOCYBaHHSM
YOTUPHOXKOHTAKTHOTO METOMy, WiATBEP/KYIOTh HAasBHICTH ()a30BOro Tmepexoay, Mo
BiZIOyBaeThCsl B Tpolleci HarpiBaHHsA. BOHM TakoX MOKa3anu, WO IUIBKA Y BHXITHOMY
aMOppHOMY CTaHi XapaKTepPU3YIOThCS JOy)K€ HHU3bKMM 3HAYCHHSM TEMIIEPATypHOTO
KoedirieHTa omnopy (cepexte 3HadeHHsa ~ 3,5 - 10° 1/K, Toxi sk micnst kpucramisauii BoHa
36inpmyerses 10 5,1 - 107 1/K).

[1] High—entropy alloys. Fundamentals and Applications. Ed. by M. C. Gao, J.-W. Yeh, P. K.
Liaw, and. Y. Zhang. Cham:Springer International Publishing. (2016). 516 p.

[2] Kushnerov O. I., Bashev V.F. Structure and physical properties of cast and splat-quenched
CoCrogCuo.esFeNi high entropy alloy. East European Journal of Physics. Ne3.(2021) P.
43-48.

[3] Polonskyy V. A.. Bashev V.F., Kushnerov O.l. Structure and corrosion-electrochemical
properties of Fe-based cast high-entropy alloys. Journal of Chemistry and Technologies.
Vol.28. (2020). P. 177-185.

PHYSICAL PROPERTIES OF Co-Cr-Fe-Mn-Ni
HIGH-ENTROPY ALLOY THIN FILMS

O. Kushnerov, S. Ryabtsev, V. Bashev
Oles Honchar Dnipro National University
kushnrv@gmail.com

Co19CrigFe22Mn21Nizo high entropy alloy thin films have been synthesized by ion
plasma sputtering of mosaic targets consists of pure metals. The as-deposited HEA film
thickness was estimated to be ~ 110 nm. Single diffuse halo is observed on the XRD patterns
of the as-deposited films, that confirms their amorphous structure. Some of the thin films were
annealed at 600°C in a vacuum furnace. After the heat treatment, the Co19CrigFe22Mn21Nizo film
transforms from an amorphous form into a crystallized FCC solid solution structure with the
lattice parameter a=0.3613 nm. The cubic B2 phase of FeCo with a lattice parameter of 0.2857
nm is also formed in the annealed films. As a result of oxidation by the small amount of oxygen
in the vacuum chamber, a dispersed phase of cubic FCC manganese oxide MnO is also formed
after annealing. The magnetic properties of the films were measured by a vibrating sample
magnetometer. The as-deposited HEA film exhibits the soft magnetic properties and the
coercivity of 400 A/m. After annealing the value of coercivity increase to 8760 A/m. So the
annealed films can be considered as hard magnetic materials. The temperature dependencies of
electrical resistivity, measured by the four-point technique showed that the films in the initial
amorphous state are characterized by a very low value of the temperature coefficient of
resistance (average value ~3.5-10° 1/K, while after crystallization it increases up to
5.1-10* 1/K.
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BII/IUB BAKYYMHOI'O BIAITAJTY HA CRJUIA IIVIIBOK
CuO, OTPUMAHUX METOJAOM JAPYKY

B. €Baoxumenko, P. IImennunnii, O. /I’a4yenko, A. Onanacrok
Cymcoxuti 0eparcasruil yHisepcumem
v.yevdokymenko@ekt.sumdu.edu.ua, opanasyuk_sumdu@ukr.net

Cepen OKCUIHHX HAIMIBIPOBITHUKIB OKCUI MiJli BUKJIMKAE OCOOIMBUI IHTEPEC 3aBISIKU
CBOIM YHIKQJIBHUM (POTOETCKTPUYHUM BJIACTUBOCTSAM Ta IIUPOKiA pPO3MOBCIOHKEHOCTI 1
JIeIIEeBU3H1 KOMIIOHEHTIB. MiJib, Oy 1ydn OaratoBajJeHTHOIO, YTBOPIOE JIEK1IbKa OKCUJIIB, Cepe/l
axkux CuO ta Cu20 € 106pe BiZOMHMMHM HAIiBIPOBITHUKOBHMH MaTepialaMH p-TUIly. Ix
BUMIpsIHA IIUpPHUHA 3a00pOHEHOI 30HM B 3aJIEXKHOCTI BiJ] CTaHy 1 METOJly OJepXKaHHS CKJIajae
1,3eB - 2,1 eB mst CuO 12,1 eB — 2,6 eB s Cu0. [IpoBigHICTh P-TUIY B IIUX OKCHUAAX
BUHUKA€E BHACIIIOK ICHYBaHHS HETaTHBHO 3aps/HKeHUX BakaHcii Cu.

[TniBku CuxO mUpOKO BUKOPUCTOBYIOTHCS B PI3HOMAHITHUX €IIEKTPOHHUX MPHUCTPOSIX,
TaKMX K TOHKOIUTIBKOBI TPaH3UCTOpH, (hOTOMEpeTBOpIOBayi, po3ymMHi BikHa, [Y-nerekropu,
onTuyHi oOMexyBaui, Tomo. OKpiM TpagUIIiHUX METOIB, TAaKUX K IMITyJIbCHE Jla3epHE
ocamkenHs, CVD, MarHeTpoHHe HaNMJICHHS, TOIIO, TUIIBKM OKCHIY MiJi MOXXHAa HaHOCHTH
IUISIXOM BUKOPHUCTAHHS OUTBII JACIIEBUX HEBAKYYMHUX METOIB, BKIIOYAIOUU CIIPEH-TIipOTi3,
JIpYK IPUHTEPAMH, CIIIH-KOATIHT TOIIO. TaKi IUIBKH Y MOJAIBIIOMY MOTPEOYIOTh TEPMIYHOTO
BIJNATy JUIS BUJAQJIEHHS XIMIYHUX JAOMIIIOK Ta MOKPALIEHHS IX CTPYKTYPHHUX XapaKTEPHCTHUK.
Binomo, 1o pi3Hi yMOBH BiAmany 1aroTh 3Mimadi (a3u okcuay miai 3 pisHUMH (Gi3UYHUMHI
BiacTUBOCTAMHU. OCTaHHI JOCIIPKEHHS MMOKa3yloTh, 1110, Hanpukiaj, Bignan CuO y Bakyymi
(mpu 500 °C nmo Cu20) nokpamye onTHYHI (KOE(IIEHT MPOIMYCKAaHHS) Ta EJNEeKTPUYHI
(pyXJIMBICTh) XapaKTEPUCTUKHM TOHKHX 1IapiB. B TOH ke yac ojep:kaHHs XIMIYHO OCaPKEHUX
wiiBok CuxO Ha mOpo3opux MiAKIaAKaxX (HANpUKIaA, Ha CKJIl) 3 BHUCOKOK ONTHYHONO
IPO30PICTIO Ta PYXJIMBICTIO IIPOK (SIK BUMAraeThCs MPU BUKOPUCTAHHI iX K BIKOHHUX ILApiB)
BCE 1€ € POOIEMOIO.

MeTtor0 pobOTH € AOCHTIKEHHS BIUIMBY BaKyyMHOT'O BiJIIaly B aproHi Ha BHUCYIIEHI
IUTIBKA OKCHJly MIiJi, OJ€p:KaHl METOJOM JAPYKY YOpPHWIAMHU Ha OCHOBI HAHOCYCHEH3iH,
BUBYCHHS 1X CTPYKTYPHUX XapaKTEPUCTUK 3aJ€KHO BiJ TEeMIIEpaTypH BiIMaly 3 METOI iX
onTuMi3arii.

JUisi BUBUEHHS CTPYKTYPHHMX XapaKTEPUCTHK IUIIBOK OKCHJYy MiJl BUKOPUCTOBYBAJIU
pentreHiBcbkuii  nu¢pakromerp JPOH 4-07. Bci BUMIpIOBaHHS HPOBOJWINCH 13
BUKOPHUCTaHHAM Ko-BUIIPOMIHIOBaHHS MIJHOTO aHOJA. /ndpakiiito peHTreHIBChbKUX MPOMEHIB
MIPOBOAMIIN B PEKUMI Oe3nepepBHOI peecTpallii BUIPOMiIHIOBaHHS (IIBUAKICTb 2°/XB 3 KPOKOM
0,05 rpan.) y miama3oni ckanyBaHHs KyTiB 20 Big 20° mo 80°, ne 20 — kyt Bynbda-bperra.
PesynbraTi ekcrepuMeHTy IepenaBajiuch Oe3NocepeHbO A0 MPOTrPaMHOro 3abe3MeyeHHs
DifWin ans ananizy.

Pesynbratn  mochimpkerHs BiamaseHux IIiBok CuO METoaoM peHTIeHiBCHKOT
mudpakuii (XRD) naBeneni Ha pucyHky 1. BcranoBneHo, 1o 3pa3ku BigHalleHl INpU
temrepatypax Ta = (250-400) °C, maroth Ha audpakTorpamax JOMIHYIOYH BiIOUTTS Bij
kpuctanorpadiunux wiomun (11-1), (111), (20-2), (202), (11-3), (31-1), (113), (004), sxi
BIJMOBIal0Th OoAHO(A3HIM MoHOKMIHHIA cTpykTypi CuO (JCPDS Ne 48-1548). 3i
30inbmIeHHsIM Temriepatypu Bianany 3 400 °C go Ta = (450-500) °C, sx mokazaB aHaiis,
nupakTorpaMy 3MIHIOIOTh CBOIO CTPYKTYpy. Ha nudpakrorpamax 3’sBIsSIFOTHCS B1IOMBaHHS
Bix miomuH: (110), (111), (200), (220), (311), (222), axi BignoBigaroTh KyOiuHil dazi Cu20
(JCPDS Ne 05-0667). Lle Bka3ye Ha Te, 110 MPOIIEC BAKYyMHOTO BiNaly 03BOJIsiE€ €hEKTHBHO
nepetBoptoBat CuO y Cu20, xomu Temmeparypa Biamamy 3pocrae ao 500 °C i Bumie.
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MexaHi3M npoliecy BaKyyMHOTO BiJllTajly OKCHIY Mijli MOXHa IHTEpPIPETYBATH SIK JECOPOILit0
KHCHIO ¥ BakyyM. 3miHa (a3oBoro ckianay miiBok Bim CuO mo CuxO BUKIMKaHA MITpPAIEr0
MeX (a3 MK OKCHJIaMU, BUKJIIMKaHOIO Audy3iero kucHio B peakinii 4CuO—2Cu,0+02 B310BK
Mex 3epeH [1]. B pesysbrari HeBenuKkuil mpupicT temmeparypu Bignany (0aussko 50 °C) crae
e(eKTUBHHUM JJIs1 IEPETBOPEHHSI MOHOKIIIHHOI (ha3u B KyOidHy.
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Puc. 1. Indpaxrorpamu Big niaiBok oKCHIYy Miji, BianajJeHuX y aproHi npu pi3Hii temmneparypi

TakuM YMHOM, BCTaHOBJICHO, IO 3MIHIOIOYM TEMIIEpaTypy 1 4Yac Biamanay, MOKHA
e(eKTUBHO KepyBaTH CKIAJOM IUTIBOK OKCHUIY MiJi, CTBOPIOIOYH, HANMPUKIAA, 130THUIHI
rereporiepexomu P-Cu20O / p-CuO aist 3acTOCYBaHHS B THYYKIH EIEKTPOHILi, MPOCTHM
HU3BKOTEMIIEPATYPHUX METOJOM JIPYKYy TOHKHUX IIIapiB 3 BHKOPUCTAHHSM IPHHTEPIB Ta
po3po0IeHNX HAHOUOPHHMIL.

[1] Yu J, Liu G., Liu A., Meng Y., Shin B., Shana F. Solution-processed p-type copper oxide
thin-film transistors fabricated by using one-step vacuum annealing technique. Journal of
Materials Chemistry C. Vol.3. (2015). P. 9509-9513.

EFFECT OF VACUUM ANNEALING ON THE
COMPOSITION OF CUO THIN FILMS OBTAINED BY
PRINTING METHOD

V. Yevdokymenko, R. Pshenychnyi, O. Diachenko, A. Opanasyuk
Sumy State University
v.yevdokymenko@ekt.sumdu.edu.ua, opanasyuk_sumdu@ukr.net

Copper oxide (CuO) thin films were fabricated on glass substrates by applying pre-
synthesized nanoinks using a 3D printer. The coated CuO films were annealed
at (250—400) °C for 30 min in a vacuum. The X-ray diffraction results showed that at annealing
temperatures of Ta=250 °C — 400 °C, samples had a single-phase monoclinic structure of CuO,
with an increase in annealing temperature above 400, a new phase of cubic Cu20 was formed,
no other impurities were detected. The films, annealed at Ta = 400 °C and Ta =500 °C, have
different phases and good fundamental characteristics for application in microelectronic
devices, especially in solar cells and thermoelectric generators.
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HEPIBHOBA’KHA BIV/IbHA EHEPT'TA ITPOCTOPOBO-
HEOJHOPIJHUX CUCTEM Y MIKPOCKOIIIYHIN TEOPII

K. I'anonenko, O. Coko/10BCbKHI
J[Hinposcoxuii nayionaneruil yHieepcumem imeni Onecs I onuapa
kgaponenko@i.ua

PoGora rpyHTYyeThCs Ha o3HaueHHI JleoHToBMua—Jlanmay HEpiBHOBaXXHOI BUIBHOI

eHeprii cucTeMH, HEPiIBHOBAKHUH CTaH SIKOi OMUCY€EThCs mapamerpamu 1, . B bomy o3HaueHHI
PO3TIIAAETCA BibHA eHeprist F(T,h) piIBHOBaXHOI CHUCTEMH Yy 30BHIIIHbOMY TOJI ha,
B3a€EMOJIisl SIKOTO 3 CHCTEMOI0 OIHCYeTbesi (yHKiiero ['aminmbrona U =zaﬁaha, ne ﬁa —
MiKpocKomiuHe 3HaueHHs1 mapameTpiB 1),. IleperBopenns Jlexannpa F =F —Z:anaha nae
BUIbHY €HEpriio FLO-,T]) K (QYHKLIIO0 cepefHiX 3HaueHb 1], MIKPOCKOMIYHMX BETUYHH f]a
(Bexmunna N, BUCTYIIAE TYT SIK cIpsbkeHa 3 1), TepMoauHaMivHa BennyrHa). CTBEpIKY€EThCS,
o ¢yukuiro F (T,n,h)=F (T,n) +Zanaha (M, — HesanexHa 3minHa, N, — s0BHilHE HOIE)
MOYKHA BBa)KaTW HEPIBHOBAXKHOKO BUIBHOI CHEPri€I0 CUCTEMH, CTaH SKOI OIHCYEThCS
napamerpamu 1),. PiBHOBaXkHe 3HauyeHHs 1), BiAmoBizae MiHIMymy (yHKIIT F (T,m,h) npu

(ikcoBaHMX 3HAYEHHAX TEMIEpaTypd | 1 30BHIIIHBOIO MOJIS ha (muB. nokmagHe
00roBOpeHHs B HaIiit poboTi [1]).

Jlannay B cBoilt Teopii (azoBux nepexoxis Il poxy nocryntoBas BUJ GyHKIIT FL(r M)
3a MaJIMX 3Ha4YeHb napameTpiB 1, . B Hamiii po6oTi [1] TepMoanHaMigyHUI TOTEHIIIA FL(r M)
o0uucieHo OuIst pIBHOBArM 1 B TayCCOBOMY HaOJM)KEHH1 3Hai1eHO

T 1 3 =n —
FLT ) =Ft o 3, Agdn,dn, +OBn°), O =Ma ~ Mo (1)
Tyt A, =M, — piBHOBakHa KopensmiiiHa ¢yukuis BeawuuH M,, M,9 — PIBHOBaXHI
3HaueHHs napamerpis 1], , Fo — BIJIbHA €HEpPTisl cUcTeMU (BCE 3a BIACYTHOCTI 30BHIIIHBOTO
nois). B naniii poOOTI OTpUMaHI pe3ysbTaTH Y3arajllbHEHO Ha BUIMAJOK IMPOCTOPOBO-
HEOJHOPIITHUX CTaHIB, B SIKUX HEPIBHOBaXHUI CTaH OMHCYEThCs Mapamerpamu 1, = &i(X), a
. . o . 1 — 3 £
30BHIIIHE TOJIE€ (YHKIIEIO ha h,(X) BKJIFOYA€ThCs (opmyrowo U —Zi Ivd xh (X)&;(x) . 3
MaTeMaTHYHOI TOYKH 30pY CTaH CHCTEMH IIPOCTIlIe ONMHCYyBaTH KoMIoHeHTamu Dyp’e
& = J‘Vd?’x&i(x)e’ikx ¢yHKuiﬁ§i(X), BUKOPHUCTOBYIOUM TMEpioguuHi KpaiioBi ymoBH. [Ipu
[IbOMY BHECOK 30BHIIIHBOrO MO B (yHKIiI0O [aminibToHa cucreMu HaOyBae BHUTIISIY
U= Zik h, & /V 1Bci Gopmynu podotu [1] 3anumaroTecs cnpaBeUIMBUMU, SKIIO ITOKJIACTH
—h" — -1 .
h,=h,, =&, Za...:V Zik.... 30KpeMa 3aIMINAETBCS HE3MIHHMM Hall BUpA3 JUIs

TepMOJMHAMIYHOTO noTeHiany (1), ajge Horo Mo)kHa MPUBECTH 0 BUTIISATY

F(T.8)=F, +T§Z A K)BE,BE;, +OBEY), Ak =(E &), @
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Haii6i1bInii iHTepec CTaHOBIISITH CIIA0KO HEOJHOPIAHI CTAHM, B SKUX BEINYHHA Oy, BinMiHHI
. . . -1 k
Bijl HyJIst TinbKH 3a Mamux k. B taxomy Bunanky dynxuito A; (K) moxua poskmactu B (3) 3a

CTETICHSIMU k| , III0 3a TIEBHOIO CUMETPIi CUCTeMH Jla€e BioMuii Bupas Jlangay [2]
F@Me=F+ Iv d 3X[aii'&:i (X)8E; (X) + Gijr iV n0E; (X) - V,6&; (X) + 0(8‘:3)] ’ 3

ne &, Oii o — mesiki GpyHkuii remneparypu T .

[1] Haponenko H. M., Sokolovsky A.l. Non-equilibrium Gibbs thermodynamic potential of a
magnetic system. Visnik Dnipropetrovs’kogo Universitetu. Seria Fizika, Radioelektronika.
Vol.24, Issue 23. (2016). P.45-52.

[2] Tannay JIA., JIupmmn E.M. Cratucrtuueckas ¢usuka. Yacte 1. — M.: Hayka, 1976. —
583 c.

NONEQUILIBRIUM FREE ENERGY OF SPATIALLY
NONUNIFORM SYSTEMS IN MICROSCOPIC THEORY

K. Haponenko, A. Sokolovsky
Oles Honchar Dnipro National University
kgaponenko@i.ua

The work is based on the Leontovich-Landau definition of the nonequilibrium free
energy of a system, the nonequilibrium state of which is described by some parameters (in the
theory of phase transitions of the second kind these are order parameters). This definition
considers the free energy of the equilibrium system in the external field, which is included
through the microscopic values of the order parameters. With the help of the Legendre
transformation of free energy, the thermodynamic Leontovich—Landau potential is introduced,
for which these parameters become its own variables. This potential is considered as
nonequilibrium free energy in the absence of an external field. However, in this paper we
specify the definition of nonequilibrium free energy in the presence of the external field. With
its help equilibrium value of the order parameters are found with condition of a minimum at the
fixed temperature and external field.

Landau proposed a phenomenological theory of phase transitions of the second kind,
which uses the first terms of the expansion of the Leontovich—Landau potential into a series in
degrees of the order parameter. In our previous work a microscopic theory was constructed that
gives expressions for the coefficients of this expansion. In the present work, our consideration
is generalized to the case when the order parameters depend on the coordinates, and the spatially
inhomogeneous states are investigated. Here a theory is developed that describes the order
parameters by their Fourier components based on the periodic boundary conditions. It is
established that the theory for spatially inhomogeneous states is embedded in the theory of our
previous works by complicating the numbering of the components of the order parameters and
generalizing the summation procedure with the subsequent execution of the thermodynamic
boundary transition. In this paper nonequilibrium free energy is studied only in the Gaussian
approximation in deviations of order parameters from their equilibrium values, since this is
sufficient to substantiate the assumptions of Landau's phenomenological theory to consider
spatially inhomogeneous states. In this regard, the properties of the binary correlation function
of the order parameters are analyzed. Focusing on the needs of the theory of phase transitions
weakly inhomogeneous states are analyzed in which the gradients of the order parameters are
small. As a result, the nonequilibrium free energy is found up to the second-order contributions
in the gradients of the order parameters.
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KPUCTAJIIBALIA AMOP®HUX PO3YUHIB LixxNaxGesO9

187

€. Cxpunnik, M. TpyOinun, A. {ssuenxo, M. BoansiHcb KM
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
zhenya.skripnik.1997.2@gmail.com

CuHTE3 HAHOCTPYKTYPOBaHUX CIIOJIYK € €(EKTUBHUM METOJOM OTPUMAHHS TBEPIAMX
€JIEKTPOJIITIB, TIEPCICKTUBHUX JJIsi MPAKTUYHOTO BUKOPHCTAHHS B aBTOHOMHUX JDKepeliax
JKUBJICHHS Ta EJCKTPOMEXaHIYHHX TrepeTBoproBavax. OOUH 3 METOIIB MPHUTOTYBaHHS
HAHOCTPYKTYPOBAHOI CKJIOKEpPaMIKH IOJSATae y KepoBaHii kpucrtamizamii amoppHuoi dasm.
Pob6oty npucBsueHo BuBYeHHI0 KpucTaizaiii crekon LizxNaxGesOg metomom JICK.

Ha Puc.1 npeacrasiieHo TeMIepaTypHi 3aJIKHOCTI MUTOMOI TerioeMHOCTi C, BUMIipsHi
npu HarpiBaHHi cTekon LizxNaxGesOg (x = 1, 0.6, 0.45, 0.2, 0). 30uibiueHi ¢hparMeHTH
sanexHoctedt C(T) B okom TemmepaTypu po3cTekiyBaHHs Tg mpencrasieHi Ha Puc. la. Ha
Puc. 16 mpencraBieni ex3zorepmiuni miku C(T), saxi BiamoBigaroTh Temmepatypam Tc
MaKCHUMaJIbHOTO pocTy 00’eMy ymopsiakoBanoi (aszu. Temmeparypu po3crekimyBaHHs Tg
BusBIsAtOTHCs Ha 40-50 K Hikui 3a Temnepatypu kpuctanizauii Te (auB. Tabmn. na Puc.1).

C (rel. un.)

Li,,Na,Ge,O; T, . K

x=4
0,154 £=00
x=045
0,20 x=02
x=0

782,04
780,04
788,37
791,79
801,24

-0.25

|

T
760 770

T
790

TK)

a

T
800

T
810

|
820

1
830

C (rel. un.)

831,86
825,25
831,77
837,73
847,84

T T T T T T T .
800 810 820 830 840 850 860 870 880
TK)

0

Puc. 1. TemnepartypHi 3anexxHocTi nutomoi TemsioemHocti C npu Harpisi i aeBitpudikanii crexos
LizxNaxGesOg: a — giana3oH TeMnepaTtyp HaBK0JIO Tg; 6 — giana3oH HaBkoJo Tc.

OtpuMaHi JaHi BKa3ywoTh, mo kpucramizamis crexosl LixxNaxGesOg BimOyBaeThcs
yepe3 €IUHHNA poIlec 1 BiANOBiAa€ MOTIMOPPHOMY MeXaHi3My.

CRYSTALLIZATION OF AMORPHOUS SOLUTIONS
Li>-xNaxGesOg

Ye. Skrypnik, M. Trybitsyn, A. Diachenko, M. Volnianskii
Oles Honchar Dnipro National University
zhenya.skripnik.1997.2@gmail.com

Crystallization of Li>-xNaxGesOg glasses (x = 1, 0.6, 0.45, 0.2, 0) has been performed on
heating and studied by differential scanning calorimetry. It has been shown that the glasses
devitrify through a single stage. It is assumed that crystallization correspond to polymorphic
mechanism.
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CTPYKTYPA 3ATAPTOBAHHUX 3 ITAPH IIJIIBOK Mn i MnCr

C. Psa6ueB, B. bames, O. €aina, C. XuxkkKo
Jninpoecoxuii hayionanvruti yHieepcumem imeni Onecs I 'onuapa
siryabts@gmail.com

3MiHa YMOB HANMJICHHS IUIIBOK 10HHO-TUIA3MOBHM METOJIOM JI03BOJISIE B HIMPOKHX
MeXax 3MIHIOBATH CTPYKTYPY IHX IUTIBOK 1 CIIOCTEPIraTH BIIACTUBOCTI, HE 3a(iKCOBaHI B
MaCHBHHUX 3pa3Kax.

VY naniii po6oTi METO1aMU PEHTTEHOCTPYKTYPHOTO aHaNi3y, eNEKTPOHHOI MiKPOCKOITi,
Mar”iTHUX BUMIPIOBaHb 1 MOOYA0BH TEMIIEPATyPHUX 3JICKHOCTEH €IEKTPOOTIOPY JAOCTIIHKEeH1
0co0aMBOCTI POPMYBaHHS CTPYKTYPH ILTIBOK 1 iX (Di3HMUHI BIACTHBOCTI.

Paninie BcTaHOBJICHO, 110 OCHOBHI MapaMeTpH, 10 BU3HAYAIOTh YMOBU HAHECEHHS
IUTIBOK METOZOM MOZEPHI30BAHOTO TPHOXEIEKTPOIHOTO 10HHO-TIJIA3MOBOTO HAITMJICHHS, TaKi
SIK: THCK TUIa3MOYTBOPIOKOYOIO ra3y, €Hepris pO3MMJICHUX aTOMIB 1 IIBUIKICTh HAIWJICHHS,
JIO3BOJISIFOTH  TIPOBOAMTH  IUIECHPSIMOBAHY 3MiHY pO3MIpiB 00jacTeii  KOT€peHTHOTO
poscitoBanns (OKP) i eneprii aktuBariii ¢azosux nepexonis Ea [1, 2].

O06'exTamMu AOCHIHKEHHS B 1aHii poOOTI OyiH TUTiBKH yrcToro MN 1 TUTIBKH CUCTEMH
MnCr cknagy Mn-(7, 10, 14, 18)at.%Cr. ToBuuau miniBok ctanoBuinu d=150-550 um. [TniBku
ckianiB Mn-(10, 14, 18)ar.%Cr orpumani ipu Tucky razy Ar ~5,3 clla i mBuAKOCTI OcaKeHHS
~0,2 uwm/c. IlmiBku Mn-7a1.%Cr otpumani npu THCKY Ar ~11,9 clla 1 mBuakocti
ocamxenus~0,1 am/c.

PesynbraTi peHTreHo(a3oBoro ananisy IUiBOK npuBeaeHi Ha Puc. 1 a,6.

1
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Puc 1. Pentrenorpamu miiBok MnCr: a) y mioiiHOHanu/JeHoMy cTaHi 0) micias
TepMooOpooku npu 853 K
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PentrenodasoBuii anamiz i pospaxyHok po3mipiB (L) obnacteid KorepeHTHOro
poscitoBanns (OKP) 3a dopmynoro CensikoBa-Illeppepa mokasanu, mo y CBOKOHAIMMICHUX
IIiBKax yucToro Mn ¢opmyerbes HanokpucTtaniyaa ¢aza (HKD) kybiuroro Mn, pozmip OKP
sKkoi L~6,6-7,4 uM. B tutiBkax MnCr yTBOPIOETHCSI TBEpIUH PO3UMH AMCHEpCHOI (a3u -Mn 3
po3mipom OKP L=7,5 am (Puc. 1 a). Ilicns TepmooOpobku mwiiBok Mn i MnCr B BakyyMi nipu
~733 K yrBoproersest okens MnO 3 posmipom OKP L~9-10,4 um (Puc. 1 6).

Enepris  axtuBamii  (Ea) da3oBux meperBopeHb, sKa po3paxoBaHa METOIOM
Kuccenmkepa, i iiBok yuctoro Mn mpu mBUAKOCTI ocagxeHHs ~ 0,2 HM/C CTAHOBUTH ~
17300 K i cyrreBo mepesutnye Ea TUTiBOK, SIKM OTpUMaHi 31 MBUAKICTIO ocamkenHs ~ 0,1 am/c
((Ea ~ 5000 K)

VY pasi mwrBok MnCr yMOBHM OCa/pKCHHS HE IPHUBEIM 10 ICTOTHOI 3MIHM €HEprii
aktuBaiii (Ea~3000-5000 K). ocmimkeHHss HaMarHidyBaHHS IUTIBOK MOKa3aid aHi130TPOIIiI0
BiactuBocteil. KoepuuruBHa cuia 3paskiB cranoButh ~ 30-50 E B mapanensHomy momne. Y
T0JT1, IEPIIEHANKYIISIPHOMY TUTIBIIi, TICTEPE3UCHI BIIACTUBOCTI HE BUSBIISIIUCS.

[1] S. Ryabtsev, V. Bashev, O. Kushnerov, N. Kutseva, S. Antropov. Metastable states in high
carbon C— (Fe, Ni, Co) films obtained by three-electrode ion-plasma sputtering/ Molecular
Crystals and Liquid Crystals Volume 699, 2020 Issue 1, Pages 90-96 (Published online: 23
Jul 2020, https://doi.org/10.1080/15421406.2020.1732543)

[2] S. Ryabtsev, P. Gusevik, V. Bashev, F. Dotsenko. A Structure and Physical Properties of
Ni Films in Metastable States. Journal of Materials Science and Engineering A. (Structural
Materials: Properties, Microstracture and Processing). 2012, volume 2, Issue 9 (serial
number 13), pp.648-653 ISSN: 2161-6213 DOI:10.17265/2161-6213/2012.09.011

STRUCTURE OF MN AND MNCR FILMS AFTER
QUENCHING FROM THE VAPOR PHASE

S. Ryabtsev, V. Bashev, O. Yelina, S. Khizhko
Oles Honchar Dnipro National University
siryabts@gmail.com

The abstracts of the report are devoted to the nonequilibrium factors of the formation of
a nanocrystalline structure during quenching from vapor.

It was found that the nanocrystalline phase (NCP) of cubic Mn is formed in freshly
deposited films of pure Mn or a metastable dispersed solid solution of -Mn with Cr is formed
in freshly deposited films of Mn-Cr.

It is shown that an increase in the flux of deposited atoms leads to an increase in the
activation energy (Ea) of the onset of structural changes for pure Mn films. For example, for
pure Mn films at a deposition rate of ~ 0.2 nm/s, Ea is ~ 17300 K and significantly exceeds Ea
for films obtained with a deposition rate of ~ 0.1 nm/s (Ea ~ 5000 K).

Anisotropy of the magnetic properties of the Mn, Mn-Cr films was found. In a parallel
field, the coercive force of the samples is ~ 30-50 E. In a field perpendicular to the film,
hysteresis properties are not manifested.
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PO3KJIAJJEHHS COEKTPY ®OTOJIOMIHECIHEHIIII
3PA3KA MPOJYKIII JJ151 BUSHAYEHHS il AKOCTI

0. Mopo3sos
J[Hinposcoxuii nayionaneruil yHieepcumem imeni Onecs I onuapa
morozov@ffeks.dnu.edu.ua

MoOXIIMBICTh PO3KJIACTH IHTETpaIbHUH crieKkTp GoTomominecueHii (PJI), nanpukian,
KapTOIUIl — KOMIUIEKCY OpraHiYHUX PEYOBUH 3 BH3HAUEHHSM BiJICOTKOBOTO CKJIAly B HbOMY
KPOXMAJIt0, Caxapo3u, JIMMOHHOI 1 acKOpOIHOBOI KHCIOTH [l], IO3BOJISE€ OIIHUTH SKICTh
NpoAyKUii. Y TOH ke Yac THUITY KapTOILTIO PO3KJIACTH Ha IIi KOPUCHI CKJIAI0B1 HE BIAETHCA.

MoxuBe HiATBEPUKEHHS BUCOKOI  SIKOCTI

HaHoKpucTanmiuHoro mnopomky (HK), mo orpumanwmii

CHIKaHHSIM HOPOLIKIB, SKIIO po3KiIaaeHHs Horo crnektpy DJI
Ha Ti X CKIaJ0Bi, MO 1 CcHeKkTpa 00'€eMHOTO KpHCTaia,
ycrimHe. [HTeHcuBHICTh BUNpoMiHioBaHHA DJI B KOXHIN
TOYIl CHEKTPY BU3HAYAETHCS CHEPTi€r0 (JIOBXUHOKO XBHIII)
30yI>KEHHS 1 BHYTPILIHIM KPUCTAIIYHUM IOJEM, BIACTHBOCTI
SIKOTO BHU3HAYAIOTHCS aTOMAMHU XIMIYHUX €JIEMEHTIB PElIiTKH
1 IETYIOUUX JAOMIIIOK. BiIMIHHICTH CIIEKTPIB MOHOKPHCTAIIB
MOJISITa€ y PI3HOMY BHECKY OKPEMHUX iHIUBIAYalTbHUX CMYT.
Bizememo, sk npukiaa, HK ZnS:Mn, orpumani criikaHHSM
MOPOIIKIB IIMHKY 1 Cipku y mpucyTHocTi coni MnClz abo
Mn(NOz)2, mocimkeni y [2]. Tlepen po3kiageHHsIM CIIEKTPIiB
ix @JI AOUIIBHO PO3MVISHYTH PO3KIAJEHHS Ha CKJIAJOBl 3 5

1, siinnog.

1600 |-

800 |-

O - post 1HAMBIyanbHUX cMyT ciiekTpy PJI 00'eMHOr0 MOHOKpHUCTaIa
- ZnS:Mn, HaBeneHe Ha puc. 2a, a came [3]:
Ha CMYTYy 3 Amax = 557 HM, $Ka BHUIPOMIHIOETHCS
Puc. 1. Cniexcrpu ®J1 mostonoi (1), MAPTAHIEBUMH TIEHTPAMH (ML), mo 3HaXoAATHCS y By3iax
crapoi (2), runoi (3) i myske TeTpaeapiB KyOiuyHOI pEeIIiTKY;
THIJI0T KapToITi (4). Ha CMYTY 3 Amax = 578 HM, sika ButnipomiHioerbest ML, mo

3HAXOJIATHCS MOOIHN3Y TUCIOKaIlil a00 AeeKTIB CTPYKTypH.

TepmooOpoOka KpHcTaliB B IHEPTHOMY CEPEIOBMILI 3MEHIIYe Je(eKTH MaKyBaHHS 1
YaCcTKy FeKcaroHajabHOI (a3u;

Ha CMYTY 3 Amax = 600 HM, sika BunpoMiHioeThess M1, mo 3HaXOASATHCS B OKTaCAPUIHUX
MDKBY3JISIX;

Ha CMYTY 3 Amax = 616 HM, sika BunpominioeTscsi ML, oToueHrnMu aToMaMu KHCHIO;

HAa CMYTY 3 Amax = 637 HM, mo BunpomiHioeThes ML, B sxux Mn?* 3HaxomuThes y (asi
a-MnS.

Ha puc. 20 posrnsHyTe po3kiaaeHHs Ha Ti K ckianoBi crektpy ®JI HK ZnS:Mn,
OTPUMAHOTO CHIKaHHAM Y mnpucyTtHocTi com MnClz, sike He ayke BIAPIZHSETbCA BN
poskianenns crektpy ®PJI o6'emHoro MoHOKpHCTaa ZnS:Mn, 110 BKa3y€e Ha BUCOKY SIKICTh
HaHOKPHCTANIB. Y pO3KJIaJaHHi, 110 HaBeJeHE Ha pUC. 2B, MIPUCYTHI KOPOTKOXBHIBOBI CMYTH
BEJIMKOI IHTEHCHBHOCTI, IO MOXYTh BKa3yBaTH Ha TMOPYLIEHHA JaJIEKOr0 TMOPSIKY
KPUCTAJIIYHOTO TOJIS.

Takum umHOM, sKicTh oTpuManHHs 1ux HK mepeBipseTscsi  BiICYTHICTIO
KOPOTKOXBWJILOBHX CMYT BEJIMKOi IHTEHCUBHOCTI.

[TincymoByrOUYM BHUIIECKA3aHE MOKHA 3POOUTH BUCHOBOK, IO JIJIST BU3HAYEHHS SKOCTI
nponaykiii Tpeba HakonmuuuTu iHGopMmaiiro npo PJI ckiamoBUX BHCOKOSKICHOT MPOMYKITi
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pi3HUMHU MeToAaMH ii AociiKeHHs. Tak, MOKa3HUKHU CIIEKTPIB TKAHWH 3J0POBHUX OpraHi3MiB
JIOTIOMOKYTh BUSIBUTH ITATOJIOTIFO TIPU ITOCTAHOBIII J1IarHO3Yy.

1,0

0,8

0,6 |

500 550 600 650 A, mm 500 550 600 650 4

a §) B

Puc. 2. Poskaanenns cnektpiB ®JI ZnS:Mn 06'emuoro kpucraiua (a) i HK, mo aerosani MnCl: (0) i
Mn(NOs):2 (B) 3 [2], sik npUKJIa] BUCOKOI sIKOCTI (a, 6) i HU3bKOI (B): 1 — eKciepUMeHTAIBLHMIA CHIEKTP,
2 — cyma inguBigyaasanx eMyr @JI 3 Amax = 557 (3), 578 (4), 600 (5), 616 (6), 637 (7), 530 (8), 550 (9) nam
BiAnoBiaHo. ;151 3py4yHocTi nopiBHAHHA Bci cnekTpu HopmoBaHo. T =300 K

[1] KoBanenxko O. B., Mopo3zos O. C. Po3kiaieHHsI CieKTpiB (OTOIOMIHECIICHITIT 010J0TTUHIX
00’€KTIB Ha CKJIa/I0Bi, OopMa SKHX ICTOTHO BIJIPI3HAETHCS BiJ| €IEMEHTApPHUX TayciaHiB.
®izuka i ximis TBeporo Tina, T. 12, Ne 1, 2011, c. 46 — 52.

[2] M. ®. Bynansiii, A. B. KoBanenko, A. C. Mopo3zos, O. B. Xmenenko. IlTonyuenue
HAaHOKPHUCTAUIOB ZNnS METOJ0M CaMOpaclpOCTPAHSIONIETOCS BBICOKOTEMIIEPATYPHOTO
cunTte3a. JKypHan HaHO- Ta efekTpoHHOI (izuku, Tom 9, Ne2, 2017, c. 02007-1 — 02007-4.

[3] M. ®. Bynanwuii, C. O. Omenbuenko, O. B. Kosaenko, O. C. Mopo30oB. MapraHiieBi IieHTpH
BUIIPOMIHIOBaHHS B MOHOKpHUCTaJax cynbdiny nuuHky. di3uka i XiMmisg TBEpAOro Tina, T. 12,
Ne 3, 2011, c. 573 — 578.

DECOMPOSITION OF PHOTOLUMINESCENCE SPECTRUM
OF THE SAMPLE FOR QUALITY DETERMINATION

O. Morozov
Oles Honchar Dnipro National University
morozov@ffeks.dnu.edu.ua

Two examples of organic and crystalline products with photoluminescent properties of
their constituents are considered. It is shown that for low-quality products, decomposition is
impossible in terms of components of high-quality products.
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E®EKT BKOPOYEHHS JOBXXUHU ®PAKTAJIBHOI'O
KAHAJIY HOJbOBOTI'O TPAH3UCTOPA

A. 3acoBenko, B. Onydpienko, A. Pacoasik
Hayionanvnuii ynisepcumem «3anopizvka noaimexnikay», Mawuno0yoieHutl iHcmumym
onufr@zntu.edu.ua

[IpoTsirom TpHUBaJIOro 4Yacy OCHOBHOIO TEHJACHIIEI0 PO3BUTKY TEXHIKM METao-
JieNIeKTPUYHHX HAMMBIPOBITHUKOBUX TPAH3UCTOPIB OYIIO 1 3aJIMIIAETHCS 3MEHIIICHHS OBKUHH
kaHay. CHiBBIIHOIICHHS, 10 BH3HAYalOTh BOJbT-aMIlepHi xapakTepucTuku (BAX),
IIOKa3yl0Th, IO y BCIX PEXUMax POOOTH TPaH3UCTOpa CTPYM CTOKY HE 3MIHIOETHCS HpU
MPOMNOPLIKHHINA 3MiHI TOBXKHHY Ta UpUHU KaHamy. [llupuHa kanany Bu3Hayae macmtad BAX
10 CTPyMy, HE 3MIHIOIOYM YAaCTOTHHMX BIJIACTMBOCTEH TPAH3UCTOPA. 3MEHIICHHS IOBXKHHU
KaHaITy CIIPHsIE MiABUICHHIO MUTOMOI KpyTH3HN BAX XapakTepuCTHK Ta IPaHUYHOI YaCTOTH.
3a3Ha4yeHi 3aKOHOMIPHOCTI OyJIM CIpaBEINIMBUMH JI0 TOTO 4Yacy, MOKH TOMOJIOTIYHI po3Mipu
TPAaH3UCTOPIB 3AJIUILAINUCA JOCUTh BEIMKUMM. KoiM MO310BXKHI pO3MIpH HamiBIPOBIIHUX
CTPYKTYp AOCSIIIM 3Ha4€Hb 1-2 MKM, 11l 3aKOHOMIPHOCTI IlepecTair BUKOHyBaTHCh. KpiMm Toro,
BUSIBIJIOCS, IO TPH 3MEHIICHHI TOMOJOTIYHUX pO3MIpiB (0COOJMBO JOBKWUHU KaHATY)
3MiHIO€ThCS 1 hopma BAX [1].

Hes3Baxxaroum Ha MpPOCTOTY KOHCTPYKLIi 1 (hi3UKy poOOTH, JOCUTH TOYHI MaTeMaTHIH1
MOJIeJll IOJIOBOTO TpaH3UCTOpa AyXe CKiIagHi. ['0loBHA mpuuuHa MosArae B TOMY, HIO
TPaH3UCTOP € HEOJHOBUMIPHUM MPHIIAZAOM (Kepyrode IoJie 3aTBOpa 1 MoJie CTOKY CHpsSMOBaHI
B3a€MHO NEPHEHAUKYISAPHO). Y TMPOCTUX BIJOMHUX MOJAEISAX 3a7adyl 3BOAMIMCA [0
KBa310JJHOMIPHOI — B3aEMO/II TTO3/IOBKHBOTO Ta IMOMEPEYHOTrO OB HEe BpaxoByBasacs. Lleit
M1IX1]1 IO MOKIIMBOCTI 30€piraeThes 1 Npy aHAIITUYHOMY OINHCI TOHIIUX €(EKTiB.

[loOynoBy ¢pakTasbHOT MoJeni iMiTalii HaHOIIApy OKUCIY Ha MEXl MeTal-
HAMIBOPOBIIHUK Yy TpocTopi K (QYHKIII MHOXHMHU 3JIIHCHUMO BBOJOM Y pPO3IJIS
nudepiHTerpaabHoi  anb(a-GopMu MHOXKUH (PI3MUHUX 3apsAliB  (€IEMEHTIB CTpyMy) B
MeTaMaTtepiaJbHOMY cepeoBHIIi [2].

Teopis ¢ppaxTanbHOrO MApy (AMB., HAIPUKIAL, [2]) HA MEX1 PO3ALTY IBOX CEPEIOBHUIIL

. 1 dx

6asyeThes Ha BU3HAYEHHi Apobosoro mudepentiana d“X = ——-———— jjoro 383Ky 3
['(a) (t-x)

JPOOOBOIO  MOXIHOKO d“L(x)=,D; L(X)d“X. nme napobosa moxinHa 2Dy L(X)

BUKOPHUCTOBYETHCS y popMi Pimana-JliyBisuis.
3rigHo 3 qudepiHTerpaabHuM 3aKkoHOM OMa, 110 BUKOHYETHCS B YMOBaX MPSMOKYTHOT'O
(bpakTaibHOTO €IeMEeHTa 3 MO3/I0BKHBOIO KOOPAMHATOIO Y , CTPYM Y KaHaJi MOB‘S3aHUM 3

PO3MOIJIOM TIOTEHIIIaIa PiIBHAHHIM
I'l+e«o
1@ =, LD gy )

I [24
Koy Hanpyra cTik-BuTik V]S mepeBuIye HAIPYTy HepPeKPHTTS Vbs , IPUIIOBEPXHEBY

. . . . +
00J1acTh HaIMIBIPOBITHUKA MOKHA MOJATH Y BUTJIII 3BOPTHO3MIIIIEHOTO N — P -miepexony,

!/ .
10 sikoro mpukiagero Hampyry Vps —VDs[3]. HdomkuHa 06macTi mepeKpHTTS ls ta
CIIBBiZIHOIIIEHHS MI>K TOBIMHOO 00J1aCTi IMPOCTOPOBOro 3apsiay | Ta epeKTHBHOO TOBKHHOIO

KaHay |e )

1§ =17 ~Ig" = Jks (VDs —Vps ). ks =2¢&5/qN. )
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Orxe, 3poctannst VDS CyNPOBOMKYETHCS 3MIHOI (3MEHIICHHSM - Y KIACHIHOMY

Bunanky) ehexTuBHOI NOoBKuMHM Kanany | Ta ctpymy croky Ip ~Ig% y Burmsai

CKEMJIIHTOBO1 TinepOomivHoi 3ay1e:KHOCTI (1) (30LIBIICHHSM — y KJIACUYHOMY BHITaJIKY, KOJIU
a=1).

3 ypaxoBaHHSAM (2) Ta y3araJlbHGHOro MPUHIHUIY TOMIOHOCTI sl (PpaKTanbHO
KOH(IrypOBaHUX CTPYKTYP 3B‘A30K CTPyMy CTOKY |p 31 CTpyMOM |f, LIO € BiIOBIJHUM

. ! . .
Hanpy3i mepekputts VDS, OTPUMY€EMO CITiBBiAHOMICHHS

(24

b (1), |
Ip e Pl —Vks(Vhs Vo) )

TeopeTnuHo MiATBEPHKYEMO CHIBHUM BIUIMB CKEHIIHTY KaHaly, NpPU IBOMY
MOPYIIYEThCSI HAOMMKEHUI JTIHIMHUN 3BSI30K MIX BHUX1JHOIO MPOBIIHICTIO 1 CTPYMOM CTOKY,
IO CIHOCTEPIraeThCsl 1 EKCIEePUMEHTAIBHO MiATBEPKYETHCS Il KIACHYHUX IOJIbOBHX
TpaH3ucTopiB [3].

HaBeneni TeopeTnuHi pe3ynbTaTH JOCTIKEHHS HMPOTOHYIOTHCS JJIsl BIIPOBAKEHHS
PO3TISHYTOI CTPYKTYpPU TpaH3ucTOopa 3 (pakTalbHOI KOHQITypali€ro KaHally y CKIajil
HAMBIPOBIIHUKOBUX  IHTErPAJIbHUX  MIKpPO- 1 HAHOCXeM HPUCTPOIB  JpoOOBOTO
iHTerpoaudepeHLioBaHHs B aJaNTHUBHUX  CUCTEMax, MPOTrPaMOBAaHMX  AHAJIOTOBHX
IHTETpaJbHUX CcXeMaX, (UIbTpax, po3B‘sA3yBadax Iu(EpeHIiaIbHUX PIBHSAHL JPOOOBOTO
HOPSAKY TOLIO.

(3)

[1] Crapocenbckuii B.M. ®usnka moaynpoBOAHUKOBBIX MPUOOPOB MHKPOIIEKTPOHUKU. M.:
Bricuiee oopazoBanue: FOpaiit. (2009). 463 c.

[2] Onufrienko V.M., Slyusarova T.l., Onufrienko L.M. Modeling Characteristics of Field-
Effect Fractal Nanotransistor. Proceedings 15-th International Conf. on Advanced Trends
in Radioelectronics, Telecommunications and Computer Engineering, Lviv-Slavske,
Ukraine, 25-29 February 2020. Lviv. P.586-589. DOI: 10.1109/TCSET
49122.2020.235500.

[3] Cobbold R. Theory and Application of Field-effect Transistors. Wiley-Intersc. (1970).

THE LENGTH SHORTENING EFFECT OF FRACTAL FIELD
TRANSISTOR CHANNEL

A. Zasovenko, V. Onufrienko, A. Fasoliak

Dep. of Engineering, National University «Zaporizhzhia Polytechnicy
onufr@zntu.edu.ua

The paper considers the shortening effect in the conductive fractally configured
semiconductor channel and the possibility of current control in radio electronics devices
operating on the changing basis channel conductivity between source and drain. Theoretical
results of the research are offered for introduction of the considered transistor structure with
fractal channel configuration as a part of semiconductor integrated micro- and nanoschemes of
devices of fractional integrodifferentiation in adaptive systems, programmable analog
integrated circuits, filters, differential orders solvers.
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JIEJIJEKTPUYHA PEJAKCAIIA B KPUCTAJIAX LiNaGesO9

. Borunenns, M. Tpyoiumn, M. BoansiHcbknid
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
dmitryvol766@gmail.com

HasBHicTh CcTpyKTypHHX Ae(EKTiB CYTTEBO BIUIMBAE HAa EJIGKTPUYHI BIIACTHUBOCTI
KPHUCTAIIIB CKJIATHUX OKCUAIB. Pyxomi 3apsipkeHi NeeKTH JaroTh BHECOK 10 €NEKTPUYHOI
MIPOBIAHOCTI, JUMOJIbHI Je(PEKTH TPUBOAATH JO TOSBU pEJIAKCAIlIMHUX aHOMaliidl Ha
TEMIIEPaTypPHO-YACTOTHUX 3aJICKHOCTAX JIENEeKTPUYHOI NPOHMKHOCTI. Kpucramu miTiii-
HatpieBoro terparepmanaty LiNaGesOg npuBepTarOTh yBary JOCIHIIHUKIB 3aBASKH HasIBHOCTI
CETHETOCIIEKTPUIHOTO (Pa30BOro MEPeXxoly H aHOMAJIBHO BHCOKOIO 10HHOIO MPOBiAHICTIO [1].
PoboTy npucBsueHO JOCTIIKEHHIO TEMIIEPATYPHHX 3aJIeKHOCTEH A1eIEKTPUYHOT TPOHUKHOCTL
e(T) monokpucraniB LiNaGesOg. Bumipn mpoBogwincs y 3MiHHOMY €JIEKTPUYHOMY IIOJT
(20T'u-1MI'm) B3momx Hampsimky [001] 3a momomororo mpenmsiiiHoro BuMiproBada LCR
Agilent E4980A. Otpumani pe3ynbsTaty (puc. ) BKa3yloTh Ha HasSBHICTH JABOX ITIKiB, aMILTITy/1a
SAKUX 3MEHIIYETHCS 3 M1IBULICHHSAM 9acTOTH. Lle 103Bosi€ BITHECTH ClIOCTEpEKyBaHi1 aHOMalii
JI0 TIPOLIECIB TETIOBO1 JUIOIBbHOT ossipu3aiii. J{ist 3’ sicyBaHHs IPUPOAN 03HAYEHUX aHOMAJTIi
.IPOBOJIUTHCSI BUBUCHHSI €IICKTPUIHUX BiacTHBOCTeH KpuctaiiB LiNaGesOo, siki mignaBanucs
BiJIlIAJTy HAa MOBITPi, B IHEPTHOMY T'a3i Ta y BaKyyMi.

1kHz
ZkHzZ
10kHz

100 + 100kHz
500kH=z
1MHz

E
50
4]

300 400 500 600 700 800 900
T.K
Puc. 1. 3anexnocti &(T) monokpucraiB LiNaGesOg B310B:k Hanpsamky [001]

[1] M. D. Volnianskii , M. P. Trubitsyn & O. A. Bibikova (2013): Electric Properties of
LiNaGesOg Single Crystal, Ferroelectrics, 443:1, 16-19

DIELECTRIC RELAXATION IN LINAGE409 CRYSTALS

D. Volynets, M. Trubitsyn, M. Volnianskii
Oles Honchar Dnipro National University
dmitryvol766@gmail.com

Dielectric permittivity of LiNaGesOg single crystal is measured in AC field
(20Hz-1MHz) in the temperature interval 300-950 K. The relaxation anomalies of & have been
detected. The nature of the slow ¢ relaxation is discussed.
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MOJEJIOBAHHS JTOKAJII3ALII CBITJIA MEXEIO
JIEJIEKTPUKA 3 ®PAKTAJIBHUM METAMATEPIAJIOM

B. Ony¢pienko, T. Carocaposa, JI. Ony¢dpieHko
Hayionanvnuii ynisepcumem «3anopizvka noaimexnikay», Mawuno0yoieHutl iHcmumym
onufr@zntu.edu.ua

3a IeBHUX YMOB 30BHIIIHS €JIEKTPOMArHiTHA XBUJIS, 1110 PO3IIOBCIO/IKY€ETHCS B CHCTEMI
c;1a00 TOTJIMHAIOYMX PO3CiI0BauiB, B pe3yNbTaTi 0araTopa3oBOTO MEpPEepO3CIIOBaHHS 3/1aTHA
"saruKIuTUCA" B oOMexeHid oOnacti mpoctopy. [IpuumHa mporo sBuima — crnernudivHi
iHTepdepenIliiiai eheKTH, 0 MalTh MICIIe HaBiTh Y aOCOIIOTHO PO3YHOPSAIKOBAHIN cUCTEeMI
YaCTHHOK. TeXHONOTriYHI JoMaTKu eQeKTy JOoKamizamii CBiTIa — Ii¢ MPUHIIUIOBO HOBI
aKyMyJISITOpY €HEeprii, JiHil 3aTpUMKU CBITJIA, 1€ MOKJIMBICTH 3amucy, 30epiraHHs Ta
3unTyBaHHs iHQopMarlii. [IpoJoBKYIOTECS TIONIYKA HOBHX TEOPETHYHHUX IIIXOJIB IO OMUCY
CJICKTPOJIMHAMIYHUX  BJIACTUBOCTEH  (pakranpbHOro Kjacrepa, MIO0 CKJIANAEThCI 3
HETIOTJIMHAIOYMX TBEPAMX METaMaTepialbHUX YaCTHHOK, KOJIH BBOJUTHCA €(EeKTHBHA
JeNeKTpUYHa MPOHUKHICTh KJIACTEpa € KPUTHUYHOIO (PYHKIIEH (PpaKTaabHOI PO3MIPHOCTI
kiacrepa [1].

Jnist mociipkeHHsT epeKTy BIUIMBY (PpaKTalIbHO KOH(ITYpOBaHOI I'paHHIN HA MPHPICT
¢da3u, 6iYHe Ta 3BOPOTHE 3MIIICHHS XBHJIb BUCOKOYACTOTHOTO (TEpareprieBoro Ta ONTUYHOTO)
POMEHsI, [0 Ha0yBa€e MOBHOT'O BHYTPIIIHBOTO BIIOUTTS, Ta MOKJIIMBOCTI HOTO JIOKATi3aIlii mpu
NOIHMpEHHI 3 (pakTalbHO KOHQITYypOBAaHOTO CEpPEeNOBHINA 3 OUIBIIOK MIUIBHICTIO Y
CepeIOBUILE 3 MEHILOIO MIIJIBHICTIO 3aCTOCOBYEMO TEOPil0 (PPAKTAIBLHOIO MEPEXIAHOTO IIapy
[2] Ha MEXi1 pO3/ILTY CepeOBHUIIL], YTBOPEHOTO 3MIHOIO XapaKTePUCTUYHUX TTapaMeTpiB aTOMHOT
CTPYKTYpH PEUYOBHHH, HAHECEHHSIM Ha IMOBEPXHIO ONTOBOJIOKHA TUTIBOK PI3HOTO NMPU3HAYECHHS
JUTSL YIIPaBIiHHA TTapaMeTpaMu CTPYKTYPH, 3aXUCHUX MOKPHUTTIB TOIIIO.

Po3B*s3yBanHs ocTaBieHoi 3a/1a4i 6a3yeThCsl HA BBEICHHI y po3riisi audepinterpana
d“x  B37OBX ofHiel 3 koopauHaT (OX y TMIIOMMHI TaAiHHS EJIEKTPOMArHiTHOI XBHIIL)
bpakTanbHOT MEXI PO3ALTY JBOX CEPEIOBHIIL 3 TOKA3HUKAMH 3JIOMJICHHS

Ny =N Et Ny =k, N > 1, 1)

(&;+ H4; — BIAMOBIOHO AieNEKTPHYHA TAa MarHiTHAa MPOHUKHOCTI CEPENOBHII) Ta YPaXOBYEMO

#ioro 3B°s30K 3 pobosoro moximgroro A “L(X)=, Dy L(X)d“X , ne npoGomy moximmy , Dy L(X)
3actocyemo y ¢opmi Pimana-JliyBimms.

Jlost 3amadi npo HagiHeg IIOCKO1 €JIeKTPOMAarHiTHOI XBUIL
{E(F,t),H(F,t)}={E, I:I}ei(kr_“’t) Ha TPAHUITIO PO3JUTY JTBOX CEPEIOBUII, OJHE 3 SKUX —
dpakranpHe 31 ckedimiHTOM (&, 3 piBHSHR MakcBemia i Jy)e BHCOKHX 4YacToT (B
TepareplieBoMy Ta ONITUYHOMY Jiana3oHax ) BU3HaA4aeMo KoedimieHT pedpaxiiii ppakTaabHOTO

_ Ny g

N . 1
CEpeNoBHIIA N ¢ =—1(|k)1 @ , A€ n,, n,— TOKa3sHUKH 3aJIOMJIEHHS cepenoBul (
ny ny

n, >n,) 6e3 dpakranizanii, L — eiixonan, E Ta H — BEeKTOpU €NEKTPUYHOIO i MATHITHOTO
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. o — w _ — — — o
IOJIIB, XBWJIBLOBHUU BEKTOP k = —m, M=NN- BEKTO epakill, N —OAMHUYHHUU BEKTO
5 5
Cc

¢dazoBo1 HOpMAUTI.

[Ticns BU3HAYEHHS BEKTOPIB pedpakilii XBUIb MaJiHHSA Ta MPOXOHKEHHS 3a YMOB
MOBHOTO BHYTPILIHBOTO BiAOUTTS moJie Yy (hpaKTaJIbHOMY CEPEIOBHUIII CTAE HEOJHOPIAHUM 3
BIJIMOBIIHUM KOMIUIEKCHUM BEKTOpOM pedpakilii, a cepeaHiid IMOTIK €Heprii y Ipyromy
cepeoBHII HAIIOT MozieNi [3] BU3HAYaeMO K S = S1 |%| +S, ﬁ,
BiIOMTOrO MyuKka y HanpsMKy BekTopa b (3cyB ['yca-XeHXeH) BU3HAYAETHCS KOMIIOHEHTOIO
S,, @ HEHYJIbOBE 3HAYCHHS KOMIIOHCHTH S, omucye Omammii 3cyB Pemoposa-Embepa. B

JI€ TIOB30BKHE 3MILLICHHS

O0YMCIIEHUX KOMIIOHEHTaX S; 1 S, KOMIUIEKCHI KOe(ILIEHTH 3aJal0Th MOJAPU3ALII0 XBUII
NajiHHsA, a 3HAKU B S; 1 S, BM3HAYalOTh HANpsAM Oi4HOro 3cyBy. Bu3HayeHO 3HAYHMII BILIUB

¢dpakTanbHOT MEXi Ha 3HaUEHS 3BOPOTHIX 3CYBIB, iX MAKCUMYMH Ta iX BiJICYyTHICTb, a TAaKOX
YHUCJIOBI BEJIIMYMHU CKEHIHTIB, HEOOXIHMX JUIS YTBOPCHHS JIOKalli30BaHOro mojs. Jlis
HE(PPaKTAITBHOTO CEPEIIOBHINA, KOJIM CKCHJIIHIOBHHA IMOKa3HUK « =1, pe3yiabTaTd MOJEINi
30iratoThCs 3 KJIACMYHMMHM. 3JIaTHICTh JI0 KOHIIGHTpallii BEJIHWKOi KUIBKOCTI (DPpaKkTalIbHOTO
Marepiasy B MaJoMy 00‘e€Mi € MPUYMHOI BUHUKHEHHS I iCHyBaHHS y ()paKTaabHOMY ImIapi
Jy>K€ CHJIbHUX JIOKATbHHUX €JIEKTPOMATHITHUX MOJIIB, IO CIIOHYKAE 10 TIOTO/KEHHS 3 TYMKOIO
aBTopiB 3 [l] mpo mNpUYMHY aHOMAaJIbHO BHCOKOI KATaJITHYHOI aKTUBHOCTI 0ararbox
reTepOreHHUX HAaHOCHCTEM.

Posrnsim Momeni 1Isl TUTaHApPHOTO ONTOBOJIOKHA IMOKAa3ye i 3aCTOCOBHICTH /10 OMHCY
dbpakTanbHO KOH(ITYpOBAaHOT MEXi CEepeloBUI AJsl MiJCHUICHHS €(EKTIB Yy MNPUCTPOAX
3BOPOTHBOTO HAIPSIMKY TOMIMPEHHS XBUJIb y TaK 3BAaHUX E€K30THYHHX “NacTKax CBiTia”, a
TaKO JJIs1 KoMIieHcanii HebaxaHux 3cyBiB ['yca-Xenxen ta EmOGepa-denoposa.

[1] Maksimenko V.V., Kupriyanov L.Yu., Agranovski I.LE. SERS from Light Localization
Position. J.Raman spectroscopy. V.44. 2013. P. 382-392.

[2] Onydpienko B.M. TMoTenmiany ¢ppakTaibHUX 3apsiiiB i CTPYMIB Y IITYYHOMY CEPEIOBHIIII.
Panioenextponika. Inpopmaruka. Yrupasminaa. Nel(1). 2004. C. 18-21.

[3] Onufrienko V.M., Slyusarova T.l., Onufriyenko L.M. Planar fractally-shaped terahertz
waveguide: on the Goos-Hanchen effect. Proceedings 14" Intern. Conf. on advanced TRTC
Engineering. (Lviv, Ukraine, April 2018). P. 1237-1240.

SIMULATION OF LIGHT LOCALIZATION AT THE
DIELECTRICS-FRACTAL METAMATERIAL BORDER

V. Onufrienko, T. Slyusarova, L. Onufrienko
Dep. of Engineering, National University «Zaporizhzhia Polytechnicy
onufr@zntu.edu.ua

The effect of the fractally configured boundary on the phase increase, lateral and inverse
displacement of high-frequency beam waves and the possibility of its localization under
conditions of complete internal reflection is investigated. The solution of this problem is based
on the introduction of the differintegral and on the determination of the fractal medium
refractive index. The significant influence of the fractal boundary on the values of inverse shifts,
their maxima and their absence, as well as the numerical values of the scaling required for the
formation of a localized field are determined.
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BU3HAUYEHHS 3TACAHHS EJIEKTPOMATHITHOI XBHWJII B
PEYOBUHAX, MAIOYUX AIEJEKTPUYHI BJIACTUBOCTI

B. OBcsanikos!, M. I'opodenn?, B. Bonnapenko?, O. Be3nocopa’
! Ininposcwrutl nayionanvnutl ynieepcumem imeni Onecs I'onuapa
thalia@i.ua
? Xapxiscokuii nayionanoHuil ynisepcumem imeni B.H. Kapasina
Nikolay.n. gorobets@karazin.ua

Benmka KibKICTh PEYOBUH, MAIOUUX J1€JICKTPUYHI BIACTUBOCTI, BAKOPHCTOBYETHCS B
PI3HOMAaHITHUX Tally3sX IMPOMHUCIIOBOCTI 1 HAPOIHOTO IOCIOIAPCTBA 1 BUZHAYCHHS X SIKOCTI €
BEJIbMH aKTyaJIbHOIO MPOOJIEMOI0 CyYaCHUX HAYKH 1 TEXHOJIOTIH. B mociipKeHHsT IPUHITUITIB
PagioTeXHIYHOT MIKPOXBHJIBOBOI JIIarHOCTUKK PEYOBHUH 3HAYHUM BHECOK 3pOOMIIA  SK
BiTuM3HsHI BueHI bpexoBcrkux JI.M., Bpauar B. A. Tak i 3akopnonHi astopu bopa M, Boibd
E, Hagp 1. b., Xapgeit A.®. i inmri. B po6oTi [2] 1 iHITUX HA OCHOBI PiBHSAHB €JIEKTPOAMHAMIKH
1 Teopii OararomapoBUX Mi€ICKTPUYHUX CTPYKTYp OJEp)KAaHO BHpa3u Ul KOEQilieHTIB
BiIOUTTS 1 mocnabnenns EM xBuii pu nommpeHHi ii B pedoBuHax. bepyuu no yBaru nani nux
poOiT, BHpa3 il KOMIUIEKCHOTO Koedilienta mocnabieHHs (t) 3 ypaxyBaHHSIM 3HA4YCHb
KOMIUIEKCHOTO KoedimieHnTa Binoutts (r) EM xBuui nipu ii majiiHHi Ha TPbOX IIaPOBY PEYOBUHY
toBumHO0 d (puc. 1), sika ciB MipHa 3 JOBXKUHOW EM XBWIII MatOTh BUIJISI:

ip
TR - 1)
I
1+1,re
Toxi Bupa3 amns 3racandst EM eneprii B TppOX L1apax pedoBuH (pHc. 1) Mae BUTIAA
T :&MZ _ N, COS Gyti5th, (2)
p, N, COS A1+ FArA + 21,15, C0S 2 8

zie n, =& —ie; - MOKA3HUK 3aJIOMJICHHS PEYOBHMHH JUIsl TPHOX IIapiB k=1, 2, 3;
& =&y —lgg - AleTeKTpUYHa NpOHUKHICTE ([II1) peyoBuny; p, = [z coso, ; l9,< — KyT NMaJiHHA

EM xBuni Ha cTpykTypy (puc.l); g= %nzd cos6), -

8
= L’E r‘f/ 3

=
=

e ’
1= vr; '95/ - ey ]

o
n=Je, _/‘“QJ :

60 \

3 35 4 45 5

E.GHz
Puc. 1. Tpumaposa giejiekTpuyHa cTpyktypa  Puc. 2. Po3paxyHkoBi Ta ekcnepuMeHTaJIbHI YaCTOTHI
Y HamiB HecKiHYeHOMY MpocTopi: moBiTpst — 1, 3aJIexKHOCTi KoedinienTa 3racannsa EM xBuii B
TOCTiMKyBaHA HA PeYOBHHA — 2, MOBITpsI — 3. pedoBuHax: 1 —¢ =4,5-1i0,08; 2 ——i0,11 (kpanku —
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pesyrvmamu eumiprosans ons eapuanma 2); 3 —i0,14;
4 -i0,19.
Jlanuii Bupa3 (2) 0yJio BUKOPUCTAHO Il po3paxyHKiB nociaadaenns EM xsuii T (puc. 2)
JUIsE 4-X BapiaHTIB 3pa3KiB 3 OJIHAKOBOIO JIMCHOI0 YAaCTUHOIO BIAHOCHOI Ji€IEKTPUYHOI
MPOHUKHICTIO (¢ =4,5) 1 pI3HUMH 3HAUEHHSMHU ySIBHOI YaCTMHHM B YaCTOTHOMY Jiamna3oHi 3,2 —

4,7 I'Tuy nns 6'1 =0 1 roBuuHi mmapy pedoBuHu 2 0=0,13Mm. Takoxk eKCHEepHUMEHTaIbHO

nociikeno nocnabiaenns EM xBuii y 3Buyaitnomy OyaiBenbHoi meri (196 = 0,024, BapianT 2
-I0Ka3aHO KpamkamMM Ha pHUC. 2) 3 BUKOPUCTAHHSM AaBTOMAaTH30BAaHOTO BHMIiprOBaua
KoedimieHTa cTos901 XBUJII 32 HANPYroko Ta rmociadiseHHs tuiy P2. PesynabTaTtu mociimkeHb
HaBesneHO Ha puc. 2. OuUiHIOBaKOUi pe3yiabTaTH BUMIpPIOBaHb BapiaHty 2 (pHC. 2), MOXHA
BIJJ3HAUUTH, 110 BOHHU Y3TOKYIOTbCA 3 PO3pAXyHKaMH I1OCJIA0JCHHsS B J1ala3oHl 4acToT
(kpuBa 2), aje 1e BigOyBaeTbCs MPH KOHTAKTI 3 JOCHIIHKYBAaHOIO PEYOBHHOIO JDKEpena i
npuiiMaya EM eneprii.

OpnHak, JOCTIKEHHS CpOoIeHoi Moaeni (puc. 1, puc. 2) 703BONMIIO BiANOBICTH Ha P
IUTaHb, MOB'SI3aHUX 31 CTBOPEHHSAM CTPYKTYpPHHUX 1 MaTeMaTUYHUX MOJEJIEH /s BUSHAYCHHS
SIKOCTI pEYOBHHH Ha KOHBeepi. L{e 103BOMIIIO OIIHUTH TUHAMIYHUHN Jiarna3oH ocinabineras EM
XBWIb MK OylIb SIKUMU aHTEHAMHU-JAATYUKaMU B 3a/laHOMY Jiafa3oHi 4acTOT IJi Pi3HUX
PEYOBHMH Pi3HOI TOBIIMHM, IO BAXIWBO Ui BUOOPY THUMIB 1 KOHCTPYKII aHTCH-JATYUKIB,
BIJICTaH1 M’k HUMU 1 HEOOX1THOTO BUMIPIOBAJIIbHOTO MIKPOXBHJIHOBOTO IIPUJIAIY.

Takox BaXIMBO, IO 3 PE3yJBTATIB JTOCIIKECHHS 3a CIPOIICHOI Mozaewto (puc. 1)
BUIUTABAE (aKT, 110 MEBHI 3MiHU YSIBHOI YaCTUHH JII€JIEKTPHUYHOI IPOHUKHOCTI &" pEYOBUHH,
K1 3amexarb Bix BTpar B Hiii EM eneprii [1-3], xapakrepu3yroTh SKIiCTb TOCIIIKYBaHOI
peuoBHHHU. Taka KOpessist MK sKicTio peyoBuHH, Horo JIIT 1 ocnabnennsm EM xBuii B Hei
HIATBEPIKYE MOMKIMBICTh TUCTAHIIITHOTO KOHTPOJIIO SIKICHUX ITOKA3HUKIB PEYOBHH.

[1] bpanar A. A. UccnenoBanue nuanextpukos Ha CBY. M.: @usmaruszn, 1964. —404c.

[2] bopa M., Boabsd 3. OcuoBbl ontuku. [lepes. ¢ anri. Ilox pea. Motynesuya I'. T1. — Uz,
«Hayka». — ' POMIJL.-M.: 1973 r.

[3] Ovsyanikov V.V. Measurements of the complex permittivity by the waveguide and resonant
cavity methods // Proceedings of the International Confer. on Actual Problems of Measuring
Technique. Kyiv. Ukraine7-10 Sept 1998. P.224, 225

DETERMINATION OF ATTENUATION OF
ELECTROMAGNETIC WAVE IN SUBSTANCES WITH
DIELECTRIC PROPERTIES

V. Ovsyanikov:, M. Gorobets?, V. Bondarenko:, O. Beznosova:
' Oles Honschar Dnipro National University.
thalia@i.ua
2V. N. Karazin Kharkiv National University
Nikolay.n.gorobets@karazin.ua

The electromagnetic (EM) method of determining the quality indicators of substances by
calculations and measurement of EM signal weakening when passing its everywhere studied
substance in the microwave range is investigated. With the help of the method of multilayer
structures, approximate calculations of weakening of the EM field in the UMF range for several
substances were performed. These calculations and measurements allowed to further ignore the
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optimal structural and mathematical model of the device for measuring the weakening of the
EM field in the substance, for example, on the conveyor, to evaluate the total dynamic range of
this device and select for it transmitting and receiving antennas-sensors and measuring
microwave equipment. In the future, the presented method ensures the ability to automate the
control of quality parameters of substances on-line, for example, on the enterprise conveyor
and environmental cleanliness for service personnel. It can also be useful to assess the
weakening of em fields in the channels of telecommunication information and communication
in various obstacles to its spread, namely in buildings and structures, plants, also in
mountainous areas and other.

MOJIEJIJFOBAHHSI PO3BUTKY KOPEJIALINA
Y HAZIBUITPOMIHIOBAJIBHOMY HHPOLECI JIKKE
B OAHOBUMIPHOMY KPUCTAJII

C. JIarymun
Jninposecoxuii hayionanvruti ynieepcumem imeni Onecs [ onuapa
lyagush.new@gmail.com

JlocIipKeHHS. IpoLlecy HAJBUIIPOMIHIOBAHHS Ha OCHOBI METOJy CKOPOYEHOI'O OIHUCY
Boromo6oBa y dopmymntoBanHi [lenermincekoro—SAmenka [1] mo3Bossie MOKIaAHUN OMHUC
Te€HEPOBAHOIO E€JEKTPOMArHiTHOIO MO SIK CTaTUCTUYHOro o0’ekra. MakpocTtaH mois y
(ikcoBaHMI MOMEHT 4acy 3aJa€TbCs CYKYIHICTIO aMILTITYJ €JIEKTPUYHOIO Ta MAarHiTHOTO
HOJIB 1 KOpeNmAUiMHMX (QYHKIIM pi3HUX NOPSJKIB. 3ayBaKUMO, IO BEKTOpHE IOJe —
HAJ3BUYANHO CKJIATHUI AJi1 omucy OO €KT: KOpensliiHI (YHKII 3 HEOOXIIHICTIO MaroTh
TEH30pHY NPUPOJTY, @ KUIbKICTh MOJBOBUX 3MIHHHUX IIBHJIKO 3pOCTAE 31 CTYNEHEM JIOKJIAHOCTI.
B namux po6orax [1, 2] noOyqoBaHO 3aMKHYTY CUCTEMY PIBHSIHb €BoJitoLli cucteMu [likke 3
ypaxyBaHHSIM O1HapHUX KOPEJISLii, sika BUKOPUCTOBY€E HAassBHICTh MAJIOro IapaMeTpa B MOJENI
— KOHCTaHTHU KBa3icMiH-(GOHOHHOI B3aemMo/ii. PIBHSHHS [l mapaMeTpiB CKOPOUYEHOTO OIHCY
MaloTh APYTUN MOPSAIOK 3a B3aemoJiero. J[ms mociimoBHO KBaHTOBOI Mojeni Jlikke IutiaHuM
BUSIBJISIETBCSL MIAX1J, Oa30BaHWM Ha 17esSX EJIEKTPOJUHAMIKUA CYIUIbBHUX CEepPeIOBUIIL.
MartepianbHi piBHSHHS, TOOYI0OBaHI 32 CXEMOIO CKOPOUYEHOTO OIHKCY, MAlOTh (PopMy, IO TyKe
IPO30pO TIIYMAuUThCS K HASBHICTh IPOCTOPOBOI aucnepcii [2].

[ToBeninka KopemsIinHuX QYHKIIIH JaBHO JOCIIIKEHA TSl 30CEPEIKEHOT CHCTEMH, aJie
JUIS TIPOTSKHOI CHCTEMH MTPOCTOPOBUI PO3IMO/LT KOPETALii 3aimumancs HeBigoMuM. Biarani
KaKy4H, CHCTEMA PIBHIHB Y [2] MICTUTH BIATIOBIb HA 116 TUTAHHS, aJie OTPUMAaHHS 11 pO3B 3Ky
HA/ITO CKJIajHa mpobiema. ToMy BHCYHYTO 17110 pO3IJIsiAy OJHOBUMIpHOI cucteMu Jlikke [3].
OOunclieHHsT TOKa3ajdu JOIIIBHICTh TPAIIOBAaTH 3 TOHKOK BHUIOBXKEHOI CHCTEMOIO
BUIIPOMiHIOBAYiB i3 HOCTilHIM MepepizoM S i 1oBxuHOI0 L (BBaxkaemo S<<L?). [lns Hei MoxkHa
BUKOPHCTOBYBAaTH MaTepiajibHi KOHCTAHTH, SIK1 BUIUIMBAIOTH 13 [2], ajie po3riisgaTy JUIIe MOJIU
31 XBUJIBOBUM BEKTOPOM, MapaieiabHUM oci kpuctana Oz. Takoxx Ui CIpPOIIEHHS MOXKHa
MPUITYCTUTH (PIKCOBaHY OpIEHTAIIIO JUIMOJIBHUX MOMEHTIB BUIIPOMIHIOBAYiB — BIJAIMOBIIHO,

HaNpy>KEHICTh EJIEKTPUYHOTO MO E”OX, TaKk caMo TOJspu3alis P, I'yCTHHa CTpyMy

nosspusanii | ||OX , & THAYKIIisI MAarHITHOTO TIOJISt B||Oy . Bci xapaktepucTuky mosis 3aj1earhb

nume Bix z (um z i Z') i cucrema piBHAHL €BOJIONIi HaOyBae OCSHKHOrO BUIIAmy. Jlist
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MIOYaTKOBOTO €Taly MpOIeCy MOXKHAa BBa)KaTH EHEPril0 BUIIPOMIHIOBAYiB HE3MIHHOIO Ta
pO3MIISIAATH iX JIHIHHY TYCTHHY n(Z) Ta JIHIAHY TYCTHHY iX eHeprii & (Z) K (ikcoBaHi

napamerpu. Ioswauaemo E,(Z)=E, B, (z)=B, Ginapni dymuii (E,(z),E,(2'))=(EE)

TOIIO;, B3ATTA IOt 3BOAUMO 10 OOYMCIEHHSA ITOXIJHOI rot( B,(2)€, ) = —2—Béx ,
z

. = OB’ d(BB')
(By(z)ey,(rot(By(z))ex))—{B,—@Z,j:— & Toumo.

HaBezneMo cucreMy piBHSHB, KA Oy1€ OCHOBOIO ISl YUCENLHOIO JOCIiIKEHHS

ath_Ca_B_4_ﬂ-|(2), atBECG—E,
oz S oz
O(E'B) _O(EB) 4rx 4x
0,(EE")=—-c —C ——(IE"N—-—(EI"), 1
(EE) = S22 SEB) S 1y - X (e ®
0,(BB")=—c o(EB) +cC 9(BE") ) 0,(EB')=—c o(BB) +C O(EE) —4—”(IB’) .
0z oz’ 0z oz’ S

VY Hill yci cepeqHi 00YUCITIOITHCS B 2-MYy MOPSIKY Teopii 30ypeHb 3a B3aeMO/Iii, 11e T03BOJISIE
BUKOPHCTOBYBATH B SKOCTI NapaMeTpPiB CUCTEMH IIOBHE €JIEKTPUYHE MO0Je W OOMEKUTHCS
marepianbHuME piBHAHHAME s |. TlosBa S y 3HaMeHHUKY TOB’si3aHa 3 BUKOPHUCTaHHAM
JiHIAHOT TycTHHH cTpyMy. Y [2] mokaszaHo, mo Kopensamiai ¢yHkiii 3 |, ski Girypyots y
PIBHSHHSX, BUPAXXAIOTHCS GOPMYIIaMu (BiIpasy aJanTy€eMo AJIsl HAIloi CUCTEMH )

(EI? =(EI'"®)+S,(z-2',n(z)), (BIN® =(BI"®)+T,(z-7',n(z")). )
ToMy piBHSIHHS MalOTh IHTErpOAU(EPEHLIIaTbHUN XapaKTep, HAPUKJIIA], OCTAHHE B CUCTEMI:
0,(EB") =—-c (BB +C o(EET) _
oz oz’
—%J.dz”{a(z -7",¢)(E'B)-cé(z-17",¢)) 8(88 :3 )} —%Te(z -7',n(2)). (3)
/A

Interpanim OepyThCsi 3a JOBKHMHOK 3pa3ka. & =g&(z) HeoOximHI Ui MPOCTOPOBOTO

MO/IETIOBAaHHS MTPOLIECY IPOBIIHICTh 0 1 MArHITHA CIPUMHSATIUBICTD ¢ Y 3aJI€KHOCTI B1Jl PI3HULI
KOOpJMHAT 3HaiiIeHl Ha po3BUTOK JociimkeHHs [3]. Takoxk BiIOMi BUpa3H A7 PIBHOBKHUX

KOpEJISLii Se(Z— Z',n(z") i Te(Z —7',n(2") . Monaneumit ananis BuMarae 3amaHHs KpaioBUX

yMmoB. Ha nouaTky nporecy BBaxxaeMo KOpeJsLii BiACYTHIMH, a TOJIe — XBUJICIO 3 JOBKHUHOIO,
10 BiAMOBiae poOodii YacToTi, 3 HyIAMHU Ha KiHISX. HynboBl 3HaueHHS MNapaMeTpiB
CKOPOYEHOT'0 OMKMCY Ha KIHISIX BapTO 30€perTH, 3BaXKaloud Ha BUKOPHCTAHHS y BUBEICHHI
CITIBBITHOIIICHB I HEOOMEKEHOTO CEPETOBHIIIA.

[1] Lyagushyn S.F., Sokolovsky A.l. Kinetics of system of emitters and nonequilibrium
electromagnetic field. Physics of Particles and Nuclei. Vol. 41, Issue 7. (2010). P. 1035-1038.

[2] Lyagushyn S.F., Sokolovsky A.l., Sokolovsky S.A. Kinetics of electromagnetic field in
nonequilibrium medium. Journal of Physics and Electronics. Vol. 27(2) (2019). P. 17-28.

[3] Lyagushyn S. Correlation Picture in Dicke Superradiance. Il International Advanced Study
Conference “Condensed Matter and Low Temperature Physics 2021” (CM & LTP 2021).
Conference Program and Book of Abstracts. (6-12 June 2021, Kharkiv). Kharkiv: FOP
Brovin O.V. (2021). — P. 86.
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SIMULATION OF CORRELATION DEVELOPMENT
IN DICKE SUPERRADIANCE PROCESS
IN ONE-DIMENSIONAL CRYSTAL

S. Lyagushyn
Oles Honchar Dnipro National University
lyagush.new@gmail.com

The reduced description method allows constructing the theory of field correlation
development in the Dicke model. The resulting set of equations proves to be very complicated
for solving, but modern numerical techniques open the way to the spatial picture of binary
correlations. Nevertheless, some simplifications are necessary for this cumbersome problem: a
special shape of the generating system, the fixed orientation of the dipole moments and the
wave vectors. For this case, the set of integrodifferential evolution equations is obtained and
material coefficients are calculated. Initial and boundary conditions are discussed.

JIIOMIHECHEHTHI BJACTUBOCTI MATPUYHHUX
HAHOKOMIIO3UTIB HA OCHOBI CUHTETUYHHUX
OITAJIIB

0. Orienko, B. Moiceenko, M. [leprauos

Hninpoecoxuti nayionanvnuu ynieepcumem imeni Oneca I onuapa
kombi21251@outlook.com

Pob6oTta mpucBsiyeHa AOCHIIKEHHIO BIUIMBY KPHUCTAJIIYHOTO OTOYEHHS Ta (POTOHHO-
KpUCTATIUHUX €(EKTiB Ha CIEKTPH JIIOMIHECHEHI] JIIOMIHECIEHTHUX LEHTPIB B IoOpax
HAaHOKOMIIO3UTIB Ha OCHOBI CUHTETUYHUX onajiB. [lopu CHHTETHYHMX OMajiB 3all0BHIOBAJIUCS
BogHUM po3unHoM comi eBpomiit (Ill) ameraty (CeHoEUOsxH20) Ta po3umHamMu OKCHAIB
pinko3emenpauX eneMeHTiB (EU203, Dy203) y mapebkiit ropini. 30ymKeHHS JIFOMIHECIICHITIT
3MIHCHIOBAJIOCS Y TeoMeTpii «Ha BiIOWTTs» Bin miomuHu (111) 3pa3ka HAaHOKOMIIO3UTY
BUIIPOMIHIOBAaHHSM HAMIBIPOBITHUKOBOTO Ja3epa 3 Aex = 405 HM. OTpuMmaHi crekTpu
JIOMIHECUEHIIT MpOJEMOHCTPYBAJIM BHCOKOIHTEHCHBHI pajialliiHi Mepexoau A 10HIB
€BPOITIIO: 5Do—Fo, °Do—F1, °Do—'F2 Ta MeHIII iHTeHCHBHI TePEX0/IU JUTsl 10HIB TUCIIPO3it0:
*Dop—5Hizp, *Dep—C®Hi1p.  CriekTpaibHMit  pO3MOAIT  IHTEHCHMBHOCTI B CIEKTpax
JIOMIHECUEHIIT BUXIAHMX CIHOJYK Ta JIIOMIHECIEHTHHX LEHTPIB B MOpax OMaixy CyTTEBO
BIJIPI3HSBCS: B CIIEKTpax CIHOJYK B IOpax ONally CIOCTepiranach KOHTHHYyalli3allis OKpEeMHUX
M0JIOC B CIIEKTPax 1 301IbIIEHHS 1X IHTErpajibHOT IHTEHCUBHOCTI y BUNIAAKY MOMAJaHHS MOJI0CH
Ha Kpaii cton-30Hu omnany. [Ipu HarpiBanHi 3pa3kiB BimOyBanacs neriaparaiist espomiid (111)
arieraTty Ta MONANBIINK po3KiIax 1Mo okcuay epomito mpu 1=1273K. OpHak, crekTp
mominecueHnii Eu,O3 Bumipsuuit npu posknaai espomiit (l1l) ameraty y mopax omanoBoi
MaTpHIll CYTTEBO BIAPIZHABCA BIiJl CIIEKTPY OKCHAY €BPOIIIO, CHHTE30BAHOTO 13 COJIi Ha
migknaani. Jus  goCHimKeHHs BIUIMBY HAHOKPUCTAJIIYHOTO OTOYEHHS Ha  CIEKTPU
JIOMIHECIIEHITIT Pi1KO3eMENbHUX 10HIB B TIOPU OMNANy JOJATKOBO BBOJWJIUCS I1€JIEKTPUKH
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PO3IJIaBHUM METOJOM. Bysu BUTOTOBJICHI HaHOKOMIO3UTH omnan-Bi1oSiO2o, oman-BixTeOs,
omain-NaBi(Mo00s), ta oman-TeOz Ta BHMIpsAHI CIEKTPH IX BJIACHOI JIFOMIiHECIIEHIIII.
BcTaHOBNIEHO 3HAYHE MOCHIIEHHS iHTErpaIbHOI IHTEHCHBHOCTI JIFOMiHeCHeHIii B ionis EU* y
nopax HaHOKOMITO3uTy onan-Bi12SiO2o, 1110 00yMOBICHO CIIBaKTHBALIIEO JIFOMIHECIICHIIIT 3a
paxyHoK ioniB Bi",

LUMINESCENT PROPERTIES OF MATRIX
NANOCOMPOSITES BASED ON SYNTHETIC OPALS

O. Ohiienko, V. Moiseenko, M. Dergachev
Oles Honchar Dnipro National University
kombi21251@outlook.com

The work is devoted to the study of the influence of the crystal environment and
photonic-crystal effects on the luminescence spectra of luminescent centers in the pores of
nanocomposites based on synthetic opals. It was found that the spectral intensity distribution in
the luminescence spectra of the starting compounds and luminescent centers in the opal pores
differed significantly: in the spectra of compounds in the opal pores there was continualization
of individual bands in the spectra and an increase in their integral intensity. To study the effect
of the nanocrystalline environment on the luminescence spectra of rare earth ions in the opal
pores, dielectrics by the melt method were additionally introduced. Opal-Bi12SiO2, opal-
Bi>TeOs, opal-NaBi(MoO4). and opal-TeO2 nanocomposites were made and their own
luminescence spectra were measured. A significant increase in the integral luminescence
intensity of Eu®* ions in the pores of the opal-Bi12SiO20 nanocomposite was found, which is due
to the co-activation of luminescence due to Bi®* ions.

MOJEJIOBAHHS TOUKOBUX JE®EKTIB Y KPUCTAJIAX
2-2'-TIAPOKCUPEHLT)BEH30TIA300Y

€. CeroB
J[Hinposcokuii nayionanehuil yHieepcumem imeni Onecs [ onuapa
setov2003@yahoo.com

2-(2'-rigpoxcudenin)oensoriazon (HBT) (puc. 1) — me opraHiyHa CHojyka, ska
JIEMOHCTPY€E PEaKIil0 BHYTPIIIHLOMOJEKYJSIpHOTO oTonepenecenHs mnpotona. HBT
JOCIIJKYIOTh MPOTATOM Bke OM3bko 50 pOKIB SK MOJENbHY CIOJYKY JUIsl BUBYEHHS Ili€l
doroximiunoi peakuii. HBT po3rnsgaroTe Takoxk K MEPCHEKTHUBHY PEYOBHHY JUIS
3aCTOCYBaHHS B ONITOEJIEKTPOHILll, 30KpeMa JJIsi CTBOPEHHSI aKTUBHUX CEPEIOBUILL JUIs JTa3epHOT
reHepailii. B ocHoBHOMYy eHepreTH4HOMY CTaH1 HaO1IbIII CTAOLTFHOIO CTPYKTYPOIO € €HOJIbHA
3 BHYTPIIIHBOMOJIEKYJIIpHUM BoJHEeBMM 3B’si3koM OH...N. Inmi moxiauBi koHpopmarii
MOJIEKYJIH, YTBOPEHI OOepTaHHSIM OEH30Tia30JIbHOTO 1 (PEHOTBLHOTO (pParMeHTiB, a TaKOX
3B’13ky OH, neMOHCTpYIOoTh OiNbILIy €HEprito, JOCTATHIO I JyXKe HHU3bKOI PIBHOBa)KHOI
KOHIICHTpaIlli HaBiTh MPH KIMHATHIA TemriepaTypi. Y 30yIKEHOMY CTaHI KETO-CTPYKTypa 3
BostHEBUM 3B’s13koM O...HN € Hal6i1bI cTabiIbHOIO 1 B 130J1bOBaHIM MOJIEKYJIi BiJOYBa€ThCS
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BHYTpilIHE oOepTaHHs. BHyTpimHe 00epTaHHS B KETO-CTPYKTYpPi BBAXKA€THCSI OCHOBHHUM
HUIAIXOM O€3BUIIPOMIHIOBAILHOTO MEPEXOy A0 OCHOBHOIO CTaHy, IO 3HIKYE KBAaHTOBUI
BUX1J1 TroMiHecHeHIii. B ekcriepumenTtax Ha mikpokpucraitax HBT sk nazepHoMy cepenoBuIi
3 ONTUYHOIO HAKAYKOI TOCUJICHE BUIIPOMIHIOBAHHS CIIOCTEPIra€Thcs Ha JIBOX JOBKHMHAX
XBWJIb, 1[0 OYJIO iHTEPHPETOBAHO K MPHCYTHICTh IUIOCKHX Ta YaCTKOBO CKPYYEHUX KETO-
crpykryp [1].

HBT yTBOproe MONEKYISIpHUA KpHUCTald, B SIKOMY MDKMOJIEKYJISIpHA B3a€MOJis €
Habararo ciabIIow HiXK BHYTPIITHbOMOJIEKY/IsipHa [2]. HailOiIbIn mommpeHuMu TOYKOBUMH
nedekTaMy B MOJICKYJIIPHUX KPUCTAllaX € BaKaHCIi Ta HEMpaBWJIbHA OPIEHTAIliSI MOJICKYJ YU
ixHiX (parMeHTiB. SIKIO KpUCTalTiYHA yMakKOBKA € TaKOK, IO C€HEpris MOJEKyJ, fKi €
OpIEHTOBAaHMMH B KPHCTATIYHIN PelIiTi pi3HUM YUHOM 200 MalOTh (parMeHTH, OPiEHTOBAHI
PI3HUM YHHOM, BIJIPI3HSAETHCS Majo, TO MOXJIMBO BHHUKHEHHS CTaTUYHOrOo abo HaBiTh
JUHAMIYHOTO PO3YMOPSAIKYBaHHS KPUCTAIIYHOI CTPYKTYpH[3].

H-O
N
TN
#8

Puc. 1. EHoibHa dopma Mosiekyau 2-(2'-rinpokcudenin)densoriasony
i3 BHYTPIlIHBOMOJIEKYJISIDHMM BOJAHEBHM 3B’ I3KOM.

Enepris pisHuX cTpyKTyp Oyia po3paxoBaHa /sl i30JIbOBAaHUX MOJIEKYJ, KIacTepiB Ta
nepioguuHux cTpyktyp HBT meTonamu Teopii QpyHKIIOHATY T'yCTUHU B HAOIUKEHHI CHIIBHOTO
3B’SI3KY 3 €MITIpUYHOI0 KOpekiliero B3aemonii Ban nep Baambca. [lokazano, 1mo HaiOLIbIn
CTiIKOI0 KOH(OpMaIIi€l0 130Jb0BaHOI MOJIEKYJIH € IJIOCKA CTPYKTYpa 3 BOJHEBUM 3B’S3KOM
OH...N. [nmi xoHdopmarii MalOTh 3HAUYHO OUIBIIY €HEPril0 B IMOPIBHSIHHI 3 CEPEeIHbOT
TEIUIOBOIO €HEPri€lo MPHU KIMHATHOI TEMIIEpaTypH, 1110 03HAYAE HU3bKY PIBHOBAXXHY KUIbKICTh
UX CTPYKTYp y HENOJSIPHUX PO3YMHHHUKAX. Y KpHUCTall JePeKT 3 HAlMEHILIOK EHEprielo,
00yMOBIIEHUH OpieHTalli€l0 MosleKyIu abo ii pparmeHTa — 1ie KoH(opmariis 6e3 BOJHEBOIO
3B’513Ky, yTBOpeHa oOepranHsaM 3B’s3ky OH. Enepris mporo gedextry Onm3bka a0 pi3HUIN
€Hepriil Ay BIANOBIAHUX KOHGopMalii i30b0BaHOT MosieKynd. Jist iHmuMX KoHpopMarii
3HaueHHs eHeprii JAedekTiB OuIblIl, HDK PI3HUII €Heprid ais 130JboBaHUX Moiiekyn. Ha
BiMiHy Bifg kpucrana 2-(2'-rigpokcudenin)oeH3okcasony, eHepris AedeKTy, 3yMOBICHa
MEPEOPIEHTALIIEI0 YCIET MOJIEKYJIIH, € TIOPIBHSAHOIO 3 €HEPri€lo Je(eKTIB, BUKIMKAHUX PI3HUMU
KOH(pOpMaLiIMU.

Jlisg MonentoBaHHSI BakaHCId y MoJekynspHoMmy Kpuctaini HBT pospaxynku Oynu
OpOBEAEH! s MEepiOAMYHUX MOJAEIBHUX CTPYKTYp, LIO BIANOBIAAIOTH PO3TAIIyBaHHIO
MOJIEKYJ1 y KpHCTalmiuyHii pemnitui. Po3paXxyHKH NOKa3yrTh, L0 BiJCYTHICTb MOJEKYJIU
NPU3BOAUTH /0 BIAXWICHb JBOTPAaHHMX KYyTIB MDK O€H30TIa30IbHUM Ta (EHOJIBHUM
¢dparMeHTamMH B MOJIEKyJlax MOOJIM3Y BaKaHCIi BiJl 3Ha4€Hb JBOIPAHHUX KyTIB Yy MOJIEKYJIaX y
pEeniTIN, BiijajeHuX BiJ BakaHCii. BusiBieHo, mo BakaHcis 3a0e3nedye JOCTaTHBO MICIIS IS
HETIOCKUX KOH(opMaIliii MoJIeKyJIi B OCHOBHOMY CTaHi.

[1] Zhang W., YanY., Gul., YaolJ., ZhaoY.S. Low-Threshold Wavelength-Switchable
Organic Nanowire Lasers Based on Excited-State Intramolecular Proton Transfer. Angew.
Chem. Int. Ed. Vol. 54. (2015). P. 7125-7129.

[2] Jia A.-Q., Jin G.-X. Syntheses, characterization, and ethylene polymerization of titanium
and zirconium complexes with [N, O] ligands. Dalton Trans. (2009). P. 8838-8845. CCDC
727487: Experimental Crystal Structure Determination. (2010). DOI: 10.5517/ccsfObj.
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[3] Zhizhin G.N., Mukhtarov E. Optical Spectra and Lattice Dynamics of Molecular Crystals.
Amsterdam, the Netherlands: Elsevier. (1995). 446 p.

MODELING OF POINT DEFECTS IN CRYSTALS OF
2-(2'-HYDROXIPHENYL)BENZOTHIAZOLE

Y. Syetov
Oles Honchar Dnipro National University
setov2003@yahoo.com

Energy of different structures was calculated for isolated molecules, clusters, and
periodic structures of 2-(2'-hydroxyphenyl)benzothiazole by the density functional-based tight-
binding methods with empirical correction of the Van der Waals interaction.

In a crystal, the defect with the lowest energy caused by the orientation of the molecule
or its fragment is a conformation without hydrogen bonding, formed by rotation of the OH
bond. The energy of this defect is close to the energy difference for the corresponding
conformations of the isolated molecule. For other conformations, the energy values of the
defects are greater than the energy differences for the isolated molecules. The absence of a
molecule leads to deviations of the dihedral angles between benzothiazole and phenolic
fragments in the molecules near the vacancy from the values of the dihedral angles in the
molecules that are distant from the vacancy. It was found that the vacancy provides enough
space for non-planar conformations of the molecule in the ground state.

THE HARTMAN EFFECT FOR NON-RELATIVISTIC
CHARGED PARTICLES IN A MAGNETIC FIELD

V. Yarlik, V. Skalozub
Oles Honchar Dnipro National University
paraparacels@gmail.com, skalozubvw@gmail.com

Issues related to the propagation of particle wave packets through potential barriers are
a relevant task of mesoscopic physics, particularly to describe the passage of various signals.
An important aspect is the determination of delay times for wave packets of different shapes.

To date, there are practically no studies in the literature on the tunneling of wave packets
through barriers with electromagnetic field.

We describe a motion of Gaussian wave packet constructed from solutions in Landau
gauge through a rectangular barrier. In particular, we have investigated a time delay for the
rectangular barrier in an external magnetic field. The tunneling at zero field has been
investigated in [1].

[1] Ivanov N.A. Time delay of wave packets during their tunneling through a quantum diode/
N.A. Ilvanov, V.V, Skalozub, Quantum Electronics, 2014, vol. 44(4), p. 387-391.

VI BeceykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(epeHIis
«IMIEPCIIEKTUBHI HAIIPSIMKHA CYYACHOI EJJEKTPOHIKH, IH®OOPMAIIMHUX I
KOMIT'FOTEPHUX CUCTEM» MEICS-2021
24-26 aucronana 2021 p., M. /Ininpo, Ykpaina



Cexuis V. ®I3UYHI SIBUIIIA B MATEPIAJIAX EJTEKTPOHHOI TEXHIKH TA 205
TEXHOJIOI'IA iX OTPUMAHHS

ADDITIONAL MECHANISM FOR ELECTRON-POSITRON
PAIRS GENERATION IN A DENSE MEDIUM WITH A
MAGNETIC FIELD AND NON-ZERO TEMPERATURE

E. Reznikov
Oles Honchar Dnipro National University
reznikovev1988@gmail.com

Observation of heavy-ion collisions exposed the insufficiency of the known
mechanisms for the generation of the background, electron-positron pairs in particular. The
luminosity of the plasma, measured in experiments, exceeds the theoretically calculated one. [1]

In a dense media violation of the Furry theorem occurs. Therefore, in the nuclear plasma,
new type phenomena have to have arisen. One of the prominent ones is the emergence of the
induced charge and the generation of the corresponding classical potential [2,3]. Also, the
polarization tensor in dense media has corrections to its form, which results, in particular, that
the process of the splitting of the single plasmon on electron-positron pair becomes permitted.
Furthermore, this effect completely changes the specter of the emitted particles. These are some
of the distinguishable signals of plasma formation. Moreover, the splitting of the plasmons,
produced by initial and induced charge, is one of the new mechanisms of the additional plasma
luminosity.

In the present talk these effects are described in details.

[1] Observation of direct-photon collective flow in sgrt(s_NN)=200 GeV Au+Au collisions A.
Adareet al. [PHENIX Collaboration], Phys. Rev.Lett.109, 122302 (2012) [arXiv:1105.4126
[nucl-ex]].

[2] E. Reznikov, V.V. Skalozub, Induced Charge in Dense Magnetized Fermionic Medium at
Finite Temperature Nonlinear Phenomena in Complex Systems, Vol.22, Ne 3, (2019), pp.
305-309.

[3] E. Reznikov, V.V. Skalozub Induced Charge and Electric Field in Dense Magnetized
Fermionic Medium at Finite Temperature, Journal of Physics and Electronics, Vol.27, Ne 2,
(2019), pp. 9-16.
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