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BunaBuuk — OfecbKuii HaioHAJIbHUI NoJiTexHiynuii yHiBepcuter (OHILY)

VY KypHai OPYKYIOTBCSI pe3yJbTaTH HayKOBUX JIOCHI/PKEHb, SIKI CTOCYIOTBCSI PO3POOKH CyYacHHX aBTOMAaTH30BaHUX
CNIEKTPOMEXaHIYHUX CHUCTEM, IPOEKTYBaHHS €JEKTPOMEXaHIYHUX MEepEeTBOPIOBAYiB Ta EIEKTPUYHUX amaparis,
MEXaTPOHIKHM, KOMII'IOTEDHHX CHUCTEM Ta iX KOMIIOHEHTIB, 1H()OpMalillHUX IHTENEKTyalbHUX CHCTEM, KOMII IOTEPHUX
MEpEeX, MOJICITIOBaHHS TUHAMIYHUX CUCTEM, a TAKOX 3aXMCTY 1H(pOpMAaIil B KOMIT FOTEPHUX CUCTEMaX.

XKypnan po3paxoBaHO Ha iH)KEHEpIB Ta HAYKOBHMX NPAIiBHUKIB, SKi 3aiMatOThCsl TOCHIPKCHHSIM, TIPOSKTYBaHHAM Ta
eKCIUTyaTaIli€l0 eIeKTPOTEXHIYHNX Ta KOMIT FOTEPHHX CHCTEM Ta iX KOMIIOHEHTIB, a TAKOK Ha BHKJIAJAYiB i CTYICHTIB
BHIIMX Ta CEPEeIHIX yI0OBUX 3aKJIa/iB BiIOBITHUX CIICI[IaIbHOCTEH.

JApykyeTrbes 3a pimennsiMm Buenoi pagu OHITY Bix 30. 11. 2020, mpotoxoJ Ne 4

T'onoenuit pedakmop Maescebkuii [I. A. (Onmecpknii Hall. TOJMITEXH. YH-T)
3acmynnuxu 2on106no020 peoakmopa. lanopun P. O., Bymep B. B. (Onecbkuii Hall. MOJITEXH. YH-T)
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[Ipod., x.1.H. [lepecana Cepriii, HarjionanpHuiA TeXHIYHMIA yHIBEpCcUTET YKpainu « KHIBChKUN NOTITEXHIYHUN
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Bionogioanwnuii cekpemap I'opoxonuHcbka I'. M. (Onecbkuii Hall. IOJMITEXH. YH-T)

XKypunan Bkiaroueno no Ilepeniky HaykoBux ¢(axoBux Bumanb Ykpainu (Kareropis "B"), B sSKMX MOXYTb
nyOJIiKyBaTHCsl pe3ybTaTH JUCEPTALlifHUX POOIT Ha 3J00yTTS HAyKOBUX CTYIEHIB JIOKTOpa HayK Ta Jokropa (dizocodil
(Haka3z MOH VYxpaiau Big 26.11.2020, Ne 1471) 3a crieriansHOCTsiME: 113 - [Mpuknamna maremaTnka, 122 - KoM’ rotepHi
HayKH Ta iHpopManiiHi TexHouorii, 123 - Komm’torepHa imkenepis, 124 - Cucremnunit ananis, 125 — Kibep6esneka, 126 -
Indopmaniiini cucremu Ta TexHomorii, 141 - EnexkrpoeHepreTmka, eJEKTpPOTEXHiKa Ta eJleKTpoMexadika, 151 -
ABTOMaTu3alis Ta KOMIT IOTepPHO-IHTETPOBaHI TEXHOJIOTI].

CratTi XKypHaly iHICKCYIOThCS B MixHapomHux 0Oasax manux: Index Copernicus International, Ulrich's Periodicals
Directory, Electronic Journals Library, Google Scholar, Research Bib, a takox B HanionasnpHii 6i6mioteni Ykpainu iMeHi
B. U. Bepnancekoro.

[IpuiiMaroThCsl PYKOMIMCH, MiATOTOBICHI YKPaiHCBKOIO, aHTIIHCBKOI0 abo pocilichkor0 MOBOI0. Pykommcu crareit
MIPOXOJIATH TIOJIBilHE CITine perieH3yBaHHs. [lepioIuIHICTh BUXOTY )KypHAIy — TPHU pas3H Ha piK.

Anpeca penakiiiiHoi konerii: Ykpaina, 65044, m. Oneca, nip. [llepuenka,] Onecbkuii HAI[IOHANBHUH MO TEXHITHUH
YHIBEPCHUTET.

Tea.: +38(048) 703-84-54, +38(093) 540-38-41, +38(099) 797-23-11
E-mail: eltecs @opu.ua
Caiir: http://eltecs.opu.ua/index.php/journal

ISSN 2221-3805 (Print)
ISSN 2221-3937 (on Line)



Ministry of Education and Science of Ukraine

Odessa National Polytechnic University

ELECTROTECHNIC AND
COMPUTER SYSTEMS

« Electrotechnics systems
« Information Science and Computer Engineering
« System Engineering

« Innovations

SCIENTIFIC AND TECHNICAL JOURNAL

FOUNDED IN 1965

No. 32 (108)

Astroprint
2020



UDC 004.231.2

Publisher — Odessa National Polytechnic University (ONPU)

The journal publishes the results of scientific research concerning the development of modern automated
electromechanical systems, the design of electromechanical converters and electrical apparatus, mechatronics, computer
systems and their components, information intelligence systems, computer networks, modeling of dynamic systems, as well
as information security in computer systems. The journal reflects mathematic modeling and optimization of electrotechnical
and electromechanics systems, ways of electric drives control allowing to saving energy, modern systems of power supply.
Besides that, the materials about automatic control systems and systems of artificial intelligence are published in the journal.

The journal is designed for engineers and scientists that take part in researches, designing and exploitation of
electrotechnical and computer systems and their components, and also for corresponding specialty teachers and students of
high school.

The journal is printed according to the decision of the scientific council of ONPU from 30. 11. 2020, No. 4

Editor-in-chief Maevsky D. A. (Odessa National Polytechnic University)
Deputy Editor-in-chief Busher V. V., Shaporin R. O. (Odessa National Polytechnic University)

Editorial Board
Prof., DrS Atamanyuk Igor, Mykolayiv National Agrarian University, Ukraine
Prof., Dr Bardis Nikolaos, Hellenic Military Academy, Athens, Greece
Prof., DrS Drozd Oleksandr, Odessa National Polytechnic University, Ukraine
Prof., DrS Kharchenko Vyacheslav, National Aerospace University named after N.E. Zhukovsky “Kharkiv
Aviation Institute”, Ukraine
PhD Kysylevska Alona, Odessa National Polytechnic University, Ukraine
Prof., DrS Malyar Vasyl, Lviv Polytechnic National University, Ukraine
Prof., DrS Oborskyi Hennadii, Odessa National Polytechnic University, Ukraine
Prof., DrS Orlowski Arkadiusz, Warsaw University of Life Sciences, Poland
Prof., DrS Peresada Sergei, National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”, Ukraine
Prof., DrS Petrushyn Viktor, Odessa National Polytechnic University, Ukraine
Prof., Dr Phillips Chris, Newcastle University, United Kingdom
Prof., DrS Prokopovych Ihor, Odessa National Polytechnic University, Ukraine
Prof., PhD Rafajlovski Goran, University of applied science Berlin, Germany
Prof., DrS Romansky Radi, Technical University of Sofia, Bulgaria
Prof., DrS Sachenko Anatoly, Ternopil National Economic University
Prof., DrS Sytnikov Valeriy, Odessa National Polytechnic University, Ukraine
Prof., DrS Vodichev Volodymyr, Odessa National Polytechnic University, Ukraine
Prof., DrS Vostrov Georgy, Odessa National Polytechnic University, Ukraine
Prof., DrS Woo Wai Lok, Northumbria University, United Kingdom
Prof., Dr Zaitseva Elena, Zilina University, Slovakia

Executive secretary Horokholynska H. M. (Odessa National Polytechnic University)

The Journal is included in the list of specialized scientific publications, which can be published results of theses for
the degree of doctor and candidate of technical sciences (Order of the Ministry of Education and Science of Ukraine dated
26.11.20, No. 1471) in the following specialties: 113 — Applied Mathematics, 122 — Computer Science and Information
Technology, 123 — Computer Engineering, 124 — System Analysis, 125 — Cybersecurity, 126 — Information systems and
technologies, 141 — Electricity, electrotechnic and electromechanics, 151 — Automation and computer-integrated
technologies.

Journal articles are indexed in international databases: Index Copernicus International, Ulrich's Periodicals Directory,
Electronic Journals Library, Google Scholar, Research Bib, and in National Library of Ukraine named after VVernadsky.

Manuscripts can be prepared in Ukrainian, English or Russian. Manuscripts are double-blind reviewing. Frequency of
the magazine issue is three times a year.

Editorial board address: Odessa National Polytechnic University, Shevchenko Avenue, 1, Odessa, 65044, Ukraine

Phone: +38(048) 703-84-54, +38(093) 540-38-41, +38(099) 797-23-11
E-mail: eltecs@opu.ua
Web-site: http://eltecs.opu.ua/index.php/journal

ISSN 2221-3805 (print)
ISSN 2221-3937 (on line)



MuHucTepcTBO 00pa3oBaHus U HAYKU Y KpauHbI
Onecckuil HALMOHAIBHBIN MMOJIUTEXHUYECKUN YHUBEPCUTET

DJIEKTPOTEXHUYECKHUE U
KOMIIBIOTEPHBIE CUCTEMBbBI

* DJIEKTPOTEXHUYECKUE CUCTEMbI
* UndopManMOHHASA U BLIYMCIUTEIbHASA TEXHUKA
« CucreMHasi MHAKeHePUS

« UuHOoBanun

HAVUYHO-TEXHUYECKUI XXYPHAJI

OCHOBAH B 1965 oy

Ne 32 (108)

ACTpOIIPUHT
2020



VK 004.231.2

HU3znpareas - Ofecckuii HAMOHANBLHBIN MoJUTeXHUYecKuil yuupepcuretr (OHITY)

B >xypHaie ne4aTaloTcs pe3yJibTaThl HAyYHBIX UCCIICIOBAHMI, KACAFOIINXCS Pa3pabOTKU COBPEMEHHBIX
ABTOMATU3MPOBAHHBIX ICKTPOMEXAaHUYECKUX CHCTEM, TPOSKTHUPOBAHUSI DIICKTPOMEXaHHYECKUX ITpeoOpazoBaTeneii n
JNIEKTPUYCSCKUX aIapaToB, MEXaTPOHUKH, KOMITBIOTEPHBIX CUCTEM M MX KOMIIOHEHTOB, HH()OPMAaIIMOHHBIX
MHTEJUIEKTYaJIbHBIX CHCTEM, KOMIBIOTEPHBIX CETei, MOeTMPOBaHIE TMHAMHYECKHX CHCTEM, a TAKXKE 3alUThI
UH(OPMALUK B KOMITBIOTEPHBIX CHCTEMaX.

XKypHax paccunTaH Ha MH)KEHEPOB U HAYYHBIX PaOOTHUKOB, 3aHUMAIOIIMXCS HCCIIEA0BAaHHEM, TPOCKTHPOBAHHEM
M 9KCIUTyaTaIieil SMEeKTPOTEXHUIECKUX i KOMIIBIOTEPHBIX CHCTEM M MX KOMIIOHEHTOB, a TAKXKE Ha MpernoaaBaresiei 1
CTYJCHTOB BBICILIHX U CPEAHUX yICOHBIX 3aBEACHHI COOTBETCTBYIOIINX CHICHIHATbHOCTEH

IMeuaraercs no pemennio Yuenoro cosera OHITY ot 30. 11. 2020, mportokoa Ne 4
I'nasnwtii peoaxmop Maesckuii /1. A. (Onecckuii Hall. TOTUTEXH. YH-T)
3amecmumenu znaenozo pedakmopa: Ulanopun P. O., Bymep B. B. (Oxecckuii Hall. MOMUTEXH. YH-T)
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Omeemcmeennwtii cekpemaps I'opoxonunckas A.H. (Oxecckuii Hall. HOJUTEXH. YH-T)

JKypnan BkmoueH B [lepedeHp HaydHBIX MPOGECCHOHANBHBIX M3IAHHMA, B KOTOPBIX MOTYT OBITH OIYOJIHUKOBAaHEI
pe3yIbTAaTHl AUCCEPTAIIMOHHBIX pabOT Ha COWCKAHWE YUYEHBIX CTETCHEH JOKTOpa W KaHIUAaTa TEXHHYECKHX HayK
(ITpukaz MOH Vkpaunsr Ne 1471 or 26.11.20) mo cneuuansaoctsimu: 113 — TlpuknanHas maremaruka, 122 -
Komrptorepasle Haykn M MH(OpManMoHHbIe TexHojornu, 123 — KommblotepHas umxeHepus, 124 — CuctemHBIH
ananmu3, 125 — Kubep6e3onacHocTs, 126 — MHpOpMamoHHBIE CHCTEMBI B TexXHOJOrud, 141 — DIeKTpo3HEepreTHKa,
AJIEKTPOTEXHUKA U dNIeKTpoMexaHuka, 151 — ABToMaTu3anus u KOMIbIOTEPHO-UHTETPUPOBAHHBIE TEXHOJIOTHH.

CraTpy XypHaja WHACKCHPYIOTCS B MEXIyHapoAHbIX 0a3ax maHHbIX: Index Copernicus International, Ulrich's
Periodicals Directory, Electronic Journals Library, Google Scholar, Research Bib, a Takxe B HamuonanpHOI
oubnmoreke Ykpaunsl umeHu B. V. Bepuajackoro.

IIpuHUMArOTCS PYKOITUCH, TOATOTOBJICHHBIC HA YKPAWHCKOM, aHTJIMICKOM HIIM PYCCKOM sI3bIKe. Pykomucu craTtei
MIPOXOJIAT ABOIHOE CJENoe pereH3upoBanue. [lepuoqnyHOCTh BRIX0IA )KypHAJIA - TPH Pa3a B TOJ.

Anpec penaknuoHHOU KoJuterun: Y kpanHa, 65044, r.. Oxecca, np. llleBuenko, 1
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