MIHICTEPCTBO OCBITH I HAYKH YKPAIHH
KpeMeHuyubKk#ii HAIOHAJbHUN YHIBEPCUTET
imeni Muxaisia OcTporpajacbKkoro

BICHUK

KpeMeHYUylbKOI0 HAIIOHAJIBLHOT0 YHIBEPCUTETY
imeni Muxaiaa OCcTporpaacbKoro

Bunyck 1/2021 (126)

IIpodeciiina ocsiTa
Exonomika

MeHeaxkmMeHT

ExoJioris

Komm’roTepHi Hayku
IIpuknaaHa MexaHika
Marepiaio3HaBCTBO
I'amy3eBe MamIMHOOYyyBaHHA
EneKTpoeHeQreTnKa,
eJIEKTPOTEeXHIiKa

Ta eJIEKTPOMEXaHiKa

EnexTponika

Kpemenuyk — 2021



BICHUK KPEMEHUYYIIBKOI'O HAIIOHAJIBHOI'O YHIBEPCUTETY
IMEHI MUXAWJIA OCTPOI'PAJICBKOI'O
Kpemenuyk: KpHY, 2021. Bunyck 1 (126). 114 c.

PEJAKIIIHA KOJIETISI

015 IIpodeciiina ocBita
becnaprouna O.1., k. nen. H., go11., YKpaiHa
Emmepoga [urpin, 1. ¢in., npod., CnoBayunna
3aripask M.B., n. T. H., ipod., Ykpaina
Ocamua K.I1., k. mren. H., go1., Ykpaina
Ocanuwmii B.B., 1. nex. H., mpod., Ykpaina
[TaBrrenko O.0., n. mex. H., mpod., YKpaina
[Tosicox T.b., n. mex. H., pod., Ykpaina
[powkin B.B., a. nexn. H., mpod., Ykpaina

051 Exonomika
I'pumxo H.€., k. e. H., g0o11., YKpaiHa
Hpyxunina B.B., x. e. H., no11., Ykpaina
Hymex Ipxwu, n. ¢in., mom., Yexis
Kacuu A.O., 1. e. H., mpod., Ykpaina
Macnaxk O.1., 1. e. H., npod., Ykpaina
IToutoBiok A.b., 1. e. H., ipod., YKpaiHa
Tpynina LM., 1. e. 1., ipo¢., Ykpaina
Xospak I.B., 1. e. H., no11., YkpaiHa

073 MeHex:KMeHT
I'masynoBa O.0., k. €. H., CT. BUKJ., YKpaiHa
3aripask .M., 1. e. 1., no1., Ykpaina
Kapau Crenan, 1. din., acuc., Yexis
Kacuu A.O., 1. e. H., ipod., YkpaiHa
Kpusonoc K.O., k. e. H., 1011., YKpaina
Macnak O.L, n. e. H., npod., Ykpaina
[Mourorrok A.b., 1. e. H., ipod., YkpaiHa
[paxina K.A., k. e. H., 1011., YKpaiHa
Petin I'eBin, 1. ¢in., npod., llotnanmis
Cymenko O.A., 1. e. H., ipod., Ykpaina
Tpynina LM., a. e. H., npod., Ykpaina

101 Exouorisa
Bam6oss C.O., 1. T. H., ipod., YKpaina
HmutpukoB B.IL., 1. T. H., ipod., Ykpaina
Mansnesa LLA., a. 6ion. H., mpod., Ykpaina
Hukudopos B.B., 1. 6iomn. H., mpod., Ykpaina
[Tacenko A.B., . T. H., g011., YKpaiHa
Camemosa Jlormapa, 1. ¢in., mpod., CioBauunna
Xapnamona O.B., n. T. H, go1u., YKpaiHa
mannit B.M., 1. T. 1., npod., Ykpaina

122 Komm’oTepHi Haykn
I'yaenko M.L, n. T. H., ipod., Ykpaina
Kogans C.C., k. T. H., 1011., YKpaiHa
JlutBurenko B.L., a. T. H., mpod., Ykpaina
Mupropon B.M., . T. H., ipod., Ykpaina
Oxkcannu LT, k. T. H., T011., YKpaiHa
Cunmopenko B.M., k. T. H., go1., YKpaina
Cnasko O.I'., k. T. H., 71011., YKpaiHa
XaitpoBa H.®., 1. 1. H., pod., Ykpaina
Yeiika Ipoxu, a. ¢in., gou., Yexis
[lesuenxo 1.B., A. T. H., K011., YKpaiHa

131 [MpukaagHa MexaHika
Bopo6iios B.B., 1. T. H., pod., Ykpaina
Bopo6iiosa JI. /., k. T. H., 1011., YKpaiHa
Lmiac Hukomnac, n. ¢in., mpod., PymyHis
Imenxo K.C., k. T. H., ipod., YKpaina
Kpatkorcekuii LI, 1. 1. H., pod., Ykpaina
Kypiaanit B.I1., 1. 1. 5., ipod., Ykpaina
®pomor O.0., 1. T. H., pod., Ykpaina
Metinin B.T., 1. T. H., npod., YkpaiHa

132 Marepiaji03HaBCTBO
Hparo6enpkuit B.B., 1. 1. 1., ipod., Ykpaina
Moposz M.M., a. T. H., ipod., YKpaina
[Ipaynceiic 3apaBko, 1. ¢in., qou., CioBeHis
IIy3up P.I'., a. T. H., gou., YKpaiHa
Canenko O.®., 1. 1. H., pod., YKpaiHa
CumonoBa A.A., K. T. H., 1011., YKpaina
[Tanoan O.0., K. T. H., J0L., YKpaiHa

133 I'any3eBe MamMHOOYyIyBaHHSA
Bbarcaiixan Xanap, k. T. H., 1011., MOHTOMis
€mennsHOBa LA, 1. T. H., Ipod., YKpaiHa
Macnos O.I'., a. T. H., ipod., Ykpaina
Hazapenko LI, a. T. 1., npod., Ykpaina
Haywmenko 10.B., 1. T. H., npod., Ykpaina
Hecrepenko MLIL., 1. 1. H., ipod., Ykpaina
Cagenos /I.B., k. T. H., 1011., YKpaiHa
Canenxo 10.C., 1. T. H., pod., Ykpaina

141 EnexkTpoeHepreTuka, eJ1eKTPOTeXHiKa
Ta eJIeKTPOMeXaHiKka
3aripusk M.B., 1. 1. 1., pod., Ykpaina
Kaninor AL, k. T. H., f1011., YKpaiHa
Kopenskosa T.B., k. T. H., A0oL., YKpaiHa
Minssens [Jam’saH, a. H., mpod., CiioBeHis
IIpyc B.B., k. T. H., n1o1., YKpaiHa
Pombkin JIYL., 1. T. 1., mpod., Yipaina
Cinuyk O.M., 1. T. H., ipod., Ykpaina
Yopuuii O.I1., a. 1. H., ipod., Ykpaina
[tym6eprep bosiu, 1. di., npod., CroseHis

171 EnexTponika
€poxos B.IO., 1. 1. H., pod., Ykpaina
Kimroit MLL., 1. di3.-mar. H., ipod., Kurait
Kpurceka T.B., 1. T. H., mpod., Ykpaina
Jloziucekwuit B.b. k. T. H., go11., Ykpaina
Oxkcannu A.IL, 1. T. H., ipod., YKpaina
[putuun C.E., 1. T. H., npod., Ykpaina
Crponcekuit O.B., 1. ¢-m. H., ipod., Ykpaina
Xpinko C.JI., 1. 1. H., ipod., Ykpaina



TonoBumii pemaxktop - M. B.3aripusak, nilficauii uneH (akagemik) HamioHameHOT akamgemii
MearoriyHuX HayK YKpaiHu, A.T.H., Ipod.

3acTynHHK rojioBHOro penakropa — B. B. Hukudgopos, 1.6.H., mpod.
BukonaBuuit penakrop — B. B. JlaTumesa, K.10.H., JOII.
HaykoBo-texniunmii pegakrop — L. E. IleeBa, k.T.H.
Binnosigansauii cexpetap — 0. C. bina (anrmiiicbka MoBa).

Haykosuii xypHan Bugaetbes 3 1996 poky. «Bicauk KpHY» BHeceno no rpymnu «by nepeniky HayKOBHX
(haxoBUX BHIaHb YKpaiHH, B SKHX MOXYTh ITyONIKyBaTHCS PE3ylbTaTH TUCEPTAMIMHUX pOOIT Ha 3M00yTTS
HAYKOBHX CTYIEHIB JIOKTOpa HayK i okTopa ¢inocodii (kanauaata Hayk) 3i cnemiansHocted: 015 Tlpodeciiina
ocsita, 051 Exonomika, 073 Menemxment, 101 Exomnoris, 122 Komn’rorepni Hayku, 131 [IpukiagHa mexaHika,
132 MarepianoznaBctBo, 133 Tamy3eBe mammuHOOymyBaHHs, 141 EnexTpoeHepreTwka, €IEKTPOTEXHiKa Ta
enekTpomexanika, 171 Enexrponika (Hakazu MOH VYkpainau Big 07.11.18 Ne 1218 i Big 18.12.18 Ne 1412).

Bunanns HaacumaeTbecs 0 TPOBITHMX HAYKOBUX 0i0mioTek YkpaiHu, a HOro eNeKTpOHHa Bepcis
30epiraerbest y HamionanmpHiit OiOmioteni Ykpainm imeni B.I. Beprancekoro. KypHam iHIEKCyeTbCs Y
3araibHO/IEP)KaBHIN 0a3l MaHuX «Vkpainika Haykosay (pedepaTWBHUN >XypHAN «/[ycepenoy), a TaKOXK Yy
MIXKHApOJAHUX HayKoMeTpudHUX Oazax nanux «Ulrich’s Web Global Serials Directory», «eLIBRARY», «Index
Copernicus», «Polish Scholarly Bibliography», «Infobase Index», «Inspec», «Open Academic Journals Indexy,
«Google Scholary i «Scientific Indexing Servicesy.

«Bicauk KpHY» Bunaerscs 3a pimeHasm Buenoi pagu KpemeHUybKOro HalliOHATBHOTO YHIBEPCUTETY
iMmeni Muxatina Octporpanckkoro (mpotokon Bif 26.01.2021 p. Ne 5). CigourBo npo JepkaBHY pEeECTpaIliro
IpyKOBaHHX 3ac00iB MacoBoi iHpopmariii cepii KB Ne 187717571 I1P Big 30.01.2012.

Kypnan myOmikye miclisi pelieH3yBaHHsS, pellaTyBaHHSI Ta MEPEBIPKM Ha OPUTIHAJBHICTH CTATTi, SIKi
MICTSTh pe3yJbTaTH AOCHIIKEHb 3 MUTaHb PO3BUTKY HAYKH, OCBITH i BHPOOHHIITBA, BIPOBAKEHHS HOBUX
pe3ynbTaTiB (yHIaMEHTATFHUX TOCIIIKEHB 1 MPUKIaTHIX PO3POOOK y TaKWUX Tainy3sx 3HAHb: OCBITa, COIliaJIbHI
Ta TOBEMIHKOBI HAayKH, YIPaBIiHHA Ta aJMIiHICTPYBaHHS, NPUPOIHWYI HAyKW, iH(QOpMAaIiiiHI TEXHOJOTII,
MeXaHi4Ha IHKEeHepis, eNeKTPOHIKa Ta TEIEKOMYHIKallii, eIeKTpPUYHA 1HKEHEPisl.

© Kpemenuyupkuii HallioHaNbHUH yHiIBepcuTeT iMeHi Muxaiina Octporpaacekoro, 2021 p.

ISSN 1995-0519
e-1SSN 2072-8263

Anpeca penaxuii: By [lepmiorpaBuesa, 20, M. Kpemeruyk [TontaBcskoi 0611., Ykpaina, 39600.
Kpemenuynpkuii HalioHabHUM yHIBepcuTeT iMeHi Muxaiina Octporpaacskoro, HAY, kimu. 3210.
1. +380678329913; E-mail: visnikkrnu2021@gmail.com; website: www.kdu.edu.ua.



http://sindexs.org/JournalList.aspx?ID=160
mailto:visnikkrnu2021@gmail.com

MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE

Kremenchuk Mykhailo Ostrohradskyi National University

TRANSACTIONS

OF KREMENCHUK MYKHAILO OSTROHRADSKYI
NATIONAL UNIVERSITY

= Vocational Education

= Economics
. Management
. Ecology

Computer Science
Issue 1/2021(126)

Applied Mechanics
. Materials Science
. Industrial Machinery Engineering
. Power Energetics,

Electrical Engineering

and Electromechanics

] Electronics

Kremenchuk — 2021



TRANSACTIONS OF KREMENCHUK MYKHAILO OSTROHRADSKYI NATIONAL
UNIVERSITY
Kremenchuk: KrNU, 2021. Issue 1 (126). 114 p.

EDITORIAL BOARD

015 Vocational Education

Bespartochna O.1., Ph.D. (Educ.), Ass. Prof., Ukraine

Emmerova Inhrid, Ph.D., Prof., Slovakia
Zagirnyak M.V, D.Sc. (Eng.), Prof., Ukraine
Osadcha K.P., Ph.D. (Educ.), Ass. Prof., Ukraine
Osadchyi V.V., D.Sc. (Educ.), Prof., Ukraine
Pavlenko O.0., D.Sc. (Educ.), Prof., Ukraine
Poiasok T.B., D.Sc. (Educ.), Prof., Ukraine
Proshkin V.V., D.Sc. (Educ.), Prof., Ukraine

051 Economics
Hryshko N.Ye., Ph.D. (Econ.), Ass. Prof., Ukraine
Druzhynina V.V., Dr.Sc.(Econ.), Prof., Ukraine
Dushek Jiri, Ph.D., Ass. Prof., Czech Republic
Kasych A.O., D.Sc. (Econ.), Prof., Ukraine
Maslak O.1., D.Sc. (Econ.), Prof., Ukraine
Pochtoviuk A.B., D.Sc. (Econ.), Prof., Ukraine
Trunina .M., D.Sc. (Econ.), Prof., Ukraine
Khovrak 1.V., D.Sc. (Econ.), Ass. Prof., Ukraine

073 Management
Hlazunova O.0., Ph.D. (Econ.), Sen. Lect., Ukraine
Zagirniak D.M., D.Sc. (Econ.), Ass. Prof., Ukraine
Kavan Stepan, Ph.D., Assist., Czech Republic
Kasych A.O., D.Sc. (Econ.), Prof., Ukraine
Kryvonos K.O., Ph.D. (Econ.), Ass. Prof., Ukraine
Maslak O.1., D.Sc. (Econ.), Prof., Ukraine
Pochtoviuk A.B., D.Sc. (Econ.), Prof., Ukraine
Pryakhina K.A., Ph.D. (Econ.), Ass. Prof., Ukraine
Reid Hevin, Ph.D., Prof., Scotland
Sushchenko O.A., D.Sc. (Econ.), Prof., Ukraine
Trunina I.M., D.Sc. (Econ.), Prof., Ukraine

101 Ecology
Vambol S.O., D.Sc. (Eng.), Prof., Ukraine
Dmytrykov V.P., D.Sc. (Eng.), Prof., Ukraine
Maltseva I.A., D.Sc. (Biol.), Prof., Ukraine
Nykyforov V.V., D.Sc. (Biol.), Prof., Ukraine
Pasenko O.V., Ph.D. (Eng.), Ass. Prof., Ukraine
Sameshova Dohmara, Ph.D., Prof., Slovakia
Kharlamova O.V., D.Sc. (Eng.), Ass. Prof., Ukraine
Shmandiy V.M., D.Sc. (Eng.), Prof., Ukraine

122 Computer Science
Huchenko M.1., D.Sc. (Eng.), Prof., Ukraine
Koval S.S., Ph.D. (Eng.), Ass. Prof., Ukraine
Lytvynenko V.1., D.Sc. (Eng.), Prof., Ukraine
Myrhorod V.M., D.Sc. (Eng.), Prof., Ukraine
Oksanych I.H., Ph.D. (Eng.), Ass. Prof., Ukraine
Sydorenko V.M., Ph.D. (Eng.), Ass. Prof., Ukraine
Slavko O.H., Ph.D. (Eng.), Ass. Prof., Ukraine
Khairova N.F., D.Sc. (Eng.), Prof., Ukraine
Chejka Jiri, Doct. Phil., Ass. Prof., Czech Republic
Shevchenko 1.V., D.Sc. (Eng.), Ass.Prof., Ukraine

131 Applied Mechanics
Vorobiov V.V., D.Sc. (Eng.), Prof., Ukraine
Vorobiova L.D., Ph.D. (Eng.), Ass. Prof., Ukraine
Iliash Nykolas, Ph.D., Prof., Romania
Ishchenko K.S., Ph.D. (Eng.), Prof., Ukraine
Kratkovsky I.L., D.Sc. (Eng.), Prof., Ukraine
Kurinnyi V.P., D.Sc. (Eng.), Prof., Ukraine
Frolov O.0., Dr.Sc. (Eng.), Prof., Ukraine
Shchetinin V.T., D.Sc. (Eng.), Prof., Ukraine

132 Materials Science
Drahobetskyi V.V., D.Sc. (Eng.), Prof., Ukraine
Moroz M.M., D.Sc. (Eng.), Prof., Ukraine
Praunseis Zdravko, Ph.D., Ass. Prof., Slovenia
Puzyr R.H., Dr.Sc. (Eng.), Ass. Prof., Ukraine
Salenko O.F., D.Sc. (Eng.), Prof., Ukraine
Symonova A.A., Ph.D. (Eng.), Ass. Prof., Ukraine
Shapoval 0.0, Ph.D. (Eng.), Ass. Prof., Ukraine

133 Industrial Machinery Engineering
Batsaikhan Janar, Ph.D. (Eng.), Ass. Prof., Mongolia
Yemelianova I.A., D.Sc. (Eng.), Prof., Ukraine
Maslov O.H., D.Sc. (Eng.), Prof., Ukraine
Nazarenko I.I., D.Sc. (Eng.), Prof., Ukraine
Naumenko Yu.V., D.Sc. (Eng.), Prof., Ukraine
Nesterenko M.P., D.Sc. (Eng.), Prof., Ukraine
Savielov D.V., Ph.D. (Eng.), Ass. Prof., Ukraine
Salenko Yu.S., D.Sc. (Eng.), Prof., Ukraine

141 Power Energetics, Electrical Engineering
and Electromechanics

Zagirnyak M.V., Dr.Sc. (Eng.), Prof., Ukraine
Kalinov A.l.,, Ph.D. (Eng.), Ass. Prof., Ukraine
Korenkova T.V., Ph.D. (Eng.), Ass. Prof., Ukraine
Miljavec Damian, D.Sc., Prof., Slovenia
Prus V.V., Ph.D. (Eng.), Ass. Prof., Ukraine
Rodkin D.I., D.Sc. (Eng.), Prof., Ukraine
Sinchuk O.M., D.Sc. (Eng.), Prof., Ukraine
Chornyi O.P., D.Sc. (Eng.), Prof., Ukraine
Shtumberher Boian, Ph.D., Prof., Slovenia

171 Electronics
Yerokhov V.Yu., D.Sc. (Eng.), Prof., Ukraine
Klyui M.1., D.Sc. (Phys-Math.), Prof., China
Krytska T.V., D.Sc. (Eng.), Prof., Ukraine
Lozinskyi V.B. Ph.D. (Eng.), Ass. Prof., Ukraine
Oksanich A.P., D.Sc. (Eng.), Prof., Ukraine
Pritchin S.E., D.Sc. (Eng.), Prof., Ukraine
Strontsky O.V., D.Sc. (Phys-Math.), Prof., Ukraine
Khripko S.L., D.Sc. (Eng.), Prof., Ukraine



Editor-in-chief — M. Zagirnyak, full member of the National Academy of Pedagogical Sciences of
Ukraine, D.Sc. (Eng.), Prof.

Deputy Editor-in-Chief — V. V. Nykyforov, D.Sc. (Biol.), Prof.
Executive Editor — V. V. Latysheva, Ph.D. (Law), Ass. Prof.
Scientific and Technical Editor - I. E. Pieieva, Ph.D. (Eng.).
Executive Secretary - Yu. S. Bila (English).

The journal has been published since 1996. «Transactions of Kremenchuk Mykhailo Ostrohradskyi
National University» is included in the «B» group in the list of scientific professional editions of Ukraine
in which the results of dissertations for the scientific degrees of the Doctor of Sciences and the Doctor
of Philosophy (Candidate of Sciences) in the following specialties: 015 Vocational Education, 051 Economics,
073 Management, 101 Ecology, 122 Computer Science, 131 Applied Mechanics, 132 Materials Science,
133 Industrial Machinery Engineering, 141 Power Energetics, Electrical Engineering and Electromechanics,
171 Electronics can be published (the orders of the Ministry of Education and Science of Ukraine No. 1218
of November 7, 2018 and No. 1412 of December 18, 2018).

The edition is sent to the leading scientific libraries of Ukraine, and its electronic version is stored in
Vernadsky National Library of Ukraine. The journal is indexed in the «Ukrainika Naukova» national database
(the «Dzhereloy abstract journal), as well as in the «Ulrich’s Web Global Serials Directory», «eLIBRARY»,
«Index Copernicusy, «Polish Scholarly Bibliography», «Infobase Indexy», «Inspecy, «Open Academic Journals
Index», «Google Scholar» i «Scientific Indexing Services» international scientometric databases.

The journal is published by the decision of the Academic Council of Kremenchuk Mykhailo
Ostrohradskyi National University (Record No. 5 of January 26, 2021). Registration Certificate of the state
registration of printed mass media: series KV No. 18771-7571 PR of January 30, 2012.

The journal publishes papers which were reviewed, edited and verified as to their originality and
availability of the results of research in the development of science, education and production, the
implementation of new results of fundamental research and applied developments in the following areas of
knowledge: education, social and behavioral sciences, management and administration, natural sciences,
information technology, mechanical engineering, electronics and telecommunications, electrical engineering.

© Kremenchuk Mykhailo Ostrohradskyi National University, 2021

ISSN 1995-0519
e-1SSN 2072-8263

Address of the editorial office: vul. Pershotravneva, 20, Kremenchuk, Poltava region, Ukraine, 39600.
Kremenchuk Mykhailo Ostrohradskyi National University, Scientific and Research Department, r. 3210.
1. +380678329913; E-mail: visnikkrnu2021@gmail.com; website: www.kdu.edu.ua.


http://sindexs.org/JournalList.aspx?ID=160
mailto:visnikkrnu2021@gmail.com



