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JlpykyeTncs 3a pinteHHsM BueHOI paan HarionansHoro yHiBepenteTy «UepHiriBebka nomitexHikay (mpotokon Ne 4 Bix 27.03.2023 p.). HaykoBuit xxypHan
«TexHiuHi HayKH Ta TEXHOJIOTII» BHECEHO [0 MepetiKy HayKoBUX (haxoBHX BUAAHb YKpaiHu, 3aTBepmkeHoro Hakaszom MiHicTepcTBa OCBITH | HayKH YKpaiHu Big
11.07.2019 p. Ne 975 (3i 3minamu Big 09.02.2021 Ne 157), BinnoBifHO 10 SIKOTO KypHAIy HaJaHO KaTeropito «by».

TexHiuHi HAyKU Ta TEXHOJIOT T : HayKOBHUH »KypHai / HarjionansHuii yHiBepeuteT «HepHiriBebka nositexHikay. — Yephiris : HY «UepHirisebka
noJitexHika», 2023. — Ne 2(32). — 418 c.

V sKypHasi BMILIIEHO CTaTTi, IPHUCBIYCH] TEOPETUIHNM Ta EKCIICPUMEHTAIIBHIM JIOCITIKEHHSIM Y HayKOBOMY Hanpsimi « TexHiuHI HayKi 3a CTIeIIalbHOCTSMHU: TIPH-
KJIa{Ha MEXaHiKa, MaTepialo3HaBCTBO, MAIIMHOOY TyBaHHsI, iH(OPMALIiiHO-KOMIT OTepHi TEXHOJIOT i1, eIeKTPOCHEPreTHKA, eICeKTPOTEXHIKA Ta eIeKTpOMeXaHika, XiMiuHi Ta
XapyoBi TeXHOJOTIT, OyAiBHUITBO Ta reoe3is. CTaTTi mpopeLeH30BaHi IPOBITHIMH BYCHHMH Y BiAIOBITHNX TAIY35X 3HAHb.

KypHan «TexHiuHi HAyKH Ta TEXHOJOTI(» Oy/e KOPUCHUM JUIs HAyKOBIB, HAYKOBO-IIEaroriYHUX MPAIliBHUKIB, JJOKTOPAHTIB, aCIipaHTIiB Ta CTYICHTIB
TEXHIYHHX CIICIiaTbHOCTEH 3aK/IajliB BUIOI OCBITH.

YJK 62:67.05

T'onoenuit pedakmop:

Kaszumup B. B., nokrop TexHiuHux Hayk, npodecop, HY «UepHiriBcbka noirexHikay.

3acmynnuuk zonoenozo pedakmopa:

Carmon C. I, kanauaaT TeXHIYHUX HayK, 1o1eHT, HY «YepHiriBcbka HOMTEXHIKay.

Ynenu pedakyiunoi konezii:

IpukiasHa MexaHika, MAaTEPialT03HABCTBO T4 MAUINHOOYIyBaHHS

Boiiko C. B., kanauiar TeXHIYHUX HayK, Jo1eHT, HY «YepHiriBcbka NOMITEXHIKa»;

Bosnotos I'. I1., nokTOp TexHiYHUX Hayk, mpodecop, HY «HepHiriBchka nomiTexHika»;

Jmutpies J. O., JOKTOp TeXHIYHHX HayK, podecop, XepCOHChKUii HAalliOHANIbHUIT TeXHIYHUI yHIBEpCHTET;

€pomenko A. M., KaHAWAAT TEXHIYHUX HayK, ToUeHT, HY «UepHiriBcbka MomiTeXHIKa»;

Kanbuenko B. B., noxrop texHiuHuxX Hayk, npodecop, HY «UepHiriBcbka MOTITEXHIKa»;

Kanpuenko B. 1., nokrop TexHiunuX Hayk, npodecop, HY «YUepHiriBchka mosiTexHikay;

Mapxos O. €., TOKTOp TeXHIYHUX HayK, pogecop, JJonbachka AepkaBHa MAIMHOOY TiBHA aKaIeMis;

Hoommmrens O. O., TOKTOp TEXHIYHUX HayK, goueHT, HY «UepHiriBcbka MoJiTeXHIKa»;

TMumnenko O. L., TOKTOp TEeXHIYHUX HAYK, MPodecop, MPOBIIHMIT HayKOBHI CriBPOOITHHUK, JlepKaBHHI HayKOBO-AOCIIIHNI IHCTUTYT BUMPOOYBAHb i
ceprHdikarii 030pOEHHS Ta BIHCHKOBOT TEXHIKH.

MogcrsHoii O. FO., TOKTOp TEXHIYHUX HAYK, TOLEHT, JIyIbKIii HalliOHAIBLHHI TEXHIYHUH YHIBEPCHTET;

Cipa H. M., kaHauar TeXHIYHUX HayK, foueHT, HY «UepHiriBcbka mosirexHikay;

Denopunenko [1. 0., nokrop TexHiuHNX Hayk, npodecop, Tohoku University, SInoHis;

IOmenxo C. M., KaHIUAAT TEXHIYHUX HayK, noueHT, HY «UepHiriBchka MOJiTeXHiKay.

IndopmaniitHo-KOMIT IOTEpHI TEXHOJIOT 1T

A3zapos O. JI., TOKTOp TEeXHIYHUX HayK, mpodecop, BiHHUIBKNI HAL[IOHAIBHUI TEXHIYHUH YHIBEPCHTET;

Jopom M. C., ToKTOp TeXHIYHUX HayK, foieHT, HY «UepHiriBchka HolliTexHiKay;

€pemenko B. C., 10kTop TeXHIUHUX HayK, npodecop, Hauionansuuii Texniunuii ynisepcurer Ykpainu «KIII imeni Iropst Cikopcbkoro»;

3aiires C. B., 10KTOp TexHiYHUX HayK, goieHT, HY «UepHiriBchka momiTexHikay;

Kasumup B. B., noktop Texniunnx Hayk, npodecop, HY «UepHiriBcbka mostexHikay;

Kpusopyuxo O. B., noktop TexHiuHux Hayk, npodecop, KuiBcbkuii HalioHaIbHUI TOPTOBEIEHO-CKOHOMIYHHI YHIBEPCHUTET;

Menemiko €. B., T0KTOp TEXHIYHHX HayK, JTOLEHT, LleHTpaipHOYKpalHCHKHI HalliOHATLHUI TEXHIYHUI YHIBEPCUTET;

ITaBnenko I1. M., TOKTOp TeXHIYHKX HayK, mpodecop, HanioHanbHuit aBiauiiiHuil yHIBEpPCUTET;

CemenoB C. I'., 10kTop TeXHIYHHX HayK, podecop, HaioHansHMii TeXHIYHMI yHIBepcUTET «XapKiBCKHIT MOITEXHIYHNH IHCTHTYTY;

Irortopa C. B., 1oKTOp TeXHIYHUX HayK, podecop, KuiBchbkuil HaljioHanbHMil yHiBepcuTeT OyJiBHUITBA 1 apXiTEKTypH.

Enepreruka, e1eKTpoTexHika Ta eJIeKTpoMexaHika

Binnikos /1., JOKTOp TEXHIYHUX HayK, podecop, TayutiHchkuid yHiBepcuTeT TexHouorii (EcToHis);

Bounkos 1. B., noktop TexHiuHuX Hayk, npodecop, InctutyT enexrpoaunamiku HAH Ykpainu;

Tankin 1., mokTop TexHIYHHUX HAyK, Tpodecop, Pusbkuii TexHidHMiA yHiBepcuteT (JIaTBis);

T'yces O. O., kaHauAaT TEXHIYHKUX HAYK, JoueHT, HY «UepHiriBcbka HOMITEXHIKa»;

Jenucos 0. O., okTOp TeXHIYHUX HAYK, podecop, HY «UepHiriBcbka MoiTexHika»;

Ipuctyna A. JI., KaHAUAAT TEXHIYHUX HAyK, JoueHT, HY «UepHiriBchka MOJTEXHIKa»;

Pomepo-Kanasan E., nokrop TexHiuHuX Hayk, npodecop, YHiBepcuter Ectpemanypu (Icnanis);

Crenenxo C. A., KaHIuIaT TEXHIYHUX HaYK, JOIeHT, HY «UepHiriBchbka MOMITEXHIKa».

XiMi4Hi Ta Xap4OBi TEXHOJIOTI]

Anroniok 1. 10., kanuaar TeXHIYHUX HayK, JOLEHT, JlepkaBHHIT TOProBeIbHO-eKOHOMIUHUH YHIBEpPCHTET;

Byssebka H. I1., kaHAUIaT TEXHIYHUX HayK, goueHT, HY «UepHiriBcbka mosiTexHikay;

T'ymenrok O. JI., kanaunar XiMidyHUX HayK, noueHt, HY «YepHiriBcbka molliTexHikay;

Jynapes I. M., ToKTOp TexHiUYHUX HayK, npodecop, HY «UepHiriBcbka MOMTEXHIKa»;

3Bipko O. L., okTOp TeXHIYHHX HayK, mpodecop, Piznko-mexaniunmii inctutyT iM. I'. B. Kaprienka HAH Ykpainn;

ITnasau B. I1. noxTop TexHiYHMX Hayk, npodecop, KuiBChkuil HalioHaIbHUI YHIBEPCHTET TEXHOJIOTIii Ta H3aiiHy;

Camoxaaiioa O. B., kaHauIar TeXHI9HUX HayK, mpodecop, XapKiBChKUIA JIepKaBHUI yHIBEPCUTET XapdyBaHHs Ta TOPTIBIi;

Cu3za O. L., nokTop TexXHIYHUX HayK, mpodecop, HarionansHuii yHiBepeuteT «UepHiriBepkuid koneriym» imeHi T. I'. IlleBuenka;

Tpyc I. M., kanauaaT TeXHIYHUX HayK, JoueHT, Hamionanbuuit TexHiunuil yHiBepentet Ykpainu «KIII imeni Iropst CikopcbKkoroy;

Lu6yns C. /1., nokTOp TeXHIYHMX HayK, npodecop, HY «UepHiriBcbka MmoJiTeXHIKay;

YensibieBa B. M., kaHauaar TexHiYHUX HayK, goueHT, HY «UepHiriBcbka mosiTexHikay;

ByniBHHITBO Ta reoje3is

bimuk C. L., jokTOp TeXHIYHUX Hayk, nmpodecop, KuiBcbkuit HanioHanbHUIl yHIBepCUTET Oy AIBHULITBA i apXiTEKTYpH;

Kpsuox C. 1., kaHauaaT TeXHIYHUX HayK, foueHT, HY «YepHiriBcbka nosrexHikay;

Muxaitnoscekuii /1. B., TOKTOp TeXHIYHHX HayK, JOLEHT, KHiBChbKuMii HAIIOHABHUI yHiBEpCHTET Oy IiBHHUIITBA 1 apXITEKTYPH;

Manstauis b. B., kaHARAaT TexHIiYHUX Hayk, 101eHT, HY «JIbBiBChbKa HOTITEXHIKa»;

Cagenko B. 1., kanauaar TexHIYHUX HayK, ipodecop, KuiBcbkuii HallioHa bHHI YHIBEpCHTET Oy JIBHHIITBA 1 apXiTEKTypH;

Teperyk O.]. kaHAMAAT TeXHIYHMX HayK, 101eHT, HY «UepHiriBchka MOJITEXHIKa»;

Iymei P. B., nokrop TexHiYHMX HayK, npodecop, KUiBChkuMii HallioHABHHI YHIBEpCUTET Oy IIBHHIITBA 1 apXITEKTYpH;

IOpuenko B. B., 10KTOp TeXHIYHUX HAYK, TOLEHT, KHiBChKUii HaIliOHAIBHUH yHIBEpCHTET Oy/JiBHUITBA 1 apXiTEKTYPH.

3acHoBaHuit y 1996 pomni. CBiIOITBO PO AEPKABHY

peectparito KB No 24601-14541 TIP i 07.09.2020 © HY «Hepniripebia nonirextixa», 2023




ISSN 2411-5363 (print)
ISSN 2519-4569 (online)

MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
CHERNIHIV POLYTECHNIC NATIONAL UNIVERSITY

TECHNICAL SCIENCES
AND TECHNOLOGIES

SCIENTIFIC JOURNAL

ISSUE N 2(32)

Chernihiv 2023



UDC 62:67.05
DOI: 10.25140/2411-5363-2023-2(32)

Published by the decision of the Academic Council of the Chernihiv Polytechnic National University (protocol Ne 4 dated 27.03.2023). Scientific journal
“Technical sciences and technologies” is included into the list of scientific specialized editions of Ukraine, approved by the Order of the Ministry of Education and
Science of Ukraine dated July 11,2019 Ne 975 (as amended from February 9, 2021 Ne 157), according to which magazine is assigned a category «B».

Technical sciences and technologies : scientific journal / Chernihiv Polytechnic National University. — Chernihiv : Chernihiv
Polytechnic National University, 2023. — Ne 2(32). — 418 p.

This journal contains articles devoted to theoretical and experimental research in the scientific direction “Technical Sciences” by
specialties: applied mechanics, materials science and machine building, information and computer technologies, electric power
engineering, electrical engineering and electromechanical engineering, chemical and food technologies, construction and geodesy. The
articles are reviewed by leading scientists in relevant fields of knowledge.

Journal “Technical sciences and technologies” will be useful for the scientific and technical workers, postgraduates, master students and
students of higher technical educational establishment.

UDC 62:67.05

Editor in chief:

Kazymyr V.V., Doctor of Technical Sciences, Professor, Chernihiv Polytechnic National University.

Deputy Editor in chief:

Sapon S.P., PhD in Technical Sciences, Associate Professor; Chernihiv Polytechnic National University.

Members of the Editorial Board:

Applied mechanics, materials science and machine building

Boyko S.V., PhD in Technical Sciences, Associate Professor; Chernihiv Polytechnic National University;

Bolotov H.P., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

Dmytriiev D.O., Doctor of Technical Sciences, Professor, Kherson National Technical University;

Yeroshenko A.M., PhD in Technical Sciences, Associate Professor; Chernihiv Polytechnic National University;

Kalchenko V.V., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

Kalchenko V.I., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

Markov O.Ye., Doctor of Technical Sciences, Professor, Donbaska derzhavna mashynobudivna akademiia;

Novomlynets O.0., Doctor of Technical Sciences, Associate Professor; Chernihiv Polytechnic National University;

Pilipenko O.I., Doctor of Technical Sciences, Professor, leading scientific coworker, State Research Institute of Tests and Certification of
Armament and Military Technique;

Povstianoi O.Yu., Doctor of Technical Sciences, Associate Professor, Lutsk National Technical University;

Sira N.M., PhD in Technical Sciences, Associate Professor, Chernihiv Polytechnic National University»;

Fedorynenko D.Yu. Doctor of Technical Sciences, Professor, Tohoku University, Japan;

Yushchenko S.M., PhD in Technical Sciences, Associate Professor, Chernihiv Polytechnic National University».

Information and computer technologies

Azarov O.D., Doctor of Technical Sciences, Professor, Vinnytsia National Technical University;

Dorosh M.S., Doctor of Technical Sciences, Associate Professor, Chernihiv Polytechnic National University»;

Yeremenko V.S., Doctor of Technical Sciences, National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute;

Zaitsev S.V., Doctor of Technical Sciences, Chernihiv Polytechnic National University.

Kazymyr V.V, Doctor of Technical Sciences, Professor, Chernihiv Polytechnic National University;

Kryvoruchko O.V., Doctor of Technical Sciences, Professor, Kyiv National University of Trade and Economics;

Meleshko Ye.V., Doctor of Technical Sciences, Associate Professor, Central Ukrainian National Technical University;

Pavlenko P.M., Doctor of Technical Sciences, Professor, National Aviation University;

Semenov S.H., Doctor of Technical Sciences, Professor, National Technical University «Kharkiv Polytechnic Institutex»;

Tsiutsiura S.V., Doctor of Technical Sciences, Professor, Kyiv National University of Construction and Architecture.

Power engineering, electrical engineering and electromechanical engineering

Vinnikov D., Doctor of Science, Senior Researcher, Head of Power Electronics R&D Group, Tallinn University of Technology, Tallinn, Estonia;

Volkov 1.V., Doctor of Technical Sciences, Professor, Institute of Electrodynamics of the National Academy of Sciences of Ukraine;

Galkin I., Doctor of Science, Professor, Riga Technical University, Riga, Latvia;

Husev O.0., PhD in Technical Sciences, Associate Professor; Chernihiv Polytechnic National University;

Denysov Yu.A., Doctor of Technical Sciences, Professor, Chernihiv Polytechnic National University;

Prystupa A.L., PhD in Technical Sciences, Associate Professor, Chernihiv Polytechnic National University;

Romero-Cadaval E., Doctor of Science, Professor, University of Extremadura, Badajoz, Spain;

Stepenko S.A., PhD in Technical Sciences, Associate Professor, Chernihiv Polytechnic National University.

Chemical and food technologies

Antoniuk I.Yu., PhD in Technical Sciences, Associate Professor, State University of Trade and Economics;

Buialska N.P., PhD in Technical Sciences, Associate Professor, Chernihiv Polytechnic National University;

Gumeniuk O.L., PhD in Chemical Sciences, Associate Professor, Chernihiv Polytechnic National University;

Dudarev .M., Doctor of Technical Science, Professor, Chernihiv Polytechnic National University;

Zvirko O.1., Doctor of Technical Sciences, Professor, Karpenko Physico-Mechanical Institute of the NAS of Ukraine;

Plavan V.P., Doctor of Technical Sciences, Professor, Kyiv National University of Technologies and Design;

Samokhvalova O.V., PhD in Technical Sciences, Professor, Kharkiv State University of Food Technology and Trade;

Syza O.1., Doctor of Technical Sciences, Professor, Taras Shevchenko National University «Chernihiv Collegiumy;

Trus I. M., PhD in Technical Sciences, Associate Professor, National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute»;

Tsybulia S.D., Doctor of Technical Sciences, Professor; Chernihiv Polytechnic National University;

Cheliabiieva V.M., PhD in Technical Sciences, Associate Professor, Chernihiv Polytechnic National University.

Construction and geodesy

Bilyk S.I., Doctor of Technical Sciences, Professor, Kyiv National University of Construction and Architecture;

Kriachok S.D., PhD in Technical Sciences, Associate Professor, Chernihiv Polytechnic National University;

Mykhailovskyi D.V., Doctor of Technical Sciences, Associate Professor, Kyiv National University of Construction and Architecture;

Palianysia B.B., PhD in Technical Sciences, PhD in Technical Sciences, Lviv Polytechnic National University;

Savenko V.I., PhD in Technical Sciences, Professor, Kyiv National University of Construction and Architecture;

Shults R.V., Doctor of Technical Sciences, Professor, Kyiv National University of Construction and Architecture;

Tereshchuk O.1., PhD in Technical Sciences, Associate Professor, Chernihiv Polytechnic National University

Yurchenko V.V, Doctor of Technical Sciences, PhD in Technical Sciences,Kyiv National University of Construction and Architecture.

Founded in 1996. Certificate of State registration © Chernihiv Polytechnic National University, 2023
KV Ne 24601-14541 PR of 07.09.2020




