MiHicTepCTBO OCBITH 1 HAayKu YKpaiHU

XAPKIBCBKUI HALIIOHAJIBHMI ABTOMOBLIBHO-TOPOXHIMI
YHIBEPCUTET

[TiBHIYHO-CX1THUI HAyKOBUU ICHTP
TpancnopTHO1 akageMii Ykpainu

BICHUK

XAPKIBCHKOI'O HAIIIOHAJIBHOTI'O
ABTOMOBUIBHO-AOPOXHbBOI'O YHIBEPCUTETY

301pHUK HAyKOBHUX Mpallb
Bumyck 105

BULLETIN
of
KHARKIV NATIONAL
AUTOMOBILE AND HIGHWAY UNIVERSITY

Collection of Scientific Works

Issue 105

XapkiB

XHATTY
2024



YOK 004.4°22/'24+004+620.22+621+504+621:620.9+69+624+656.1/.5+378

PEJAKLINHA KOMNETIA

TonosHuit - penakTop Bampakoea Amxenixa MeHHadiieHa [IOKT. TEXH. HayK, mpodhecop, MpopexTop 3 HaykoBo-neparoriuHoi  poGorn, XHALY

3acT. ron. pepaktopa Typko Onexcandp lennadiiosuy [OKT. TeXH. HayK, npodecop, npochecop kadenpu asTOMaTi3alii Ta KoM lOTepHO-iHTerpoBaHwx Texwonorii, XHAOY

MomiyHmk ron. penakTopa Bepexna Kamepuna Bikmopiexa KaHQ. TEXH. HayK, AOLEHT, MOLEHT Kaheapu MOCTiB, KOHCTPYKUiA i GyniBensHoi mexakiku im. B.O. Pociiicekoro, XHALY
Bipnosiganbhuit - cexpetap Jauenko Bima Bacuniexa KaHi. XiM. HayK, MOLEHT, AolieHT Kacbenpu TexHonorii AopoxHbo-GyAiBenbHMX Marepianis i Ximii im. npod. M.I. Bonkosa, XHALY

Ynenn peaxone rii:

Bozomonoe Bikmop OnexcaHdpoeuy [OKT. TeXH. HayK, npocbecop, pektop, XHAOY
Kney Bmumpo Muxaiinosuy [IOKT. TexH. HayK, npocbecop, XHALY
Bamuezin Opiti Bikmoposuy [OKT. TeXH. HayK, npocbecop, 3asinysay kadeapu cisvku, XHALY
Byeacecbkuil Cepeili OnexcaHdpoeuy KaH[l. TeXH. HayK, JIOUEHT, JlekaH J10poxHbo-ByaisenbHoro dakynerery, XHALY
B, KaHp. Mep. HayK, AoueHT, mpodiecop Kacbeppu dinocodii Ta neparoriku npocbeciiioi nigrotosku, XHALY
Onexcill [IOKT. TEXH. HayK, [OUEHT, npodecop Kaceapu TpaHcropTHux Texwonoriii, XHALY

Bonkoe Bonodumup Memposuy [OKT. TeXH. HayK, npodecop, 3asifiysay Kadempn TexHiuHoi ii i cepsicy inis im. M.A. T XHADY
Boporkoe OnexcaHdp leaHosuy AOKT. TexH. Hayk, npodecop, npodbecop Kadbeapd ABMTYHIB BHYTPilHbOTO 3ropaHa, XHALY
BHykoea Hamanis Bonodumupiena AOKT. TexH. Hayk, npocecop, 3asiaysad kaenpu exonorii, XHALY
Tnywkosa [liana bopucigHa [OKT. TEXH. HayK, AOLEHT, 3aBifyBay Kadeapu TexHonorii Meranis i marepianostascrea im. O.M. Merpuserka, XHALY
Top6ayos Mempo dedoposuy [IOKT. TeXH. HayK, npodecop, 3asifysad kadenpu TpaHcropTHux cuctem i norictuku, XHALY
3onomapboe Bikmop OnexcaHdposuy [IOKT. TeXH. HayK, npodyecop, 3asifiysay kadenpn Texwonorii AOPOXHb0-GyniBenbHux Matepianis i ximii im. M.I. Bonkosa, XHAQY
Xdaniok Banepiii Kysbmosuy [IOKT. TeXH. HayK, npodecop, 3asiftysay kadenpu GypisruTsa i excrnyarauii astomobineux popir im. O.K. Bipyns, XHAQY
Kupuyenro leop leopaitioguy [OKT. TeXH. Hayk, mpotbecop, fAekaH MexaHiyHoro dakynbrery, XHALY
Knumenko Banepii leanosuy ROKT. TexH. Hayk, npocecop, 3asiaysad Kadenpu asTomoGinis im. A.B. I'peneckyna, XHALY
Koxywko Bimanii Memposuy [IOKT. TexXH. HayK, npodecop, 3asinysay kacbenpn moctis, XHALY

i [OKT. -M. HayK, npocbecop, npocbecop kadeapu iHbopmaruku i npuknanhoi matemarvku, XHAOY
Jleemepoe Ardpiil leaHosuy KaH. TexH. Hayk, npocecop, 3aBifyBay Kacheapu inbopmatuku i npuknanHoi maremaruku, XHALY
Modpuzano Muxaino Abosuy [OKT. TexH. HayK, npodecop, 3aBiAyBad Kadeapd TexHonorii MawwHoGypyBaHs i pemorTy Mawm, XHALY
Monsipyc Onexcandp Bacunboeuy [IOKT. TeXH. HayK, npodecop, 3asifysad kadenpu Metponorii i Gesnexn xwrTepisnbHocti, XHALY
Npunyybka Modmuna AnamoniieHa KaHa. iCT. HayK, OLeHT, ByeHwid cekperap, XHALY
Hikimina Temana Bopuciena BOKT. TexH. Hayk, npodecop, 3aifysad Kadempd NPUPOLHAMMX | rymaHiTapHax  avcunmnik, XHALY
Cacxko Hamanis Bimaniiena [OKT. niefl. Hayk, mpocbecop, 3asidyBay Kacempu iHosemHax mos, XHALY
Conodoe Banepiti Mpuzoposuy [OKT. TeXH. HayK, npodecop, 3asifysay kadeapu TeopeTwdHoi Mexawiku i rinpasniku, XHALY
Tonmadoe Cepziii Muronaiosuy BOKT. TexH. Hayk, npocbecop, npochecop TexHonorii AOpoXHeo-GyaisenbHix  matepianis i ximii im. M.I. Bonkosa, XHALY
Benuyo lennadiu Bikmoposuy KaHa. TexH. Hayk, ronosHuit Kocrpyktop CIl «Kpeno-Dianor, Mikcok
Golovashchenko ~ Sergey Fedorovich Ph.D., Technical Leader Manufacturing Research Department, Ford Research & Advanced Engineering Research and Innovation Center, USADT.-
Hartmut  Becked ahl Ing, prof, Bergische Universitat Wuppertal, Institute of Pavement Construction and Pavement Design, Germany
Igors Tipans Dr., Deputy Rector for International Academic Cooperation and Studies, Riga Technical University, Institute of Mechanics, Latvia
Ireneusz Zbicinski Ph.D., prof., Department of heat and mass transfer, Technical University of Lodz, Poland
Laurinavicius  Alfredas Dr., prof., vice-rector, Vilnius Gediminas Technical University, Lithuania
Mikhailenko  Viadimir S. Dr., prof,, Pusan National University, Plasma Research Center, Busan, South Korea
Prentkovskis  Olegas Dr., prof., Dean of faculty of Transport engineering, Vilnius Gediminas Technical University, Lithuania
Puodziukas Virgaudas Dr., assos. prof., head of department of Roads, Vilnius Gediminas Technical University, Lithuania
RadovskiyBoris S. prof. consultant, Radnat Consulting, Irvine, United States
Roland Lachmayer Ph.D., Dr.-Ing, Leibniz Universitét,Hannover, Institute of product development, Germany
Teltayev Bagdat Burkhanbaiuly Dr., prof., Kazakh Academy of Transport and Communicationa, Kazakhstan
Tyrsa Vira, Dr., prof. Baja California Autonomous ~ University, Mexico
Sidi Mochammed ~ Senouci, Ph.D., prof., Institut Superieur Automobile et Transport, France
Tropina Albina Albertovna Dr., prof., Texas A and M University, Department of Aerospace Engineering, United States
Vrublevsky Aleksandr Nikolaevich prof., D. Sc., University of Warmia and Mazury in Olsztyn, Poland.

EDITORIAL BOARD

Editor-in-Chief Batrakova Angelika Gennadiivna DSci, Prof., Vice-rector for Research and Education, KhNAHU

Vice Editor-in-Chief Gurko Alexander Gennadiiovych DSci, Assoc. Prof., Professor of the Department of Automation and Computer-Integrated Technologies, KhNAHU
Assistant of Editor-in-Chief Berezhna Kateryna PhD, Assoc. Prof. of Department of Bridges, Constructions and Building Mechanics, KhNAHU

Executive Secretary: Datsenko Vita PhD, Assoc. Prof. of the Department of Technologies of Road-Building Materials and Chemestry, KhNAHU

Editorial Board Members:

Bogomolov Viktor Oleksandrovych DSci, Prof., Rector of the KhNAHU;

Klets Dmytro Mykhailovych DSci, Prof., KhNAHU;

Batygin Yurii Viktorovych DSci, Prof., Head of Physics Department, KhNAHU;

Bondarenko Volodymyr Vasylovych PhD, Assoc. Prof., Professor of the Department of Philosophy and Pedagogy of Professional Training, KhNAHU;

Bugayevskiy Segey Oleksandrovych PhD, Assoc. Prof., Dean of Road-Construction Faculty, KhNAHU;

Golovashchenko Sergey Fedorovich PhD, Technical Leader of Manufacturing Research Department, Ford Research & Advanced Engineering Research and Innovation Center, USA;
Hartmut Beckedah! Dr.-Ing, Prof., Bergische Universitat Wuppertal, Institute of Pavement Construction and Pavement Design, Germany;

Hlushkova Diana Borysivna DSci, Assoc. Prof, Head of the Department of Metal Technology and Materials Science named after O. M. Petrychenko, KhNAHU;
Horbachov Petro Fedorovych DSci, Prof., Head of the Department of Transport Systems and Logistics, KhNAHU;

Igors Tipans Dr., Deputy Rector for International Academic Cooperation and Studies, Riga Technical University, Institute of Mechanics, Latvia;
Ireneusz Zbicinski PhD, Prof., Department of Heat and Mass Transfer, Technical University of Lodz, Poland;

Klimenko Valerii Ivanovych, PhD, Prof., Head of the Department of Motor Vehicles named after A. B. Hredeskul, KhNAHU;

Kozhushko Vitalii Petrovich, DSci, Prof., Head of Bridges, Constructions, Construction mechanisms Department, KhNAHU;

Kolodyazhny Volodymyr Maksymovych DSci, Prof., Professor of the Department of Informatics and Applied Mathematics, KhNAHU;

Kirichenko Igor Heorhiiovych DSci, Prof., Dean of Mechanical Faculty, Kh(NAHU;

Laurinavicius  Alfredas Dr., Prof., Vice-Rector, Vilnius Gediminas Technical University, Lithuania;

Levterov  Andrii Ivanovich PhD, Prof., Head of the Department of Informatics and Applied Mathematics, KhNAHU;

Mikhailenko Vladimir S. Dr., Prof., Pusan National University, Plasma Research Center, Busan, South Korea;

Nikitina Tatyana Borysivna DSci, Prof., Head of the Department of Natural Sciences and Humanities, KhNAHU;

Podrigalo Mykhailo Abovych DSci, Prof., Head of the Department of Mechanical Engineering Technologies and Motor Vehicle Repair, KhNAHU;

Poliarus Oleksandr Vasylovych DSci, Prof., Head of the Department of Metrology and Safety of Human Vital Activities, KhNAHU;

Prentkovskis  Olegas Dr., Prof., Dean of Faculty of Transport Engineering, Vilnius Gediminas Technical University, Lithuania;

Prylutska Liudmyla Ph.D., Assoc. Prof., Academic Secretary, KhNAHU;

Puodziukas Virgaudas Dr., Assoc. Prof., Head of the Department of Roads, Vilnius Gediminas Technical University, Lithuania;

Radovskiy Boris S. Prof. Consultant, Radnat Consuting, Irvine, United States;

Roland Lachmayer PhD, Dr.-Ing, Leibniz Universitét, Hannover, Institute of Product Development, Germany;

Saienko Nataliia Vitaliivna DSci, Prof., Head of the Department of Foreign Languages, KhNAHU;

Sidi Mochammed ~ Senouci PhD, Prof., Institut Superieur Automobile et Transport, France;

Solodov Valery Gryhorovych DSci, Prof., Head of the Department of Theoretical Mechanics and Hydraulics, KhNAHU;

Teltayev Bagdat Burkhanbaiuly Dr., Prof., Kazakh Academy of Transport and Communicationa, Kazakhstan;

Tolmachov Serhii Mykolaiovych DSci, Prof., Professor of the Department of Technology of Road-Construction Materials and Chemistry named after M. I. Volkov, KhNAHU;
Tropina Albina Albertovna Dr., Prof., Texas A and M University, Department of Aerospace Engineering, United States;

Tyrsa Vira PhD., Prof., Baja California Autonomous ~University, Mexico

Vdovychenko Volodymyr Oleksiiovych PhD, Assoc. Prof., Prof. of Transport Technologies Department, KhNAHU;

Velychko Hennadii Viktorovych PhD, Chief designer of «Credo-Dialogue», Minsk;

Vnukova Nataliia Volodymyrivna Dsci, Prof., Professor of the Department of Ecology, KhNAHU;

Volkov Volodymyr Petrovych DSci, Prof., Head of the Department of Motor Vehicle Repair and Maintenance named after M. Ya. Hovorushchenko, KhNAHU;
Voronkov Oleksandr Ivanovych DSci, Prof., Professor of the Department of Inteal Combustion Engines, KhNAHU;

Vrublevsky Aleksandr Nikolaevich Prof., DSci, University of Warmia and Mazury in Olsztyn, Poland;

Zhdanyuk Valerii Kuzmovych DSci, Prof., Head of the Department of Road Construction and Maintenance named after O. K. Birulia, K\NAHU;

Zolotarev Viktor Oleksandrovych DSci, Prof., Head of the Department of Technology of Road-Construction Materials and Chemistry named after M. I. Volkov, KiNAHU

«Bichnk XHAQY»
« Bxoputb po 3atBepaxeroro [JAK Mepeniky HaykoBux npodbeciitHnx BugaHb YKpaiu, B AKX MOXYyTb 6yTu ony6nikoBaHi pe3ynbtaty
AnceprauinHux pobiT Ha 3006y TTA HAayKOBMX CTYNeHiB [OKTOpa i KaHauaaTta Hayk.
. IJyeQ)elpye)Tbcsa yKpaiHCbk UM pedbepaTUBHUM XypHanom «[xepeno» iBXomuTb O 3aranbHozepxaBHoi pecdepaTuBHOi 6asu maHux «YkpaiHika HaykoBa»
kpaiHa).

o BKftoueHUit 10 MIXHAapOZHUX HAyKOMETpUYHMX 6a3 ZaHux:
~Index Cogernicus (Monb wa);
-Scholar Google.
© XHALY. Bupaetbcs 31995 poky.



