JIHIMPOBCHKUH HAIlIOHATBLHUN YHIBEPCUTET 3aTI3HUYHOTO TPAHCIIOPTY
iMeHi akazemika B. Jlazapsna

HAYKA TA HPOI'PEC TPAHCIIOPTY

BICHUK JHINMPOIIETPOBCBKOI'O HAINIOHAJIBHOT'O YHIBEPCUTETY
SAJIIBHUYHOI'O TPAHCIIOPTY IMEHI AKAJEMIKA B. JIASAPSHA

HayxkoBuii skypHaJI
Ne 4 (82) 2019

Buxonuts 6 paziBHapik ¢ ¢ ¢ ¢ ¢ 3acHoBaHuil y cepmni 2003 p.

Aemomamuzosani ma mearemMamudti cucmemuy Ha MpaHcnopmi
Exonozisa ma npomucnosa besnexa
Exonomixa ma ynpaeninus
Excnnyamayis ma pemonm 3acobie mpancnopmy
Enexmpuunuu mpancnopm, enepeemuuni cucmemu ma KOMnIeKkcu
3aniznuuna konia ma agmomooinbHi 0opocu
Inghopmayitino-komynikayiiini mexnonoeii ma mamemamuine MOOeN08AHH S
Mamepianoznascmeo
Mawunobyoyeanns
Pyxomuii cknao i msea noizoie
Tpancnopmue 6yoisHuymeo

Huinpo
2019



. 3aCHOBHUK: .
JHIITPOBCBKMI HAIIIOHAJIbBHUW YHIBEPCUTET
SAJIIBHUYHOI'O TPAHCIIOPTY IMEHI AKAJIEMIKA B. JIAZBAPSIHA

I'OJIOBA PEJJAKLIHHOI PATU YHIBEPCUTETY [miaeko O. M., ZOKTOp TEXHIYHUX HAYK

T'OJIOBHUY PEJAKTOP )XYPHAJTY [iuyros C. O., 1okTOp (Pi3NKO—MaTEeMaTHIHUX
HayK

3ACTYIIHUK I'OJIOBHOI'O PEJJAKTOPA Kozauenko /. M., 1OKTOp TEXHIYHHX HayK

BIﬂHOB]ﬂAﬂbHHﬁ CEKPETAP Komecuukosa T. O., kanaugat Hayk

i3 comianbHUX KOMYHIKaIiit

YJIEHHU PEJAKIJIHHOI KOJIELIT:

AspamosiC 3. 3., benrpancekuii yHiBepcuter (Cep0ist); bena 1., Incturyr norictuku (Yropmmna); binses M. M.,
JHY3T (Ykpaina); booposcekuii B. 1., ITHY3T (Vkpaina); borassiuyc M., BinbHIOCHKMI TEXHIYHHWII YHIBEpPCUTET
imeni ['equminaca (Jlutsa); bonnap b. €., IHY3T (Ykpaina); bounapenko 1. O., IHY3T (Ykpaina); Bakynenxo 1. O.,
JHY3T (Ykpaina); Boponin C. B., Ykp/IV3T (Ykpaina); ['onoskosa JI. C., AHY3T (Ykpaina); €Edppemenko B. T,
[TpnaszoBcekmii AepkaHuil TexHiYHUN yHiBepcuteT (Ykpaina); JKykosuupkuii 1. B., IHY3T (Ykpaina); Kanisoga .,
Yecokuil Texuiynui yHiepcurer (Uexisn); Kamima M. 1., JHY3T (Vkpaina); Kanycrsa B. O., HTTY «KuiBcbkuit
noJiTexHiuHu# iHCTUTYT iMeHi Iropst Cikopcrkoro» (Ykpaina); Kepmric P., KayHacbkuii TeXHOJIOTIYHAH YHIBEPCHUTET
(JIura); Kysmemo B.T., OHY3T (Vkpaina); Mapymak II. O., TepHONiNsChKHII HAIliOHATBHUN TEXHIYHUI
yHiBepcuret imeHi IBana Ilymios (Ykpaina); Ilirtman P., ArTUMOHOMONMBHMI Bigain Jenmapramenty roctumii (CLIA);
Pakma C. B.,, IHY3T (Vkpaina); Crnaakoscki A., Cinespkuii TexHonoriguanii yHiBepcuteT (Ilompma); Cyrmep k.,
Bapmascrka mkona ekonomiku (IToxpmia); Trotekin O. JI., JHY3T (Vkpaina); urkapenxo B. 1., JHY3T (Ykpaina).

XKyphai 3apeecTpoBaHo JepxaBHOIO peecTpamiifHOIO Ciry:k00t0 MiHicTepcTBa FOCTHUIIT YKpaiHH.
Cgimourso mpo peectpamnito KB Ne 19609-940911P Bix 29.12.2012 p.
Bunanns Baeceno 1o Iepeniky HaykoBUX (paxOBHX BHAAHb Y KpaiHH HAKa30M
MiHicTepcTBa OCBiTH 1 Haykn Ykpainu 29.12.2014 p. Ne 1528 (TexHiuHi HayKn).
XKypHai 3apeecTpoBaHO: B MIXKHAPOJHHX KaTajorax rnepiogndnux sumans Ulrichsweb™
Global Serials Directory, OCLC WorldCat; nayxomerpuunux cucremax Google Scholar,
DOAJ, Index Copernicus Ta iH.
JpykyeThcs 3a pilieHHsIM BUeHOI paau yHiBepcuteTy Bin 30.08.2019 p., nporokon Ne 1

Bunasenp JIHINpOBCHKUH HaIIOHAJIBHUI YHIBEPCUTET 3aJTi3HUYHOTO
TpaHCmopTy iMeHi akagemika B. Jlazapsina (M. [IHinpo)
Ceimourso cy6’exta BumaBHI4O1 cripasu JIK Ne 1315 Big 31.03.2003 p.

AJlpeca 3aCHOBHHUKa ByIL. JlazapsHa, 2, kiMm. 267, Jainpo, Ykpaina, 49010
Ta peraKiii tei.: +38 (056) 371-51-05; e-mail: lib@b.diit.edu.ua, visnik@diit.edu.ua;
caiit xxypraiy: http://stp.diit.edu.ua/

Bunanss nyonikyetses 3 1936 p.:

1936-1993 pp. — «Tpyasl JJHETIPONIETPOBCKOTO HHCTUTYTA HHKEHEPOB JKEJIE3HOIOPOKHOTO TPAHCIIOPTA;
1993-2002 pp. — «30ipHHK HAyKOBHX Ipanb JHIIPOMETPOBCHKOTO JCPKABHOTO TEXHIYHOTO YHIBEPCHUTETY
3aJI3HUYHOTO TPAHCIIOPTY» (32 CepisiMu);

2003-2012 pp. — «BicHuk [IHIPONETPOBCHKOTO HAIIOHAIBLHOTO YHIBEPCHUTETY 3alli3HUYHOTO TPAHCIIOPTY
imeHi akagemika B. Jlazapsina», (ISSN 1993-9175);

32013 p. — «Hayka Tta mporpec TpaHcmopTy. BicHuk JIHIIPONETPOBCHKOTO HAI[IOHAIBHOTO

YHIBEPCHUTETY 3aJII3HUYHOTO TPAHCHOPTY iMeHi akaneMika B. Jlazapsinay

© JIHINpOBCHKHII HALliOHANBHUIT YHIBEPCHTET
3aJI3HUYHOTO TPAHCIIOPTY IMEHI akajaemika
B. Jlazapsina, 2019


mailto:lib@b.diit.edu.ua
mailto:visnik@diit.edu.ua
http://stp.diit.edu.ua/

JIHUMPOBCKHI HAIMOHAIBHBINA YHUBEPCUTET KEJIEC3HOAOPOKHOIO TPAHCIIOPTA
nMeHu akagemuka B. JlazapsHa

HAYKA TA HPOI'PEC TPAHCIIOPTY

BICHUK JHINMPOIIETPOBCBKOI'O HAINIOHAJIBHOT'O YHIBEPCUTETY
SAJIIBHUYHOI'O TPAHCIIOPTY IMEHI AKAJEMIKA B. JIASAPSHA

Hay4Hblii sKypHaJI
Ne 4 (82) 2019

Beixogut 6 pasBron ¢ ¢ ¢ ¢ ¢ OcHoBan B asrycre 2003 r.

Aemomamu3zuposanivie u meiemamuieckue CUCmemvbl Ha MpaHcnopme
DKonoeusi u npomMbiuLIeHHAs. 6e30NACHOCTb
DKoHOMUKA U ynpasieHue
DKkenayamayusi u pemMoum cpeocme mpaHcnopma
DnekmpuuecKkuti mpaHcnopm, sHepeemudecKue CUcmemovl U KOMNIEKCbl
Keneznoodopooicuwviii nyms u asmomoouibHvie 00pou
HnpopmayuonHo-KOMMYHUKAYUOHHBIE MEXHOIOSUU U MAMEMAMUYECKOE MOOENUPOBAHUE
Mamepuanosedenue
Mawunocmpoenue
Tloosuoicnoii cocmae u msea noe3z00s
Tpancnopmuoe cmpoumenbcmeo

Juumpo
2019



_ Yupenureis: .
JHUTTPOBCKNUN HAITMOHAJIBHBIM YHUBEPCUTET
JKEJIEBHOJOPOXHOI'O TPAHCIIOPTA UMEHU AKAJIEMUKA B. JIASAPSIHA

TIPEJICEJIATEJIb PEJJAKLJUOHHOI O [MmmabKo A. H., TOKTOp TEXHUYECKUX HAYK

COBETA YHUBEPCHUTETA

T JTABHBIH PEJJAKTOP JKYPHAJIA IMuuyros C. A., TOKTOp (HPU3NKO-MATEMATHICCKUX HAYK
3AMECTHUTEJIb ITIABHOI'O PEJJAKTOPA Kozauenko /I. H., tokTop TexHHMUECKUX HAyK
OTBETCTBEHHbIH CEKPETAPH Komecnukosa T. A., kKanAuIaT HAyK

TI0 COLTMAJIBHBIM KOMMYHHKAIUAM

YJIEHBI PE[JAKIIHOHHOH KOJIJIETHU:

Aspamosuc 3. 3., benrpanckuit yausepcuret (Cepbus); bema W., Uucturyt nmoructuxu (Benrpus); bemnses H. H.,
JHYXT (Yxpauna); boOposckmii B. 1., JHYXT (Vkpaumna); bormseumayc M., BUIBHIOCCKHH TEXHUYECKUH
yHuBepcurer uMmeHun ['eammunaca (Jlurea); Bonmap b. E., JHYXT (Vkpauna); bonmapenko U. A., JHYXT
(Ykpauna); Bakyienko U. A., JHYXT (Ykpauna); Bopouun C. B., YkpI'VXKT (Ykpauna); ['onoskosa JI. C., THYXT
(Yxpanna); Edpemenko B. I'., [Ipna3zoBckuii rocyaapcTBeHHbIH TeXHUUECKHH yHUBepcuteT (YkpanHa); JKyKoBUIKHIA
U. B., JHYXT (Ykpauna); Kanusoga ., Yemckuii texuuueckuil ynusepcuter B Ilpare (Uexms); Kamuma M. 1.,
JHYXT (Yxpaumna); Kanycrsn B. E., HamuonaneHelii TexHudeckuil yHuBepcuTeT YkpauHel «KueBckuit
MOJUTeXHUYeCKH MHCTUTYT MMeHH Hrops Cuxopckoro» (Yxkpamna); Kepmmc P., KayHacckuil TexHomormueckuii
yaueepcurer (JIuta); Kysmemor B.T., JHYXT (Vkpamna); Mapymak 1. A., TepHONOJIbCKHA HAaMOHANBHBINA
TeXHU4Yecknil yHuBepcuTeT nMenn MBana [lymios (Ykpaunna); [Iurtman P., AETUMOHOTIONBHEIN oTHen [emaprameHTa
tocturmu (CIHA); Pakma C. B., JHYXKT (Ykpanna); CragkoBcku A., CHIe3CKHIA TEXHOJIOTHICCKHH YHUBEPCHUTET,
(ITompmmma); Cyrmep [x., BapmaBckas mkoma exoHomuku (Ilompma); Trotekun A. JI, JHYXT (VYkpauna);
Iunkapenko B. U., JIHYXT (Ykpauna)

Kypnan lNocynapcTBeHHO# perncTpannoHHoi ciryx00if MuHHCTEpCTBa IOCTHIMH Y KPauHBI.
3aperUCTPUPOBAH CeuzerenbctBo 0 peructpauun KB Ne 19609-940911P ot 29.12.2012 1.
N3nanue BHeceHo B [lepeueHb Hay4HBIX CEHUATM3UPOBAHHBIX U3JaHUI Y KpauHbl
puKa3oM MuHHCTEepCcTBa 00pa3oBaHus U HayKu YKpauHsl 29.12.2014 1. Ne 1528
(TeXHUYECKHE HAYKH).
JKypHan 3aperucTpupoBas: B MEXIyHApOIHBIX KaTalorax MepHoANYeCKUX N3TaHuN
Ulrichsweb™ Global Serials Directory, OCLC WorldCat; naykomeTpryeckux cucTemMax
Google Scholar, DOAJ, Index Copernicus u ap.
[Neuaraercs o penreHuto ydeHoro cosera yuusepcurera ot 30.08.2019 r., npotokomn Ne 1

W3narens JIHUIIPOBCKUI HALIMOHAJIbHBIM YHUBEPCUTET JKEJIE3HOIOPOKHOTO TPAHCIIOpTa
nMeHu akajgemuka B. Jlazapsiaa (r. J{HHITIPO)
CBugerenbcTBO cyOBekTa m3garenbekoro aena K Ne 1315 ot 31.03.2003 r.

Anpec yi. Jlazapsina, 2, koM. 267, Jlaunpo, Ykpauna, 49010, ten.: +38 (056) 371-51-05;
yUpEaUTENS e-mail: lib@b.diit.edu.ua, visnik@diit.edu.ua; caiir xypuana: http://stp.diit.edu.ua/
Wznanne my6mukyercs ¢ 1936 1.
1936-1993 rr.  — «Tpyns! JJHENponeTpoBCKOro MHCTUTYTa HHKEHEPOB HKEJIE3HOIOPOKHOTO TPAHCIIOPTaY;
1993-2002 rr.  — «30ipHUK HAyKOBUX Ipaib JIHIPONETPOBCHKOrO NEPKABHOIO TEXHIYHOTO YHIBEPCHUTETY
3aIi3HUYHOTO TPAHCTIOPTY» (3a cepisiMn);
2003-2012 rr. — «BicHuK JIHINIPOMETPOBCHKOTO HAIIOHAIBHOTO YHIBEPCHTETY 3alli3HUYHOTO TPAHCIIOPTY
imeHi akafgemika B. JlazapsiHa», (ISSN 1993-9175);
¢ 2013r. — «Hayka Tta mporpec TpaHcmopTy. BicHHK JIHIIPONETPOBCHKOTO HAIIOHAIEHOTO

YHIBEpCUTETY 3aJII3HUYHOTO TPAaHCIIOPTY iMeHi akagemika B. Jlazapsaay

© JIHMTIPOBCKHI HALMOHAJIBHBIN YHMBEPCUTET
JKEJIE3HOZIOPOKHOTO ~ TPAHCIOPTa ~ MMEHH
akanemuka B. Jlazapsiaa, 2019


mailto:lib@b.diit.edu.ua
mailto:visnik@diit.edu.ua
http://stp.diit.edu.ua/

Dnipro National University of Railway Transport
named after Academician V. Lazaryan

NAUKA TA PROGRES TRANSPORTU

VISNIK DNIPROPETROVS’KOGO NACIONAL’NOGO UNIVERSITETU
ZALIZNICNOGO TRANSPORTU

SCIENCE AND TRANSPORT PROGRESS

Scientific journal
No. 4 (82) 2019

Bi-Monthly ¢ ¢ ¢ ¢ ¢ Founded in August 2003

Automated and Telematic Systems on Transport
Ecology and Industrial Safety
Economics and Management
Operation and Repair of Transport Means
Electric Transport, Power Systems and Complexes
Railroad and Roadway Network
Information and Communication Technologies and Mathematical Modelling
Material Science

Mechanical Engineering

Rolling Stock and Train Traction
Transport Construction

Dnipro
2019



Founder:

DNIPRO NATIONAL UNIVERSITY OF RAILWAY TRANSPORT
NAMED AFTER ACADEMICIAN V. LAZARYAN

Chairman of the Editorial Board of the University Pshinko O. M., Doctor of Technical Sciences
Editor-in-Chief Pichugov, S. A., Doctor of Physics and Mathematics
Deputy Chief Editor Kozachenko D. M., Doctor of Technical Sciences
Executive Secretary Kolesnykova T. O., PhD of Social Communications

EDITORIAL BOARD MEMBERS:

Avramovic Z.Z. , Faculty of Transport and Traffic Engineering (Serbia); Béla I., Logistics Institute (Hungary);
Biliaiev M. M., DNURT (Ukraine); Bobrovskiy, V.l., DNURT (Ukraine); Bodnar B.E., DNURT (Ukraine);
Bogdevi¢ius M., Vilniaus Gedimino technikos universitetas (Lithuania); Bondarenko I. O., DNURT (Ukraine);
Cygler J., Szkola Glowna Handlowa w Warszawie (Poland); Efremenko V. G., Priazovsky State Technical University
(Ukraine); Golovkova L. S., DNURT (Ukraine); Kalivoda J., Czech Technical University in Prague (Czech Republic);
Kapitsa M. I., DNURT (Ukraine); Kapustyan V. O., National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute», (Ukraine); Kersys R., Kaunas University of Technology (Lithuania); Kuznetsov V. G., DNURT
(Ukraine); Maruschak P. O., Ternopil Ivan Puluj National Technical University (Ukraine); Pittman R., Antitrust
Division of the USA. Department of Justice (USA); Raksha S. V., DNURT (Ukraine); Shinkarenko V. l., DNURT
(Ukraine); Stadkowski A., Politechnika Slaska w Gliwicach (Poland);  Tiutkin O. L., DNURT (Ukraine);
Vakulenko I. O., DNURT (Ukraine); Voronin S. V., UKrSURT (Ukraine); Zhukovitskiy I. V., DNURT (Ukraine)

Journal by the State Registration Service of the Ministry of Justice of Ukraine.

was registered Certificate of Registration KB n0.19609-9409PR from 29.12.2012
Edition is included in the list of scientific professional publications of Ukraine by the Order of
the Ministry of Education and Science of Ukraine 29.12.2014 r. no. 1528 (technical sciences).
Journal is registered: in the International Catalogue of periodicals Ulrichsweb™ Global Serials
Directory, OCLC WorldCat; research and metric systems Google Scholar, DOAJ, Index
Copernicus, etc.
Published according to the Academic Council decision of the University from 30.08.2019,
Protocol no. 1

Publisher Dnipro National University of Railway Transport named after Academician
V. Lazaryan (Dnipro)
Certificate of Publisher IK no. 1315 from 31.03.2003

Address St. Lazaryana, 2, room 267, Dnipro, Ukraine, 49010, tel.: +38 (056) 371-51-05;
of Founder e-mail: lib@b.diit.edu.ua, visnik@diit.edu.ua; journal site: http://stp.diit.edu.ua/

Edition is being published since 1936:
1936-1993 — «Tpyasl JHEPOIETPOBCKOTO HHCTUTYTAa WHKEHEPOB JKEJIE3HOIOPOKHOTO TPAHCIIOPTAY,;
1993-2002 — «30ipHHK HayKOBUX Ipaipb J[HINPONETPOBCHKOTO MAEPIKABHOTO TEXHIYHOTO YHIBEPCHTETY
3aJI3HUYHOTO TPAHCIIOPTY» (32 CepisiMu);
2003-2012 — «BicHuK /JHINPONETPOBCHKOTO HAI[IOHAILHOTO YHIBEPCHTETY 3aJII3HUYHOIO TPAHCHIOPTY iMEH1
akanemika B. Jlazapsinay, (ISSN 1993-9175),
since 2013 — «Hayka Ta mporpec TpancmopTy. BicHuk J[HIMPOMEeTPOBCHKOTO HAIIOHAIBFHOTO YHIBEPCHUTETY
3aJII3HUYHOTO TPAHCIIOPTY iMeHi akagemika B. JlazapsHa»

© Dnipro National University of Railway
Transport named after Academician
V. Lazaryan, 2019


https://www.scopus.com/authid/detail.uri?authorId=57200225178
mailto:lib@b.diit.edu.ua
mailto:visnik@diit.edu.ua
http://stp.diit.edu.ua/



