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AHOTALIS

Ob6o3nuti O.M. YD0CKOHAJIEHHS TNPOLECIB TMEpeApeicoBOi MiArOTOBKH
JIOKOMOTHUBIB Ha OCHOBI €JIEKTPOHHOIO macnopty. — KBamidikaijiiina HaykoBa
npais Ha paBax PyKOTMHCY.

JHucepraitiss Ha 3100yTTS HAyKOBOTO CTYICHS KaHIUAaTa TEXHIYHMX HAYK
(moktopa ¢inocodii) 3a crnerianpHicTIO 05.22.07 — «PyxoMuit ckiaa 3ani3HULb Ta
Tsra noi3AiB»y (273 — 3adi3HUYHHMNA TpPaHCHOPT). — YKpaiHChKUN Jep:KaBHUI
yHIBEpCHUTET 3aii3HnyHoro Tpancnopry, MOH VYkpainu, Xapkis, 2021.

Jucepraiiiss ~ TpUCBSYEHA  NHTAHHIO  YJOCKOHAJICHHS  MPOIICCIB
nepeapecoBoi MiArOTOBKU JOKOMOTHUBIB. 3 II€I0 METOK MIPOIOHYETHCS PO3pOOKa
1 BIIPOBADKCHHS €JICKTPOHHOTO MACIOPTy, IO MICTUTUME JIaHi Mpo (pakTHIHUH
TEXHIYHUN CTaH JJIOKOMOTHUBIB Ta iX BY3JIiB.

B poGoTi npoBenenunit anaiz 6e3neku pyxy Ta HECIpPaBHOCTEH OCHOBHOTO
o0JiaTHaHHS JIOKOMOTHUBIB, SIKUH TTOKa3aB, 10 MOPIYHO OMM3bko /5%
TPAHCTIIOPTHUX TMOJIA CTAETHCSA YEpe3 BIIIMOBY BY3JIB JIOKOMOTHBA Ha HUISAXY
npsiMmyBaHHs. Bin3HaueHo, 1110 OCHOBHA MPUYKHA BIIMOB — HEJIOCTATHS yBara o
TEXHIYHOTO CTaHy JIOKOMOTHBA TIEPE]T BUXOIOM B PEIiC.

Byno po3po6ieHo CTPYKTYpHY MOJEib €IeKTPOHHOTO MaclopTy Ta
iHbOpMaIliitHy MOoJIeTh TIPOIIeCy MepeApericoBOl MiATOTOBKH JIOKOMOTHBA 13
3aCTOCYBAHHSAM €JCKTPOHHOIO TMacrmopry. Y poboTi Oyio po3pobieHo
MaTeMaTUIHy MOJIENb Ta 3aMPOTIOHOBAHO CTPATETii YIPaBIiHHSI pPU3UKAMH B
eKCILTyaTallii i3 3aCTOCYBaHHSIM €JIEKTPOHHOTO macrnopty. [lokasHukom, 110
XapaKTepu3ye HaJIiHy poOOTY JIOKOMOTHBIB B €KCILTyTAIlli 3aIPOTIOHOBAHO
BUKOPUCTOBYBATH KOEQIIIEHT MOKIMBOCTI BUKOHAHHS PECY.

[arepniomsimiiina  gopmyna s BH3HA4YeHHS  KOE(IIi€EHTA  MOXKIMBOCTI
BUKOHAHHSI PEHCY OTpUMaHa B PE3yJIbTAaTi MOBHOTO ()aKTOPHOTO EKCIIEPUMEHTY.

HaykoBa HOBU3Ha AucepTalliiiHOi pOOOTH MOJISITae y BUPILICHHI HAYKOBOTO

3aBJaHHA YAOCKOHAJIEHHSI MPOIIECIB MepepeicoBOi MIATOTOBKA Ha OCHOBI



EJIEKTPOHHOTO TACMOPTY 3 YPaxXyBaHHSAM PU3HKIB MPOIIECY EKCIUTyaTallii Ta
3aMPOTIOHOBAHOTO KPUTEPiI0 MOKIMBOCTI BUKOHAHHS PECY JIOKOMOTHBOM.

Bnepue:

- Ha OCHOBI Teopii Mepex [leTpi 3amponoHOBaHO METO/ MEPEeAPEercoBOT
MIATOTOBKH JIOKOMOTHBIB 13 3aCTOCYBAaHHSIM €JIEKTPOHHOTO MACIOPTY, KUl
3a0e3neuye BU3HaUYCHHS HOTO ()aKTHYHOTO TEXHIYHOT'O CTaHy Tepe]l BUXO0JIOM B
peuc;

- pO3pO0JICHO MaTEMAaTUYHy MOJICITb YIIPABIiHHS PU3UKAMH BTPAT B MPOIICCi
EKCIUTyaTalii Ta 3alpONOHOBAHO KPUTEPid IS BU3HAYCHHS MOMKJIMBOCTI
BUKOHAHHS pEHCy JIOKOMOTHBOM, SIKHW BpPaxOBY€ BIUIMB EKCIUTyaTalliiHUX
(dakTopiB HA 3MIHY TEXHIYHUX MapaMeTPiB BY3JI1B JOKOMOTHBA;

- 3aIPONIOHOBAHO MAaTEMaTUYHYy MOJIC)Ib TEXHIYHOTO CTaHY JIOKOMOTHBA, KA
y pealbHOMY dYacl BpaxOBY€ 3MIHM TEXHIYHUX MapaMeTpiB HOro BY3JIiB Ta ix
B3a€MO3B’SI30K B MPOIEC] eKCIUTyaTallii, Ta 103BOJsiE cHOpMyBaTH CTPYKTYpPHY
CXeMy HOro eJIEKTPOHHOTO MaclopTy;

3HaMIIOB MOJAJIBIINI PO3BUTOK:

- METOJT OTPUMAaHHS 3JISKHOCT1 Koe(iIieHTa MOXKIMBOCTI BUKOHAHS perCy
JUIS PI3HUX TO€IHAHb CKCIUTyaTalliiHUX (AKTOpiB, SKWUW, HAa BIAMIHY BIJ
ICHYIOUHX, JTO3BOJISIE€ OLIIHUTH 3MIHY (DAKTUYHOTO TEXHIYHOTO CTaHY JJOKOMOTHBA
ITCJI1 BAKOHAHHS KOHKPETHOTO PEHCYy.

Y 10CKOHaJIEHO:

- MOJIEJIb MAaTEMaTUYHOTO OIHCY MPOIECY MepPeapeiicoBOi MIATOTOBKU SK
OJTHOKaHAJILHO1 CUCTEMH MacOBOTO OOCIYTOBYBaHHS 3 HEOTHOPITHUMU MOTOKAMH,
fgKa, Ha BIAMIHY BiJ ICHYIOUMX, O3BOJISI€ 3pOOMTH BUOIp peiicy, B mporeci
BUKOHAHHSI IKOTO HE CTAHEThCS BITMOBH JIOKOMOTHBA.

[Ipaktnune 3HaueHHs pPoOOOTHM TIONATAE y BUKOPHCTAHHI pPe3yJbTaTiB
nociikeHHs: Ha mianpueMctBax AT “Yip3anizHuug”. 3anponoHOBaHi 3axo0]u
JI03BOJISTFOTh 3MEHIIIUTH BUTPATH Yacy HAa TPOBEIACHHS TMEPEeApercOBOI IMiITOTOBKHU

JIOKOMOTI/IBiB, OIICPAaTUBHO BiI[CTC)KYBaTI/I CTaH JTJOKOMOTHBA IICPCa BUXOA0M B
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peiic. Kpim Toro 1i pe3yabTaTd CIYT'yIOTh JJis IPOTrHO3YBaHHS TEXHIYHOTO CTaHy
JIOKOMOTHUBIB B €KCIUTyaTailii Ta J03BOJISIIOTh 3MEHIIUTHU KUIBKICTh BiAMOB
JIOKOMOTHBIB Ha IIJISAXY MPSIMYBaHHS.

Pe3ynpTaTi noCiiIKeHb BOPOBAKEHO B HABYAJIbHUIM Mpo1iec YKpaiHChKOTO
JIEP’KaBHOT'O YHIBEPCUTETY 3aJI3HUYHOI'O TPAHCHOPTY 3 MIATOTOBKM OakajaBpiB 1
MaricTpiB 3a OCBITHBOIO MPOrpamMor0  “JIOKOMOTHBH Ta JTOKOMOTHBHE
rOCTOJIapCTBO” CHEiaIbHOCTI “3aTi3HUYHHUIN TPaHCTIOPT .

3a maTepiajamu JUcepTaliitHoi po6oTH onmyOaikoBaHO 22 HaAYKOBMX Ipail,
3 SIKUX: 8 HAYKOBUX cTaTel y (paxoBUX BUIAHHSAX, 3aTBepukeHMX MOH VYkpainu,
Ta 3 CTaTTl y BUAAHHIX IHIIUX JepxkaB (TPU CTATTI BKIIOYEHI 10 HAYKOMETPUYHOT
0a3u Scopus); 8 mparib arpoOaIiifHOro XapakTepy; TpH J0JaTKOBUX ITPAIIi.

VY BcTymi 00rpyHTOBaHA aKTyaJbHICTh TEMU AMCepTalii, chopMyIpoBaHa
MeTa JOCHIPKeHHS, PO3KpUTa ii HayKOoBa HOBU3HA Ta NPAKTUYHE 3HAYEHHS
oJlepKaHUX PE3YJIbTATIB, MOJAHO 3arajibHy XapaKTepUCTUKY POOOTH.

VY meprioMy po3iii MPOBEAEHO aHai3 Oe3MeKH pyxy Ta HECIpPaBHOCTEM
OCHOBHOT'O 00JIaJIHaHHS JIOKOMOTHBIB Ha 3alI3HULAX YKpaiHU. AHali3 MOKa3ye,
10 OUIBIIICTh TPAHCIOPTHUX Momiii (0au3bko 75%) craeThCcsi Yepe3 BiAMOBY
oOnaHaHHSA HA NUIAXY NpsMyBaHHA. [lepeayMoBHM BUHUKHEHHS HECHPABHOCTEH
BITHOCATH 3a HESKICHUM JICTIOBCHKHM 1 3aBOJCHKMM PEMOHTOM Ta TEXHIYHUMU
npuunHamMu. OJHAK, OCHOBHOIO MPUYHHOIO BIiIMOB BY3JIiB JIOKOMOTHBIB B
eKCILTyaTallii € Te, o P BIAMPABICHHI JIOKOMOTHBA B PEiiC HEIOCTaTHs yBara
MPUAIAETHCS BU3HAYEHHIO HOTO (DaKTUYHOTO TEXHIYHOTO CTaHy.

OCHOBHUM HEJOJIKOM ICHYIOUOi CHCTEMH YIOPABIIHHSA TEXHIYHUM
00CITyroByBaHHSM, MOTOYHUMH PEMOHTaMU 1 EPEIPENCOBOIO MiATOTOBKOIO € T€,
10 JIOKOMOTHBU OJHI€T cepii pO3MNIANAIOThCA SK OJHOTHIHI, 3 OJHAKOBUMU
XapaKTEepUCTUKAMHU 1 BIacTUBOCTAMHU. OAHAK, KOKEH JIOKOMOTHB Ta HOTO BY3JIH
MaroTh 1HJMB1IYyalbH1 BIACTUBOCTI 1 3HOIIYIOTHCS HE OJTHAKOBO.

Benmka dacTka BiIMOB BY3IIB JIOKOMOTHBIB Ha IIISXY NPSAMYBaHHS BHUMAarae

OUTBIIIOT yBaru 10 MArOTOBKH JOKOMOTHBIB TI€pe]l BUXOJIOM B PEHC Ta



CIIOCTEpEKEHHS 32 HOTO CTAaHOM B eKcruTyaTallii. [lepex BUITycKoM JIOKOMOTHBA Ha
JIHII0O HEOOXIIHO TMEepPEeKOHAaTHUCSd B TOMY, IO HOro TEXHIYHUWA CTaH J103BOJISE
3niicHUTH peic. Lle cTocyeTbes sIK JOKOMOTHUBIB, IO €KCIUTYaTyHOThCS JOBIHMA
yac, Tak 1 HOBHMX JIOKOMOTHBIB, IO HaJIXOJATh Ha mnianpueMcrBa AT
“Vikpzanizauis”. [HpopMmanis npo TeXHIYHUNA CTaH MOXe OyTH OTpHUMaHa Bij
OOpTOBMX Ta CTalllOHAPHUX 3acCO0IB TEXHIYHOTO JIarHOCTYBaHHS. AHANI3 IUX
JaHUX, BHW3HAYCHHS PIBHA HAMIMHOCTI JIOKOMOTHBA Ta HOTO CIPOMOYXHOCTI
NIPOBECTH TO13]] € HEB1I' EMHOIO YaCTUHOIO TIEPEIPEHCOBOT M ITOTOBKH.

[locrae 3amaya yAOCKOHAJIEHHS TMPOIECIB MEPEAPEHCOBOI  MiJATOTOBKH
JIOKOMOTHUBIB, BHUPIMICHHS SKO1 JO3BOJUTH MIABUIIUTH HAIIAHICTh JOKOMOTHBIB B
eKCILTyaTallii, 3MCHIIMTH BHTPAaTH Ha HEIUIAHOBI PEMOHTH, OOMpaTH ONTHMAJIbHI
PSKUMH CKCILTyaTallii TATOBOTO PYXOMOT'O CKIIaJTy.

Y  apyromy po3aiii IPOBOAMIIOCH PO3POOJIGHHS CTPYKTYPHOI MOJemi
EJIEKTPOHHOTO TMACTOPTY JIOKOMOTHBA. MOKIMBOCTI Cy4acHMX 1H(pOpMAIITHIX
TEXHOJIOT1H TO3BOJIAIOTH MPOBOJIUTH 30UpaHHsA, 30epiraHHs Ta OOpPOOKYy BEIMKOTO
00’eMy JJaHUX, 1110 HEJIOCTYITHO MPU PYYHIN TEXHOJIOT1I.

Jl7ist BpaxyBaHHS 1HAUBIIYaIbHUX BIACTUBOCTENH OKPEMOTO JIOKOMOTHBA MIPHU
BUKOHAHHI  TepeapeiicoBOi  MIATOTOBKA  MPOTOHYETHCS  3aCTOCOBYBATU
CJIEKTPOHHUN TMAacMopT JIOKOMOTHBA, SKHH TIpelncTaBiisie coOow 0a3zy maHux
JIOKOMOTHUBIB Ta iX By31iB. [Ipy bOMY JOKOMOTHB PO3IIISIAAETHCA K 00’ €KT, 10
Ma€ TIeBHI BJIACTUBOCTI 1 MpUKMae ydacTh y MEBHUX MOJisAX. KOXXKeH By3071 TaKoX
PO3MIISAAAETHCS K OKPEMHM 00’ €KT 31 CBOIMH BJIACTUBOCTIMHU 1 MoissMu. HacTaHHs
MEBHOI MOJ111 MPU3BOIUTH JI0 3MIHU CTaHy JIOKOMOTHBA ab0 By371a, 0 000B’ I3KOBO
BiTOOpaKa€ThCSI B €NEKTPOHHOMY MACIOPTi Ta MPU3BOJIUTH IO OHOBJICHHS 0a3u
nanux. HamoBHeHHsI 0a3W JaHUX EJEKTPOHHOI'O MAaCMOPTY BiAOYBA€TbCs uepes
3aco0M TEXHIYHOTO JIarHOCTYBaHHS (TIEPEHOCHI, CTaIllOHapHi, BOy/JIOBaHi), a IpH
iX BIICYTHOCT1 — BpYUHY.

VY TpeThoMy poO3AUIl NPOBOJUIOCH PO3POOJICHHS MOENI Mpolecy

nepeapeiicoBoi MAroTOBKY JIOKOMOTHUBIB 13 3aCTOCYBaHHSM €JIEKTPOHHOTO



nacrnopTy. 3ajadero MepenpercoBoi MIATOTOBKUA JIOKOMOTHBIB € BU3HAYEHHS
MOXJIMBOCTI KOHKTPETHOTO JJOKOMOTHBA MPOBECTH MOI3]] BIZIOMOI Baru 1o JAUIsSHII
BiloMOro npouio 1 JOBKUHU. TOOTO HEOOXIHO BHU3HAYUTHU, YU JO3BOJISIE
(bakTUYHUI TEXHIYHUN CTaH JOKOMOTHUBA BUKOHATH KOHKPETHUM peiic.

Jlani mpo peic Big YEProBOro Mo [0 TMOPIBHIOIOTHCS 3 TMOTOYHUMH
BJIACTHUBOCTSIMU JIOKOMOTHBA 1 HOTO BY3JIIB 1 BU3HAYAETHCSA 3HAYEHHS KOCPIIEHTY
MOJIMBOCTI BUKOHAHHS JIOKOMOTHUBOM peiicy 0e3 BiIIMOBH OOJIaHAHHs, a TaKOX
(GOpMYy€ETHCS TEXHOIOTTYHUH MPOIEC IEPEeAPEHCOBOT MiITOTOBKH.

Enextponnuii macmopT A03BOJISIE aBTOMATU3yBaTH OOpOOKY Ta aHami3
pe3yIbTaTIB TEXHIYHOTO JIarHOCTYBaHHS, a TaKOX PO3POOKY TEXHOJIOTTIYHOTO
npoliecy mepeapecoBoi miarorosku. [Ipu 3acTocyBaHHi €IEKTPOHHOTO MACIIOPTY
JIOKOMOTHBA OYIKYEThCSI 3MEHIICHHS KUTbKOCTI BIIMOB BY3JiB JIOKOMOTHBIB Ha
HUIAXY MPSMYBaHHS, OCKUTBKH BUKIIIOUA€THCS MOKJIMBICTD BIJIIIPABKH JIOKOMOTHBA
B peiic, SKIIO TEXHIYHI MapaMeTpd HOoro BY3JiB HE 3aJ0BUIBHSIOTH BUMOTaM
HOPMAaTUBHOI TOKYMEHTAITi.

B uerBeproMy po3aiuri po3poOsieHI MojeNll BHUKOPHUCTaHO i (HOpMYBaHHS
iHdopMalliitHOT cHCcTeMH, sika MoOKe OyTH IHTErpoBaHa 3 aBTOMAaTH30BaHUMH
POOOYNMHU MICIISIMH B JICTIO.

Y  sKoCcTI mpakTHYHOI peanizamii OyJ0 3amponoHOBAHO MPOrpPaMHE
3a0€3MeUeHHs] EJIEKTPOHHOTO TACIopTy, SKe MOXJIIMBO I1HTerpyBatu 3 APM
Y4eproBoro 1o AEMo I aHalli3y CTaHy Ta MiI0opy JJOKOMOTHUBIB JIJisl BiAIIpaBICHHS
B peiicC.

3 2017 pokyB 12 1OKOMOTHBHUX JI€TIO MPOBOAMIIACH ampoOarris
EJIEKTPOHHO1 MacmopTH3ailii 00’ €KTiB TOKOMOTHUBHOTO TOCIIOAAPCTBA, Y TOMY
YHCIIi TIOKOMOTHBIB. Bysi0 po3po0ieHo BiAMOBIAHE MpOrpaMHe 3a0e3MeYeHHS.

JlocBim BHPOBAKEHHSI EIEKTPOHHUX TACHOPTIB TOKaszye, Mo 00poOka
PE3YNIBTATIB E€IEKTPOHHOIO CHUCTEMOIO J03BOJISIE MPUCKOPUTH (HOPMYBAHHS
TEXHIYHOI JOKYMEHTAallli, MiJBUIIUTH €PEKTUBHICTh Mpaill, CKOPOTUTU 4ac

MIPOBECHHS OIeparliii.



3acTocyBaHHsl €JIEKTPOHHOIO MACHOPTy JIOKOMOTHBAa B IpOIECi
nepeapencoBol MIATOTOBKM JO03BOJIIE OTPUMATH EKOHOMIYHUN €QeKT 3
HApOCTalOUUM MIJICYMKOM 3a po3paxyHkoBui nepiog 2022 — 2026 poxku
cknagatume (472,080 tuc. rpH. EkoHOMIUHMI €(DEeKT 10CATaETHCS 38 PAXYHOK
3MEHILEHHS BUTpAT HAa 3apOOITHY IUIaTy, Ha TEXHIYHE OOCIyroByBaHHS Ta
nepenpericoBy MIATOTOBKY, a TaKOX BHUTpAT, IOB S3aHUX 13 BIJIMOBOIO
JIOKOMOTHBIB Ha MLUIAXY MPSAMYBaHHA, 13 3aTPUMKOIO MOi37a, BHUKIMKOM
JOTIOMI>)KHOTO JIOKOMOTHBA Ta MPOBEJICHHSAM HEIJIAHOBOTO PEMOHTY.

Knrouosi cnosa: enekTpoHHUN NacmopT JOKOMOTHBA, MepeApericoBa
MiATOTOBKA, (DAKTUYHUN TEXHIYHUN CTaH JIOKOMOTHBA, KOS(HIIIEHT MOYKIUBOCTI

BUKOHAHHS peiCy, YIPaBIIHHSI PU3UKAMHU

ABSTRACT

Obozny O.M. Improvement of locomotives pre-route preparation processes
based on the electronic passport. — Qualification scientific work — manuscript
copyright.

Thesis for a Candidate Degree in Technical Sciences (Ph.D. — Doctor of
Philosophy) in Specialty 05.22.07 — The railways rolling stock and trains traction
(273 — Transport). — Ukrainian State University of Railway Transport, Ministry of
Education and Science of Ukraine, Kharkiv, 2021.

The thesis deals with the issue of improving the processes of pre-route
preparation of locomotives. To this end, it is proposed to develop and implement
an electronic passport that will contain data on the actual technical condition of
locomotives and their components.

The analysis of traffic safety and malfunctions of the main equipment of
locomotives is carried out in the work, which showed that annually about 75% of

transport events occur due to failure of locomotive units on the route. It is noted



that the main reason for failures is insufficient attention to the technical condition
of the locomotive before departure to the route.

A structural model of the electronic passport and an information model of
the process of pre-route preparation of the locomotive with the use of the electronic
passport were developed. A mathematical model was developed in the work and
strategies for risk management in exploitation using an electronic passport were
proposed. As an indicator that characterizes the reliable work of locomotives in
exploitation the coefficient of route execution possibility is proposed to use. The
interpolation formula for determining the coefficient of route execution possibility
Is obtained as a result of a complete factorial experiment.

The scientific novelty of the dissertation work is in solving the research
problem of improvement of pre-route preparation processes on the basis of the
electronic passport, taking into account the risks of the operation process and the
proposed criterion of route execution possibility by a locomotive.

For the first time:

- based on the theory of Petri nets, a method of pre-route preparation of
locomotives with the use of the electronic passport is proposed, which provides
determination of its actual technical condition before departure;

- the mathematical model of management of risks of losses in the course of
operation is developed and the criterion for definition of possibility of route
execution by a locomotive which considers influence of operational factors on
change of technical parameters of locomotive nodes;

- a mathematical model of the technical condition of the locomotive is
proposed, which in real time takes into account changes in the technical parameters
of its components and their relationship during operation, and allows to form a
block diagram of its electronic passport;

Found further development:

- the method of obtaining the dependence of the coefficient of the route

execution possibility for different combinations of operational factors, which, in



contrast to the existing ones, allows to estimate the change in the actual technical
condition of the locomotive after a particular route.

Improved:

- model of mathematical description of the process of pre-route preparation
as a single-channel queuing system with inhomogeneous flows, which, in contrast
to the existing ones, allows to make a choice of the route, in the process of which
the locomotive will not fail.

The practical significance of the work consists in the use of research results
at the enterprises of JSC "Ukrzaliznytsia”. The proposed measures allow to reduce
the waste of time for pre-route preparation of locomotives, to monitor promptly the
condition of the locomotive before departure to the route. In addition, these results
are used to predict the technical condition of locomotives in exploitation and
reduce the number of failures of locomotives on the route.

The research results were introduced into the educational process of the
Ukrainian State University of Railway Transport for the preparation of bachelors
and masters in the educational program "Locomotives and locomotive economy"
specialty "Railway Transport".

The content of the thesis was revealed 13 scientific publications, including:
10 scientific articles in professional journals approved by the Ministry of
Education and Science of Ukraine, and 3 articles in publications of other countries
(three articles are included in the scientometric database Scopus); 4 publications of
approbation character; four additional publications.

In the introduction the relevance of the dissertation topic is substantiated, the
purpose of the research is formulated, research’s scientific novelty and practical
significance of the obtained results are revealed, the general characteristic of the
work is given.

In the first chapter the analysis of traffic safety and malfunctions of the main
equipment of locomotives on the railways of Ukraine is carried out. The analysis

shows that the majority of traffic events (about 75%) occur due to units failure on
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the route. Prerequisites for malfunctions are attributed to poor repairs of
locomotives in depot and on factory and technical reasons. However, the main
reason for the failure of locomotive units in exploitation is insufficient attention to
determining actual technical condition of locomotive before sending it to route.

The main disadvantage of the existing management system for maintenance,
repairs and pre-route preparation is that the locomotives of one series are
considered to be the same type and have the same characteristics and properties.
However, each locomotive and its units have individual properties and wear
differently.

The task is to improve the processes of pre-route preparation of locomotives,
the solution of which will allow to increase the reliability of locomotives in
exploitation, tot reduce the cost of unscheduled repairs, to choose the optimal
modes of exploitation of traction rolling stock.

In the second chapter the statement of a problem and tasks of research is
executed. A large proportion of failures of locomotive units on the route requires
more attention to the preparation of locomotives before departure and monitoring
of its condition in exploitation. Before departure the locomotive to the route, it is
necessary to make sure that its technical condition allows to make the route. This
applies both to locomotives that have been in exploitation for a long time and to
new locomotives coming to the enterprises of JSC Ukrzaliznytsia. Information on
the technical condition can be obtained from on-board and stationary technical
diagnostic tools. Analysis of these data, determining the level of reliability of the
locomotive and its ability to run the train is an integral part of pre-route
preparation.

In the third chapter the development of the structural model of the electronic
passport of the locomotive and the model of the process of pre-route preparation of

locomotives using an electronic passport were conducted.
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The capabilities of modern information technology allow making the
collection, storage and processing of large amounts of data, which is not available
with manual technology.

It is proposed to use an electronic passport of the locomotive, which is a
database of locomotives and their components to take into account the individual
properties of each locomotive when performing pre-route preparation. In this case,
the locomotive is considered as an object that has certain properties and
participates in certain events. Each node is also considered as a separate object
with its own properties and events. The occurrence of a certain event leads to a
change in the state of the locomotive or unit, which is necessarily reflected in the
electronic passport and leads to an update of the database. The electronic passport
database is filled through technical diagnostic tools (portable, stationary, built-in),
and in case their absence — manually.

The task of pre-route preparation of locomotives is to determine the
possibility of a particular locomotive to carry a train of known weight on a section
of known profile and length. That is, it is necessary to determine whether the actual
technical condition of the locomotive allows execution a particular route.

The route data from the depot's person on duty is compared with the current
properties of the locomotive and its units and the value of the coefficient of route
execution possibility without units’ failure is determined, and the technological
process of pre-route preparation is formed.

The electronic passport allows to automate processing and the analysis of
results of technical diagnostics, and also development of technological process of
pre-route preparation. In case of using an electronic passport of a locomotive, it is
expected to reduce the number of failures of locomotive units on the route, as the
possibility of sending the locomotive to route is excluded if the technical
parameters of its units do not match the requirements of regulatory documentation.

Since 2017, 12 locomotive depots have been testing electronic certification

of objects of locomotive economy, including locomotives. Appropriate software
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has been developed. Experience of introduction of electronic passports shows that
processing of results by electronic system allows accelerating formation of
technical documentation, increasing efficiency of work, reducing time of carrying
out operations.

The use of an electronic passport of the locomotive in the process of pre-
route preparation allows to obtain an economic effect with a cumulative result for
the calculation period 2022 — 2026 will amount to 7472.080 thousand UAH.. The
economic effect is achieved by reducing the cost of wages, maintenance and pre-
route preparation and the costs associated with the failure of locomotives on the
route as well.

Keywords: electronic passport of the locomotive, pre-route preparation,
actual technical condition of locomotive, the coefficient of route execution

possibility, risk management.
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BCTVII

AKTYyaJIbHICTh TeMH. TeXHIYHUI CTaH JJOKOMOTHBIB, 110 €KCIUTYaTyIOThCS
Ha 3a]i3HULAX YKpaiHU, BUMAarae Meperjisay ICHYIYOi CUCTEMH YIpaBIIHHS
TEXHIYHUM OOCITyrOByBaHHSM, TOTOYHHMH PEMOHTaMH Ta TIEPEeaAperHCOBOIO
1T OTOBKOIO.

Jlist eeKTUBHOT eKCITyaTallii HOBUX JIOKOMOTHBIB, 110 HAJXOASTH B JICTIO,
NOTPIOHO STKOMOTa IIMPIIE BUKOPUCTOBYBATH MOKJIMBOCTI BOYTOBAaHUX CHCTEM
TeXHIYHO1 aiarHocTuku. OOpoOseHI AaHl JIarHOCTYBaHHS CTaHy JIOKOMOTHUBA
NOTPIOHO BUKOPUCTOBYBATH B  TEXHOJOTIYHOMY TIPOIECI MepeapeircoBoi
MATOTOBKH.

[TpuitHATTS pIICHHS TPO BHUIYCK JOKOMOTHBA B PEHC TOBHHHO OyTH
TEXHIYHO OOTPYHTOBAHUM 3 METOIO HEJIOMYIIIEHHS BIJIMOBU JJOKOMOTHBA HA MUISIXY
NpsIMyBaHHS Ta 3MEHIIEHHS! BUTPAT, MOB’A3aHUX 13 3aTPUMKOIO M0i3/1a, BUKIUKOM
JOTIOMI>KHOTO JIOKOMOTHBA Ta MPOBEJIEHHAM HETIAHOBOTO PEMOHTY.

Ananiz 0Oe3neku pyxy Ta HECHpaBHOCTEH OCHOBHOro oOJagHaHHS
JIOKOMOTHBIB 3a OCTaHHI POKHM TMOKa3ye, IO OUIBIIICTh TPAHCHOPTHHUX IOJIN
BiIOyBa€ThCsl 4epe3 BIAMOBY OOJIAJIHAHHS Ha NUIAXY MNpsMyBaHHsA. OCHOBHOIO
IIPUYMHOO BiJIMOB BY3J1iB IOKOMOTHBIB B €KCILTyaTallii € Te, 1[0 MPHY BiAMpaBICHHI
JIOKOMOTHBA B PEHC HEJOCTaTHA YyBara TMNPUIAUBIETHCS BU3HAYCHHIO HOTO
(aKTUYHOTO TEXHIYHOTO CTaHy. Y 3B’S3Ky 3 IIUM TOCTa€ 3a/iada yAOCKOHAJICHHS
MIPOIICCIB MepeIPericoBOI MiATOTOBKH JIOKOMOTHBIB.

OpHuM 13 OCHOBHHMX HANPSAMKIB yIOCKOHAJIEHHS MPOIIECIB MepeapericoBoi
MATOTOBKA € 3aCTOCYBaHHS KOMIUIGKCHOTO ITAXOAY 13 BHKOPHUCTAHHSIM
MOXXJIMBOCTEH cydaHux iHpopmariitHux TtexHomorid. [lotpebye cTBOpeHHS
iHbopMmarliiiHa cuctema, sSka Morjia O Jomomaratd BpaxoBYBaTH PIBEHBb
TEXHIYHOT'O CTaHy JOKOMOTHBA B MpOlleCl MepeapeircoBOi MiITOTOBKH 3 METOIO
HEJIOMYIICHHS BIANPABICHHS B PEHC JIOKOMOTHBA, SKHM MOXE BIIMOBUTH B

eKCIUTyaTaIllii.
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3B's130k po0OTH 3 HAYKOBMMHM MNpPOrpamMaMu, ILUIAHAMH, TeMaMH.
HucepraniiiHa po0oTa BUKOHYBaJach Ha Kadeapi eKcIUlyaTallii Ta PpPEeMOHTY
PYXOMOro ckiaay YKpaiHCBKOTO JEpAaBHOTO YHIBEPCUTETY 3aJi3HUYHOTO
TpPaHCHIOPTY BIANOBIAHO A0 HamioHaneHOT TpaHCOPTHOI cTpaTerii YKpaiHu Ha
nepion g0 2030 poky (Posmopsmxennss KaOinery wminicTpiB Ykpainu Binm 30
tpaBHs 2018 p. Ne 430-p), Crparerii po3Butky I[TAT «Ykp3anizuuusa» 2017-2021
POKH, a TaKOXX HAyKOBO-JOCHIIHMX POOIT 3a TeMaMH, y SKUX aBTOp OpaB
0e3rmocepeIHIO y4acTh K BUKOHaBelb: «Po3pobka npoekty «Texnomnorii
iHopMaIliitHOi B3aeMOii JIHIHHOTO PIBHS 3a7i3HULI Ta YKp3aldi3HHUIIl B YACTHHI
iH(popMaIlii mpo TeXHIYHUK cTaH 1 macnopTHi gaHi» (AP Ne 0110U000210);
«locnipkeHHsT Ta BU3HAUEHHS ONTUMAIBHOTO HaOOpy mapameTpiB, peKUMIB iX
OTpUMaHHs 1 00pOoOKK A BioOpa)KeHHs TEXHIYHOTO CTaHY JIOKOMOTHBIB 3
METOI0 3a0e3neueHHs Mo0yI0BU aBTOMATU30BaHOT CUCTEMH X J11arHOCTYBAHHS 1
opranizaiii peMoHTy 1o npo6iry» (AP Ne0108U007035).

Merta i 3agaui gocaigxenHs. Metoro poOOTH € yIOCKOHAJIEHHS MPOIECIB
nepenpencoBoi MIATOTOBKUA JIOKOMOTHBIB Ha OCHOBI €JEKTPOHHOTO MaclopTy
IUIIXOM BpaxyBaHHS PiBHS iX TEXHIYHOTO CTaHy Ta BUOOPY ONMTHUMAIBHOTO PENCY,
YMOBH SIKOTO HE TPU3BEIYTh /10 BIAMOBH Ha ILISAXY MPSIMYyBaHHS.

JIns moCSATHEHHS MOCTAaBJIEHOI METH HEOOXIHO BUPINIUTH HACTYMHI
3aBJIaHHA:

- 3MIMCHUTH aHaJ13 ICHYIOUOTO IPOLIeCy MepeIpeicoBOi MiITOTOBKH Ta
OIIHUTH MOTO BIUTUB HA EKCILTyTAIl[iiHy HalIHHICTh IOKOMOTHBIB;

- PO3pOOUTH CTPYKTYPHY MOJIENb €IEKTPOHHOTO MAaCHOPTY JIOKOMOTHBA;

- PO3pPOOUTH METOJT IEPEAPEHCOBOT MIATOTOBKY JOKOMOTHUBIB 13
3aCTOCYBaHHSM €JIEKTPOHHOTO MacCHOpPTY;

- pO3poOUTH MaTEMAaTUYHY MOJIEJIb YIIPABIIHHA PU3UKaMU BTPAT B MPOILEC]
eKCIUTyaTallll Ta 3alpolOHYyBaTH KPUTEPId JJisi BU3HAYEHHS MOKIMBOCTI

BUKOHAHHS PEHCY JIOKOMOTHUBOM;
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- YAOCKOHAJIUTH METOJ] OTPUMAHHS 3aJIEKHOCT1 KoeilliEHTa MOKIIUBOCT1
BUKOHAHHSI peiCy JIJIsl pI3HUX NMO€AHAHb EKCIUTyaTaliiHUX (haKTOpIB;

- YAOCKOHAJIUTH MOJIEJIb MAaTEMaTUYHOI'O OIIUCY IIPOLECY NIEPEIPEUCOBOI
MiATOTOBKH SIK OJHOKAaHATBHOI CHCTEMH MacoBOTO OOCITYrOBYBaHHS 3
HEOTHOPITHUMH MMOTOKAMH.

06 ’exm 00cnidxHcen s — IPOIeC IePeAPENCcCOBOT MiATOTOBKU JIOKOMOTHBIB.

Ilpeomem Oocniodicennss — METOAU Ta MOJEIl MOXKIHUBOCTI BUKOHAHHS pency
JIOKOMOTHBOM.

Metoau  nmociaimkeHnsi. BupimeHHs  3aBmaHb  MPOBOJWIOCH 13
3aCTOCYBaHHSM METOiB MaTeMaTUYHOI CTATHCTUKH Ta TEOpii HMOBIpHOCTEW TIpH
3MIACHEHH] aHalli3y TPAHCIOPTHUX MOAIA Ta HAIIAHOCTI pOOOTH OCHOBHOTO
oOnaHaHHS JIOKOMOTHBIB, Teopli wmepex Ilerpi mnpu  po3polbii  MeTony
nepenperncoBoi MIATOTOBKU 13 3aCTOCYBAHHSM €JIEKTPOHHOTO MAacMopTy, Teopii
rpadiB )11 BU3HAUYCHHSI KMOBIpHOCTEH nepeOyBaHHS JOKOMOTHBIB Ta iX BY3JIIB Y
KO)KHOMY 13 CTaHiB; IMOBHOTO (haKTOPHOTO EKCIIEPUMEHTY [UIsi OTPUMAaHHS
THTEpHOJAIIHHOT (GOpMYITH ISl BU3HAYCHHS KOoedillieHTa MOKIMBOCTI BUKOHAHHS
pelicy B 3aJIeKHOCTI B/l BIMBY €KCILTYTallIHHUX (haKTOPIB.

HaykoBa HOBHM3HA 0/1ep:KaHUX Pe3yJIbTATIB MOJSATAE B YAOCKOHAJICHH1
IPOIIECIB TIEPEAPEHCOBOT IMATOTOBKM Ha OCHOBI PO3POOKH E€JIECKTPOHHOTO
NacHopTy 3 ypaxyBaHHSIM PHU3UKIB MPOIIECY €KCILTyaTallii Ta 3alporIOHOBAaHOTO
KPUTEPII0 MOKIIMBOCTI BUKOHAHHS PEHCY JIOKOMOTHBOM.

Bnepue:

- Ha ocHOBI Teopii Mepex [leTpi 3amponmoHOBaHO METOM MepeapericoBoi
MiATOTOBKM JIOKOMOTHUBIB 13 3aCTOCYBAHHSAM €JEKTPOHHOT'O MAaCHOPTY, SIKUN
3a0e3neyye BU3HAYCHHS HOTO (PaKTUYHOT'O TEXHIYHOTO CTaHy Mepel BUXOJ0M B
peiic;

- po3p00JIeHO MaTeMaTUYHy MOJIeNIb YIIPaBIIiHHS pU3MKaMU BTPAT B MPOLEC]

eKCIUTyaTallii Ta 3alPONOHOBAHO KPUTEPIH sl BUBHAYEHHS! MOKIMBOCTI
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BUKOHAaHHS pEHCy JOKOMOTHMBOM, SIKMA BpaxOBY€ BIUIMB EKCIUTyaTallHHUX
(akTOpiB HA 3MIHY TEXHIYHUX MApAMETPIB BY3JI1B JIOKOMOTHUBA;

- 3aIIPOTMIOHOBAHO MaTEMaTUYHY MOJIeJIb TEXHIYHOT'O CTaHy JIOKOMOTHBA, sIKa
y pealbHOMY 4Yaci BpaxOBY€ 3MIHM TEXHIYHHMX MapaMeTpiB HOro BY3JIB Ta ix
B3a€MO3B’SI30K B MpPOIEC] eKCIuTyaTailii, Ta Jg03Bojsi€e CHOPMYBATU CTPYKTYpPHY
CXeMy MOro eJeKTPOHHOTO MaclopTy;

3HaMIIIOB MOJAJIBIINI PO3BUTOK:

- METOJT OTPUMAaHHS 3aJIEKHOCT1 Koe(iIieHTa MOKJIMBOCTI BUKOHAHS pEHCy
ULl PI3HUX TMO€AHAHb EKCIUTyaTalliiHuX (akTopiB, SKUM, HAa BIAMIHY BIJ
ICHYIOUHX, JTO3BOJISIE€ OLIIHUTHU 3MIHY (DAKTUYHOTO TEXHIYHOTO CTaHY JIOKOMOTHBA
ICJIsl BUKOHAHHS KOHKPETHOTO PEiCy.

Y 1oCKOHAJICHO:

- MOZIEJIb MaTEMaTUYHOT'O OIKCY MPOIECY MepeapeiicoBOi MiATOTOBKU K
OJIHOKaHAJIbHOT CUCTEMH MacOBOT'0 OOCIIYTOBYBaHHS 3 HEOJHOPIAHUMU MOTOKAMH,
sgKa, Ha BIAMIHY BiJl ICHYIOUMX, JO3BOJISI€ 3pOOMTH BUOIp peiicy, B Iporieci
BUKOHAHHS SIKOTO HE CTAHEThCS BIIMOBH JIOKOMOTHBA.

IIpakTuyHe 3HAYeHHSI OJepP:KAHUX Ppe3yabTaTiB. 3ampPONOHOBAHO
aBTOMATU3yBaTU TIPOIECH TNEPEeNpPeHcOBOI MIATOTOBKU IILISXOM 3aCTOCYBaHHS
EJIEKTPOHHOTO TACTHOPTY, SAKUH IO3BOJISAE€ 3MIACHUTU aHaATi3 3HAYEHHS MOTOYHUX
TEXHIYHUX TMapaMeTpiB BY3JiB JIOKOMOTHBA MEpPE] BHUXOJOM B peic, 3poOuTH
MPOTHO3 3MIHM BKa3aHUX TMapaMeTpiB B 3aJEKHOCTI BiJ EKCIUTyaTal[iiHUX
(dakTopiB, MPOBECTH PO3PAXYHOK KOEPIIIEHTY MOXKIMBOCTI BUKOHAHHS PEUCY Ta
OI[IHUTH PU3WKH BUTpAT, IMOB’S3aHUX 3 BIANPABICHHIM B pPEHUC JTOKOMOTHBA,
dakTUYHUN TEXHIYHWA CTaH SKOTO HE BIAMOBIZA€ yMOBaM peEiCy, Ta Ha OCHOBI
IIOT0 00paTH ONTUMAIBLHUMA PEHC, SIKHI JIOKOMOTHB 3MOXE BUKOHATH 0€3 BIIMOBHU
Ha NUIAXY MPSMYBaHHS.

[IpakTruHe 3HaUYEHHS PE3yJbTaTIB POOOTU MIATBEPKEHO BIAMOBIIHUMHU
aKTaMHu BIPOBAKEHHS Y BUPOOHMUUN MPOUEC MIAPO3ALIIB JOKOMOTHBHOIO

rocnojiapctBa AT «Ykp3ani3Hulis» Ta y HaBYaIbHUN Mpo1ec Y KpaiHChKOTro
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JEP’KaBHOT'O YHIBEPCUTETY 3aJII3HUYHOI'O TPAHCHIOPTY MPU BUBYEHH1 AUCLMILIIH
«ACY 1 CAIIP B TI0OKOMOTUBHOMY rOCHIOAPCTBI», «IHPOpMaLiiiHi TEXHOIOT1I B
yIpaBIIHCHKIN, HAYKOBIM Ta BUKIAAAlbKIN JisIbHOCTY,  «Ekcmuyarairis
JIOKOMOTHBIB Ta JOKOMOTHBHE TOCTIOAAPCTBO»,  «TexHomoris PEMOHTY
JIOKOMOTHUBIBY», 110 HABE/IEHI B JOJATKaX O JUCEPTALIIHOTO TOCIIIKEHHS.

Oco0uctnii BHecok 3100yBaya. Yci pe3yinbTaTd JucepTaliiHoi poOoTH
OTPUMAHO OCOOMCTO aBTOpPOM. B crninbHHX MyOJiKalisix OCOOMCTHI BHECOK aBTOpa
MOJISITa€ B HACTYITHOMY:

- B po6oTi [1] — po3pobiieHO OmKC MpeAMETHOT 00JIacTi Ta 3alPOIOHOBAHO
MHOXHUHY KOPTEXiB ER-Mo/1€111 e1eKTpOHHOr0 macmopry;

- B cTarTi [2] Oyso moOya0BaHO JIOTTYHY MOJIENb 1H(POPMAIIHHOTO MPOoLeCy
pOOOTH E€NEKTPOHHOTO MACTIOPTY IS PO3PaxyHKY 3a ii JOIMOMOTOI TPHUBAJIOCTI
TaKOTr'o MPOILIECY;

- B mparii [3] — po3pobiieHo YHKITIOHATEHY CXEMY PEMOHTHOTO MPOIIECY B
JIOKOMOTHUBHOMY JIETIO MPY BUKOPUCTAHHI €JIEKTPOHHOTO MacHOPTy JJOKOMOTHBA;

- B poOoTi [4] Oyso po3pobieHo moxaenb Mepexi [leTpi, sika q03BoIsIE
BU3HAYATH MMOCIIIOBHICTh HACTAHHS MOJIN, [0 3MIHIOIOTh CTaH JJOKOMOTHBA 1
IPU3BOISATH 10 HATTOBHEHHS 0a3U JaHUX €JIEKTPOHHOTO MACIOPTY JIOKOMOTHBA
HOBUMU 3HAYEHHSIMHU.

- B poboti [6] — po3pobiieHO aNTOpPUTM MPUHHSATTS PIIICHHS TTPO
MOXJTMBICTh BHa4i IOKOMOTHBA B PEHC;

-Bcrarri [9] — mnpoBemeHO JMOCTIKCHHS BIUIMBY B3a€EMOJIi IMapH
eKCIUTyaTalifHuX (hakTopiB Ha 3MIHY Koe(iIlieHTa MOXKJIMBOCTI BUKOHAHHS PEHCY;

- B po6orti [10] — po3pobiieHo anropuT™m, Kt ependadae GopMyBaHHS
BXIJTHOTO BEKTOpa 3HAYEHB 3 MiJICYMOBYBaHHSIM JBIHKOBHX KOJIB MiKCEIEH MO
pAIKax;

- B miparti [11] — mpoBeneHo aHami3 IepeBa pilieHb BUOOPY TEXHOJIOTI]
PEMOHTY MaJIMBHUX (OPCYHOK TEIUIOBO3Y, SIKMM MOKa3aB MOKJIMBI BaplaHTH

CTpaTerii;
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- B po0oTi [19] — 3anpornoHOBaHO METOAMKY BH3HAYCHHS 3aJTHIIKOBOTO
pecypcy 3 ypaxyBaHHSIM JMHAMIKKM KO€(QIi€HTa MIBUAKOCTI 3MIHU CTaHY
napameTpy TEXHIYHOTO 00’ €KTY;

- B po6oti [20] — mpoBeeHO aHai3 3aJIe)KHOCTI BUTPAT HA TUIAHOBI Ta
HEIJIAHOB1 BUAY PEMOHTIB BiJl MPOOITY TATOBOI'O PyXOMOT0 CKJIaAy;

-BcrarTi  [21] — 3ampomoHOBaHO MEPIOAMYHICTH  MPOBEICHHS
JTIarHOCTUYHUX ONepalid BY3JiB JIOKOMOTHUBIB 3 METOI IPOBEJCHHS
KOMILIEKCHOTO OOCTE)KEHHS JJIs1 KOPUTyBaHHS 0OCSTIB PEMOHTY Ta yTOYHEHHS
3aJIUIIIKOBOTO PECypCy MO0 OCHOBHOMY 00JIa/THaHHIO.

AnpoOauisi pe3yabTaTiB aucepraunii. OCHOBHI TIOJIOXKEHHS JucepTallii
JIOTIOB1JIaJTKCS, OOTOBOPIOBAJIMCSA Ta YXBaJICHI HA TAKUX KOH(PEPEHIIAX:

- 70-#1 MiXHaApOHIN HAYKOBO-TEXHIUHINA KOH(epeHii «Pyxomuii ckian ta
crieniajbHa TeXHiKa TpaHcrnopTy» (Xapkis, 15-17 kBiTHs 2008 p.);

- 71-# MibkHapOIHIM HAYKOBO-TEXHIUHINA KoHepeHIii «Pyxomuii ckias Ta
crieliajJbHa TeXHIKa 3aJII3HUYHOTO TpaHcTopTy» (Xapkis, 19-21 tpasus 2009 p.);
- MixxHapoIHii HAyKOBO-TIpakTU4HIN KoH(pepeH i  «Jlorictuune

yIpaBIiHHA Ta Oe3neka pyxy Ha Tpancnopti» (JIozosa, 4-8 tpasus 2015 p.);

- 12-if HayKOBO-TIpaKTUYHIN MIDKHApOAHIN KOH(DepeH i «MixHapoaHi
TPAHCIIOPTHI KOPUAOPHU Ta KOpHOpaTuBHA JoricThKay (Xapkis, 2-4 yepHs 2016
p);

- 29-if MDbKHAPOIHIM HAYKOBO-TIPAaKTHUHIN KoH(pepeHii «IHdopmartiiiHo-
KEepyIodil CHCTEeMH Ha 3alli3HUYHOMY TpaHcnopTi» (YepHomopcbk, 27-29 BepecHs
2016 p.);

- 79-ii MKHapOAHIN HAYKOBO-TEXHIUHINA KOH(pepeHIil «Po3BUTOK HAYKOBO1
Ta IHHOBAI[IHOT MISTBHOCTI Ha TpaHcTopTi» (Xapkis, 25-27 kBitHs 2017 p.);

- 111 Beceykpainchbkiit HayKOBO-IPAKTHUHIM KOH(EPEHIIT MOJIOINX BUCHHX,
daxiBuiB, acnipanTiB «IIpobiaeMu eHepropecypco30epexreHHss B TPOMHUCIOBOMY

perioni. Hayka i mpaktuka» (Mapiymons, 11-12 tpaBus 2017 p.);
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- IX mibxHapoaHi HaykKoBO-IpakTU4HIN KoH(epeHuii «Tpacnopt i
noricTuka: npobyuemu Ta pimenHs» (Oxeca, 22-24 tpasus 2019 p.);

- International scientific and practical conference «Globalization of scientific
and educational space. Innovations of transport. Problems, experience, prospects»
(Spain, 4-11 may 2019);

- 1-it MixuHapoH1i HayKOBO-TeXHIUHIM KOoH(epeHIii «IHTeneKkTyaabH1
TpancnopTH1 TexHonorii» (TpyckaBeusb — Xapkis, 24-30 ciuns 2020 p.);

- 9th International Scientific Conference - Research and Development of
Mechanical Elements and Systems (IRMES 2019) 5-7 September 2019,
Kragujevac, Serbia;

- 11th International Scientific Conference on Aeronautics, Automotive and
Railway Engineering and Technologies (Sozopol, Bulgaria, 10 - 12 September,
2019).

[loBHiCTIO pe3yNbTaTH OUCEpTAIliiHOT POOOTH 3aciyXaHO Ta CXBaJeHO Ha

pO3IIMpEHOMY 3acijaHHl Kadenpu ekcruryataiii Ta PEMOHTY PYXOMOIO CKIany

VYKpaiHCBHKOTO JIepKaBHOTO YHIBEPCUTETY 3aJII3HUYHOT'O TPAHCIIOPTY.

Iyoaikanii. 3a marepiazamu aucepTariiHol poOOTH OIYyOIIKOBAaHO 22
HAyKOBI Mpalli, 3 AKUX 8 HAYyKOBUX CTaTel — y (haXOBUX BHJIAHHSX, 3aTBEPKCHHUX
MOH Vkpainy, 1 3 cTaTTi — y BUAAHHSIX 1HIIUX JAepxkKaB (TPHU 3 HUX BKIIOYEHI J10
0a3m Scopus), 8 nparrk anpoOaIiifHOTO XapakTepy; 3 A0JaTKOBI MpaIli.

CtpykTypa Ta odcsr aucepramii. /lucepraliisi CKilagaeTbCs 3 aHOTAIlIMH,
BCTYNy, YOTHPHOX PO3LTIB, BUCHOBKIB, CIHUCKY BHUKOPHUCTAHUX JDKEpEN Ta
IOATKIB.

[ToBHuit 06csT MUCcepTarii ckiamae 162 CTOPIHKY, 3 IKUX 00CST OCHOBHOTO
tekcty — 130 cropinok, 37 pucyHkiB i 4 Tabnuii 3a TeKcToM, Ta 4 pucyHku i 1
TaOMUII0 Ha 6 OKpPEeMHUX CTOPIHKax, CIHCOK BUKOPHCTaHHMX JpKepen i3 123

HallMEHYBaHb 1 3 TOJaTKIB.
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