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Hucepraiiisi nmpucBsueHa (HOpMyBaHHIO aJaNTUBHOI CHUCTEMH YTPHUMaHHS,
AKa JIO3BOJUTH MIABUIIMTH €KCIUTyaTalldHy HaIiiHICTh 1 e(EeKTUBHICTD
Bukopuctanus [IPC, axuit yxe mnpamoe B AT «VYkp3anizuuis» Ta e Oyne
MIOCTaBJICHUH Y paMKaX IporpaMu OHOBJICHHS 3ami3Hu4YHOTrO0 PC.

[IpoBeneno anamiz HaaIMHOCTI OCHOBHOTO OOJIaHAHHS EJEKTPOIOI3/IiB
HRCS2 «Hyundai Rotem», EJ675 Skoda Transportation. Sk mokasamn
JOCJIIJDKEHHSI 1IIOJI0 aHali3y OCHOBHUX IIOKa3HUKIB poOOTH W HAIIHHOCTI
€JICKTPOMOI3/1iB, MOKAa3HUKU HAJIMHOCTI OCHOBHUX BHJIB OOJIAJIHAHHS TOi3/1B
MaloTh HU3bKi 3HAYEHHS 1 HE BIAMOBIAaIOTh BUMOTaM HOPMATHBHUX JOKYMEHTIB.
Lle crocyeTbes cTpymMoTnpHiiMadiB, KOMIIpECOopa, TATOBOro oOJagHaHHS Ta JAESKOTO
iHmoro obnagHanHs. Ha kane, aBa enexrponoizau EJ 675 He excruryaTyroTbes (3
rpyasst 2018 poky nepmuii Ta 3 ciuas 2019 poxy apyruii). OCHOBHOIO NMPUINHOIO
MPUMUHEHHS eKcIuTyaTarli nux enektpomnoizaie EJ 675 crama BimcyTHICTh
HaJIEXKHOI OpraHizailii CepBiCHOTO 00CITyrOByBaHHSI.

HaykoBa HOBM3HA mojsirae B po3poOIli aKTyaJIbHOTO HAayKOBOTO 3aBIaHHS
dbopmyBanHs amantuBHOI cuctemu yrpumanHs [1PC, skwuii excrimyatyetsest B AT
«YKp3adi3HULSL», TUIXOM ypaxyBaHHsS TexHigHoro ctany [IPC Ta BmockoHajieHHs
TEXHOJIOTii  B3a€MOMIl PEMOHTHHUX TOCIOAAPCTB  JIEMO, BUPOOHUKIB 1
MOCTaYaJIbHUKIB 3aMMaCHUX YaCTHH.

Bnepue:

— c(opMOBaHO ONTUMIZAIIHHY MOJIETb AIANTUBHOT CUCTEMHU YTPUMAHHS

ITPC y 3a51eHOCTI B €KCIUTyaTalllfHUX BUTPAT 1 TIOXOAIB BiJl AISJIBHOCTI;



—  BCTAHOBJICHO  3aJIeXHICTh  Koediuienta rotoBHocTi [IPC  Bix
TE€XHOJIOTTYHUX MOTYXHOCTEH PEMOHTHOTO BHPOOHMIITBA Ta XapaKTepy BIIMOB
ob0nagnanus [TPC.

Halyno moganbiioro po3BUTKY:

— BHU3HAUEHHsS BIUIMBY 3MIHM pE€3€pBIB MPOIYCKHOI CIPOMOKHOCTI
PEMOHTHOTO TOCIIOJIAPCTBA 3 YpaxXyBaHHSM BH3HAYCHHS ONTHMAJIBHOI KiTbKOCTI
PEMOHTHHUX OpHTaj, M0 JA€ MOXJIMUBICTh JIOCATTA HEOOX1THOTO PiBHS TOTOBHOCTI
Ta CKOpOTUTH Yac npoctoro Ha TO Ta I1P;

— JOCHIDKEHHS 3 OOIPYHTYBaHHS HEOOXITHOCTI  YHIBEPCAJIbHOCTI
PEMOHTHOI'0 OCHAIIEHHS Mpu opradizaiii pemonry [1PC;

— KOpEroBaHI TMigXOAW IIOJAO0 BU3HAYCHHS ONTHMAJIBHOI B3a€MOJIii
PEMOHTHHX TOCIIOAAPCTB JICTIO, BUPOOHUKIB 1 TOCTaYaIbHUKIB 3aITACHUX YaCTHH.

[IpakTiuHe 3HAYCHHS OJCPKAHUX PE3YJIbTATIB IOJSITA€ B YTBOPCHHI
TEOPETUYHOT OCHOBU CHUCTEMHOTO MIAXOAY Mpu (HOPMYBaHHI aIlallTUBHOI CUCTEMU
yrpumanus [IPC. Bupimeni 3amgadi  A03BOMWIM: HAyKOBO OOIPYHTYBaTH
dbopmyBanHs aganTuBHOI cuctemMu yrpuManHs [IPC, skuii npamtoe B AT
«YKp3adi3HULA»; BU3HAYUTA YHUHHUKM, 110 BIUIMBAlOTh Ha 3a0e3MeyeHHs
YHIBEPCAJIIBHOCTI TIOTYXXHOCTE€M peMoHTHOro rocrnogapctBa pgeno [IPC  mnsa
CTBOPEHHSI MOJXJIMBOCTI TPOBEJCHHS PeMOHTHUX 3axonaiB jjsi [IPC He Tinmbku
MPUIIMCHOTO MapKy Jerno; mpoBecTH (GopMyBaHHs auciokalii perioHansbaux CIJ 1
3akpimienns 3a aumu geno [1PC 3 HaganHs iM BIAMOBIAHUX MOCIYT, Y TOMY YHCII
i1 B 3a0€3IeUeHHI 3aITaCHUMHU YaCTHHAMU; OI[IHUTH HATIMHICTh pOOOTH PEMOHTHHUX
migpo3niiB gaeno 3 pemoHTty [IPC 3a kpurepiem ONTUMaNIbHOI KUTBKOCTI
pEMOHTHUX Opuraja, HEOOXimHMX s 3a0e3nedeHHs BukoHanHs TO, IIP
npunucHoro napky [1PC, a takox I[1PC 3 iHmmx aerno.

PesynbraTn, oxmepkaHi NpuW  BUKOHAHHI  JUCEpTaIiiiHOI  poOoTH,
JIOTIOBIIalTCsl ¥ OTpUMANM CXBAJICHHS Ha 3aCiIaHHAX Ta HAYKOBUX CeMiHapax
YkpAY3T. [loBHICTIO pe3ynbTaTu AUCEPTALtHOT POOOTH 3aCTyXaHO M CXBaJEHO
Ha PO3IIMPEHOMY 3aciiaHH1 Kaeapu eKCITyaTalli Ta pEMOHTY PyXOMOI'0 CKIaay

VipIV3T.



3a MarepialaMH JucepTauiiHoi podotu omyOiikoBaHa 21 HaykoBa mpaud, 3
akux 11 HaykoBHX cTarell — y (paxOBHUX BUAAHHIX, 3aTBepakeHnX MOH Ykpaiuu,
2 cTarTi — y BUJAHHAX IHIIUX JepkaB (OAHY 3 HUX BKJIIOYEHO a0 0azm Scopus), 8
mpaip arnpooaIifHoro xapakrepy.

VY BcTyni poO3KpUTO aKTyaldbHICTh TEMH JAMCEpTallii, BU3HAYEHO ii METY,
3aBJaHHA, 00’ €KT, MPEIMET, TCOPETUUHY ¥ METOAOJIOTIUHY OCHOBY JOCJII>KCHHS,
OXapaKTEPU30BaHO HAYKOBY HOBU3HY W NIPAKTUYHE 3HAYCHHS.

VY nepuiomy po3aiii IpoOBEACHO aHall3 HAAIMHOCTI OCHOBHOTO OOJagHAHHS
enekrponoiznie HRCS2 «Hyundai Rotem», EJ675 Skoda Transportation Ta
chopMOBaH1 OCHOBHI HaIpsIMKU AociimxeHHs. OCHOBHA yBara ImpHaiieHa TaKuM
NUTaHHAM: aHaJIi3y OCHOBHUX XapaKTePUCTHUK HanidHOCTI cydyacHoro ITPC, sxwmii
eKCIUTyaTyeThCss B YKpaiHi; aHali3dy oOCOOJMBOCTEH opraHizamii CcUCTEMHU
yrpuManHs 3akopaonHoro PC i [IPC; HampsMkaMm YJAOCKOHAJIGHHS CHCTEMH
yrpuManHns [IPC B Ykpaini. B ymoBax 3aranpHOro moripiieHHsi TEXHIYHOTO CTaHy
obnamuanns [1PC, saxuit yxe 3HaxoauThesl Ha O6anmanci mapky AT «Ykp3ami3HHIINY,
a TaKoX TMEpPCHeKTUBH HAAXOIKEHHA HoBoro cydacHoro TPC HeoOxigHO
yIIOCKOHAJIIOBATH MPUHITUIIN YIPABIiHHS TeXHIYHUM ctaHoM TPC.

[Tpupona moaiit BigMoOB 00JagHAHHS MOKE OYTH PanTOBOO Ta IOB’SI3aHOIO 3
pPI3HUMHU 30BHIMIHIMH (HaKTOpaMH, 10 OOYMOBIIIOE JOLUIBHICTH IMEPEXOAy 10
smimranoi cuctemu TO, T1P. Ile nmepenbayae HEOOXIAHICTD YIOCKOHAICHHS 10401
IUIAHOBO-TIOTIEPE/KYBAIBHOT ~ CHCTEMM 13 3alpOBA/DKEHHAM  OpraHizaiii
Oe3MmepepBHOrO  KOHTPOJIIO 3a 3MiHOW cTaHy oOnagHanHs [IPC, Tto0To
BIIPOBAKCHHs cucTeMu yTpumaHHs obnamnanus [IPC 3a cranom, mepexoay Ha
OPUHIMIHN cepBicy Ta MoxiuBOocTi BukoHaHHsa TO, [P PC we Timbku cBOTO
MPUIMCHOTO TapKy, a W IHIIMX Jerno, a TaKoXX HOB1 MIAXOAM 10 B3aeMOJii
PEMOHTHMX TOCTOJAPCTB JENO 1 TOCTadaJbHUKIB PEMOHTHOTO (OHIY IS
3a0e3MeUeHHs] YHIBEpCATbHOCTI BUPOOHHUIITBA.

TakuM yMHOM, HAYKOBO-TIPAKTHYHUM 3aBJIaHHSM, 1110 BUPIIIYETHCS B IIbOMY

JIOCJIIJIPKEHH], € BIOCKOHaJIEHHs cucTeMu yTpuMaHHs [IPC nuisixoM KOMIUIEKCHOTO



MIAXOAY A0 TEXHOJIOr1i YTpUMaHHs, pe3epByBaHHS PEMOHTHOIO 00JIaIHaHHA 1
PEMOHTHHX OpUraj 1 3alpoBaIKEHHS PUHLIUIIIB CEPBICY.

Y npyromy po3aial HaBeACHO TEOPETHUHY OIIHKY €()EKTUBHOCTI PIZHUX
cuctem opranizanii TO Tta TIP IIPC 3 ypaxyBaHHSIM JOIUIBHOCTI ()OpMYBaHHS
agantuBHOi  cuctemu  yrpumanHs [IPC, oOrpyHTyBaHHS  HEOOXIIHOCTI
YHIBEpPCAJIbHOCTI PEMOHTHOTO OOJaAHaHHS, (POPMYBaHHS ONTHUMAJIbHUX PO3MIPIB
3amaciB Il PEMOHTHOTO TOCIOAApCTBA  JETMO, BHU3HAYEHHS  KPHUTEPIIO
edextuBHOCTI excrutyaTalii [IPC Ta MogentoBaHHS TEPUTOPIAIBHOTO PO3MIIICHHS
CL. fx moka3zaB IOCBiA ACSKUX JEMO, 3a JOMOMOTOI iCHYIOYOTO PEMOHTHOTO
oOnamHaHHS ¥ 3aco0iB JIarHOCTYBaHHsS MOJKJIMBA oprasizailis BukoHaHHsa TO Ta
I[P nns TTPC Ha OCHOBI PEKOMEHAOBAaHWUX TEXHOJIOTIH TMOCTa4aJIbHUKIB. Ale, 3
iHmoro OOKy, Il MOKa3aJo HEOOXIIHICTh BIPOBAKCHHS aJallTUBHOI CHCTEMH
yrpumanas [IPC, a came: MoaepHi3yBaTH pEeMOHTHY 0a3y MiIIpHUEMCTB
(;mokoMoTHBHHUX Jemo) (cTparerisi 1); cTBOproBaTH OKpeMi MiAmpHEMCTBA 0e€3
3aJIy4eHHs ICHYIOUOi peMOHTHOI iHppacTpykTypu mis 3abesneuenns TO, P ITPC
Ha piBHI MEBHOTO perioHy ekcruryaTailii 1poro [IPC (cTpareris 2); ekcruryaTyBaTH
[TPC Ge3 mpoBeneHHsS BETWKHUX BUIIB PEMOHTY, BUKOHAHHS SKUX TMOKJIACTH Ha
OCTaYaJbHUKIB Ta 3aBOJU-BUPOOHMKH BiAMOBIAHOT Kpainu (cTpaTeris 3).

Ak mokazanmu po3paxyHKH, HAWOUIBII NPUHHATHUM BapiaHTOM Ha
HaWOIMKIy TEepPCIEKTUBY € 3alnpoBa/DKeHHS crpaterii 1. Y cBoro yepry 1ie
BUMara€ HEOOXITHOCTI HOBHX MIAXOMIB M0 (OpMYyBaHHS CHUCTEMU YTPUMaHHS
ITPC.

Y TpeThOMy pO3IiJII  HABEACHO pE3yJIbTaTH OIIHKH  e()EeKTHBHOCTI
agantuBHOI cuctemu yrpuManns [1PC; anamni3 i po3paxyHKH pe3epBiB pEMOHTHOTO
oOnmagHaHHS 3 YypaxyBaHHSIM PI3HHX 3aKOHIB OTpPUMaHHS 3asBOK 1 4dacy
00CITyroByBaHHS; ONTHUMAILHUX PO3MIpIB 3aMaciB JJisi peMOHTHOTO TOCIIOIapPCTBA,
moaemoBanHs auciokarii CL Ha 3ami3HuIl; eeKTUBHOCTI KPUTEPIIO MPUBEICHUX
BUTpPAT, a TaKOX OI[iIHKa BIUIMBY THUMYAacCOBOTO pPE3epBYBaHHSI PEMOHTHOTO
oOnmagHanHs Ha HanidHicTh pobotu I[IPC Ta yHIBEepcaabHOCTI PEMOHTHOIO

rociuogapcTtBa ACIIO.



Ha miacraBi 3amponoHOBaHOiI LUILOBOI (PYHKLII MpOBEAEHA OLIHKA
agantuBHOi cuctemu ytpumanHs [IPC HRCS2 Hyundai Rotem, sika Bka3ye Ha
€KOHOMIYHY €()EeKTHUBHICTb 3aPONIOHOBAHOI aJaITUBHOI CUCTEMHU.

Bu3naueHo YMHHUKM, IO BIUIMBAIOTh Ha 3a0€3MEYEeHHS YHIBEpCaTbHOCTI
MOTY>KHOCTeH peMoHTHOro rocmnojapctBa neno I[IPC, 1 30HY edeKTUBHOCTI
Mepexo/ly Ha 3alpOBa/KCHHS YHIBEpPCAIbHOTO 00JIaJHAHHS B CUCTEMY YTPUMAaHHS
[TPC.

Jliist oOcnyroByBaHHS! HE TUIBKU MPUIIMCHOTO MapKy, a i, Mpu HEOOXITHOCTI,
[IPC 3 iHmMMX }Aeno BUHUKAE HEOOXITHICTh MaTH JIEAKUN pe3epB PEMOHTHHUX
Opuraza. Lle nmano migctaBy Ha ocHOBI nosnoxeHb CMO mnpoBecTH poO3paxyHKH
KUTBKOCTI BUKOHABIIIB, 10 mpoBoasaTh TO, [P, y 3anexHOCTI BiJf IHTEHCUBHOCTI
BX1IHOT'O MTOTOKY JUIsl pi3HUX 3HAYeHb KIJILKOCTI 3as1BOK Ha TO, 1P

Jlsiss oOTpYHTYBaHHSI 3aKpiIICHHS 32 JIOKOMOTHBOPEMOHTHHMH 3aBOJIaMHU
nerno 1 ctBopeHHs Ha ix 6asi ClI po3risitHyTo ¥ mpoaHalli30oBaHO BUTPATH Ha
opranizamito TO, 1P na 3anizHungx. Teputopis 3ani3HULb OyJia IEBHUM YUHOM
po3aieHa Ha palioHMW (JermapTaMeHTH), Ha HiM HasBHI TeXHIYHI 00'ekTH (1ero 3
JOKOMOTHBAMH), y pa3l BIIMOB SKUX HAJCWIAIOThCS 3afABKA Ha  iX
oOcimyroByBaHHs. 3aBJaHHS MOJATANO0 B MOOYIOBI TaKMX 30H OOCIYrOBYBaHHS,
mo6 3arampHe ymcino CII Ha Bciil Teputopii Oyno MiHIMAIbHUM 32 YMOBH, IO
AKICTh OOCTYTrOBYBaHHS 33J0BOJIBHSIE 3aJaHUM BUMOTaM.

VY gerBepTOMY pO3LTI HABEIEHO PO3PAXYHOK EKOHOMIYHOT e€(hEeKTHBHOCTI
agantuBHOi cuctemu yrpumanHs [IPC 1 exoHomil eKcruryaTamiiHMX BUTpAT.
ExonomiuHa e(eKTUBHICTh EKCIUTyaTalliiHMX BUTpaT Bia BrapoBampkeHHs [IPC
BU3HAYAETHCS NUIIXOM MOPIBHSIHHS KaMiTATBHUX Ta €KCIUTyaTal[iiHUX BUTPAT MPU
pi3HMX BapiaHTax ekcruryatarii. KamitanpHi BKIaJCHHS, $SKi BpPaxOBYHOTh ¥
pO3paxyHKax MpH BH3HAYCHHI eeKTHBHOCTI BrpoBakeHHs [IPC, ckiramaroTees 3
KaIMTaJIbHUX BKJIQJCHh Y JJOKOMOTHBHUHN TapK, 1HOPACTPYKTYPY JTOKOMOTHBHOTO
rocrnoJlapcTsa, Mo mnependavae nepeocHameHHs aeno. CymapHuil epekT BiA
ckopouenHs BuTpat Ha TO, [1P-1 Tta ekcrutyararito [1PC 3a nepion m’ sty pokiB 3a

po3paxyHKaMu nmoBuHeH ckimacta 950,8 MutH. TpH.
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ABSTRACT

Yakovlev S.S. Formation of an adaptive system of accelerated rolling stock
maintenance. — On the rights of manuscript.

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 is devoted to the formation of an adaptive maintenance system
which will increase the operational reliability and efficiency of the use of
accelerated rolling stock which already works in JSC "Ukrzaliznytsia™ and will be
delivered as part of the program of renewal of railway rolling stock.

The reliability analysis of the main equipment of electric trains HRCS2
"Hyundai Rotem", EJ675 Skoda Transportation is carried out. According to studies
on the analysis of the main indicators of electric trains work and reliability, the
indicators of reliability of the main types of train equipment are low and do not
meet the requirements of certain regulations. This applies to electric current
collectors, compressors, traction equipment and some other equipment.
Unfortunately, two EJ 675 electric trains are not in use (the first one is from
December 2018 and the second one is from January 2019). The main reason for
this was the lack of proper repair service organization.

The scientific novelty consists of developing a relevant scientific task of
forming an adaptive system of accelerated rolling stock maintenance which is
operated in JSC "Ukrzaliznytsia" by taking into account the technical condition of
accelerated rolling stock and improving the technology of interaction of repair
facilities, manufacturers and spare parts suppliers.

For the first time:



— the optimization model of the adaptive system of the accelerated rolling
stock maintenance is formed depending on operating costs and incomes from
activity;

— the dependence of the coefficient of readiness of the accelerated rolling
stock on the technological capacities of repair production and the nature of the
accelerated rolling stock equipment failures is established.

Further developed:

— determining the impact of changes in the reserves of repair facility
throughput taking into account the optimal number of repair crews which makes it
possible to achieve the required level of readiness and reduce downtime for
maintenance and repair;

— research on justification of necessity of repair equipment universality
during the accelerated rolling stock repair organization;

— adjusted approaches to determine the optimal interaction of depot repair
facilities, manufacturers and spare parts suppliers.

The practical significance of the obtained results lies in the formation of the
theoretical basis of the system approach in the formation of an adaptive system of
accelerated rolling stock maintenance. The solved problems allowed: to
scientifically substantiate the formation of an adaptive system of accelerated
rolling stock maintenance which works in JSC "Ukrzaliznytsia"; to determine
factors influencing the universality of the depot repair facility capacities of
accelerated rolling stock in order to create the possibility of carrying out repair
measures for the accelerated rolling stock and not only the registered depot; to
carry out the location formation of regional service centers and assigning to them
the depots of accelerated rolling stock, and provide them of all kinds of services,
including spare parts; to evaluate the reliability of depot repair units work for the
criterion of the optimal number of repair crews required for securing of technical
service maintenance, current repair of the registered accelerated rolling stock as

well as accelerated rolling stock from other depots.



The results obtained during the thesis writing were reported and approved at
meetings and scientific seminars of the Ukrainian State University of Railway
Transport. The full results of the thesis were heard and approved at the extended
meeting of the Department of Operation and Repair of Rolling Stock of the
Ukrainian State University of Railway Transport.

21 scientific works were published based on the thesis materials. 11 of them
were published in the specialized editions approved by the Ministry of Education
and Science of Ukraine. 2 articles were published in other countries (one of them
was included to the Scopus database), 8 are approbation works.

The introduction reveals the relevance of the thesis, defines its purpose,
objectives, object, subject, theoretical and methodological basis of the study,
describes the scientific novelty and practical significance.

The first chapter analyzes the reliability of the main equipment of electric
trains HRCS2 "Hyundai Rotem", EJ675 Skoda Transportation and forms the main
areas of research. The main attention is paid to the following issues: analysis of the
main characteristics of the reliability of modern accelerated rolling stock used in
Ukraine; analysis of the organization of the foreign rolling stock and accelerated
rolling stock maintenance system; directions of improvement of the accelerated
rolling stock maintenance system in Ukraine. In terms of general deterioration of
the technical condition of the accelerated rolling stock equipment which is already
on balance of JSC “Ukrzaliznytsia” and also perspectives for the arrival of a new
modern traction rolling stock it is necessary to improve principles of management
of a technical condition of the accelerated rolling stock.

The nature of equipment failures can be sudden and associated with various
external factors which makes it appropriate to switch to a mixed system of
maintenance and repair. This implies the need to improve the existing planning and
warning system with the establishment of continuous monitoring of accelerated
rolling stock equipment condition, i.e. the implementation of a system of
accelerated rolling stock equipment maintenance, transition to the principles of

service and maintenance of not only registered rolling stock but also from other



depots, as well as new approaches to the interaction of repair facilities and spare
parts supliers in order to provide the universality of production.

Thus, the scientific and practical task to be solved in this thesis is to improve
the system of maintenance of accelerated rolling stock by a comprehensive
approach to the technology of maintenance, reservation of repair equipment and
repair crews and the implementation of repair service principles.

The second chapter provides a theoretical assessment of the effectiveness of
various systems for service organization and repair of accelerated rolling stock,
taking into account the expediency of forming an adaptive system for accelerated
rolling stock maintenance, justification of the need for universal repair equipment,
formation of optimal stocks for repair facilities, determination of the criterion of
the accelerated rolling stock operation efficiency and modeling of territorial
location of service centers. As the experience of some depots showed, with the
help of existing repair equipment and diagnostic tools it is possible to organize
maintenance and repair for accelerated rolling stock based on the recommended
technologies of suppliers. But on the other hand it showed the need to implement
an adaptive system of accelerated rolling stock maintenance, namely: to update the
repair basis of enterprises (locomotive depots) (strategy 1); to create separate
enterprises without involving the existing repair infrastructure to provide
maintenance and repair of accelerated rolling stock at the level of a certain region
of operation of this accelerated rolling stock (strategy 2); operate the ARS without
major repairs which are entrusted to suppliers and manufacturers of the country
(strategy 3).

As calculations have shown, the most acceptable option for the near future is
the implementation of strategy 1. This requires the need for new approaches to the
formation of a system of accelerated rolling stock maintenance.

The third chapter presents the effectiveness of the evaluating results of the
accelerated rolling stock adaptive maintenance system; analysis and calculation of
repair equipment reserves taking into account the different laws of receiving

applications and service time; optimal sizes of stocks for repair facilities, modeling



of service centers location on the railway; efficiency of the given expenses
criterion and also an influence estimation of temporary reservation of the repair
equipment on reliability of the accelerated rolling stock work and universality of
repair facilities.

Based on the proposed target function, the evaluation of the adaptive system
of HRCS2 Hyundai Rotem maintenance was held which indicates the economic
efficiency of the proposed adaptive system.

The factors were defined which influence the universality of the capacities
of the accelerated rolling stock repair facility and the area of transition efficiency
to the implementation of universal equipment in the system of maintenance of
accelerated rolling stock.

There is a need to have some reserve of repair crews for service of not only
registered rolling stock but also if necessary accelerated rolling stock from other
depots. This gave grounds to calculate the number of contractors performing
maintenance, current repairs, depending on the intensity of the input flow for
different values of the number of requests for maintenance, current repairs, based
on the provisions of the queuing system.

The expenses for the organization of maintenance and current repairs on the
railways were considered and analyzed to justify the assignment of locomotive
repair depots and creation of service centers on their basis. The territory of the
railways was divided into districts (departments), there are technical objects (depot
with locomotives), and applications for their repair are sent in case of their failure.
The task was to build such repair areas so that the total number of service centers
throughout the territory was minimal, provided that the quality of service meets the
specified requirements.

The fourth chapter presents the calculation of the economic efficiency of the
adaptive system of accelerated rolling stock maintenance and operating costs
savings. The economic efficiency of operating costs from the implementation of
accelerated rolling stock is determined by comparing capital and operating costs

for different operating options. Capital investments which are taken into account



during the calculations of the implementation of accelerated rolling stock
effectiveness consist of capital investments in the locomotive depot, the
infrastructure of the locomotive industry, which involves the re-equipment of the
depot. The total effect of the reduction of maintenance costs, current repairs of the
first volume and operation of accelerated rolling stock for a period of five years is
estimated at 950.8 million UAH.

Keywords: adaptive restraint system, accelerated rolling stock, operational

reliability, repair facilities.
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BCTVII

AKTyaJIbHICTh TeMH. Y TemepiliHid yac YKpaiHa aKTUBHO BIPOBAIKYE
mBUAKICHUNA pyX. Lle 00ymMOBII0€ HEOOXIAHICT CTBOPEHHS BIAMOBIIHOI Cy4acHOI
PEMOHTHOI 1H(PACTPYKTYpU HJisi YTPUMAHHA MPUCKOPEHOrO0 PYXOMOIO CKIIaTy
(ITPC), saxui HacuueHHM HaykoeMHUM oOnaaHaHHsM. Ha ¢doHi 3arambHOrO
CKOpPOYEHHS OO0CAriB TMepeBe3eHb B YKpaiHl ¥ ICHYBaHHS  HaJJIMILIKIB
JIOKOMOTHUBHMX JIETIO Ta iXHIX PEMOHTHUX MOTYXHOCTEH MoOcTae 3aaada BHOODPY
BapiaHTiB: abo mnepeoOiaHaHHS ICHYIOUMX PEMOHTHHMX MOTYXHOCTeM Ha 0asi
JIOKOMOTUBHUX Jienio Jiss o0cayroByBaHHsl [IPC, a6o moOya0BU MOBHICTIO HOBUX
peMonTHUX cepBicHuX 1EeHTpiB (CL[), abo BUKOHAHHS BEJIUMKHUX BHUJIIB PEMOHTY Ha
NOTYXHOCTAX BUpoOHUKa (moctayanbuuka) [IPC y BignoBiaHIN KpaiHi.

Poznopsxennam Kabinery MinictpiB Ykpainu Big 30 tpaBus 2018 p.
Ne 430-p cxBaneno HarioHanbHY TpaHCIIOPTHY CTpaTerito YKpaiHu Ha mepioj 10
2030 poky. Y pamMmkax IIi€i cTparerii CTOATh 3aBJaHHS PO3POOKH Ta BUKOHAHHS
IpOorpaMH OHOBJIEHHS 3ali3HUYHOTO pyxoMmoro ckiany (PC), y tomy umcni s
BUCOKOIIBUAKICHUX TMacaXUpPChbKUX TmiepeBe3eHb. Lleir ¢dakt o00yMoBiioe
HEOOXITHICTh BIPOBAHKCHHS BIAMOBIIHUX CYYaCHUX TMPUHIMIIB yIPABIIHHS
TexHIYHUM cTanoMm PC.

TakuM YHMHOM, aKTyaJbHUM € HAyKOBE 3aBJaHHS II0A0 (OPMYBaHHS
aJanTUBHOI CHUCTEMM YTPUMAHHS, SKa JO3BOJUTH MIABUIIUTH EKCIUTyaTallliHy
HaJiHICTh 1 eekTuBHICTH Bukopuctanus IIPC, sxuii yxe mpamroe B AT
«YKp3ani3HULA» Ta 1ie OyAe NOCTaBICHHM Yy paMKax IOporpaMd OHOBJICHHS
3amizHuyHoro PC.

3B’s130k po0dOTH 3 HAYKOBMMH @pOrpamMamMi, IUIAaHAMH, TeMaMHU.
Huceprariitna poboTa BHUKOHYBajacs Ha Kadeapl eKCIuTyaTtaiii Ta pPEeMOHTY
pYXOMOro CcKjiaay YKpalHCBKOIO JEp>KaBHOIO YHIBEPCUTETY 3aJI3HUYHOTO
tparcopty (Yxp[AV3T) BimmoBimHo no HarioHanbHOI TpaHCTOPTHOI cCTpaTerii
VYkpainu Ha mepiog no 2030 poxy, mo cxBaieHa posmnopskeHHSM KabOineTy
MinictpiB  VYkpainm Bim 30 TtpaBas 2018 p. Ne 430-p, Crparerii AT

«Yxp3anizauis» Ha 2019-2023 poku, a Takok HAYKOBO-IOCIITHOT pOOOTH, Y AKIN



aBTOp OpaB OE3MOCepeIHIO YUacTh SIK BUKOHABEIb, 32 TeMO10: «Po3polka migxo/1iB
10 (GOpMyBaHHsS CTpaTerii TEXHIYHOTO OOCIYroBYBaHHS, IOTOYHOIO PEMOHTY
TATOBOTO PYXOMOTO CKJIaay 3 YypaxyBaHHSIM Tiepexoay Ha cepic» (P Ne
0119U102455).

Merta i 3apaui gociaimkeHHs. MeToro aucepTaiiiHoi poOOTH € HayKOBe
oOrpyHTYBaHHS HEOOX1IHOCTI (hOpMyBaHHS aganTUBHOI cucteMu yrpumanHs [1PC,
O BUKOPUCTOBYETbCS B AT «YKp3ami3HUI», sKa JA03BOJIMTH ITiJIBUIIUTH
eKCIUTyaTaliifHy HaIMHICTh 1 epexkTuBHICTh BUKopuctanus [1PC.

JUIsi  TOCATHEHHS TOCTaBJICHOT METH OyJau BH3HAYCHI TakKi 3aBJIaHHS
JIOCIIIKEHHS ;

- TOCJIIUTHU Ta BU3HAYUTH OCHOBHI MMOKa3HUKHU poOoTH Ta HajiHocTi [TPC;

- (popmanizyBatu cucremy yrpuManns [IPC 3 ypaxyBanHusM ii aganTariii 10
TeXHIYHOTO cTaHy PC Ta yJIOCKOHAJCHHS TEXHOJIOTI B3aEMOii PEMOHTHHX
roCIoAapcTB JIET0, BUPOOHUKIB 1 TOCTaYaIbHUKIB 3aMIACHUX YaCTHH;

- BU3HAYUTHU TEXHOJIOTII0 ONTUMAIbHOI B3a€MO/IIi PEMOHTHUX TOCIOJIAPCTB
JIeno, BUPOOHUKIB 1 MOCTAYaJIbHUKIB 3allaCHUX YaCTHH;

- BHU3HAQYMTH BIUIMB OpraHizamii TexHiuHoro oOcayroByBaHHs (TO)
obnmamnanas IIPC wa HamidHICT, HOTO eKCIUIyaTarlii Mpu Pi3HUX 3aKOHAX
PO3IOALTY BiIMOB;

- copmyBaTu aucnokaniro perioHanbHUX CL 1 3akpinuTH 3a HUMHU JEMO
I1PC;

- MPOBECTH JOCHIIPKCHHS Ta OIIHKY HAIIHHOCTI pPOOOTH PEMOHTHHUX
nigposaini aerno [TPC 3a kputepieM onTUManbHOI KUTBKOCTI PEMOHTHUX Opura
1u1sl 3a0e3neueHHst BukoHaHHsi TO, nmorouHoro pemonty (IIP) mpunuchHoro nmapky
ITPC 1 ITPC 3 iHImHUX AEIO;

- BU3HAYUTH YMHHWKH, SKI BIUTMBAIOTH Ha 3a0€3MEUYEHHS yHIBEPCATHHOCTI
oOnmagHaHHS PEMOHTHOTO TOCMOJApCTBA JEMO JJisi CTBOPEHHS MOMKIUBOCTI
MpoBeJieHHs peMOHTHUX 3ax0A1B /st [TPC He TUIbKM NPUIIKMCHOTO MapKy Aemno, a i

ITPC 3 iHmMX Jero;



- TNpPOBECTU  TEXHIKO-€KOHOMIYHE  OOIPYHTYBAaHHS  3alpONOHOBAHOL
aIaITUBHOT CUCTEMU yTPUMAaHHS.

O06’eckm OocniddcenHs — CHUCTEMA YTPUMAHHS HPHUCKOPEHOIO PYyXOMOTIO
CKJIany.

IIpeomem OocniddicenHss — MPUCKOPEHUN PYyXOMUHN CKIIA/I.

Metonn nocaimkenns. Ilpu BupilleHHI OKpeMHX 3ajlady 1 BHUKOHAHHI
JOCTIKEHh BUKOPHCTOBYBAINCS CYYaCHI MaTeMaTHYHI METOIU Ta TOJIOKEHHS
TaKUX TEOpPid: IMOBIPHOCTI Ta MaTEeMaTHUYHOI CTATUCTHKHU, HAJIMHOCTI, MAaCOBOIO
oOcnyroByBaHHsT Ta IHIIMX. MeToau Teopli HAAIMHOCTI BUKOPUCTAHO IS
BU3HAUEHHS BIUIMBY opraHizamii TO Ha HaaliHICTh 1 €(EeKTUBHICTh €KCILTyaTalil
[TPC. Meroau Teopii WMOBIPHOCTI Ta MAaTEeMAaTUYHOI CTATUCTHUKU BHUKOPHCTAHO:
npu BUBYEHHI BIUTMBY opraHizamnii TO npu pi3HHX 3aKOHAX PO3MOAUTY BIIMOB Ha
edexktuBHICTh ekcrryaranii [IPC; mpu nmocmikeHHI BIUIMBY THUMYacOBOTO
pe3epByBaHHA PEMOHTHOro oOnaaHaHHA Ha HanidHICTh [IPC; npu BU3HaveHHI
HOBUX MIIXOJIB A0 3a0€3MEUYEeHHs PEMOHTHOTO I'OCIOIapCcTBa JENO0 ONTUMAaJIbHUM
po3MipoM 3amaciB. Meroau Teopii MacoBOro OOCIYyroBYBaHHS BUKOPHCTaHI MpHU
MOJIEIOBaHHI TepuTopiasibHoro posmimieHHs CLI, a TakoX Npu po3paxyHKY
€(eKTUBHOCTI PEMOHTHOI'O TOCIOJIapPCTBA JEMO 3a PaXyHOK CTBOPEHHS PE3EPBHUX
PEMOHTHHUX OpHTaI.

HaykoBa HOBH3Ha ofep:kaHuX pe3yiabTaTiB. HaykoBa HOBHU3HA mossrae B
pPO3pOOIIl aKTyaJIbHOTO HAYKOBOTO 3aBlIaHHS (DOpMYyBaHHS aJaNnTUBHOI CHCTEMU
yrpumanns [IPC, skwmit excruryatyerbest B AT «YKp3adi3HULS», UIIXOM
ypaxyBaHHsi TexHiuHoro ctany [IPC Ta BmocKkOHaJIeHHS TEXHOJOTil B3aeMOIii
PEMOHTHHUX TOCIIOJIAPCTB JICTIO, BUPOOHHUKIB 1 MOCTAYaIbHUKIB 3aITaCHUX YaCTHH.

Bnepuwe:

— c(hopMOBaHO ONTHUMI3AIIHHY MOJENb aJalTUBHOI CHUCTEMH yTPUMAaHHS
[TPC y 3anme)HOCTI Bil eKCIUTyaTalliiHUX BUTPAT 1 TOXOIB BiMT MIsITHOCTI;

—  BCTaHOBJICHO  3alIeXHICTh  KoedimieHta rotoBHocti [IPC  Bix
TEXHOJIOTTYHUX MOTY>KHOCTEH PEMOHTHOIO BUPOOHMIITBA Ta XapaKTepy BIIMOB

oOnamuanng [1PC.



Habyno nodanvuioco pozeumxky:

— BHU3HAUEHHs BIUIMBY 3MIHM pE€3€pBIB MPOIYCKHOI CIPOMOKHOCTI
PEMOHTHOTO TOCIIOJIAPCTBA 3 YpaxXyBaHHSM BHU3HAYCHHS ONTHMAJIBHOI KiTBKOCTI
PEMOHTHHUX OpHTaj, 10 JAa€ MOXJIHUBICTh JIOCATTH HEOOXITHOTO PiBHA TOTOBHOCTI
Ta CKOpPOTUTH Yac npoctoro Ha TO Ta I1P;

— JOCHUDKEHHS 3 OOIPYHTYBaHHA HEOOXITHOCTI  YHIBEPCAJIbHOCTI
PEMOHTHOI'O OCHAIIIEHHS Mpu opradizaiii pemonry [1PC;

— KOpEroBaHI TMigXOAW IIOJAO0 BHU3HAYEHHS ONTHUMAJIbHOI B3aeMOJIi
PEMOHTHHX TOCIIOAAPCTB JICTIO, BUPOOHUKIB 1 TOCTaYaIbHUKIB 3aITACHUX YaCTHH.

IIpakTuyHe 3HAYEHHSI OlePKAHUX pe3yabTaTiB. OTpuMaHi pe3yabTaTH Ta
peKOMeHaIii YTBOPIOIOTh TEOPETUYHY OCHOBY CHCTEMHOTO TiAXOAy IIPH
dbopmyBaHHi1 agantuBHOI cucteMu yrpuMmanns [1PC. Bupimieni 3agadi 103BOTHIN:
HAyKOBO OOTpyHTYBaTH ()OpPMYBaHHS aJanTHUBHOI cucteMu yrpuMmanHs [1PC, skwii
npamoe B AT «Ykp3ami3Hullss»; BHU3HAYUTH YWHHUKH, 10 BIUIMBAIOTH Ha
3a0€e3MeUeHHs] YHIBEPCAIBHOCTI TMOTYXHOCTEH PEMOHTHOIO TOCIOJApCTBA JAETO
[IPC nnst cTBOpeHHST MOXKJIMBOCTI MPOBEIEHHS peMOHTHUX 3axofiB s [IPC nHe
TUIBKM  TPUIIMCHOTO TApKy Jeno; mpoBecTH (GOpPMYyBaHHS  JUCIOKAIlii
perionanpHux CI 1 3akpimienss 3a Humu jgeno I1PC 3 HagaHHs iM BiATOBITHUX
MOCJIYr, y TOMY YHCII ¥ B 3a0e3MeYeHH] 3alacHUMHM YacTHHAMU, OI[IHUTH
HAAIMHICT, pOOOTH PEMOHTHUX Minpo3ALTiB aeno 3 pemoHty [IPC 3a kpurepiem
ONTUMAJIBHOT KIUTBKOCTI PEMOHTHUX Opuraja, HEOOXIMHMX [Js 3a0e3neueHHs
BukoHanHs TO, [P npunucuoro napky I[1PC, a takox ITPC 3 iHmmx aemo.

Ocobuctuii  BHecok 3100yBaya. Y pobOorax, oOmyOJiKOBaHUX ¥
CIiBaBTOPCTBI, aBTOPY HAJIC)KHUTh:

[1, 19, 15] — oOpoOka pe3ynbTaTiB 1 BHU3HAYCHHS YHWCJIA BiTHOBJICHb
yctatkyBaHHs [IPC npoTarom neskoro HanpautoBaHHS;

[2, 17] — o0poOka pe3ynbTaTiB 1010 BU3HAYCHHS
KOHKypeHTOocpoMokHOCTI [TPC Ha mifgcTaBl BU3BHAYEHHS BaroBUX XapaKTePUCTHK,

CIOKMBYHUX Ta BapTICHUX MOKAa3HUKIB cydyacHoro [1PC;



[3, 16] — Bu3HaueHHs cTpaterii popMyBaHHs 3amaciB AJis 3a0€3MCUCHHS
PEMOHTY;

[4] — oOpoOka i onpaifoBaHHS Pe3y/IbTaTiB BUMIPIOBAHHS IS OLIHKH
npane3aatdocti [1PC;

[5] — Bu3HaueHHs mapaMeTpiB HaAIHHOCTI AJis OliHKHU opranizamii TO ITPC;

[6] — Meromumka TPHHHATTA PpIIEHHSA IOAO0 AaJanTalii PEeMOHTHOI'O
rOCIIOAapCTBA JICTIO JI0 PEATbHUX CUTYAIlild 3 HaIaHHS PEMOHTHUX ITOCIYT;

[7, 18,14] — omiHKa MOTY>KHOCTEH PEMOHTHHUX IMIPO3ILIIB JACTIO JJIs
3aKpiruieHHs 3a HUMU perioHanbHuX CLI;

[9] — 0OpobOKa cTaTHCTUYHOTO MaTepiany Ta Pe3yJIbTaTiB JOCIIIKECHHS;

[10] - BusHaueHHs imei OOIPYHTYBaHHS KpUTEpil0 e(EKTUBHOCTI
eKCILTyaTallii JJOKOMOTHBIB, y SKOCT1 SIKOI MPUUHATUN TpPUBEACHUN KOEQIIEHT
e(eKTUBHOCTI;

[11] — 0OpoOKa cTaTHCTUYHOIO MaTepianay Ta Pe3yabTaTiB JOCIIIKEHHS;

[12] — MopenioBaHHs BapiaHTIB opraHizamii cuctemu peMoHTy (P) i
opranizanii TO npu nepeBUIIeHHI BCTAHOBJICHOTO TEPMIHY CIIYKOH JIOKOMOTHBIB;

[13, 20] — ompampoBana KpuTepianbHa oiinka Bapiantie TO, IIP mpu
MOJIOBXKEHHI MICITHOPMATUBHOTO TiepioAy ekcrutyaTtarlii PC;

[21] — npoBemeHo po3paxyHKH 3TiZHO 3alpPOIIOHOBAHOI ONTHMI3AIiiol
MaTEeMaTUYHOI MOJIeNi aanTuBHOI cucteMu yrpumanss [1PC.

JlocnimKeHHsl, M0 BUCBITICHI B YCIX HAyKOBUX Mpalsix, MPOBOAMINCA B
YxpAVY3T.

Amnpodauisi pe3yabrartiB aucepramii. OCHOBHI TOJOXXKEHHsS IuUCEpTaIlii
JIOTIOBIIaTTNCsl, OOTOBOPIOBANUCS Ta yXBAJICHI Ha TakuxX KOHGepeHIisx: 79-i
MDKHApPOJIHIA  HAYKOBO-TeXHIYHOT KoHGepeHIii «Po3BUTOK HaykoBOI Ta
IHHOBAIlIHHOT AisSUTbHOCTI Ha TpaHcmopTi» (XapkiB, 25-27 xsitHs 2017 p.);
International scientific conference «Globalization of scientific and educational
space/ Innovations of the transport. Problems, experience, prospects» (Dresden
(Germany)-Paris(France), on May 3-12, 2017); Mib>kHapoIHiii HAyKOBO-TIPAKTHYIHOT

KoHbepeHIli «EHeproonTuMaabHi TEXHOJOTI, JIOTICTHKA Ta Oe3IeKa Ha



tpancnopTi» (JIpBiB 18-19 uwepBus 2018 p.); 30-i1 MiKHapoAHIA KOH(EpeHLil
«IH(opmaniiiHO-KepYIOUl CUCTEMH HA 3aJII3HUYHOMY TpaHcHopTi» (Xapkis, 24-26
xoBTHI 2018 p.); V-ii MbkHapogHId HAyKOBO-IIPAKTUYHOI KOH(EpeHIil
«AKTyanbHl nUTaHHS cydacHoi Haykw» (Kui, 21-22 kBitha 2019 p.); IX-i
MuikHapoaHIH HayKOBO-IPAKTUYHIN KoH(pepeHuli «TpaHcmopT 1 JOrICTHKA:
npobnemu Tta pimeHHs» (Opeca, 22-24 tpaBua 2019 p.); nepuriii MiKXHApOIHIN
HayKOBO-TeXHIYHIN KoH(pepeHuii «IIporpecuBHi T€XHOJOTIi 3aC00IB TPAHCTIOPTY»
(XapkiB — Mupropona, 23-24 Bepecus 2021 p.).

PesynpraTn, onepxkaHi NpUd  BHUKOHAHHI  JUCEpTaliiiHOI  poboTH,
JIOTIOBIJIaIMCsl W OTpUMAalii CXBAJCHHS Ha 3aCilaHHAX Ta HAYKOBUX CeMiHapax
YxpAV3T. IloBHicTIO pe3ylbTaTh AUCEPTALIAHOT POOOTH 3aCiyXaHO W CXBaJEHO
Ha PO3LIMPEHOMY 3acifiaHHi Kadeapu eKcIuTyaTallii Ta pEMOHTY PYXOMOI0 CKIIaay
YxpAVY3T.

Iy6aikamii. 3a Marepiamamu aucepraniitHoi pobotn omybiikoBana 21
HaykoBa mpans, 3 sAkux 11 HaykoBux crtatell — y (axoBUX BHIAHHSX,
3atBepakeHuXx MOH Ykpainu, 2 cTaTTi — y BUAAHHAX IHIIMX JepKaB (OHY 3 HUX
BKJIIOUCHO 10 0a3u SCOPUS), 8 mparb arpoOaIiiiiHoro xapakrepy.

Ctpykrypa Ta 00cAr aucepramii. [uceprtamis ckmamaerscs 31 BCTyIYy,
JOTUPHOX PO3/IUIIB, BACHOBKIB, ONMKUCY BUKOPHUCTAHUX JKEpe 1 nonaaTkiB. [loBHui
o0csar TekcTy nauceprarii ctaHOBUTh 194 CTOpiHKH, OOCST OCHOBHOTO TEKCTY
ctaHoBuTh 150 ctopiHok. PobGorta mictuth 26 pucyHkiB, 32 TaOnHIl, CIHUCOK

BUKOPHUCTAHUX JDKEpeN MicTUTh 198 HaliMeHyBaHb, 2 TOJIaTKH.
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