JTHITTIPOBCHKUI HAITIOHAJIBHU YHIBEPCUTET
SAJIIBHMYHOI'O TPAHCIIOPTY IMEHI AKAIEMIKA B. JIA3SAPSAHA

[HCTUTYT 3AJIBHUYHOI'O TPAHCIIOPTY (BAPIIABA)
®AKYJIBTET TPAHCIIOPTY BAPIIIABCHKOI'O YHIBEPCUTETY TEXHOJIOT'T!
I'POMAJZICBKA OPTAHIZALIA “JIIHIA102.;F0A”

3AXIJIHUI LEHTP VKPATHCBKOI'O BIUIEHHST «MDKHAPOJIHOI'O LIEHTPY
HAVKOBOI KYJILTYPU — BCECBITHSI IABOPATOPISI»

", :
C_ @ @ :::cTLrlLtr{sport

INSTYTUT KOLEJNICTWA WARSAW UNIVERSITY OF TECHNOLOGY

MATEPIAJIA
2-1 MI>KHapOoJHOT HaYKOBO-MPAKTUYHOI KOH(PEpeHIIii

"EHEPIOOIITUMAJIBHI TEXHOJIOI'],
JIOT'ICTUKA TA BE3IIEKA HA TPAHCHOPTI"
19-20 Bepecusa 2019

JIbBIB
2019



EOT-2019
EneproontuMaJjbHi TEXHOJOTII, JIOTICTHKA Ta 0e3MeKa HA TPAHCIIOPTI

EneproontumaiibHi TEXHOJOTI, JIOTICTUKA Ta Oe3leka Ha TpaHcmopTi: Martepiaiu
MDKHApOIHOT HayKoBO-TipakTuyHOi KoH(pepenmii (JIpBiB, 19-20 BepecHs 2019 p.) —
JIBiB.: JIbBiBchKa Qunis JHY3T, 2019. — 92 c.

Y 30ipHuKy HaBeaeHl Matepianu 2-1 MiKHaApOAHOT HAYKOBO-NPAKTUIHOI
koHbepeHnii «EHeproonTUManbHI  TEXHOJOrIi, JOTICTUKAa Ta Oe3meka Ha
TPaHCIIOPT1», sika BinOynack 18-19 uepBusa 2018 p. y m. JIbBiB.

30ipHUK MNpU3HAYEHUN JJI1 HAYKOBO-TEXHIYHUX MPALIBHUKIB 3aJi3HULb,
MiIPUEMCTB TPAHCIIOPTY, BUKJIAAYiB BUIMX HABUAIBHUX 3aKJIAJlIB, JTOKTOPAHTIB,
acIipaHTIB Ta CTY/ICHTIB.

Te3u onoBiziel IPyKYIOTHCS MOBOIO OPUTIHATY Y peAaKiiii aBTOPIB.

PEJIAKIIMHA KOJIETIS:

Boznsik O. M. — k.1.H., go1. kad. "Tpancnoprai rexnonorii" JI® THY3T
Amyk K. . — x.1.1H., no1. kag. "ABToMaruka ta TenekomyHikamii" JHY3T
bomxkenapcrkuii S1.B. — k.1.H., qo11., gupextop JIbBiBebkoi ¢imii JHY3T

AJlpeca pefakiiitHo1 Koierii:

79052, Ykpaina, M. JIbBiB, Byin. I. braxxkeBuu, 12a, JIbBiBcbKa ¢utist [[HITPOBCHKOTO
HaIllOHAJILHOTO  YHIBEPCUTETY  3alli3BHUYHOTO  TPAHCIOPTY 1IMEHI  akKajeMika
B. Jlazapsna.



EOT-2019

EneproontuMaJjbHi TEXHOJOTII, JIOTICTHKA Ta 0e3MeKa HA TPAHCIIOPTI

T'oJsioBa:
O. IMminbKO

CuiBrosioByroui:

A. XypkoBcpkuii —

M. fnnna

Ynenn komirery:

b. bognap

M. binses

I'. boxau

A. bxackap

I'. Baiiutonac
B. I'aBpuintok
I1. JamkeBu4
A. JloninaiioBa
I'. dykiu

A. XionkoBchKi
1O. 3enensko
M. Kamina

B. KoBanbuyk
J. Kozauenko
M. Ky3in

B. Ky3nenos
JIx. Jlaybep
JI. Mananikin
€. Mepkim

€. MiKynbChbKi
T. Muinapiu
C. IlaBnin

C. Ilerenin

M. TTuza

P. [TirtmMan

JI. Pumansk
B. Cuuenko
®. TomareBcki
b. ®apkam

I1. ®omnera

HAYKOBHMM KOMITET KOH®EPEHIIIT

I.T.H., Tpod., pekrop JIHIMPOBCHKOTO HAI[IOHATHLHOTO YHIBEPCUTETY
3QJII3HUYHOTO TpaHCIOpTy iMeHl akaaemika B. Jlazapsna (JJHY3T),
VYkpaina

K.T.H., JUPEKTOp [HCTUTYTY 3a/1I3HUYHOTO TpaHCHOPTY, lonbina
I.T.H., Ipod., nekaH (aKyIbTeTy TpaHCHOPTY BapiiaBcbkoi MOJITEXHIKH,
ITosbiia

I.T.H., Ipo@., nepmuit npopexktop JAHY3T, Vkpaina

I.T.H., ipod., IHY3T, Ykpaina

npo¢., bBynanemrcbkuii yHIBEpCUTET TEXHOJIOT1] Ta EKOHOMIKH, Y TOpIIMHA
npod., yaiBepcuter CoyrxemnToHa, BenukoOputanis

npod., ButbHIOCEKHIT TeXHIUHMN yHIBepcuteT ['eneminaca, JIutpa
n.¢-m.H., mpod., JJTHY3T, Ykpaina

I-p., [lo3nanceka nmositexHika, [lombima

I-p., mpod., YHiBepcuret y XKumini, CiioBauunHa

I-p., mpod., YuiBepcuret 3arpeba, Xopsarist

I-p., [lo3HaHchKka nmonmitexHika, [loipima

1-p., mpod., AHY3T, Ykpaina

I.T.H., ipod., JIHY3T, Ykpaina

K.T.H., 1011., JIpBiBchbKa ¢inia JJHY3T, Ykpaina

I.T.H., ipod., JIHY3T, Ykpaina

I.T.H., 1o11., JIbBiBchka dimis JJHY3T, Ykpaina

I.T.H., 1pod., [HcTUTYT 3ani3an4yHOro Tpancnopry, [loxsma

I-p., mpod., YuiBepcurer LAMIN, ®paniis

a-p., npod., 3axignuit Xaprdopn, Konnekruxyr, CILIA

I-p., mpod., [TozHaHchKka momiTexHika, [lomba

I-p., npod., YHiBepcurer ekonomiku B Karosine, [lonbia

npod., YHiBepcuteT 3arpeda, XopBarist

npod., YHiBepcuteT 3arpeda, Xopsarist

I-p., npod., YHiBepcuret B JIto6mnsu1, CioBeHis

I-p., ipod., Bapmasceka nomirexnika, [Tombima

I-p., npod., AntumonomnonasHui Bigmin CIIIA. MinicTepcTBO IOCTHIIII,
CIIIA

1-p., [lo3HaHchka nositexHika, [lombIna

n.1.H, mpod., IHY3T, Ykpaina

I-p., mpod., [To3nancwka nomitexnika, [Tomnpina

I-p., npod., bymanemrchkuii yHIBEPCHUTET TEXHOJIOTIT Ta EKOHOMIKH,
Yropmuna

npo¢., Cinespka nositextika, [lonbia



EOT-2019

EneproontuMaJjbHi TEXHOJOTII, JIOTICTHKA Ta 0e3MeKa HA TPAHCIIOPTI

T'oJsioBa:
A. PagkeBuy

3aCcTyNHUK r0JIOBH:
. boimkenapcbkuit

Ynenn komirtery:

O. bans
A. bsanosb
M. bepe3oBuit

O. Bo3usk
b. T'epa

I1. T'onteMOOBCHKUIA

1. I'purumma

A. I'pyHux

M. JIu00BCHKHIA
3. 3aHbKIB

A. Kupukosuu
P. KokoTaiino

T. KonecHukosa
B. Konutko

L. Jlaymiauk

10. JleciB

A. OKOpOKOB

O. Tumuyk

T. [lapryn

O. llenkoBuii
K. SAmyx

OPTAHIBALIMHUN KOMITET KOH®EPEHIIII:

I.T.H., mpod., mpopektop, JJHY3T, Ykpaina

K.T.H., 7011, nupektop JIpBiBchKOi ¢inii JJHY3T, Vkpaina

K.T.H., 1011., JIpBiBCchKa ¢imia [JJHY3T, Ykpaina

K.T.H., [HCTUTYT 3a5i3HUYHOTO TpaHcnopTy, [lombia

K.T.H., no1t., JIHY3T, Vkpaina

K.T.H., 7011, JIbBiBCchKa ¢imis JHY3T, Ykpaina

I.T.H., 1po@., JIsBiBchbka dumis JJHY3T, Ykpaina

I-p, Bapmascbka nomitexuika, [Tonpia

K.T.H., Jo1., 3aximamii Llentp VYkpaincekoro BigmineHHs BcecBiTHROT
nabopatopii, Ykpaina

K.T.H., JIbBIBCbKUI JIOKOMOTHBOPEMOHTHHH 3aBOJI, YKpaiHa
inxk., Jlembima Tabop, [lonbima

roJI. 1HX., perioHayibHa (imist «JIbBIBChKA 3aTI3HMIIY, YKpaiHa
XK., tupekrop T30B «Amazneyc Mapiney, Ykpaina

M-p., aupektop JlemapTamMeHTy DOpOXHBOTO TOCIOJAPCTBA, TPAHCIIOPTY,
3B’s13Kky JIOLA, Ykpaina

K.H. 13 COIl. KOMyHiKai#, c.H.c., JIHY3T, Vkpaina

1.e.H., mpod., JIsBiBchka dinis JHY3T, Ykpaina

K.T.H., 1011., JIpBiBchbKa ¢inia JJHY3T, Ykpaina

M-p., ['O «Jlinin102.F0a», Ykpaina

K.T.H., o1, JIHY3T, Ykpaina

k., HAY JHVY3T, Ykpaina

n.nen.H., goi., JIsBieceka dimis JJHY3T, Ykpaina

K., tupekrop HBO «/lninporexTpancy, Ykpaina

K.T.H., o1, JIHY3T, Ykpaina
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A TUVRheinland®

Precisely Right.

TUV Rheinland Polska Sp. z 0.0. ul. 17 Stycznia 56 02-146 Warszawa
tel: +48223319630; +48223319631

WEB: https://www.tuv.com/poland/pl/

e-mail: sekretariat@pl.tuv.com

TUV ~ Rheinland  Polska -
MPOBIAHUM  cepTU(diKalIiHUIA OpTraH,

10 /i€ HAa PUHKY cepTU(IKAIAHUX Ta

W'
;.‘ll
3 | AL
£ 4 ~ A . i

MIPOBITHOTO MOCTAaYaIbHUKA TTOCIYT ISl TalTy3i.

JTOCTHIAHUIBKUX Tocayr y [lombi.

V.

Kommnanis BXOIWTH 10 MIXKHAPOJIHOI

rpynu = TUV ~ Rheinland  Group,

Hama ocHoBHa cdepa misbHOCTI - cepTUdIKAIlisd TPOAYKINI, TEXHOJOTIH,
CUCTEM YIIPaBJIiHHSA Ta MEPCOHANY, ayJuT, MEPEeBIPKH, pelieH3yBaHHs. [ pyHTYIOUNCH
Ha Oaratopiunomy pocsigi rpymu TUV Rheinland, nombchka ¢idisi mpomoHye
IIUPOKHUIA CHEKTP MOCHYT JUIsi KOMMAHIM 3 pI3HUX Trainy3edl ekoHoMiku. OcHOBa
HaIlIMX BITHOCHH 3 AUIOBUMHU MapTHEPAMU — JIOBIpa, HAIIAHICTh Ta TPAIUILL].

TUV Rheinland - xomnanisg 3 6imem Hik 140-piuHoro icTopi€ro, sKa MpaIlioe
Maike Ha BCiX KoHTHHeHTaX. CBow misutbHICTH y [lombmii Bora posmovama y 1997
poui sixk TUV Rheinland Polska Sp. z o.0.

3a KUIbKa POKIB JisUTBHOCTI
TUV Rheinland Polska 3aitusnu
MO3UIII0  EeKCHEepTiB B ramysi

ceprudikauii Ha BHYTPILIHBOMY

PUHKY.


https://www.tuv.com/poland/pl/

A TUVRheinland®

Precisely Right.

Kirientamu xoMmaHii y JaHUM 4ac € HAHOUIBI MiANPUEMCTBA Y TPAHCIIOPTHIM,
XapyoBiH, OyAIBEIbHIN, EHEPreTUYHIN Ta MEIUYHIN TaTy3sX.
F e Ha TepUTOPii [Tonpmri
: . (YHKLIOHYIOTBJBI Cy4acHi Jlabopartopii
- y M. Bennuka ta M. Ilo3nans. Harmri
¢daxiBii  3aliMalOTbCS  TECTYBAaHHSIM

MPOJYKTIB Ta TEXHOJOTIM HA MpeaMeT

Hapasi B TUV Rheinland Polska npaioe nonag 200 ¢axiiis.

[Toennyroun Tpaauili, BHUCOKOKBaTi(iKOBAaHUN TMEPCOHAT Ta TOCTIMHUIMA
possuTok Texnomnoriit, TUV Rheinland Polska € ninepom Ha pusKy cepTudikamiiiamx
Ta JOCHIAHUUBKUX mocayr. CepTudikaTh Hamoi KOMIAaHIi K HE3aJeXHOro
cepTudiKaliifHOrO OpraHy BU3HAIOTHCS Ta LIHYIOTHCS B IIJIOMY CBITI.

Hama Bi3is - e 00'enHaHHS BIIJAHUX Ta IPUHITUIIOBUX JIFOJCH, SKi CTBOPIOIOTH
rajiy3eBl CTaH/IapTH, € aBTOPUTETOM Ta JiijiepoM y BuOpanux cdepax. Kommanis, ne
JIOTA XOYYTh MPAIIOBATH.

Hamra meta - 30epexeHHsI Ta BJIOCKOHAJICHHSI CTaHAApPTIB MOBEAIHKHU B Oi3HECI
HAa OCHOBI IIIHHOCTEH, cepea SKUX HAWBOKIUBIIIMMU €. YEeCHICTh, IIOBara,
BIJIMOBIAQIBHICTD, BIAKPUTICTD, CIIBIIPAIlS Ta ONTUMI3M.

Bucoki crangaptu Ta HaAlMHICTE Hamoi poOOTH O3HAYa€ HAIIMHICTh Ta
BU3HAHHS cepTU(]IKATIB, SKI MU BHUJAEMO. MU TNEpeKOHaHi, 110 COLIAJbHUNA Ta
MPOMUCIIOBUN PO3BUTOK TMOBHHHI TapMOHIMHO TMOEIHYBAaTUCh 3 O€3MEYHUM
BIIPOBAPKCHHSIM HOBUX TEXHOJOTIH, MPUCTPOIB Ta MPOAYKTIB. [lepeBipstoun SKicTh
CHUCTEM yOpaBIiHHSI a00 TPOAYKIli, BHUPOOJEHOI HAMMMH KII€HTAMHU, MU
MOKJAJJa€EMOCh Ha He3alepeyHy HayKoOBY ekcrepTusy. HapailiHicTh HalIMx METOIiB

,IIOCJ'IiII)KGHHSI € HalllUM HpiOpI/ITCTOM.



& Petrosoft.pl’

Technologie Informatyczne Sp. z o.o.

Siedziba Firmy Petrosoft.pl Technologie Informatyczne sp. z o.o.
Al. Tadeusza Rejtana 20, 35-310 Rzeszow

NIP: 685-20-51-675 REGON: 371000509 KRS: 0000118672
Biuro: tel. 13 44 66 777 Sekretariat: tel. 13 44 66 555

WERB: https://petrosoft.pl/

Kommanist Petrosoft.pl Technologie Informatyczne Sp. z 0.0. npoBoauTh cBOK misuTbHICTE 3 2000

poky. Y llompmii (QyHKIIOHYIOTH JEKiTbKa
“‘ Hammx  ¢iniii. HampampboBana mpoTsarom
JECATKIB POKIB TO3WISA Y MPOMHCIOBOCTI
noBoauTh, 1o Petrosoft.pl e mocBimueHnm
BIPOBATHUKOM HOBUX iHpopMaiiHuX

TEXHOJIOT1H. dipma € BUPOOHHUKOM
MPOrpaMHOTo 3a0e3MeyeHHs I 0ararhbox
HaIPSIMKIB, cepen SIKAX MaJBHE
rOCIOAApCTBO,  BUPOOHHUIITBO  MPOAYKIIii,
3aJTI3UYHHIA TPAHCIIOPT. Petrosoft.pl

BIIPOBA/KYy€ HAa PHUHKY IMPOrpamMHi pillleHHS,
Kl CHUPAIOThCA SIK Ha BJIACHI MPOPraMHi
MPOAYKTH, TaKk 1 Ha TPOrpaMHi TPOIYKTH
¢ipm Microsoft, SAP, Comarch.

Pom3unkoro Hamroi kommnaHii € yHikansHa st [lomemn cuctema RAILSoft Business Solutions,
sKa po3po0JIeHa Ta MOCTIHHO PO3BUBAETHCS MPOTATroM Oubiie Hixk 10 pokiB y cHiBIpalli 3 HAITMMHA
KJIIEHTAMH BIAMOBIIHO J0 3aKOHOJABYMX BUMOT, 1110 AitoTh y ITonbmi. RAILSoft Business Solutions
- ue iHTterpoBaHa IT-cucrtema 11si 0OCIyrOBYBaHHS 3aji3HUYHUX KOMIIaHIM, JOCTYIHA TaKOX Yy
MixkHapoAHii Bepcii. Lle Touna cuctema kiaciB SMS / MMS 3 ananizom RAMS s ynpasniHHS
ceptudikaTamMu 0€3MEeKH 3aTI3HUYHUX OTIEPATOPiB, BUAAHUMH BiAMOBIAHUMHU OpTaHAMH KOHTPOJTIO.
Psan dyHKIil miel cucteMu TOCTYITHI HA MOOUTBHUX MPUCTPOSIX.

RAILSoft - me cywacuuit IT-iHCTpyMEHT MAJsl YIpPaBIiHHSA TPAaHCIOPTHUMHU MPOIIECAMH,
3arajbHOI0 METOI0 SIKOr0 € 3a0e3NedyeHHs
poOOTHM  3ali3HUYHOI  CHUCTEMH  TIpU
3a0e3leueHdl MaKCUMaJIbHOI Oe3leKHu UIs
BCiX YUaCHHKIB IepeBe3€CHb.

Komnanis ycmimmHo BOpoBaAuia MOHAL
JIECSITOK TIPOTPaMHO-aIapaTHUX KOMILIEKCIiB
RAILSoft, gaxi BiADOBIZAIOTE BHMOTIaM
3QII3HAYHUX KOMIIaHIM y Traimy3i Oe3mekw,
VIpaBIiHHSA Ta TUIAHYBAaHHS 3aJi3HAYHOTO
TPaHCHOPTY, a TaKOX HEOOX1THIH
JIOKyMEHTAIll] Ha 3aJTI3HUYHOMY TPAaHCTIOPTI.



https://petrosoft.pl/

IIpuBaTHe aKkuioHepHe TOBAPUCTBO
"KuiB-/IHinpoBchke Mikraisysese
NiANPHEMCTBO NPOMHCIOBOT0O

3aJIi3HMYHOr0 Tpancnopry"

H |/||B L B‘ H | M p OBCbKe Anpeca: 02092 Kuis, ByJ1. Aiima-ATHHCBKA, 37.

M n n 3T Ten: (044) 568 88 14

WEB: http://mppzt.com.ua/

I[IpAT «KuiB-/IHinpoBcbke MiXraiay3eBe MiANPHEMCTBO IMPOMHUCIOBOTO 3aJi3HUYHOTO
TPaHCIIOPTY» Beae CBoro ictopito 3 1971 poky sk Kwuis-/[HinmpoBchke 00’€qHaHE TOCTIOIAPCTBO
3aJI3HUYHOTO TPAHCIOPTYy. METOI0 CTBOpEHHS MignpueMcTBa Oynao 3a0e3MeyeHHs €IUHOTrO
TEXHOJIOT1YHOTO TPOIECY IepeBe3eHbh BaHTAXIB Ha 3aJTI3HMYHOMY TPAHCIOPTi, 3BUILHEHHS
BUpPOOHMKA BIiJl HEBJIACTMBUX HWOMYy (YHKLIH 1O MaHEBpPOBiH pOOOTI, HaBaHTAKEHHIO-
PO3BAaHTAXKEHHIO BaroHIB Ta BUKOHAHHIO CKCIISUIIIMHUX OTIepPAIliid.

VY tenepimHiit yac [IpAT «KuiB-JlHINpoBCcbKke MiXKraigy3eBe MiANPHEMCTBO IPOMHUCIOBOTO
3QJII3HUYHOTO TPAHCIIOPTY» — MPHUBATHE akIlioHEpHE ToBapucTBO, 100 % akiiil sSKOTO HalIeXaTh
nepxasi B 0cobi MinictepcTBa iHpacTpykTypu Ykpainu. IlinnpuemMcTBo 311HCHIOE B3a€MO3B’ 130K
13 MaricTpaJbHUM 3aJi3HUYHMM TPAHCIIOPTOM 3arajbHOrO KOPUCTYBaHHS Ta 3a0e3neuye
MIEPEeBE3CHHS BaHTAXIB BiJ 3aJi3HWYHUX CTaHIIH MPUMUKAHHSA A0 (POHTIB BHUBAHTAKEHHS 1
HaBaHTKEHHS — MpUMHUKae 1o 64 cranmisM Ykp3amizuuii. Jlo cknany ToapuctBa BXoauTh 30
BIJJOKpPEMJIEHUX CTPYKTYpHUX MiApo3aiTiB (Ppiniit), po3ramoBanux y 17 obnactax Ykpainu.

Cepen nianpueMcTB, 10 00ciayroBytoThesi ¢urismu ToBapuctBa — Ounbmr HiK 1000
HiANPUEMCTB, OpraHizaliidl Ta YCTaHOB pPi3HUX (POpPM BIACHOCTI, IO PO3MIIIEHI MO TEpUTOPIil
VYkpaiHu: TemjaoBl Ta aTOMHI €JEKTPOCTaHIi, MIJIPUEMCTBA HadTOonepepoOHOI Ta XIMIYHOT
MPOMHCIIOBOCTI, IIEMEHTHI 3aBOJAM, 3aBOAM IO BHUIOTOBJICHHIO 3a1i300€TOHHUX BHpPOOIB,
JIoMoOyiBebHI KOMOIHATH, TPaHITHI Kap €pu, KOMOIHATH XJI1OOMPOIYKTIB, €JI€BaTOPH, ITyKPOBI
3aBOJIM Ta 1HIII.

[IpAT «Kuis — IninpoBcbke MIIII3T» Hagae TpaHCIOPTHI MOCIYTH 3 IEPEBE3ECHHS BAaHTAXIB
BiJl 3aJII3HUYHUX CTaHLIA NPUMHUKaHHS 10 (POHTIB BUBAaHTAXXEHHS 1 HABAHTA)KEHHs, 3 MAaHEBPOBOI
po0OTH, 3 HaBaHTa)KyBaJbHO-PO3BAHTAXKYBAJIbHUX POOIT, HOCIYrd 3 OyAIBHUITBA Ta MOJEpHIi3aLli
KOJIIKHOTO TOCTOJIapcTBA, METPOJIOTiUHI MOCIYTH Ta iHINI MOCIYTH, MOB'A3aHI 3 MEPEBE3EHHSIM
BaHTaXIB 3aJII3HUYHUM TPAHCIOPTOM. 3aiiMae Apyre Micle micis YKp3ali3HHIl B CETMEHTI pUHKY

TPAHCIOPTYBaHHS MPOMHUCIIOBUX BaHTaXiB 3 4acTKOIO B 10 BiACOTKIB.


http://mppzt.com.ua/

LINGWISTYCZNA

SZKOLA WYZSZA
W WARSZAWIE

Lingwistyczna Szkola Wyzsza Reduta Business Center, Al. Jerozolimskie 148
02-326 Warszawa

tel: +4822 886 50 12

WERB: https://lingwistyka.edu.pl/

e-mail: dziekanat@lingwistyka.edu.pl

JlinrBictnuna Buma mkona y BapmaBi - enuHWl NPUBATHUM JTIHTBICTUYHHMA
yHiBepcuTeT Ma30BeIbKOro BOEBOJACTBA 1 0uH 3 HebaraThox y [lonpmi. ¥ pamkax
cnerianbHOCTI «Dimonoris» yHIBEpCUTET 3IINCHIOE MIATOTOBKY IMEpeKajaviB Ta
BUKJIaJIa4yiB MOBH, SIKIi MalOTh MOIMUT HA PUHKY mpari. JJoope mpoaymaHa HaB4albHA
mporpamMa Ta KBali(piKOBaHWN BUKIAAAIbKUNA CKJIAaJl 3a0€3MedyloTh peai3alliio
3aIUTAaHOBAaHUX PE3yJIbTaTiB HABYaHHS IS NPAKTUYHOI JisiibHOCTI. OCBITHI
MPOrpaMH, 110 BIPOBAIKYIOTHCSI YHIBEPCUTETOM, BPaXOBYIOTh MIHJIMBY CUTYaIlil0 Ha
PUHKY TIpalll Ta HOBITHI TOCSITHEHHS JIIHTBICTUYHUX HaYK.

Mu mnpoBOIMMO HaBYaHHSA Ha ImepmioMy (OakadaBpChbKOMY) Ta JIPYyromy
(MaricTepcbkOoMy) pIiBHI MO JI€HHIH Ta 3a04Hid (opM HaABUaHHSI, a TaKOX B
acnipantypi. Cepen coiBpoOITHHKIB YHIBEPCUTETY € BHJAATHI Ta JIOCBIIYEHI]
NeJarorv, sKi MaloTh 3HA4YHI HaykKoBl Ta mpodeciiiHi gocsrHeHHs. KonekTus
CKJIQIAIOTh SIK JOCBIIYEH] aKaJeMIYH] BUK/Iaqadl TaK 1 MOJIOAb KA BIIIAHO AUIUTHCS
CBOIMH 3HAHHSIMU Ta BMIHHSIMHU 31 CTYJICHTaMH.

Y TemepimHiii Yac B YHIBEPCHTETI pPO3MOYATO MIATOTOBKY OakaiaBpiB 3i
crierianbHOCTI  «HamionanpHa Oe3meka» 3 HACTYIHHX CIeliali3alii: aHaITHK
0e3mneku; MisITbHICTh BOEHI30BAHUX CITYKO; KPU30BE YIPABIiHHA B aJMIHICTPYBaHHI;
VIPABJIIHHS CUCTeMaMu Oe3MeKku Ta 6e3reka MOBITPSHOrO TPAHCIIOPTY.

AHaJIITHK 0e3leKu

Cremianizaiisi crpsiMoBaHa Ha HaOyTTs 3HaHb y cdepi Oe3meKu Iep’KaBHHUX
YCTaHOB, OPraHiB MICIICBOTO CAMOBPSIYBaHHS Ta MPUBATHUX KOMIaHiil. BumyckHuk
JaHO1 crierianizalii OTpUuMye 3HaHHS 3

G szasafae_afds_: 2 webp

OCHOB CYYaCHHX CHCTEM OC3IeKH, 1;;5;'355‘;’;‘J§§:f:::_:3”5
620 m?trndzf;;:,,w
TEPOPUCTUYHUX 3arpo3 Ta 3axXucTy bras scras
r.handlers.n
MEePCOHATBHUX JIAHUX. Cdepa ety
. . *ee :"7ac6ce95-19e2-4.
creriamizarii TAKOXK BKJTIOUAE [ets

IMBUIBHUM  3aXMHCT, 3aXUCT  BIX
CTUXIMHUX JHUX Ta HaA3BUYAWHUX
CUTYaIllH.
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CniBpoOiTHMK BOEHI30BaHOI CIIYKOM.

Crnewmianmizamisi CKepoBaHa Ha MIATOTOBKY 10 poOOTHM B OXOPOHHHMX KOMIAHISX,
BOEHI30BaHMX CITy»0ax Ta iHcnenisX. CTyAeHT OTpUMY€E 3HaAHHS B TaTy31: MOJITUIHOT
Ta BIACBKOBOI O€3MEKU JEpPKABU, g
CHUCTEMU JepKaBHOI Oe3IeKu,
€KOHOMIYHOI'0 Ta COLIIAJIBHOTO
3a0€3MeUeHHs HAaCeJIeHHs, NPaBOBUX
OCHOB CHUCTEMHU O€3MEKH, CUCTEMHU
JIep>)KaBHOI OOOpOHHU, 30POMHHMX CHII
JepKaBHu.

YupapiliHHA KPU30BMMH CUTYALisAMHU B aAMiHicTpamii

Crermiamizamisi cCkepBaHa Ha MIATOTOBKY 0 CYYaCHHX 3arpo3 y CBITOBIM Ta
JiepKaBHIiM Oe3rerni. 3arpo3u po3MOAUISIOTECS Ha JIOKAIbHI Ta T100adbHI 1 MOXKYTh
OyTM TOJITUYHUMH, EKOHOMIYHUMHU,
BIICBKOBUMU yu CKOJIOT TYHIMH.
BaxnuBoro 0coOJMBICTIO BUITYCKHHKA
Oyne BMUIMI aHalli3 ICHYIOUHX 3arpo3

Ta KOPHUIyBaHHS BIJIMIOBIJTHUX PECYPCIB - ”;%lll//

peax1ii Ha 3arpo3y. g |

YupasJiiiHHS cucTeMaMHu 0e3leKHu
Crnemiamizaiiss HampaBjieHa Ha IMMJATOTOBKY TNPAIiBHUKIB 3 ONEpPaTUBHO-
PO3BIAYBaJIbHUX POOIT, c1IOCOOIB 3a0€3MeUeHHs O€3MEKN Ta TPOMAICBKOr0 OPSIKY B
KpaiHi. BUB4aeTbcst CTpyKTYpa cucTeMu
Oe3neku Jep>kaBM Ta HEYpSAOBHUX

oprasizariiii. Bunycknuk TaKOXK
OTpUMAa€ 3HaHHS, HEOOXIJHI I
MMATOTOBKU ayauTy Oe3IeKu,

3M1MCHEHHSI Ta KOHTPOJIIO 3a
BUKOHAHOIO MPOIIETYPOIO.
ABianifiHa 0e3nexka

Meroro HaBuUaHHS Ha JaHiM cremanizamii € oTpuMmaHHsA mnpodeciiiHol Ta
HAyKOBO1 KBami(ikailii (TECOPETUIHOI Ta MPAKTUYHOI) y Tamy3i Oe3MeKu aBialliifHuX
KoMnaHii. Hesenuki HaB4anbHI Ipynu | K{ g
rapaHTylOTh  NPSIMHUH  KOHTAaKT 3 [
EKCIIEPTOM.

Mu noknanaeMo ycix 3ycuiib IS
TOr0, 100 CTYJE€HTH Oy MIArOTOBJIEH]
710 3MiH, 1110 BUILIMBAIOTH 13 CYy4acHOTO
PUHKY TIpami, 1 caMe TOMY MH BHUPIIIWIM 3HAYHY YBary OpUAUIATA NPAKTUYHINA
OCBITI, SIKa Mepeadavae Opraizailito 3aHATh Y MaJIUX Tpynax Ta IXHii MpaKTUKUIHUN
XapakTep. 3aBASKA IbOMY MM MOXEMO rapaHTyBaTH HAIlIUM CTYJIEHTaM KOMQOpTHE
HABYAHHS Ta HOTO BUCOKY SIKICTb.

Jlns Bcix, XTO 3alliKaBJICHUM Yy 3100yTTI HAIIHHOI Ta Cy4acHOI JIIHT'BICTHYHOI
OCBITH, HABYAHHS B HAILIOMYy YHIBEPCHUTETI - 1Ie, 0€3yMOBHO, ITPaBUILHUN BUOID.
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EneproontuMaJjbHi TEXHOJIOTIL, JIOTICTHKA Ta 0e3MeKa HA TPAHCHOPTI

OcobnunBocCTi BpaxyBaHHS TEMNJIOBOro ctaHy KOB3HOro
KOHTAKTY NPy BU3HA4Y€HHi eHepreTU4YHUX NOKasHUKIiB CUCTEMMU
CTPYMO3HiMaHHS1 efIeKTPOPYXOMOro cKraay 3ani3Huub

Jimumpo Ycrumenko® , Anopiii Myxa®, Moxammao Anp Cain®, Cepeiti Pomanos® ta Tamepran Cebies’

LIHY3T, Kadenpa enexrporexHiku ta enexkrpomexaniku, 49010 m. IHinpo, Byn. Jlazapsiaa 2, Ykpaina

’TOB «KIH», 01042, m. Kuis, Byn. loanna Ilasna II, 3, Ykpaina

Abstract. The parameters of thermal processes occurring indirectly in a power sliding contact can serve
as an identifier of its state, and can also be used to increase the energy efficiency of current collection
systems and their resource. A generalized thermal indicator of the operation of the power sliding contact is
proposed, which is able to relate the power loss in the contact, its temperature and the wear value of the

contact elements.

Ha manmii wac cucteMu KOHTaKTHOTO CTPYMO3HIMaHHS
3HAWIUTN IIUPOKE 3aCTOCYBAHHS B SIKOCTiI IPUCTPOIB
mepenadi eHeprii Ha OOPT EIEKTPOPYXOMOTO CKIIAdy.
KoHTakTHI MiIBICKH BHKOPUCTOBYIOTHCS IJISI PyXOMOTO
CKJIaJly MariCTpajibHUX eJIeKTPU(IKOBAHUX 3aJi3HHIIb.
Ha cporomni xapakTepHe IMiIBUIIEHHS MBUAKOCTI PYXY,
3HAYHEC 3pOCTaHHA CTPYMOBUX HaBaAHTAXCHb, I10dBa

HOBHX THIIB €IEKTPOPYXOMOTO  CKIaxy, YMOBH
eKCIUTyaTalii sSKOro IOTPeOyIOTh  BJIOCKOHAICHHS
ICHYIOYMX 1 CTBOPEHHS HOBHUX IPHUCTPOIB, IO

3a0e3nedyBaTUMyTh HAJIHHY Ta €KOHOMIYHY Iiepenady
EJIEKTPUYHOT eHeprii Ha 6OPT TPAHCIIOPTHHUX 3aCO0IB.

KonTakTHHH TIpOBim, IO TMpHIIMae y4acTb Y
CTPYMO3HIMaHHI €JNEeKTPUYHOI eHeprii, NpeacTaBisie
co0010 OIMH 3 KOMIIOHEHTIB CHIBHOCTPYMOBOTO
KOB3HOTO KOHTakTy. EKcrutyaTailisi CHIBHOCTPYMOBOTO
KOB3HOTO KOHTaKTy Ha BiMiHY BiJ] IIHPOKO MOITHPEHUX
Ha NPaKTHLI BY3JIB TEPTS CYNPOBOKYETHCS II€I0
EJIEKTPUYHOI'0 CTPYMY Ha MPOLECH 30BHIIIHBOTO TEPTSL.
IMopsin 3 muM cnix mam’dratd, OO Ipale3AaTHICTh
KOB3HMX KOHTaKTiB, IOB’s3aHa 3 1X 3HOCOM, B
OCHOBHOMY BH3HAQUa€ThCI THUMH IIPOLECaMH, fKi
NPOTIKAIOTh B IOBEPXHEBUX IIapax map TepTs B
3BUYAHUX TPUOOJIOTIUHUX CUCTEMAX.

B mapi 3 KOHTakTHHM JIPOTOM IPALIOIOTh PI3HOTO
poay cTpyMO3HIMabHi eneMeHTH. Ha 3MiHHOMY CTpyMi
CTPYMO3HIMaHHS BiJl KOHTAKTHOTO APOTY 3A1HCHIOETHCS
BYTUIbHUMH BCTaBKaMHU $K Ha KOKCOBIM Tak 1 Ha
rpa¢iToBiii ocHOBL. Ha mocTiifHOMY CTpyMi IJisi THX ke
LUIell BYrilbHI BCTaBKM  BHUKOPHCTOBYIOTHCSI  Ha
MAaJIOTIOTYKHOMY €JIEKTPOPYXOMOMY ckiafi. Jis 3HATTS
CJIEKTPOCHEPrii Ha MOTYXHOMY E€JIEKTPOPYXOMOMY
CKJIaJi MOCTIHHOTO CTPYMY BUKOPHCTOBYIOTH IIOPOIITKOBI
KOHTAKTHI IUTACTHHHU SK Ha 3aji3HiA, Tak 1 Ha MimHii
ocHOBI. Tako) Ha MOCTIHHOMY CTPYMi CTPyMO3HIMaHHS
3IIACHIOETBCS 3 BUKOPHCTaHHSIM METAJOBYIJICIIEBUX
BCTaBOK.

OmHMM 3 OCHOBHHX €HEPreTHYHHX MOKa3HUKIB
CHUCTEMHM CTPYMO3HIMaHHS MOXHa BBaXaTH BTPaTH

MOTYXXHOCTI B CHJIOBOMY KOB3HOMY KOHTakKTi. BennunHa
LUX BTpPaT 3aJICKUTH BiJ 0aratbox (akTopiB ajie MOXKe
OyTH oOIliHEHA Ha OCHOBI aHaNi3y TEIUIOBOTO CTaHy
KOB3HOTO KOHTAKTYy.

BusHaueHHs1 (aKTUYHOT IJIONII KOHTAKTy HEOOXiJIHO
mpu aHanizi Oyab-akoi mapu TepTs. HalOimeIn mmpoko
BHKOPHUCTOBYIOTBCS HACTYIHI HiAXOMM 1O BU3HAYCHHS
(akTHYHOI TIIOMIi i OMOPY KOHTAKTY: METOJ OIOPHHUX
kpuBux (aBropu H.B. Jlemkxun i U.B. Kparenbckuii) i
Meton BumankoBux mosie (H.®. Cemenok i1 T.A.
CupeHko).

Bigomo, mo QakTuuHa IWUIOIMA  EJIEKTPUYHOTO
KOHTAKTy AyKE€ Majla 110 BiHOLIEHHIO 10 HOMIHAIBHOI
IUIOMIMHU. TBepHi Tila KOHTaKTYIOTh HE BCI€IO
HOMIHAJIBHOIO TIOBEPXHEI0, & OKPEMUMH TUIIMAMH Yepe3
HIOPCTKICTh ~ peajlbHUX  MOBEpPXOHb.  Hacmimkom
ONHMCAHOTO SBUIIA € OAWH 3 3aKOHIB TepTs, SKHUH
TOBOPHTH, IO CHJIA TEPTS HE 3ICKUTH Bix GopmH i
po3Mipy HOMIHAJIBHOI IUIOIIMHHA KOHTaKTy, TOOTO
TUTOIIHHH, TI0 SIKii JOTUKAIKCEH O Tila, sSIKOM BOHH Oyiu
1JIeaJbHO TIaJeHLKUMU. 3BiICH BUILUIMBAE, IO 1 MOBHHUI
KOHTAKTHHH EJCKTPUYHUI OIip HaiOLIbIIe 3aleKUTh
BiZl ONOpPY CTATYBaHHs, BEJIMYMHA SKOrO OOYMOBJIEHA
(aKTU4HOO, a HE HOMIHAJIBHOIO IUIOLIMHOI0 KOHTAKTY.
Buxonmsum 3 1poro, MoxHa 3pOOMTH HACTYITHHH
BHUCHOBOK, IO OHIp KOB3HOI'O CHJIBHOCTPYMOBOTO
KOHTaKTy BH3HAYAETHCS HE CTUIBKM HOTO po3MipamH i
(GbopMOO,  CKUTBKM  OCOOJUBOCTSIMH  KOHTAKTHHX
TIPOIIECiB.

[cHyIOTB pi3HI MOSICHEHHS TIPOLECIB, 110 MPOTIKAIOTh
B 30Hi KOB3HOTO EIIEKTPHYHOTO KOHTAKTY 3aCHOBaHI Ha
ekcriepumenTax E. Apuonbna [1], P. Meitepa [2], P.
Xonbma [3], I. Hefikipxena [4]. Lle moB’s13aH0 3 TUM, 1110
IpOLECH  MEXaHIYHOTO  TepTs 1  3HOIIYBaHHSA
MPEACTABISIIOTE COOOI0 CKIAJHY CYKYIHICTh SIBHII, B
SKAX TPUAMArOTh yd4acTh TPYKHI 1 IIJTacTHYHI
nedopmartii, CHIM 3YCIUICHHA MDK  YaCTUHKaMHU
MIPOIYKTIB 3HOIIIYBAaHHS, CTPYKTYpHi 3MiHH,

ABTOp, 3 SIKMM 31 ICHIOBATUMETHCSI KOHTAKT: UStimenko.1979@gmail.com
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TEPMOCJEKTPUYHI 1 EeNIeKTPOXiIMiYHI TpOoIecH, Pi3HOTO
poxy mporiecu copOIIii Ta iHIe.

I[Ipy  KOHTAaKTI  KOHTAaKTHOrO  MHpPOBOAY 3
METAIOKePaMIYHOI0 BCTaBKOIO BiMOYBAE€ThCS 3UCTUICHHS
HEpIBHOCTEH IMOBEPXOHb, 110 KOHTAKTYIOTh, B yYMOBax
PYXy Lie IPU3BOJNUTH 10 BUCOKHX MUTOMHX HATUCKIB 1 5K
pe3ysbTar, 10 MIKpO3BapIOBaHb 1 BUPHBIB Ha ITOBEPXHI
KOHTaKTHOTO MTPOBOJLY.

Skmo B MaTepiay KOHTaKTHUX BCTaBOK BBECTH

TBepAl MacTHJbHI MaTepiaji, TO Ha IOBEPXHIi
KOHTaKTHOTO HPOBOY YTBOPKOETHCS TUTIBKA
MacTWJIPHOTO ~ MaTepialy, sKy 4acTo Ha3HWBalOTh

moJTiTypHOI0. BOHa Mae BHI CYIIBHOI 000JIOHKH, sKa
BKpPHMBA€ BCIO KOHTaKTHY MOBEpXHIO. TBepi MacTHIIbHI
MaTepiani, Ha BiIMIHY BiI pIiOKuX, 3a0e3medyroTh
rpaHuuHe TepTs [6]. I'pannunmit map MmacTuia
toBmuHOWO 0,1 MKM Ma€ BIIACTHBOCTI, IO pPI3KO
BIIPI3HAIOTECSA Bifl 00’€MHHX BIACTHBOCTEH PiIKOTO
MacTWJIa: BiH Mae€ BHPa3HO OPIEHTOBAHY MOJIEKYISIPHY
OyHoBy, BOJOIi€ TPYXKHICTIO (OPMH 1 BHCOKUM
3Ha4YeHHSAM TrpaHuyHoi Hampyru 3asury [5]. o
TPaHUYHOTO TEPTHd BITHOCATH TEPTA NpPHU HASBHOCTI
IUTBKA ~ TBEpAMX  MacTui  rpadiry, aucyiabdiny
MOJITIOIeHY, TaJbKa, HITpUIY 6opy,
noutiterpadropeTuiieHy i T. A. UMCIEHHI JOCITiIKEHHS
MOKa3yI0Th, IO HAHKPAIIUM PE3yJIbTaTOM 3 TOUKH 30py
3HIW)KEHHS 3HOCY KOHTAaKTHOI Mapu BOJOII€ TUCYIb(in
MOJTIO/ICHY.

B mporeci  CTpyMO3HIMaHHS BinmOyBaeThCs
HArpiBaHHS K KOHTAKTHOTO MPOBOJY, TaK i KOHTAKTHUX
BcTaBOK  maHTorpady.  MakcHUManbHI  3HAYCHHS
TEMIIEpaTypd Mapu  TEpTA  «CTpyMmompuiimad  —
KOHTAKTHHUH TPOBII» PErIaMCHTYEThCS BIiNMOBITHUMHU
HOpMaMH. Po3paxyHOK 3arajibHOI TeMIepaTypH B 30HI
KOHTaKTy BH3HAYa€ThCS 32 METOJHMKOIO [7] HacCTyITHHM
YHUHOM:

®3ar =®\/ +®non +®cn b (1)

ae ©, — o0’emHa TemnepaTypa (Bil IKOYJIeBOI
TEIJIOTH);

®, — Temmeparypa HOMIHaJIbHOI TOBEpPXHi BiX

TepTs i KOHTAKTHOTO OIIOPY;
®_ — TeMieparypa cranaxy.

cn

Hdus ominku KoedimieHTa TepTsd 1 IHTEHCHBHOCTI
3HOCY KOHTAKTHUX TMap MPHCTPOIB CTPYMO3HIMaHHS
HEoOXiTHO BPaxOBYBAaTH MAKCHMAJIbHY TEMIIEPATypy.

B 3anexxHOCTI Bill TPUBAIOCTI 1 TEMIIEpaTypy HarpiBy
MIZHOTO  KOHTAKTHOTO TIPOBOAY HOro  MIIHICTP
3HWKYyeTbesl. Tak HarpiB mpoBoxy Bume 270°C
(Temneparypa pexpucranizauii Mini), Hanpuknazn 300 °C,
Ha mpoTsa3i | roxa. 3Hmkye MinHicTh Ha 40%, TOOTO
MPU3BOUTH JIO MIOBHOT BTPATH MIIHOCTI, a TAKUI HATPIB
Ha mpotssi | cekynau — 15%. Edekr BTpatn MinHOCTI

npu 0araTOKpaTHHX HarpiBaHHAX 1 OXOJIOJDKEHHSAX
MpoTiKae  Tak, Ha4eOTO  TPUBANICTH  HArpiBaHb
iICYMOBYBaJach.

3HOC KOHTaKTHOro NPoBoAY

Y

.

Y

— MexaHiuHuil 3HOC

— ENeKTpudHniA 3HoC

Tennosum 3HOC

ABpasnMBHWA 3HOC

= 3HOC OKMCNEHHAM

Ly 3HOC HA CNONYYEHHAX
AHKEPHUX QINSHOK,
MOBITPRHWUX
NPOMIKKAX, CTpinKax

Moctynoswia
3HOC

MpaxkTuyHo
MUTTEBMIA 3HOC

3Hoc B pesynbrari )

XsunenogibHui

BTOMM 3HOC

3HOC NPU CXONNEHHI :

- .. : - 3HoC npw oxenepi

Ta 3ainaMHi 3HOC Npy oxenea

| 3HOC B KOPCTKMX Ll EnekTpoeposiiHui
TOYKax 3HOC

Puc. 1. Kiacudikauis BuiB 3HOIIYBaHHS KOHTAKTHOTO IIPOBOJTY
3HOC TWpM  mepejadi  EIEKTPUYHOT  eHeprii 110 TPOSIBISETHCS B MOCTYIOBIH 3MiHI po3MipiB 1 hopmu

BinOyBaeThcs depe3 craTuyHi ab0 PO3pHBHI KOHTAKTH 1
HAWOUTBI CKJIAMHWIA 3 HUX — KOB3HHU 3 BiIpHBaMu,
KOJM  EJIEKTPOICKPOBI Ta EIEKTPOAYrOBI IMPOIECH
MIOEHYIOTBCS 3 MPOLECaMH 30BHIIIHBOTO TEPTs. AHai3
paHirre MPOBEJICHUX JOCITIKEHb JI03BOJISIE
3aIlpOIIOHYBATH  CTOCOBHO  KOHTAKTHOTO  IIPOBOJY
Kacudikaliro BUIB 3HOCY [OKa3aHy Ha puc. 1.

[lix 3HOCOM pO3YMIOTH TIpomec pYyHHYBaHHS i
BIZUTUICHHST MaTepialy 3 MOBEPXHI TBEPJOTro Tina i (abo)
HAaKOTIMYEHHS HOTO OCTAaTOYHOI Aedopmarii mpu TepTi,
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tina (TOCT27674-88).

Be3yMOBHO TEIIOBI MPOLIECH B KOB3HOMY KOHTAKTI €
CKIamHuMH 1 (OpPMYIOTBCA PI3HUMH  (PAKTOpPaMH.
BpaxyBanHs 1ii OKpeMoOi CKIafoBOi Ha TEIUIOBHH CTaH
KOB3HOTO KOHTAKTy € HEMPOCTOI0 337avel0, a OCKLUIbKU
KiHIIEBUI eQeKT € CcyMol0 .iif ycix ¢akTopiB, TO
MIPOMIOHYETHCS, 3 METOI0 BHKOHAHHS IIOPIBHSJIBHOTO
aHaJli3y eHepreTHIHOi e()eKTUBHOCTI KOB3HUX KOHTAKTIB
3 PpI3HUMH THNAMH CTPYMO3HIMAQJIbHHUX  BCTaBOK,
BUKOPUCTOBYBAaTH Y3araJlbHEHMHM TEIUIOBUH IOKa3HUK.
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BHpOBa,H)KCHHSI TaKOro IOKa3HHWKAa JACTh MOJKIIMBICTH

OIIHIOBATM KOHTaKTHYy TMapy 3 TOYKH 30py ii
eHepreTnyHoi  e(eKTUBHOCTI, CTIHKOCTI 10 3HOCY
KOHTAKTHOTO TIPOBOJTY Ta BCTABKH.

V3aranbHeHWIl ~ TEIUIOBUII  TMOKAa3HUK  pOOOTH

CHIIOBOTO KOB3HOTO KOHTAKTy TIPEJCTABIsIE COOOI0
BIJHOIIIEHHS:

T
K, =

1
B

2)

ne T, — HaiiOimbIna ycTaneHa Temmneparypa KOHTaKTHOI
BCTaBKH, IO AOCHIIKYeThes, °C;
T — TemmepaTypa KOHTaKTHOI BCTaBKH, sIKa 3 yCiX

OCTIHKYBAaHUX € HaiiMeHIoro, °C.

lany3eBol0 HAayKOBO JOCIHIAHOIO J1abopaTopiero
«Hapiitricts 1 yHiQiKamis — eJeKTpooOIagHAHHS
pyxoMoro ckiany» JIHIIPOBCHKOTO HANiOHAIBLHOTO
VHIBEpCHUTETY  3aJi3HUYHOTO  TPAaHCHOPTY  iIMeHi
akazemika B. JlazapsHa mnpoBOguMIIMCS — CTEHIIOBI
BHIIPOOYBaHHSA CTIMKOCTI O 3HONIYBAaHHS KOHTAKTHHX
HaKJIQJIOK II0JIO3IB CTPYMOIIpHIMAauiB, BUTOTOBJIECHHUX 3
pidHux marepianiB [8, 9]. B pamkax nux BUnpoOyBaHb
BU3HAYaNach  TEMIIEpaTypa KOHTAKTHOI  BCTaBKH,
pe3yabTaTH 3aMipiB HaBeIeHO B TaOI. 1.

Ta6uns 1. MakcuMasbHi YCTaleHi 3HAYCHHS TeMIIepaTypH
PI3HUX TUMIB KOHTAaKTHHX BCTABOK OTPUMaHI B XOJ[i CTEHIOBUX

BUIIPOOYBaHb
Ycrajena
Ne THII KOHTAKTHOI BCTABKH TeMmepartypa
H/ n T oC
yer ?
1 BX-3I1 75
5 Pomanir-YBJILI 45
Bupobuunrea TOB «KIH»
Tun A BupoOHHITBA
3 TOB «Inopis» 360
4 Tun A 230
5 Tun b 160
6 TIK/I-4-2 72
7 ByrineHo-rpadirosa 145
Hyundai Rotem HRCS2
8 HMI'-1200 62

SIKIIo TeruIoBi BTpaTh B 30HI KOB3HOTO KOHTAKTy HE
BUKOHYIOTh KOPHCHOI pO0OTH, a JHWIIe HarpiBaroTh
KOHTAaKTHHH TIPOBi Ta HAKIAagKy, TOOTO IIi BTpaTH
0e3MOBOPOTHI Ta 3HWXKYIOTh  EHEpProe(eKTHBHICTH
CHCTEMH, TO HalOUThII e(eKTHBHOIO, 3 Ili€1 TOYKHU 30Dy,
Oyzie KOHTaKTHa rapa YTBOpeHa KOHTaKTHUM IIPOBOIOM
Ta KOMIIO3UTHOIO BCTaBko Tumy Pomanit-YBJIII
BupoOHnurea TOB «KIH», ska xapakrepu3yerbcs
HaWHMKYOI0 TEMIIEPATypOIO.

Haxnanku tuny Pomanit-YBIIII € yHiBepcaapHUME
1 MOXYTh €KCIUIyaTyBaTHCS Ha JIHISX sIK TOCTIHHOTO,
Tak i 3MiHHOTO CTpyMYy. [IpH iX BUpOOHUITBI B MaTepian
KOHTaKTHOI BCTaBKM BBOAWTHCS TNPHPOJHUI MiHEpa,

16

mo MicTuTh 10 60% ¢ymnepeniB Byriemio Cg). 3aBISIKI
ToMy, mo ¢ynepenu Byriemoo Cg MAIOTh OUTBII BHCOKY
CUMETpif0 1 HaWOLIBIY CTAOUIBHICTH II€ JT03BOJIHIIO
CTBOPDUTH Marepiajl 3 IMOJIMIICHUMH eIeKTPHIHNMH,
TpUOOJIOTIYHUX 1  MEXaHIYHUMH  BJIACTHBOCTSIMHU.
[Ipuennanns no ¢QymepeHy BYIIEII0 METaJIOBMiCHOTO
pamykaiga MiJi, 3MIHEHOTO XPOMHCTUM YaBYHOM,
3'eIHAHb YOTUPUBAJICHTHOTO MOJTIOICHY,
YIABTPaIUCIICPCHUX ajMa3iB JI03BOJISIE OTPUMATH HOBUI
KJac CTPYMO3HIMAJIbHHX KOMIIO3MIIMHUX HAKIaJ0K
nma"HTorpadiB 3 mapaMeTpamu, SKi MOXKYTh 3MIHSATBCS B
HIMPOKUX MEXKax.

[IpuennanHs 10 QynepeHy BYTICII0 METaJIOBMICHUX
pamuKaigiB  Mimi, 3MIIHEHHX XPOMHCTHM YaBYHOM,
3'¢IHAHb YOTHPUBAICHTHOTO MoJTibeHy,
YIABTPAJUCICPCHUX ~ alMa3iB  yTBOPIOE  JIAHIIFOKKH.
VYTBOpeHHS TakuxX JAHIIOKKIB 3a0e3redye BHUCOKY
CIeKTPOIIPOBIMHICT ~ MaTepially 1 JyKe HHU3BKUH
KOe(I[IEHT TEPTs, a TAKOXK MIIHO YTPUMYE IUIaKOBaHI
MIIII0 TpaHymd Tpadiry, sSKi yTBOPIOIOTH B IIPOIECi
TEpTS Ha KOHTAKTHUX TIOBEPXHSAX MIIHY IUTIBKY
TBEPJOTO 3MAICHHS.

Takum unHOoM T;=45 °C, a pe3ynabTaTH po3paxyHKY

y3araJbHEHO TEIUIOBOTO IIOKa3HWKa 3a BHpa3soM (2)
HaBEJICHO y Taom. 2.

Ta6uuus 2. 3navensst K, st pisHuX THIIIB BCTaBOK

N THn KOHTAKTHOI BCTABKH K;
n/n
1 BX-31I1 1,67
2 Pomanirt-YBJIII 1
BupoOHHuTBa TOB «KIH»
3 Tun A BupoOGHHULITBA 3
TOB «I'nopiss»
4 Tum A 5,1
5 Tun b 3,56
6 TIK/I-4-2 1,6
7 ByrinsHo-Tpaditosa 320
Hyundai Rotem HRCS2 ’
8 HMT-1200 1,38

AmHanizyroun maHi Ta0i. 2 MOXHa ITIHTH HACTYITHOTO
BUCHOBKY — uMM Outbine 3HaueHHa K, nocmimpkyBaHOl
KOHTaKTHO1 HaHOUIBIIT

BCTaBKH B TMOPIBHSAHHI 3

e"eproedexrusHoro (K; =1), Tum Oimblle MOTYKHOCTI

BTpa4aeThCsi B KOB3HOMY KOHTakTi. HammuiikoBa
TEIUIOTa, III0 BUAULIETRCS B KOB3HOMY KOHTAKTI
HEraTHBHO BIUIMBAE€ Ha HOTO XapaKTEPUCTUKHU 1 CHPUSE
OiIbII IHTEHCMBHOMY HOTO 3HOLIYBAHHIO.

HactynHoro 3amadyero B pamMkax IIi€i poOOTH €
BCTAHOBJICHHS KUIBKICHMX 3aB’s3KiB MDK 3HAUYCHHSIM
y3araJlbHEHOTO TEIUIOBOTO MOKAa3HWKA Ta BEIUYHHOIO
3HOCY €JIEMEHTIB KOB3HOTO KOHTAaKTY.
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Factors affecting the capacity of high-speed mainlines at
different speeds for passenger and freight trains

Andrii Pozdniakov®", Viktor Myronenko®, and Olga Pozdniakova®

!State University of Infrastructure and Technology (SUIT), Faculty of management by railway transport, 03115 Kyiv, Ukraine

Abstract. Increasing the share of non-state-owned carriers in the railway sector and the emergence of
railway high-speed mainlines (HSM) and infrastructure operator/manager; - greatly alter the structure of
the transport market. That is why the challenge is to assess the availability and planning of the capacity of
the future HSM lines. In order to solve this problem, the purpose of this study is to develop a mathematical
model for the rational distribution of the HSM capacity between freight and passenger traffic on the
criteria of maximum profitability with reasonable parameters of axle load and speed. The model takes into
account four constraints. To get the necessary data, an analysis of the technical parameters of axle loads
was carried out on the example of high-speed passenger trains with serial production from 2010 to 2017
from 8 countries to substantiate the axle loads of future high-speed container flat-cars. According to the
results of calculating the dependence of the average train speed versus the maximum speed with the train
acceleration / deceleration time of more than 3 minutes and the distance between stations less than 15 km,
it was proved that with increasing the maximum speed, the average speed of trains does not increase, but
decreases. These results are particularly important for justifying the balance of combined freight and
passenger traffic on the HSMs on the criteria of minimizing the freight traffic revenue loss and minimizing

the need for additional state subsidies for passenger service.

1 Introduction and problem statement

To use high-speed lines only for passenger transportation
in Ukraine is inefficient and unprofitable, since even in
China [1], with its high passenger traffic, not all lines of
high-speed railways are profitable, therefore, they also
carry high-speed freight requiring urgent delivery [2].
The study of the balance of freight and passenger traffic
in the HSM on criteria of maximum profitability for the
infrastructure operator, taking into account the interests
of other market participants, is an important scientific
and applied problem and a prerequisite for the
development of high-speed multimodal transport in
Ukraine.

2 The aim of the study

The purpose of the study is to construct a mathematical
model for the rational distribution of the throughput
capacity of the HSM lines, taking into account the
transport of passengers and freight by them with justified
parameters of axial loads and speed.

3 Presentation of the main research

material

An important factor to be taken away from is the fact
that the speed of passenger trains should be maximally

Corresponding author: andrei.pozdniakov.mail@gmail.com

possible. While for freight trains this condition is not so
unambiguous, and this is why:

Firstly, according to the HSM, not all goods from the
traditional nomenclature of transport of ordinary
railways will be transported, but only those that provide
axial loads not higher than passenger trains (so-called
"lightweight" goods); it is obvious that there will be a
relatively small proportion of such goods in total, and,
above all, there will be goods that really need fast
delivery and are fairly "high-value" (so-called "high
margin" goods or "high value-added goods"). Practice
shows that such goods are transported by rail in most
cases in containers that are the best way to ensure the
safety of such goods.

Secondly, as far as we know, there are no special
theoretical and experimental studies on aerodynamics
and resistance to the movement of high-speed trains with
containers, for HSM lines with a combined traffic of
passenger and freight trains. However, in studies on, for
example, resistance to train movement in a tunnel, with
strong lateral wind, rain, and sandy storm - established
nonlinear (in particular, quadratic) dependencies of
accelerated growth of aerodynamic resistance and
dynamic forces acting on elements of rolling stock and
tracks [ 3], [4] with increasing train speed. It is logical to
assume that when moving high-speed trains with
containers that have the shape of a parallelepiped with
spaces between them, there will be adverse aerodynamic
effects that will lead to a sharp increase in propulsion,
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energy costs, and, consequently, the cost of
transportation. Therefore, there may be a need to limit
the speed of freight trains in the HSM compared with
passenger trains. And from the theory and practice of the
organization of train movements, it is known that
different speeds of trains on one line lead to the
"removal" of trains at one speed by trains at different
speeds (so-called "slow-moving" and "high-speed"
trains).It should be noted that the balance of cargo and
passenger transportation to the HSM is possible taking
into account two constraints arising from the need to
meet the demand for transportation:

* Need for transportation of all wishing passengers;

* The need to transport as much cargo as possible
within the available capacity.

Given these constraints, we analyze the dependence
of the average train speed from the maximum at different
acceleration / deceleration times and distance between
stations:

_Vmax

-t ',
2 | abj

Vv :vmaX-[l (1)

where V — average speed of the train, km / h.;

| — distance between stations, km;

V™ — maximum train speed, km/ h .;

t,, — Average time of acceleration / deceleration of

train, h.

The average time of acceleration / deceleration of the
train £, depends on many factors, but we will assume
that most of all - from the mass and speed of the train, its
traction characteristics and efficiency of the braking
system, that is, the technical perfection of its design. In
addition, the profile and line plan are influenced by this
time. Investigate the influence of factors.

As can be seen from Table 1, the average speed is
only 6-8% less than the maximum at the greatest
distance between stations (35 km); this difference is less
that the less time for acceleration / deceleration of the
train. At a short distance between stations (10 km), the
average speed is as much as 42-58% less than the
maximum.

Table 1. Dependence of average train speed from maximum at different times
of acceleration / deceleration and distance between stations.

Average time of Average time of . . mazx
acceleration / acceleration / Distance between Maximum train speed ¥/ » km /h.
deceler;::)’nh(.)f train decelet;a:oll:li(:lt: train stations [ , km 250 275 300 125 350
0,0167 1 15 2153 233,0 250,0 266,3 2819
0,0333 2 15 180,6 191,0 200,0 207,6 2139
0,0500 3 15 1458 149,0 150,0 149,0 145,8
0,0167 1 25 2292 249.8 270,0 289,8 309,2
0,0333 2 25 2083 224,6 240,0 254.,6 2683
0,0500 3 25 1875 1994 210,0 2194 2275
0,0167 1 35 235,1 257,0 278.,6 299.9 3208
0,0333 2 35 2202 239,0 257,1 274,17 291,7
0,0500 3 35 2054 221,0 2357 249.,6 262,5

Table 2. Number of freight trains that can be skipped on the basis of the mandatory passage
of a different number of Ny passenger trains.

Number of trains Distance . . mazx

per day of another between Maximum train speed v , km/h.

category of speed stations [ ,

N, trains per day km 250 250 250 250 250
2 30 102 102 102 102 102
10 30 91 92 92 92 92
18 30 80 81 81 82 82
2 50 102 102 102 102 102
10 50 88 89 90 90 90
18 50 75 76 71 78 79
2 70 101 101 101 102 102
10 70 86 87 87 88 88
18 70 70 72 73 74 75

19



EOT-2019

EneproontuMaJjbHi TEXHOJIOTIL, JIOTICTHKA Ta 0e3MeKa HA TPAHCHOPTI

The results obtained in Table 2 are very expressive.
For example, with an increase in the number of
passenger trains per day from 2 to 18 (16 trains), the
number of freight trains may decrease from 102 to 75,
that is 27 trains per day (depending on the values of
parameters [ and ta3 - with the corresponding loss of
income from freight traffic and the need to subsidize an
additional number of passenger trains.

The results of the empirical study show that at
acceleration / deceleration times of more than 3 minutes
and distances between stations less than 15 km with
increasing maximum speed, the average speed of trains
does not increase, but decreases. At the same time, the
calculation of the overall capacity of the lines of the
HSM showed that the greater the difference in the speed
of trains, the greater the loss of bandwidth of the line.
With an increase in the number of passenger trains per
day by 16 units, the number of freight trains per day is
reduced by 27 units.

The results obtained are particularly important for
justifying the balance of the use of the lines of the HSM
and the availability of the HSM for freight and passenger

20

transportation, based on the criteria for maximizing
revenues from freight transport and minimizing the need
for additional state subsidies for passenger
transportation.

A mathematical model can be used to study different
scenarios of planning and as a help in making decisions
on planning a rational distribution of the capacity of
lines of the HSM taking into account passenger and
freight traffic on long-distance railway lines.
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Abstract. The smooth operation of the railway depends mainly on the smooth running of the railway
automation and communication facilities. The safe and uninterrupted operation of the railways is ensured
by signalling, centralization and interlocking systems, as well as automatic locomotive signalling in
combination with driver's vigilance and hitchhiking systems. To determine the major factors that affect the
performance of the last two of these systems, the failure statistics of all railway automation devices that
have a direct or indirect effect on them are analyzed. The origin of deviations in the normal operation of
devices and systems, which can lead to malfunctions in their operation, is established. The most important
objects are identified, the parameters of which must be constantly monitored. This will greatly improve the
performance of the system and the overall reliability of the system. The analysis of the statistics has
revealed the causes that lead to device and system malfunctions. It is confirmed that deterioration of the
equipment remains the main cause of malfunctions among the most common failures of decoders,
amplifiers and locomotive filters. In addition, the human factor has a great impact on the quality of the
operation of the devices and systems of railway automation, namely the violation of the technology of
work performance, non-compliance with the requirements of technological charts and operating
instructions, poor quality repair and inspection of devices in repair and technological sites. Important
remains the question of developing and implementing the latest technologies in the automation of the
process of checking and servicing rail systems, which are the most important issue for carriers around the

world at all times — the safety of transportation.

3ai3HUYHUN TpaHCHOPT HaiOe3MeyHimui Ta OoxWH 3
HAWIMOMYJISAPHIMIMX BHUIIB TPAaHCIOPTY B YCbOMY CBITI.
3okpema, B  VYKpaiHi 3aUi3HHI €  TOJOBHOIO
TPaHCIIOPTHOIO apTepielo KpaiHu, sika 3abe3nevye
MIepPEeBE3CeHHS THCSY MMacaKUPIB i MUTFHIOHN TOH BaHTaXIB
moxns. besneuna 1inomoOoBa Oe3nepeliiiHa poOoTa
3aJI3HUYHOTO TPAHCIOPTY B OyAb-IKy IOPY pOKY
3HAYHO 3aJIOKHUTh BiI HAMIHHOCTI poOOTH 3aco0iB
3aTi3HUYHOI aBTOMAaTHKA Ta 3B’s3Ky. HeoOximHO
BiIMITUTH, [0 OCOONMBY poJb y 3a0e3meueHHI
e(eKTUBHOI Ta Oe3rnedHoi poOOTH 3ai3HHULL HAJICKUTh
CHCTEMaM IHTEpBaJBHOTO PEryIIOBaHHS PyXy MOi31iB, a
TaKOX AaBTOMAaTHYHIA JIOKOMOTHBHIN  CHrHayi3amii
(AJIC) y moeaHaHHI 3 cCTeMaMH KOHTPOJIO MUAJIBHOCTI
MammHicTa Ta aBtocromy. Koxen 30ilf, BiaMOBa,
MONIKO/KCHHS, BIAXWICHHS B PO0OOTI YM TpPaHCIOPTHA
moJIisl, MO BiMOyNHCS HA 3aMi3HUIl, CTAIOTh MPUYHHOIO
a00 30UTBIIYIOTh PHU3MK TMOSBU 3arpo3 JKUTTIO YU
3II0POB 10 JIFOJIEH, SIKi KOPUCTYIOTBCSA ab0 MpamiorTh Ha
3aJi3HUI, a00 TATHYTH 32 COOOK0 MUTBHOHHI 30MTKH BiJ
BTpaTH BaHTAXIB Ta 3axOJiB 3 YCYHEHHsS HaCIiIKiB
Ha/3BUUaiiHUX curyanid. [lpm mpomy motpibHO
BpaxoByBaTH, LI0 B pPOOOTI 3aji3HMI BTPAaYa€eThCs
KOPHCHU Yac, aKuii HeoOXiqHUI Ha BITHOBJICHHS PYXY.

o6 3MeHIIWTH BIPOTINHICTH MOSIBM  HELITATHUX
BUITAIKIB, HEOOXIIHO MOCTIHHO MiIBUIITYBaTH
Ha/liiHICT pobotu MIPUCTPOIB Ta CHCTEM,

BIIPOBA/DKYBAaTH HOBITHI pPO3POOKM Ta TEXHOJOTII,

* ABTOp, 3 SIKUM 3/iiCHIOBATHMEThCsI KOHTAKT: Ser.buryak@gmail.com

MiZIBUITYBAaTH KBai()iKaIlifo Ta 3a0X04YCHHS POOITHHKIB,
MOKpallyBaTd MeETOAU OOCIyroByBaHHS 3alli3HUYHHX
MPUCTPOiB, IWIIIXOM YCYHEHHsA abo  MiHiMi3amil
JIFOJICBKOTO BILUIUBY 3aBJISIKH aBTOMaTHU3allii
TEXHOJIOTTYHOTO TIPOIECY 0OCTyrOBYBaHHS.

Butpatn komtiB, HampaBieHi Ha BJIOCKOHAJIECHHS
MpoIlecy MepeBipKH Ta YCYHEHHsS HEIOJIKIB, IMiJ dYac
IUTAHOBUX  3aX0MiB IIOJAO0 OOCTeXeHHA 00 €KTIB
iHQpaCTPYKTypH Ta pYXOMOTO CKJIay, MalTh B
KIHIIEBOMY pe3yJNbTaTi NPUBECTH JO 3MEHIICHHS
3arajJbHUX BTpaT, SIKi 3aJi3HMLS 3a3HA€ BiJ MOpPYLIEHb
HOPMAJIFHOTO PEeXUMY (YHKIIOHYBaHHS. BupimeHHs
IIUX 337124 NOTpeOye MaKCUMAaIbHO €()EeKTHBHUX DIllICHb,
ajyie CroyaTtky HeoOXiJIHO MpPOaHaNi3yBaTH CTaTUCTUKY
BiIMOB BCiX IPUCTPOiB 3ali3HUYHOI ABTOMATHKH,
NPUAUIMBIIM OCOOJMBY yBary IpUYMHAM BIIMOB Ta
30018 y po6oTi AJIC, mo, B CBOIO Uepry, HAAacTh 3MOTY
BUAUIMTH Ti NMPUCTPOi, KOHTPOJIb SIKMX 3HAYHO BIUIMHE
Ha TIpare3faTHICTh CHCTEMH Ta IMiABHIIUTH HAIIHHICTH
po0OTH B LILIOMY.

Busnaunmo npUYUHU TPAHCTIOPTHHX IO

- MOPYIICHHS TEXHOJOTII BHKOHAHHSI  poOiT
(HeomepaTMBHA ~ OpraHizalis  yCyHEHHsS  BIIMOB,
HEJOTPUMAaHHS  BHMOT  TEXHOJOTIYHMX  KapT Ta

KepiBHHUIITB 3 eKkcIutyaraiii). Ils mpuynHa CTaHOBUTH
o1t 60% Bix 3arajabHOI KUTBKOCTI;

- HEBUKOHAHHS pOOIT, MependayeHuX IIaHaMU
TEXHIYHOTO OOCIYrOBYBaHHSI NPHCTPOIB CHUTHANI3AILL,
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neHTpaizanii Ta 6moxyBanus (CLB), iHcTpykmissmMu Ta
KepiBHUMM  BKaziBKaMu. Yepes 1[I0  NpHUMHY
BinOyBaerhes Oinst 40% BUMAAKiB;

- iHIIi  mpuyuHE ~ (BIUTMB ~ TPO30BHX  Ta
KOMYTAI[IiHUX TepeHanpyr, OXeleAulls, IOBIHb Ta
iHmi). 3 i€l NpUYMHW HIOUIEHTH 3aJHIIAIOTHCS
3a3BHYail HE BU3HAYECHHMH.

Posrasinemo BimmoBu mpuctpoiB CLIb, BimHeceHHX
3a rocroJapcTBOM CUTHali3anii Ta 3B’s13ky. OCHOBHUMHU
o0'ekTaMM JaHHUX BiJIMOB €:

—  BHXIX 3 Jaay peie, OJIOKIB, TpaHC(HOPMATOPIB,
TPaHCMITEpiB, KOHAEHCATOPIB Ta KOHICHCATOPHHUX
ONoKiB, BHIIPAMIIAYIB, OE3KOHTAKTHOI  amaparypw,
npucTpoiB 3axucty. OCHOBHMMHU IpPUYMHAMHU BIIMOB
amapaTypy € 0OpuB 0OMOTOK Ta MOHTXXHHX IIPOBOJIIB B
npuiagax, KOpPOTKE 3aMHKaHHS IIPOBOJIB, BTpara
€MHOCTI KOHACHCATOPIB;

—  [OpylieHHS po0OoTh peikoBuxX Kil. OCHOBHI
NPUYMHE BIIMOB B pEHKOBUX Kojax — oOpuB abo
BIICYTHICTh PEHKOBHUX 3'€IHYBaiB;

—  MOpYIICHHS poOOTH KabenbHUX JiHil. OCHOBHI
MPUYNHA BiAMOB KaOeNbHUX JiHIN — BHYTPIMHINA 00puB
XKHJI B KaOesti, 0OpHB XKIJI Ha KJIeMaX, 3aHMKEHHsI OTIopy
130711111,

—  HECIPAaBHICTh B pesieiiHuX madax, Ha CTaTUBAX,
B KOJIMHUX KOpoOKkax. OCHOBHI NpPHWYMHU BIIMOB —
HECIIPaBHICTh IITENCEJIbHUX IUIaT, KJIEM, pO3’€eMIB,
KOJIOZOK, MOHTaXY;

—  HecnpaBHIcTh cBiTodopie OCHOBHI HPUYUHH
BiIMOB — HECIPABHICTh JaMI, pO3’€MIB, KOJOIOK,
MOHTaXY;

—  HECHpaBHICTh CTPUIOYHHUX €JEKTPONPHUBOIIB,
rapHiTypH, 3aMKiB MemeHTheBa OCHOBHAMHU MPUIHHAMHI
OUX BIIMOB HAa 3aliBHMIEX €  HECIPaBHICTh
CJIEKTPOJIBUTYHIB, BTpaTra KOHTaKTy B aBTOINEpEeMHKadi
Ta HECTIPABHICTh MOHTAXY B €JIEKTPOTIPHBO/I.

Cepen OCHOBHHUX €KCIUTyaTallifHUX NPUYUH BiIMOB
npuctpoiB CLIb €:

—  TOpYyImIeHHA TEXHOJOTil BHKOHAHHSI poOiT
(HemoTpUMaHHS BHMOTI  TEXHOJIOTIYHMX KapT Ta
KEepIBHMLTB 3  eKCIUTyaTamii) TpH  TEXHIYHOMY

obciryroByBaHHi Ta peMoHTi nprctpois CLIb;

—  BHXIZ 3 JaAy TMpWIaAiB Ta TPUCTPOIB Hepes
¢bi3nuHe cTapiHHS;

—  HeJAKICHWH pPEMOHT Ta TepeBipKa MPHIATIB B
PEMOHTHO-TeXHOIOTTYHUX AuTbHHISIX CLIB;

—  TIpUYMHA HE BUSBIICHA;

— iHmi (BIVIMB TpoO30BUX Ta KOMYTaI[IHHUX
MepeHanpyr, KOHCTPYKTHBHO-3aBOICEKUNA HEAOJIK).

BunimumMo OCHOBHI 00'€KTH Ta NMPUYUHH 3 BEIUKOIO
KUIBKICTIO BIJMOB, IO MpPU3BOJATH JIO BUMKHEHHS
curHanizanii AJIC mix yac mpsAMyBaHHS O3B!

- nemwmdparop (371aM KOHTAKTHUX MPYXHH pele,
BTpaTa KOHTAKTY Ta MIATOPSHHS KOHTAKTIB pee);

- MIICUITIOBAY (BimMoOBa KOHJIeHcaTopa,
TPaH3UCTOPA);

- JIOKOMOTHUBHUM QUTBTp (KOTYIIKa APOCEINs,
MEXaHI4H1 MOLIKOIKCHHS, BITMOBa KOHICHCATOPA);
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- 3aranbHUN SIMAK (BIACYTHICTH KOHTaKTy Ha
KJIeMax ab0 KOHTaKTHUX MPYKWHaX).

3ayBaXMMO, MO0 OCHOBHOIO MPUYMHOIO BiJMOB
JMoKOMOTHBHUX TpUCTpoiB AJIC Bce X Taku 1 Hamami
3aJIMIIAETHCS 3HOLICHICTD allapaTypH.

3a CTaTUCTUYHUMU TIOKa3HUKaMHU pobotu
VYKp3ami3HUI[I MOXHa 3pOOUTH BHUCHOBOK, IO OLTbIIA
YacTHHA TPAHCIOPTHUX moxii, a came 60-80%,
IHIIUICHTIB, SKi BimOYBAlOThCS MIOPOKY Ha BCIX
3aTIBHUISIX YKpaiHW, BinOyBalOTHCSA 3 BUHH TUCTAHINN
curHaiizanii Ta 3B’s3Ky. BCTaHOBJIEHO, IO TOJIOBHOIO
MPUYMHOIO LHOTO 3AJMIIAETHCS MOPYIIEHHS TEXHOJIOTIT
BUKOHaHHA poOir. [IpoBiBmIM aHami3 KUIBKOCTI BiIMOB
npuctpoie  CLIb  okpemo, 4diTKO crocTepiraeTbes
TEHACHIIS 10 iX 3poctaHHA. OCHOBHHUMH 00'€eKTaMHU
BiIMOB Halyacrime, a e y maibke 40% BUDAIKIiB cTae
enemenTHa 6aza cucrem CIb (perne, TpaHcMiTepw,
KoHAeHcatopu i T.i.). [Ipu mpoMy Tpeba 3ayBaKUTH, IO
cepel TOJIOBHUX MPUYKH BIIMOB TaK CaMO BUALISIOTHCS
eKCIUTyaTalliiHi, o0 SKUX BigHOCHUTBCT Outt 85%
BHIAJIKIB: HESKICHC BHKOHAHHS POOIT MpPU TEXHIYHOMY
00cITyroByBaHHI Ta 3HOLICHICTH amapaTypH.

Ananizytoun podorty cucreM AJIC Ha 3aiiBHHILIX
YkpaiHd OKpeMO, MOYKHA BIAMITHTH, IO KUIBKICTh
MOPYIICHb il MPUCTPOIB, IO MPU3BEIN 10 BUMKHEHHS
AJIC min uac npsMyBaHHA TNOI3AIB, 3aIUIIAECTHCS
CTaOUIFHO BHMCOKOIO. SIKIII0 OCHOBHMMH O00'€KTaMH, IO
NIPU3BENN 10 I[OTO, € HECHPAaBHICTh Aemmuparopis,
MIZICHITIOBAYIB 1 IOKOMOTHUBHHUX (UIBTPIB, TO OCHOBHOIO
MIPUYMHOIO 3aJIMIIA€Thesl 3HOIICHICTh amapatypu. [lpm
LBOMY KUIBKICTh 300iB y pobGoti AJIC Bnponomx
OCTaHHIX POKiB 3Ha4HO 30uThmmiacs. lle oOymoBieHO
HAasIBHICTIO BEJIMKOI KIJILKOCTI 3aBajl, 1[0 BILJIMBAIOTH Ha
nepeaaBaIbHy Ta npuitManeHy amaparypy AJIC.

HesBakatoum Ha BeNMKy KUIBKICTh  HAayKOBO-
JOCHIZIHUX pOOIT MO 3MEHUICHHIO BIUIMBY 3aBajJ] Ha
poboty cucremu AJIC, 3001 B cuctemi BigOyBaroThes i
HaJiali, a ToMy IpobsieMa 3aIMIIA€ThCS AKTYaIbHOIO.

Hus  migpumieHHs e(QeKTUBHOCTI Ta HaMIHHOCTI
po0OTH 3aJI3HUYHUX NPUCTPOIB BHKOHYEThCS Oararo
3ax0/iB. BmpoBamKyrOTbCS  pe3ynbTaTh  HAYKOBHX
JIOCHiAIB Ta OaraTopivyHOrO JOCBiLY B eKCILTyaTaliiHy
po0oTy, THM CaMHUM aBTOMATHU3YIOUM BEIUKY KIJIBKICThH
TEXHOJOTIYHMUX  TIPOLECIB, CKOPOUYIOUYM dYac Ha
006cTyroByBaHHS HPUCTPOIB Ta MIBHUIIYIOYH
BiporimHicTs 0e3BimMOBHOI poboTu amaparypu. [Ipore,
HE3BOKAIOUYM Ha Ie, aHami3 po0OTH 3ali3HUYHUX
MPHUCTPOIB MOKa3aB, IO JIOACBKUN (akTop, a came
MOPYILIEHHS TEXHOJIOTIi BUKOHAHHS Ppooir,
HEIOTPUMAHHS BHMOT  TEXHOJOTIYHMX KapT Ta
KEpIBHULUTB 3 eKcIulyaTanii, HESKICHUH pEeMOHT Ta
mepeBipka  MpWIamiB B PEMOHTHO-TEXHOJOTTYHHX
JTUTBHAISX,  3aIWIIAETBCS  CYTTEBO  BHUCOKMM B
BU3HAUCHHI HaJIHHOCTI poOOTH 3aJIi3HUYHOT anapaTypu
B IUIOMY 1 B cHCTeMaxX JIOKOMOTHMBHOI CHTHami3amii

30kpema. ToMmy 1 Hajami He BTpadarOTb CBOEI
aKTyaJIbHOCTI  po3poOku B cdepi  aBTOMaTH3aIlii
NIPOIIECIB  TEpeBIpKM Ta OOCITYroBYBaHHS CHCTEM

0e3rneKy Ha 3aTI3HHYHOMY TPaHCIOPTI.
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EKonorivyHe ouUiHIOBaHHA CTaHy TepuTopii npunernoi go

WBUAKICHOI OiNAHKU 3ani3HULU

Bacune J'IaryTa1 ta Onexcanop J'[aryTaZ'*

YIHV3T, Kadenpa aBroMaTnka Ta TenekomyHikarii, 49010 m. Juinpo, By JlasapsiHa, 2, YkpaiHa
2JIHY im. O. Tonuapa, crygent rp. XP-18wm-1, 49010 m. Jninpo, Byn. Kazakosa 20, Ykpaina

Abstract. The purpose of the study is to find ways to create an information system for monitoring the
high-speed section of a railway locomotive turnover with the use of environmental assessment for the safe
passage of trains. The object of study is a distributed information system for monitoring the environmental
status of the railway section. The objective of the study is to develop a technical proposal for the creation
of a distributed information system for monitoring the high-speed section of the railway, taking into
account the environmental status. The novelty of the study is based on the estimation of the ecological
status of the railway section (locomotive rotation areas). The research is aimed at increasing the amount of
data on technical parameters affecting railway safety; the development of methodological support for the
construction of an information system for forecasting emergency situations in relation to rail transport.
Studies have no inconsistencies with existing data. The use of such systems at high-speed sections of
locomotive rotation will allow to solve the problem of ensuring environmental safety on railway transport.
The research is of interest to organizations engaged in the development of environmental protection

measures for transport

1 Betyn

B nmammit 9ac BimcyTHI pilleHHS JUIsI CTBOPCHHS
iHpopMaliiHOI CHCTEMHM B TPAHCHOPTHIM ramy3i Mo
BPaXOBYIOTh CKOJIOTTYHHN CTaH INPWIETIUX TEPUTOPIH.
®dopmyBaHHs 1H(OPMALIHHOT CHUCTEMH €KOJIOTIYHOTO
OILIHIOBAHHSA IIBUAKICHAX MQUISHOK 3ali3HALI IL[UIKOM
0oOrpyHTOBaHO Ui €(EKTUBHOTO YIPABIIHHSI pYyXY
noi3aiB. CTBOpPEHHsSI TaKOi CUCTEMH 3 BHUKOPHCTAHHSIM
CydacHOT  TeXHOJOril reoiHGOPMAIIHHUX  CHCTEM
JI03BOJINTh O0'eHATH B €QUHIA 0a3l JaHUX OIHCOBY
iHpopMmanito mpo ob'extn. IHPopmamiiiHa cHcTema
HeoOXimHa Ui BHPOOJEHHS pEKOMEHJAlii  mpu
KOPHUTYBaHHI PEKHMHHUX KapT 3 YpaxyBaHHSAM 3MiHU
IIBUAKICHOTO  PEXUMY Ha  JAUHIOI — oOepTaHHS
JIOKOMOTHUBIB B 3aJIe)KHOCTI BiJ €KOJOTIYHMX OILHOK
IUITHOK 3aJII3HULI.

2 PesynbTatn gocnimkeHHA

OrmiHKa BIUIMBY HPUPOIHUX | TEXHOTEHHHX OO'€KTIB Ha
CTaH PeHKOBOI KOJIii 3/IICHIOETHCS B pE3yNbTaTi aHAJII3Y
piBHA HeOe3nmekn TUX YW IHmMX OO0'ekTiB 1 1iX
BIIMAJIEHOCTI BiJ 3aJI3HUYHOTO IIOJIOTHA. PiBEHb
HeOe3MeKkn 3a3BHYall MpPU3HAYAEThCS EKCIepTaMH B
pe3yAbTATI MePIOJMIHIX TEPEBIPOK.

Ha choronmHimHiii JeHb MUTAHHSIM OIHKHA CTaHY
MPUJIETIINX A0 3alli3HUIl TEPUTOPid HE MPHUIUIIETHCA
HaJIeKHOI ~ yBarW,  OCOOJNMBO  IIe  CTOCYETHCS
iHpOpMAIIHHIX CUCTEM M0  pPO3pOOINSIOTHCS, 3a

JIOTIOMOTOI0 SIKUX MOXIIMBO OyJO0 O OIIHIOBATH CTaH
TIPUJICTIINX TEPUTOPIH.

TexHnoreHui 00'€ekTH, Taki, HampukKiam, sK
MATPHEMCTBA, SKi PO3TAIIOBYIOTECS HE Ha caMii
3aJli3HMIN, a Ha JAesdKiil BiacTtaHi Big Hel. [ Toro moo
BpaxyBaTH iX BIUIUB i MOKIMBUM BIUIMB HA €JIEMEHTH 1
cucremMn mBuAkicHol 3anidHumi (ILI3) mpomoHyeTbes
OynyBaTu «OydepHi» 30HM BH3HAYCHOTrO pazaiycy. Bci
00'ekTH, MO TOTpammwid B «OydepHY» 30HY 1
XapaKTepU3yIThCs TTOKa3HUKOM BILUIMBY, BIUIMBAIOTh Ha
IIBUAKICHUI PEXUM IUITHKA 3aTi3HHIIL.

3oHa HallMeHIIoro paniyca BBAXKAETHCSA
HaliHeOe3MEeyHINIoOl 1 Mae MaKCHUMalbHHUH ITOKa3HHK
BIUIMBY, BCTaHOBJICHWH ekcnepramu. Hactymna mo
panmiycy 30Ha MEHII HeOe3leuHa, ajic B 3aJeKHOCTI Bif
BHJY ITIIIPUEMCTBA MOKe OyTH 3HAUYIIOKO MPH OIHIII.
I Tpers 30Ha - HAWOLIBIIOrO pajaiyca BBaXKAETHCS
MIPAKTUIHO OE3MEYHOIO, alie TIPU aHaji3i BIUNIUBY Pi3HOTO
pooy XiMiyHMX 1 HadTONEepepoOHUX, a  TaKoX
MIATPHEMCTBA, II0 BHKOPHUCTOBYIOTH aTOMHY €HEpTiio,
TPETIO 30HY HEOOXiTHO BBOAWTH 1 BpaXxOBYBaTH CTYIIHb
BIUTMBY ITIINIPHEMCTBA B JIaHii 30Hi.

Jnst XapakTEepUCTHKN TOTO YM IHIIOTO (haKTOpy IO
BruiBae Ha 1113 BAaroThCs 10 TOMOMOTH €KCIIEpTIB, sIKi
Ha OCHOBI amlpiOpHUX 3HAHb TPO PO3TIAHYTI (aKTOpU
KO)KHOMY TIOKa3HMKY NpPHUBJIACHIOIOTh 3HAYEHHS, SKeE
BiIMoBiZae CTymeHi BIUMBY. J[Isl TakuMX TEXHOTEHHHUX
00'eKTIB SK MTIIIPUEMCTBA 1 3aBOJM, IO PO3TAlIOBaHI
no6uu3y 113, oliHka BIUIMBY MOXE 3/ICHIOBATUCS Ha
OCHOBI HACTYITHUX OTPUMAaHUX 3HaHb MPO:

* ABTOp, 3 SIKMM 31iiicHIOBaTHMETHCs KOHTAKT: Vasilij.laguta@gmail.com
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- MUIBHICTH MiANpHEMCTBa (OIHKA IIKiTHBOTO
BIUIMBY MISUTBHOCTI MIANPHEMCTBA Ha HABKOJUIIHE
CepeloBHIIE);

- 4yac CTBOPEHHS MiANPHUEMCTBA;

- BIIJAJICHICTh MIIMPUEMCTBA BT 3aTi3HHUIII;

- YaCTOTa BUHUKHEHHA aBapiil Ha MiIIPHUEMCTBI;

- BUKOPHUCTaHHS OYMCHUX CIIOPY/ Ha MiIIPUEMCTBI;

- 3aCTOCYBaHHS HOBHX, B TOMY YHCIi 1 OYMCHHX
TEXHOJIOTIH, Ha MiIIPHEMCTBI.

Ckiaz 3HaHb JUIs MPUPOJHUX 00'€KTIB, HA MPUKIIAI
HamBuuaiiHux curyariii (HC), ski MOXyTh MaTu Micie
B paiioHi PO3MIISHYTOT AUISHKM 3aJi3HHUI, MOXe OyTh
IIPEACTABICHO B HACTYITHOMY BUTIISI:

- sug HC;

- mpoTspkHIcTE HC;

- Bigmanenicte HC Bin 3ami3HuLi;

-yactota mnoseu HC B paHomy paiioHi
CTaTUCTUYHUMH JTAaHUMH);

- ctyninb pusuky HC.

Koxen Tt HC OWiHIOETBCS MESKAM CTYICHEM
pm3uky (Hanpukmax Bin 1-3, ge  1- HaWOLIBID
HeOesneyna HC, a 3-mMeHm HeOe3neuHa
HaBKOJIMIIIHBOTO CEPEAOBHIIA 1 JIFOIMHM) Ta 1HIIII.

[lincymkoBa OIiHKa BIUIMBY TNPUPOJHUX Ta
TEXHOTCHHHUX O00'eKTiB OyayBaTHCSi Ha OCHOBI TaKHX
nmapaMeTpiB K KUIBKICTh 1 TOKa3HWKH  BIUIUBY
NPUPOJHUX 1 TEXHOTEHHHUX O0'eKTiB, 3a(ikCOBaHMX B
«OydepHiii» 30HI MBUIKICHOTO MiTydacTKa 3aTi3HHIIL

Ha ocHoBi aHanmizy OTpUMaHMX 3HaHb KOXHOI
Ha/I3BUYalHOT cUTyalil TPUCBOIOETBCS  TOKA3HHUK
BIUIMBY Ha  3ari3HMIo. llomiroHanmpHWiT  1map
CTBOPIOETHCSI HA OCHOBI CTAaTHCTHYHMX JIAHMX I10 Pi3HUX
JTepaTypHUX Ta IHTEpHET-IDKEepeNl IMpo Haa3BUYaiHI
CUTYaIlil, ki Malu Miclle 3a OCTaHHI KiIbKa POKIiB B
paiioHi po3risHyToi ninsHky 113,

O1iHKH CTYyIEeHsI CTaHy peHKkoBO1 Kouiil GopMyroThCs
Ha OCHOBI JIaHWX MOHITOPUHTY IUISHOK KOJIil, OI4HOTO
3HOCY peioK, 3[IBUTIB PEHKOBOI KOJTii.

JaHi mpo BiAXWICHHS BHOCATHCS B 0a3y JaHUX
iH(pOpMAaIIHHOT CHCTEMH, IO J03BOJISIE HAOYHO YSIBUTH
MOTOYHY  CHTYaIlilo i peamidyBarn  QyHKOii
OTIEPAaTHBHOTO YIPaBIiHHS 1HYPACTPYKTYPOIO 3ali3HUII
JUTS 3aIT00IraHHs MOXKIIMBUX HAaI3BHYAHAX CUTYAIIIH.

Pe3ynpraToM  OLIHIOBaHHS ~ CTaHy  PEHKOBOTO
HIIIXY €:

- OIlIHKA NUIAXY IO TUCTAHIIIH;

- BUJIa4a TIOTIEpeKEHb PO 0OMEKESHHS IBUIKOCTI;

- rpadik 3MIiHM CTaHy KOJIiI B 3aJIS)KHOCTI Bif yacy;

- DasipbHA OIIHKA KOJIII.

Cran cnopyx 3ami3HUII (OPMYETbCS Ha OCHOBI
OIIIHOK  CTaHy OO0'€KTIB  3aJi3HHILI  CTPUIOYHHX
MEPEeBOMIB, 3ali3HUYHUX TMeEpei3iB, MOCTIB Ta IHIIUX
TexHIYHUX cropya. @DopmyBaHHS OWIHKM  CTaHy

(3a
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3MIfICHIOETRCS Ha OCHOBI iH(QopMmarii, oxepkyBaHOi B
pe3ysIbTaTi OTJISIIIB 1 HepeBipOK TPAHCIIOPTHHUX CHOPYH 1

KOJMIMHUX TPUCTPOIB 3ali3HUYHOI Kouil. Po3mipu
BiOCTYmiB Big HOPM 1 TpaBWJI yTpUMaHHA KOl 1
BUSBIICHI Je(eKTH 3iCTaBIAIOTBCA 3 pPO3Mipamu

JIOTYCKIB 1 BCTAHOBJICHUMU BUMOTAMH, 1[0 BUCYBAIOTHCS
JI0 3abe3redeHHs Oe3MeKH pyXy MOI3IIB B 3aJI€KHOCTI
BiJl BCTAHOBJICHUX IIBUAKOCTEIA.

JauHi po TepuTOpito, IO NPHIISTAE JI0 3aJTi3HUIL,
OpraHi3oBYIOTBCS B Habopu  KiaciB  OO'€KTIB.
Posmominena  iHQopmariitHa cucremMa PO CTaH
TEPUTOPIi Ma€ HACTYIHY CTPYKTYpY:

* TaHi PO 3aJi3HALIO:

- KOOPJMHATH KOJii;

- MaTeMaTu4Ha MOJIeJb KOJIiT;
- TPaHCIOPTHI COPY/IH;

- CIIOPYAM 3aJTi3HMIII;

- CTpUIKH, ceMadopH Ta iHIIe;

* reorpadiuHi Ta reoIe3NYHI JaHi:

- IOpOTH,

- JTiCH, JIICOTTOCAIKH,

- BOJIHI 00'€KTH;

- 3eMJICKOPHCTYBaHHS;

- cCopy/au;

- 3aJII3HULIS,

- aIMIHICTPaTUBHI KOPJIOHH;
* TaHi TepUTOPII:

- HaI3BUYAITHI CUTYaIIiT;
- TEXHOT'€HHI 00'€KTH;
 JJaH1 OILIIHIOBAHHS 30H:
- medexTH;

- CTaTUCTHKA,

* HOpPMAaTHBHI JIaHi.

KopuryBanHs  MIBUAKICHOTO  PEXHUMY  PyXy
JIOKOMOTHBA 3IIMCHIOETHCSA [0 JOUIAHKAX IIBUAKICHOT
MOJIeNll PeXHUMIB PyXy JIOKOMOTHBA BIMOBIIHO JIO
OIIIHKH CTaHy peHKOBOI KOJii, OI[IHKKA 00'€KTIB 3aTi3HUIIL
Ta OLIHKU BIUIMBY Hpuiierioi teputopii. KoxxHa oninka
Mae OabHe MOJaHHSs 32 00PAHOIO MIKAJIOKO.

3 BUCHOBKM

[TincyMKOBY OLIHKY BIUIMBY HPHUPOIHUX I TEXHOTCHHUX
00'ekTiB HEOOXINMHO 3IIMCHIOBATH HA OCHOBI TakKWX
rnapaMmeTpiB, SK IOKa3HUKA TPAaHUYHO JOIYCTHMHUX
konnerTpaniil (I'/IK) mkiagmMBuX BUKUAIB TEXHOTCHHUX
1 IpUPOTHUX 00'€KTIB, 3adikcoBaHUX B «OyhepHiii» 30H1
113.

B pesynbrari BUKOHAHHS JIOCHIUKEHb IOBHHEH
Oyt c(hOpMOBaHHUH MEPETIK 3aXOIIB OO0 IIIBUIICHHS
piBHA Oe3rexu pyxy MOT3IB.
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Analysis of electromagnetic interference from rolling stock with
induction traction motor

Vadim Shcheka, Anton Zhuravlyov and Andrii Zubko®

! DNURT, Department of automation and telecommunications, 49010 Dnipro, Lazaryana Str., 2, Ukraine

Abstract. The analysis of electromagnetic interference from new types of electric rolling stock with an
induction traction motor to determine statistical estimates of the distribution parameters of the probability
of interference appear in the frequency bands of track circuits signal currents is carried out. The statistical
material, needed for the study, of time dependencies and the harmonic composition of the traction current
was collected based on the measurements results of on an electric rolling stock with an induction motor of
three different manufacturers, which is currently operated on the Ukrainian railways. The recordings have
been made for the basic modes of driving a locomotive: traction, running, braking, when driving on
sections with alternating current and direct current with different steepness of the track profile. As a result
of the statistical data analysis on electromagnetic interference generated in reverse traction current by an
electric rolling stock with an induction motor, the probability distribution law of the generated noise
interference in this or that band of track circuits signal currents is found out, as well as signal currents

bands which are most prone to electromagnetic influence are revealed.

1 Relevance research

The high-speed traffic implementation and rolling stock
fleet modernization in Ukraine is closely linked to the
introduction of a rolling stock with an induction traction
motor, the operation of which requires constant
monitoring of the electromagnetic compatibility with
train control systems, and in particular with the track
circuits, which are the primary track sensors and the
most unreliable elements of railway automation, but
which in turn affect the safety of train traffic. Traffic
safety in high-speed areas is largely dependent on the
functional safety of the track circuits and their basic
operation modes performing.

The recorded facts of electromagnetic interference,
generated by power converters of electric rolling stock
with induction traction motor into the bands of track
circuits signal currents confirms the need to develop the
new methods and means for ensuring electromagnetic
compatibility of track circuits with new types of rolling
stock. In developing and implementing technical
solutions to improve the functional safety of track
circuits, the issue of identifying the problem railroad
areas and the track circuits signal currents frequency
ranges, where the failure rate is greatest, is raised.

That is, one of the urgent problems is the study of the
probability of dangerous levels and duration
electromagnetic disturbance from an electric rolling
stock with an induction traction motor in the band of a
particular track circuits signal frequency. Thus, the
purpose of the work is to conduct an analysis of
electromagnetic interference from new types of electric

Corresponding author: v.i.shcheka@gmail.com

rolling stock with an induction traction motor to
determine statistical estimates of the distribution
parameters of the probability of interference appear in
the frequency bands of track circuits signal currents.

Such interferences can affect the main track circuits
operation modes, which will affect the overall operation
of the railway automation system at the area. It is
desirable to note that track circuits operation modes
failure can lead to a serious accident.

2 Data collection and processing

In order to prevent the occurrence of track circuits
failure due to the action of electromagnetic interference
from rolling stock with induction traction motors, a
considerable amount of data obtained from real rolling
stock and sections has been analyzed.

The statistical material, needed for the study, of time
dependencies and the harmonic composition of the
traction current was collected based on the
measurements results of on an electric rolling stock with
an induction motor of three different manufacturers,
which is currently operated on the Ukrainian railways.
The recordings have been made for the basic modes of
driving a locomotive: traction, running, braking, when
driving on sections with alternating current and direct
current with different steepness of the track profile.

During the measurements, the obtained data were
recorded using a mobile PC, ADC and contactless
current sensor. Express data analysis was performed
directly during measurements. The analysis used the
software included in the ADC, as well as software
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developed in the National Instruments LabVIEW
package. In-depth analysis of the results was performed
using MathWorks MATLAB. In MATLAB environment
the FFT algorithm is implemented and the most
informative fragments of recorded currents are analyzed.
In addition to the FFT method, the obtained traction
current records were passed through digital bandwidth
filters in the signaling frequency range of the track
circuits created in the Signal Processing Toolbox. The
obtained filtered interference currents directly enter the
track circuits receiving devices through the track filters
and are the most dangerous for their operation. Such
interference current will only affect the of track circuits
operation if its amplitude exceeds 0.35 A for third
generation tonal track circuits; 0.2 A for fourth
generation tonal track circuits and 1 A (1.3 A) for
numerical code track circuits powered by 25 Hz (50 Hz)
current. In order to take these parameters into account,
the interference current obtained after digital filtering
have been further processed.

3 Results and conclusions

As a result of the statistical data analysis on
electromagnetic interference from rolling stock with
induction traction motor, generated in reverse traction
current by an electric rolling stock with an induction
motor, the probability distribution law of the generated
noise interference in this or that band of track circuits
signal currents is found out, as well as signal currents
bands which are most prone to electromagnetic influence
are revealed.

Obtained statistics and of distribution parameters
estimates can be used in the design, equipment of
sections and maintaining of track circuits in order to
ensure their electromagnetic compatibility with an
electric rolling stock with an induction motor, which is
especially relevant in sections with high-speed motion.
The data obtained will also be useful in the development
of track circuits methods and means protecting from
electromagnetic interference by an induction traction
motor or in the design of fundamentally new train
control systems based on automation elements that use
the frequency bands with least probability occurrence
disturbances from electric rolling stock.
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BnpoBamXeHHs1 cy4aCHUX TeXHONOrin B opraHisauito
3ani3HUYHUX TYPUCTUYHUX NepeBe3eHb

1 2
Onexcandpa OpnoBcbka™ Ta Anna benosa

YTHY3T, Kadbenpa rymMamiTapHOi Ta COLiabHO-eKOHOMIIHOI miaroToBKy, 79052, M. JIbBis By:1. [Banun Braxkesmu 12-a, Yipaima
2 JucruryT iHHOBaLiiiHOT 0cBiTH KHiBCEKOro HaLiOHAIBHOrO yHIBEpCHTETY GyAiBHUITEA i apxiTekTypH, 02000, M. Kuis,

Byl Ocsitu 4, Ykpaina

AHoTauia PosrisHyTo npobiieMy BIpOBaKEHHS CY4aCHUX TEXHOJIOTIH B TPAHCIOPTHY Taiy3b YKpaiHu,
BU3HAYEHI OCHOBHI HPIOPUTETH MEPCHEKTUBHOTO PO3BUTKY EKOHOMIKH KpaiHu. OKpeclieHi cTpaTeriyi
HanpsIMU PO3BUTKY TPAHCIOPTHOI rany3i BinmoinHo J{upektrBam EC y nuTaHHAX eHepro30epexxeHHOCTI
Ta eHeproe)eKTUBHOCTI Ha TpaHCIOPTi. PO3KpuUTa pOJb TYpPUCTHYHOrO CeKTopa B (opMmyBaHHI
CTPATerigHoro Kypcy PO3BHTKY €KOHOMIKM, MOTO OCHOBHI IpoOieMH IpH BIPOBAUKEHHI IH(PPOBUX

TEXHOJIOT1H.

Abstract The problem of introduction of modern technologies in the transport sector of Ukraine is
considered, the main priorities of perspective development of the country's economy are determined.
Strategic directions for the development of the transport industry are outlined in accordance with the EU
Directives on energy efficiency and energy efficiency in transport. Role of the tourism sector in shaping
the strategic course of economic development, as well as the main problems of the industry in the

introduction of digital technologies are revealed.

PozBuTok iH(pOpMamiHHOTO CycminbcTBa B YKpaiHi Ta
BIIPOBA/DKEHHS HOBITHIX 1H(OpMaUiilHUX TEXHOJIOTIH y
BCi cepu CyCIITBHOTO JXHTTS CHOTOJHI € OJHUM i3
NpIiOpUTETIB  JlepkaBu. Y  KOHTEKCTI  peanizamii
JIep>)KaBHOI MOJITHUKKM 1 cTparerii moOyJoBH Cy4acHOTO
iHpOopMaIiiHOTO CYCIILIbCTBA 3IIIACHIOETHCS
iHpopMaTH3aLis MPAaKTHYHO BCIX rajy3eil BAPOOHUYOro
KOMIUIEKCY Kpainu. Ha nepkaBHOMY piBHi, 3 MeETOO
aKTHBHOTO BITPOBA/DKEHHS IHQOPMAUIHHUX TEXHOJIOTIH
BH3HAYCHO MPIOPUTETOM PO3BHUTKY EKOHOMIKH. 3HAYHI
3YCHIIISL CIIPSIMOBAHO HAa CTBOPEHHS CHCTEMH HaJaHHS
MTOCITYT, OPIEHTOBAHWX Ha BUKOpUCTaHHA cydacHuX IT y
¢opmyBaHHI BUCOKOKBasIipikoBaHNX (haxiBILiB.

B yMoBax CchOroJieHHs TOJIOBHUMHU (aKTopamu

YCITIITHOTO COLIATEHO-EKOHOMIYHOTO PO3BHUTKY
JIep>KaBH, 3 METOI0 3a0e3neueHHs 1i
KOHKYPEHTO3JJaTHOCTI Ha CBITOBOMY pPHHKY, CTalOTh
MIBULLEHHS HAYKOEMHOCTI BHUPOOHHMIITBA,

iHTeHCH(iKaIisl IHHOBAIIHOI AisSUTBHOCTI MiANPHUEMCTB
Ta iH(hopMmaru3amisi Bcix cdep JHOACHKOI AiSIBHOCTI,
0cOOMMBO L€ CTOCYETbCA  TPAHCHIOPTHOI  cepu.
3anpoBa/UKEHHS [OH(QPOBUX TEXHOJOTIH  TO3BOJIUTH
BUKOPHCTOBYBaTH TPAHCIIOPT 3a OUTBII e(pEeKTHBHUM Ta
paIioHaIEHUM CIIEHapieEM PO3BUTKY.

TpancroptHa cucrema YKpaiHM XapaKTepU3YeThCs
3HAQYHUM  CTYNIEHEM  pPO3TalIyKEHOCTI, a  TaKOoX
aKTUBHICTIO BCIX OCHOBHHX BHJIB TPAHCIIOPTY, IO €
3HAYHOIO MEPEeBaror KpaiHu i KIIOYOBUM MNPIOPUTETOM
cepen iHmUMX Kpain €Bponu. Tepuropiero VYkpainn
npoxXoJiITh MDKHApOAHI TPAHCHOPTHI KOPHUIOPH, IO
no3Bossie  (popMyBaTH, IIPOEKTYBATH Ta IIIAHYBATH

Corresponding author: entony1972@ukr.net

MapmpyTH MACaXUPCBKUX Ta BAaHTAXHHUX IIOTOKIB,
BUKOPHCTOBYIOYM KOMOIHOBaHI IEpEBE3CHHS, Yy SKUX
OCHOBHY POJIb Bilirpae 3aii3HUIHAN TpaHcnopT. Kpainu
€Bponu  3aliKaBleHI B PO3BUTKY  3arajbHOr0
TPaH3UTHOIO TPAHCIOPTHOI'O CIOJYYEHHS 3 YKpaiHOIo,
B sikoMy Oynu 6 3anisHi Bci Buau Tpancnopty. OcCHOBHA
MeTa JIaHOTO CITIBPOOITHMLTBA - aKTHBHUI PO3BHTOK
TpaHCHOPTHOT iIHYPACTPYKTYPH B paMKax MDKHAPOIHOTO
criBpobitaunTaa. [1,6]

OCHOBHUM TIPIOPUTETOM TPAHCIIOPTHOI IOITHKA
VkpaiHM  ChOTOZHI ~BW3HAHO TIpollec  IHTerpamii
YKpaiHCBKO1 TPaHCIOPTHOI cHCTEMH B EBPONECHCHKY
TpaHCIIOPTHY Mepexy. Ll crpareris  po3MIMpHTH
MOXIJIMBOCTI Hamoi kpaiHu B cdepi TOPriBii MK
KpaiHaMu, OOMIHY TEXHOJIOTiIMH Ta IHHOBAIIISIMHU.

3ai3HUYHUI TPAaHCIIOPT, SIK OCHOBHUM IEPEBI3HHUK,
BUKOHYE pOJb KIIOUOBOTO (akTtopa 3abe3meueHHs
€KOHOMIYHOTO 3pPOCTaHHS BHPOOHHUYOTO KOMIUIEKCY

KpaiHu, Crpusie MiIBUIIEHHIO piBHS
KOHKYPEHTO3J]aTHOCTI HaI[IOHAIBHOT E€KOHOMIKH,
MTOKPAIIEHHIO COIIATbHO-€KOHOMIYHOTO CTaHy

HaceneHHs. Ha dacTKy 3aJi3HUYHOTO TPaHCIOPTY
npumnagae oau3pko 34% macaxupooOOPOTy BCIiX BHUIIIB
TpaHcmopTy [2].

3aJi3HUYHUI TPaHCHOPT BHUPIZHAETHCS 3  IHIINX
TPAaHCHOPTHUX CKJIAJOBUX PSIOM CYTTEBUX IIepeBar: BiH
HalOUIbII €KOHOMIYHUH uepe3 eHeproeeKTUBHICTh, a
TaKOX, 3aBJSKUA HAMBHIIOMY PIBHIO O€3MEKH SIK JUIs
TacakMpiB, Tak 1 IS TIEpEeBE3CHHS BAaHTAXKIB; € 3pyYHUM
Ta Oe3MeyHuM I OLIBLIOT YacTHMHM IMOTEHUIHHHMX
MACaKHUPIB.
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Yromoio mpo acomiamito Mbk YkpaiHoio Ta €C
nependavyeHa IMITIIEMEHTAIT IS B yKpaiHChKe
3aKOHOJIABCTBO PAMY IOJIOXKEHb JJUPeKTUB, y TOMY YHCIIi
IIOJ0 EHEProe()eKTUBHOCTI Ta EHEPro30epeKeHHS B
rajgysi TpaHCIIOPTY, 3TiAHO SIKiff OCHOBHHMH HAIpsIMaMu
po3BUTKY (amamTarii) Iep>kKaBHOI TONITHKH Yy cdepi
TPAHCIIOPTY y  JIOBTOCTPOKOBIM  NEpPCIEKTHUBI 3
ypaxyBaHHSIM  IIJIbOBOTO  PO3BHTKY  CHEPTeTHKH
NPIOPUTETHUM BH3HAHO MHUTAHHSA EHEProe()eKTUBHOCTI
Ta eHepro3oepekeHHs Ha TpaHcmopti. [1,5] Lli nBa
TOHSTTS B32EMOIIOB’s13aHi, OCKUTbKH CHEPro30epeeHHs
€ TOJIOBHUM (haKTOPOM IiJIBULIECHHS PiBHS €pEKTUBHOCTI

KOHKYPEHTO3aTHOTO ~ cepefoBulIa chepH  MOCHYT.
OcHOBHUM (axropom (dopMyBaHHS
eHeproe(eKTUBHOCTI MIATPHEMCTB 3aTI3HUIHOTO

TPAHCHOPTY € CTBOPEHHS €(EKTHBHO MIFOYOT CHCTEMH
MEHE/DKMEHTY 3  €HEepro30epexeHHs  CTOCOBHO
POBIIMPEHHS TPAHCHOPTHUX IOCIYT, SIKi KOPHUCTYIOTHCS
IIOIIUTOM.

OcobmmBy yBary cChOTONMHI TpuBeprae a0 cebe
TYPUCTHYHHH CEKTOP, TakK SIK JlaHa rajly3b PO3BHBAETHCS
HIBUJKMMHU TEMIIAMHU 1 Ma€ BCI IIAHCU CTAaTH OJHIEIO i3
NPOBITHUX  Tamy3ed  eKOHOMIKM  KpaiHu. Bona
3abe3nedye mnpubnM3HO Jneciaty uactuHy BBIT i1 €
HaJI3BUYallHO TEPCIEKTHBHOW. TypHCTHYHA Taly3b
MOXe CTaTH OUThII MPUOYTKOBOIO TMPH YMOBI aKTHBHOTO
BUKOPHCTaHHA TPAHCIIOPTHOI CKIIAIOBOI, SIKa Bimirpae

BaXJMBY PpOJb B  CTHUMYIIOBaHHI  IOJITHYHOTO,
COIIANBHO-KYNIBTYPHOTO, 1  (I3UYHOTO  PO3BHUTKY
perioHiB,  CHIpHs€e  MiABUIIEHHIO  EKOHOMIYHOTO

JI006poOyTYy TPOMaISIH CBOET KpaiHu.

OmHUM 13 KIIIOYOBUX €TalliB IPH PO3TILIAI JAaHOTO
MUTaHHA HEOOXIMHMM € BHUAUICHHSA pecypciB Ha
3aJy4eHHS 1 AKTHBHHHA PO3BUTOK PI3HUX CETMEHTIB
TYPUCTHYHOTO PHHKY 3TiTHO BHMOTaM CY4acHOTO
CBITOBOIO  TPAHCIIOPTHOTO  pPUHKY. [ Jo0amicTuyHi
MpoIecH, SKi BiMOYBarOThCS CHOTOMHI B CKOHOMIIli
KpaiHH Ta CBITY, BUMararoTh pO3LIMPEHHS TYPUCTHUYHUX
MOXKJIMBOCTEHH, edexTHBHOCTI BUKOPHCTaHHS
PECYpCHOTO TMOTEHIiAly PErioHIB Ta BIANOBIIHHUX
pedopMm, IO TOBHHHI TPOBOJUTHCH BHUKIIOYHO ¥
NPaBOBOMY TIOJII Il KOHTPOJIEM 3aKOHOJABYMX
CTPYKTYP.

Po3BuHeHa TypucTHYHA iH(pacTpykTypa 31aTHa
MIPUHOCHUTH B OIOKET KpaiHU 3HAYHI KOILUTH, SIKi OY1yTh
CIIPHATH PO3BUTKY HOBHX TYPHCTHYHHX MapLIPYTiB,
HanpsIMKiB, JO3BOJISITH BIPOBAKYBATH JIOCSATHEHHS
HAyK{ 1 Cy9acHHX TEXHOJIOTil, a Tak caMO PO3pOOIIATH
HOBI CITOCOOW HaJaHHS TYpUCTUYHUX Tociyr. CbOToaHI
B YKpaiHi TypucTHuHU Oi3HEC, 3 6araTrboX MPUYHH, HE
JIOCSIT TAaKOTO aKTHBHOTO PO3BUTKY, SIK 32 KOPJOHOM, a
BUBYEHHS EKOHOMIYHMX Ta YIPaBJIHCBKUX 3acal B
CYYaCHHUX YMOBax € HeJOCTAaTHIM. Takox HeIOCTaTHIM €
3aITy4eHHs Ta BUKOPHUCTaHHA iHdopmaiitHo-
KOMYHIKAI[IfHUX TEXHOJIOTil, a caMe BIIPOBADKECHHS
IUQPOBUX PO3POOOK Ta TEXHOJIOTIH Yy KepyBaHHS
mporiecaMu nepeBe3eHb.[2,9]

[lns mpobnema Hag3BUUYAHO akTyaJdbHAa IIpH
BUDIIICHH] TMTaHHS BIPOBAPKEHHS TPAHCIIOPTHOTO
TypU3My B Hamiii KpaiHi: BIACYTHICTH CYyYacHHX
LU(PPOBUX PpO3pOOOK, CiNabui PO3BUTOK LU(PPOBOTO
MapKeTHHTY 3HaYHO 3HUKYE CTYIIiHB
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KOHKYPEHTO3JaTHOCTI 3ali3HNYHO1 raimy3i. Hacammepen,
I TOpoblieMa  CTOCYEThCSI  HEAOCTATHHOTO  PIBHA
3aCTOCYBaHHS ~ pEKJIaMH  TPAHCHOPTHUX  IOCIYT,
momupeHHs iHdopMarii mpo MOBHOTY TPAHCHOPTHUX
nociyr. 3 MeToro iH(GOpMYBaHHS NOTEHLIMHUX KIIEHTIB,
B CBITi BUKOPHCTOBYIOTh Pi3HI METO/U Ta TEXHOJOT1, AKi
MPUCKOPIOIOTH TIporiec OOpOOKH, aHaNi3y Ta OI[HKU
pesynbrariB. Choromni B VYkpaiHi (32 ITbOBUM
CIICHAapiEM pO3BUTKY HHU(POBOI CKOHOMIKH) BXKE
MOKJIJCHO T0YaToK 3ampoBamkeHHs 4-G ta 5-G
MOKPUTTSL  Teputopii  Ykpaimm [3,4], umdposoro
MapKeTHHTY, IM(HPOBOro OaHKIHTY Ta iHIII.

Hudposi TexHOIOTIT TOYaTH BBOAUTH B OPTaHi3aIlilo
TYPUCTHYHOTO IIEPEBI3HOTO Ipolecy Ha moyarky 2005
POKY, BU3HAYalO4X CTPATETII0 PO3BUTKY TPAHCIIOPTHOTO
TypusMy. Ha Hamy nymky, naHa crparteris NOBHHHA
BKItouatn y cebe: mpouec (opMyBaHHS HOBHX
TPAHCIIOPTHHUX MOTOKIB, TICHY B3a€EMOJII0 MiAMIPHEMCTB
TPaHCIIOPTHOI Ta TYPUCTUYHOI Tally3ed, a TaKoXK
MPOAyMaHy TapU(HY MOJITHKY, BUTIIHY TOTCHIIHHIM
KiTieHTaM. YKpaiHa 3a piBHEM pO3BHUTKY iH(opMamiiHux
TEXHOJIOTIH y cBiTi mocigae 56 wmicme. €aunHa
KOHKYpEHTHa mepeBara, sKy Mae YKpaiHa B LbOMY
acmekri, e TpaaumidHo cwibHi [T-kagpu: TOOTO B
Vkpaini  Oy)ke ~ BHUCOKMH  piBeHb  IIJATOTOBKH
nporpawmicris.[1,3,7]

PuHKOBI MEXaHI3MH iCTOTHO 3MIHIOIOTH BHMOTH [0
PHHKY TpaHCIIOPTY - 3pOCTa€ pOJIb EKOHOMIYHHX
KpUTEpilB 1 TOCHIIIOETHCS OUHAMIKA EKOHOMIYHHX
3B'3KkiB. [lo cyri, 3MIHIOIOTbCS 1 (QYHKIII TpaHCIIOPTY.
3aMmicTh BIIACTUBOI KOMaHJHIA eKOHOMIlli (yHKIis
nepeBe3eHb (GopMyeThcs HOBa (YHKIISA - 3a0e3medeHHs
€KOHOMIYHUX 3B'S3KIB 3 BIAMOBIIHUMH TPAHCIIOPTHUMH
3BSI3KAaMH Ha OCHOBI NH(POBHX TEXHOJOTIH, 3TiTHO
Konuenuii  po3BuTKy UM(QPOBHX  TEXHOJIOTIH B
VYkpaini.[2,7-8] Kopcrtka KOHKYPEHITist Ha
€BPOIIEHCHKOMY PHHKY TPAHCHOPTHHUX IOCIYr CTaBUTH
HOBiI BUMOTH JI0 OpraHizaiii TEXHOJIOT1H TYPUCTHUYHHX
IIepEeBE3EHb, SIKi BUMAraloTh 3allpOBa/LKEHHS LIU(PPOBOTO
MiZX0/y B OpraHi3alilo Ta yHpaBlliHHS NacaXUPChKUMHU
MTOTOKAMH.

OxpemMHM 3aBJaHHSM IIE€pe TPAHCIIOPTHOIO TaTy33i0
cTOiTh MUTaHHA (OPMYBaHHA MOIUTY HA TPAHCIOPTHI
TIOCIYTH, BUKOPHCTOBYIOUH IHCTpyMEHTapii
MapKETHHTOBO-JIOTICTHYHOTO MiaXxoay Ta HudpoBOro
MapKeTHHTy, a TaKOX XMAapHHX TEXHOJIOTIH, 3a
JIOTIOMOTOI0  SIKMX TIPHUCKOPIOETHCSL TTporec  00poOKu
JaHUX, B SKUX KOMIT'IOTEPHI PECYpCH HaIalOThCs
[HTEepHeT-KOpHCTYBayeBi SIK OH-JIAaWH cepBic. 3 MeETOIO
BNPOBAPKEHHSI  JaHOi cTparerii  0OOB’S3KOBHUM €
BJOCKOHAQJICHHS KaHATIB mpuiiomy iHpopmarii, ix
PO3MOBCIO/KEHHST Ha OUTBII IIMPOKI ayAUTOPii, a TaKoXK
MOJICpHI3aIlisl TPAHCIOPTHOI IHPPACTPYKTypH BiIHOCHO
TEXHIYHOTO OCHAIIEHHS 3 METOI0 aKTUBHOTO PO3BHUTKY
iH(pOPMAaLIfHIX TEXHOJIOTIH Ta CHCTEM 3aI3HHYHOTO Ta
IHIDIUX BHIIB TPAaHCIOPTY. BaxJIMBUM € Takox
BimmoBigHa KBamidikamis Ta mATOTOBKA  KaapiB
3axi3HNYHOI Tamy3i. [laHa cTpaTerist 0coOIMBO BaXKJIMBa
npu  GopMyBaHHI Ta IUIAHYBaHHI  TYPUCTUYHHUX
nepeBeseHs. [5,6]

Ha namy nymky, B yMOBax pO3BUTKY CYYacHHX
IuppOBUX  TEXHOJOTIH, 3HA4YHAa yBara IIOBHHHA
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MPUIUIATHCH TPOOIEMi TEPUTOPIaTFHOTO PO3TAITYBaHHS
MIAIPUEMCTB TYPHUCTHYHOTO KOMILIEKCY, SKi MOTPiOHO
po3MIIAmaTH  SIK  CYKYIHICTh PO3MIIIEHHS 00’ €KTiB
TYPUCTHYHOTO CEKTOpa B IIPOCTOPOBO-YaCOBOMY Ta
iHpOpMaIIHHO-KOMYHIKATUBHOMY npocTopi Ui
OTPUMAHHS MAaKCHMAaJIbHO €(EKTHBHOTO EKOHOMIYHOTO
pe3ysbTarTy Ta MiJBUIIEHHS MOTHBaMii. Po3ramryBaHHs
TYPUCTHYHOTO KOMILJICKCY B iH(pOpMAIiifHOMY HpOCTOpi
TPaHCIIOPTHOI Tay3l CHpHse IUTIHIA poOOTI JaHHX
CKJIaJIOBUX pUHKY. Takok 3Ha4Ha yBara IOBHHHA
MPUIUIATHCH ITATOTOBII abo MOKJIMBOCTSAM
MEPeniArOTOBKKA  KajpiB s pobOTH 3 HOBUMHU
MeTOJaMH pPOOOTH, YMIHHIO aHANI3yBaTH iHPOPMAILIIIO 3a
JIONIOMOTOF0 U(PPOBHUX TEXHOJIOTIi.[6-9]

Jana TemaTtWka € ChOTOIHI aKTyaJbHOIO 1 BHMarae
OTBII  ETaNPHOTO Ta TMOBHOTO JOCHIKCHHA Y
O AANTBIIIIH POOOTI.
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Po3pobka Ta pocnigxeHHA mMeToAy BU3HAY€HHA MeXaHiYHUX
AedeKTiB HenTpanbLHOro pene 3anisHUYHOI aBTOMAaTUKU

1 2
Bonooumup Taspwirok™ Ta Bacuns Menemko

YIHY3T, Kadenpa aBromaTnka Ta TenexomyHikarii, 49010 m. Jlxinpo, By, Jlasapsima, 2, Yipaia
2 JenaprameHT aBToMaTHKH Ta TenekomyHikamii [IpAT «Ykp3anizuuisi», 03150 Byn. Teepcbka, 5 M. Kuis, Ykpaina

Abstract. The problem considered in the work is concerned to the automatic detecting and identifying
defects in a neutral relay. A new method for the automatic detection of defects based on epy wavelet
analysis of relay transient current and artificial neural network classifier is proposed. The effectiveness of
this method was confirmed during testing of the neutral relays with various defects.

Binpuricte  cucTeM  3adi3HMYHOI CHTHAIi3arii, IIo
3HAXOIIAThCA Yy eKCIuTyartalii, Oyia moOymoBaHi MOHAN
MIBCTOJITTS TOMY 1 0a3yerbCsi Ha BHKOPHUCTaHHI
€IeKTPOMEXaHIYHUX KOHTAaKTHHX KOMIIOHEHTIB. B
OCTaHHI JIECATHJIITTS TIOSBWIIMCS HOBI KOMII'IOTEpHI
CHCTEMHU YIOPaBIiHHS pyXOM TOi3iB, aje dYacTka
€JIEKTPOMEXaHIYHNX CUCTEM CHTHaJIi3allil Ha 3ai3HULX
VYkpainu Bce mie mnepeBuirye 90%. DyHKmioOHaTBHA
Oesreka 3aM3HUYHMX  €JIEKTPOMEXAaHIYHUX CHCTEM
CUrHajIi3auii IpyHTYEThCSI HA BUKOPHCTaHHI TaKk 3BaHUX
Helitpaeaux  pene (HP), saxi marote crnenugiaay
KOHCTPYKLIIO, 1[0 3a0e3leuye acuMeTpito iX BUXIJHOTO
CHUTHAy NpH BUHWKHEHHI OyAb SAKHX MOXIHMBHX
HECIIpUATIUBUX JUId  Oe3rmedHoi poOOTH  cucTeMH
¢akropis.

Hns 3a0esmedeHHss Oe3medHOl poOOTH peleHHUX
cucrem  curHanmizauii  HP  marote  mignmaBartucs
MepioANIHOMY  OOCIYTOBYBAaHHIO, IIil Yac SIKOTO
BUMIPIOIOTBCSL IX OCHOBHI IIapaMeTpH, a TaKoX
MIPOBAAATH PETYIIOBAHHSA PeJie BiAMOBIIHO JO TEXHIYHUX
pernamenTiB. OCKITBKHM IIi BUMIPIOBaHHS, SIK NPaBHJIO,
IIPOBOJIATECS BPYUHY, BOHH BUMAaraioTh 6aratro 4acy (1o
YOTHPHOX TOAMH Ha OJHO pejie), € KOIITOBHUMH, 1 iX
pe3ysbTaTi MaroTh cy0'eKTUBHUI Xapakrep.
ABToMaTtu3allis BUMIPIOBaHb CICKTPUYHHAX IapaMeTpiB
pene, a camMe Halpyrd CIpanbOBYBaHHS, HaIlpyra
BiIITyCKaHHS SKOPSA, OMOPY KOTYIIKH, KOHTAKTIB TOIIO,
MOXe OyTH JIErKO peani30BaHO Ha OCHOBI CyYacHUX
KOMI'IOTEPHUX  TEXHOJOTIH. AJe  aBTOMaTH3aIlisd
BUMIpIOBaHHS MexaHIYHUX napameTpiB HP cTukaetbes 3
CepHO3HIMH TpyAHOIIaMH. MexaHidHI Ta eNeKTpHUHI
CHIIM, IO Aif0Th Ha apMmarypy HP mpu 11 nmepemuxanHi,
BH3HAYAIOTh Yac CIpPAlbOBYBAHHA 1 BIANyCKaHHA SIKOPS,
OlHOYacHICTh a00  HEOJHOYACHICTh NEepeMHKaHHS
KOHTAaKTiB, KOHTaKTHUH THCK Tomo. TeXHId4HHN cTaH
peneiiHoi apMaTypu, KOHTAKTHMX NPYXHH, MarHiTHOI
CHCTEMH, a TaK0X KOHCTPYKTHUBHI IIapaMeTpH pelie, TaKi
SIK BHCOTa aHTHMAarHITHOTO IITU(TA, MDKKOHTaKTHUH
TOBITPSIHUH TPOMDKOK, MapaMarHiTHUH 3a30p MK
SPMOM Ta CEpACYHMKOM CHJIPHO BIUIMBAIOTH Ha
MeXaHI4HI TMapaMmeTpu pene. Y TmoIepeaHix pobdorax
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Oy/0 TOKa3zaHo, IO ENISKTPUYHHUH TEpeXifHUui CTpyM,
SKAM TIPOTIKA€ B KOTYIINI peJe IpH BMHKAaHHI 1
BuMuKaHHI HP, cyTTeBO 3aiexiTh Bif MEXaHIYHUX
NpOIeCiB, L0 BiIOYBAaIOTBCS MiJ Yac PyXy SKOps i
KOHTAaKTiB, 1, OTXE, MOXE BHKOPHUCTOBYBATHCS JUIA
KOHTPOJIIO TEXHIYHOTO CTaHy apMaTrypd Ta MarHiTHOI
CHCTEMH pere.

Metoro miei  pobotm € po3poOka  METOIy
aBTOMAaTH30BAHOTO  BHU3HAYCHHA Ta  igeHTH]IKamil
MeXaHIYHUX Ae(PEKTIB HEWTPAIBFHOTO pelie 3ai3HWYHOI
aBTOMAaTHKU Ta JOCTIKSHHS e(eKTUBHOCTI
PO3pOOIEHOTO METOY.

Jis  mocsrHEeHHST 1l METH MNPOBEACHO OIS
jmiTepaTypu Ta  HAaBEAGHO  MAaTEeMaTHYHHH  ONHC
€JIEKTPOMEXaHIYHUX ITPOLIECIB, IO BiTOYBAIOTHCS B pele
Ipu Horo BMHMKAaHHI Ta BHUMHKaHHI. 3ampONOHOBAaHO
(dopMyTy A MEXaHIYHOI CHJIM, IO JIi€ Ha sKip perne
Ipy WOro TepeMHUKaHHI, B 3aJEXKHOCTI BiJ HAlpyrd Ha
pene, cTpymMy B OOMOTII Ta 3a30py MDK SKOpeM Ta
ocepe/sIM MarHiTHOT cucTteMu. TakuMm 4uHOM, nedeKTH
pyxoMoOi YacTMHH pene, a came JedexTa gKops,
nedopmamiss  KOHTakTIB Ta KOHTAKTHHX IIPYXHH,
neexTH MAarfiTHO{ CHCTEMHU pere, 3MiHa
IIapaMarHiTHOTO 3a30py MDK SKOpPEM pelie Ta spMOM,
3MiHa BHMCOTHM AQHTHUMArHiTHOrO INTH(TY, 3aMHKaHHS
BHUTKIB OOMOTKH TIPHUBOIATH OO 3MIHH MEXaHIYHUX Ta
EJIEKTPUYHKMX CWJI, IO AiIOTh Ha PYXOMY YacTHUHY pele
IpU HOTO TEPEeKITIOYeHHI, BHACIIZOK YOTO Ha MEBHIN
IUISHI{I 9aCOBOI 3aJICKHOCTI MEPEXiTHOTO CTPyMY, IO
BIIIOBiIAE TIePEMIIICHHIO SIKOPS, 3/ IBJIATOTHCS
0COOJMBOCTI y BHIVIS/II ONMYKJIOCTEH 1 MpoBatiB, sIKi
MOXHAa BHUKOPHCTOBYBAaTH $K JIarHOCTHYHI O3HAKU
nedekTiB pene. Ale mi 0COONMBOCTI € HE3HAYHHMHU 3a
aMILTITYI010, 0 YCKJIAAHIOE IPOBEACHHS IarHOCTHKH.

Jns BU3HAYEHHS [IarHOCTHMYHHUX O3HAK B Po0OOTI
3allPONIOHOBAHO  BHKOPUCTOBYBATH METOJ  BeHBIET
MIAKETHOTO  PO3KJIaJaHHSA 4acoBOI  3aJEXKHOCTI
MEepPEeXiHOr0 CTPyMY pejie NpU HOro MepeKiTovYeHHi,
SIKFH JTOBIB CBOIO €(DeKTUBHICTh Y 6araTboX MPaKTHIHUX
3acTocyBaHHsX. Ha OCHOBI NpOBENEHHX JOCIHIIKEHb
KoeiIlieHTiB BEHBIIET MAKETHOTO ITEPETBOPEHHS CTPyMY
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pere 3 pBHAMH MeEXaHIYHUMH jAedexrtamu  Oyiau
BH3HAYCHI TIaTHOCTHYHI 03HAKHU JTC(EKTIB.

Exkcnpec-BuzHaueHHs HasIBHOCTI MEXaHIIHHX
ne(eKTiB HelTpalbHUX pelie 3alpOIIOHOBAHO NPOBAUTH
3a JIOMOMOro BeliBner-niekeTHoi eHtpomnii IlleHHOHa
UL TIEPEeXiHOTO CTPyMy peje, 3Ha4eHHsS SKOi €
YYTJIMBUM JI0 TIOSIBH PI3HOTO POy MOPYIIEHb i 30ypeHb
y CTpyMi.

B pe3ynbTari IIPOBENICHOTO JOCITIDKEHHS
3alpOIIOHOBAHO ~ HOBHMH  METOJl  aBTOMATHYHOTO
BUSBIICHHS JedekTiB y HeiiTpaneHuX pene. Merton
3aCHOBAaHMH Ha BUMIpIOBaHI Ta aHalI3l 4YacoBi
3aJISKHOCTI TEPeXiHOTO CTPyMy IIpH TepeMUKaHHI
perne. 3aleXHICTh MEPEXiTHOTO CTPyMy BiJ 4Yacy NpH
BKJIIOYCHHI pelie MOXKHA PO3IUTUTH Ha TPHU XapaKTepHi
CerMeHTH. Y NepIIOMYy CErMEHTi pene apMaTypu He
PYXa€EThCsl, OCKUTbKM MarHitHa cuia HegoctatHs. CTpym
pere 'y TepmioMy CerMeHTi 3pocTtae B dYaci 3a
EKCIIOHCHI[IaJIbHUM 3aKOHOM. Y JIpyrOMy CerMeHTi
apMarypa IIOYMHA€ pyXaTHCs, 1 YacTHHA 3arajbHOi
€Heprii, 110 3araceHa Ha NeplIIoMy eTari B MarHiTHOMY
Ta  CJIEKTPUYHOMY IIOJIX  MAarHiTHOI  CHCTEMH,
NIEPETBOPIOETHCS. HA MEXaHIYHY pOOOTY PyXy apMarypH,
IO PUBOJMTH JI0 IEBHOTO 3HWKEHHIM CTpyMy peie, Y
TPETBOMY  CErMEHTI pelie  apMaTypd  IOBHICTIO
TPUTSTYETBCSL IO OCEPeAlsl 1 CTpPyM 3HOBY 3pOCTae 3
4acoM 3a eKCIIOHEHIIaIbHUM 3aKOHOM. KoHCTaHTH 4acy
EKCIIOHEHIIaIbHOTO 30UIBLIEHHS IEPEXiTHOTO CTpyMy
pere B NepLuIoMy Ta TPETbOMY CETMEHTaX MOXKYTh OyTH
BUKODHUCTaHI JUIS BUSBJICHHSA Je(eKTiB MarHiTHOT
cucremu pese. OcoOJMBOCTI TEPEXiTHOrO CTPyMy Y
JOPYroMy CErMEHTI MOYKHA BUKOPUCTATH VISl BUSBJICHHS
JIe(eKTIB apMaTypH pele.
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3anponoHOBaHUA METO/ CKIAIA€ThCS 3 JBOX ETAIliB.
Ha mnepmomy erami BUMIPIOIOTH 4YacoBi 3aJIe)KHOCTI
MEePEeXiAHOTO CTPyMy pele TMpH WOro BMHUKaHHI.
OTpruMaHa 3aJeXHICTh aHANBYETHCA 3a IOMOMOTOIO
BeliByieT-nepeTBopeHHst Ta eHtpomnii eneprii lllenHOHa
IUIA  BUSBICHHA OCHOBHHX JAe(eKTiB apMaTypu Ta
MarHiTHOi cuctemMu HeiTpaibHuUX pese. Ha npyromy
eTari BUSBISIOTH Ta INEHTU(IKYIOTh KOHKPETHI THIH
nedekrTiB 3a momoMororo Kiacudikaropa Ha OCHOBI
WTy4HUX HeiiponHux wmepex (IHHM), sxuii OyB
MOTIEPEIHBO HABYEHHH Ha OCHOBI OTPHUMAaHHX MpH
JIOCHI/DKeHHI O3HaK aAe(exTiB pene. 3araibHUHA 00cCsT
AHWX, TMIATOTOBIGHHMX g TpeHyBaHb [IITHM,
ckimaznascs 3 900 BexTopis, sKki MicTaTh 100 BekTopiB [uIst
pene B cmpaBHoMy craHi i 800 BekTOpiB s pene 3
pi3auME Tunamu jAedekTiB. YacTHHA MiATOTOBICHUX
nanux (60%) Oyma Bukopuctana ais HapuanHs [ITHM,
20% manmx mgnsa mepeBipku Ta 20% maHUX  UIA
tectyBanHst UIHM. JIna tpenyBanus IIHM Oys
BUKOPHCTaHMH alTOPUTM 3BOPOTHOTO PO3MOBCIOLKEHHS
MOMHJIOK 3 MerojoM ontmMizaiii  JleBeHOepra-
Mapkapna. IloyaTkoBi 3HaYeHHS Barm Ta 3MIIICHb B
IMHM  cTBOproBajiucss  OPOrpaMord  aBTOMATUYHO.
CepenHsi KBaJipaTMYHAa IOMMIIKA, JOCATHYTa IIifl 4ac
tperyBanHs I[IHM, cramosute 0,0027. Ilicna
TpeHyBaHb mnoka3Huku IIIHM  omiHioBamucs 3a
nomoMmororo 180 TtecroBux manmx. Hasuenma IITHM
npaBwIbHO KiacudikyBana 179 nanux i3 180, mo Bkazye
Ha 3arajJbHAN TOKAa3HWK BUSBJICHHS Ae(eKTiB Ha piBHI
99,4%. Kpusi TecryBanHs Ta Bamigamii [IIHM wmarots
CXOKI XapaKTePUCTHKH, IO CBITYNUTH MPO e(hEeKTHBHICTh
HaBYaHHS.
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NMpono3uuil peKoHCTPYKUil Ta po36yaoBu JIbBiBCbKOro
3anisHU4YHOro By3rna 3 BpaxyBaHHAAM cepeaHbo Ta
AOBroTpusarnoro nrfiaHy po3BuTKy micta JibBoBa Ta 3axigHoro

perioHy

o 1, . )
bopuc Tl'anaitmiok ' ta Pocmucaas binuHcbkuit

"Kocopuiym Tpancmaricrpans , 79000 m. JIssis, By Tepoi YITA 73 k.20 Yipaina
2JIKII [HCTHTYT IPOCTOPOBOTO PO3BHTKY, 79008 M. JIbBIB, ByiI. CMOIBCHKOTO 4, YKpaiHa

Abstract. Based on the analysis of the development of the city of Lviv and the region, a plan for a
comprehensive reconstruction of the work of the Lviv junction is proposed, taking into account the
implementation of promising infrastructure projects - connection of the junction to the network of 1435
mm tracks, to the LHS line and construction of the 1520 mm. track from Kosice to Vienna (breitspur

planungsgesellschaft).

1 NMepepymoBu

3MiHa CTPYKTYpHM TPAHCHOPTHUX Ta MACaXKHPCHKUX
MTOTOKIB PaIUKANIBGHO 3MIHUIIA Ta IPOJOBXKYE 3MIHIOBATH
CTPYKTYpY poO0TH JIEBIBCHKOTO 3aJ1i3HUYHOTO BY3J1a.

Boanowac wmicto JIeBIB Ta OKONHII pagWKaIbHO
3MIHMJIACh — TepecTaiu (YHKIIOHYBaTH abo 3MIHMIH
JIOKAI[O IMIAMPUEMCTBA MPOMHCIOBOCTI, MICTO aKTHBHO
po30yIy€eThCsI, 3MIHIIIACh CTPYKTYpa 3aHATOCTI, ICTOTHY
poJib  Bifirpae TYpUCTHYHA Tajdy3b, [POBCACHHSI
BHCTaBOK, (PECTHUBAIIB TO IO, III0 BHUMAra€e iCTOTHHUX
3MiH B OOCIYroByBaHHI MacaKUpiB Yy TOMY YHCII
MICBKOTO Ta IIPUMICHKOTO CHOTYYEHHSL..

HaiiOunpmuii Ha 3aXiJHOMY KOPJOHI 3alli3HUYHHU
BYy30J Yy CKIaai [JBOX KIIOYOBUX JUIS MeEpexi
COPTYBaJBHUX CTaHLil Ta BY3JOBOI MNacaKHUPCHKOT
CTaHIil, PO3MINICHUX Ha CTHKY CTpyMy siKi Oymn
moOyIoBaHI Ha NMAaNbHIM OKONUI MicTa HAa JaHWW dac
3HAXOIWTHCA B ICTOPHYHI YaCTHHI 1 MOXKIHBOCTI
PO3BUTKY Ta MOJIEpHI3aIlii 0OMeXeHi.

2 3anponoHoBaHi aBTopamMu pilleHHs

[TpoBeneHo OrysiL 3eMeNbHUX IUISTHOK JUTs OyIBHHLITBA
HOBHX COPTYBaJbHHUX cTaHIid. IlpoBemeHe momepemHe
MOJICIIIOBaHHS, Ta OIliHKa BapTocTi IHBecTHHil 1 i1
OKYIMHOCTi. 3 OTIsAQy Ha T€ IO B HEAaJIEeKOMY
MaiiOyTHbOMY HHUTaHHS BHUHOCY COPTYBAJIBbHUX CTaHLIH

32 Mexi Mmicta MOXE TOCTaTH OUIBII  TOCTPO,
MPOTIOHY€EThCS  YpsiAy Ta  OpraHaM  MICIIEBOMY
BpsAyBaHHS MicTa JIbBOBa MPHUUAHATH  BIAMOBIAHI

pimeHHS IS BHOOpPY 3eMeNbHOI JUIAHKA Ta il
pe3epByBaHHs y JIepKaBHI BIIACHOCTI (3eMIIi pe3epBYy).

VY 3B’a3Ky i3 maHaMu OyAIiBHHUIITBA KOJIii CTaHOApTy
1435MM, 10 ONIKHIX OKOJNHWIB MICTa PO3IIISHYTO
MOXIIUBICT TPOMYCKY LUX KOJIH J0 TOJOBHOTO
3TI3HUYHOTO BOK3aIy Ta JIO KUTBKOX BaHTAXHUX
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CTaHII{ Ta OTPUMAHO TEXHIYHI PIICHHS SIKi TO3BOJISIOTh
BUPIIINTH 1€ 3aBJaHHS HEBEIMKUM KOIITOM.

JocmimkeHo TeHICHIIII 110 3MiHI MicieBoi poboTH Ta
BH3HAUCHO IEPENiK BAaHTAKHUX CTaHIINH B MeXax MicTa
SKi MUIATal0Th aKTUBHOMY PO3BUTKY Ta AKi MOXYTh
OyTn 3aKkpuTi Ta/abo MepeopieHTOBaHO Ha IMACaXMPCHKI
MepEeBE3CHHS.

JocmimkeHo KONIAHUA PO3BUTOK COPTYBAJIBHUX
CTaHIIi Ta HampamboOBaHI TEXHIYHI pIMICHHS MO0
O3BOJIAIOTH  30UIBIIMTH  TApKW  OpUAMaHHA —Ta
BIANpaBJIEHHS Ta KUIBKICTTh COPTYB&JBHHMX KOJIH B
ICHYIOUMX MEXax CTaHIIIH.

VY3aranpHIOIOYN PE3yNbTaTH TPOBENCHUX OKPEMHUX

JIOCHI/DKEHb  TPONOHYEThCSI  HACTYIHA  KOHIICTIIis
KOMIUIEKCHOI TMepe0yIoBH opraHizamii pyxy B Mekax
BY3J1a.

MaxkcuMaabHO MOJKIIMBE BHOKPEMIICHHS (cemapartis)
KOJIiif BAHT@)KHUX Ta NaCAKUPCHKUX TTEPEBE3CHb.

[Tacaxupchki mepeBe3eHHs

1) Tepenic ¢yHKIIT BY3I0BOT MACAKHUPCHKOT
cranuii 13 cr. JIpBiB — Ha cT. CKHIIIB. 3apoBa/HKEHHS
CHCTEMH TPHOX IMaCAXUPCHhKUX cTaHMii [lin3amye, JIbBiB
ta CKHWIIB Ul 3yNMHKHM YCIX IMOTATIB JAJIBHBOTO Ta
MICIIEBOTO PYyXYy.

2) PosbymoBa cranmiit Ilinzemue, JIbBiB Ta
CKHWIIB y TepecamkoBi BY3IHM Ta TOPTrOBO-CEPBICHI
LEHTPU IHTErpoBaHi B Mickke cepenoBuine. Po3BUTOK
craumii IligBamde s MEepPeXOIUICHHS TYPUCTUIHOTO
NOTOKYy, a craHlii CKHIIB y NepecagkoBHH BY30I:
MOTSAT, MIChbKa €JICKTPHYKA , JIITKa, aBTOOYC, TPOJIehHOyC

3) 3amyck MIChKOT €IEKTPHUKH SIK B MEXKax MicTa
Ta arjoMepanii [UIIXOM IHTErpamii MPUMICBKUX
MapHIpyTiB JI0 CKJIATy MIiChKOI €IIEKTPUUKH.

BanTtaxHi nepeBezeHHs

1) Pos6ynoBa miBHiuHOTO 06X04y M. JIBBIB st

NPOMYCKY BaHTOKHHUX MOTATIB. [IpUmuHEHHS pyXy
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BaHTAXHUX TMOTAriB Ha guraHm [limzamue- JIbBIB-
LenTpanbuuit

2) Po3BUTOK MIBHIYHMX Ta 3aXiIHUX 3aTI3HUYHHX
crannii  Pacue -2, PymHOo y TOMy wuWmcmi i
00CITyroByBaHHsS BaHTQ)XHUX IOTSTIB CTaHIAPTY KOl
1435mm.. Minimizaris pobotu cranmii IlepceHkiBka y
3B’SI3Ky 13 MalOyTHIM HEpEeHECeHHSM HPOMHUCIOBUX
06’exTiB y HOBI mpom3onu (CurHiBka, Pscue-2).

3) ByaiBHHUTBO HOBOTO KOHTEHHEPHOTO
TepPMIHAIY Y TOMY YHCJI MEPeBaHTAKCHHS KOHTEHHEPIB

13 Baro”iB JBOX CHCTEM KOJIIi.
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4)  PeKOHCTpYKIlisI COPTYBalbHHMX CTaHIliii JIbBiB
ta KrnemapiB 31 30UTbIICHHSM KUTBKOCTI COPTYBAJIbHO-
BilIpaBHUX KOJTIMH.

— DBnpoBamkeHHs 1MX 3MiH, $IKIi 4YacTKOBO
MOXYTh  3HIMCHIOBATHCSI 3a PaxyHOK CIUJIHLHOTO
¢iHaHCYBaHHS  3ali3HUII, MiICTa Ta NPUBATHUX

iHBECTOPIB (KOHIIECIS 3aMi3HUYHIX BOK3AJIIB) TI03BOJIUTH
ONTHUMI3yBaTH poOOTY By3Na JI0 TEMEPINIHIX MOTped Ta
moTped MicTa y CepeaHbO0 Ta IOBrOTEPMIHOBIM
MEPCIEKTHBl Ta 3aIYUYUTH IS KOPUCTYBaHHS KOJIIEIO
HOBHX KJIICHTIB.
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HoBe XUTTA 3a0yTnUX KONin — iHBeCTULiNHa npono3uuia
peKkoHCTpYKUil PaBa-PycbKoro 3aniaHM4Horo By3rna Ta
npunernux QiNAHOK Konin ansa BiAHOBNEHHA HAaCKPi3HOro
NPONycKy NOTAriB ABOX cTaHAapTiB Konin 1520/1435 mm Ta ii
eKcnnyarauif Ha ymoBax Aep)XaBHO NpUBaTHOro NnapTHepcTBa

o 1, . L2
bopuc I'anaitniok ' ta Pocmucnas BimMHCbKUI

1Kocopuin Tpancmarictpans , 79000 m. JIsBiB, Byn. ['epoi YIIA 73 k.20 Ykpaina
JIKIT IacTutyT npocropoBoro po3sutky, 79008 M. JIpBiB, Byn. CMonbcbkoro 4, Ykpaina

Abstract. The problems of restoration of the activity of the little used tracks are considered, for example,
the tracks Sokal (Ukraine) —Yaroslav (Poland) and Lviv (Ukraine) — Zwierzyniec (Poland) at the junction
of 1520 / 1435mm track systems. A sketch project of reconstruction of the track economy has been
completed, which allows to restore the through passage of freight and passenger trains with a track width
of 1435 mm on all sections and a width of 1520 on the sections Lviv-Zwierzyniec and Rava-Ruska -
Sokal. A preliminary survey of volumes of freight traffic by tracks as transit cargoes has been carried out -
centers of formation / receipt of which are outside the region of the track and the flows generated by the
companies of the track. A simulation of the organization of motion by a node is carried out, as a result of
which the need for traction and the type of traction are determined. The amount of investments in the
reconstruction of the track economy of electrification and traffic automation, the purchase of traction and
the creation of associated engineering infrastructure has been determined. Based on the estimated volume
of transportation, it is proved that the project can be cost-effective and can be implemented under public-

private partnership.

1 NMepeaymoBu

3amizamani konii JIeBiB-bemken ta Coxanb-Spocias
Oynu 30ynmoBaHi Ha ymoBax konuecii B 1880-90 pp.
pokax. HackpizHuil pyx KomisMu OyB NPUIHMHEHHH SK
HaCJIJJOK BCTaHOBJIEHHS! HOBOTO KopaoHy Mk CPCP Ta
ITHP i nepemmuBkoto komiliHOT pemritku B Mexxax CPCP
HA KOJIFO MUPHUHO 1520 MM.

BincyTHicTh HacKpi3HOTO pyXy MpU3BElNa JI0 TOTO IO
IUITHKA KOJIif M0 oOWIOBI CTOPOHM KOPAOHIB MAaio
3ajisHi, a ninsHka PaBa-Pycka - UepBoHorpan mmo dakry
Maii’Ke He BUKOPHCTOBYETHCSI.

OmnpanpoByeThCS BapiaHT OyMIBHUIITBA CYMIIICHOT
komii Ha guiaHIl — PaBa-Pycbka — BproxoBuui st
MPOITyCKYy TACKUPCHKUX TMOTATIB CTAaHAAPTY KOJIil
1435mmMm Bproxosuui Bapiuasa.

Peanizamiss mpoekTy BiTHOBIIEHHS HACKPI3HOTO PyXy
Ha 4YacTWUHI JOpPOTM HE MOXe OyTM eKOHOMIYHO
OMpaBJIaHNM Ta MOKe OyTH peali3oOBaHMM BUKJIIOUYHO HA
YMOBaxX OTPUMaHHs BiANOBiTHOTO rpaHTy. Takox mig
CYMHIBOM  3aJIMIIAETHCS MOMJIMBICTH  BJIAIITYBAHHS
3pydHOI Iepecasiky 1Mo craunii bproxosudi.

2 3anponoHoBaHi aBTOpaMn TeXHi4Hi
pilleHHA

Corresponding author: b0509335545@gmail.com

Zwierzyniec
3Bepxuteyb

Puc. 1. Cxema 3a1i3HNYHUX JIIHIN.

2.1 TexHi4yHe pilleHHsA NPONYCKy NOTAriB
ctaHpgapTy 1435MM O OCHOBHMX CTaHUiIN
NbBIBCLKOro By3na

Ha  mimcraBi  gerampHOTO — aHami3y  KOJIMHOTO
rocrogapcTBa  JIbBIBCBKOTO B3Iy  3alpOIOHOBaHI
TEeXHIYH1 PIlIeHHs MPOJOBXKEHHS CYMIIIeHOI KOii Bix
cranmii bproxoBudi mo cranmii JIsBiB — CKHIIIIB Iy
MacaXUpbCKUX TMepeBe3eHb Ta Pscue 2, Pymano mns
BaHTAKHUX NIEPEBE3CHB .

2.2. NMpopoBxeHHs1 cyMileHol Konil A0 cTaHuii
3BepxuHeub (PIM) Ta npuegHaHHA go niHii JIXC
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ABtopom (Poctucnas binmnHCHKHIT) 3amiponoHOBaHA inest
JIOTIOBHUTH TPOEKT OYAIBHUNTBA CyMIIIEHOI KOJIii
BproxoBu4i — PaBa-Pyckka o craniii 3BepxuHens. (65
KM) IO JT03BOJIMTH TMoemHaTH JiHito JIXC i3 cTaHIien
JIbBIB - HaiOLIBIIO COPTYBaJbHOIO CTAHIIEI0 Ha
3aximHOMy KopaoHi. Take pilmieHHS KapAWHAIBHO
JIOTIOBHIOE CTPYKTYpPY MOTEHLIHHUX
BaHTXXOBIINPABHUKIB — CTa€ EKOHOMIYHO JOILIBHO
¢dopmyBatn npusHadenHs JIbBIB - CJIABKYB Ta
3a7y4aTd ApiOHUX BaHTAKOBIAIPABHHUKIB.

3 Peanizauil iHBeCTULIMHMX NPOEKTIB B
30Hi aii konin JIbBiB - PaBa-Pycbka Ta
PaBa-Pycbka YepBoHorpag.

B pisHux cramisx peanizaimii 3HAXOIATHCA MPOCKTH
OCBO€HHS BYrinbHUX pozoBui (mraxtu JlroOembcke i
TsarniBceke) siki MaroTh reHepyBatd 13-18 muH. TOH
BYT'ULJISI HA PIK.

Binkpurtss Hackpi3HOTO pyxy n0 M. UepBoHOrpan
moTsaraMu ctaHmapty 1435MM  103BOJIUTH IMiIBUIIUTH

4.1. Po60TK No peKOHCTPYKLii Konii

Tabéauus 3. [Tepenik pobit 00’eMu Ta BapTiCTh

JineHuns Bun pobirt / Bapricts pekoHCTpyKIii

PexoHCTpyKIis KOJIIT 3 BIAIITYBaHHIM
cymimteHoi koiii 1520/1435 mm,
eNeKTpudiKaiis, aBTOOIOKYBaHHS,
wtyaHi ciopyau/ - 113,15 muH. eBpo

JIbBiB — PaBa-
Pycbka

PexoHCTpyKIs KOMIIT 3 BIALITYBaHHIM
cymimenoi komii 1435/1520 mm,
enekTpudikais, aBTOOJIOKyBaHHS / -
110,5 miH. €BpO

PaBa-Pycbka -
3BEPKUHEb

PexoHCTpyKIs KOMIIT 3 BIALITYBaHHIM
cyMimeHoi komii 1435/1520 mm,
HariBaBT. 0JIOKyBaHHs / - 60,5 MJIH. €BpO

PaBa-Pycbka -
Coxkanp

PaBa-Pycbka —
MyHina (SIpocnaB)

KamitansHui peMOHT, aBTOMaTHYHE
6nokyBanHs / - 41,0 MITH. €Bpo

4.2. NMoTtpeba B TA3I

Ta6auns 4. [lepenik TOKOMOTHBIB .

MpUBaOJIMBICTh IHBECTHIIIH B ITIIIPUEMCTBA PETIOHY, IO Heobxinna nporyckna | Marictp | Marictpa
Ma€ JOCTaTHIO KUIBKICTh KBali(hikOBaHMX KaJpiB i i CIIPOMOXKHICTb [I0T34iB | aibHi TBHI
JIIOBa aKTUBHICTh SIKOTO MaJa€ dYepe3 BHUYEPITHICTh Hinsrica Ha 100y (BaHTaXHi + | €IEeKTPO | TerioBo3
3araciB BYTiuIs. aca)kKUPChKi) BO3U u
. p HB];IB N 25 nap 5-6 -
3.1. TpaH3UTHI NnepeBe3eHHsA asa-tycrka
PaBa-Pycbka
Tab6umuus 1. BianpaBHukH Ta 00’ €MH epeBe3eHb. - 15 map 4-5 -
3BepIKUHEID
Bignpasauk Bua pantay
AP Hponinen | Omis | Ilpor |Llement| 3epHO Papa-Pycbka 8 map ; 23
TOB “Kapmar-| 0,061 - Coxarb
HapTOXIM” MJIH. T. PaBa-Pycbka
1T “Oxisp” 0,088 0,18 0,12 — MyHnina 10 map - 3-4
MJIH. T. | MJH. T MJIH. T. (SIpocnas)
[HAT I.BaHO- 0.036
DpaHKIBCbK- . , .
nement” MIH. T 5 OuiHka o06’emiB nepeBe3eHb Ta
3epHotpeiinepu 0.169 BUPYYKU
(miBaeHH1 ML
perionn) - Buxoasuy i3 MomepeaHboi OIiHKM BH3HAYEHO 00’ €MU

3.2. NepeBe3eHHA BaHTaXiB 3reHepoBaHUX
BignpaBHMKaMKM B 30Hi Aii Konii

Ta6auus 2. BianpaBHuky Ta 06’€MH NepeBe3eHs.

Bun BanTaxy

BianpaBHuk . CunrernyHe
Byrimnsa
MOTOpPHE MaclIo
[laxTtu JIro6enseobki 1,2,3 11 mn. T. -
Tarniseeki maxtu 1,2 4,5 MJIH. T. -
3aBoJl MOTOPHOI'O Macia - 0,9 MiH. T.

4 O6’emum poOIT Ta po3Mmip iHBecTULIN

Ha mizncraBi ecki3HOro MPOEKTy BH3HAYCHO 00’€MH Ta
BapTicTh poOiIT

BaHTOKHMX Ta MAaCaXKMPCHKUX IepeBe3eHb. [loxomu Bix
MacaXMpChKUX MepeBe3eHb HE BPaxOBYBAINCH, 1
Opanurce 10 yBaru Mpu BU3HAYEHI MPOITYCKHOI 3IaTHOCTI
JHIA Ta BUJATKIB Ha X IPOITyCK.

OKyIHICTh ~ MPOEKTY  3aJIeKUTh  BiJ
KOHIICCIHHUX  IUIATeXIB Ta  PO3MIPY
KOPHCTYBaHHS 3€MEIbHOIO AUIHKOIO.

[onepenHi po3paxyHKH (iIIATAIOTH IEPEBIPITi 32
HacJiIKaMH IPYHTOBHHX JOCIIIKEHB) MIITBEPIUKYIOTh
TimoTe3y OKYIMHOCTI MTPOEKTY, a OT’KE MOXKITHBICT HOTO
peaizarlii Ha yMOBax Jiep>kKaBHO PHUBATHOT'O
HapTHEPCTBA.

po3Mipy
AT 3a
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Road traffic: atmosphere pollution simulation
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Abstract. Road traffic is a source of different chemicals emissions which influence people’s health. At
present time, in Ukraine, to predict atmosphere pollution from road traffic OND-86 model is used. This
model has different disadvantages and can’t predict atmosphere pollution in streets because it does not
take into account the buildings influence on contamination zones formation. The authors present new
numerical models to predict air pollution in streets from road traffic. The wind flow in streets is simulated
using two fluid dynamics models. The first model is based on 2-D Euler’s equations. The second model is
based on 3-D equation of potential flow. To predict level of air contamination from road traffic 2-D and 3-
D equations of pollutant transfer were used. To solve governing equations difference schemes of splitting
were used. The developed numerical models allow to take into account NO, chemical transformations in
atmosphere. Results of numerical experiments are presented. The authors also present results of laboratory
experiments which were carried out to estimate the efficiency of suction system application near the road

to reduce air pollution from road traffic.

1 Introduction

The main sources of air pollution are emissions from
motor vehicles, the number of which is constantly
growing both in Ukraine and around the world, and they
are the most difficult to regulate. There is a general
tendency in the world to reduce the amount of rail freight
transport, which carries significantly less emissions to the
atmosphere compared to road transport. Road transport,
unlike rail, allows to deliver cargo directly to the object,
with the result that the intensity of road transport is
constantly increasing.

Most gas emissions from automobile engines are
heavier than air, so they all accumulate on the ground and
pose a significant threat to the population at highways. In
this regard, there is a need for rapid assessment of the
level of pollution concentration that enter the atmosphere
while the operation of vehicles.

Currently, several classes of mathematical models are
used to solve this class of problems: empirical models and
analytical models [1-5]. This models do not allow to take
into account hydrodynamic processes in flowing around
buildings of various shapes and sizes, as well as
numerical models based on the equations of Navier-Stoks
[6-9, 12], which consider these processes, but take a large
amount of time. Today the number of vehicles in each
city is increasing, thus it is necessary to develop new
mathematical models for carrying out operational
numerical calculations to determine the concentration of
air pollution caused by vehicle emissions.

) Corresponding author: rusakovatil977@gmail.com

2 3D mathematical model

To assess the impact of the road for air pollution, it is
necessary to solve the mass transfer equation for a
particular pollutant, in conditions of the air flow velocity
field deformation caused by the presence of buildings.

A 3-D CFD simulation of this process is considered.
Numerical simulation is carried out on a rectangular
difference grid, with which the computational domain is
divided into control volumes. Each building, the barrier is
modeled by a set of control volumes — a set of
parallelepipeds, of different height and width. A no-flow
condition is set on the boundaries of such parallelepipeds
for the modeling equations (Neumann condition).

The solution of this problem at the first stage begins
with the solution of the three-dimensional equation for the
velocity potential (1).

o°p %P %p
&% oy’ ol
The value of the velocity potential is determined in the
center of the control volumes, the value of the velocity
vector components of the air medium is on the edges of
the control volumes. The components of the air velocity
vector are related to the velocity potential by the
following relations (2).
P
u =£, —a—, Wzﬁ 2)
OX oy 0z
For the numerical solution of equation (1), the
conditional approximation method is used [11]. The

=0, ()
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preliminary equation for the velocity potential (1) is
reduced to the evolutionary form (3).

op_o%p o°p o%P
a  x2 a2 a2
where t — fictitious time. When t — o the solution of
equation (3) tends to the solution of equation (1).
The splitting scheme for equation (3) is [11]:
- in the first fractional step

®3)

1 1 1
n+§ 0 n+5 n+§
ik Rk | TRk Rk
At Ax?
1
n+= n+— = n+—
. Pl,j,k jlk Ijk+PIjk1
- in the second fractlonal step
n+1 n+1 n+1
ij ij |:PI+1J|( ij
n+1 n+1 n+1 n+1
Pj+1|( ij ij+1_PJk
Ay2 A22

Before the beginning of the numerical integration of
equation (3), the velocity potential field is specified for
the “initial” moment of the fictitious time. The process of
calculating the potential velocity field ends when the

condition ‘Pnﬁ PnJ K|SE is carried out, where
Pnﬁf new approximation of the wvelocity potential;

— previous value of velocity potential; ¢

P
calculation accuracy.

After calculating the wvelocity potential field, the
components of the airflow velocity vector are calculated
on the faces of the control volumes:

o Rjk-R-1jk R jk-R j-Lk
Uuk:A—,Vuk:—’
X Ay
 Rjk-Rjka
lek :T.

During the movement of vehicles and when it is
idling, pollutants enter the air, which undergo a
transformation because of the influence of sunlight. The
main three chemical reactions that occur in the air
between nitrogen oxide NO, nitrogen dioxide NO2 and

ozone O3 (4) — (6) are considered, since it is necessary to

know the rates of their chemical reactions, which are
determined experimentally.
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NO3 +hy —>NO +0, @)
0+02+M - 03+M, (5)
NO +0g —L s NOo + 0y, ©)

After determining the air flow velocity field, the
problem of mass transfer of pollutants from the highway
in conditions of building for each considered impurity is
solved (7) — (9).

2INOJ au[NO] . ov[NO] . aw[NO]|
ot X oy oz
o, o[NO), &, o[NO], &, o[NO]
_&(MXT)JFE(HVT)JrE(MZTH
n
+ _ZlQNoi (0)3(x —xj )3y —yi )6z -z (¥), (7)
=
2[NOa] au[NO2 | . av[NO> | . ow[NO] _
at X oy oz
o, o[Nog), a8, @&[NOpl. o, 8[NOy]
_&(HXT)+5(“yT)+E(MZT)+
n
+ _ZlQ NO, ; 8(x = xi ()3(y ~yi (0)8(z - zj (1)), (8)
1=
a03] , au[03] av[03] awos]
ot OX oy oz
_2, . 0dosl o dos] o —oog]
=5 x5, )+ay(uy & Jr—z===) )

where [NO], [NO2], [O3] — concentrations of nitrogen
oxide, nitrogen dioxide, ozone, which are determined in
the centers of control volumes; QnoQj — intensity NO
from motor transport, QNO2i — intensity NO2 polution

from motor transport; u, v, w — wind velocity vector
components;  p=(ux,py,uz) — turbulent diffusion

coefficient; 8(x — X (t))d(y — y;j (t))8(z — zj (t)) — Dirac’s
delta function, which is used to simulate the emission of a
car, Xj(t),vi(t),zj(t) — vehicle location coordinates.
Physical splitting of each equation is performed (10).
o€ auC  avC d(w—-wg )C

:O'
o x| oy o
o©_of, Ly o, Ly of o«
o M) Ty MYy ) TPt )

% = Qi (t)(x— xi ())(y - i ())(z - zi), (10)

where C — concentration of [NO], [NO2] and [O3].

Equations (10) are solved sequentially using finite-
difference methods for each considered impurity NO,
NO2 and O3 [8].

To solve the problem of assessing the impact of
vehicle emissions on air pollution, the chemical
transformation of substances in the atmosphere is
calculated, the equations are calculated for each
difference cell (11) — (13) [8].

M:_kl[mo][%h J[NO2],

" (11)
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2]y oJos)-alvo). a2
dog]_ —k1[NoJos]+ J[NO2]. (13)

Parameters J, k1 are taken from references [8]. For the
numerical integration of these equations, the Euler
method was used. Based on the finite-difference methods,
a numerical calculation program «ROAD-3D» has been
developed. In the figure 1 the calculation of the pollution
zone of the residential zone adjacent to the motorway is
shown.

y

By
(G
k.

‘A

Fig. 1. The zone of nitrogen dioxide pollution in the residential
zone at the level of z=3 m: 1 — highway; 2 — complex of
buildings

As can be seen from the presented figure (Figure 1), a
complex pollution zone is formed near the road.

3 Experiment

At the first stage of the study, a physical experiment was
conducted to assess the effectiveness of reducing the
contaminated area when the anthropogenic source was
apparent through the use of a two-level suction (Figure 2).
The position of the lower and upper holes, the distance
between the holes may vary within the size of the cross-
sectional diameter of the hole. The scale of the
experimental setup is 1:10.

Fig. 2. Experimental installation for gas extraction (suction): 1 —
emission source; 2, 3 — holes for the selection of gases; 4 —
device for measuring the concentration of CO; 5 — dynamometer
for measuring the speed of the incident flow; 6 — pressure fan;

7 — exhaust fan

Figure 2 shows the situation when the pressure fan
does not work, the air flow rate V=0 m/s, the emission
source is at the height h=3 cm from the base plane and at
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the distance ss=13 cm from the axis of the pressure fan.
The centers of the cross sections of the gas extraction
holes are located at the distance of ss;=17 cm from the
emission source and at the height from the plane of the
installation base h;=3 cm — the lower hole, h,=6 cm — the
upper hole, the distance between the centers of the holes
is3cm.

To improve the gas extraction system, a horizontal
plate with a length of 1=6 cm was installed on top of the
upper suction opening, and a plate with a length of 1=3 cm
was installed on the lower opening. Then the exhaust fan
began to work. The gas extraction velocity was
Vn=3.3 m/s for the lower opening, Ve=2.25 m/s for the
upper opening (Figure 3).

Fig. 3. The zone of carbon monoxide contamination in the
presence of two horizontal plates, the upper of which is longer

It is clearly seen that whirlwinds descend from the
upper and lower plates, which ensure the finite speed at
the sharp edge according to the Chaplygin-Zhukovsky
postulate. Despite this effect, the CO concentration
decreases: at t=4 ¢, C=28-30 ppm; t=8 ¢, C=18-26 ppm;
t=14 ¢, C=8-10 ppm. In this case, the upper, longer plate
directs the flow to the hole location zone, thereby
“forcing” the upper suction opening to work more
actively. In contrast to the situations considered earlier:
horizontal plates were absent — the top hole was
practically unable to select contamination; the horizontal
plates were of the same length — the process of selecting
the contamination by the upper opening was not very
active.

In continuation of the studies, a vertical plate (screen)
with a length of 1=3 cm was installed on the upper plate.
Figures 4-5 show the results of a laboratory experiment,
which allow evaluating the effectiveness of using two-
level suction with regard to the changes that have been
made to reduce the level of air pollution near the
motorway.

Fig. 4. The zone of carbon monoxide contamination in the
presence of two horizontal plates, the upper of which is longer
and the vertical screen (suction does not work)



EOT-2019

EneproontuMaJjbHi TEXHOJIOTIL, JIOTICTHKA Ta 0e3MeKa HA TPAHCHOPTI

Fig. 5. The zone of carbon monoxide contamination in the
presence of two horizontal plates, the upper of which is longer
and the vertical screen (suction works)

As can be seen from figure 5, the contaminated area
decreased sharply when two-level suction was operating,
taking into account the proposed design changes.

4 2D mathematical model

For express calculations, 2D mathematical models were
developed.

First hydrodynamic model. The main equations are
Euler equations, written in variables o, w: vorticity
transport equation (14) and Poisson’s equation (15) for
calculating the stream function.

0o Ouo Vo

e T, 14
atx (14)
2. 2
a—;’+a—;’=—m, (15)
oy
ov ou s L
where mza——— — vorticity; y — stream function;
X
AV
oy ox

The methodology for the numerical solution of this
mathematical model, the formulation of boundary
conditions and the numerical integration of equations
(14-15) is considered in the research [9].

Second hydrodynamic model. The simulation equation
is the Laplace equation for the velocity potential P of
gas flow (16).

o%p  o%p

2 2

OX oy
Corresponding boundary and initial conditions are set:

0. (16)

on solid walls — the condition is non-flowing Z—Fﬁ):o,

where i — unit outward normal vector to a solid wall; at
the boundary of the gas flow inlet to the exhaust gas

fittings (figure 2, number 2, 3) % -V, where V —

the known value of the gas flow rate, which is taken by
the fan (figure 2, number 7); at the border where the gas
flow exits the calculated area P =Pgy+const, where
Po — set value (Dirichlet condition).

For numerical integration of the Laplace equation
(16), the Liebman method is used [11].
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The approximate equation is:
Avj—2Rj*A-1j Rja-2Rj+R 1
2 " 2 =0

AX Ay

The following relation determines the unknown value
of the speed potential:

R+ j-R-1j . R,j+1-R,j
sz Ay2

R.j= 2 2
M2 Ay

To start the calculation using the Liebman method, the
“initial” value of the velocity potential is given in the

computation domain PO . The calculation is terminated
i

when the following condition is carried out:
‘IDinle—ﬁnj <g, where £=0.001, n — iteration number.

The values of the velocity potential allow us to calculate
the components of the velocity vector on the edges of the
difference cells according to the relations:

P.-P P

L i1 Vi i |,j_Pi,
AX ) Ay

The process of carbon monoxide propagation in
atmospheric air is modeled based on the mass transfer
equation (17).

aco] , au[co] | v[CO]

j—1
uj,j = =

" o & = div(ugrad[CO]) +
N
_ZlQi (0)3(x=xj)3(y - ¥i), A7)
1=

where [CO] - carbon monoxide concentration; u,v —
velocity vector components; u=(ux,uy) — turbulent

diffusion coefficient; Qj — carbon oxide emission
intensity; 8(x—xj)3(y—yj) — Dirac delta-function;
(X, Yj) — coordinates of the carbon monoxide emission
source; t —time.

To solve equation (17) the following boundary

conditions are set: in the area of carbon monoxide entry
into the computational domain, the boundary condition

[CO]|i:0 j=0 =[CO]|gx , When t=0; At the end of the

computational domain, the “soft” boundary condition
[COli+1, j =[CO];, j is satisfied in the numerical model;
no-flow condition is realized on solid walls.

In the developed numerical model, the integration of
equation (17) is carried out on a rectangular difference
grid using a five-step splitting scheme [10, 12].

The time derivative is approximated by the divided
difference «back»:

n+1 n
o[coy €O~ -[COl;
ot At '
Convective derivatives are written as:
au[co] _au*[co] L u7[coy .
ox Ox ox
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av[co]  avt[Co] L v[co]
oy oy oy
Taking into account the expressions written above,

convective derivatives are approximated by divided
upwind differences:

n+l
6u+[CO] |+1 ilCOL;
oX AX

1
[CO]rH‘
Ui, j i-1j LJ)Z[CO]nJrl,

=, . n+l —. n+1
au[co] Ui+, jlC0Ng j — Ui, jICOT;

- Ly[co™E,
154 AX x[€O]

n+l  + n+1
o] Vi alCoN v [Colh iy

oy Ay
- 1 = 1
v co] Vi ilCON 111 i jICON
oy Ay
The second derivatives are approximated as follows:

n+1 n+1
oAcol, _ [COT;y j —[CO];,

3 _
X A X2

- jlco™?L,

= Ly[col™L.

—(

[CO]rH'l _ [CO]n_J’ilJ

—HUx
A X2

)ZX[CO]n+1+ M )J{X[CO]nJ“l;

dcoy,  [CON iy -lco

5_3/( 4 oy o Y A x2 )
[CO]n+1—[C0]ime11

_“'y N X2 = M)_/y[CO]n+1+M_Iy—y[CO]n+1,

where LY, Ly, L, Ly, Mix, Mix, My, Myy

notation for difference operators. Taking into account

above notation, the difference analogue of the transport
equation (17) is written:

1 n
[Col}™~[CoT
—At L frco™ + ixicot™t Ly rco™ L +
+Ly[col™t + c[c0]”+l = (Mx[co1™ L + Ly [co1™ L +

Liylcol™t + Lyyrco™d +qigsij . (18)
Value gjj = Qj(t)/(AxAy) , where Qj(t) — the intensity
of the corresponding i-th source located in the differential
cell «j», AxAy — area of this cell.

Equation (18) splits into five difference equations so that
at each step only one direction of the perturbation transfer is
taken into account, which is determined by the sign of the
convective derivative. In this case, the difference equations
have the following form:

- in the first step of splitting k :% :
[coyf;* ~[colly
T

:—(M XX[CO] + M xx[CO] + M

+— (L [CO] +LY [CO] )+— [CO]IJ

IOl +Myyrcor™ ;

- in the second step of splitting k =n +% ,

- in the third step of splitting k = n+% , C=

1
c=nNn+—,

4
T L rcork + Lylcor)+2 [CO]u j

7(MXX[CO] +MXX[CO] +Myy[CO] +Mh [CO])

1
n+=,
2

[CO]I i [CO]I I 1 4 k- ky,© k
:%(M COT° + MSKICOT + My [COTK + M [COI°) ;

- in the fourth step of splitting k =n+1, c= n+%,

[COY; -ECO%;

A (LX[CO] +L [CO] )+— [CO]I j

=—(|v|xx[c0] +MKICOI® + My [COTE + My, [c0] ).

- in the fifth step of splitting the source of contamination is
taken into account:

n+1
G7G) 0 Q™ D0 m)sy- )
At i AXAY
Based on the considered difference equations, the
package «Gases Purifier» was developed, which allows
for a series of numerical experiments.

5 Results

The results of numerical calculations are presented in
figures 6-9.

Fig. 6. The scheme of the mathematical model and calculation
area: 1 — source of pollution (motor transport), 2 — suction with
two guide plates of different lengths, 3 — zone of pedestrians, 4 —
arrangement of respiratory organs of pedestrians

The simulation results based on the constructed
numerical model showed that the use of horizontal plates,
the upper one of which is twice as long as the lower one,
makes it possible to reduce the level of CO to 16%
relative to the maximum value (figures 7).

Calculations of the CO concentration field were
carried out in the case of an improvement of the previous
model, when a vertical plate (screen) along the length of
the upper guide plate was equal to the bottom plate of
figures 8-9.
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The level of pollution is significantly reduced and is
10% relative to the maximum value.

0 38-96
030-88
m72-80
T |mE4-72
0 56-64
m 48-56
@ 40-48
m32-40
024-32
O 16-24
mE-16
oo-8

Fig. 7. The distribution of the concentration of carbon monoxide
in the area of the location of the suction with two plates of
different lengths, Cpn,=6,74 mg/m®

Fig. 8. The scheme of the mathematical model and calculation
area: 1 — source of pollution (motor transport), 2 — suction with
two guide plates of different lengths and vertical screen, 3 —
zone of pedestrians, 4 — arrangement of respiratory organs of
pedestrians
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Fig. 9. The distribution of the concentration of carbon monoxide
in the area of the location of the suction with two plates of
different lengths and vertical screen, Ci,=6,32 mg/m3

It should be noted that the numerical solution of the
problem requires 5 seconds of computer time.

6 Conclusions

A 3-D CFD model has been developed for estimating the
level of air pollution by motor vehicle emissions, taking
into account the time variation of the airflow velocity
field caused by the development of the residential zone.
The solution of the 3-D mass transfer equation is
performed by finite-difference methods taking into
account the chemical transformation of NO, in
atmospheric air. On the basis of the experimental studies,
the main regularities of the behavior of the air flow
depending on the geometry of the suction were revealed,
namely, through the use of two gas extraction holes. It has
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been established that in the presence of horizontal and
vertical plates on the gas extraction holes, the level of
pollution decreases. Since the vertical screen retains dirt,
and the upper more elongated plate directs it to the holes.
This confirms the feasibility of using the second
extraction holes. A numerical calculation method has
been developed for the gas selection process, taking into
account the number of extraction holes, their size and
relative position. Computational studies were carried out,
which allowed us to obtain a carbon monoxide
concentration field. The results of calculations showed
that the use of a two-level suction can reduce the intensity
of air pollution near the highway. The use of this
protection system can be recommended near traffic lights,
on those sections of the highway where a large amount of
pollutants enter the atmosphere during parking at idle.

The development of this area of research has shown
that the presence of guide plates and a screen at the gas
extraction ports change the aerodynamics of the air flow
and reduce the concentration of the pollutant.
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Risk in the control-command and signaling subsystem

certification processes

Magdalena Kycko™”

'Railway Institute, 50 Chlopickiego Jozefa street, 04-275 Warsaw, Poland

Abstract. In the era of dynamic changes in the field of railways characterized by an increase in
investment in the railway market, the problem of investment risk is becoming essential. The publication
presents selected problems of risk analysis and how to identify investments risks from the design phase to
the implementation process. The paper aims to outline the importance of the certification process, mainly
presenting threats and risks that can and often occur in the process of certification. The certification
process of subsystems, signaling subsystem including, is required by the national and EU law. The
necessity to meet interoperability requirements results, among others, from conditions of the investment
financing. European funds finance investments only if interoperability requirements are met, and the proof
of this is to obtain an EC certificate of verification, which is issued by independent bodies. In terms of
safety on railway lines the most important role is played by the control-command and signaling subsystem.
Hence, the paper presents a certification process of control-command and signaling subsystem.

1 Introduction

Currently, the railway business is experiencing dynamic
growth. In the coming years, a series of infrastructural
railway investments is planned in line with strategies for
railway transport growth in Poland. A fundamental
factor related to the investment process is certification.
Without a certification process, investment will not be
given placed-in-service authorization. Taking into
consideration the safety of railway investment, the
certification of the control subsystem and/or its
components, which are responsible directly for control
command safety, is crucial.

The duty of pursuing European Commission (EC)
certification processes is, among others, the result of
acceptance of a directive on the interoperability of the
rail system within the EU (2008/57/EC) [6]. In the
foregoing directive, subsystems for the creation of a
railway system are defined, as well as fundamental
requirements, which are described in Attachment III to
the directive [6]. Detailed requirements for individual
subsystems have been defined in the so-called Technical
Specifications for Interoperability (TSI). These
documents set out the requirements regarding individual
subsystems, as well as requirements related to
cooperating subsystems’ interfaces and interoperability
component requirements. This article is dedicated to
control subsystems.

Aside from European law requirements, there are
also national ones, which are included in the “List of
National Technical Specification and Normalization
Documents, Which Enable Meeting the Fundamental
Requirements Regarding the Interoperability of the
Railway System” [10], published by the President of the
Office of Railway Transport (UTK).
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*ERTMS/ETCS on-board
devices with odometer

Fig 1. List of control subsystem constituents (own elaboration
based on [4]).

Currently, there are many crucial and complicated
infrastructural investments being pursued, which require
compliance on the part of contractors with a great deal of
European and national legislation. The certification
process is aimed at confirming that specific investment is
pursued according to the law. When the evaluation is
positive, a contractor seeking to invest will receive EC
validation certificates, and, the in following stage, will
be able to receive placed-in-service authorization. Due to
the PKP PLK pursuing many tenders, it is more common
that new projects or even whole investments are pursued
by newly established companies, which do not have
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sufficient knowledge about railway investment
implementation or the certification process.

Certification process implementation, as well as
attaining European certificates, is both complicated and
time-consuming. However, it is a necessity that ensures
transport network integrity in Europe [9]. This article is
aimed at underlining the importance of certification and

bringing its meaning closer to investment processes.

2 Control certification

process

subsystem

The certification process is mainly based on European
law requirements, which have been stated in the relevant
directive [6] and the TSI. In addition, some national law
requirements are in effect. They need to be applied when
issues not included in the TSI (indicated them as open
points or not specified at all) are under evaluation. One
of the main areas outside the scope of the TSI is the
Control Command and Signalling (CSS) System [12].

The CCS system is trifold [12] and comprises: CCS
system interlocking, the trackside part of automatic train
protection (ATP) and the on-board side of ATP.
Interlocking is defined as the control of track and turnout
vacancies, systems using them as well as equipment
protecting railway crossings. Interlocking is evaluated
according to national law. The requirements are included
in an EC implementing regulation [3], which refers to
the UTK President’s list [9] as an applying document.
The ATP is based on safe digital data transfer. The data
are uploaded from the interlocking and passed to the
vehicles. In the EU, ATP has been presented as an
interoperative solution fully defined under European
law. The solution is labelled as the European Rail
Transport Management System (ERTMS).

The EC certification process is carried out by notified
bodies in reference to the Railway Directive [6]. There
are several units in Poland, which can be found on the
New Approach Notified and Designated Organisations
(NANDO) [11] database, including information about
their accreditation area. The notified body should be
engaged in pursuing an investment process from the very
start, i.e., project evaluation. The certification process is
presented in Figure 2. The EC verification of “control:
trackside device” and ‘“control: on-board device”
subsystems is pursued separately. In the case of on-board
devices, EC verification applies to on-board
ERTMS/ETCS and ERTMS/GSM-R devices. In Poland,
on-board devices related to control is limited to the SHP
system, as well as 1,500-MHz radio including a
RADIOSTOP function. Those systems are evaluated
separately from ETCS and GSMR verification.
Regarding trackside devices, interlocking [12] is crucial.
Essential, safe data, based on which movement
authorities (MAs) are generated, are uploaded from the
interlocking. Control subsystem compliance verification
does not have to include the whole subsystem as defined
by the law. For example, a railway line might be
equipped with a GMS-R system and not equipped with
ETCS, or vice versa [14]. In such a situation,
intermediate certification is issued. The EC certification
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process is pursued according to the chosen conformity
assessment module. Conformity assessment modules are
defined in Commission Decision 2010/713/EU [1].
There are modules specified in the TSI, the use of which
is authorized in the certification process for the
respective subsystem or interoperability constituent.
Conformity assessment modules, which are permitted in
the control subsystem certification process, are presented
below. The main ones used are in bold.

Certification
Process

[ I

Certification by
the European law

S —

[ |

Choice of
certification unit

Certification by
the national law

Control - trackside
equipment

Control - onboard
equipment

Choice of notified Choice of notified
body body
(modules SB+SD) (module SG)

EC tests-
Certificate of EC
tests

Tests + technical
oppinion of an
unit

Evaluation of
project/building
stage

Intermediate EC

certification at

project/building
stage

Certificate of
Conformtiy:
temporary

Manufacturer's site
audit - Quality
Management System
Approval

Attestation of
placingin service
authorisation :
temporary

- Exploitation tests
-Technical
oppinion +

Final tests stage

EC verification evalutation- EC

exploitation certificate Verification

poita Certificate
oppinion

Certificate of Placing in service Placing in service

Conformity: authorisation by authorisation

permanent UTK President byUTK President.

Attestation of
exploitation
authorisation:
permanent

Fig. 2. Certification process (own elaboration) (the meaning of

each module will be explained in Figure 3).

Interoperability constituents, as described in Figure
3, have been separated from the control subsystem in
accordance with the relevant EC regulation [4].
The EC certification process depends on the specific
assessment module, while each certification process
needs to confirm that the respective system or device is
compliant with relevant TSI requirements. Based on
what is chosen by the notified body for EC certificates,
the subsystem or interoperability constituent producer is
able to issue an EC certificate of conformity, and,
subsequently, with appropriate documentation, apply for
placed-in-service authorization of the subsystem or
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interoperability constituent at the office of the UTK
President.

CB+CD - Type-examination and Quality
Management System evaluation

CB+CF - Type-examination and product
verification

Interoperability
constituent

CH1 - Full quality management system
with project evaluation

SB4SD - Type-examination and production
quality management system

Control
subsystem:
onboard devices

SB+SF - Type-examination and product

Conformity verification

assessment
modules

SH1 - Full quality management system
with project evaluation

SG - Unit product verification

SB+SD - Type-examination and production
quality management system evaluation

Control
subsystem:
trackside devices

SB+SF - Type-examination and product
verification

SH1- Full quality management system
with project evaluation

Fig. 3. Interoperability constituent and control subsystem
assessment modules (own elaboration based on [4])

The certification process may have indirect or direct
effects on the whole railway investment, but it mostly
affects safety. That is why the certification stage is
significant for any investment process. Therefore, it is
very important that the certification process is carried out
by a complete notified body.

3 Investment process and its effect on
CCS system safety

Over the past few years, the growth in the number of
railway investments has become noticeable. The size of
the projects in such a short period is connected to strong
growth in the level of railway investment risks.

Among the main factors responsible for railway
transport’s safety are CCS systems, which have
developed considerably over the past few years. New
CCS systems made by various producers have appeared
on the market, while there has also been an increase in
the level of railway investment risks. In the CCS sector
itself, more and more investments linked to the
introduction of new, interoperable systems have
appeared.

In the course of railway investments that include
CCS systems, contractors are obliged to comply with
many legal documents, such as norms, Commission
regulations and the TSI. All the requirements are
indirectly or directly aimed at increasing system safety
levels in relation to the investment. The investment
process itself can affect the safety of a CCS system,
causing a potential risk.

Another significant conclusion is that an investment
process cannot be managed without a certain
organization of cooperation between the ordering
institution and the contractor (contractors). This
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undoubtedly requires the selection of adequate, qualified
staff and infrastructure resources.

In Table 1 is a list of other risks that might occur
during an investment process, which affect safety levels
and the certification process itself.

Table 1. Investment process risks (own elaboration).

1. Risks -
related
to projects

Insufficient on-site verification and stocktaking.
Project cost underestimation
Mistakes in projects

2. Operation - Increase in assumed operation costs,
risks —  Climate risks (frosts, floods, etc.)

3. Administra —  Delays in  receiving investment realisation
tive/legal authorisation (e.g. construction), Delays in receiving
risks environmental approval,

—  Law ambiguity (e.g. mistakes in TSI translation),
—  Changes in law and requirements during investment
process,
— lIgnoring certification obligation in investment
processes.
4, Risks —  Capital expenditure budget exceeding,
related to _  Geological risks (unexpected detrimental land
constructio conditions, landslides, etc.)
rr1ilstkeschn|cal —  Climate risks (frosts, floods, etc.) Archeological risks

(excavation)

— Risks related to constructor (bancrupcy, lack of
sufficient resources, etc.)

—  Choice of inappropriate control systems,
—  Failure to comply with high safety level,
— Necesity to create interfaces between various
systems,
—  Systems/application errors,
—  New technologies (lack of experience).
5. Financial —  National funds availability for capital expenditure
risks financing,
— Increase of installation and maintenance financing
costs,
— Investment financing , e.g. financing withdrawal,
—  Necessity of maintenance of two systems during
transition period,
— Investment delays, frequent lack of timeliness,
— lterfaces between systems costs are not considered, it
frequently exceeds system’s cost.
6. Human -
factor risks _

Contractor’s lack of knowledge and experience,
External pressure/ lack of neutrality,

—  Lack of risk awareness,

—  Lack of CCS specialists,

—  Fatigue / labour in stress

4 The meaning of certification in

investment processes

According to the requirements specified in tender
documentation, the contractor involved in an investment
is responsible for obtaining control subsystem EC
verification certificates. The contractor choses both the
notified body and the assessment modules, according to
which the whole -certification process is realized.
Moreover, the EC certified contractor issues an EC
verification declaration, when simultaneously taking
over responsibility for the specified subsystem.

Based on the above-presented safety hazard situation,
the importance of pursuing the right investment process,
as well as carrying out the certification process, has been
shown. While pursuing the certification process, several
errors may occur: during the project, the construction
stage or even final inspection. Such a situation,
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ultimately, has an effect on whether the certification
process is extended. It leads to delays in agreement
implementation as well as resulting in the imposition of
additional costs, which have not been included in the
investment estimated budget. In a railway investment
process, which is aimed at creating a safe subsystem, the
certification process is essential and often confirms
compliance with mandatory document requirements, as
well as safety requirements. During the certification
process itself, noticing potential system faults or errors is
not always possible. Defects are detectable only during
subsystem exploitation. Moreover, it is important that
such a certification process is carried out by qualified
notified bodies, which increases the probability of
detecting potential errors that might threaten subsystem
safety.

In the course of the investment process, the
contractor, independent of the evaluation conducted by
the notified body, is responsible for seeking specific
investment, in particular, in subsystem safety.

5 Selected certification process issues
and risks

During investment processes, the certification process is
not treated by the contractors with adequate seriousness.
The meaning of certification in an investment process is
beyond question. There are some investment contractors
that have come across -certification many times;
nevertheless, the lack of sufficient knowledge on legal
requirements and certification itself still occurs. One of
the most common mistakes made by investment
contractors is a late application to the notified body,
which causes the construction stage to start without the
certificate at the project stage having been issued. It
significantly impedes the implementation of changes
detected by the notified body at the project evaluation
stage. Such situations may result in non-certification and
the need for project implementation changes, and, worse
still, changes to the already constructed subsystem,
which will also affect investment costs.

In the railway sector, specialists need to know both
technical and legal requirements, which, unfortunately,
change frequently. In recent times, many norms and EC
regulations have been modified, resulting in common
issues related to changes in approach or in the
production process. Frequent changes in legal documents
are associated with legal ambiguities or mistakes in
document translation, which ultimately leads to issues in
the interpretation of requirements. Currently, work is
taking place on issuing new CSS TSI, with an
announcement planned for the second half of 2019. The
new specifications will introduce a few essential
changes; among other, a train detection system is going
to be a new interoperability constituent of the control
subsystem. The changes are crucial and will introduce
additional “confusion” in terms of investment.

Another issue frequently occurring the during
certification process is the incorrect definition of
subsystem borders, which is especially difficult in the
case of the control subsystem. The control subsystem not
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only contains devices subject to the investment, but also
interfaces with the existing infrastructure. Even ordering
units themselves forget about interface construction and
the necessity of evaluation, instead preferring to “pin”
these issues on investment contractors; meanwhile, the
costs of the interface exceed the costs of the system.
That is why it is important that the ordering unit
cooperates with the contractor from an early stage,
which is increasing less common nowadays. During the
certification process, the lack of awareness on the part of
the contractor about used interoperability constituents
can be encountered. During subsystem evaluation, it may
transpire that used interoperability constituents have not
obtained appropriate certification and EC certificates of
conformity. In such situations, subsystems cannot be
evaluated positively, which in turn causes investment
realization delays as well as financial loses.

An additional issue related to the evaluation of
“control: trackside device” and “control: on-board
device” subsystems is the system version update.
ERTMS/ETCS and ERTMS/GSM-R systems are
programmable by electronic means [13]. Those systems
are subject to technical development; hence, software
updates are created, but maintaining consistency in terms
of the solutions applied to the railway system scale, in
respect of the railway network and the rolling stock,
remains an issue. In order to supervise system version
changes, so-called version management (of collected
versions, which are specified as standards) is used. In the
case of the ETCS system, Baseline 2 and Baseline 3 are
currently used. They are defined in Appendix A of the
CCS TSI [4]. Each railway line is equipped with one
specified system version. On the Polish railway,
Baseline 2 (Version 2.3.0d) is commonly used, with
traction units in Poland are currently equipped or being
equipped according to Baseline 2. However, vehicles to
be released into exploitation after 1 January 2019 will
need to comply with Baseline 3 (Version 3.4.0). On-
board devices that are compliant with Baseline 3 will
need to demonstrate complete compliance with Baseline
2 as well.

For new projects regarding “control: on-board
device” subsystems, assumptions regarding the choice of
the baseline according to Subset 026 are made. Under
EU 2014-2020, the finance-specific System Requirement
Specification (SRS) 2.3.0d will be used, followed by
SRS 3.4.0 after 2020.

Other threats and risks that may occur in certification
processes are:

— lack of knowledge among applicants

—  wrong assessment module

—  ignorance of the requirements of the relevant TSIs

—  external pressure

— late notification of the certification process to a
notified body

— no declaration of conformity for interoperability
constituents

—  exceeding the contractual dates

—  poorly defined certification area (initial and final
mileage) - mainly in projects involving the GSM-R
system
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—  choosing an incompetent certification body

—  separately conducted investment and certification
tasks covering the development of the ETCS
system, and separate ones covering the GSM-R
system

—  lack of knowledge of the tender documentation

— change of regulations and legal requirements
during the investment process.

Threats and risks that have been mentioned are one
of the few that can be encountered in certification
processes. Therefore, an important role of the
certification body is to define these risks at the beginning
of the certification process and to introduce preventive
actions to possible threats. In order to reduce the
probability of occurrence of risks and threats in
certification processes, the following actions can be
implemented:

— change of certification procedures - tightening of
requirements

— employee training

— cyclical risk analysis

— hazard identification in the first stage of the
assessment process

— monitoring of risks and threats

— raising awareness among technical experts

— training of investment contractors.

In order to compensate for the foregoing situations,
risk analysis strategies, which should be pursued at every
stage of an investment [7,8,13], might be helpful. Such
approaches are required under the pertinent directive [5]
and EC regulation (402/2013) [2]; nevertheless, these
documents do not specify the methods that should be
used to carry out risk analysis. Therefore, it is necessary
that any analysis is carried out by qualified and
experienced specialists. Often we can meet application
of the following risk analysis methods:

— Event tree analysis

— FMEA (Failure Mode and Effects Analysis — types
and effects of possible defects analysis)

HAZOP (Hazard and Operability Study - Analysis
of Hazard and Operability)

Fault tree analysis

Human reliability analysis

— Simulation Monte-Carlo and other simulation
methods

— Delphi method

- RAMS

Multi-criteria assessment
In terms of control subsystem certification, risk-
generating issues will occur during an investment
process. The most important risks have already been
presented above. However, it cannot be ignored that the
CCS construction process might only be initiated after
finishing other subsystems, thus frequent infrastructure
construction delays affect the timeline of control
subsystem construction. Such a situation, ultimately,
results in work being rushed and a lack of labour
accuracy, which increases the risk level.

Referring to issues and risks connected to the CCS
system investment certification process, as presented
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above, it is necessary to increase the level of awareness
and qualifications amongst contractors. Investments
pursued nowadays, as well as the frequency of delays,
indicate that the railway industry needs time to increase
the level of qualifications and adaptation to legal
requirements.

6 Conclusion

Certification has long been an important element in
investment processes, but in recent years, this topic is
increasingly being discussed, which, among other things,
is due to the development of railway transport in Poland.
As regards safety on the railway, the control-command
and signaling subsystem in the superior as well as the
basic part plays the most important role. Also because of
this reason, the evaluation of control-command and
signaling subsystem is more complicated and requires
more work and time than the evaluation of other
structural subsystems. In order to conduct such an
assessment, it is necessary to find qualified and
experienced professionals, who are often not plentiful in
companies pursuing investments. Lack of competence
among the investment contractors translates, among
others, into problems during the certification process of
the subsystem, and thus lengthening the duration of the
investment and financial losses.

The subsystem or interoperability constituent
certification process is unavoidable. However, many
contractors are aware of that fact it can be still neglected
or that the process can be treated as unnecessary, in turn
delaying the investment. The certification process is
practically the last stage at which project documentation
is verified and its compliance is confirmed. That is why
the certification stage is highly important during any
investment process and should be carried out by reliable,
qualified bodies. Additionally, subsystem verification is
an essential component in the assurance of conformity
with basic parameters and essential requirements, which
provide the interoperability of railway systems in the
EU.
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Innovative concept of loading bimodal trailers with the
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Abstract. The article presents an innovative concept of horizontal transverse loading of bimodal semi-
trailers by means of a transshipment terminal equipped with special the transshipment stands. An
innovative switching station and a working principle improving the loading of bimodal trailers were
described. The concept of the transshipment terminal equipped with several loading posts for bimodal
semi-trailers is also presented. Various variants of organization of the terminal with horizontal transverse
loading of bimodal semi-trailers are indicated. A preliminary computer simulation was carried out and the
results compared with the existing Polish system Tabor 1 and Tabor 2.

1 Introduction

Increasing traffic density is observed, due to the
continuous development and growth of road transport. In
result, more and more pollutants, coming from exhaust
fumes from combustion engines, are emitted [1,2]. To
reduce environment pollution, the European Union's
postulates presented in the White Paper encourage to
look for new solutions that meet the "Vision of a
competitive and sustainable transport system"”. One of
the most important component of road transport is
freight transport with the use of semi-trailers. Especially
for this type of transportation an alternative solution will
be presented. One of the possible solutions is the
transport of semi-trailers by railway. It is of course
possible to transport standard semi-trailers or containers
on specially designed platforms. However, we must
remember that the ratio of dead weight to the weight of
transported goods, as well as the length of the train, does
not put this type of transport at the top of the economic
ladder.

And what about BIMODAL transport?

Bimodal transport is a type of transport where an
adapted semi-trailer, fixed with suitable adapters, is
transported on railway bogies. Bimodal semi-trailer
differs from the standard one and should be designed
from scratch, according to the current road and railway
requirements [3].

The main components of a bimodal semi-trailer are
shown in Figure 2.

These are:
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- road axles with wheels (1),
- load-bearing bellows (2),

- semi-trailer frame (3),

- supporting leg (4),

- built-in body (5),

- tilting buffer (6).

Fig. 1. Bimodal unit

We should remember, that in Poland there is a
continuous increase of amount of semi-trailers, with
important number of new semi-trailers. The increase in
the number of semi-trailers is shown in Figure 3,
referring to the data from the Central Register of
Vehicles [4]. In new semi-trailers it is possible to
introduce structural changes, which will allow us to
constantly introduce semi-trailers that could be used
both, in road and rail transport.
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Fig. 2. Bimodal semi-trailer

. - end adapters (2)
2 Bimodal fleet - central adapters (3)

) _ ) - bimodal semi-trailers (4)
- Figure 4 shows a fragment of the bimodal train

composition which consists of two end bogies, one
middle bogie and two loading units [5]:
- bimodal bogies (1)
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Fig. 3. The number of semi-trailers in road transport in Poland in the years 2010-2017
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Fig. 4. Bimodal train unit
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3 Innovative loading concept for semi-
trailers

Loading post for horizontal transverse loading of
bimodal semi-trailers is shown in Figure 5 and consists
of the following components:

- ramps (1):

- central movable segment with guide rollers (2)

- guide rails (3)

Fig. 5. Loading post for horizontal transverse loading of
bimodal semi-trailers

At the transshipment terminal, equipped with loading
posts for horizontal transverse loading of bimodal semi-
trailers, a tractor unit with a bimodal semi-trailer drives
the semi-trailer into the middle segment of the semi-
trailer loading post using a loading ramp. When the
trailer is in the right place on the middle segment, the
trailer supports are lowered and the trailer and tractor are
disconnected. The tractor unit is than leaving a post by a
ramp on the other side of the middle segment. The
bimodal semi-trailer is transported to the central axis of
the railway track, where railway bogies equipped with
semi-trailer adapters are placed, with the appropriate
distance, as illustrated in Figure 6.

Fig. 6. Transport of a semi-trailer to the railway axis

Figure 7 shows a semi-trailer in the axis of the
railway track before lowering onto the adaptors on the
railway bogies.
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Fig. 7. Semi-trailer in the axis of the railway track

The next stage of unit forming is to lift on and block
the road axles and semi-trailer supporting legs. In result,
semi-trailer is placed on the adaptors of railway bogies.
The view of the trailer mounted on the adaptors is shown
in Figure 8.

T

I vl kv

Fig. 8. Semi-trailer in the axis of the railway track mounted on
adapters

The middle segment returns to its original position
and, after locking the pins on the adapter, the trailer is
ready for transport by railway.

4 Terminal organization

In the design of the arrangement of posts for horizontal
transverse loading of bimodal semi-trailers, the only
constraint that should be taken into account is the size of
the loading terminal: the area where the rail head is at
the same level as the maneuvering place.

The first variant shown in Figure 9 is that the posts
are located in series on one side of the track. With such
an arrangement of post, only small space of the terminal
is occupied.

The second variant is shown in Figure 10. In this
variant, loading posts are arranged alternately on both
sides of the railway track. This variant facilitates the
maneuverability of the tractor with semi-trailer.

Figure 11 shows the third variant, where the loading
posts are arranged alternately on both sides of the
railway track and offset by the width of the semi-trailer.
This arrangement eliminates the need to maneuvering
the tractor and trailer, which results in the easiest way to
bring semi-trailers into loading posts.

As mentioned above, the only limitation is of loading
post arrangement is the size of the transshipment
terminal. So, several more examples may be presented of
organization of loading posts and transshipment terminal
can be organized to operate simultaneously on two
railway tracks.
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The variants shown in Figs. 12, 13, 14 show two stations on the terminal eliminates various restrictions.
railway tracks with different arrangement of stations Starting from the size of the terminal, through the ease of
which are served by one central segment of the introducing the semi-trailer to the conversion station and
switching station for loading bimodal trailers. Each of ending with the skills of the operator of the truck tractor
the presented solutions for the arrangement of switching introducing the semi-trailer.
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Fig. 9. Variant 1

Fig 10. Variant 2

Fig. 11. Variant 3
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Fig. 12. Variant for 2 tracks operation
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Fig. 14. Variant for 2 tracks operation

5 Computer simulation

A preliminary general computer simulation was carried
out using the BUILDER C ++ program, introducing
semi-trailers to switching stations and loading semi-
trailers on railway bogies for three variants servicing one
railway track.

4 Symulagja czasu zatadunku naczep bimodalnych

Waniant1 Warant 2| Wariant 3
t

n
Czas ndiazdu s
EES

/vtz
Czas zakadunku [5
[0z40

/,n

Licaba stanawisk
[4

t
el

Caas sumarpcany [s]

960

Fig. 15. View of the program window for simulating the
loading time of bimodal trailers for Variant 1

After calculating, the estimated time for loading four
semi-trailers in Variant 1 will be
t=t -t +n,

M
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where:
t - total time

t, - invasion time
t, - inroad time
n - number of positions

The calculation results for the three variants are
summarized in tables 1 — 3.

Table 1. Variant 1

Lp. List of activities Summfasgy time

1. Approach of the tractor with the 180
semitrailer to the switching station

2. - The semi-trailer
moves into the track axis and is 240
loaded onto railway bogies

Total Time 960

For the existing Rolling Stock 1 and Rolling Stock 2
systems in Poland [6], it was calculated that the parallel
forming time of bimodal semi-trailers, whose equivalent
is variant 1 in this article, is 850 seconds for one semi-
trailer. To compare the Tabor 1 and Tabor 2 systems
with the system equipped with loading stations, multiply
the result by 4, because the proposed system has 4
loading stations. The obtained result of 3400 seconds is
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over 4 times longer than the innovative method of
loading bimodal semi-trailers.

Table 2. Variant 2

. . Summary
Lp. List of activities time [s]
1. Approach of the tractor with the 9
semitrailer to the switching station 1
2. Approach of the tractor with the 280
semitrailer to the switching station 2
3 The semi-trailer moves into the track
axis and is loaded onto railway 240
bogies
Total Time 520
Table 3. Variant 3
Lp. List of activities Sqmmary
time [s]
1. Approach of the tractor with the 90
semitrailer to the switching station
2. The semi-trailer moves into the
track axis and is loaded onto railway 240
bogies 1
3 The semi-trailer moves into the
track axis and is loaded onto railway 320
bogies 2
Total Time 410

After comparing the three proposed variants, the
obtained times clearly indicate that Variant 3, which was
designed in such a way as to facilitate the operation of
the truck tractor operator to introduce the semi-trailer to
the switching station, obtained the shortest time to
connect four semi-trailers. Detailed computational
research with a breakdown into individual stages of
bimodal formation will be carried out at a later stage of
research.

6 Summary

In the 90s of the last century the bimodal system in
Poland and in the world began to develop. In Poland the
bimodal system called TABOR 1 and TABOR 2 was
introduced. The Tabor 1 and Tabor 2 systems did not
require additional loading devices at the loading
terminal. The main disadvantage of this system was the
time-consuming joining of the bimodal train, as well as
the need to store semi-trailers in the parking lot. The
long train preparation time resulted mainly from the
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complicated serial connection of the train unit. The
article presents an innovative system for loading bimodal
semi-trailers and the organization of a terminal equipped
with positions for horizontal transverse loading of
bimodal trailers. Train formation and de-formation with
use of transverse semi-trailer loading posts should
significantly shorten the time of connecting a bimodal
train. A transshipment terminal with several loading
posts enables simultaneous loading of several trailers at
the same time. Equipping the terminal with loading posts
allows also the direct loading of semi-trailers, without
the need of storing them in the parking lot. The proposed
method of loading semi-trailers makes possible total or
partial automatization of semi-trailers loading process.
Creating the train composition with the help of
horizontal ~ transverse  loading of  semi-trailers
significantly reduces the time of connecting the bimodal
train as shown by the results of the simulation. The
loading terminal with several switching stations enables
simultaneous loading of several trailers. Equipping the
loading terminal with switching stations also allows for
efficient direct loading without having to store the semi-
trailers in the parking lot first. The proposed method of
semi-trailers reloading allows for full or partial
automation of the semi-trailers reloading process.
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Selected aspects of designing platform shed
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Abstract. The paper presents considerations regarding design and use of platform sheds in passenger rail
transport. Two types of platform roofing systems were presented, their advantages and disadvantages were
pointed out and discussed. Then, composition and parking placement of train was considered for the shed
supported on the edge of platform. The problem was mathematically formalized and built-in the
optimization model of train composition and placement minimising number of potential collisions of car
doors (gates) with shed carrying pillars on the platform edge.

1 The area of research

Designing platform roofing is an element of shaping
cargo and passenger space at the front of service points
for rail transport. The following research problems can
be specified for both, passenger and freight rail
transport: 1) specification of loading front type (type of
ramp for servicing freight transport and passenger cars);
2) specification of additional equipment (like platform
shed); 3) specification of geometrical parameters of the
loading front elements. Space shaping has an iterative
character in the area of above-mentioned research
problems.

Length of the ramp (platform) is usually determined
by the length of trains to which this ramp is designed [1].
On the other hand, in case of train compiled with
locomotive and cars, it is required that the length of the
ramp is less than useful length of the track (the distance
between semaphores) for at least two lengths of the
locomotive. Similar restrictions apply to traction units.

The platform roofing is an example of engineering
building subjected to restrictions resulting from
construction standards and from technology of transport.
This is due to the fact that roofing carrying pillars can be
located in the space of loading front and cause conflicts
in working space of means of transport, difficulties with
unloading and passenger flow [2], [3]. The platform shed
for passenger traffic is in most cases installed as: a)
roofing supported in the platform axis (Fig. la); b)
roofing supported on the platform edges (Fig. 1b). The
solution shown in Fig. la is usually more expensive,
whether construction details decide about the necessity
of using an extended rainwater drainage system from the
roof of the shed. The solution shown in Fig. 1b is usually
cheaper. Its main disadvantage is the possibility of
setting railway cars at the platform that the position of
the supporting pillars will hinder loading / unloading
process and movement of passengers getting on and off
the cars by reducing the space in car doors (gates) (Fig.
2).

) Corresponding author: pgolebiowski@wt.pw.edu.pl

Fig. 1. Platform roofing: a) with supporting pillars in the
platform axis; b) with supporting pillars in the platform edge.
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Fig. 2. lllustration of a railway car placement that reduces
space of the gate opening

The aim of this work is the solution of the research
problem of using platform shed presented in Fig. 1b in a
way avoiding conflict situation illustrated in Fig. 2, with
the following assumptions: 1) carrying pillars are
identical; 2) the distance between consecutive roof
pillars is the same; 3) train is composed of cars of
identical geometrical parameters; 4) the respective
dimensions of all door openings in railway car are
identical; 5) the pillar's width is smaller than the width of
the gate opening. It should be noted that, according to
the authors' knowledge, the research problem formulated
in this way has not been described in the literature in the
area of space design in logistics facilities (e.g. [2]). Also
available literature in the field of rail transport
technology (e.g. [4]), rail traffic control (e.g. [5]) and
railway infrastructure (e.g. [6]) bypasses the problem
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described here. This fact determines the scientific and
utilitarian originality of the studied problem.

2 Mathematical formulation

2.1 System of markings

The following markings have been introduced and
illustrated in Fig. 3:

S —number of carrying pillars of platform roofing;

s —numbers of carrying pillar; s =1, 2, ..., S;

Zz —width of carrying pillar of platform roofing;

m —spacing of shed supporting pillars (in axes);

W  — number of railway cars in train;

w —numbers of cars in a train, w=1, 2, ..., W,

[, —length of w—th car;

B, —number of gates in w—th car;

b, —numbers of gates in w—th car, b,=1,2, ..., B,;

Z" — width of gate;

I, — distance from the beginning of w—th car to the axis
of the b—th gate;

r —distance from the beginning of the first car to the
first carrying pillar of the platform shed;

r,, — distance from the symmetry axis of s—th carrying

pillar of the shed to the symmetry axis of the b—th
gate in w—th railway car;
Then the coordinate y,, in the symmetry axis of the
b—th gate located in w—th railway car can be for each b
and each w expressed as follows:

ybw:r+(w_1)lw+rbw

)

The y, coordinate of the symmetry axis of s-th
carrying pillar for each s will have the form:

ys=m(s—1) )
Then
VS: b: w r*sbw =Ys = Vow (3)

As can be seen from Fig. 2, none of carrying pillars of
roofing can be located in space of gates. This can be
formulated with a certain excess in the following way:

Vs, bow il 22422 (4)

2.2 Numerical example

To further illustrate the research problem, an example
of a train consisting of 5 Bwixt type 120A railway cars,
shown in Fig. 4, was used.

Numerical case is determined by the following values
of markings listed in chapter 2.1 of the parameters:
m=600cm; S$=22;z=30cm;, W=5,1=0L=.=1I5=
2450 cm; B, = By=...= Bs=2; z_ = 140 cm. Additionally,
for each w, ry,, = 723 cm; ry,, = 1727 cm. The structure of
train described by parameter 7, satisfying condition (4) is
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searched. For the presented parameter values, the right
part of the inequality (4) assumes the value of 100 cm.

| I—
-

Fig. 3. System of markings.

Solutions of numerical example can be found by the
method of spatial presentation. Calculations of the
permissible value of » can be done by complete review
of the position of axis of gates and axis of carrying
pillars, supported by a simple spreadsheet. Finding the
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feasible value of » may be time-consuming. For example,
for » = 0, a spatial representation shows the collision
between carrying pillar and the gate (coordinate
difference less than 100 cm) in the case of:

fourth pillar and a second gate of the first railway
car (y4 = 1800 cm; y,; = 1727 cm);

eighth pillar and the second gate of the second
railway car (yg = 4200 cm; y,, = 4177 cm);

twelfth column and second gate of the third railway
car (y1, = 6600 cm; y,3 = 6627 cm);

sixteenth column and second gate of the fourth
railway car (y4 = 9000 cm; y,4 = 9077 cm).
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Fig. 4. Bwixt type 120A railway car.

The results show the need to use more advanced
techniques and tools to solve the numerical example —
mathematical modelling tools.

2.3 Mathematical model

Mathematical model presented below is a formal
notation of the following optimization task: to find the
location of train stop point, expressed by the parameter r
maximizing the distance from the symmetry axis of each
gate of each car to the nearest carrying pillar. The
objective function as follows:

*

min { r ‘} — max
seS ,beB,weW sbw (5)
with the following constrains:
.
VoYY 6)
seS beBw weW 2
hgw SM-S @)
r — non-negative integer ®)

The interpretation of constrain (6) is as follows: the
distance from the symmetry axis of the gate to the
symmetry axis of the carrying pillar cannot be less than
the sum of half the width of this gate and the pillar's
width. Interpretation of constrain (7) is as follows: all
gates of each car must be within the contour of the
platform space. The mathematical model presented here
should be classified as parametric, static, deterministic
and non-linear.

56

3 Optimization task solution

The mathematical model to optimize train stopping
point at the platform shed was verified on numerous
calculation examples using the LINGO optimization
tool. Due to the specific requirements set by this tool,
constrain (6) had to be transformed into the following
form:

[m(s—D)—@+Ww=1) 14, +ry)]-sgnm(s—1)—(r+
W=D 1L, +r)]>z+2/72 Vs, b, w (8)

Solving time was usually close to 1 second. The main
problem of this model is a large number and a
complexity of constrains. For example, for the case
shown in chapter 2.2, the number of constrains is 222,
including 220 non-linear. The constraints (6), noted in
LINGO syntax, for 12-th pillar look as follows:

(—r +5877) *@sign(—r +5877) >100 forb=1,w=1;

(—r + 4873) *@sign(—r +4873) >100 forb=2, w=1;
(—r +3427) * @sign(-t + 3427)>100 forb=1, w=2;
(-r +2423) *@sign(-r +2423) >100 forb=2, w=2;
(-r +977) *@sign(-r + 977) >100 forb=1,w=3;
(—r —27) *@sign(-r —27) >100 forb=2, w=3;

(-r —1473) *@sign(-r —1473) >100 fors=1, w=4;

(—r —2477) *@sign(-r—2477) >100  for b =2, w=4;
(-r -3923) *@sign(-r —3923) >100 forb=1,w=75;
(-r —4927) *@sign(-r —4927) >100 forb=2, w=15;

After applying the model described in chapter 2.3 to
solve the numerical example presented in chapter 2.2, it
was found that the set of feasible solutions is in the range
<173, 177>, whereby the expression (5) orders the r =
175 value as a solution. The minimum distances from the
symmetry axes of the carrying pillars to the symmetry
axis of the gate for » = 175 are shown in Table 1.

Further analysis of the presented problem points to
the possibility of extending the set of feasible solutions
by accepting the parameter r to take negative values.
This can be achieved by abolishing non-negativity
requirement recorded in constrain (8) and, as is apparent
from Fig. 3, by introducing an additional constrain:

Vs, b wr>—r g+ (z+z/72) 9)

For the example presented in chapter 2.2 mentioned
modification of the constrain (8) and the introduction of
the constrain (9) did not result in extension of the set of
feasible solutions.
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Table 1. Values min | r*é.bw |

Carrying pillar

Min | r*sbw | [cm]

1 898
2 298
3 302
4 102
5 498
6 348
7 252
8 152
9 448
10 398
11 202
12 202
13 398
14 448
15 152
16 252
17 348
18 498
19 102
20 302
21 298
22 898

4. Conclusions

The main effect of the considerations contained in this
study is to indicate the possibility of including the
optimization trend in the issues of space design with
specific technological constraints. (REMARK 6)

As part of further research on the area presented in this
study, the following research topics can be introduced:

o7

1.

Stopping the train compose of railway cars of
different types and dimensions and of different
placement of gates at the platform shed with known
parameters.

Searching for the order of assembly of non-
homogeneous railway cars in terms of the position
of their gates, to enable them to be operated at the
platform with known parameters.
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Analysis of the electric energy consumption components for
mine train traction

Serhii Arpul®, Viktor Artemchuk’, Mykola Babyak?, Viacheslav Vasilyev" Hennadii Hetman', and Serhii Marikutsa*

! DNURT, Department of Electric Rolling Stock of Railways, Lazariana St. 2, Dnipro, 49010, Ukraine,
2 DNURT, Lviv branch, Department of Transport Technologies, Ivanna Blazhkevich St. 12-a, Lviv, 79052,Ukraine

Abstract. The paper considers the issues of reducing the energy intensity of transportation at opencast mining enterprises, the relevance of
which has now increased due to the rise in the cost of fuel and energy resources. It presents the study results concerning the cost structure of
the electricity consumed by electric mine transport, which form the basis for the development of technical and operational measures to
reduce the energy intensity of the transportation process. It is shown that the work to reduce the electricity consumption for mined rock
transportation should be aimed at: reduction of losses in the power circuits of the traction rolling stock due to the use of more advanced
electric rolling stock and regulation of the degree of utilization of the installed traction power; introduction of new contact materials for
electrical circuits with the lowest possible resistivity, including for current collector plates; introduction of measures to reduce energy
consumption for power supply of auxiliary circuits; development and implementation of rational train control techniques. The introduction of
energy-saving measures should include the development and application of effective methods for calculating individual norms of energy
consumption and incentives for energy saving of the employees involved in the organization of the transportation process.

Comparing hydraulic and electromechanical drives by electric
motor’s power

Otto Grigorov™, Galyna Anishchenko, Evhen Druzhynin®, Visevolod Strizhak!, Mariana Strizhak®, and Volodymyr
Malashchenko?

National Technical University "Kharkiv Polytechnic Institute", 61000 Kharkiv, Ukraine
“National University "Lviv Polytechnic ", 79000 Lviv, Ukraine

Abstract. The authors have made the analysis of energy consumption by positive-displacement hydraulic drive and asynchronous
motor with phase rotor in the course of crane mechanisms operation at all stages of motion: acceleration, movement at nominal or
intermediate speed, and deceleration. There have been determined and compared equivalent capacities per work cycle for electric and
hydraulic drives of crane mechanisms depending on operating conditions group and operation time. There has been justified the
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decrease of rated capacity of electric motor of crane mechanisms’ hydraulic drive as compared with the case of applying
asynchronous motor with phased rotor for the same mechanisms.

Conceptual-innovative and energy-resource management on
motor transport

Ramazan Khabutdinov', Arseniy Khabutdinov’

'National Transport University, 1, Omelyanovich-Pavlenko, Kiev, 01010, Ukraine
2State Enterprise "State Road Transport Research Institute", 57 Peremohy Ave, Kyiv, 03113, Ukraine

Abstract. This paper discusses elements of the theory of conceptual-innovation and energy-resource management based on the system
concept of technologically innovative providing of resource synergistic transport integration of a discontinuous terminal infrastructure of a
transport system (TS) in accordance with transport demand and the systemic requirement of an innovative increase in the energy-resource
quality of transportation services (ERQTS). It has been established that for the system enhancement of ERQTS are actual the development of
innovation management theory and the implementation of conceptual improvement strategies for a number of subsystem and system factors:
transport resources and technical properties, transport technologies, as well as innovative reproduction functions of the motor transport
subsystem (MT) and integrative-equifinal functions of the motor transport system (MTS). The existing theory of service commercial
management in MT is based on a simplified non-production and empirically conservative paradigm of knowledge about MT as a sphere of
transport services (without product description) , therefore it does not fundamentally correspond to the above-mentioned concept of
development of MTS and MT. This theory uses computational schemes for virtual transportation and service past costs, so it is non-
innovative and technologically degenerate. A theory of conceptual and technologically innovative improvement of ERQTS, as well as the
functions of MT and MTS, has been developed. A comprehensive model of the target function of the system-conceptual management of
ERQTS is proposed, taking into account the improvement of the MTS and MT functions according to the principle of energy-resource
synergy in the transport services life cycle. It takes into account: ways to eliminate the paradoxical fragmentation of types of knowledge
about transport operations and processes, improving the properties of a car as a resource- technical means of transport production and
reproduction, the essence of transport operations and technologies, as well as dysfunctions of subsystems of MTS.

Energy-efficient and cost-effective methods of driving trains
under the conditions of development of the electricity market

Alexander Pshinko®, Andrii Afanasov?, Valeriy Kuznetsov?, Vladislav Skalozub®, Sergiy Arpul and Alexander Ivanov!

! DNURT, Dnipro, Ukraine
2 Railway Institute, Poland

Abstract. The article for the first time considers the possibilities for the organization of cost-effective rail transportation on
electrified section in terms of the functioning of the Ukrainian balancing electricity market. It is formulated the complex task of
choosing effective mechanisms of purchase and sale on the electricity market on the basis of contracts for the implementation of
markets "for the day ahead", as well as for the appointment of parameters and tariffs of the intraday market. The authors presented
the models and results of calculations of optimum modes of trains’ driving, which are calculated for various criteria of efficiency
taking into account the cost of the consumed active and reactive electric energy. The technique of tariff formation for purchase of
electricity on the balancing market was proposed.

Experimental investigation of actual situation of using and
accounting of recovered energy of regenerative braking mode
at the DC traction system

Oleh Bondar, Dmytro Ustymenko, Olena Kurylenko, Mykhailo Kedria, Oksana Karzova, Roman Krasnov,
and Oleksii Baliichuk

62



EOT-2019
Energy-optimized technologies, energy efficiency and energy management on transport

Dnipro National University of Railway Transport named after Academician V. Lazaryan, Department of Electrical Engineering and
Electromechanics, Lazaryana Str. 2, room 125, 49000, Dnipro, Ukraine

Abstract. This paper deals with the problems of enhancement of registration and distribution of electric energy which can be
obtained from DC electric locomotives by the regenerative braking. According to theoretical researches, it is possible to return
approximately 8 - 12% of electric energy which is consumed for electric traction by using of a regenerative braking mode. However
in recent years for electric traction networks of JSC “Ukrainian Railways”, this index doesn't exceed 2.6%. So we consider that the
regenerative braking is one of the most prospective ways for energy saving in electric railway transport. Results of the experimental
researches which were executed on DC traction substations and VL11M6 electric locomotives are described in this paper.
Instantaneous values of voltage and current in different modes have been obtained. The electric energy balance for experimental zone
has been performed. Also the ways of distribution and consumption of energy of regenerative braking mode have been analyzed. On
this basis of the executed investigations, recommendations about providing of supercapacitor energy storage system for Ukrainian
railways are proposed.

Fryze reactive power of trams in effective stochastic
recuperation processes

Oleh Bondar', Mikola Kostin', Andrei Mukha®, Olha Sheikina®, and Svitlana Levytska®

! Dnipro National University of Railway Transport named after Academician V. Lazaryan, 2, Lazaryan Str., Dnipro, 49010, Ukraine
2 Prydneprovsk state Academy of Civil Engineering and Architecture, 24-a, Chernyshevskoho Str., Dnipro, 49600, Ukraine

Abstract. Urban electric transport system, particularly tram systems, is not a direct current system not only in traction mode but in
regenerative modes as both voltage on a collector and regenerative current are stochastic abruptly variable processes. The above-
mentioned facts determine availability of Fryze’s reactive power in this system that flows from a railway substation to trams, leads to
incidental losses of energy and significantly reduces its quality. So evaluation of power effectiveness of the system in electrical trams
operation is impossible without determining the level of reactive power in this system. We have analytical expression of reactive
power by Fryze. Numerical calculations for trams type T3D and T4D in regenerative braking modes are done. Probabilistic statistical
data processing operation of reactive power expressions is done. It is determined that reactive power changes in the limit of 10...100
kilo-volt ampere reactive with mathematical expectation — 37,0 kilo-volt ampere reactive. Statistical allocation of random power
values are different. Numerical calculations of incidental losses, energy of recuperation are done and they range supplementary —
20% from total losses. It is stated that coefficient of reactive power of system route of trams is exceeding permissible value 0,25.

Improvement of energy indicators of conventional electric
driving asynchronous motors of non-standard technological
equipment at the enterprises for repair of railway rolling stock
through the use of energy-saving motors

Oleh Bondar, Oleksii Baliichuk, Oksana Karzova, Roman Krasnov, Oksana Marenych, and Dmytro Ustimenko

Dnipro National University of Railway Transport, Department of electrical engineering and electromechanics, 49010, Dnipro,
Lazarian Str., 2, Ukraine

Abstract. The purpose of this work is to study the utilization efficiency of electric driving energy-saving motors of non-standard
technological equipment meant for repair of railway rolling stock, in terms of improvement of energy performance, i.e. improvement
of efficiency factors and power factors, and decrease of power losses as compared with the most commonly used “conventional”
asynchronous motors. There are two options for improvement of the energy performance of electric drives of non-standard
technological equipment: replacement of a conventional motor with an energy-saving one similar in terms of nominal voltage,
rotational speed, power, etc.; changeover of stator winding from “delta” to “star”. A special technique has been proposed to
determine the effectiveness of this changeover in terms of improvement of energy indicators. Comparison of the real values of the
energy indicators of conventional motors and energy-saving motors in the case under consideration is required to perform the
technical and economic calculations when solving the problem of the expediency of replacement of conventional asynchronous
motors with energy-saving motors in the abovementioned equipment.
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Improving the energy efficiency of operation of elements of the
structures of the rolling stock by means of surface engineering

Vyacheslav Kopylov?, Oleg Kuzin®, and Mykola Kuzin*

! National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, 03056, Kyiv, Prosp. Peremohy
37, Ukraine

2 Lviv Polytechnic National University, 79013, Lviv, Bandera Str. 12, Ukraine

¥ DNURT, Lviv Branch, 79052, Lviv, I.Blazhkevych Str., 12-a, Ukraine

Abstract. The manufacture of rolling stock components with a given life cycle based on the computerization of all design and
production stages is the most promising way to increase the energy efficiency of its operation. The implementation of this approach
requires the expansion of the use of technologies that provide parts with a high level of mechanical and operational properties. The
state of the surface layers is important in the formation of the reliability parameters of high-loaded parts. The principles of using
system approaches for the physical justification of the choice of the optimal modes of engineering grain boundaries depending on the
operating conditions of products are presented. New approaches and algorithms have been created that allow quantitative and
qualitative studies of the effect of technological treatments and the chemical composition of polycrystals on the strength of grain
boundaries and the processes of softening of the boundary zones. Using the developed techniques, the ways to control the energy
state of the internal interfaces by doping, microalloying and heat treatment were determined to increase the resistance to brittle
fracture and wear of the steels used in the manufacture and repair of rolling stock.

Increasing the efficiency of highly concentrated coal-water fuel
based on the simulation of non-Newtonian fluid flow

Nataliya Chernetskaya-Beletskaya®, Andriy Rogovyi®, Igor Baranov* Alexander Krut®, Maria Miroshnikova®,
and Nikita Bragin®

"Wolodymyr Dahl East Ukrainian National University, Department of logistics management and traffic safety vehicle, 93400
Severodonetsk, pr. Central 59-a, Ukraine

2Kharkiv National Automobile and Highway University, Department of theoretical mechanics and hydraulics, 61002 Kharkiv,
Yaroslava Mudrogo Str, 25, Ukraine

3State scientific research, design and design institute of coal industry "Ukrndiproekt”, 03142 Kyiv, Academician Palladin Avenue,
46/2, Ukraine

Abstract. The analysis of further prospects for increasing the efficiency of transportation of coal-water fuel in hydro-transport
systems of industrial enterprises is carried out. The mathematical model of the spatial three-dimensional flow of coal-water fuel was
developed on the basis of SST turbulence model based on the solution of Navier-Stokes equation. As a result of the calculation, the
values of pressure loss, flow rate and velocity distribution over the cross section of the pipeline in the straight section and in the turn
were determined, which allowed determining the energy consumption during coal-water fuel transportation in the industrial hydro-
transport system. The performed studies allowed us to refine the mathematical model of water-coal suspension flow and, thus,
improve the patterns of influence of hydro-transportation scheme and parameters of coal-water fuel on energy consumption for its
supply to enterprise consumers. By means of mathematical model of non-Newtonian fluids flow, the patterns of influence of hydro-
transport system parameters and transportation modes of coal-water fuel on its energy indicators in industrial hydro-transport systems
are determined. The obtained results are related to reduction of energy consumption, optimization of enterprise transport network
configuration and increase of efficiency of coal-water fuel transportation to enterprise energy facilities.

Model for building traction information of suburban rolling
stock on hydrogen fuel

Anatoly Falendysh', Volodymyr Dzhus?, Olha Kletska', Oleg Kosariev*, and Jan Dizo®

! Ukrainian state university of railway transport, Heat Engineering and Heat Engines, Kharkov, Ukraine
2 DNURT, Department Chair of rolling stock and railway, 79052 Lviv, |.Blazhkevych Str., 12-a, Ukraine
% University of Zilina, Department of Transport and Handling Machines, Zilina, Slovakia
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Abstract. The materials consider the possibility of using hydrogen as a fuel for suburban rolling stock in Ukraine. The analysis of
the use of hydrogen fuel in transport in various countries of the world is carried out. One of the main stages of calculating the rolling
stock is the construction of its traction characteristic, which largely depends on the type of power plant. Therefore, a model has been
developed for constructing traction characteristics of a suburban rolling stock when it is converted to hydrogen fuel. For this purpose,
an analysis of power equipment with an energy source from a polymer of an exchange membrane fuel cell and methods of
connecting their batteries to blocks is done. The scheme of power transmission for the rolling stock is proposed and its efficiency
coefficient is preliminarily calculated. The main technical indicators of suburban rolling stock in Ukraine at the moment and using
proton-exchange membrane fuel cells on it are considered. Preliminary consideration is given to the operation parameters of the
electric circuit of the rolling stock under various modes of its motion. The traction characteristic of a suburban mobile suction on
hydrogen fuel is constructed. The proposed model is implemented in the software product MathLab.

Resource-Saving Method of Forming Information Infrastructure
of Sorting Stations

Anatolii Kosolapov”

Dnipro National University of Railway Transport named after academician V. Lazaryan, Computer Department, Ukraine

Abstract. The paper proposes a resource-saving method of conceptual design of the information infrastructure of railway objects on
the example of a distributed computer control system of a marshalling yard. This method allows determining the economically
optimal degree of decentralization of the technical structure of the management system.

Risk-regulatory increase of trajectory safety, productivity and
energy efficiency of motor transport operations in conditions
of uncertainty

Arseniy Khabutdinov

State Enterprise "State Road Transport Research Institute”, 57 Peremohy Ave, Kyiv, 03113, Ukraine

Abstract. The proposed method of complex increase of trajectory safety, productivity and energy efficiency of motor transport
operations taking into account the laws of vehicle algorithmic control in difficult traffic conditions. Proceeding from the provisions
of the theory of energy efficiency of a generalized type car and the laws of its adaptively-discrete energy of motion, the processes of
functioning of the transport-ergatic systems "Driver-Vehicle" (TESDV) and control of the car using adaptive driving procedures
(productive, safe, energy-efficient) in the conditions of information uncertainty of locally trajectory situations (LTS). In this work
presents logic-procedural and mathematical models for the analysis of risk-regulatory algorithms for control of vehicle, taking into
account the functioning of TESDV and quantitative assessment of operator-interface complexity of road sections. The basis of the
method of estimating the information complexity of the operator-road interface in relation to any element of the road is the
mathematical model of the entropy of the object (as a measure of disorder), which is used in technical cybernetics. For each section
of the road, the total indicator of information complexity is determined, which takes into account three levels of uncertainty: low,
medium and high. At medium and high levels of complexity of the road section, TESDV implements a risk-regulating automobile
control algorithm. Proceeding from the essence of the regulatory labor procedures of driving, as well as their role in the formation of
the modes of the TESDV, proposed results of operational simulation of algorithms regulation of locally-trajectory driving risks
(LTR): counterproductive, sensory-tempo, incidental and anergic.

Technological aspects of energy optimization during operating
vehicles and increase their environmental safety

Mykola Karnaukh, Dmitriy Muzylyov, and Natalya Shramenko

Kharkiv Petro Vasylenko National Technical University of Agriculture
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Abstract. The paper discusses an actual scientific and practical problem of expanding the fuel base of the transport means by using
biodiesel fuel in the form of ethyl esters made of rapeseed, sunflower and soybean oils. The choice of the optimal blend composition
of diesel and biodiesel in appropriate operating conditions helps to provide the energy independence of transport companies on
mineral hydrocarbons, reduce the anthropogenic influence on the environment and improve the environmental safety of transport.
The research offers a new technological model for the production of biodiesel, which improves the quality and reduces the cost of
biodiesel, reduces its negative impact on the elements of the vehicle fuel system. Reliability of fuel system elements is calculated.
Mathematical expressions were obtained to determine the probability of failure-free operation of the fuel system and the probability
of failure of its elements during operation at various fuel mixes. The assessment of the economic efficiency of the use of biodiesel as
a fuel for vehicles was made.

The concept of a hybrid traction power supply system

Viktor Sychenko Valeriy Kuznetsov? Yevheniy Kosarev', Petro. Beh'., Yuriy Sayenko®, Bohdan Styslo®,
Mihail Pavlichenko®, lhor Vasilev®, and Mykola Pulin’

! DNURT, 2 Railway Institute, * PGTU, * NTU "KhPI", ° LLC DDK, ® UrGUPS, 7 Lviv Railway

Abstract. The growing shortage of energy resources to provide heavy traffic and high-speed traffic necessitates the development of
a new power supply scheme for a traction network using sources of distributed generation of electric energy. Application of
asymmetric distributed traction power system with the use of distributed generation allows to increase electric energy efficiency of
the feed system of rolling stock, reduce its material capacity and increase the reliability of the functioning of the railway system as a
whole. The proposed of the hybrid electric traction system involves the creation of a new paradigm aimed at ensuring high demands
on the voltage and specific power in the traction network, which will allow to improve the quality and safety of the transportation
process when increasing the energy performance indicators. This paradigm will allow to form a new philosophy of building traction
power systems. The key elements of this philosophy are decentralization of generation and consumption of electric energy, the use of
intelligent electric equipment, distributed power supply management in a single information space of the energy process during
transportation. The peculiarity of the proposed work is the optimal combination of technological processes of transmission,
consumption of electric energy and transportation, taking into account the specific conditions of functioning of the electrified section:
points of connection of power sources and their type, profile of the track, schedule of trains, types of rolling stock and equipment.
Conceptually, the hybrid traction power system is an electric hub, in which the inputs are generating points, and the output is the
power supply system of the rolling stock. The internal structure of the electric power objects of the hub is determined by the type of
transformation and accumulation of electric energy and ways of managing these objects in real time.

The increasing of energy efficiency of international freight
truck trains under the concept of energy innovative
technologies development motor transport

Tatiana Kostiuk! and Ramasan Habutdinov?

National Transport University, Kiev, Ukraine
National Transport University, Kiev, Ukraine

Abstract. At the motor transport (MT) the concept of technological and innovative energy saving is actual. However, the existing
method of increasing the cost-effective efficiency of motor transport does not correspond to this concept because the basis of the
theory of the motor transport process consists of the axioms, which neglected: a) the fragmenting effect of existing technological
paradoxes on the integrity of knowledge about motor transport as a sphere of material production; b) the resource, production and
technological essence of this process; c) innovative variability of parameters of new cars and transport technologies. In addition, the
basis of the fundamental designed scheme of the transport operation is based on simplified mathematical description of the virtual
transposition operations. These methodological shortcomings do not allow to analyze and substantiate innovative technical and
technological projects of motor transport. For the possibility of realization of the actual concept of technological and innovative
energy saving on MT, in NTU the theory and methods of a comprehensive increase of energy efficiency of a car (EREC) of a general
type, as well as methods of simulation and test formation of energy saving of motor transport technologies were designed.

66



EOT-2019
Ecology of rolling stock and objects of transport infrastructure

Scientific direction
"Ecology of rolling stock and objects of transport
infrastructure"

HaykoBui HanpAMOK
"EKONOri4yHiCTb PyXOMOro cKriaay Ta 06'eKTiB TpaHCNOPTHOI

iHpacTpykTypn"

Kierunek naukowy
"Ekologia taboru i obiektéow infrastruktury transportowej

Analysis of emission tests of electromagnetic disturbances
in diesel-electric locomotives

Andrzej Biaton, Kamil Biatek, and Patryk Wetoszka

Railway Research Institute, 50 Chlopickiego Jozefa Street, Poland

Abstract. This paper discussed the measurement of radiated emissions of electromagnetic disturbances generated by diesel - electric
locomotive system. The measurement methodology, permissible values of a magnetic and electric field according to EN 50121-3-1
standard during driving and standstill for electric -diesel locomotive are presented. The article presents examples of test results and
an assessment of the obtained measurement results in the electric and diesel traction according to the applicable requirements.

Analysis of the exhaust emissions from hybrid vehicle during
RDE test

Andrzej Ziolkowski', Pawel Daszkiewicz*, Lukasz Rymaniak®, Pawet Fuc', and Pawel Ukleja’

Poznan University of Technology, Faculty of Transport Engineering , 60-965 Poznan, ul. Piotrowo 3, Poland
2| exus Poznan, 61-961 Poznan, ul. Lechicka 7, Poland

Abstract. The introduction of the Euro 6¢ emission norm in 2017 resulted in a change of the type approval procedures. The most
important of these was the replacement of the NEDC test with WLTC test with different procedures. In addition, the research was
extended to include emission tests in real operating conditions (RDE). Such tests are enforced for heavy vehicles since 2014. PEMS
apparatus was used for the measurements, which has been used by many research and development centers to carry out exhaust
emissions measurements long before the applicable procedures were introduced. The article presents the methodology of conducting
RDE measurements in accordance with the requirements defined by the Euro 6¢ norm. The focus in this case was primarily on the
selection of the test route in the Poznan agglomeration. After determining its course, RDE measurements were made for a vehicle
with a hybrid drive. The test route parameters have complied with the applicable requirements. All requirements were met and it was
possible to analyze the exhaust emissions. The main focus being the determination of exhaust emissions from the entire test and in
accordance with the EMROAD method. The CF (Comformity Factor) coefficients were also determined for both methods and
compared with the applicable legal values. An analysis of the hybrid drive system operation was carried out, defining the degree of
hybridization, which is the portion of the vehicle travel using only the electric motor of the drive system throughout the whole test.
All analyzes were carried out in individual sections of the test: urban, rural and motorway.
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Atmosphere pollution modeling in the case of accident during
rocket propellant transportation by trains

Mykola Biliaiev'”", Viktoriia Biliaieva?, Vitalii Kozachyna®, Oleksandr Berlov®, Olena Gunko!, and Kateryna
Chernyatyeva*

! DNURT, 49010 Dnipro, Lazaryan Street, 2, Ukraine

2 DNU, 49050 Dnipro, Kozakov Street, 18, Ukraine

3PSACEA, 49600 Dnipro, Chernyshevsky Street, 24a, Ukraine

4 Lviv branch of DNURT 79052 Lviv, I. Blazhkevytsh Street, 12a, Ukraine

Abstract. At present time, in Ukraine the intensive development of solid-propellant missiles takes place. These missiles are called
«Grim», «Grim-2», etc. Transportation of rocket propellant very often is carried out by trains. In the case of accident during such
transportation great amount of toxic chemicals may be emitted into atmosphere. It is very important to predict the atmosphere
pollution level near railways transport corridors to obtain the realistic information about the size of possible zones of hitting. To
forecast the atmosphere pollution in the case of rocket propellant burning in railway wagon numerical models have been developed.
These models are developed to predict the atmosphere pollution in two scales. The first scale is the simulation of the atmosphere
pollution near the railway tracks (so called “local scale”). The second scale is the simulation of the atmosphere pollution on the
territory which is adjacent to the railway tracks («urban scale»). The forecast is based on the Lagrangian model of toxic chemical
dispersion. The models allow also to predict acid rain formation in the case of solid propellant burning products dispersion into
atmosphere. To solve the governing equations we used difference schemes of splitting. The results of numerical experiments are
presented.

Comparison of motor coach exhaust emissions in real
operating conditions for different testing procedures

Dawid Gallas" Jerzy Merkisz®, Maciej Andrzejewski', Sylwin Tomaszewski', Jan Strzemkowski' and Stepan Kinter®

! Lukasiewicz Research Network - Rail Vehicles Institute “TABOR”, Poznan ul. Warszawska 181, Poland

2 poznan University of Technology, Institute of Combustion Engines and Transport, Poznan ul. Piotrowo 3, Poland

® Dnipro National University of Railway Transport named after Academician V. Lazaryan, Lviv branch, Lviv ul. I.Blazhkevich 12a,
Ukraine

Abstract. The article discusses the results of applying real driving emissions (RDE) testing methods in measuring the exhaust
emissions of a passenger rail vehicle. Portable Emissions Measuring Systems (PEMS) were used to measure the exhaust emissions
from a motor coach in real operation, performed on a test track for selected drive cycle parameters. The road emission values of
exhaust components have been calculated and compared to road vehicles and road exhaust emission limits based on the legal norms.
The assessment was concluded with a comparison of the environmental cost, in terms of exhaust emissions, of transporting
passengers using the tested rail vehicle relative to alternative road transport, based on measurements in real operating conditions.

Diagnostics of the structural risk level in the sphere of waste
management at Ukrainian railways

Zoriana Dwvulit, Olga Melnyk, Yuliia Chyrkova, Nataliia Petryshyn and Maryana Bortnikova

Lviv Polytechnic National University, Department of Foreign Trade and Customs, 79000, Lviv, Ukraine

Abstract. The article focuses on the problem of the structural risk level diagnostics in the sphere of waste management at the
railway transport objects. The specifics of the railway enterprises activity are the multi-vector business processes executed, which
determines a significant nomenclature and volumes of formation, accumulation of wastes of different danger classes. A retrospective
analysis of this problem on Ukrainian railways for 2007 — 2018 showed significant structural fluctuations both in terms of volume
formation and in the costs and ecological payments for environmental protection in sphere of waste management. The method of
sensitivity analysis, the peculiarity of which is to calculate the elasticity coefficients for determining the degree of environmental
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costs interaction in the field of waste management with the change of their components (capital investment, current costs,
environmental tax and environmental services), is implemented. The corresponding elasticities for 2008 — 2018 showed a
considerable variation of the most significant risk factors that were atypical for JSC “Ukrzaliznytsia” and 6 railways. The existing
structure needs to be better diagnosed with a purpose of ensuring stability and predictability of environmental costs in order to reduce
structural risk, rational environmental management and to ensure the ecology of rolling stock and objects of railway transport
infrastructure.

Disposal of technological sludge of railway infrastructure
enterprises

Yuliia Zelenko!, Maryna Bezovska®, Anna Leshchynska®, and Alexandr Shnaiderman®

'Dnipro national university of railway transport named after academician v. Lazaryan, 49010 Dnipro, Ukraine

Abstract. The problem of improving environmental safety in the handling of oily waste and sludge is relevant for most industries.
Significant amounts of waste oil adversely affect virtually all components of the environment. However, it is also a valuable
hydrocarbon feedstock. Thus, a rational approach to the processing of sludge can have a significant environmental and economic
effect. The shortcomings of traditional thermal technologies for the disposal of technological sludge and suggests using much
cheaper mechanical methods were discussed in this article. For example, install decanters of various designs in a depot depending on
the overall composition of the sludge and the composition of each of its main parts: the carbon-containing part, water and mechanical
impurities. A modern scheme for the disposal of technological sludge from railway infrastructure enterprises has been proposed.
Such a scheme allows to reduce the man-made load associated with their accumulation, circulation and minimization. The most
promising example of the use of the proposed technology of utilization of oil sludge is its implementation at the local sewage
treatment plants of locomotive and wagon depots.

Modeling of the atmosphere pollution from coal trains

Mykola Biliaiev'”, Vitalii Kozachyna®, Viktoriia Biliaieva® and Mutiu Olatoye Oladipo®, and Kateryna Chernyatyeva®

! DNURT, 49010 Dnipro, Lazaryan Street, 2, Ukraine

2 DNU, 49050 Dnipro, Kozakov Street, 18, Ukraine

® GeoLab Drilling, 30680 Winder, Bill Rutledge Road, 800, USA

4 Lviv branch of DNURT 79052 Lviv, I. Blazhkevytsh Street, 12a, Ukraine

Abstract. Coal trains have an intensive impact on environment pollution. It is very important to predict adequately this impact
during coal transportation. In Ukraine to predict atmosphere pollution from coal trains the regulatory model «OND-86» is used. This
model does not take into account some important factors and coal train movement. We present numerical models to solve two
problems:1) prediction of atmosphere pollution in the case of moving coal train; 2) prediction of atmosphere pollution in the case of
additional special boards installation on the coal wagon. To solve these problems equation of coal duct convective- diffusive
dispersion (Lagrange model of admixture dispersion) and equation of potential flow were used. Governing equations were
numerically integrated using implicit difference schemes. For coding difference equations we used FORTRAN language. We present
results of numerical experiments and laboratory experiments which illustrate the efficiency of the special additional boards
installation on the coal wagon. These boards have «internal wing» and «external wing». The obtained results illustrate that
installation of additional boards allows to minimize the atmosphere pollution near transport corridor.

Risk assessment in case of toxic chemical emission at railway
transport

Viktoriia Biliaieva™”, Polina Mashykhina?, Ivan Kalashnikov® and Oleksandr Berlov*, and Ivan Kravets®

! DNU, 49050 Dnipro, Kozakov Street, 18, Ukraine

2 DNURT, 49010 Dnipro, Lazaryan Street, 2, Ukraine

3 Kharkiv Branch Office «Design and Research Institute of Railway Transport» of the Public Joint Stock Company «Ukrainian
Railway», 61052 Kharkiv, Kotliar Street, 7, Ukraine
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Abstract. Risk assessment during emission of toxic chemicals at railway transport is the problem of great scientific interest. To
make such assessment we need special computer models. At present, in Ukraine,we have lack of such models. The authors present
numerical models for territorial risk assessment in case of organized emissionsat railway transport (for example, emissions during
locomotive movement) and in case of accident emissions (accident spills of dangerous cargo, emissions of NH3 from railway tank,
etc.). The basis of the developed numerical models is the system of fundamental equations of fluid dynamics. These equations are
solved numerically using implicit schemes of splitting. The developed models allow to take into account some important factors
which influence the territorial risk value: probability of atmosphere conditions, train route, transport infrastructure at railway stations,
probability of emission site.Also the process of pollutant chemical transformation in the atmosphere is taken into account in the
developed models. The developed models allow to predict territorial risk in case of moving source of emission (moving damaged
railway tank).The results of numerical experiments are presented. These results illustrate territorial risk maps for different sites near
Prydniprovska railway.

Test guidelines for evaluation real driving emission two-way
vehicles

Michalina Kamifska® Zukasz Rymaniak®, Pawel Daszkiewicz" and Piotr Lijewski*

! Faculty of Transport Engineering, Poznan University of Technology, Poland

Abstract. The article discusses the results of tests carried out under real operating conditions, based on which a custom test for road-
rail vehicles was developed. The proposed test reflects the working conditions in which road-rail vehicles are used. The
measurements were performed for a vehicle equipped with an internal combustion engine during five stages of operation. Measuring
cycles included driving on a paved road, rolling on tracks and running on a track without load, with a load of 90 tons and with a load
of 140 tons. The article compares the legislative guidelines with actual operation, thanks to which guidelines for the road-rail test for
assessing the exhaust emission of harmful gases were developed. Based on the recorded data, a test proposal was described, taking
into account the operating time share during the test, the average speed of travel and the duration of the test cycle. In addition,
guidelines on the test procedure in the proposed test are discussed
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Artificial neural network based detection of neutral relay
defects

Volodymyr Havryliuk

Dnipro National University of Railway Transport named after Academician V. Lazaryan, dept. of automatic and telecommunication,
49010 Dnipro, Lazaryan Street 2, Ukraine

Abstract. The problem considered in the work is concerned to the automatic detecting and identifying defects in a neutral relay. The
special design of electromechanical neutral relays is responsible for the strong asymmetry of its output signal for all possible safety-
critical influences, and therefore neutral relays have negligible values of dangerous failures rate. To ensure the safe operation of
relay-based train control systems, electromechanical relays should be periodically subjected to routine maintenance, during which
their main operating parameters are measured, and the relays are set up in accordance with technical regulations. These
measurements are mainly done manually, so they take a lot of time (up to four hours per relay), are expensive, and the results are
subjective. In recent years, fault diagnosis methods based on artificial neural networks (ANN) have received considerable attention.
The ANN-based classification of relay defects using the time dependence of the transient current in the relay coil during its switching
is very promising for practical utilization, but for efficient use of ANN a lot of data is required to train the artificial neural network.
To reduce the ANN training time, a pre-processing of the time dependence of relay transient current was proposed using wavelet
transform and wavelet energy entropy, which makes it possible to reveal the features of the main defects of the relay armature,
contact springs, and magnetic system. The effectiveness of the proposed approach for automatic detecting and identifying of the
neutral relays defects was confirmed during testing of the relays with various artificially created defects.

Classification of quality conditions of a traction motor frame
insulation of locomotives

Michail Kapitsa®, Vasiliy Laguta® and Yuriy Kozik *

! Department of Locomotives, Dnipro National University of Railway Transport named after Academician V. Lazaryan,
49010 Dnipro, Lazaryan Street 2, Ukraine

2 Department of automation and telecommunications, Dnipro National University of Railway Transport named after Academician V.
Lazaryan, 49010 Dnipro, Lazaryan Street 2, Ukraine

% Head of Technical Projects, Department of Inspectors, LLC "Applied Railway Technologies”, Adam-Klein-Str. 26, Niirnberg D-
90429, Germany

Abstract. The objective of the article is to determine the quality conditions of a locomotive traction motor frame insulation based on
observations over the recovery voltage and classification of a tested insulation wear degree as well as to determine estimates of
operating time until the insulation restoration or replacement with a new one. To classify the insulation quality conditions and to
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forecast its residual life until the restoration, a cluster analysis and discriminant analysis are used based on indicators reflecting the
properties of an insulation recovery voltage curve. The study defines an information content received from frame insulation recovery
voltage readings as compared with its resistance from the perspective of testing the insulation condition and predicting its residual
life. Statistical characteristics of clusters corresponding to the insulation condition stages allow determining the limit values of
predicting parameters and estimating the residual insulation life prior the restoration. To classify the insulation condition, an
integrated evaluation of the insulation condition quality is proposed. Integrated evaluation is performed according to the recovery
voltage curve and is used as an indicator during clustering. An experimental study of the proposed method practically confirmed its
effectiveness.

Concept of the railway safety, security and cybersecurity
functional integrity levels

Marek Pawlik

Railway Research Institute, 50 Chlopickiego str., 04-275 Warsaw, Poland

Abstract. Observed growing changes in the character and severity of the risks in rail traffic safety and rail transport security are
associated with present development of utilized technical solutions. New hazards are coming out, besides known ones, including
hazards associated with cyber-crime. As a result it is fully justified to undertake works dedicated to collect and settle all risks
associated with technical solutions using modern technologies for acquisition, computing and transfer of the data, which are vital
from the rail traffic safety and rail transport security point of view. Article defines rail transport systems safety, security and
cybersecurity functional integrity levels thanks to knock-out and differentiating questions regarding identified key safety related
functionalities. Proposed methodology was used for safety and security verification of a chosen homogenous rail transport system
separated from the overall Polish railway system. Results have shown discrepancies in utilized protection measures. Proposed
methodology can be used for assessment of existing systems as well as for specifying scopes of investments both for infrastructure
and rolling stock modernizations. Applicability range covers railway transport, light rail services, metro, urban rail transport systems
as well as rail based transport systems using autonomous vehicles.

Determining the causes of rolling stock derailment from the
track using modern research methods

Andriy Kuzyshyn'?®, Andriy Batig®, Julia Sobolevska?, Sergei Kostritsa', Lyudmila Ursulyak®, and Stepan Dovhaniuk*

! Dnipro National University of Railway Transport named after Academician V. Lazaryan, 49000 Dnieper, Ukraine
2 Lviv branch of Dnipro National University of Railway Transport named after Academician V. Lazaryan, 79052 Lviv, Ukraine
® Lviv Research Institute of Forensic Science, 79000 Lviv, Ukraine

Abstract. The analysis of cases of rolling stock derailment from the track at PJSC «Ukrzaliznytsia» over the past 5 years has been
carried out and their main types are given. It is noted that the rapid development and improvement of computer technology allows the
use of computer and mathematical modelling in the study of cases of rolling stock derailment from the rail track, which makes it
possible to take into account a combination of factors that have the main influence on the behavior of rolling stock when moving
along the track. It has been established that the first step is the construction of a mathematical model of an object using a selected
type of mathematical description: algebraic, differential, integral equations, discrete mathematics, set theory, and others. And the
second step is the choice of a method for solving these models. The simulation methods are given, which, depending on the
programming style, are divided into: procedural-oriented, object-oriented, logical-oriented, rule-oriented, and oriented to constraints.
An object-oriented programming of a freight car has been developed, which will make it possible to evaluate its main dynamic
indicators, in particular, indicators of stability from derailment. This in turn will facilitate the establishment of the main causes of
rolling stock derailment from the rail track.

Development of an algorithm for investigation of technical
state of wagons’ running gears during their derailment

Andriy Batig"”", Petro Hrytsyshyn'?®, Yaroslav Bolzhelarskyi'®, Andriy Milyanych®, Oleh VVoznyak™® and Yuriy
Tereshchak®
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!Lviv Research Institute of Forensic Science, 79000 Lviv, Ukraine

AWestern center of the Ukrainian branch of the World laboratory, 79021 Lviv, Ukraine

3Lviv branch of Dnipro National University of Railway Transport named after Academician V. Lazaryan, 79052 Lviv, Ukraine
“Dnipro National University of Railway Transport named after Academician V. Lazaryan, 49000 Dnieper, Ukraine

Abstract. A freight wagon is a collection of a large number of parts and assemblies that form a single structure. During wagon
operation, there are gradual changes in the characteristics and parameters of its structural elements. That is, the parameters of its
constituent elements change — their numerical values increase or decrease that result in a change of the unit’s technical state, and, in
turn, affects the totality of its performance. Gradually accumulating, the changes in the parameters of the structural elements of a
wagon reach such a level that radical, sometimes abrupt qualitative change occurs. A malfunction that has not been repaired timely
may lead to a failure of a wagon structural element, which, in turn, may result in rolling stock derailment. It has been established that
the loss of stability of freight wagons during their movement is most often due to their unsatisfactory dynamic properties, which can
be explained by design features and technical state of running gears. In this regard, the authors of the article have developed an
algorithm for investigation technical state of running gears of freight wagons and determined the effect of their parameters’ deviation
on rolling stock operation with possible further derailment.

Improving the safety of railway subgrade when it is
strengthened using soil-cement elements

Vitalii Krysan®, Volodymyr Krysan, Volodymyr Petrenko®, Oleksii Tiutkin®, and Volodymyr Andrieiev®

! Head of REMBUD LLC Dnipro, Ukraine
2 Head of PARITET LLC, Dnipro, Ukraine
® Dnipro National University of Railway Transport named after Academician V. Lazaryan, Lazaryan str., 2, Dnipro, Ukraine

Abstract. The article identifies the main parameters of the drilling-mixing technology, which is the most effective in fixing weak
soil bases during the construction and restoration of transport, industrial and civil structures. The difference of the technology
developed by the authors is that the strengthening process is carried out at low pressure (0.15 ... 0.25 MPa). The relevance of the
research is that the proposed technology requires less cost with high rates of restoring the strength of soil foundations. To prove the
high quality of the technology, laboratory studies were carried out to determine the optimal characteristics of the soil-cement
element, as well as the proportions and composition of the fixing solution. The dependences of the strength of soil-cement elements
in the air-dry condition with cement content from 7% to 23% with water-cement ratio in solution 1 / 0.3 and with cement content
from 13% to 37.5% with water-cement ratio in solution 1/0,6. During the experimental-industrial studies of the author's technology,
the embankment was constructed with the soil-cement-reinforced elements for the access road approaches at one of the facilities in
Kirovograd region, which ensured safety in the operation of a complex transport structure.

Investigation of train shunt problem in track circuits of
signalling and interlocking devices

Adam Razgonov, Anton Zhuravlyov, Kateryna Yashchuk, and Vadym Shcheka

Dnipro National University of Railway Transport named after Academician V. Lazaryan, Department of automation and
telecommunications, 49010 Dnipro, Lazaryana Str., 2, Ukraine

Abstract. The problems of electric track circuits calculating were investigated in the works of various authors, it is noted that there
is no complete clarity on the definition of shunt resistance. The value of the calculated train shunt resistance in many respects affects
the area of signaling systems rail channel stable operation and train traffic safety. It is relevant to study the possibilities of changing
the standard value of and the conditions for the execution of track circuits shunt mode, especially for sections of railway with low
resistance insulation of the rail line. The surface area of the “wheel-rail” skating, taking into account the different conditions of
interaction dynamics and wear of rails and wheel elements were obtained in article. It is shown that the reduction of the normative
value of the resistance of the train shunt is appropriate for signaling systems, especially for sections of railway with low resistance
insulation of the rail line. An approximate estimate of the geometric parameters of the membrane that forms on the “wheel-rail”
surface is obtained; proposed a more complete electrical replacing scheme for the train shunt circuit, which allows analyzing the
influence of the circuit elements parameters values and the frequency of the signal current. A method for calculating the correlation
dependence of the train shunt resistance from wheel-rail surface membrane parameters is proposed.
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Justification of parameters of wheelset axle fatigue strength
test-bench for railway rolling stock

Oleksii Kuropiatnyk™ Serhii Raksha®, and Pavlo Anofriev

'Dnipro National University of Railway Transport named after Academician V. Lazaryan, Department of Applied Mechanic and
Material Sciences, 2 Lazaryana St., 49010 Dnipro, Ukraine

Abstract. The operation safety of the railway rolling stock depends directly on the strength of the base part of the wheelset — its
axle. Therefore, in recent years numerous studies of theoretical and experimental nature, both for means of rail transport, and for
machines containing rail track equipment are carried out. This paper substantiates the main parameters of the fatigue test bench for
axles for wheelsets of railway rolling stock. We performed an analysis of the load schema for bench tests, determined the dependence
of the bench work force on the parameters of the wheelset axle. In addition, we substantiated the design and parameters of vibrator.
For the research, we adopted the following criteria of rationality: work force, energy consumption and longitudinal dimension of the
test bench. The design is considered the best, if these criteria acquire the smallest values. The results of the research indicate that the
load scheme “cantilever beam” is rational for the fatigue bench tests of the axles for wheelsets of railway rolling stock. The best
design of the vibrator have to provide the test bench work force by rotating the unbalanced mass around the stationary wheelset axle.
The rational vibrator contains a sectoral eccentric mass rotating at an angular velocity of about 150 s-1. In this case, the eccentric
mass value is about 80 kg, and its eccentricity is 135 mm.

Mathematical modelling of the communication channel
between the rail circuit and the inputs devices of automatic
locomotive signalization

Oksana Hololobova, Serhii Buriak® Volodymyr Havryliuk®, Ihor Skovron?, and Oleksii Nazarov?

! Dnipro National University of Railway Transport named after Academician V. Lazaryan, department «Automatics and
Telecommunications», 49010 Dnipro, Lazaryan street 2, Ukraine

2 Dnipro National University of Railway Transport named after Academican V. Lazaryan, department «Transport junctions», 49010
Dnipro, Lazaryan street 2, Ukraine

Abstract. In modern practice of operating under traffic safety conditions, the traffic light signal must be transmitted to the
locomotive that moves to it, and duplicate in the driver's cab. However, this communication channel is not protected from external
interference. In order to prevent the occurrence of code failure, it is necessary to create conditions under which the automatic
locomotive signalling system will distinguish between signals with useful information, from signals with false information. The best
way to solve this problem at the first stage is to model the devices. Using the simulation tools of graphical environment of simulation
modelling Simulink from Matlab software environment, the software model of the communication channel between the railroad and
the input devices of automatic locomotive signalling system was constructed. The created mathematical model with the actual
parameters allows us to obtain diagnostic signs of a proper condition, on the basis of which the research is aimed at the identification,
recognition and definition of various types of malfunctions, failure, damages and defects in the work of the constituent elements of
the system and the signal transmission channel of the automatic locomotive signalling system.

Method of railway line audit in terms of the condition of railway
infrastructure

Magdalena Barto$®, and Piotr Golebiowski"
! Warsaw University of Technology, Faculty of Transport, 00662 Warsaw, Poland

Abstract. The most important problems concerning the organization of railway traffic is continuous provision and systematic
improvement the level of safety of services provided by railway transport enterprises. This safety results from many factors —
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including condition of the infrastructure, state of superstructure or the way of conducting railway traffic. This article covers railway
infrastructure within its scope. In this regard include, among others take appropriate actions to monitor its condition. One of the
methods may be the audit of the railway line in terms of infrastructure condition. The purpose of the article is to present the method
of railway line audit in the area of infrastructure. The concept of railway line audit from the point of view of infrastructure status was
defined in the paper. The audit method was presented along with the identification of problems that may occur as a result of the audit
and suggestions for solutions to these problems. The presented method was verified for a selected railway line in Poland - railway
line No. 12 Skierniewice — Lukoéw. The possibilities of improving the condition of this line were proposed together with the
estimation of the amount of expenditures necessary to make therefore and time gains achieved through improvement.

Methodology of risk assessment and forms of environmental
safety management for the transport of dangerous goods by
railway transport

Yuliia Zelenko!, Oleh Dzhus* Volodymyr Dzhus®, Dmytro Yanchenko®

! Dnipro National University of Railway Transport named after Academician V. Lazaryan, 49010 Dnipro, st. Lazarian, 2, Ukraine
2 Lviv Research Institute of Forensic Science, 79024 Lviv, st. Lipinskogo, 54, Ukraine

® Dnipro National University of Railway Transport named after Academician V. Lazaryan, Lviv branch, 79052 Lviv, st. .
Blazhkevich, 12a, Ukraine

Abstract. The authors examined the scientific basis for managing environmental and economic risks in the transport of dangerous
goods by rail. The importance of optimizing the monitoring of environmental safety and the organization of environmental risk
management was noted. The paper presents the interrelation of the functional strategy of ensuring the reliability of the transportation
process with other strategies. A new functional strategy and a schematic diagram of the environmental management system for
making management decisions to optimize environmental management in railway transport have been proposed. A conceptual
apparatus has been developed to identify and determine environmental risks and the principle of their management during the
transport of dangerous goods by railway transport.

Non-destructive control data analysis of railroad foundation
constructions

Alexander Trofimov* Albina Kuzmenko', Halyna Nesterenko?, Svitlana Avramenko®, Mykhailo Muzykin®, Nikolaj Mormul*,
and Anatoliy Sokhatsky®

L UCF, Department of Transportation systems and technologies, 49000, Dnipro, Volodymyra Vernadskoho str., 2/4, Ukraine
2 DNURT, Department of Operational Work Management, 49010, Dnipro, Lazaryan str., 2, Ukraine

® DNURT, Department of Life Activity Safety, 49010, Dnipro, Lazaryan str., 2, Ukraine

4 UCF, Department of Applied Mathematics and Informatics, 49000, Dnipro, Volodymyra Vernadskoho str., 2/4, Ukraine

® Institute of transport system and technologies of National academy of sciences of Ukraine, Department 7, 49005, Dnipro,
Pisargevskoho str., 5, Ukraine

Abstract. The evaluation of the parameters of multi-layered foundations (railroad basis, foundations of railway structures, etc.)
plays an important role in ensuring the safe movement of trains. The method of estimating the mechanical and geometric parameters
of such foundations based on the solutions of inverse problems for multi-layered elastic packets is proposed. As input data for such
problems the measured displacements of certain points on the package surface are used. The method allows estimating the
parameters of the a priori distribution of unknown variable parameters, identifying and excluding outliers of the measured data from
the created model, and constructing a posteriori estimation of the unknown parameters probability density with acceptable resolution.
Proposed method can be used to create a new generation of equipment intended for non-destructive monitoring and estimating of the
condition of the railroad basis and the foundations of artificial structures. The appropriate software of such vehicles based on the
developed methods of data processing can be developed. The use of such equipment allows to operatively analyzing the state of
individual areas of the railroad to decide on the need of repairing or replacing the railroad base or foundation of other elements of
railroad infrastructure.
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Optimization of the design of relay valves for rail vehicles
braking systems in the context of train traffic safety

Sylwin Tomaszewski®, Franciszek Tomaszewski® Wiodzimierz Stawecki', Patryk Urbanski?, Mariusz Far® and Yaroslav
Bolzhelarskyi®

! }ukasiewicz Research Network — Rail Vehicles Institute "TABOR”, Warszawska 181, 61-055 Poznan, Poland
2 Poznan University of Technology, P1. Marii Sktodowskiej-Curie 5, 60-965 Poznan, Poland
® Dnipro National University of Railway Transport named after Academician V. Lazaryan, Lviv branch, I. Blazhkevich 12a, Ukraine

Abstract. The article presents the functions of the relay valve and its place in brake systems of rail vehicles. The relay valve were
divided according to their type, the structure and principle of their operation were discussed, and examples of rail vehicles and
modules in which relay valves are installed are presented. Because of their function in braking systems the relay valves should be
characterized by high reliability and correct carrying out the tasks in the braking system of rail vehicles. The article describes
selected structural factors affecting the operation of the relay valve and which are important for ensuring the safety of train traffic.
Such factors are the lubricants used in the relay valves and the way of controlling it simultaneously with two signals with the function
of an alternative that eliminates unreliable elements of the braking system. The analysis of the test results of the lubricant parameters
and the testing of the relay valves on the test bench showed that the correctness of the relay valves depends essentially on the
properties of the lubricant used, especially at low temperatures. On the basis of the tests carried out, a grease was selected that at low
temperatures meets the criteria for correct and reliable operation of relay valves in rail vehicles. In terms of the control method, a
comparison of two control signal delivery systems to the relay valve has been made, a new design solution is presented that ensures
greater operational reliability and thus greater safety of the train traffic.

Railway transportation of dangerous goods: a bibliometric
aspect

Tetiana Kolesnykova'”, Olena Matveyeva', Lev Manashkin?, and Maxym Mishchenko®

! Scientific and Technical Library, Dnipro National University of Railway Transport named after Academician V. Lazaryan, Dnipro,
Ukraine,

2 Self-Employed, West Hartford, Connecticut, USA

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

Abstract. The purpose of this paper is to research and define the promising worldwide scientific trends in the field of railway
transportation of various dangerous goods. To obtain relevant empirical data, the authors reviewed the world literature on paper topic
using Scopus and Web of Science citation bases. We determined that this research was focused on several major thematic areas: 1)
automation and telematics systems; 2) navigation systems; 3) logistics; 4) energy; 5) locomotives; 6) freight cars; 7) materials; 8)
rails; 9) impact on the environment and people. The article used mapping, ensuring a visual perspective for researchers and helping to
understand general situations in specific subject areas of the research. This study provides useful information concerning the
development of the field of research for the railway transportation of dangerous goods, identifying those academics (authors,
countries and institutions) that have made the greatest contribution to its development and defining the priority research directions.

Reducing noise influence on an audio frequency track circuit

Inna Saiapina® Mykhailo Babaiev®, and Olha Ananieva®

! State University of Infrastructure and Technologies, Telecommunication Technologies and Automation Department, 9 Kyrylivska
str., 04071, Kyiv, Ukraine

2 Ukrainian State University of Railway Transport, Department of electroenergy, electrical equipment and electromecanics, 7
Feierbakh sq., 61050 Kharkiv, Ukraine

% Ukrainian State University of Railway Transport, Department of automation and computer telecontrol train traffic, 7 Feierbakh sq.,
61050 Kharkiv, Ukraine

Abstract. In connection with electromagnetic interference influence on the track circuits, the purpose of the research is finding the
means to increase the noise immunity of an audio frequency track circuit. The authors propose a new engineering solution, which
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enables reducing the effect of noises on the input of the track receiver in the intervals between signal current pulses. The proposed
noise-immune audio frequency track circuit is based on inserting a delay line, an adjustable single-pulse generator and a controlled
electronic switch into the existing audio frequency track circuit equipment. To analyze its efficiency, the operation of the audio
frequency track circuit was simulated under conditions of traction current disturbances, impulse and fluctuation interferences with the
known parameters. The results show that proposed device for railway transport allows to increase a signal-to-noise ratio on the track
receiver input from 8% to 30%, depending on the interference parameters and the level of the useful signal.

Research on measurement of electromagnetic fields generated
by electric and combustion powered rolling stock

Dominik Adamski, Krzysztof Ortel, and Juliusz Furman

Railway Research Institute, 04-275 Chtopickiego 50, Poland

Abstract. Axle counters are more and more often applied in train detection systems. The wheel sensor is a main part of each axle
counter system. In parallel, more and more complex railway vehicles, especially traction ones, are a potential source of interferences
influencing the operation of these train detection systems. It is the reason to verify the electromagnetic compatibility (EMC) between
the signalling equipment, particularly train detection systems and new vehicles in the process of obtaining the permission for their
exploitation. The measurement of interfering magnetic fields generated by vehicles is one of tests to be carried out. For the
simplification and unification purpose of the applied interference test methods the EN 50238 standard and TS 50238-3 technical
specification were developed. The specification defines unified testing procedures. However, it is necessary to verify if it may
replace different testing methods used in particular European states. It is the goal of the European research project financed from the
TEN-T network resources.

Stability of the Railway Subgrade under Condition of Its
Elements Damage and Severe Environment

Vitalii Kovalchuk®, Mykola Sysyn?, Olga Nabochenko®, Andrii Pentsak®, Oleg Voznyak® and Stepan Kinter!

'Dnipro National University of Railway Transport named after Academician V. Lazaryan, Lviv Branch, I. Blazhkevych str., 12-a,
Lviv, 79052, Ukraine

?Institute of Railway Systems and Public Transport, Technical University of Dresden, Dresden, Germany

3Lviv Polytechnic National University, S. Bandery str., 12, Lviv, 79013, Ukraine

Abstract. Investigation of damages of the subgrade slope in combination with its overwetting and rolling stock loading, which
significantly affects safety traffic of the railway transport, has been carried out. The complex method of slope stability estimation of
the subgrade is developed, which includes calculation of loads and vibration action of rolling stock on the main site of the subgrade,
as well as the dynamic model of vibrations propagation in the body of the subgrade embankment and the model of plastic
deformations accumulation. Dynamic and nonlinear plastic models are based on a finite-element model of the cross section of the
subgrade. The plastic model takes into account the characteristics of soil strength of the subgrade, depending on the area of the
vibration load impact. The developed method allows to carry out the estimation of external and internal factors impact on occurrence
of subgrade destruction, which is of practical value for safety state estimation of the railway transport.

Stress-strain state analysis of the leading car body of DPKr-2
diesel train under action of design and operational loads

Sergei Kostritsa™ Alexander Pshinko, Lyudmila Ursulyak®, Andriy Kuzyshyn'?, Maxim Kramarenko®, and Alex Grechkin®
! Dnipro National University of Railway Transport named after Academician V. Lazaryan, 49000 Dnipro, Ukraine

2 Lviv branch of Dnipro National University of Railway Transport named after Academician V. Lazaryan, 79052 Lviv, Ukraine
® Public joint stock company «Kryukovsky Railway Car Building Works», 39621 Kremenchug, Ukraine
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Abstract. Purpose. Provision of strength and durability of the main structural element of DPKr-2 diesel train - the leading car body.
Methodology. A spatial solid-state 3-D model of the body is built and durability calculations are carried out concerning action of
loads stipulated by regulatory documents operating in Ukraine. In particular, the following main estimated modes are considered:
mode 1 — a notional safety mode which takes into account the possibility of considerable longitudinal forces arising during shunting
movements, transportation and accidental collision; mode 2 — an operational mode which takes into account forces acting on a train
during acceleration to constructional speed, coasting or braking from this speed while passing a curve. Results. Based on the results
of theoretical and experimental studies a conclusion has been made that the leading car body construction of DPKr-2 diesel train
meets the requirements of regulatory documents regarding strength and durability. Practical relevance. A complex of calculation
and experimental work concerning assessment of stress-strain state of the leading car body of DPKr-2 diesel train under action of
design and operational loads allowed the creation of construction which meets not only operational requirements but also strength
and durability ones.

Study of rail vehicles movement characteristics improvement
In curves using fuzzy logic mechatronic systems

Mikhail Kapitsa', Evgen Mikhailov* Sergii Kliuiev?, Stanislav Semenov?, and Maksim Kovtanets®

IDNUZT, Department of locomotives, 49010 Dnipro, Lazaryan Street 2, Ukraine
2EUNU, Department of logistic management and traffic safety, 93405 Severodonetsk, Central Avenue, 59A, Ukraine
SEUNU, Department of railway and road transport, lift and care systems, 93405 Severodonetsk, Central Avenue, 59A, Ukraine

Abstract. The article deals with the effectiveness of reducing the level of force interaction of the rail vehicle wheels with rails in
curved sections of the track through the use of mechatronic position control systems for wheel pairs in the rail gauge in the horizontal
plane. The approaches to the creation of such a mechatronic system operating on the principles of fuzzy logic are described. To
determine the angles of attack of wheels on the rails, it was proposed to use the acoustic emission indicators of the contact of the
wheel with the rail. To determine the direction of curvature of the rail track, it is advisable to use data from navigation systems. The
study of the dynamics of the rail vehicle during the passage of a curved section of the track in real time was carried out using the
Matlab/Simulink software package. The proposed mechatronic control system for the position of the wheel sets in the horizontal
plane allows to ensure their optimal installation under various driving conditions in the rail gauge. This makes it possible to minimize
the angles of attack of the wheels and reduce the forces of the horizontal interaction of the wheels with the rails.

The intensity of rail failure flow

Oleksandr Patlasov, Yelyzaveta Fedorenko

Dnipro National University of Railway Transport named after academician V. Lazaryan, Department of Railway track and Track
facilities, Ukraine

Abstract. The article reveals the quantitative changes in the intensity of failure accumulations in areas with gradual introduction of
high axial loads. To obtain the actual values, the authors received three-dimensional array of intensity of rail failure flow. According
to the results of the research, it was discovered that the main cause of failure of the rails are the defects in the main contact-fatigue
origin. The main factor that impacts the intensity of the rail failure flow is the number of transmitted tonnage. The size of the axial
load and curvature of the line pours weight on this process. The proposed rail failure model is a model that can be used to optimize
the track maintenance system. The authors conducted a study on the identification of quantitative changes in the intensity of
accumulation of track failures in areas with high axial loads and evaluated their influence on the planning of repair and road works.
On the basis of the obtained results it is possible to estimate the effect of the axial load on the intensity of changes in the state of the
flow rail failure flows.
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Actual utilisation of maximum line speed - Polish and
Ukrainian experience

Andrzej Massel

Railway Research Institute (Instytut Kolejnictwa), Warsaw, Poland

Abstract. The overall condition of the Polish railway infrastructure has been recently improved. The condition of railway
infrastructure and the level of its technical equipment are reflected in the maximum train speeds allowed on particular sections of
railway lines. The analysis covers the utilisation of the maximum line speed by the long-distance trains in Poland in the 2018/2019
timetable. The database has been prepared, covering start-to-stop runs of Express Intercity Premium (EIP) trains). The analysis shows
that typical value of speed utilisation ratio for EIP trains operated with ED250 EMU is approximately 0.82-0.83. The correlation ratio
between the average maximum line speed and the train commercial (start-to-stop) speed is rather good. The data from the Polish
railways have been compared with Ukrainian ones. The results of the research show clearly, that the selection of passenger rolling
stock for particular route can have significant impact on its day-to-day operation.

Algorithm of rescue units logistic support planning in the
process of regional life safety systems development

Oleksandr Prydatko®, Vasyl Popovych® Igor Malets®, Valentyn Prydatko? and lvan Solotvinskyi*

1| viv State University of Life Safety, 79007, Lviv, Ukraine
2Higher vocational school of Lviv State University of Life Sciences, 79007, Vinnytsya, Ukraine

Abstract. The problem of resource support planning in the process of reforming and developing rescue units of regional life safety
systems is highlighted in this research. The absence of methods that allow optimizing the required amount of rescue equipment of the
region in accordance with the optimal safety criterion is emphasized. Formulated the task of optimizing the safety criterion with the
parameter of the number of rescue equipment and limitation in the form of logistical support capability. According to the results of
previous studies, the algorithm and its software were developed for implementation in relation to planning of logistic support of
rescue units (in the context of providing rescue equipment), which allows to determine the index of the optimal number of rescue
units. The developed algorithm was tested on the example of administrative-territorial units of Lviv region, which showed its
effectiveness.
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Capital investments in the context of sustainable development
of railways

Olesia Kharchenko®, Andrii Okorokov" Roman Vernigora?, Pavlo Tsuprov?, Oleksandr Papakhov',
and Nataliia Logvinova®

'DNURT, Management of Operational work department, 49010, st. Lazariana 2, Dnipro, Ukraine
2DNURT, Transport hubs department, 49010, st. Lazariana 2, Dnipro, Ukraine

Abstract. Ukraine, due to its geographical position and developed transport infrastructure, has significant potential as a transit
country, primarily in the supply chain of trade between Asia and Europe. According to the estimates of the British Institute for
Transport Rendell Ukraine, the transit coefficient of Ukraine is 3,75 (with a maximum of 5); This is the best indicator among the
countries of Europe (for comparison, in Poland, which occupies the second place, this indicator is 2,92).

Nowadays, Ukraine uses its transit potential extremely insufficiently and inefficiently; over the past 10 years, the volume of transit
traffic through the territory of Ukraine has declined by more than 2,5 times, primarily due to the fall in transit traffic by rail. One of
the reasons for this situation is, of course, the general political and economic situation in the country. However, there are a number of
other negative factors that prevent Ukraine from fully and effectively using its transit potential. These problems lie both in the purely
technical plane (deterioration of transport infrastructure and rolling stock, lack of capacity of the main transport routes,
underdevelopment of logistics terminals in the country and at land borders, difference in width with the European railway system)
and the legislato-thick (high level of port dues, bureaucratization and regulation of customs procedures, lack of flexible tariff policy
for carriers, etc.).

Constructing a database structure in the problem of the
assignment of air transport operators to commissioned tasks

llona Jacyna-Golda®', Mariusz Izdebski® Piotr Klimek®, Rostislav Vagek*

! Warsaw University of Technology, Faculty of Production Engineering, Poland,
2 Warsaw University of Technology, Faculty of Transport, Poland,

3 OLTIS Polska Sp. z 0. 0., Poland,

4 CID International, Czech Republic, Ostrava

Abstract. The article defines the database structure used in the issue of the assignment of air transport operators to commissioned
transport tasks. The purpose of the work is to develop a database structure that fulfills the function of recording information,
presenting results and processing calculated data. Presenting the database in a modular manner is a new concept of data flow
management in the problem of the assignment of air transport operators to tasks. The issue of the assignment of air service operators
to tasks is a complex optimization problem. The complexity of the database architecture used in the assignment of operators to tasks
depends on the number of modules responsible for individual functions implemented in the process of determining the assignment of
operators to tasks. In addition, the paper presents a mathematical model of the assignment of operators to tasks, includes basic data
entered into the model and collected in the database, describes the assignment restrictions and the criterion function. In order to solve
the problem, an optimization algorithm concept has been proposed to solve the analyzed problem. The problem of the assignment has
been presented in the multi-criteria aspect.

Decision-making problems of designing database in the aspect
of planning transport of cargoes by intermodal transport

Mariusz Izdebski®, Marianna Jacyna®, Piotr Klimek®, llona Jacyna-Golda®, Rostislav Vagsek*

! Warsaw University of Technology, Faculty of Transport, Poland,

2 Warsaw University of Technology, Faculty of Production Engineering, Poland,
3 OLTIS Polska Sp. z 0. 0., Poland,

4 CID International, Czech Republic, Ostrava
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Abstract. The article presents issues related to database design for problems of planning transport of cargoes by intermodal
transport using road and air transport. The main aim of this paper is to develop the structure of the database used in the problems of
planning transport of cargoes by intermodal transport. The issue of intermodal transport is a complex decision problem which
requires taking into account many technical, economic and qualitative aspects of various modes of transport. The multitude of these
aspects contributes to the processing of a large amount of input data used by advanced calculation algorithms developed to determine
the optimal routes of cargo transportation. Designing database architecture depends on the number of modules responsible for the
final determination of transport plans. It is assumed that the database is responsible not only for collecting input data about air, road
infrastructure, processing of information necessary for transport but also for saving results generated by calculation modules. In the
article, to understand the problem of the issue, a mathematical model of transporting loads by intermodal transport was included, and
for its solution an ant algorithm was proposed. The developed structure of the database with the presented modules is a newly
approach in problems of planning transport of cargoes by intermodal transport.

Designing of transshipment terminals in the aspect of selected
intermodal transport systems

Dariusz Pyza, Roland Jachimowski

Warsaw University of Technology, Faculty of Transport, Koszykowa 75, 00-662, Warsaw, Poland

Abstract. The article deals with the problem of intermodal terminal designing for selected intermodal transport systems, determined
by the type of intermodal transport unit. The purpose of the article is to present a comprehensive methodology for designing
intermodal terminals, enabling the assessment of developed design solutions. Specificity of intermodal terminals due to the tasks
carried out and their role in the integration of various modes of transport in freight transport was presented. In the following, the
general principles and methodology of intermodal terminal design were characterized. Based on that, the conceptual project of the
terminal was presented as a case study.

Distribution of information flows in the advanced network of
MPLS of railway transport by means of a neural model

Ihor Zhukovyts’kyy, Victoria Pakhomova, Halyna Domanskay, and Andrew Nechaiev

Dnipro National University of Railway Transport named after Academician V. Lazaryan, Dep. «Electronic Computing Machines»,
Lazaryan Str., 2, 49010, Dnipro, Ukraine

Abstract. Ensuring interoperability of railway transport is possible only due to the developed information structure. Today, Ukraine
uses the information-telecommunication system (ITS) of railway transport, which is based on a data communication network. The
effectiveness of its work is largely determined by the routing system. The current algorithm for choosing the shortest route, which is
used in the existing routing protocol (OSPF), does not always lead to an effective result. However, there is MPLS technology, which
could improve the quality of the ITS network by creating virtual channels between its nodes. The authors proposed a scheme for
selecting tunnels for the flows in the MPLS network, which is based on the neural model of a multilayer perceptron of configuration
18-3-3-10 with the activation function Softmax in hidden layers and a linear activation function in the input layer. To simulate the
network operation, flow data is needed: class of service (CoS), sender and recipient identifiers, average flow rate vector and tunnel
data (their initial load). The final load of the tunnels is taken as the resulting output of the neural network, on the basis of which the
tunnel is selected for the flow of the k-th class of service.

Estimation of the interaction level between urban passenger
transport and city train

Olga Ozerova', Petro Yanovsky?, Viktoriia Yanovska®, Sergiy Lytvynenko®, Larysa Lytvynenko®, and Serhii Martseniuk?

! Mykolayv College of Transport Infrastructure of the Dnipropetrovsk National University of Railway Transport, Department of
Transport Technologies, 54020, Mykolayv, Ukraine
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Abstract. In the article the estimation of the interaction level between urban passenger transport and city train was made using the
systems approach through application of modern methods of developing adequate easy-to-use mathematical models. Applying the
systems approach, the transport node was considered as a comprehensive object, which is a single entity. It was identified that the
transport node efficiency depends on the interaction level of the structure and its technology with the passenger traffic that requires
designing a rational structure of the node and providing the technological interaction setting. The flow chart of determination the
indicators of urban passenger transport modes’ operation was proposed in order to improve the passenger service quality by
increasing the level of interaction of urban passenger transport modes with each other, also the system of efficient use of urban
transport means was developed. The system of criteria for assessing the level of interaction between urban passenger transport and
city train was implemented, which consists of criteria for the individual assessment of urban passenger transport and city train and
criteria for their system interoperability, including consideration of the system quality from the passenger’s point of view.

Implementation of road charging in the city of Zilina — a tool for
reducing negative externalities

Alica Kalasova® Veronika Harantova', Simona Kubikova®, and Jerzy Mikulski?

'Department of road and urban transport, Faculty of operation and economics of transport and communications, University of Zilina,
Univerzitna 1, 010 26, Slovakia
2University of Economics, 50, 1-Maja str, 40-287, Katowice, Poland

Abstract. It has been proven on several implementations worldwide, that introducing of road charging scheme in urban area is very
simple and efficient way to reduce traffic volumes, lower congestions and shorten travel time. Herewith, there is a possibility of
utilization of charged money, e.g. for financing of public transportation. In our paper, based on analysis of traffic intensities and
results of social survey, we describe a proposal of charging schema for the central part of the city of Zilina in Slovakia.

Improvement of international rail transportation of benzene
between Ukraine and the European Union countries

Vasyl Gaba', Tetiana Hrushevska®, Oleg Strelko?, Anna Kyrychenko?, Marina Rudyuk®, and levgen Gusar®

ISUIT, Department of Management of Railway Commercial Activities, 29/18, Kotelnikov Street, Kyiv 03115 Ukraine
2SUIT, Department of Transportation Technologies and Process Control Traffic, 29/18, Kotelnikov Street, Kyiv 03115 Ukraine

Abstract. It is considered the possibility of improvement of the international railway transportation of benzene and other related
cargoes between Ukraine and the European Union countries for the carriage of these cargoes in tank containers. The volume of
chemical cargo transportation to the EU countries to the rolling stock types for 2018 has been analyzed. The research of the
effectiveness of organization of international transportation according to the criterion of the total hours of downtime by wagons under
accumulation. The mathematical model of chemical cargoes transportation by wagons, wagon groups and container trains with the
accumulation to the technical standards on the cargo diversions was elaborated. The models take into account the unevenness of the
wagon arrivals to the accumulation points and observance of the number of wagons to the established norm. A comparison of the
effectiveness of the two models of the organization of the chemical cargo delivery and it was defined a more effective version of
transportation. It has been established that for more efficient using of the rolling stock and for the rolling stock circulation decreasing
is the cargo transportation by trains which consist of cisterns or/and tank container carriages. The influence of the components of the
rolling stock circulation and its value are analyzed. The research of the cost of benzene transportation in cisterns and tank containers
for the individual diversions was studied. According to the research results the cost of benzene transportation by platforms of the
railways ownership is less than twice in comparison to private cisterns and tank-containers of the Ukrainian Railways fleet. These
recommendations will improve the process of transportation and increase of volumes of international cargo by railroads between
Ukraine and the EU countries.
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Improvement of the analysis methods of the working hours®
distribution of locomotive crews by the types of train operation
in freight traffic

Dmytro Kozachenko', Mykola Berezovyi?, Vyacheslav Malashkin?, Tetiana Bolvanovska?, and Yurii Grimak®

! Dnipro National University of Railway Transport, Department of Operation, 41010 Dnipro, Ukraine

2 Dnipro National University of Railway Transport, Department of Transport Junctions, 41010 Dnipro, Ukraine

% Lviv College of Transport Infrastructure of Dnipro National University of Railway Transport named after Academician
V. Lazaryan, 79011 Lviv, Ukraine

Abstract. The work is aimed to increase the efficiency of cargo transportation by railway transport by improving the work
organization of locomotive crews. The research is based on the methods of organization of operational work of railways and the
methods of mathematical statistics. The problem of increasing the use efficiency of working hours of locomotive crews in freight
traffic is considered in the article. Based on the statistical data processing of drivers' routes, the working hours™ distribution of
locomotive crews for different types of train operation in freight traffic for four locomotive depots was performed. During the
research, a conditional division of the working time of locomotive crew by the type of work was performed, if the crew worked with
trains of various categories. The algorithm for assigning the idle time and empty running of locomotive to certain types of train
operation was also developed. The work originality lies in the fact that it improves the methods of analysis of the working hours
distribution of locomotive crews for certain types of train operation in freight traffic. The developed methods give an opportunity to
evaluate the work specifics of individual locomotive depots and provide the initial data for planning the use of locomotives and the
work and rest schedule of locomotive crews.

Innovative concept of loading bimodal trailers with the
organization of a loading terminal

Jan Strzemkowski®, Agnieszka Merkisz — Guranowska?, Maciej Andrzejewski®, Hanna Stawecka®, Michalina
Kaminska?, and Mariusz Far*

! F ukasiewicz Research Network — Rail Vehicles Institute ,, TABOR”, ul. Warszawska 181, 61-055 Poznan, Poland,
2 Poznan University of Technology, P1. Marii Sklodowskiej-Curie 5, 60-965 Poznan, Poland,

Abstract. The article presents an innovative concept of horizontal transverse loading of bimodal semi-trailers by means of a
transshipment terminal equipped with special the transshipment stands. An innovative switching station and a working principle
improving the loading of bimodal trailers were described. The concept of the transshipment terminal equipped with several loading
stands for bimodal semi-trailers is also presented. Various variants of organization of the terminal with horizontal transverse loading
of bimodal semi-trailers are indicated. A preliminary computer simulation was carried out and the results are compared with the
existing Polish system Tabor 1 and Tabor 2.

Intellectualization of logistic supply chains on the basis of
forecasting volumes of cargo transportation

Vitalii Gurnak, Lyudmila Volynets, and llona Khalatska

NTU, Department of Transport Law and Logistics, 010101, Kyiv, 1, M. Omelianovycha-Pavlenka Str., Ukraine

Abstract. Research shows that the accelerated economic movement towards a more intelligent model of development and rapid
dissemination of knowledge contributes to the emergence of new modern logistics technologies and approaches to managing global
supply chains. The dominant feature of the sustainable development of transport services is the invariant concept of management, the
basis of which is the socio-ecological and economic model. Indicators of the transport sector show a decline in volumes of
transportation, but the positive dynamics of growth is demonstrated by the agrarian sector, which produces half of all export volumes
and provides one third of the currency revenues of the state.Factors that inhibit the effective functioning of the logistics chain are
revealed. In particular, the technological orientation of railways, mainly on route transportation, highlighted the problem of uneven
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development of ports at ports and railway ports, as well as inconsistencies in grain volumes in Stevedoring companies' deals with real
port facilities. In fact, there is a schedule of seasonal fluctuations in the transportation of cereals, in particular, their absence for 3-4
months per year.The rational model of management and intellectualization of grain supply logistic chain, which takes into account
the indicators of artificial neural network forecasting and seasonal grain transportation parameter, is proposed.

Methodical foundations of cargo owners’ transport services
logistics management

Petro Yanovsky®, Viktoriia Yanovska®, Sergiy Lytvynenko®, Larysa Lytvynenko*, and Oleksandr Vodchic™

! National Aviation University, Military Training Department, 03058 Kyiv, Ukraine

2 State University of Infrastructure and Technology, Department of Economics, Marketing and Business Administration 04073 Kyiv,
Ukraine

% National Aviation University, International Economy Department, 03058 Kyiv, Ukraine

4 National Aviation University, Management of Foreign Economic Activity of Enterprises Department, 03058 Kyiv, Ukraine

Abstract. In the article methodical foundations of transport services logistics management of cargo owners were realized, on the
basis of integrated estimation of economic efficiency of holistic progressive logistic chain operation of cargo delivery. In the making
of the study, the authors have identified the provision of logistic management conditions by production and mainline rail transport in
carrying out transportations. In the successful implementation of finished product loading and arriving cargo processing plans, clear
interaction of all logistics chain elements is an important factor, achieved on the basis of introduction of a stable cargo train schedule
at sections and the submission of local operation organization in nodes, at sections and stations. On the basis of modelling possible
variants of different parameters ratios of the logistic interaction process of production with mainline rail transport, it was determined
that at different parameters ratios results can be obtained that will vary by waiting time of carrying out loading in railway cars and
waiting time of removal of finished products from manufacturer’s warehouse, required car fleet and loading of material handling
vehicles. In this case, the most economical option should be taken as the main condition for ensuring a rational interaction of
industrial and mainline rail transport.

Multi-criteria method of selection the way of conducting
railway traffic on the open line for modernized and revitalized
railway lines

Piotr Golebiowski', Marianna Jacyna’, and Jolanta Zak"

! Warsaw University of Technology, Faculty of Transport, 00662 Warsaw, Poland

Abstract. Nowadays, thanks to funds coming from various sources - including the European Union, intensive modernization and
revitalization works regarding railway transport infrastructure are carried out. These works include both the railway surface and the
change in the way of conducting railway traffic on both open lines and operating control posts. During modernization and
revitalization, efforts are being made to introduce more and more new solutions in both mentioned areas. However, there is no multi-
criteria method that would allow to assess which method seems to be the most advantageous. The aim of this article is to present a
multicriteria method of choosing the method of conducting railway traffic on the open line for modernized and revitalized railway
lines. It should be noted that the basic group of criteria in the method applies to the organization of railway traffic. The article
discusses the basic issues regarding the modernization and revitalization of railway lines, ways of conducting railway traffic on open
lines and multi-criteria assessment methods. A multicriteria method for selecting the method of conducting trains was presented and
it was verified for a selected railway line in Poland.
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The Economic Guarantee of Logistic Connections Optimization
at Railway Transport

Vasyl Kopytko', Sergei Dziuba?, Maxym Mishchenko® and Tetyana Shargun®

1| viv Branch of DNURT, Department of Humanities and Social-Economic Training, |. Blazhkevych St., 12a, Lviv, Ukraine, 79052;
M. Polyakov Institute of Geotechnical Mechanics of NAS of Ukraine, Simferopolska St., 2a, Dnipro, Ukraine, 49005;
SDNURT, Department of Economics and Management, Lazariana St., 2, Dnipro, Ukraine, 49010;

Abstract. The efficiency increasing of railway transport functioning is a main factor in the economic growth of the national
economy. Material reserves are the main factor that defines the strategy of the enterprise and influences on the economic
optimization level of logistic connections in general. Waste on deficiency and expense of storing the taken out from the main
turnover material reserves redouble the economic situation. In this research the sources of the arising an uncertainty by taking a
decision about economic optimization of logistic connections and working out methods of need determination in conditions of a
certain uncertainty that will be led to improvement of the economic effectiveness of activity are determined. The best methods that
may be used for this purpose are analysis of temporary series, multiple regression and correlation analysis, pattern recognition. The
paper presents the results of research that allow, based on the built neuro-fuzzy model, to evaluate the dependence of macroeconomic
indicators of the national economy of Ukraine on the indicators characterizing its economic situation in order to improve the control
efficiency of logistics systems. The built neuro-fuzzy model, unlike existing models, allows reproducing the complex nonlinear
dependences.

The hybrid trains in international logistics transportation

Zoia Kaira', Liudmila Golovkova?, lvan Rekun?, and Yurii Trubai

twsB University in Gdansk, Professor of management, 80-268 Gdansk, Grunwaldska 238A, Poland
2 DNURT, Department of Finance and economic security, 49010 Dnipro, Lazaryan Street 2, Ukraine

Abstract. Analytical information for the market players concerning to the overall future hybrid train market and the subsegments is
considered. The forecast of the volume railway transportation in Ukraine is represented in the paper. The aim of the paper is to
examine the role of hybrid trains in logistics transportation segment under escalating importance of international logistics where
transport segment is influenced in largely degree of political, economic, social, technological, environmental and legal changes. The
paper is targeted the stakeholders to provide with information on key market drivers, restraints, challenges, and opportunities.
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Analysis of thermodynamic parameters in spark ignition
VCR engine

Patryk Urbanski' Maciej Bajerlein?, Jerzy Merkisz®, Andrzej Ziotkowski’ and Dawid Gallas®

Y} ukasiewicz Research Network - Rail Vehicles Institute "TABOR”, Warszawska 181, 61-055 Poznan, Poland
2poznan University of Technology, Institute of Combustion Engines and Transport, Piotrowo 3, 60-695 Poznan, Poland

Abstract. 3D models of Szymkowiak and conventional engines were created in the Solidworks program. During the motion
analysis, the characteristics of the piston path were analyzed for the two considered engine units. The imported file with the
generated piston routes was used in the AVL Fire program, which simulated combustion processes in the two engines with identical
initial conditions. The configurations for two different compression ratios were taken into account. The basic thermodynamic
parameters occurring during the combustion process in internal combustion engines were analyzed.

Contact arc time —important parameter of DC high-speed
circuit-breakers

Artur Rojek  and Marek Skrzyniarz*

1Rai|way Research Institute, Chlopickiego 50, 04-275 Warsaw, Poland

Abstract. The parameters of DC high-speed circuit-breakers (HSCB) and test methods are specified in the standards. These
standards define requirements of the circuit breakers opening time and the total breaking time. During the direct current (DC)
breaking after opening the contacts, the arc ignites, the voltage of which is so low that it does not limit the switched off current. The
time in which this phenomenon occurs is defined as the contact arc time.

The contact arc time has a significant influence on the breaking process. It can take up to over 40% of arcing time. Therefore, tests
were carried out, which were to answer the questions about what and to a what extent affects the contact arc time.

Since the standards for high-speed circuit-breakers do not refer to the contact arc time, definitions of this parameter are proposed in
the article. Using this definition numerous tests of various factors have been carried out on contact arc time.

The conducted research shows that shortening the DC breaking time through high-speed breakers is possible by limiting the contact
arc time, which can be obtained by modifying the circuit breaker’s construction.

Identification of the railway reconstruction parameters
at imposition of high speed traffic on the existing lines

Iryna Lebid" Irina Kravchenya?, Tatyana Dubrovskaya®, Nataliia Luzhanska®, Mykola Berezovyi®,
and Yevhen Demchenko®
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Abstract. The problems of railroad design technical reconstruction aimed at ensuring train protection in introduction of high-speed
traffic on the rail lines have been addressed. The description of railroad technical system with certain specific features has been
proposed. The pair of mutually dual problems regarding the optimal reconstruction of railway curves for raising train speeds at
minimal capital investments has been addressed. The problem of determining the optimal speeds of trains of each category under
optimum outer rail cant, increase of the unbalanced acceleration value, compliance with the condition of uniform load on rail tracks,
comfortable carriage of passengers, in which reduced costs on increased speeds in curved tracks will be minimal has been
formulated. To achieve the goals of the study, mathematical optimization techniques and algorithms of analysis of the rail lines of
different nature are used. This, by finding and value engineering optimization, allows to minimize high-value and lengthy procedures
of physical simulation. As a problem-solving technique, Lagrange multiplier method and its applicability have been proposed.
Numeral solution to the problem of selection of certain stretches for increasing rolling stock speeds on operating lines without
reconstruction or with minimum expenses on reconstruction of contour of track has been reviewed.

Improving the performance parameters of railway wheels with
the help of optimal design technologies of their electric pulse
processing

Igor Vakulenko®, Nickolay Kuzin® Leonid Vakulenko®, Sergey Raksha®, and Svetlana Proidak’

1 DNURT, Department of Applied Mechanics and Materials Science,49010,Dnipro,Lazaryan St., 2, Ukraine
2 DNURT, Lviv Branch, 79052, Lviv, I.Blazhkevych Str., 12-a, Ukraine
% Head Department of the Pridniprovk Railway, 49600, Dnipro, D.Yavornizkogo Av., 108, Ukraine

Abstract. The processing by pulses of electric current (PEC) of a fragment of the rim of a railway wheel was carried out on the
DS10D equipment. When the density of the electric current is from 3 to 17 A/mm2, the processing cycle consisted of the action of a
pulse with a duration of 2.5-3 s and a pause between pulses of 4 s. After 150 cycles of PEC, the hardness of cold-formed metal was
reduced from 10 to 20%. Studies of the parameters of the metal structure of the wheels have determined that the processing of PEC
leads to a decrease in the number of defects in the internal structure, which are accumulated as a result of cold deformation of the rim
along the rolling surface of the railway wheel. It has been established that, according to the nature of the influence on the hardness
distribution of carbon steel, the PEC treatment corresponds to changes during tempering in the average temperature range and allows
to significantly increase the operating parameters of the wheels of railway equipment.

Mathematical model of pantograph cooperation with two
degrees of freedom with a catenary system

Marek Kaniewski »* and Michat Cichonski

1Railway Research Institute, Chtopickiego 50, 04-275 Warsaw, Poland
2Stemmann-Polska Sp. z 0.0.. ul. Spéldzielcza 22, 55-080 Kqty Wroclawskie

Abstract. The authors present a method of modeling pantograph cooperation with a catenary system by means of a computer
program based on a pantograph discrete model with two degrees of freedom and a catenary system model as a focused mass that in
the dynamic state has variable stiffness along the span. After performing the appropriate tests, the validation was carried out
according to the proposed method in the PN EN 50318:2019-02 standard required in the Technical Specifications for the
interoperability of the subsystem "Energy" and "Rolling stock - locomotives and passenger rolling stock” of the trans-European rail
system in Europe.
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Modelling of the electric locomotion DS3 working

Dmytro Bannikov" Anatoliy Radkevich! and Antonina Muntian?

'Dnipro National University of Railway Transport named after Academician V. Lazaryan, Department of Construction Production
and Geodesy, 49010 Lazaryan St., 2, Dnipro, Ukraine

Dnipro National University of Railway Transport named after Academician V. Lazaryan, Department of Foreign Languages,
49010 Lazaryan St., 2, Dnipro, Ukraine

Abstract. The purpose of the work is to evaluate the spatial distribution of the rigidity of the carrier frame and the body of the
Ukrainian electric locomotive DC3 as a single system during operation and repair. The research was carried out on the basis of the
finite element method with the application of design and computing complex SCAD for Windows. The numerical model of the
electric locomotive was built, tested and then used to identify the causes and providing guidance on solving some specific operational
questions. They are included, for example, the possibility of eliminating the body skew when jacking up on jacks and jamming the
door as a result. The researches showed that the structure of the electric locomotive DS3 in general has a rather high spatial rigidity,
both in transverse and longitudinal directions, and on torsion. However, for some practical repair tasks there is not enough for that
rigidity. It was recommended to increase the thickness of the shell of its body up to 4 mm or the roof up to 8 mm, which leads to an
increasing in the total mass of the machine by about 2,5 and 3,5 tons, respectively.

Rationing of the number of signals and interlockings in the
operational stock of railway stations

Iryna Lebid™ Dmitrii Shevchenko?, Irina Kravchenya®, Nataliia Luzhanska®, Georgii Prokudin®, and Myroslav
Oliskevych?

! National Transport University, Department of International Transportation and Customs Control, Mykhaila Omelianovycha-
Pavlenka Str., 1, Kyiv, Ukraine, 01010

2 BelSUT, department «Information management systems and technologies», Kirov str., 34, Gomel, Belarus, 246653

3 BelSUT, department «Road and Traffic Managementy, Kirov str., 34, Gomel, Belarus, 246653

4 National Transport University, Department of Transport Technologies, Mykhaila Omelianovycha-Pavlenka Str., 1, Kyiv, Ukraine,
01010

Abstract. The operational stock of signals and interlockings is necessary to ensure the uninterrupted operation of the electric
interlocking systems in the event of their component failure. The existing standards for the composition and number of signals and
interlockings available in the operational stock of railway stations are not mathematically based. It is considered the task of justifying
the number of signals and interlockings in the operational stock of railway stations, and the factors affecting its quantity are
indicated. It is proposed the mathematical model for rationing the amount of equipment necessary to ensure the uninterrupted
operation of station signals and interlocking systems with a specified probability. The process of using and replenishment of reserve
equipment is described using the the single-channel Markov queuing system model with a limited queue. The proposed probabilistic
methodology approbation for the rationing of the amount of reserve equipment was carried out at the stations of the two Belarusian
Railway divisions totaling to 58 stations equipped with relay and computer-based electric interlocking. It is shown the efficiency of
the calculated amount of equipment in comparison with the existing values.

Selected aspects of proper integration between ERTMS/ETCS
on-board and trackside devices

Dominik Adamski, Andrzej Biaton, and Zwadka L.ukasz

Railway Research Institute, 04-275 Chtopickiego 50, Poland

Abstract. Achieving the interoperability of the European rail system requires many measures to unify technical solutions as well as
regulations in each Member State. However, there is a possibility of some incompatibilities between individual subsystems despite

generating them in accordance with unified applicable requirements. It is possible that the interoperable rolling stock will not be able
to move freely over the interoperable railway line due to some incompatibilities and differences in the versions of the installed
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firmware in the ERTMS/ETCS system devices. In connection with the above the correct integration of rail vehicles with track-side
equipment should be examined by means of tests under operating conditions. The article presents compliance tests of the correct
integration of the on-board subsystem with the track-side subsystem which are carried out by the Railway Research Institute.

Systems mutual loadings of traction asynchronous cars

Andriy Afanasov, Oleksandr Shapovalov, and Maryna Voitenko

Dnipro National University of Railway Transport named after Academician V. Lazaryan, 49000 Dnipro, Ukraine

Abstract. The review of methods of post-repair tests of traction asynchronous motors under conditions of locomotive depot is
carried out.The necessity of introducing special stands for post-repair tests is shown in order to improve their quality, reduce the
number of failures of service equipment, improve safety of the railway transport. Let's consider a question of power supply of the
research asynchronous engine in wide frequency range and also a possibility of creation of the universal stand for testing important
asynchronous engines of the electrorolling stock. Survey of possible versions of the scheme mutual loadings of asynchronous
electrical machines which can be used for testing traction asynchronous engines of the rolling stock is executed. Such systems can be
constructed both with use of the static converter of frequency, and without it. The given short characteristic of each alternative,
certain advantages and shortcomings of each of system options. It is shown that systems with use of static converters of frequency
differ in high power efficiency, allow to carry out tests in the wide frequency range of power supply, however have higher prime
cost. Schemes without converters of frequency differ in smaller power efficiency, impossibility to carry out tests in the wide range of
frequency of power supply, high level of consumption of reactive power . The results of the carried-out analysis can be used when
choosing rational option of a system mutual loadings of asynchronous electric motors which will differ in higher functionality and
power efficiency. Use of such systems will allow to lower capital expenditure for creation new and modernization of traction
electrical machines that exist at the station for test.

The effect of ozone on wet atmospheric corrosion of
aluminium of high-voltage lines

Galina Tatarchenko, Nataliia Beloshitskaya’, Viktor Sychenko? , and Vitalii Liashuk?

1 SNU named after Dal
2 DNURT, Ukraine

Abstract. One of the factors influencing traffic safety is the uninterrupted power supply of interlocking devices. As a rule
transmission of electric energy is carried out using aluminum wires. In order to assess the reliability of power lines in the work,
research was carried out on the influence of ozone on corrosion of aluminum in a humid atmosphere and acidic medium. It was found
that the presence of oxygen dissolved in acetic acid leads to anode currents increase, while at crossover ozone, cathode currents
increase by an order of magnitude and 2-3 times the anode decreases; the corrosion potential of an Ecor shifts to the positive side at
0.15V. The decrease in the density of anode currents in the presence of ozone proceeds due to the growth of the thickness of the
aluminum oxide film. According to the Auger-spectra, the film is increased by 3-4 times compared with the nonzonized medium, due
to which the corrosion resistance of aluminum Km increases from 0.066 to 0.025 g/(m2-h). The rate of formation of oxides depends
on the concentration of oxidants in the solution, and on their oxidative activity. According to calculations of thermodynamic factors
that determine the preferred route of oxidation, the probability of formation of oxides in the presence of ozone is significantly higher.
Local destruction of the protective layer occurs mainly in defective places and places of local increase in pH of the electrode layer.
Investigation of the cyclic polarization of a sample of aluminum, pre-cathode activated by a current of 1 mA/cm2 density, showed the
presence of hysteresis, which decreases in the next 2-3 cycles. In this case, the exterior of the aluminum shifts to (0.10 + 0.15) V is
more positive and the corrosion rate is reduced, which indicates the formation of an oxide film in which irreversible changes occur.
The change in the inclination of the polarization curves indicates that the cathodic reaction is delayed and is associated with the
change in the structure of the surface layer of the electrode and the diffusion restrictions of ozone recovery.
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Estimation of Private Locomotives Usage Efficiency for Freight
Transportation in Ukraine

Dmytro Kozachenko® Bogdan Gera?, Nazar Sannytskyy?, Yuliia Hermaniuk?, and Tetyana Shargun?

! Dnipro National University of Railway Transport, Department of Operation, 41010 Dnipro, Ukraine
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® Lviv College of Transport Infrastructure of Dnipro National University of Railway Transport, 79011 Lviv, Ukraine

Abstract. Ukraine has undertaken the implementation of European Union Directives, which provide non-discriminatory admission
to the railway infrastructure of independent carriers. A significant number of factors considerably affect working conditions of the
carriers which are independent of Ukrzaliznytsia. One of the goals while performing transportation by independent carriers is the
organization of private locomotives operation and their service by engine crews. The purpose of the article is to assess technical and
economic indices of private locomotives use for goods transportation. The schemes of infrastructure objects arrangement for
locomotives operation and engine crews work are presented. Performed calculations show the potential possibility of independent
railway carriers to fulfil transportation to seaports with the use of its private locomotive infrastructure exclusively. The estimation of
economically expedient volumes of cargo transportation by private locomotives in comparison with existing pricing of
Ukrzaliznytsia is carried out. The nonlinear dependence of transportation volume depending on the distance is determined, at which
the total cost of cargo transportation by Ukrzaliznytsia locomotives is equal to the cost of cargo transportation by private
locomotives. The results of the study allow concerned companies to evaluate the investment efficiency into the development of
locomotive fleet for rail transportation.

Improvement of the technique of calculating operational
parameters using an automated system

Yurii Statyvka', Hanna Kyrychenko?, Oleh Strelko?, Yuliia Berdnychenko? Vasyl Gaba?, and Tetiana Hrushevska

! National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, 37, Prosp. Peremohy, Kyiv, 03056, Ukraine
2 State University of Infrastructure and Technologies, 9 Kyrylivska Street, Kyiv, 04071, Ukraine

Abstract. Impact of the existing operating conditions on terms of cargo delivery and compliance with the rolling stock circulation
norms is studied. Planned and actual rolling stock circulation characteristics are analyzed. Deviations from the norms have been
detected, which is indicative of non-compliance with technological processes. Nowadays the rolling stock circulation problem
becomes more complex; for the service recipients, i.e. customers of the railway, it means delays in cargo deliveries, non-fulfillment
of financial obligations before other participants in the railway transport process. A new approach to the methodology and principle
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of calculating anticipated key performance characteristics are proposed. The existing information technologies for railway
management make it possible to monitor compliance with the rolling stock circulation norms and the terms of cargo deliveries and to
further improve methods and techniques of performance parameters. This will enable establishing realistic rolling stock circulation
norms and cargo delivery terms, thus ensuring compliance with technological requirements of the railway transport processes in
order to provide good customer service.

Investigation of possibility of hopper cars unloading on the car
dumper VRS-134M

Stepan Dovhaniuk®, Volodymyr Kalashnyk™", Alexei Reidemeister’, Oleksandr Shykunov?, and Julia Sobolevska?

! Dnipro National University of Railway Transport named after Academician V. Lazaryan, 49000 Dnipro, Ukraine
2 Lviv branch of Dnipro National University of Railway Transport named after Academician V. Lazaryan, 79052 Lviv, Ukraine

Abstract. It was developed a computational model to evaluate the body strength of short base hopper models 19-758-01, 20-471,
and 20-4015 when unloading them on the car dumper VRS-134M. Modeling of the stress-strain state of the car design was made
using the finite element method. It was established that in terms of strength, bodies of the hopper models 19-758-01, 20-471, and 20-
4015 are suitable for unloading on car dumper. The results of experimental studies showed sufficiently high accuracy of the chosen
computational model for estimating the stress-strain state of design and confirmed the possibility of hopper car unloading on the car
dumper VRS-134M.

The impact of asymmetry on equilibrium of logistics systems

Irina Savelieva', Serhij Melnikov*, and Alexandra Orlovska’

1 ONMU, Chair of Entrepreneurship & Tourism, 65029 Odessa, Mechnikov Str., 34, Ukraine
2 DNURT, Lviv branch, 79052 Lviv, I. Blazhkevich Str., 12a, Ukraine

Abstract. The article examines one of the actual problems of the theory and practice of the logistics systems functioning related to
the asymmetry of information in the transport services market. Assessing the level of asymmetry in logistics systems is of
fundamental importance to increase the competitiveness of relevant systems. New approach formulated herein estimates the logistics
systems asymmetry by taking into account information asymmetry about the quality of transport products, as well as information
asymmetry about the quality of products within the boundaries of the corresponding supply chain. This approach allows to take into
account its potential capabilities and increase functional stability in the process of logistics systems design.
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