AHOTANIA

Kynvosa J[. O. ®opMyBaHHS aBTOMAaTH30BAaHOI TEXHOJOTII MEPEBE3CHHS
He0e3MeYHUX BaHTaXX1B HA OCHOBI pU3UK-OpieHTOBaHUX MiaxoaiB. Keamidikaiiiina
HayKOBa Ipallsl Ha MpaBax PYKOIHCY.

Huceptanis Ha 3100yTTSI HAyKOBOTO CTymeHs JAokTop ¢utocodii 3a
crietianbHicTIO 275 — «TpaHcnmopTHI TEXHONOTI». — «YKpaiHChKUN Jep>KaBHUN
YHIBEPCUTET 3al13HUYHOr0 TpaHcnopty», MOH VYkpainu, Xapkis, 2020.

JucepTanito NOpUCBAYCHO TMUTAHHIO (QOPMYBaHHS  aBTOMAaTHU30BAaHO1
TEXHOJIOT1i nepeBe3eHHs HeOe3neuHux BaHTaxiB (HB), sika Hamae MOXIUBICTH
OMEPATUBHOMY IEPCOHANy MPUUMATH OOIPYHTOBAHI Ta 3Ba)KEH1 PIIIEHHS 010
BUOOpPY palioHalbHOI Kommo3ullii BaroHiB 3 HB pi3HuX rpyn cymicHOCTI Ta
MOAAJBIIOr0 MPOCYBAHHS TAKUX MOI3/IOMOTOKIB B YMOBAaX MaCaKUPCHKOTO PyXy, 10
CIpUSITUME TIJBUILECHHIO pPIBHS O€3MeKH 3a PAaXyHOK BUKOPUCTAHHS PHU3HK-
OpIEHTOBAHUX M1IXO/I1B.

HaykoBa HOBU3HA qucepTaliifHOI poOOTH MOJISITA€ Y BUPINICHHI HAYKOBOTO
3aBIJaHHA  YJOCKOHAJEHHS  TEXHOJOTril  yNpaBiiHHSA  MOi3J0NOTOKAMHU 3
HeOe3NMeYHUMHU BaHTaXaMU Ha 3aJI3HUYHUX HAMpsIMKax IUISIXOM BIPOBAIKEHHS
aBTOMAaTU30BaHOi, IHTEJNEKTyalbHOI CHUCTEMH CEMIOTHYHOIO THIy Ha OCHOBI
po3po0JICHOTO  KOMIUIEKCY  MoOjJeNie, Akl  3a0e3neuyioTh  peati3alliio
BUIE3a3HAYEHOI TEXHOJIOT11.

Bnepuwe:

— ¢opmanizoBaHO MPOLEAYPY BHU3HAUEHHS palllOHATBHOI KOMITO3MIII]
BaHTAYXHOTO 1013712 3 HEOE3MEYHUM BAHTAXKEM, SIKA Ha BIIMIHHY BiJl ICHYIOUHUX J1a€
3MOry copMyBaTH «IOCTaTHbO O€3IMEUHUID» MOi3j, BpaxoByruH cyMmicHicTh HB
PI3HUX KaTeropiil Ta kjaciB HeOe3Mneku mpu (GopMyBaHHI COCTaBY MOI3/a;

— 3 METOIO OIIHIOBAaHHS HACTIJKIB aBapliHUX cUTyaIlii 3 Baronamu 3 HB npu
MEePEBE3EHHI iX 3aII3HUYHUM TPAHCIIOPTOM PO3pOOJIEHO METO] OL[IHKA PU3UKIB 3
BUKOPHUCTaHHSM arapaTy HEYITKOI JOTIKH Ta HEYITKUX MHOKUH, KM Ha BIIMIHY
BiJl ICHYIOUMX JO3BOJISIE 3HU3UTU PU3MK HACTaHHS OUIBII 3HAYHUX HACIIJKIB B

pe3yJIbTaTl aBapiitHOI CUTYaLi;



— 3 METOI0 JUHAMIYHOI'O ONUCY IMOI3HUX CTaHIB B pEaJbHOMY PEXKHUMI Hacy
PO3p0o0JIEHO MIAX1 040 MOHITOPUHTY Ta aKTUBHOT'O MPOCYBAHHSI MOi30MOTOKIB 3
HEeOe3NEeYHUMHU BaHTaXXaMH y BUTJIS1I a0CTPAKTHOTO MOJIENIIOBAHHS ONEPATUBHUX
MIPOLIECIB, KU HA BIAMIHHY B/l ICHYIOUMX 0a3ye€Tbcsl HA CEMIOTHYHIA OCHOBI, 1110
JI03BOJISIE MIHIMI3yBaTU TEMIOPaIbHI TMOKA3HUKW TMPUUHATTSA PIIICHHS LI0A0
OMEpPATUBHUX MOI3HUX 00CTaBUH;

Yoockonaneno:

— cTpykTypy 1 koMmiuiekc 3a1ad ACKBITY3-€, msxom iHTerpanii y ii ckiian
aBTOMATU30BAaHOI TEXHOJOT1l BHOOPY palioHaIBLHOTO BapiaHTy (OpMyBaHHS
noizniB 3 HB Ta ix mpocyBaHHS B yMOBaX MacakXUPChbKOTO PyXy.

[IpakTruHi pe3yabTat poOOTH MOIATAI0Th ¥ (POPMYBaHHI aBTOMATU30BaHO1
TEXHOJIOT1i MepeBEe3eHHs] HEOE3MEUHNX BAHTAXIB HAa OCHOBI PU3UK-OPIEHTOBAHMX
MIAXOMiB. 3a3Hau€Ha  TEXHOJIOTIS  Jlae 3MOTYy  KOHTpPOJIOBAaTH  MpOIEC
TpancrioptyBanHs HB, 3 ormsany Ha iX pi3Hi KJlacH Ta KaTeropii CyMICHOCTI, Bij
MOMEHTY (pOpMYBaHHS MOI3y, BUOOPY PaIllOHATBHOTO MapuIpyTy A0 MOJAJIBIIOTO
IIPOCYBaHHS M0 MEPEXI1 3aJI13HMIIL, IO 1A€ 3MOT'Y ONIEPATUBHOMY IIEPCOHAY CTaHI1i
NpUAMaTU 3BaXKEH1 YMPABIIHCHKI PIMIEHHS B YMOBaxX JHUHAMIYHOTO XapakTepy
MEePEBI3HOTO MPOIIECY.

3a marepianamu IucepTaniiiHoi poOoTH onyosikoBaHo 20 HAyKOBUX Mpalb, 3
AKUX 5 HAYKOBUX cTaTed y (haxoBUX BHIAHHSAX, 3aTBepmkeHnx MOH VYkpainu, y
Tomy uucil 4 crarrsd y 6a31t ganux Scopus Ta Web of Scienes, a takox 16 Te3
JIOTIOB1ZIEH HA HAYKOBO-MPAKTUYHUX KOH(DEPEHITISAX.

VY BeTymni OOIpyHTOBAHO aKTyalbHICTh 00paHOi TeMH, ChOPMYIbOBAHO METY,
3a1a4di, 00’€KT Ta NpeAMET MOCHIIKEHHS, BiIOOpaXXeHO 3B 30K pPOOOTH 3
HAayKOBUMHU TE€MaMH Ta MPOTrpaMaMu, PO3KPUTO HAYKOBY HOBHU3HY Ta MPAKTUUHY
IHHICTB AUCEPTAIHHOI pOOOTH, MOJAHO ii 3arajibHy XapaKTEPUCTHUKY.

VY nepuiomy po3auil AUCEPTALIMHOTO JOCHIIKEHHS MPOBEIACHO aHall3
CTATUCTUYHUX JAHUX MIOJI0 TMEPEeBE3CHHS HEOE3MEUHUX BAHTAXKIB 3aTI3HUYHUM
TpaHcriopToM. Ha ocHOBI mpoBeaeHoro aHamnizy OQIMIMHUX JaHUX, HaJIaHHUX

MinictepctBoM [HDpacTpykTypu Ykpainu, cTaHy aBapiiiHOCTI MpU MEepeBE3CHHI



HeOe3MeYHNX BaHTaXiB, BU3Ha4YeHO, M0 3a 2017-2019 poku mo BCiX BHAAX
TpaHCIOPTY 3a(iKCOBAHO 3arajioM 78 TpaHCIOPTHUX Mo, 3 sikux 100% npunanae
Ha 3aJI3HUYHUN TpaHcnopT. Takuii cTaH cUTyallli BUMarae€ MIBUIKOI PO3pOOKHU
TEXHIKO—TEXHOJIOTTYHUX 3aXO/1B 1100 YCYHEHHs PUYMH aBapiHUX CUTYalllil Ta
3MEHIIEHHS HETaTUBHUX HACI1AKIB Bl HUX.

Pasom 3 nMM mOpoBeNEeHO aHali3 OCHOBHUX EKCHyaTallMHUX ITOKAa3HUKIB
pobOTH 3adi3HUIlN, ajpKe mporec mnepeBe3eHHs HB € HeBIZEMHOIO YacCTHHOIO
3arajibHOi TEXHOJIOTIi TMEepPEeBE3CHHS BAaHTAXIB 3alI3HUYHUM TPAHCIOPTOM. 3a
OCTaHH1 2 pOKH 00’€M TpaH3UTHHUX IEpeBe3eHb 3HU3UBCA Ha 13%, xoua 3HAYHA
YacTHHA MOTEHIIIATy TPAaHCIIOPTHOI ray3i 3ajiiHa Y BUKOHAHH1 TAKUX NIEPEBE3EHb,
CepeaHii yac MpoCTO0 TPAH3UTHOIO BaroHy Ha TEXHIUHIN cTaHIil 30UIBIIUBCA Ha
1,2 roguHu, MO CTAaHOBUTH OJU3bKO 7%, OOIr BAaHTAaXXHOTO BaroHy — OCHOBHUU
KOMILUIEKCHUN MOKa3HUK pOOOTH HE MA€ CYTTEBUX 3MIH 3a OCTAHHI POKU B CTOPOHY
nokpamieHHs. Bu3zHaueHl HeratwBHI TEHJEHIII CBiAYaTh MPO HEIOCKOHATICTh
ICHYIOUUX aBTOMAaTH30BaHUX TEXHOJOT1 (pOpMYyBaHHS Ta MPOCYBaHHS BaroHO- Ta
MOI3/I0MOTOKIB Yy OMYy YHCII 3 HEOE3NMEeUYHWM BaHTa)KaMH, IO Bele 0 BTpaTu
MO3ULIM 3aJII3HUYHOIO0 TPAHCIOPTY B YMOBAaX 3pOCTar0y0l KOHKYPEHIIIl 3 IHIIUMU
BUJIaMU TPAHCTIOPTY.

AHaJi3 HOPMAaTHUBHO-TPABOBOi JOKyMEHTallii B cdepi MepeBe3eHHs
HeOe3MeYHNX BaHTAXKIB MOKAa3aB, 1110 IO OpraHi3allii MepeBi3HOTo MPoIeCy 3 TAKUMHU
BaHTaXaMM TIpe[d SIBIIAIOTHCS TeBHI JOJATKOBI BHMOTH, SIKI CIHIpPsSMOBaHI Ha
3a0e3nedYeHHs MIJBUILIEHOTO PiBHS O€3MeKkH Mpu ix nepeBe3eHHi. OqHAK B MEBHUX
BUIAJIKaX Takli BUMOTH HOCSITh JIOKaJIbHUI XapakTep, a caMme: 3TiIHO HOPMATUBHUX
JIOKYMEHTIB 3a00pOHSETHCS 3aBAaHTAXEHHS HEOE3MEYHMX BaHTAXIB BHU3HAYCHUX
KJIACiB B OJIMH TPAHCHOPTHHM 3aCi0 3 METOI0 3MEHIICHHS MOKJIMBHUX HETaTUBHUX
HACJIKIB Bl HACTaHHS aBapiiiHUX CUTYyalliid 3 HUMU (BUOYX, MOXKEXkKa Ta 1H.); TAKOXK
3a00pOHSAETHCS BIAMPABICHHS TMOI3IB IO AUIBHHUII Ta BUKOHAHHS MaHEBPOBOI
pobotn 0e€3 BaroHiB NPUKPUTTS JIOKOMOTHBA BiJ BaroHiB 3 HEOE3MECUHUMU
BaHTakaMH. Y SIKOCTI TaKMX BaroHIB MOXXYTb BUCTYIATH 200 MOPOXHI1 BaroHU abo

BaroHW 3aBAHTAXKEHI 3BUYANHOIO Kareropiero BaHTaxiB. OHaK B LHUX yMOBax



(baKTUYHO BIJICYTHI BUMOTH IIOJO0 MOPSAIKY BHKOHAHHS MpoleAaypu (hopmyBaHHs
COCTaBIB MOi3/1iB 3 BaroHaMu 3aBaHTAKEHUMH HEOE3MEYHUMH BaHTaKaMH PI3HUX
IPYI CYMICHOCTI, 1110 TATHE 32 COO0I0 PU3UK BUHUKHEHHS OUTBII 3HAYHUX HACTIIKIB
B pe3yJIbTaTl HACTAHHS aBapifHOI cuTyallii. TaKuM YUHOM MOBA /1€ PO Ii/IBUILICHHS
PHU3HKIB NMPYU BUKOHAHH1 €KCIUTyaTalliitHo1 po6oTu. Pa3oM 3 UM cripoOu 3MEHIIICHHS
PHU3HKIB ONEPATUBHUM MEPCOHAIIOM 3a PaXyHOK BXKUBAaHHSI IOAATKOBUX 3aX0J1B TIPH
(dhopmyBaHH1 COCTaBIB MOI3/1B MOKE MPU3BECTH JI0 3HAUHOI'O HETATUBHOTO BILTUBY Ha
OCHOBHI €KCIUTyaTalliiiHl IOKa3HUKU. 3 LbOT0 CIIAy€ BaXXJIUBICTh BpaxyBaHHS
BUIII€3a3HAYEHUX YMOB HE TUIbKM B MEXKaxX 3aBaHTaXCHHS B OJIMH BaroH, a Ha piBHI
(dhopmyBaHHS COCTaBY MOi3/a.

VY apyromy po3auii po3po0JaeHO aBTOMATU30BaHY TEXHOJOTiH0 (GOpMyBaHHS
«IOCTaTHBO Oe3neyHoro» mnoizay 3 HB 3 eneMeHTaMM IITYy4HOrO 1HTENEKTY Ha
OCHOBI ONITUMI3aI[IHHOT MATEMATUYHOI MOJIEJI1 PAIlIOHAIBHOT KOMIIO3HUIIIT pyXOMOTO
ckiany 3 BaroHamu 3 HB pisHux kiaciB cymicHocTi. lluiboBa dyHKIIis
MaTeMaTUYHOi MOJENl Ma€E B CBOEMY CKJIaJal 2 KOMIIOHEHTH — 3arajibHl
eKCIUTyaTalllifHl BUTpPAaTH, $KI MNPUINANAIOTh Ha: po3dopMyBaHHSA-HOPMyBaHHS
MOi3/1iB 32 JOIOMOTOI0 COPTYBaJIbHOI T'1pKH, POpMYBaHHS MOi3AY 3 OOKY BUTSKHOI
KOJ1i, MPOCTiil BaroHiB B OYIKYBaHHI BU3HAYEHUX TEXHOJIOIIYHMX oONepauid Ta
BEJIMYMHY PU3UKY HACTAHHS HECHPHUATIMBOI MOA1T 3 OUIBII 3HAYHUM HACHiAKaMH B
il pe3ynbTaTi, SIKa 3aJI€XKUTh BiJl IEBHOI KOMIO3UIIII COCTAaBY BaHTaXXHOT'O MOi3/a 3
HB. [lns BupimieHHs HUTbOBOT (PYHKIIT MaTeMaTHYHOi, ONTUMI3alliiHOI MOJemi
KOMOIHATOPHOT'O TUITY B JOCTII>KEHHI BUKOPUCTOBYETHCSI IHHOBALIIMHUN METO/ Ha
OCHOB1 T€HETUYHOTO aITOPUTMY.

OcHoBHi etanu podotu ['A monsraioTs y ¢hopmMyBaHHI 0aTbKIBCHKOI Mapu
XpOMOCOM 3 3aKOJIOBaHOIO 1H(POPMAIIIEI0 TPO BUZHAYEHY MOCT1IOBHICTh BAHTAXKHHUX
BaroHiB 3 HB, Baronis 31 3BMYaifHUMU BaHTa)kaMU Ta MOPOKHIX BaroHiB B MOI3/I.
Ha wHactymHomy erami 3 MeTor0  (OpMyBaHHS  HOBUX  MOMYJISIIN
BUKOPHUCTOBYBAETHCS TPHbOX TOUKOBUM OMNEpPaTOp KPOCHHTOBEpPY Ta OMNEpaTopu
«BuganeHus» (delete) 1 «BcraBinenHs» (paste). B pe3ynbrari 4oro OTpUMYETHCS

palnioHaJIbHa KOMITIO3HMIIisl BaHTAKHOTO MOi31y 3 pO3TallyBaHHSIM BaroHiB MIXK



cobor, 10 3abe3nedye NPUUHATHUN PIBEHb OE3MEKU 3TiAHO 10 Po30JeHOi
KOHIIENI[li MOALTy Ha Tpyny HEOE3NMEeKM HECYMICHHX KJIaciB 3 HeOe3NeYHHMU
BaHTAXKaMU, IO JO3BOJSIE€ 3HU3UTU PIBEHb PU3UKY OUIbII 3HAYHUX HACHIIKIB B
pe3yabTaTi aBapiiHoi cutyarii. Jlo Toro »* 3aBIsIKM 3aCTOCYBAaHHIO BU3HAYEHOI'O
METOJly CTa€ MOKJIMBUM OTPUMATH PaIliOHATIbHI PIIIIEHHS 32 MOPIBHSHO HE3HAYHUMN
yac, MO0 € OOOB’S3KOBOI0O YMOBOI BHKOHAHHS E€KCIUTyaTalliiHOi poOOoTH B
OMEePATUBHUX YMOBAX.

JI1s1 BUpIllIEHHS! KOMIIOHEHTH PU3HUKY LUIHOBOT (DYHKII MOJIeNl pO3pOo0IeHO
METOJI OIL[IHIOBaHHS HACIIJIKIB aBapiiHUX CHUTyalld 3 HEOE3NEYHUMHU BaHTaXKaMu
IpU MEPEeBE3eHHI 1X Bali3HMYHUM TpaHCHOPTOM. MeToa 3acHOBaHUM Ha
(hopMyBaHHI KOMIUIEKCHOTO KpUTEpil0, SIKMH BpaxoBye (aKTOpU BIUIMBY Ha
BEJIMYMHY PU3HKY, 110, B CBOIO YEPTry, 3aJICKUTh BiJl MEBHOI KOMMO3UIIII COCTaBY
BAHTAXKHOTO MOi3/1y 3 HEOE3MeUHUMH BaHTaKaMu. 3allPONIOHOBAaHUN KPUTEPIH, AKUN
XapaKTEPU3YETHhCSI YMOBOIO MEBHOT HEBU3HAYEHOCTI 3aJI€KUTh BiJl: KUIBKOCTI TPYII
BaroHiB 3 HeOE3NMEYHUMHU BaHTaKaMU B COCTaB1 MOi37a, 10 POpMYETHCS; 3arajJbHOi
KUIBKOCT1 BaroHiB 3 HE0€3MEeUHUMHU BaHTaKaMH, CTYII1Hb HEOE3MEKU IPYIIH, 10 SKOi
BIJIHECEHO BaroHH 3 HEOE3MEUHHMHU BaHTAXKaMU Ta KUIbKICTh BUMAJKIB CyMICHOTO
po3TallyBaHHs BaroHiB pi3HUX rpyn HeOe3neku. 3HaueHHs (aKTOpiB, 110 MOCTIHHO
3MIHIOIOTBCSI OMMCAHO 3a JOINOMOIOI0 amapary HEYITKOi JIOTIKM Ta HEeYITKHX
MHOXUWH. BHKOpHUCTaHHS JaHOTrO amnapary J03BOJIJIO KOMIUIEKCHO BUSBUTHU
B3a€MHUM BIUIUB BUIIE3a3HAYECHUX (PAKTOpPIB Ha OUIbII Oe3NeYHUuN BapiaHT
(dhopMyBaHHS COCTaBY MOi3/1a Ha COPTYBaJIbHUX cTaHLisIX. Ha HacTynHOMYy eTani st
BXKe C(OpPMOBAHOrO TMOI3AYy MPOBOAUTHCA BHUOIp HAWOUIBII  OE3MEYHOro
palioHaJIBLHOTO MAPIIPYTY CII1TyBaHHS HA OCHOBI BUSHAYEHHS MOKJIMBUX HACIIJIKIB
BiJl HACTAaHHs aBapiifHO1 cuUTyalil HUIIXoM (opmainizallii mpoleaypyu BU3HAUEHHS
PHU3UKIB.

VY TpeThoMy po3/iii 3 METOIO MOJIANBIIOI0 KOHTPOJIIO 38 TPAHCIIOPTYBAHHSAM
«JIOCTATHBHO OE3MEUHUX) MOI3JONOTOKIB C(HOPMOBAHO aBTOMATU30BAHY TEXHOJIOT 110
MepeBe3eHHsT HEOE3NMEeUHUX BaHTaXIB HAa OCHOBI Moaudikalii MOBH TMOI3ZHHX

CUTyallii y BHUIVISIAI aOCTPaKTHOTO MOJENIOBAaHHS ONEPaTUBHUX IPOLECIB.



[IpencraBnenuii miaxi J03BOIUTH 3a0€3MEUNTH MaKCUMAJIBHO HIBUJIKY peasi3ailito
QITOPUTMIB MOPUUHATTA PIIIEHb ONEPATUBHUM MEPCOHAJIOM TMPU MOTYXKHIN
MIATPUMIII aBTOMATH30BAaHOTO KOMIUIEKCY JHCIETUYEPCHKOTo YyrpaBiiHHs. [laHa
TEXHOJIOT1 CEMIOTUYHOIO TUITY 0a3y€ThCS HA MOJIEIIOBAHH] KOTHITUBHHUX MPOLIECIB
MPUUHATTS PIlICHHS AUCHETYEPCHKUM amapaToM JJisl palioHaJbHOTO BUPIMICHHS
CKJIaJIHUX TOI3HUX CUTYyallli B MIHJIMBUX OMNEPATHBHUX yMOBAaxX MPU BpPaxXyBaHHI
3HAQ4YHOI KUIbKOCTI  (pakTopiB. JJIS JOCSATHEHHS TMOCTaBJIEHOI METH B
JUCepTAllIiHOMY JOCHIIKEHH1 po3poliieHa 0a3a JaHUX, 110 HOCUTh HOPMATHUBHO-
JOBIIKOBUH XapakTep Mpo ICHYHOYY JOKYMEHTaJIbHY 0a3y Ta ONEepaTUBHHI CTaH
1H(QpPACTPYKTYpHOT CKJIQJ0BOI, @ TaKOXX MICTUTh B €00l THUIOBI a00 YHIKaJIbHI
cCUTyallli, 5Kl BUCTYIMAIOTh OCHOBOIO JJIsI NPUUHATTA PIINIEHHS B OINEpPaTUBHIN
MO13HIM CUTyalli Ha IEPEroH1 Ta CTAHIIII.

Po3po6iieHa TEeXHOJIOTIS TUCTIETYEPCHKOTrO YIPABIIHHS HaJla€ MOKIUBICTh
OMEPATUBHUM TMpAI[IBHUKAM 3aJIi3HUIII B PEXUMI JIUHAMIYHOTO KOPETYBaHHS
BpPaxOBYBaTH Ta MIHIMI3yBaTH KUIBKICTh CXpellleHb noi3/1B 3 HB Ha neperonax ta
CTaHIIISAX, CXperieHb moi3aiB 3 HB 3 macaxxupchbkuMu, MIBUAKICHUMH Ta TMOi3AaMU
MIJBUILIEHOI Bary, TOBXKUHY 1 HETabapUTHUMU BaHTaxxaMu. OniepaTUBHUN MEpCOHAT
Oyle OTpUMYBaTH BKa3iBKH, KWW MOi3]l HEOOXIHO MPOMYCTUTH, NPUNHATH Ta
BIIMPABUTH B MEPIIY YEPry, Ha iK1 KoJIii npuiiMaTu 3 y3rojxeHHsam 3 I'PI1 ta [1ODII.

VY uyerBepTOMY pO3AUIL AJi1 BU3HAYEHHS CHUHEPreTUYHOrO e(eKkTy BiA
TexHoyorii (OopMyBaHHS Ta TPOCYBaHHS IMOI3IONOTOKIB 3 HeOe3NeYHUMHU
BaHTA)KAMU IIOCTaBJIEHO TPbOX €TAlHE 3aBJaHHS JI€TalbHOIO OIKCY PpPU3HUK-
OpIEHTOBAHOI TeXHOJOT1l (hopmyBaHHs noizga 3 HB B ymoBax aBTOMaTHM30BaHHX
pobouux micub onepatuBHoro nepconany (APM JICL] ra APM JIHII), netansHoro
OMHUCY TEXHOJOT1i aKTUBHOTO MOHITOPHUHTY 32 PYXOMHMH OJMHUISIMA B TE€PMiHAX
a0CTPaKTHOTO MOJICJIFOBAHHS OMNEPATUBHUX MPOIIECIB Ta CUHTE3y BU3HAYEHUX
TEXHOJIOT1A (GOpMYyBaHHA Ta TMPOCYBAaHHS TMOI3IONOTOKIB 3 HEOE3MEeUYHUMHU
BaHTa)kaMU B €IMHY ekocucteMy APMiB onepaTuBHUX MpalliBHUKIB.

InTerpamis manoi Texuomorii g0 ACKBIIY3-€ Hagano MOXIUBICTH

aBTOMaTu3yBaTu Tpouiec (HOpMyBaHHS Ta TPOCYBaHHS TMOI3JOMOTOKIB 3



HeOe3NeYHUMHU BaHTaXaMHU B YMOBaXxX 3MeEHIIEHHs pu3uKiB. Lle qo3Boisie HamaBaTu
1H(GOPMAIIITHO-TEXHOJOTIUHY MIATPUMKY TPUNHATTA pILICHHS OMNEPATHBHOMY
MepcoHaNy MOYMHAIOYHY BiJl MOMEHTY (DOPMYBaHHS COCTABY MM0i3/1a 3 HEOE3NEYHUMU
BaHTAXKAMU PI3HUX KJIACiB, BUOOPY palllOHAIIBHOTO MapUIPyTy iX NpsIMyBaHHS Ta
MOAANBIIIOr0 MPOCYBAaHHS TAKUX MOI3/10- Ta BATOHOMOTOKIB. JaHuii miaxia 103BOJIsIE
MIJBUIIUTH PiBEHb O€3MEKH TNEPEBI3HOTO TMPOIECy Ta MOKpAaIIUTH OCHOBHI
MOKa3HUKHU E€KCIUTyaTalliHO1 pOOOTH.

KuaruoBi ciaoBa: HeOe3neyHl BaHTaXl, IHTEJIEKTyalbHa CEMIOTHYHA

TEXHOJIOT1s, rpadik pyXy MOi3/iB, ONEpAaTUBHUN MTEPCOHAT

ABSTRACT

Kulova D. O. Formation of the automated technology for transporting
dangerous goods based on risk-oriented approaches. Qualifying scientific work as a
manuscript.

Thesis for the degree of Doctor of Philosophy in specialty 275 — "Transport
technologies". — Ukrainian State University of Railway Transport, Ministry of
Education and Science of Ukraine, Kharkiv, 2020.

The thesis is devoted to the formation of the automated technology for
transporting dangerous goods which allows operational personnel to make informed
and balanced decisions regarding the choice of a rational composition of cars with
dangerous goods of different compatibility groups and the further movement of such
trains in passenger traffic, which will contribute to improving the level of safety
through the use of risk-oriented approaches.

The scientific novelty of the thesis is solving the scientific problem of
improving the technology for controlling train traffic with dangerous goods on
railway routes by introducing an automated intelligent semiotic system based on the
developed set of models that ensure the implementation of the above technology.

For the first time:

— procedure for the determination of rational composition of freight trains

with dangerous goods was formalized, which, unlike the existing ones, allows to



make a “safe enough” train, taking into account the compatibility of DG of different
categories and classes of hazard in the train composition;

— 1in order to assess the consequences of accidents in which cars with DG are
involved during the transportation by rail, a risk assessment method has been
developed using fuzzy logic and fuzzy sets, which, unlike the existing ones, reduces
the risk of more significant consequences of an accident;

— 1n order to dynamically describe train conditions in real time, an approach
has been developed for monitoring and active movement control of trains with
dangerous goods in the form of abstract simulation of operational processes, which,
unlike the existing ones, is based on semiotics, which allows minimizing the
temporal factors of decision-making regarding operational train circumstances;

Improved:

— the structure and complex of tasks of the Unified Automated Freight
Transportation Management System of Ukrzaliznytsya, by integrating into its
structure the automated technology for choosing a rational train formation option for
DG and their movement control in passenger traffic.

The practical results of the work are the formation of an automated technology
for transporting dangerous goods based on risk-oriented approaches. This
technology provides for controling the process of transporting DG taking into
account their different classes and categories of compatibility, from the point of train
formation, the choice of a rational route to further movement control in the railway
network, which allows the operational staff of the station to make informed
management decisions in the changing transportation process.

On the basis of the materials of the thesis, 21 scientific works were published,
including 5 scientific articles in specialized journals approved by the Ministry of
Education and Science of Ukraine, among them 4 articles in the Scopus and Web of
Scienes databases, and 16 abstracts at scientific conferences.

In the Introduction, the relevance of the chosen topic is justified, the purpose,

tasks, object and subject of the study are formulated, relation of the work with



research topics and programmes is shown, the scientific novelty and practical value
of the thesis is revealed, its general characteristics are given.

Chapter One of the thesis research contains the analysis of statistical data on
the transportation of dangerous goods by rail. Based on the analysis of official data
on accidents during shipment of dangerous goods provided by the Ministry of
infrastructure of Ukraine, it was found that in 2017-2019, 78 transport accidents
were recorded for all types of transport, of which 100% were in the railway transport.
This situation requires prompt development of technical and technological measures
to eliminate the causes of accidents and reduce their negative consequences.

In addition, the analysis of the main operational indicators of the railway was
carried out, because the process of transporting DG 1s an integral part of the general
technology of cargo transportation by rail. Over the past 2 years, the volume of
transit traffic has decreased by 13%, although a significant part of the potential of
the transport industry is involved in such transportation, the average downtime of a
transit car at a technical station has increased by 1.2 hours, which is about 7%, and
the turnover of a freight car — the main comprehensive indicator of performance —
has not significantly changed in recent years for the better. Certain adverse trends
indicate that the existing automated technologies for the formation and movement
of car and train traffic, including dangerous goods, are imperfect, and as a
consequence, the railway transport loses in competition with other modes of
transport.

The analysis of normative and regulatory documents in the field of
transportation of dangerous goods showed that the organization of the transportation
process of such goods must meet certain additional requirements, the purpose of
which is ensuring greater security during transportation. However, in certain cases,
such requirements are local, namely: according to regulatory documents, loading
dangerous goods of certain classes into one vehicle is prohibited in order to reduce
the possible adverse consequences from the occurrence of accidents with them (such
as explosion, fire, etc.); it is also prohibited to send trains along the route and perform

shunting without cars that protect the locomotive from cars with dangerous goods.



These cars can be either empty cars or cars loaded with the usual category of cargo.
However, in these conditions, there are actually no requirements regarding the
procedure for formation of trains with cars loaded with dangerous goods of different
compatibility groups, which entails the risk of more severe consequences as a result
of an accident. Thus, the problem is increased risks during performance of
operational work. At the same time, attempts to reduce risks by operational
personnel by taking additional measures when trains are formed can lead to a critical
adverse impact on the main operational indicators. This means that it is crucial to
take into account the above-mentioned conditions not only when a car is loaded, but
also when a train is composed.

In Chapter Two, the automated technology with elements of artificial
intelligence for forming a “safe enough” train with DG 1s developed based on a
mathematical optimization model of rational composition of rolling stock with cars
with DG of different compatibility classes. The objective function of the
mathematical model has two components — the general operating costs attributable
to breaking up of a train, such as formation of a train in the gravity hump, formation
of a train from the turnout track, idle time in waiting for specific operations and the
amount of risk of adverse events with more severe consequences as a result, which
depends on the specific composition of freight trains with DG. To solve the objective
function of the mathematical optimization model of combinatorial type, an
innovative method based on a genetic algorithm is used in the study.

The main stages of GA perfromance include the formation of a parent pair of
chromosomes with encoded information about a certain sequence of freight cars with
DG, cars with ordinary cargo and empty cars in the train. At the next stage, the three-
point crossing over operator and the “delete” and “paste” operators are used in order
to form new populations. As a result, a rational composition of a freight train with
the arrangement of cars within it is obtained, which provides an acceptable level of
safety according to the developed concept of classification into hazard groups of
incompatible classes of dangerous goods, which reduces the risk of more severe

consequences as a result of an accident. In addition, due to the use of the determined



method, it becomes possible to obtain rational solutions within a relatively short
time, which is a prerequisite for performing operational work in operational
conditions.

To solve the risk component of the target function of the model, a method for
assessing the consequences of accidents involving dangerous goods during the
transportation by rail was developed. The method is based on the formation of a
complex criterion that takes into account the factors that influence the amount of
risk, which, in turn, depends on the specific composition of the freight train with
dangerous goods. The proposed criterion, which is characterized by some
uncertainty, depends on the number of groups of cars with dangerous goods in the
train being composed; total number of cars with dangerous goods; the degree of
hazard of the group, which includes cars with dangerous goods and the number of
cases of close arrangement of cars of different categories of risk. The value of
constantly changing factors is described using the fuzzy logic apparatus and fuzzy
sets. The use of this apparatus enabled comprehensive identification of the mutual
influence of the above-mentioned factors on a safer option of train composition in
marshalling yards. At the next stage, the most safe and rational route is selected for
an already formed train based on determining the possible consequences of an
accident by formalizing the risk determination procedure.

In Chapter Three, with the purpose of further control of the transportation of
“safe enough” trains, the automated technology for the shipment of dangerous goods
is formed based on the modification of the language of train situations in the form of
abstract simulation of operational processes. The presented approach will contribute
to ensuring the fastest possible implementation of decision-making algorithms by
operational personnel with the powerful support of the automated dispatching control
system. This semiotic-type technology is based on simulation of cognitive decision-
making processes by the dispatcher's apparatus for rational resolving of complicated
train situations in changing operational conditions, taking into account multiple
factors. To achieve this goal, the thesis research has developed a database of the

regulatory and reference nature about the existing documentary base and the



operational state of the infrastructure component, and also contains typical or unique
situations that are used as the basis for making decisions in the operational train
situation during movement and at the station.

The developed dispatching control technology allows operative personnel of
the railway to take into account and minimize the number of intersections of trains
with DG during movement and at the stations, intersections of trains with DG with
passenger, high-speed and high-weight trains, long and oversized cargo in the online
correction mode. Operational personnel will receive instructions on which train must
run through, or which must be accepted and sent first, and on which tracks they must
be taken in accordance with the general schedule and the train formation plan.

In Chapter Four, to determine the synergistic effect of the technology for
formation and movement of trains with dangerous goods, a three-stage task is set: a
detailed description of the risk-oriented technology of formation trains with DG for
the automated workplaces of operational personnel (automated workplace of
shunting dispatcher and automated workplace of train dispatcher), a detailed
description of the technology for active monitoring of mobile units in terms of
abstract simulation of operational processes and synthesis of certain technologies for
formation and movement of trains with dangerous goods into a single ecosystem of
operational personnel's automated workplaces.

Integration of this technology into the Unified Automated Freight
Transportation Management System of Ukrzaliznytsya enabled to automate the
process of formation and movement of trains with dangerous goods with
simultaneous risk reduction. Thus, information and technological support for
decision-making will be provided to operational personnel from the point of
formation of a train with dangerous goods of different classes, choosing a rational
route for them and further movement of such trains and cars. With this approach, the
level of safety of the transportation process can be increased and the main indicators
of operational work can be improved.

Keywords: dangerous goods, intelligent semiotic technology, train schedule,

operational personnel.
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