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Kynvoea /. O. ®opMyBaHHSA aBTOMATU30BAHOI TEXHOJIOTII NepeBe3eHHs
HeOe3leYHNUX BAHTAKIB Ha OCHOBI PHU3HMK-OPIEHTOBAHUX  MiJAXOIIB.
KranidikamiitHa HaykoBa mpaiisi Ha IpaBax pyKOIHUCY.

Hucepranis Ha 3100yTTS HAayKOBOTO CTyINeHs JOKTop d¢uiocodii 3a
cnemianbHICTIO 275 «TpaHCHOPTHI TEXHOJIOTI». — YKpaiHChbKUN Jep KaBHUMN
YHIBEPCUTET 3aI13HUYHOT0 TpaHCNopTy, Xapkis, 2020.

Jlucepraiiiro  MPUCBSIYEHO THUTaHHIO (OPMYBAaHHS  aBTOMATH30BaHOT
TEeXHOJIOT1i TiepeBe3eHHs HeOe3neunux BaHTaxiB (HB), sxa Hamae MOXIUBICTH
OIEpAaTUBHOMY IIEPCOHANTy NMPUHMATH OOTPYHTOBaHI Ta 3BaKCHI PIIMICHHS IOJ0
BUOOpY palioHanbHOI KoMImo3uiii BaroHiB 3 HB pi3Hux rpyn cymicHOCTI Ta
10JIAJTBIIIOT0 IPOCYBAHHS TAKUX MOI3JIOMIOTOKIB B YMOBaX IMaCaXKUPCHKOT0 PYXY, IO
CHPHSITHME TIABUIICHHIO PIiBHA OE3MEKM 3a PAaXyHOK BUKOPUCTAHHS PHU3HK-
OpIEHTOBAHUX M1IXO/IIB.

HaykoBa HOBu3Ha aucepTaiiiHoi poOOTH MOJSATaE y BUPIIMIEHH] HAYKOBOTO
3aBJaHHS  YAOCKOHAJEHHS  TEXHOJOrli  yOpaBIiHHA  MOI3J0NOTOKAMH 3
HeOE3MeYHNMHU BaHTaXaMU Ha 3aJI3HUYHMX HAMpPsIMKaX MUITXOM BIPOBA>KECHHS
aBTOMAaTH30BaHOI, I1HTEJIEKTYaJlbHOI CHCTEMH CEMIOTHYHOTO THUITY Ha OCHOBI
pO3pOOJICHOTO  KOMIUIEKCY  MOJENIe, sAKI  3a0e3ledyroTh  peari3alliio
BUII€3a3HAYECHOT TEXHOJIOT 1.

Bnepuwe:

— (opmamizoBaHO TpOLETYpY BH3HAYCHHS pPAIliOHATIBHOI KOMIO3MITIT
BAaHTAXKHOTO 1013712 3 HeOE3MEeYHUM BaHTa)KeM, SKa Ha BIIMIHHY BiJl ICHYIOUHX Jla€
3MOTy C(DOPMYBATU «JIOCTATHBO OE3MEUHHUI» TM0i3/, BpaxoBytoun cyMicHicTh HB
PI3HHX KaTeropiii Ta KiaciB HeOe3meku npu GopMyBaHHI COCTABY IMOi3/1a;

— 3 METOIO OIIHIOBAHHS HACTI/IKIB aBapiiHUX CUTYaIrii 3 Baronamu 3 HB nipu
MEePEBE3CHHI 1X 3aJi3HMYHUM TPAHCIIOPTOM PO3pOOJIEHO METOJ OIIHKH PHU3UKIB 3
BUKOPHUCTAHHSM amnapary HEYITKOI JIOTIKA Ta HEUITKUX MHOXHH, SIKUM HA BIAMIHY
Bl ICHYIOUMX JO3BOJISIE 3HU3UTHU PU3UK HACTAHHS OUIBIN 3HAYHMX HACIIIKIB B

pe3yibTaTi aBapiiiHOi cUTYyallli;



— 3 METOI0 JMHAMIYHOTO OMHUCY MOI3HHUX CTaHIB B PEaIbHOMY PEKUMI Hacy
PpO3p0o0JIEHO MIAX1 OO0 MOHITOPUHTY Ta aKTUBHOT'O MPOCYBAHHSI MOi30MOTOKIB 3
HEOE3MeYHUMH BaHTAKaMH y BUTJISII aOCTPAKTHOTO MOJCITIOBAHHS OMEPATHBHUX
MPOLIECIB, KU HA BIAMIHHY BiJl ICHYIOUMX 0a3yeTbCs HA CEMIOTUYHINA OCHOBI, 110
JI03BOJISIE MIHIMI3YBaTH TEMIOpaldbHI MOKA3HUKW MPUUHATTA PIIIEHHS II0J0
OIIepaTUBHUX MOI3HUX OOCTaBUH;

Yoockonaneno:

— cTpyKTypy 1 komruiekc 3agay ACKBIITY3-€, nuisaxom iHTerpaiii y ii ckiaj
aBTOMAaTU30BaHOI TEXHOJOr1i BHOOPY palioOHAIBHOTO BapiaHTy (OPMYBaHHS
noi3aiB 3 HB Ta ix nmpocyBaHHs B yMOBax MacakUPChbKOTO PyXy.

[TpakTryHi pe3ynbTaTH POOOTH MOJATAIOTH Y POPMYBaHHI aBTOMAaTH30BaHOT
TEXHOJIOT1i TIepeBe3eHHsI HEOE3MEeUHUX BaHTAXKIB HA OCHOBI PU3HMK-OPIEHTOBAHMX
miaxoAiB.  3a3HayeHa  TEXHOJIOTIS  Ja€e  3MOry  KOHTPOJIIOBAaTH  MPOILIEC
TpaHncriopTyBanHsa HB, 3 ormsay Ha X pi3HI Kjlacu Ta KaTteropii CyMiCHOCTI, Bif
MOMEHTY (POpMYyBaHHs MOi31y, BUOOPY paIllOHAIBHOIO MapuIpyTy 0 MOJAJIbIIOr0
IPOCYBaHHS 110 MEPEK1 3aT13HUIL], 1110 JIa€ 3MOTY OTIEPATUBHOMY MEPCOHATY CTAHIIIT
npuiiMaT 3Ba)KEHI YIPABIIHCHKI PIIIEHHS B yMOBax JIWHAMIYHOTO XapaKTepy
NIEPEBI3HOTO MPOIIECY.

3a MartepiasiaMmu qucepTaiiiHoi po6oTu ony0aikoBano 20 HAYKOBHUX Ipallb, 3
AKUX 5 HAyKOBUX cTaTel y (axoBUX BUJAHHAX, 3aTBep/pkeHnXx MOH VYkpainu, y
ToMy umucii 4 crarts y 6a3i manux Scopus ta Web of Scienes, a takox 16 Te3
JIOTIOBi/IeH HA HAYKOBO-TIPAKTHYHUX KOH(MEPEHITIsAX.

VY BcTyni OOTPYHTOBAHO aKTyalbHICTH OOpaHOi TeMH, CPOPMYIHOBAHO METY,
3aa49i, O0’€KT Ta MWpEeAMET JOCTIKCHHS, BiTOOPaXXEHO 3B’S30K pPOOOTH 3
HAyKOBMMHU TE€MaMHU Ta MpOrpamMaMH, PO3KPHUTO HAYKOBY HOBU3HY Ta MPAKTUYHY
IIHHICTB AUCEPTAIliiHOT pOOOTH, ITOAAHO 1i 3arajlbHy XapaKTEPUCTHKY.

Y mepmomMy po3aimi AUCEPTAIiMHOTO JOCTIIHKEHHS TPOBEICHO aHami3
CTATHCTUYHUX JaHWX MI0JI0 TIEPEBE3CHHsS HEOE3MEYHUX BAHTAXKIB 3alI3HUYHUM
TpaHcriopToM. Ha oOcHOBI mpoBeneHoro aHaiizy oQIiUiMHUX JaHUX, HAJIAHUX

MinictepctBoM [HDpacTpykTypu YKpainu, cTaHy aBapiiHOCTI MpHU MEPEBE3CHHI



HeOe3NMeYHUX BaHTaXiB, BU3HaueHO, 10 3a 2017-2019 poku mo BCix BHIAX
TpaHCHOPTY 3a(iKCOBAHO 3arajioM 78 TpaHCIMOPTHUX MOA1H, 3 akux 100% npunanae
Ha 3aJi3HUYHUN TpaHcnopT. Takuii cTaH cuTyallli BUMara€e HIBUIKOI pO3pOOKHU
TEXHIKO—TEXHOJIOI'YHHMX 3aXO0J1B L1010 YCYHEHHS MPUYMH aBapIiHUX CUTYyalllld Ta
3MEHIIEHH HETaTUBHUX HACI1AKIB Bl HUX.

Pa3oMm 3 nuMM mpoBeneHO aHali3 OCHOBHUX €KCIyaTal[liHUX MOKa3HMKIB
pobOTH 3ami3HMIN, ajKe Mpolec nepeBe3eHHs HB € HeBimeMHOI YacTHHOIO
3arajbHOI TEXHOJIOTIl TMEpPeBE3CHHS BAHTAXKIB 3aJi3HUYHUM TPAHCIIOPTOM. 3a
OCTaHHI 2 pokd 00’€M TPaH3UTHUX IepeBe3eHb 3HU3MBCSA Ha 13%, xoua 3Ha4Ha
YaCTHHA IMOTEHITIATy TPAaHCIIOPTHOT rajTy3i 3a/liTHa Y BUKOHAHHI TaKUX MTEPEBE3CHb,
cepeaHii yac MpOoCTOI0 TPAH3UTHOI'O BaroHy Ha TEXHIYHIM CTaHIlli 30UIBIIUBCS HA
1,2 ToauHU, 110 CTAaHOBUTH OJM3bKO 7%, OOIr BaHTa)XHOTO BaroHy — OCHOBHUU
KOMIUICKCHUH MTOKa3HUK pOOOTH HE Ma€ CYTTEBHMX 3MiH 32 OCTaHHI POKH B CTOPOHY
noKparieHHs. Bu3HaueHi HeraTWBHI TEHJIEHII CBiIYaTh MPO HEIOCKOHAIICTH
ICHYIOUMX aBTOMAaTHU30BAHUX TEXHOJOTIA (pOpMyBaHHS Ta MPOCYBaHHS BaroHO- Ta
NOT3J0MOTOKIB Y OMYy YHCII 3 HEOE3leYHUM BaHTa)XxaMH, II0 BEAE 10 BTpaTH
MO3UIIN 3aJI3HUYHOTO TPAHCIOPTY B YMOBAaX 3pOCTAI040i KOHKYPEHIIi 3 1HIIUMHU
BUJIAMU TPAHCIIOPTY.

AHaji3 HOPMAaTHMBHO-TIPAaBOBOI JOKYMEHTamii B cdepi IepeBe3cHHS
HeOe3MeYHNX BaHTaXIB IMOKa3aB, 10 JI0 OpraHizallii mepeBi3HOro MpoIecy 3 TAKUMHU
BaHTA)KaMH TIpe] BJITIOTHCSA TICBHI JIOAATKOBI BHUMOTH, SIKI CHpSIMOBaHI Ha
3a0e3neueHHs MiABUIIICHOTO PiBHS Oe3neku mpu ix mepeBe3eHHl. OJHaK B MEBHUX
BUIIAJIKaX TaKi BUMOTH HOCSTH JIOKAJIBHHUI XapaKTep, a caMe: 3TiIHO0 HOPMATUBHHX
JIOKYMEHTIB 3a00pOHSETHCS 3aBAaHTAXCHHS HEOE3NMCYHMX BAHTAKIB BH3HAYCHUX
KJIACiB B OJIMH TPAHCIIOPTHUH 3aci® 3 METOI0 3MEHIICHHS MO>KJIMBHUX HETaTHBHHUX
HACJIIJIKIB BiJl HACTAHHS aBapifHUX CUTYaIlil 3 HUMU (BUOYX, IMOKEKa Ta 1H.); TAKOXK
3a00pOHSETHCS BIATPABICHHS TOi3/1iB MO JUIBHMIN Ta BHKOHAHHS MaHEBPOBOI
poboTu ©0€3 BaroHiB NPUKPUTTS JIOKOMOTHBA BiJl BaroHiB 3 HEOE3MEUHUMHU
BaHTaKaMH. Y SIKOCTI TAKMX BaroHIB MOXKYTh BUCTyHaTH a00 MOPOXKHI BaroHH abo

BaroOHM 3aBaHTAKEHI 3BHYANHOI0 KaTeropi€lo BaHTaxkiB. OgHAaK B IMX YMOBax



(pakTUYHO BIJICYTHI BUMOTW HIOJO0 MOPSAKY BHUKOHAHHS Mpolenypu (GpopmMyBaHHS
COCTaBIB MOi3/lIB 3 BaroHaMM 3aBAHTAKEHUMHU HEOE3MEUHMMHU BaHTaXaMH PI3HUX
Ipyl CyMICHOCTI, IIO TATHE 32 COOOI0 pU3HK BUHUKHEHHS OUTbII 3HAUHUX HACIIIKIB
B pe3yJIbTaTl HACTaHHS aBapiiHOI cuTyaillii. TakuM YUHOM MOBA 1€ PO i IBUILICHHS
PHU3MKIB IPU BUKOHAHHI €KCILTyaTaliitHoi poooTtu. Pa3oM 3 num cpodu 3MEeHILIEHHS
PHU3UKIB OMIEpaTHBHUM TMIEPCOHATIOM 33 PaXyHOK BXXKHBAHHS JOAATKOBHUX 3aXO0/iB MPH
¢dopMyBaHHI COCTaBIB MOI3/[iB MOKE MMPU3BECTH JI0 3HAYHOTO HETATUBHOTO BILJIMBY Ha
OCHOBHI €KCIUTyaTaliiiHi MOKa3HUKH. 3 I[bOT0 CIIAY€ BAXKIMBICTH BPaXyBaHHS
BUIII€3a3HAUCHIX YMOB HE TIJIbKM B M@XaX 3aBaHTA)XCHHS B OJIMH BAaroH, a Ha piBHI
dbopMyBaHHS COCTaBY MOi3/a.

Y apyromy po3zauiai po3po0iaeHO aBTOMATU30BaHy TEXHOJOTII0 (OpMYyBaHHS
«IocTaTHRO Oe3nedHoro» moizay 3 HB 3 eneMeHTaMu MITYYHOTO IHTENEKTY Ha
OCHOBI1 ONTUMI3aIIITHOT MaTEMAaTUYHOI MOJIEJI1 PAI[IOHATIbHOT KOMIIO3HUI[II PyXOMOT'0
ckiany 3 BaroHamu 3 HB pisHux kmaciB cymicHocTi. lluteoBa ¢yHKIIiS
MaTEMaTUYHOI MOJIeJlI Ma€e B CBOEMY CKJIaAli 2 KOMIIOHEHTH — 3arajbHI
eKCIUTyaTalliifHl BUTpAaTH, $KI MPHUIAJAaI0Th Ha: po3dopMyBaHHSI-POpMYBaHHS
MOT3/1B 32 JOTIOMOT'OI0 COPTYBAJIBHOI TpKU, GOpMYBaHHS MOi3AY 3 OOKY BUTSKHOT
KOJI1i, POCTiii BaroHiB B OYIKyBaHHI BU3HAYCHHX TEXHOJIOTIYHHUX OTMeparlii Ta
BEJIMYMHY PU3HKY HACTaHHS HECHPHUATIMBOI MMOIi 3 OUIBII 3HAYHUM HACJIKaMH B
il pe3ynbTaTi, KA 3QJICKUTH BiJl IEBHOI KOMITO3HIlIi COCTaBY BaHTaKHOTO IMOi3/a 3
HB. Jlns BupimieHHs miIbOBOI (QyHKINT MaTeMaTHYHOi, ONTHUMI3alliitHOT Mojemi
KOMOIHAaTOPHOT'O TUITY B JIOCTiI)KCHHI BUKOPUCTOBYETHCS 1HHOBAIIIMHUN METOJT Ha
OCHOBI T€HETUYHOT'O AJITOPUTMY.

OcHoBHi etanu po6otu ['A monsraroTe y GopMyBaHHI 0aThKIBCHKOI MapH
XpOMOCOM 3 3aKOJIOBaHOIO 1H(OpMAITIE€IO PO BU3HAYCHY TOCITIIOBHICTh BAaHTAXKHHUX
BaroHiB 3 HB, BarosiBs 3i 3BMUaliHUMHU BaHTa)KaMH Ta IMOPOKHIX BaroHiB B IMOi3i.
Ha wmactymHomy erami 3 MeTor0  (GOpMyBaHHS  HOBUX  IOIYJISIIH
BUKOPHCTOBYBA€ETHCA TPHOX TOUKOBUU OIEpPaTOp KPOCHHTOBEPY Ta OIEPaTOpH
«BuganeHus» (delete) 1 «BcraBieHHs» (paste). B pe3ynbrari 4oro OTpUMY€ETHCS

palioHajJbHa KOMIIO3UIlIS BaHTAXXHOTO MOi3Ay 3 PO3TallyBaHHSIM BaroHiB MIXK



cobor, 10 3abe3nedye NPUUHATHUN pPIBEHb O€3MEKU 3TIAHO JI0 Po30JieHOT
KOHIIENI[li MOALTy Ha Tpynu HEOE3MEeKH HEeCYMICHMX KJaciB 3 HEOE3NeUYHUMU
BaHTaXaMH, L0 J03BOJISI€ 3HU3UTHU PIBEHb PU3MKY OUIbLI 3HAYHUX HACHIAKIB B
pe3yabTaTi aBapiiHoi cutyarllii. JIo TOro *x 3aBIsSKH 3aCTOCYBAaHHIO BH3HAYEHOTO
METO/ly CTa€ MOXJIMBUM OTPUMATHU PAlliOHAJIbHI PIIICHHS 32 MOPIBHIHO HE3HAYHUM
yac, 1[0 € OOOB’SI3KOBOI0O YMOBOIO BHUKOHAHHS €KCIUTyaTalidHOT poOoTH B
ONEpaTUBHUX YMOBAX.

Jlns1 BUpIlIEHHS] KOMIIOHEHTH PU3HUKY LUIBOBOI (yHKIT MOJEl po3pobieHO
METOJ OLIHIOBaHHSI HACIJKIB aBapiiHUX CUTYyalllid 3 HEOE3MEYHUMH BaHTaXaMHU
OpH TIEPEBE3CHHI 11X 3alli3HUYHUM TpPaHCIOPTOM. MeTon 3acHOBaHWUH Ha
(dbopMyBaHHI KOMIUIEKCHOTO KPHTEpil0, SKUW BpaxoBye (AKTOPU BIUIMBY Ha
BEJIMYHUHY PU3UKY, 10, B CBOIO YEPTy, 3aJICKHUTh BiJ] ICBHOI KOMITO3HMIIII COCTaBYy
BaHTAXXHOTO TMO13/Ty 3 HCOC3NICYHNMH BaHTa)KaMU. 3alPOITIOHOBAHUH KpUTEPIH, KU
XapaKTepU3y€eThCs YMOBOIO MEBHOI HEBU3HAUYEHOCTI 3aJI€KUTh BiJl: KUIBKOCTI T'PYII
BaroHiB 3 HEOE3MEYHUMHU BaHTaKaMU B COCTaBI M0i3/1a, 0 (OPMYETHCS; 3araibHO1
KUTBKOCTI BaroHiB 3 HEOE3MEUHUMH BaHTaKaMH, CTYIIHb HEOE3IeKH TPy, 10 IKO1
BITHECEHO BAroHU 3 HEOE3MEYHUMH BaHTaKaMH Ta KUIbKICTh BUIAJKIB CYMICHOTO
pO3TalllyBaHHs BaroHiB pPi3HUX Ipym HeOe3neku. 3HaueHHs (PaKTopiB, 110 MOCTIHHO
3MIHIOIOTBCSI ONHMCAHO 3a JOMOMOTOI0 amapaTy HEYITKOi JIOTIKM Ta HEYITKHUX
MHOXMH. BuKOpuCTaHHS JaHOrO amapaTy JJO03BOJIMAJIO KOMILUIEKCHO BHUSBHUTH
B3a€EMHHI BIUTMB BHUIE3a3HAYCHUX (aKkTOpiB Ha OUThIN Oe3MeyHuid BapiaHT
(dbopMyBaHHS COCTaBY IM0i3/1a HA COPTYBATBHUX CTaHIIsX. Ha HacTymHomy eTami juist
BXK€ CQOpPMOBAHOTO TOi3My TMPOBOAMUTHCS BUOIp HAWOLIBII  OE3MEYHOTO
paIlioHAILHOTO MapIIPYTY CIiAyBaHHS Ha OCHOB1 BUSHAYCHHS MOXKJIMBHX HACIIIKIB
BiJl HACTaHHS aBapiiiHO1 cUTyaIllii nUIIXoM (opmMaizaiii Mpouenypu BU3HAYCHHS
PHU3HUKIB.

VY TpeTboMy pO3/IiJii 3 METOIO MOAAIBIIIOTO KOHTPOIIO 32 TPAHCIIOPTYBAHHIM
«JIOCTATHBO OE3MEUHUX» MOI3A0MOTOKIB C(HOPMOBAHO ABTOMATU30BaHY TEXHOJIOT1IO
MepeBE3CHHS HEOE3MEeYHUX BaHTAXIB Ha OCHOBI Moau(ikailii MOBH MOI3ZHUX

cuUTyallli y BUIJSAl aOCTPAKTHOTO MOJEIIOBAHHS ONEPAaTUBHUX MPOLECIB.



[IpencraBnenuii miaxia J03BOIUTH 3a0€3MEUNTH MaKCUMAJIBHO HIBUJIKY peai3allito
QITOPUTMIB MPUUHATTA PIIIEHb ONEPATUBHUM IEPCOHAJIOM MpPH MOTYKHIM
HiATPUMIII aBTOMATH30BAHOTO KOMIUIEKCY AMCIETYEPCHKOTO ympaBiiHHi. JlaHa
TEXHOJIOT11 CEMIOTUYHOI'O TUITY 0a3yeThCsl HA MOJIEIIOBaHHI KOTHITUBHUX MPOLIECIB
MPUHHATTS PIMICHHS JUCIETYCPCHKUM amapaToM JJis PalioHATBLHOTO BHUPIMICHHS
CKJIAQJHUX TOI3HUX CHTYyaIlii B MIHJIUBUX OINEPATHBHUX YMOBax IPHU BpaxyBaHHI
3HaYHO1 KUIbKOCTI (pakTopiB. JlJI1 JOCATHEHHS TMOCTaBJIEHOI METU B
JUCepTallifHOMY JOCHIIIPKEHH1 po3polieHa 0a3a JaHUX, 1[0 HOCUTh HOPMATHUBHO-
JOBIIKOBUM XapakTep MpO iCHYIOYYy JOKYMEHTaJIbHY 0a3y Ta ONEpaTWBHHUM CTaH
1HGPACTPYKTYPHOi CKJIAJ0BOi, a TaKOXX MICTUTh B €001 THUIMOBI a00 YyHIKaJbHI
CUTyallil, SKi BUCTYMAIOTh OCHOBOIO IS TNPUHHATTSA PIMICHHS B ONCpPAaTUBHIN
NOT3HIN CUTYyaIlii Ha MePeroHi Ta CTAHIIII.

Po3pobiieHa TEXHOJIOTISI TUCTIETYEPCHKOTO YIIPABIIHHS HAJIA€ MOMJIUBICTH
OTICPAaTHBHUM TIpAI[iBHUKAM 3aJli3HUIIl B PEXKHUMI JTUHAMIYHOTO KOpEryBaHHS
BpaxoOBYyBaTH Ta MIHIMI3yBaTH KUIBKICTh CXpelieHb moi3aiB 3 HB Ha neperonax ta
CTaHIlIAX, cxpelleHb noi3aiB 3 HB 3 macakupcbkumu, MIBUAKICHUMU Ta MOi3IaMH
IIBUIIEHOT Baru, JOBXKUHU 1 HerabapuTHUMH BaHTaxamMu. OnepaTUBHUM IEpCOHAT
Oyne OTpUMYBaTH BKa3iBKH, KWW TOI3]T HEOOXITHO MPOMYCTUTH, NMPUUHATH Ta
BIJIMTPABUTH B MIEPIITy Uepry, Ha sKi KoJii mpuiiMatu 3 y3romkeHHsM 3 ['PIT ta TIDI1.

VY dgeTrBepTOMYy pO3AUTI [ BU3HAYEHHS CHUHEPIETHUYHOTO €(EeKTy Bij
TexHOJIOTii (OpPMyBaHHS Ta TMPOCYBaHHS TIOI3JOMOTOKIB 3 HEOC3MCUHUMU
BaHTaXaMW TMOCTABJICHO TPHOX €TalHE 3aBJaHHS JCTAIBHOTO OIHUCY PHU3HK-
opieHTOBaHOI TexHOJOTii hopmyBanHs moizga 3 HB B ymoBax aBTOMaTm3oBaHuX
pobounx micupb onepatuBHoro nepconany (APM JICI] ra APM JIHII), netaasHOTO
OTMHCY TEXHOJOT1i aKTUBHOTO MOHITOPHHTY 32 PYXOMHUMH OAWHUIIIMU B TEPMiHAX
a0CTPaKTHOTO MOJICTIOBAHHS OIEPATUBHUX TPOIECIB Ta CHUHTE3Y BHU3HAYCHHX
TEXHOJIOTi (OpMYyBaHHS Ta TMPOCYBAaHHS IIOI3JIONOTOKIB 3 HeOe3NeYHUMHU
BaHTAXXKaMU B €JuHy ekocuctemy APMiB oniepaTUBHUX MpaliBHUKIB.

IaTerpamis ganoi Texnosorii g0 ACKBIIY3-€ Hagano MOXIUBICTH

aBTOMaTtu3yBaTh mpouec (OpMyBaHHS Ta MPOCYBAaHHS IOI3JIONOTOKIB 3



He0e3MeYHUMHU BaHTa)KaMH B YMOBaX 3MEHILIEHHS pu3MKiB. Lle no3Boiisie HanaBaTu
1H(POPMAIIITHO-TEXHOJIOTIYHY NIATPUMKY NPUHUHATTA PIIMICHHS ONEPaTUBHOMY
MEpPCOHAy MOYMHAIOYH Bl MOMEHTY (DOpMYyBaHHS COCTaBY I0i3/1a 3 HEOE3NEUHUMHU
BaHTaXaMU PI3HUX KJAciB, BUOOPY pallOHATBHOTO MapLIPyTy iX NpSMyBaHHS Ta
MOJAJILIIOTO MPOCYBAaHHS TAKUX IM0i3/10- Ta BATOHOMOTOKIB. JlaHW MiaXia 103BOJIsIE
NIABULIUTH piBeHb O€3MEKH MEpPEBI3HOr0 MPOLECY Ta MOKPAIIUTA OCHOBHI
NOKAa3HUKHU €KCIUTyaTaliitHoi poOoTH.

KiarouoBi ciaoBa: HeOesneyHl BaHTaXl, IHTEJIEKTyalbHa CEMIOTHYHA

TEXHOJIOT 15, Tpadik pyxXy Moi3/1iB, ONEpaTUBHUN MEPCOHAT

SUMMARY

Kulova D. O. Formation of the automated technology for transporting
dangerous goods based on risk-oriented approaches. — Qualifying Scientific
Work as a Manuscript.

The dissertation on competition of a scientific degree of the PhD on a specialty
275 — Transport technologies — Ukrainian State University of Railway Transport,
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;

— inorder 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;

— in 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 is 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 is 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.
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