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Pedepar:

1. lucepraris npucBs4YeHa BUPILIEHHIO aKTyaJbHOI HAyKOBOI 337ja4i PO3BUTKY TEOPETUYHUX OCHOB CUCTEM
KEPYBaHH$ JIOKOMOTHABOM ILLJIIXOM BUKOPUCTaHHS METOIB TEOPIi IUTYYHOr O iHTEJIEKTY, 10 NO3BOJIUIIO i BUIUTH
piBeHb 6e3MeKu pyxy [IpY eKCIulyaTallii TSroBOro pyxoMoro CKajy 32 paXyHOK IOJIIIIEHHS IIPOLeCY YIIPaBJIiHH
10i310M. BCTaHOBJIEHO BIIJIUB JIIOACHKOTO (PAKTOPY HA SIKICTb YITPaBIliHHS MOi310M. I3 3arasbHoi KiNbKOCTI
TpaHCIOpTHUX npurom 1o 80% MoB's3aHi 3 BIVIMBOM JIIOACHKOro dakropy. Lle nae nigcraBu CTBEPIKYBaTU PO
HEOOXiJIHICTb I0J1aJIbII0] POOOTH N0 YCYHEHHIO WIKiIJIMBOTO BILJIMBY JIIOACHKOrO (PAaKTOPY Ha 6E3IEeKY PyXy Ta
BJJOCKOHAJIEHHIO CUCTEM KePYBaHHS JIOKOMOTHBaMu. HaykoBa HOBM3HA AUCEPTALiiHOI pOOOTU MOJISITAE Y
BUPIlIEHHI HAyKOBOI 3a7ja4i PO3BUTKY TEOPETUYHUX OCHOB CUCTEM KEPYBAHHS JIOKOMOTUBOM IIJIIXOM
BHMKOPHMCTaHHS METO/IiB TEOPIi IITY4YHOro iHTesIeKTy. Briepiie: - po3po61eHO aAUTUBHUI KPUTEPIll OLIIHKY KEPYIOUNUX
Iill Ipy Be[leHHi N0i3[ja y BUIJIAZ] CNiBBiTHOIIEHHS (pOpMasi30BaHUX IIOKA3HUKIB SIKOCTi pOOOTU CUCTEMU «I10i3]1-
MalIMHICT», TaKUX sIK Oe3I1eKa pyxy, BATPAaTU €eHepropecypciB Ha TATY Ta BUKOHAHHS rpadiky pyxy. Lle mo3sonnio

00'€KTHBHO TIOPIiBHIOBATY Ta IIPOrHO3YBATHU Pe3yJbTaTy KePyIOUunX Miil Ta HACIIIKIB MPUNHSTTS HEBIPHOTO PillleHHS.



TakuM YMHOM PO3pPO6JIEHO KOMIIJIEKCHY OLIiHKY KEPYIOUMX il i BAKOPDUCTAHHS Pi3HUX CTPATETriil KEPYBaHHS PYXOM,
110 [103BOJIS€ peasli3yBaTH NOJaJblle YIOCKOHAIEHHS CUCTEMHU KePyBaHHS pyXoM; - GOpMasi30BaHO [1apaMmeTp
«HaIlpy’KeHOCTi poOOTH MalIMHICTa» B IIPOLIECi KEPYBaHHS JIOKOMOTUBOM, SIKUM, Ha BiIMIHY Bifl iCHyl0uMX IiaxoniB
IO OLiHKM POOOTU MALIMHICTa, BPaXOBY€ TUIM IOTOYHUX MOI3HUX CUTYyaLill i iX B3Ba€MHUI BILIUB HA POOOTY
JIOKOMOTUBHOI 6puragu. lie 10380110 peasnizyBaTy NOCTiITHUI MOHITOPMHT OOCTaBUH BEJEHHS T0i3[ly 3 METOIO
BU3HAYEHHS HAOiIbII He6e3MeyHux MepioniB B poOOTi, Mif] Yac KUK 3HAYHO Mafia€ iMOBIipHICTh 6€3[MOMUIIKOBOTO
BMKOHAHHS omepaii. [loonpanboBaHO: - METO]], BUBHAUYEHHS BEJIMYMHY BaroBux Koe(illieHTiB /11 [IOI3HUX CUTYallill
IIJIIXOM BUKOPUCTaHHs Metony CaaTi 17151 pisHMX PEXUMIB pyxy N0i31y. BUKOpUCTaHHS TaKOTo MigXo4y 3poduio
MOYKJIMBUM IIPOBECTHU O0’€KTHBHE OILiHIOBAaHHS IIOI3HMX CUTYallill Ta KIacuiKyBaTH iX 32 pesKUMaMU Pyxy SIK
HeO6e3IeuHi, SKi IoTpebyoTh 40aTKOBOI yBaru, Taxi, 1110 NoTpebyIoTh HEBiNKIaAHUX Nill Ta 6e3neyHi. [IpakTuyHe
3HAUEHHS OJIEP’KaHUX Pe3yJbTaTiB POOOTU MOJIATAI0 Y TOMY, 10 HA MiCTaBi OTPMMAHUX Pe3yJIbTaTiB TEOPETUYHUX
IOCJIiIPKEHb 3aITPOIIOHOBAHO YIOCKOHAJIEH] aJITOPUTMHU POOOTU CUCTEMU MiATPUMKHU PUIHSTTS PillleHb OJ1s
MAaIIMHICTiB IOKOMOTHUBIB. PO3p06JIeHO HOBi aIrOPUTMU Ta 3aIIPOTIOHOBAHO PO3UIMPEHHS PEKMUMiB MOJIETIOBaHHS. B
[IepHIOMY PO3[isli B pe3yJIbTaTi JOCiIKEeHHS BIUIMBY JIIOJCbKOTro (PaKTOPy Ha SIKiCTb KEPYBaHHSI N10i310M
BCTAHOBJIEHO, 1IJ0 OCHOBHMMU NPUYMHAMU TPAHCIIOPTHUX NOJIiN Y IOKOMOTUBHOMY TOCIIOJIAPCTBI € JII0[IChKUA
daxTop. TakuM YHOM MOXXHA CTBEPA’KYBaTH, LII0 3MEHIIEHHS BILIMBY JIIOJICHKOTO (PaKTOpPy Ha O6€3IeKy Pyxy €
3HAYHVM pe3epBOM ii MifgBUIeHHS. B TenepilHii 4ac He OCTAaTHLO YBaru NPUIiIsSEThCS iHTENIeKTyati3alii
IIPOLIECiB IPUMHSTTS PillleHb CUCTEMOIO KePyBaHHS JIOKOMOTHMBaMU. BoiHOYacC 3 po3po06KoI0 BCe GiyblI Cy4YaCHUX
IIPOrPaMHUX KOMILJIEKCIB, LOITyCKAIOThCS CIIPOOU OOYOBU CHUCTEM, XapakTep QyHKI[IOHYBaHHS SKUX BCe Oinblie
HaOJIMKEHUH [I0 iHTe1eKTyalbHOI Aisl/IbHOCTI JIIOAUHU. B Ipyromy pospisi BU3Ha4€HO OCHOBHI IPUYMHYU ITIOMUJIOK
MalllMHiCTa JIOKOMOTUBA, a CaMe He3al0BiJIbHA MMifroTOBKAa ab0 HU3bKUII piBeHb KBaji(ikallii; HeqoTpuMaHHS
nepen6adyeHNX Npolenyp eKCIUIyaTaniitHoi po60TH; He3a10BiIbHI YMOBH Ipalli, IOB'sI3aHi 3 TAKUMU HETaTUBHUMU
SIBUILAMU SIK HaJIMipHU IIyM, Bi6pallisi, TeMIlepaTypHi KOJIMBaHHS y KabiHi MaIMHICTa; BilCyTHICTb IPUBAOINBUX
CTHMYJIIOI0YMX (PaKTOPIB /171 JOCSTHEHHS ONTUMAJIbHOTO PiBHS SIKOCTi POOOTH. 3alIpOIIOHOBAHO KPUTEPIil IKOCTi
pO6OTH €praTM4HOi CUCTEMU «MAIIMHICT-JIOKOMOTHBY B IIPOLIEC] eKCITyaTallii, 0 NPeCTaBIeHUN y BUTJISA]
CIIiBBiJHOLIIEHHS Pi3HMX [TIOKa3HUKIB SIKOCTI, 110 Bi0OpaskaloTh Pi3Hi BJIACTUBOCTI CUCTEMU. BUXOS1YM 3 OCHOBHUX
3aBZlaHb, IO BUKOHYIOTHCS IOKOMOTUBHUM Ir'OCIIOIAPCTBOM, B pOOOTI BUBHAUYEHO TaKi CTpaTerii KepyBaHHS:
IOTpUMaHHs rpadiky pyxy, MakCuMasbHa 6e31eKa pyxy, MiHiMasbHa BUTpaTa €Heprii Ha TITy, MaKCHMaJIbHUAN
piBeHb HAAIMHOCTI PyXOMOTO CKIaAy. B TpeTboMy po3zii 14 MigBUILEHHS SIKOCTI aHali3y KepyrJoi AisIbHOCTI Ta
HAOYHOT0 300pakeHHsI CIiBBiJHOMEHb MDK MiIMHOXKVHAMU YHIBEpCaJbHOI MHOKMHY «I10I3HA CUTYaLlis»
BUKOpHUCTaHO piarpamu Einepa-BenHa. Ha ocHosi MmeTony Caati po3po6sieHo Mifxif 10 BU3HAYeHHS BarOBUX
KoedilieHTiB I0iI3HNX cUTyaliil. [ly1g BU3HAYEHHS KOJIa Halbinbll iHPOPMATUBHUX O3HAK IIOI3HMX CUTYallil
BUKOPUCTAaHO METOJ, BUTIQJKOBOI'O MIOIIYKY 3 ajanTaliiero. B yeTBepTomy po3ziji NpoBeAeHO OLiHKY
[IepCIIeKTUBHOCTI CUCTEM IiATPUMKY IPUMHSTTS pillleHb 11711 IOKOMOTUBHUX O6purajl. Y0CKOHaJIeHHS ajJrOpUTMIB
aJalTUBHOIO K€PYBaHHS NIPU3BOAUTD [0 iX 3HAUYHOTO YCKJIAAHEHHS i TPyIHOIII peanisalii 6e3rnocepeiHbo Ha 60pTy
JokoMoTHuBa. CTpyKTypa BUTPAT Ha BIIPOBA/P)KEHHS CUCTEM MiATPUMKY NPUNHATTS PillleHb AJ1s MAlIIMHICTIB
CKJIaJIa€ThCs 3 BUTPAT Ha 3aKyNKy 60pToBoi EOM, iHTepdelicHOi yacTrHY, HU3KU JaTYMKiB, HA PO3POOKY

IIporpaMHOro 3ab6e3rnevyeHHs] Ta HA MOHTaX CUCTEMU Ha JIOKOMOTUBI

2. The dissertation is devoted to solving the current scientific problem of developing the theoretical foundations of
locomotive control systems by using methods of the theory of artificial intelligence, which made it possible to
increase the level of traffic safety during the operation of traction rolling stock due to the improvement of the
train control process. The impact of the human factor on the quality of train management has been established. Of
the total number of traffic accidents, up to 80% are related to the influence of the human factor. This gives
grounds for asserting the need for further work on eliminating the harmful influence of the human factor on traffic
safety and improving locomotive control systems. The scientific novelty of the dissertation consists in solving the
scientific problem of developing the theoretical foundations of locomotive control systems by using the methods
of the theory of artificial intelligence. For the first time: - an additive criterion for evaluating control actions when
driving a train was developed in the form of a ratio of formalized performance indicators of the "train-driver"



system, such as traffic safety, consumption of energy resources for traction and execution of the traffic schedule; -
the "driver's work intensity" parameter in the process of driving a locomotive is formalized, which, unlike existing
approaches to the driver's work assessment, takes into account the types of current train situations and their
mutual influence on the work of the locomotive crew. Refined: - the method of determining the value of the
weighting factors for train situations by using the Saati method for different modes of train movement. The use of
such an approach made it possible to conduct an objective assessment of train situations and classify them
according to traffic modes as dangerous, requiring additional attention, those requiring immediate action, and
safe. The practical significance of the obtained work results is that, on the basis of the obtained results of
theoretical studies, improved algorithms of the decision support system for locomotive drivers are proposed. New
algorithms were developed and expansion of simulation modes was proposed. In the first chapter, as a result of the
study of the influence of the human factor on the quality of train management, it was established that the main
causes of transport events in the locomotive industry are the human factor. Thus, it can be argued that reducing
the influence of the human factor on traffic safety is a significant reserve for its improvement. Currently, not
enough attention is paid to the intellectualization of the decision-making processes of the locomotive control
system. At the same time, with the development of more and more modern software complexes, attempts to build
systems are allowed, the nature of functioning of which is more and more close to the intellectual activity of a
person. In the second chapter, the main causes of the locomotive driver's mistakes are determined, namely,
unsatisfactory training or low level of qualification; non-compliance with the prescribed operational work
procedures; unsatisfactory working conditions associated with such negative phenomena as excessive noise,
vibration, temperature fluctuations in the driver's cabin; lack of attractive stimulating factors to achieve the
optimal level of work quality. A criterion of the quality of the work of the "engine driver-locomotive" energy system
during operation is proposed, which is presented in the form of a ratio of various quality indicators that reflect
various properties of the system. Based on the main tasks performed by the locomotive industry, the following
management strategies are defined in the work: compliance with the traffic schedule, maximum traffic safety,
minimum power consumption for traction, maximum level of rolling stock reliability. In the third section, Euler-
Venn diagrams are used to improve the quality of management activity analysis and visual representation of
relationships between subsets of the universal set "train situation". Based on the Saati method, an approach to
determining the weighting factors of train situations has been developed. To determine the circle of the most
informative signs of train situations, the method of random search with adaptation was used. In the fourth chapter,
an assessment of the prospects of decision-making support systems for locomotive crews was carried out.
Improvement of adaptive control algorithms leads to their significant complication and difficulty of
implementation directly on board the locomotive. The structure of costs for the implementation of decision
support systems for drivers consists of costs for the purchase of an on-board computer, an interface part, a
number of sensors, software development and installation of the system on the locomotive.
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IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [lepkaBHUI yHIBEPCUTET iHPPACTPYKTYPH Ta TEXHOJIOTIN
Kopg 3a €IPIIOY: 41330257

Micue3HaxoaKeHHS: ByJ1. Kupunisceka, 6yz. 9, Kuis, 04071, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Kynp60BCchkuii IBaH [BaHOBUY

2. Ivan Kulbovskyi

KBasigikamis: . . u., gouenr, 05.13.22

Imentudikarop ORCID ID: 0000-0002-5329-3842

HoparkoBa indopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMII yHiBEpCUTET iHPPACTPYKTYPH Ta TEXHOJIOTi
Kopg 3a €IPIIOY: 41330257

Micueanaxo,szeﬂna: ByJI. KupuimiBceka, 6ya. 9, Kuis, 04071, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Biacue IpizBume Im's I10-6aTbKOBI Txauenko Bikrop IleTposiy

TOJIOBH pagu

Biacue IpizBume Im's ITo-6aThKOBI Txauenko Bikrop IleTposn

rOJIOBYIOYOTO Ha 3aciJaHHi



BigmoBigasbHUH 32 MiATOTOBKY MakcumeHko OneHa

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTPalLil0 HayKOBOI IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




