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Pedepar:

1. lucepraiiis npucBAY€Ha BUPILIEHHIO aKTyaJbHOI HAyKOBOI 33/1a4i PO3BUTKY TEOPETUYHUX OCHOB CUCTEM
KEPYBaHHS JIOKOMOTHABOM LIJIIXOM BUKOPUCTaHHS METOAIB TEOPIi IUTYYHOr O iHTEJIEKTY, 0 JO3BOJIUIIO MiIBULUTA
piBeHb 6e31eKr Pyxy [Py eKCILIyaTallii TATOBOTO PyXOMOTO CKJIaly 32 PAXyHOK IOJIMIIEHHS IPOLECY YIPaBIIiHHS
110i3710M. BCTaHOBJIEHO BIJIUB JIIOJCKOTrO (aKTOPY Ha SIKICTh YIIPaBJIiHHS M10i3[10M. I3 3arajibHOI KiJIbKOCTI
TpaHCIOPTHUX Npurof, 1o 80% MoB'sA3aHi 3 BIVIMBOM JIIOACHKOT0 ¢akropy. Lle nae nigcraBu CTBEPIKYBATU PO
HEeOOXiJIHICTh TIOJAJBIIO] POOOTH MO YCYHEHHIO LIKiJINBOTO BILJIMBY JIOACHKOrO (PAaKTOPy Ha 6E3IeKy pyxy Ta
BI,OCKOHAJIEHHIO CUCTEM KePyBaHHS JIOKOMOTHBamMu. HaykoBa HOBM3HA AUCEPTALiiHOI pOOOTH MOJISTae y
BUPIlIEHHI HAyKOBOI 337ja4i PO3BUTKY TEOPETUYHUX OCHOB CUCTEM KEPYBAHHS JIOKOMOTUBOM ILJIIXOM

BMKOPHMCTaHHS METO/IiB TEOPIi IITY4YHOrO iHTEJIEKTY. Briepiie: - po3po61eHO aAUTUBHII KPUTEPIll OLIHKY KEPYIOUNX



Iill mpy BeJleHHi 10i37ja y BUTJISA] CIiBBiIHOMEHHS (OPMali30BaHMX MIOKA3HUKIB SKOCTi pOOOTH CUCTEMU «I10i3[1-
MalIMHICT», TaKUX sIK 6e3IeKa pyxy, BATPAaTU eHepropecypciB Ha TAry Ta BUKOHAHHS rpadiky pyxy. Lle mo3sonnio
00'€KTHBHO TIOPIiBHIOBATY Ta IPOrHO3YBATH Pe3yJIbTaTU KEPYIOUMX [iil Ta HACIIKIB MPUMHSTTS HEBIPHOTO PillleHHS.
TaxkuM 4MHOM PO3pO6JIEHO KOMIIJIEKCHY OLiHKY KEPYIOUMX il i BAKOPDUCTAHHS Pi3HUX CTPATEriil KEPYBaHHS PYXOM,
1110 A,O3BOJISE peasidzyBaTy MoJasblle yAOCKOHANEHHS CUCTEMU KePYBaHHS PYXOM; - (OPMali30BaHO apaMeTp
«HaIlpy>KeHOCTi poOOTH MAlIMHICTa» B IIPOLIECi KepyBaHHS JIOKOMOTUBOM, SIKUM, Ha BiIMIHY Bifl iCHyl0uMX IiaxoiB
710 OLIHKM POOGOTH MalIMHICTa, BpaXOBY€E TUIIM IIOTOYHUX IIOI3HMX CUTYallill i iX B3a€MHUI BIJIMB Ha POOGOTY
JIOKOMOTUBHOI 6puranu. lle 103Bomno peasnizyBaTy OCTiIHNIA MOHITOPUHT OOCTaBUH BELEHHS MOI31Y 3 METOIO
BU3HAYEHHS HAUOiIbII HeGe3MeyHnx MepioiB B pOOOTI, Mif] Yac SKUX 3HAYHO Mafia€ iMOBIpHICTh 6€3MOMUIIKOBOTO
BMKOHAaHHS omepatii. [JoonnpanpoBaHO: - METO]], BUBHAUEHHS! BEJIMYMHU BaroBux Koe(illieHTiB /1J1s [OI3HUX CUTYallill
IIJISIXOM BUKOPYCTaHHs Metony CaaTi 17151 pisHMX PEXUMIB pyxy N0i3y. BUKOpUCTaHHS TaKOTo MigXo4y 3poduio
MO>KJIMBUM IPOBECTY 00'€KTHBHE OLIiHIOBAaHHS MOI3HMX CUTYyalliil Ta KlacuikyBaTH ix 3a peXXUMaMU pyXy sIK
Hebe3sIeyHi, SKi IoTpebyloTh 40aTKOBOI yBaru, Taxi, 1110 NoTpebyIoTh HeBinKIanHUX Nill Ta 6e3neyHi. [IpakTuyHe
3HAUEHHS OJIEP’KaHUX Pe3yJbTaTiB pOOOTU MOJIATalo Y TOMY, 10 Ha MifiCTaBi OTPMMAaHUX Pe3yJbTaTiB TEOPETUYHUX
IOCJIiIPKEHDb 3aIIPONIOHOBAHO YJOCKOHAJIEHi aJITOPUTMU POOOTH CUCTEMU MM TPUMKHU IPUIHSATTS pillleHb AJ1s
MAIVHICTiB TOKOMOTUBIB. PO3p061€HO HOBi a7ITOPUTMU Ta 3aITPOTIOHOBAHO PO3MIMPEHHS PEKMMiB MOJIETIOBaHHS. B
IIepLIOMY PO37isli B pe3yJbTaTi JOCiI)KeHHS BIUIMBY JIIOJCKOTro (aKTOPy Ha SIKiCTh KEPYBaHHSI 110i310M
BCTAHOBJIEHO, 110 OCHOBHMMU IIPUYMHAMM TPAHCIIOPTHUX MOAiN Y IOKOMOTUBHOMY IOCIIOJAPCTBI € JII0ICbKU
daxTop. TakuM YMHOM MOXXHA CTBEP/’KYBaTH, 10 3MEHIIEHHS BIJIMBY JIIOJICHKOTO (PakTOpy Ha H6E3IeKy Pyxy €
3HAYHVM pe3epBOM ii mifgBuieHHs. B TenepiHii 4ac He JOCTATHLO YBaru NPUIiIsSEThCS iHTeNIeKTyati3alii
IIPOLIECiB IPUMHSTTS PillleHb CUCTEMOIO KePyBaHHS JIOKOMOTHMBaMU. BoiHOYacC 3 po3po06KoI0 BCe Giybll CyyaCHUX
IIPOrPpaMHUX KOMILJIEKCIB, OMyCKalOThCS CIIPOOU NOOYIOBU CUCTEM, XapakTep QYHKIIIOHYBAaHHS SIKUX BCe Oisblie
HaOJIMKEHUU [I0 iHTeJIeKTyaIbHOI Aisl/IbHOCTI JIIOAUHU. B Ipyromy po3pisi BU3HA4€HO OCHOBHI MPUYMHU ITOMUJIOK
MalllMHiCTa JIOKOMOTHBA, a CaMe He3al0BiJIbHA ITirOTOBKAa a60 HU3bKUII piBeHb KBasi(ikallii; HeqoTpuMaHHS
nepenoadyeHNx NpoLenyp eKCIUlyaTaliHoi po60TH; HE3a0BIIbHI YMOBH Mpalli, IOB'sI3aHi 3 TAKUMU HETaTUBHUMU
SBUILIAMU SIK HAZMipHU 11yM, Bibpallis, TeMIiepaTypHi KOJIMBaHHS y KabiHi MaIIMHICTa; BiICyTHICTb MPUBAOINBUX
CTHMYJIIOI0YMX (PaKTOPIB /171 JOCSATHEHHS ONTUMAJIbHOTO PiBHS SIKOCTi POOOTH. 3alIpOIIOHOBAHO KPUTEPIil SIKOCTi
POOOTH €praTM4HOi CUCTEMU «MAIIMHICT-JIOKOMOTHBY B IIPOLIEC] eKCITyaTallii, 10 peiCTaBlIeHUN y BUTJISA]
CITiBBiIHOLIIEHHS Pi3HUX MOKA3HUKIB SIKOCTI, IO BiloOpakaloTh Pi3Hi BIaCTUBOCTI CUCTEMU. BUXOSI4M 3 OCHOBHUX
3aBZaHb, [0 BUKOHYIOTHCS IOKOMOTUBHUM I'OCIIOIAPCTBOM, B pOOOTI BU3HAYEHO TaKi CTpaTerii KepyBaHHS:
IOTpUMaHHs rpadiky pyxy, MakCuMasbHa 6e3leka pyxy, MiHiMasibHa BUTpaTa €Heprii Ha TTy, MaKCHMaJlbHUM
piBeHb HAAIMHOCTI PyXOMOTO CKIaay. B TpeTboMy po3zii 114 MigBUILEHHS SKOCTI aHali3y Kepyl4oi AisiIbHOCTI Ta
HAOYHOTO 300pa’ke€HHSI CIIiBBiIHOIEHb MiX IMiIMHOXMHAMU YHiIBePCaJIbHOI MHOKMHMU «I10i3HA CUTYyaLlis»
BUKOpHUCTaHO faiarpamu Eiinepa-BenHa. Ha ocHoBi MmeTozny Caati po3po6sieHo Mifxis 10 BU3HAYeHHs BarOBUX
KoedilieHTiB 10i3HUX cuTyaliil. [l BU3HAYEHHs KOJj1a Halbinbll iHPOpMAaTUBHUX O3HAK IIOI3HMX CUTYallil
BUKOPUCTAaHO METOJI, BUTIAKOBOT'O MOMIYKY 3 ajanraliieio. B yeTBepToMy po3zisi NpoBeAEeHO OLiHKY
[IePCIIEKTUBHOCTI CUCTEM IiATPUMKY IPUMHSTTS PillleHb 1171 IOKOMOTUBHUX Opuraji. Y0CKOHAJIeHHS ajJlrOPUTMIB
aJanTHBHOTO KePyBaHHS NIPU3BOAUTD [0 iX 3HAYHOTO YCKJIAAHEHHS i TPyIHOIII peanisalii 6e3rnocepeiHbo Ha 60pTy
JI0KOMOTHBA. CTPYKTypa BUTPAT HA BIIPOBA/I)KEHHS CUCTEM MiATPUMKY IIPUIHSTTS PillleHb AJ19 MALIMHICTIB
CKJIQIAE€ThCS 3 BUTPAT Ha 3aKynKy 6oproBoi EOM, iHTepdeiicHOi yacTMHYM, HU3KU JAaTYMKiB, HA pO3POOKY

IIporpaMHOro 3a06e3nevyeHHs] Ta HA MOHTaXK 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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KBasigikamis: 1. 1. 1., npodecop, 05.22.01

ImenTudikarop ORCHID ID: 0000-0002-1521-2263

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHMII yHiBEpCUTET iHPPACTPYKTYPH Ta TEXHOJIOTi
Kopg 3a €IPIIOY: 41330257

Micue3HaxoaKeHHS: ByJ1. Kupunisceka, 6yz. 9, Kuis, 04071, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETCHKUI

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Kynb6oBchkuil IBaH IBaHOBUY

2. Ivan Kulbovskyi

KBasmigikamis: . 1. 1., nouenr, 05.13.22

InenTudirkarop ORCHID ID: 0000-0002-5329-3842

JoparkoBa indopmamnist:

IToBHE HaﬁMeHYBaHHﬂ IOpI/I,I;I/I‘{HOi 0C00H: JlepkaBHMIA yHiBepCUTET iHPPACTPYKTYpPHU Ta TEXHOJIOTIN
Kopg 3a €IPIIOY: 41330257

Micqesﬂaxo,lpKeHHﬂ: ByJ1. Kupunisceka, 6yx. 9, Kuis, 04071, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MinictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCHTETCHKUI



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BinmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

TxavyeHko Bikrop I[leTpoBruy

TxavyeHko Bikrop I[leTpoBry

Makcumenko OJsieHa

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



