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Pedepar:

1. locnimpKkeHHsl TPUCBSIY€HO BUPIllIEHHIO HAYKOBOT'O 3aBJJaHHS 110710 MifBUIEHHS e(peKTUBHOCTI YIIPaBIiHHSI
3aJ1i3HUYHOTO PYXOMOTO CKJIay LIJISIXOM PO3POOKM Ta BIIPOBAIKEHHS CIlelliali3oBaHOI KOMITIOTEPHOI CUCTEMU
MOHITOPUHTY Ta IPOTHO3YBaHHSI PEMOHTIB Ha OCHOBi CTOXaCTUYHO-TIapaMeTPHUYHOI MOZEJI Ta HEIPOMEPEKEBUX
METO[IiB arlpOKCUMaLlil napaMeTpiB. Y AucepTaLiiiHiil po60Ti po3p0o6sIeHO Ta TEOPETUYHO OOIPYHTOBAHO CYKYITHICTh
MoJiesIed i MEeTOZiB IHTEJIEKTYaJIbHOIO MOHITOPYHTIY Ta IIPOTHO3YBAaHHS TEXHIYHOTO CTaHy PYyXOMOTO CKJIaAy, 10
6a3yI0TbCSl HA CUHEPTii CTOXaCTUYHO-NTapaMEeTPUYHOTO MOJIE/IIOBAHHS, MOZEJI IPONOPLIMHUX PU3UKIB Ta
HEePpOMEPEsKeBOi alpoKcuMaliii mapameTpis 17151 BUCOKOTOYHOTO NepedaueHHs MDKPEMOHTHUX iHTEPBaJliB.

3anpornoHoOBaHi pillleHHs iHTerpoBaHO B CTPYKTYPY CIIeliali30BaHOi KOMII'IOTEPHOI CUCTEMU MiJTPUMKU MPUHAHSTTS



pilleHs, 0o 3a6€31e4n/I0 HACKPi3He AJITOPUTMIYHE BUKOHAHHS TEXHOJIOTIYHOTO LUKJITY IPEAUKTUBHOTIO TEXHIYHOTO
00CJIyrOBYBaHHS Ta I BUIINIIO JOCTOBIPHICTb OL[iHIOBAaHHS 3aJIMLIKOBOTO PECYPCY BY3JIiB i arperaTiB B yMOBax
eKCIUlyaTaliliHoi HeBU3HAYeHOCTi. Y BCTyMi 3[[iiCHEHO aHaJli3 Cy4yaCHOTO CTaHy JLOCJIi/I)KyBaHOi HAyKOBOI TpobjeMu
Ta apryMEHTOBAHO il 3HAYYILiCTh J1 PO3BUTKY BiZlIOBiZ{HOI ramysi. O6rpyHTOBaHO aKTyaslbHiCTh 0OPaHOi TEMATUKH,
BUCBITJIEHO KOPEJIALiI0 IPOBELEHOTO NOCIIKEHHS 3 IPIOPUTETHUMU HAYKOBUMU IIPOTPaMaMU Ta IJIlaHaMU
yCTaHOB. BinnosigHo 10 BU3HaYeHOi MeTU CPOPMYJIbOBAHO CYKYITHICTh KJIIOUOBUX 3aBllaHb JOCIIiJKEHHS.
[IpencraByieHO MOJIOKEHHS, 1110 BUBHAYAIOTh HAYKOBY HOBU3HY OTPUMAaHUX Pe3yJbTaTiB, Ta PO3KPUTO iXHIO
MIPUKJIaAHY 3HAUYILiCTh. JleTani30BaHO OCOOUCTHMII BHECOK 300yBaya y Ipalsx, 0ny61iKOBaHUX y CIIiBAaBTOPCTBI, a
TaKOX CUCTEMaTHU30BaHO JaHi oo o6csry Mmy6sliKaliiiHoi akTUBHOCTI aBTOpa Ta piBHS anpobarliii O0CHOBHUX
pe3yJbTaTiB po60TU Ha HAYKOBO-IIPAKTUYHUX 3aX0JaX. Y NepIIOMY PO37ii 3[iliCHEHO aHaJjli3 Cy4yacHUX
KOMITIOTEPHUX METOIiB i MOJieJIelt, 110 3aCTOCOBYIOTbCSI JI71s1 YIIPABJIiHHSI, MOHITOPUHTIY Ta TEXHIYHOTO
00CJIyrOBYBaHHS BAHTXXHUX 3aJ1i3HUYHUX BaroHiB. PO3IJISIHYTO HOBITHI iHTe/IeKTyaIbHi KOMITIOTEPHI pillleHHS,
CIIPSIMOBaHIi Ha MiHiMi3allil0 BApTOCTi >KUTTEBOTO LIUKJIy PyXOMOTO CKJIaZly LIEMEHTHHUX 3aBOJIiB 4epe3
BIIPOBAPKEHHS IPEAUKTUBHUX CTPATEriil. AHai3 NPaKTUYHMX aCIEKTIB JIOTICTMKU Ta TEXHIYHOrO OOCIIYTOBYBaHHS B
ymoBax [IpAT «IBaHO-@PpaHKiBCbKIIEMEHT» 03BOJIUB ileHTU(IKYBaTU (PYHKLIOHATIbHI OOMEXEHHS! iCHYI04O01
indopmaniitHo-TexHiyHoi iHdppacTpykTypu. BcTaHOBIEHO, 110 MifBUIIEHHS ePeKTUBHOCTI MOHITOPUHIY MOKJIBE
Jianle 3a yMOBM iHTerpalii CToXxacTUYHUX YMHHUKIB y MaTeMaTU4He 3a0e3[1e4YeHHs] KOMIT'IOTEPHUX CUCTEM. Y
IpYyroMy po3zii 3[iliCHeHO po3p0oOKy MaTeMaTUYHOro anapaTy CTOXaCTUYHO-TIapaMeTPUYHOI MO, 110
CTaHOBUTH AHAJIITUYHE SIAPO IPOEKTOBAHOI KOMITIOTEPHOI cucTemMu. Po3pobiieHa 3a1ava 1io4nc10BOro
CTOXaCTUYHOTO JIHIIHOTO IMJIaHyBaHHS 103BOJISIE KOPEKTHO BPAaXOBYBaTH AMHAMIYHY 3MiHY 11i1b0BOI PyHKLIi Ta
00ME>XeHb CUCTEMU. 3alIPONIOHOBAHUI CIIOCi6 NapameTpu3allii BXiZHUX NaHUX yepes JIiHilHI yacoBi QpyHKIii
3abesrneuye aieKBaTHEe MOJIEJIIOBAHHS JIOTiICTUYHUX MTPOLIECIB Y peasibHOMY 4aci. [To6y1oBaHO MaTEMAaTUYHY MOJIEJIb
JIOTiCTUYHOTO PO3IIOLiNy PeCcypcCiB, Y SKill KJII0YOBi TOKa3HUKY — 0OCSTY HAassBHUX 3aIlaciB, IOTPeOU ITyHKTIB
PEMOHTY Ta BUTPATU Ha JOCTaBKY — IIpeJCTaBJIEHi SIK BUNIaKOBI QYHKILi, 1110 3a/1e5KaTh BiJi KEpylOuoro napameTpa.
TperTiit po3zin NpucBsYeHO PO3po6Li METOLOIOTII aHAIi3y Ta IPOrHO3yBaHHS MIPOLECIB TEXHIYHOTO
06CJIyrOBYBaHHSI 3aCO0aMHU CIIelliali30BaHUX KOMITIOTEPHUX 3aC00iB. B OCHOBI 3aITpONIOHOBAHOrO MigXOy JI€XKNATh
MoZeJsb IponopLiiHux pusrkis Kokca, agantoBana 115 inenTudikauii iHTEHCUBHOCTI BilMOB CKJIQIHUX BY3J1iB
pyxomoro ckinazny. Po3pobiennii pyHKUiOHAT cucTeMU 3abe3nedye 6e31epepBHUN PO3PaxyHOK NMOBIPHOCTI
6€3BiIMOBHOI pOOGOTH Ha 6a3i IOTOYHOTO MOHITOPUHIY CTaHYy. BUKOPUCTaHHS METO/ly 4YaCTKOBOI IIPaBIONOiOHOCTI
L7151 OLIiHIOBAHHS [TapaMeTpiB MOJIeJli TapAHTYy€ CTAaTUCTUYHY JOCTOBIPHICTh IPOTHO3HUX OL[iHOK. Y YETBEPTOMY
PO3[iii mpencTaBieHa MpakTUYHa peaslisaliisi HelipoMepeskeBoi KOMITIOTEPHOI CUCTEMU, 1[0 6a3yeThCsl HA CUHTE3i
PO3pO6JIEHUX CTOXaCTUYHO-TIapaMeTPUYHMX MeTOAiB. ONncaHa CTPyKTypa CUCTEMU JEMOHCTPYE €(PEKTUBHY
B3aeMOJil0 MOAyJIiB 360py iHpopMallii, iIHTeIeKTyabHOTO ONpALI0BaHH Ta MiATPUMKU IIPUNAHSTTS PillleHb.
Po3pobseHuil HelipoMepeskeBril KOMIIOHEHT YCIIIIIHO BUKOHYE POJIb allPOKCUMaTOpa IapaMmeTpiB, aBTOMAaTU3YI0YU
IIPOLIEC IPOTHO3YBAHHS y CTOXaCTUYHOMY CE€PELIOBUINI. AHaJIi3 BEJIMKMX MACUBIB €KCIIyaTalliiiHOi CTaTUCTUKU
IO3BOJIMB BUSIBUTY MTPMXOBAHi 3aKOHOMIPHOCTI 3HOCY BY3JIiB Ta BepUQiKyBaTH TEOPETUYHI II0JIOKEHHS POOOTH.
Po3pobsieHa KOMITIOTEPHA CUCTEMA [IO3BOJISIE ONTUMI3YBAaTU MiKDEMOHTHI iHTepBaii Ha OCHOBI (DAKTUYHOTO CTaHY
00'€KTiB, MiHIMI3yBaTU KiJIbKiCTh PalITOBUX BiJMOB Ta CyTTE€BO 3HU3UTH OIlepalliliHi BUTPaTH Ha yTPUMaHHS
pyxoMmoro ckinagny. Takum 4MHOM, pe3yJIbTaTu POOOTH CTAHOBJISITh 3aBE€PIIEHUI TEXHOJIOTTYHUI [IVKJI, TOTOBUI 10

mMacmTtabyBaHHS Ha iHIIi NiATPUEMCTBA IPOMHUCIIOBOTO 3aJIi3HUYHOTO TPAHCIIOPTY YKpaiHu.

2. The research is devoted to solving the scientific problem of increasing the efficiency of railway rolling stock
management by developing and implementing a specialized computer system for monitoring and forecasting
repairs based on a stochastic-parametric model and neural network methods of parameter approximation. In the
dissertation work, a set of models and methods of intelligent monitoring and forecasting of the technical condition
of rolling stock has been developed and theoretically substantiated, based on the synergy of stochastic-parametric
modeling, the proportional hazards model and neural network approximation of parameters for high-precision
prediction of inter-repair intervals. The proposed solutions are integrated into the structure of a specialized
computer decision support system, which ensured end-to-end algorithmic execution of the technological cycle of



predictive maintenance and increased the reliability of estimating the residual life of units and assemblies under
conditions of operational uncertainty. The introduction analyzes the current state of the researched scientific
problem and substantiates its significance for the development of the relevant field. The relevance of the chosen
topic is substantiated, the correlation of the conducted research with priority scientific programs and plans of
institutions is highlighted. In accordance with the defined goal, a set of key research tasks is formulated. The
provisions determining the scientific novelty of the obtained results are presented, and their applied significance is
revealed. The personal contribution of the applicant in works published in co-authorship is detailed, and data on
the volume of publication activity of the author and the level of approbation of the main results of the work at
scientific and practical events are systematized. The first section analyzes modern computer methods and models
used for management, monitoring and maintenance of freight railway wagons. The latest intelligent computer
solutions aimed at minimizing the life cycle cost of rolling stock of cement plants through the implementation of
predictive strategies are considered. The analysis of practical aspects of logistics and maintenance in the
conditions of PJSC "Ivano-Frankivskcement" made it possible to identify functional limitations of the existing
information and technical infrastructure. It is established that increasing the efficiency of monitoring is possible
only under the condition of integrating stochastic factors into the mathematical support of computer systems. The
second section develops the mathematical apparatus of the stochastic-parametric model, which constitutes the
analytical core of the designed computer system. The developed problem of integer stochastic linear programming
allows correct consideration of the dynamic change of the objective function and system constraints. The
proposed method of parameterization of input data through linear time functions ensures adequate modeling of
logistics processes in real time. A mathematical model of logistics distribution of resources is constructed, in
which key indicators - volumes of available stocks, needs of repair points and delivery costs - are presented as
random functions depending on the control parameter. The third section is devoted to the development of a
methodology for analysis and forecasting of maintenance processes by means of specialized computer tools. The
proposed approach is based on the Cox proportional hazards model, adapted for identifying the failure rate of
complex units of rolling stock. The developed system functionality provides continuous calculation of the
probability of failure-free operation based on current condition monitoring. The use of the partial likelihood
method for estimating model parameters ensures statistical reliability of forecast estimates. The fourth section
presents the practical implementation of a neural network computer system based on the synthesis of the
developed stochastic-parametric methods. The described system structure demonstrates effective interaction of
modules for data collection, intelligent processing and decision support. The developed neural network
component successfully performs the role of a parameter approximator, automating the forecasting process in a
stochastic environment. The analysis of large arrays of operational statistics made it possible to identify hidden
patterns of unit wear and to verify the theoretical provisions of the work. The developed computer system makes
it possible to optimize inter-repair intervals based on the actual condition of objects, minimize the number of
sudden failures and significantly reduce operating costs for maintaining rolling stock. Thus, the results of the work
constitute a completed technological cycle ready for scaling to other enterprises of industrial railway transport of
Ukraine.
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KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




