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Pedepar:

1. Incepranifina po60Ta CIIpsSIMOBAaHa HA PO3B'SI3aHHS aKTyaJIbHOI HAYyKOBO-TEXHIYHOI 3a71a4i, 110 MOJISITaE y

yIOCKOHAJIEHHI CUCTEMU MiITPUMKHU IIPUIHSITTS pillleHb MALIMHICTA, sIKa 3a0e3Ievye aJalTUBHE OL[iHIOBAHHS

KPUTUYHOI MIBUAKOCTI PyXy 3aJ1i3HUYHOTO PyXOMOTO CKJIAly Ha KPUBOJIHIMHUX NiITHKAxX KOJIii 3 ypaxyBaHHSIM

[IOTOYHUX NIapaMeTPiB PyXOMOTro CKJIaly Ta Kiacu@ikallilo IOTOYHOTO PEeKMMY PYXy y peasibHOMY 4daci. O6’eKT

IOCJIIPKEHHS — IIPOLIEC PYXY OY3€JIb-T10i3/1a HA KPUBOJIIHIMHYX NIJISTHKAX 3aJ1i3HUYHOI KoJtii. [IpegMeT mociimkeHHs

- MaTeMaTH4Hi MOJeJi, METOIY Ta AJITOPUTMHU OL[iHIOBAaHHS KPUTUYHOI MBUIIKOCTI pyxy Ta Kiuacudikarii

0€e3I1eYHOCTi peKMMIB PyXy AU3€Jb-T10i37]a B CUCTEMI M TPUMKU IPUMHSTTS pillleHb MalluHicTa. MeToo

IYCepTalifHOi poOOTH € MiJIBULIEHHS PiBHS 6€3IeKU PyXy JU3€/b-T10i3[1a Ha KPMBOJIHINHUX JiISTHKAX 3a/1i3HUYHOI

KOJIii IJIIXOM PO3POOKH i BOCKOHAJIEHHS] METO/IiB OL[iHIOBAHHSI KDUTUYHOI MIBUAKOCTI PyXOMOTO CKJIany Ta

kiiacudikauii IOTOYHOTrO PEXXUMY PyXY B peaIbHOMY 4aci 3 ypaxyBaHHSIM Oro AMHaAMIYHUX [TapaMeTpiB. 3a



pe3yJsIbTaTaMU JOCJiIPKEHHS OTPUMAHO TaKi HayKOBi pe3ysbTatu: - OTpuMasa Nojanbinii PO3BUTOK KOMILJIEKCHA
MaTeMaTU4Ha MOJEJb PyXy OU3€Jb-TI0i3/14, 5IKa, Ha BiIMiHY BiJl BIOMUX MOJI€JIEN, 1O ONUCYIOTh JUHAMIKY
PYXOMOTO CKJIa[ly IIEPEBAKHO HA MPAMOJIHINHUX IiJIIHKaX, BpaXxOBy€ FOPU3OHTAJIbHI IUHAMIYHI [IPOLLECU BUJISTHHS
Ta 60KOBOr'0 BUHOCY Bi3Ka IIpU pPyci Ha KPUBOJIIHIHUX IiISIHKAX KOJii 3 ypaxyBaHHSIM IOIEPESHBOTO
MIPSIMOJIIHIHOTO PyXy, 10 NO3BOJISIE MiABUIIATH TOYHICTb OLIHIOBAHHS BILIMBY IIAPAMETPIB PYXOMOrO CKJIay Ha
CTIMKICTb pyXy Ta KpUTUYHY WIBUIKICTb. - Briepiue 3alipOIOHOBAaHO METOJ, IPOTHO3yBAaHHS KPUTUYHOI IBUIKOCTI
PYXy OU3€b-T10i311a, IKU 6a3yeTbCs Ha OeAHAaHHI PiznyHO-iHPOPMOBaHOI HEMPOHHOI MEPEXi Ta

Mo (IKOBAHOrO 6araToapoBOro NepLenTpoHa, o 3abe3nedye MiBULIEHHS! TOYHOCTI IPOrHO3yBAHHS Ta
I03BOJISIE€ AIANITUBHO OOUPATU CTPYKTYPY MOZeJli 3a7IeXXKHO Bifl 00YMCIIIOBAJIBHUX PECYPCiB OOPTOBOI CUCTEMU. -
OTpumas NoJasbllInil pO3BUTOK MeTO, Kiacudikalii 6e31edHOoCTi peXXUMIB pyxy JW3esb-110i3/1a, SIKWi1, Ha BiTMiHY
BiJl iCHYIOUMX MiZXO/iB, 3a6€3e4yye BU3HAUYEHH PiBHS 6€3MIEYHOCTI pyXy B p€albHOMY 4acCi Ha OCHOBi IIOTOYHUX
IIapaMeTpiB pyxy i3 3aCTOCYBaHHSIM HEHPOHHOI Mepexi 3 KOHKYPEHTHUM HaByaHHSIM Tuny Growing When Required,
1110 [103BOJIS€ MigBUIIUTY ONI€PATHUBHICTh OLiIHIOBAaHHS Ta PiBEHb O0€3I1€KU PyXy Ha KPUBOJIHIMHUX AisISIHKAaX KOJIii.
[IpakTHyHe 3HaYeHHS OTPMMaHUX Pe3yJbTaTiB MOJISITa€ B TOMY, 110 pO3po6JieHi y po60Ti METOAU € HAYKOBO-
IIPAKTUYHOIO OCHOBOIO JJIs1 [TOAAJIBIIOTO YA,OCKOHAJIEHHS] CUCTEMU MiITPUMKY IIPUIAHSTTS pillleHb MalIUHICTA. -
P0o3p06s1€HO KOMITJIEKCHY MaTEMATUYHY MOJIEJIb PyXy AU3€Jb-TI0i3]1a sIKa JO3BOJISIE NOCiIPKyBaTH KOJIMBAHHS
BUJISIHHSI Ta G0KOBOTO BUHOCY Bi3Ka I10i371a B IPOLIECi pyxy Ha KPUBOJIHINHIN OifsSHLI HIISXY, 10 LO3BOJIUIIO
IIPOBOAUTY AOCIiIKEHHS BIUIUBY NOTOYHOI MIBUAKOCTI Ta XapaKTEPUCTUK I10i3/1a Ha MapaMeTpu 0ro pyxy. -
P0o3p061€HO CTPYKTYPH HEMPOHHUX MEPEX [1J1 MPOTHO3yBaHHS KpPUTWUYHOI MIBUIKOCTI PyXy noisga: GizndHo
OOGI'PYHTOBaHA MEPEXKA, KA 3ab6e3evye BUCOKY (Pi3MUHy KOPEKTHICTb [TPOTHO3iB, IPOTE BUMarae 3HaYHUX
00YHMCIIIOBAJILHUAX PECYPCiB i yacy Ha HaBYaHHS, Ta MOJM(DIKOBaHUI 6araToapoBUil EPLENTPOH, SIKUH MOEHYE
BHCOKY MIBUJIKICTb HaBYaHHS 3 (Pi3WYHOIO Y3ro/I3KEHiCTIO, ajie 3 MEHIIOI0, HixK (i3MYHO 06T PyHTOBaHA MEPEeXka,
TOYHICTIO. - PO3p06JieHo IporpaMHy peasizallilo MOAYJII0 CUCTEMU ITiITPUMKU [IPUIHSTTS pilleHb Ha OCHOBI
IITY4HOI HeMpoHHOI Mepexi Growing When Required, sika 103BoJIsie BUKOHYBaTHU Kiacudikallilo pyxy 1oiszga Ha
IiIIHKaxX 3a/1i3HUYHOTO IUISIXY 32 IOTOYHOIO HIBUJIKICTIO.

2. The dissertation is aimed at solving a relevant scientific and technical problem, which consists in improving the
train driver's decision support system that provides adaptive estimation of the critical speed of railway rolling
stock on curved track sections, taking into account the current parameters of the rolling stock and the
classification of the current motion mode in real time. Object of research - the process of a diesel train moving
along curved railway track sections. Subject of research - mathematical models, methods, and algorithms for
estimating the critical speed and classifying the safety of diesel train motion modes within the train driver's
decision support system. The aim of the dissertation is to enhance the safety of diesel train movement on curved
railway track sections through the development and improvement of methods for estimating the critical speed of
rolling stock and classifying the current motion mode in real time, taking into account its dynamic parameters. The
following scientific results were obtained from the research: - The comprehensive mathematical model of diesel
train motion received further development. Unlike known models that primarily describe rolling stock dynamics
on straight track sections, it accounts for horizontal dynamic processes of yaw and lateral bogie displacement
during movement on curved track sections, taking into account the preceding rectilinear motion. This makes it
possible to improve the accuracy of estimating the influence of rolling stock parameters on motion stability and
critical speed. - For the first time, a method for predicting the critical speed of a diesel train is proposed, based on
a combination of a physics-informed neural network and a modified multilayer perceptron. This ensures improved
prediction accuracy and allows the model architecture to be adaptively selected depending on the computational
resources of the onboard system. - The method for classifying the safety of diesel train motion modes received
further development. Unlike existing approaches, it provides real-time determination of motion safety level based
on current motion parameters using a Growing When Required competitive learning neural network, which
enables faster assessment and an improved level of safety on curved track sections. The practical significance of
the obtained results lies in the fact that the methods developed in the work constitute a scientific and practical
foundation for further improvement of the train driver's decision support system. - A comprehensive mathematical



model of diesel train motion was developed, enabling the study of yaw and lateral bogie displacement oscillations
during movement on curved track sections, and allowing investigation of the influence of current speed and train
characteristics on its motion parameters. - Neural network architectures were developed for predicting the
critical train speed: a physics-informed network, which provides high physical correctness of predictions but
requires significant computational resources and training time, and a modified multilayer perceptron, which
combines fast training with physical consistency but with lower accuracy than the physics-informed network. - A
software implementation of the decision support system module was developed based on the Growing When
Required artificial neural network, which enables the classification of train movement on railway track sections
according to current speed.
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BaacHe IlpizBuime Im's [10-6aTbKOBI Jleonos Cepriit IOpiiioBny
rOJIOBH pajgu

BaacHe IlpizBuie Im's [10-6aTbKOBI Jleonos Cepriit IOpitioBud
roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY €prymenko Onexkcanzp CepriiioBny
00JIIKOBHX JJOKYMEHTIB

Peectpartop IOpuenko TeTtsiHa AHaToiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




