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1. TIpo6emi nifgBUILLIEHHS eKCITyaTaliliHOI HafliliHOCTI i3ossuii Tarosux enekrponsuryHis (TEI) 10KoMOTHBIB
NIpUIINIAETLCA [TOCTiMHA yBara. Y BiilIOBiOHOCTI 3 «Jlep>kaBHOIO ITPOrpamMoI0 CTPATEriYHOTO PO3BUTKY 3aJIi3HUILIL
YKpainu», o niarotosseHa Jlep>kaBHUM HayKOBO-IOCIIAHUM LIEHTPOM 3aJ1i3HUYHOTO TPAHCIIOPTY YKpaiHu
CyMicHo i3 paxiBusiMu YKp3asi3Hulli, 6ys10 po3pobsieHo ranyseBy [IporpaMy OHOBJIEHHSI TSITOBOTO PyXOMOTO CKJIaJy

3a/1i3HuULb Ha nepiog 1o 2020 poKy, e BKa3aHO HAa HEOOXiJHICTb CTBOPEHHS CY4aCHUX CUCTEM OOCJIyTOBYBAaHHS Ta



PEMOHTY TAroBoro pyxomoro ckiany (TPC) HoBoro nmokosiHHS Ta po3po6Ka BiANIOBiHOI HOPMaTHUBHOI
IOKyMeHTalii. PO3BUTOK TEOpeTUYHUX i MEeTOOUYHUX 3aca]l, 110 3abe3rnedars epeKTUBHICTb Y IPUNHSATTI pillieHb 3
BUOOPY Ta yIOCKOHaJIEHHIO cucTeM yrpuMaHHs TPC Ta iioro ckiafoBuX, Ha IOTOYHUI MOMEHT 4acy, € aKTyaabHOIO
HAyKOBOIO IPOGJIEMOIO, SIKA HA 11e 4ac Ma€ BeJIMKe 3HAYEHHS 17151 3aJ1i3HMYHOrO TPaHCIOPTy YKpainu. Haykosa
HOBM3HA OTPMMAaHMX PE3YyJIbTATIB I10JIAra€e B Y OCKOHAJIEHI CUCTEMU [iarHOCTYBAaHHS KOPITyCHOI i3osauii TE]]
JIOKOMOTUBIB 3 METOIO IPOTHO3YBaHHS {i 3a/IMIIKOBOrO PECYPCY Ta MOKPAIEHHS CUCTEMU BiTHOBJIEHHS KOPITYCHOI
isosanii TEJL 3 ypaxyBaHHSM TEXHOJIOTIT BiTHOBJIEHHS: — BIIEPILIE BCTAHOBJIEHO €KBiBAJIEHTHICTb BEJIMYNHU
MaKCHUMAaJILHOTO 3HaYEHHS 3BOPOTHOI HAIIPYTH Ta BEJIMYMHU iHTErpajibHOI OLIIHKY AKOCTI KOPIYCHOI i30141ii; —
BIlEplIe 3aIIPOIIOHOBAHO iHTerpajbHUI IIOKa3HMUK KPUBOi 3BOPOTHOI HANIPYTH AJ1s Kiacudikauii cTaHiB KOpIrycHOi
isosisnii TEJL 3 MeTOI0 ITOfasbIIoro MporHo3yBaHHs 3aJIMIIKOBOIO PECypCY KOPITyCHOI i3oJiswii 1o ii BigHOBIEHHS
abo 3aMiHy i3071sLii Ha 3 HOBY; — BIeplIe 3aIIPOIIOHOBAHO CTaHU SIKOCTi KOPITyCHOI i30J1s111ii TSIroBOro
€JIEKTPOJBUTYHA Ha OCHOBI IIPOBeI€HHS Kacu@ikalii cTyneHs ii 3HOIIyBaHHS; - yJOCKOHAJIEHO MaTeMaTU4YHy
MOJI€JIb BU3HAYEHHS palliOHaJIbHUX NepiofiB BinHOBIEHHS KopnycHoi izonaunii TEJL EII-118A 3 ypaxyBaHHAM
TEXHOJIOTII BiJHOBJIEHHS, [I0YaTKOBOT'O CTAaHY SKOCTI {30111l Ta 06MEKEeHHS Ha KpUTAYHE 3HaYEHHSI 3BOPOTHOI
Hanpyru. [TpakTuuHe 3HaYeHHs. OTpuUMaHi B AucepTaLiiiHiil po60Ti pe3ysbTaTH JOCiI)KeHb BUKOPUCTOBYIOThCSI: ®
Cny>k6010 JIOKOMOTUBHOTO rocriogapcTsa PerionanbHoi ¢inii [IpunHinpoBchKa 3a1i3HULS (aKT BIPOBaIKEHHS
pesyabTaTis HIP N2 0118U005059 Big 05.02.2019 p.); * [IpAT «MeTanyprrpaHCpeMOHT» (aKT BIPOBaKEHHS
pesyabTatis HIP N2 0119U000430 Bix 23.04.2020 p.); * Martepianu nucepTauiiiHoi po60TH Ta pe3yJbTaTy 10
OTPUMaHi I10 3aBepUIEHHI0 HAYKOBO — AOCIITHUX POo6iT (HoMepu aepxkpeectpauii Ne 0118U005059, N2 0119U000430
) BUKOPUCTOBYIOTbCS Kadepoio «JIOKOMOTUBUY» YHIBEPCUTETY B HaBYaJIbHOMY IIPOLieCi Ta Ha Kypcax IiBUIIEeHHS
kBasidikalii npauiBHuKiB Ykp3anizuuti. [Ipu aHanizi ocsifgkeHb CTOCOBHO OCHOBHUX METO/IiB KOHTPOJIIO SIKOCTI
isossauii TE]] BinzHaueHo, MO y 6i1bIOCTI BUNIAAKIB BUKOPUCTOBYIOTHCSI METOAY PYVHIBHOTO KOHTPOJIIO IOTOYHOTO
CTaHy 13071411l 5IKi, SIK IPaBUJIO, HE NAIOTh aJleKBATHOI OL[iHKM CTaHY 1301411l €J1IeKTPOABUTYHIB. [JocigHuKamun
BigMivaeThbcs, 0 HalbinbLy iHPOPMATUBHICTb PO NPOLIEC CTapiHHA i30141lii MalOTh TapaMeTpH, IOB'sI3aHi 3
npolecamu abcop6buii i pecop6buii B quHaMilli. Mogesi BifHOBIEHHS, 10 IPONOHYIOTHCS B CyYaCHUX IyOJIiKalisx,
9acTO He BpaxoByIO0Tb NOTOYHUH cTaH TE], o0 BifHOBIIOETHCS i CTYIIiHb BiIHOBJIEHHS (TEXHOJIOTIIO BiTHOBJIEHHS).
Mogerti, 1o CTOCYIOTbCS NPOTHO3YBaHHS pecypcey i3omnsauii TEN, mocaigHuKaMyu OJHO3HAYHO He BU3HAYeHi. Pecypc
MOJEJIIOETHCS K HallPalloBaHH (Yac) MK CYMDKHUMU HEYCYBHUMHU BiiMoBaMu. Po3risHyTi B po6OTi
XapaKTePUCTUKMA HEOLHOPIIHOCTI i30J1411ii 00YMOBJIEHO HASIBHICTIO 3apsly abcopOLii, MalOTh IapaMeTpH, SKi
SKOPCTKO IOB'SI3aHi 3 TUTOMUMU €JIEKTPUYHUMU BJIACTUBOCTAMMU i30Jis11il. ToOMy BUMIp i aHai3 Takux
XapaKTEePUCTUK MOXKE ATV KOPUCHY iH(dOopMallilo PO CTaH i30J1s1ii, Ipo KiJIbKIiCTh ApPIB 3 pi3HUMU
BJIACTMBOCTSIMMU, IIPO MUTOMI NapaMeTpu Lux mapis. PopmMasibHO BCi aGCOPOLifiHI XapaKTepPUCTUKHU MICTSITh
IIPaKTUYHO OJHAKOBY iHpOpMaLiio rpo i3ossuio. [TpoananizoBano BigMoBu TE]] T0KOMOTHUBIB, YNHHUKIB BiIMOB
i3ossiii yepes HecipaBHOCTI iHmMX enemeHTiB TE/L. TTomupeHoto npuynHoto HecripaBHOCTI TE]] € rpo6iit izossiii
Ta MDKBUTKOBI 3aMUKaHHSI, Ha JIOJIIO SIKUX Ipumnanae 6;am3bko 20% i 24% Bif 3araipHOro 4ucia BigMOB AJ1s1
€JIEKTPOBO3iB i TEIMJIOBO3iB BifMIOBiZHO. by710 BUKOHAHO BUMIipU Ta MPOBEAEHO AOCIIIKEHHS 3MiHU OIIOPY i301411ii
00MOTOK 30y IKeHHs rosioBHUX nosociB TEIL B 3ajyiesKHOCTI Bif, pobiry B JIiTHIN nepiof Ta B3UMKY. SIK 3'scyBaocs,
OIip i30JIA11ii, BUMIpU SIKOTO ITPOBOAUIINCh METOMMETPOM, Ma€ PiBHOMIPHHUI 3aKOH PO3IOJiTy i He 3aJIE>KUTD Bif|
ce3oHy. To6To el napameTp (omip i3osauii) He € iHPOPMATUBHUM 3 TOYKU 30PY AiarHOCTYBAHHS i IPOrHO3yBaHHS
CTaHy i30J11ii KOTYLIOK r0JIOBHUX MOJIOCIB. 3aITPOIIOHOBAHO OKA3HUKM Kiacudikaii, mpouenypy knacudikatii,
rpaHNYHI 3HaYEHHS TapaMeTPiB IPOTrHO3yBaHHS 3aJIMIIKOBOrO pecypcy KoprycHoi izomnaunii TEI HB-406. MeToro
3a7,a4i MPOrHO3yBaHH$ 3aJIMIIKOBOIO PECYPCY KOPITyCHOI 30111l € BUBHAYEHHS CTaHIB SIKOCTi KOPITyCHOI 13015111
TSATOBOTO €JIEKTPOABUTYHA 3a CIIOCTEPEKEHHSIMU 3BOPOTHOI HAIIPYTM Ha OCHOBI NIPOBeIeHH Kaacu@ikauii cTynens
3HOIIIYBAHH4 i30JIA1IiI IO iarHOCTYETHCS, & TAKOK BU3HAYEHHS OLiHOK HAIIPalllOBAaHHS 10 MOMEHTY BiJHOBJIEHHS
abo 3aMiHM i3071411ii Ha HOBY.

2. The problem of improving the operational reliability of insulation of traction motors (TM) of locomotives has
been given constant attention. In accordance with the State Program for Strategic Development of Railways of
Ukraine, prepared by the State Research Centre of Rail Transport of Ukraine together with the specialists from



Ukrainian Railways, a sectoral Programme for Renewal of Traction Rolling Stock of Railways for the period up to
2020 was developed, which indicated the need to implement the next generation systems for maintenance and
repair of traction rolling stock (TRS) and development of relevant regulatory documents. The development of
theoretical and methodological foundations that will ensure effective decision making regarding the selection and
improvement of systems for maintenance of TRS and its components is currently an urgent science issue, which is
nowadays of great importance for the rail transport of Ukraine. The scientific novelty of the obtained results lies in
the improved system for diagnostics of frame insulation of TM of locomotives for the purpose of predicting its
residual life and improving the system for repair of TM frame insulation, taking into account the restoration
technology: - for the first time, the equivalence of the maximum value of reverse voltage and the value of
integrated estimation of frame insulation performance was established; - for the first time, an integrated indicator
of the reverse voltage curve was suggested for classifying the conditions of TM frame insulation in order to further
predict the residual life of frame insulation before its restoration or replacement; - for the first time, the
conditions of TM frame insulation performance were suggested based on the classification of the degree of
insulation wear; - the mathematical model for determining rational periods for repair of frame insulation of EJl-
118A traction motor was improved, taking into account a restoring 10 technology, initial state of insulation
performance and limits on the critical value of reverse voltage. Practical importance. The research results obtained
in the thesis are used: * by the Service of Locomotive Facilities of the Regional Branch of Cisdnieper Railways
(Certificate of Implementation of Research Work Results No. 0118U005059 dated 05.02.2019); ¢ by
Metalurhtransremont PJSC (Certificate of Implementation of Research Work Results No. 0119U000430 dated
23.04.2020); » Materials of the thesis and results obtained upon the completion of research work (state registration
numbers No. 0118U005059, No. 0119U000430) are used by the Department of Locomotives of the university in the
educational process and advanced training courses for employees of Ukrainian Railways. When analysing the
research regarding the main methods for monitoring the TM insulation performance, it was observed that in most
cases the destructive testing methods were used for monitoring the current condition of insulation, which, as a
rule, did not give an adequate assessment of the condition of electric motor insulation. The researchers point out
that the parameters associated with the processes of absorption and resorption in dynamics have the highest
informative value concerning the aging of insulation. The models of repair suggested in modern publications often
do not take into account the current condition of TM, which is repaired and the degree of repair (restoration
technology). The models related to predicting the residual life of TM insulation have not been unambiguously
defined by the researchers. The characteristics of inhomogeneous insulation considered in the work were
conditioned by the presence of absorption charge and had parameters firmly related to the specific electrical
properties of insulation. Therefore, the measurement and analysis of such characteristics can provide useful
information about the condition of insulation, number of layers with different properties and specific parameters
of these layers. Formally, all absorption characteristics contain almost identical information about insulation. The
failures of TM of locomotives and factors of insulation failures due to malfunctions of other TM elements were
analysed. A common cause of TM malfunction is insulation breakdown and turn-to-turn short circuits, which
account for about 20% and 24% of the total number of failures for electric and diesel locomotives, respectively.
Measurements were performed and the change in the insulation resistance of the excitation windings of TM main
poles, depending on the operating time in summer and winter, were studied. It turned out that the insulation
resistance, which was measured with a megohmmeter, had a uniform distribution law and did not depend on the
season. That is, this parameter (insulation resistance) was not informative in terms of diagnostics and prediction of
the condition of insulation of the main pole coils.
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