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1. YoockoHaneHHsl MeTOZiB MiHiMi3allii CTPYKTYpHOI Bibpallii BArOHIB €J1eKTPOIIOi3[liB 32 PaXYHOK I1iIBUILIIEHHS
TOYHOCTI 6aJIaHCYBaHHS POTOPIB €JIEKTPUYHUX MAIINH.

2. Improvement of methods for minimizing structural vibration of wagons by increasing the balancing accuracy of
rotors of electric machines.

Pedepar/anoTamis:

1. luceprauiiiHe DOCIiIKEHHS IPUCBSIYEHE aHAi3y IKepeJl Ta YIOCKOHAIEHHIO METOLiB MiHiMi3alii CTpyKTypHOi
Bi6paLlii BaroHiB 3a paxyHOK MiJiBUIL€HHS] TOYHOCTi 6aJIaHCYBaHHS POTOPIB €JIEKTPUYHMX MAlIMH. B nipoleci orysny
HAyKOBUX JIOCJIiIKeHb Bibpalliil BaroHiB, CIpUYMHEHUX TOPYIIEHHSIM 6ajlaHCYyBaHHS POTOPIB €J1IeKTPUYHNX MalluH
BMKOHAHO aHaJi3 AeKiJbKOX CYMDKHUX NUTaHb. [IpoaHai3oBaHO HECIIPABHOCTI €J1IeKTPOIBUTYHIB, IPUUMHOIO SIKUX
MO>Ke OyTH AucbanaHC poOTOPiB.. PO3rSHYTO METOOM KOHTPOJIIO AucOanaHCy Ha 6ajlaHCYBaJbHUX BEPCTATaX,
BHMKOHAHO OIJISIZ, TUIIiB BEPCTATIB, JATYMKIB, aJITOPUTMIB OOPOOKY Pe3ysIbTaTiB BUMIPIOBAaHHS, HOPM i Ky1aciB
TOYHOCTI 6anaHcyBaHHs. Popmasi3oBaHO CxeMy eHepreTHYHoro 6ajaHCy KOJIMBaHb, L0 NepealoThCs Bifl AxKepeia
Bibpalill 10 MifyIory BaroHa. 3's1COBaHo, MO iCHYIOTh [1Bi OCHOBHI TPUYMHMU BiOpaLliil €IeKTPUYHUX MAIIVH:
TEXHOJIOTIYHA, [T0B'SI3aHAa i3 OCTaTOYHUM A1COATIaHCOM POTOPIB i KOHCTPYKTUBHA, [1OB'SI3aHA i3 HEBIITIOBIHHUMU

XapaKTepUCTUKaMU MifBilyBaHHs. [lis iHTerpyBaHHs cucTeMu nudepeHLiiHMX PiBHSIHb KOJIMBaHb POTOPA, 110



IoCIinKyBaBcs, 6yJ10 BUKOPUCTAHO npolenypy Given-Odesolve KOMITIOTEPHOro MareMaTu4Horo nakery MathCAD.
PimeHHs cucTeMy OTPUMAaHO y BUIJISIAI YacOBUX (PYHKLIN IlepeMillieHb, MBUIKOCTEH Ta IPUCKOPEHb B TOUYKaX
CIIMpaHHS pOTOPa Ha OIopH 6aslaHCyBajIbHOTO BepcTarta. EkcnieprMeHTasbHa [epeBipKa BIUIMBY IOMIKOIKEHD
OIIOPHUX [I0BEPXOHb POTOPA Ha pe3yJIbTaTH 6ajlaHCYBaHHSI SIKICHO MigTBEpAUIa PE3YJIbTaTh TEOPETUUHUX
IOCJliI>KeHb. BusIB/IEHO 3HaUHi pO306DKHOCTI BUBHAYEHHSI IIapaMeTpiB 6alaHCyBaHHS POTOPA 3 MOUIKOPKEHHSIMUI
OIIOPHUX [IOBEPXOHB Y NOPIBHSHHI i3 «IJ1afKUM» pOTOpPOM. Ha moctiTHOMy 3pa3Ky poTopa BOHU gocsiranu 27 % —
17151 6aslaHCylouuX TArapuis Ta 87 % — 1151 (pa3oBUX KYTiB, 1[0 BUHAYAIOTh iX II0JIOXKEHHS. 3a pe3ybTaTaMu
IOCJIiIKEHHS 3aIIPOIIOHOBAHO METOJ, MiJBUIIEHHSI TOYHOCTi 6aJIaHCYBaHHS HA OCHOBi BKJIIOYEHHS Y JIQHILIIOT
[IepEeTBOPEHHSI CUTHAJIIB IaTYMKiB Bi6POIIPUCKOPEHD YaCTOTHOTO (PibTpa, M0 Bi@inbTpOBY€e CUTHAIM 3 YACTOTOIO,
6inbII0I0 32 06EPTOBY YacTOTy poTopa. [lepesipka aucbanaHCy pOTOPiB BUKOHYBAOCs Ha ABOX JOCHiIHUX 3pa3Kax
- IBidi Ha KOKHOMY: [lepeJi MPOCOYEHHSIM 1 MiCJIsl IPOCOYEHHS. 3a pe3yJbTaTaMu E€PEBIPKU AUCOANAHCY POTOPIB
nepez MpoCOYeHHIM BU3Ha4asnacs (pasa po3TallyBaHHs AUCOANIAHCY, TaK 3BAHOTO «BAKKOTO MiCIs», sIKe
IoMivasiocst KepHiHHSIM Ha TOPLEBill oBepxHi Basty. [Ipu 6anaHcyBaHHi 6yJ10 BAKOPUCTAHO METO], TECTOBUX
TAraplLiB — METOJ, TPbOX MyCKiB. MeTo[ niepei6auyaB BUKOHAHHS TPbOX NPOOHUX IYCKiB [1J11 BU3HAYEHHS
IVHaMivyHOro KoeQillieHTy BIJIMBY. BxinHMK ganumu 1711 6alaHCyBaIbHOTO CTaHKa OyJid — Bara poTopa, BilICTaHb
MiX OIOpaMU CTaHKa, KOOPAMHATH IJIOWWH 6anaHcyBaHHs. [is Bisyasisalii pe3yabTaTiB BUMipIOBAaHHS
BHMKOPHMCTaHO IporpamHe 3abe3nedeHHs 6ajaHcyBalbHOro Beperara Digivibe MX M10. 3a pesysnbraTamu
€KCIIEPMMEHTY OTPMMAHO, 10 Pi3HULS BEJIMYMHY BiOPOLIBUAKOCTEN, [1OBSI3aHUX i3 AUCOAIaHCOM POTOPAa,
BUMIPSIHUX Ilepe]] i ITicjig MPOCOYeHHs € JOBOJi CyTTeBOIO. [Iprdyomy, sK i odikyBasocs, AJis 1-ro 3paska aucbanaHnc
30inb1IMBCS Ha 86% — 11715 NIOWUHY 6aslaHCyBaHHS A 1 52% — niomuHu 6anaHcyBanHs B. HaBnakuy, 1j1s 2-ro 3paska
IycbanaHC 3MEHIIMBCS BifIOBiIHO — Ha 69% i 83%. Pe3ysbTaTu IPOBEIEHUX [OCIII>KEHb MiATBEPIKYIOTh
BHCYHYTY TiNoTe3y NpO MOKJIMBICTh YaCTKOBOI KOMIIEH Callil [ucbanaHCy POTOPIB MIJISIXOM YIIPaBJliHHS PO3IOJIIOM
KOMIIayHZa [TPY HAHECEHH] eJIEKTPUYHO] i30141ii (MpocoyyBaHHi) 06MOTOK. YIIPaBJIliHHS PO3NOAITIOM KOMIAYHIY
nosisirae y ¢gikcalii potopa y CymmiabHil Kamepi y oJI0’KeHHi, 110 BiAnosigae ¢pazoBoMy KYTY «BaXKKOT'O MiCLisi», a
caMe — IIJISIXOM HOro po3TallyBaHHS BBEPX. YIIPABJiHHS PO3MOMiJIOM KOMIIAyHIa II0 06’€My POTOPa MOXKE
POBIJISIAATUCSH, K METO, IIOJIIIeHHS TTIOKa3HUKIB 6a/laHCYBaHHS TEXHOJIOTYHUME 3acobamu. KimouoBi cioBa:
3aJ1i3HUYHUI TPAHCIIOPT, PYXOMUII CKJIal, 1aCa’KUPChKi BarOHU, BAHTa)KHI BarOHM, Ky30B, €JIeKTPUYHE 00JIaiHaHHS,
IBUTYH, IIiAMUIIHUK, KOMITIOTEpPHE MOJIE/IIOBaHHSI, MAaTEMaTUYHE MOJEJIIOBAHHS, IIBUIKICTb PyXy, O€3IeKa pyxy,

BiOpallii, aMIIiTy1a, OHOBJIEHHS 3aJ1i3HUYHOTO TPAHCIIOPTY YKpaiHuU.

2. The dissertation research is devoted to the analysis of sources and improvement of methods for minimizing
structural vibration of wagons by increasing the balancing accuracy of rotors of electric machines. In the process
of reviewing scientific research on vibrations of wagons caused by a violation of the balancing of rotors of electric
machines, an analysis of several related issues was performed. Malfunctions of electric motors, the cause of which
may be rotor imbalance, were analyzed. Methods for controlling imbalance on balancing machines were
considered, and a review of types of machines, sensors, algorithms for processing measurement results, standards
and classes of balancing accuracy was performed. The scheme of the energy balance of vibrations transmitted
from the source of vibrations to the floor of the car is formalized. It was found that there are two main causes of
vibrations of electric machines: technological, associated with the final unbalance of the rotors, and constructive,
associated with inappropriate suspension characteristics. To integrate the system of differential equations of the
rotor vibrations under study, the Given-Odesolve procedure of the MathCAD computer mathematical package was
used. The solution of the system was obtained in the form of time functions of displacements, velocities and
accelerations at the points of support of the rotor on the supports of the balancing machine. Experimental
verification of the influence of damage to the rotor support surfaces on the results of balancing qualitatively
confirmed the results of theoretical studies. Significant discrepancies were found in determining the balancing
parameters of a rotor with damage to the support surfaces in comparison with a “smooth” rotor. On a prototype
rotor sample, they reached 27% for balancing weights and 87% for phase angles that determine their position.
According to the results of the study, a method for increasing the balancing accuracy was proposed based on the
inclusion in the signal conversion circuit of vibration acceleration sensors of a frequency filter that filters out



signals with a frequency higher than the rotor rotation frequency. The rotor unbalance was checked on two test
samples - twice on each: before impregnation and after impregnation. According to the results of the study, a
method for increasing the accuracy of balancing is proposed based on the inclusion in the signal conversion circuit
of vibration acceleration sensors of a frequency filter that filters out signals with a frequency higher than the rotor
rotation frequency. The rotor unbalance was checked on two test samples - twice on each: before impregnation
and after impregnation. According to the results of the rotor imbalance check before impregnation, the phase of
the imbalance location, the so-called “heavy spot”, which was noticed by drilling on the end surface of the shaft,
was determined. When balancing, the test weight method was used - the three-start method. The method involved
performing three trial starts to determine the dynamic influence coefficient. The input data for the balancing
machine were - the weight of the rotor, the distance between the machine supports, the coordinates of the
balancing planes. The software of the Digivibe MX M10 balancing machine was used to visualize the measurement
results. According to the experimental results, it was found that the difference in the vibration velocities
associated with the rotor unbalance measured before and after impregnation is quite significant. Moreover, as
expected, for the 1st sample, the unbalance increased by 86% - for the balancing plane A and 52% - for the
balancing plane B. On the contrary, for the 2nd sample, the unbalance decreased, respectively - by 69% and 83%.
The results of the conducted studies confirm the hypothesis that the rotor imbalance can be partially
compensated by controlling the distribution of the compound during the application of electrical insulation
(impregnation) of the windings. Controlling the distribution of the compound consists in fixing the rotor in the
drying chamber in a position corresponding to the phase angle of the “heavy place”, namely by placing it upwards.
Controlling the distribution of the compound over the rotor volume can be considered as a method of improving
balancing performance by technological means. Keywords: railway transport, rolling stock, wagons, passenger
wagons, freight wagons, body, electrical equipment, engine, bearing, computer modeling, mathematical modeling,
speed, traffic safety, vibrations, amplitude, renewal of railway transport in Ukraine.

Jeps>kaBHH peecTpaniiinuii Homep JiP: 0124U00333

IIpiopuTeTHHH HaNpsSIM PO3BUTKY HayKH i TEXHIKHU: OyHgamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGIIbII
BaXXJIMBUX IPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 115 3a0e3Me4eHHsI KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY

CyCIIiIbCTBA i Jep>kaBu
CrpareriyHui NpiopUTETHUI HANIPSIM iHHOBaILiMHOI AiSIIBHOCTI: He 3aCTOCOBYETHCA
I'[i,ucyMKH IOCJIiI>KEHHS: TeopeTuyHe y3araJbHEHHs i BUPIlIEHHs BOXJIMBOI HAyKOBOI IPOGIeMu

Iy6sikamii:

 Shostak, Y., Holovashchenko, O., Reshetnikov, Y., Tkachenko, V. (2024). Improvement of the technological
process balancing electric machine rotors on a balancing machine (YzockoHaseHHs TEXHOJIOTIYHOTO IIpoLiecy
6ajlaHCYBaHHS POTOPIB €JIEKTPMYHMX MalIMH Ha 6aJlaHCyBajIbHOMY CTaHKY). Eastern-European Journal of
Enterprise Technologies, 4(7(130)), 60-69. ISSN 1729-4061. Scopus Q3. DOI: 10.15587 /1729-4061.2024.309867
URL: https:/ /journals.uran.ua/eejet /article /view /309867

¢ Holovashchenko, O., Shostak, Y., Tkachenko, V. (2025). Determining the amplitude-frequency characteristics
of an electric train car floor (BusHaueHHS aMIITyJHO-4YaCTOTHUX XapaKT€PUCTHUK MiJJIOTU BaroHa
enexTpornoisna). Eastern-European Journal of Enterprise Technologies, 1 (7 (133)). 64-75. Scopus Q3 DOI:
10.15587 /1729-4061.2025.321962. URL: https:/ /journals.uran.ua/eejet /article /view /321962.

e Dubravin, Yu., Shostak, Ya., Bakhony, V., Tkachenko, V. (2024). Justification of choice of methods for
diagnostics of insulation condition of electrical machines of electric railway stock (O6rpyHTyBanHs BU60Opy
METO[IiB NiarHOCTUKM CTaHY i30JIsI11ii eJIeKTpUYHUX MAIIMH €JIeKTPOPYXOMOr0 CKJIany 3aji3Hulp). Transport
systems and technologies, 43, 76-89. DOI: 10.32703 /2617-9059-2024-43-6. URL:
https:/ /tst.duit.in.ua/index.php /tst /article /view /396.



 Shostak, Ya., Reshetnikov, Yu. (2025). Improvement of the impregnation technology of traction motor
windings in order to improve the parameters of rotor imbalance (YgockoHaneHHs TeXHOJIOTII IPOCOYEeHHS
0OMOTOK TSTOBUX JIBUTYHIB 3 METOIO IOJINIIEHHs TapaMeTPiB 6alaHCyBaHHS poTopa). Transport systems and
technologies, 46, 179-189. DOI: 10.32703 /2617-9040-2025-46-13. URL:
https:/ /tst.duit.in.ua/index.php /tst /article /view /451.

HaykoBa (HayKOBO-TeXHi4Ha) MPOAYKILis: TexHoOri]
ConiasibHO-eKOHOMIYHA CIPSIMOBAHICThb: 3MeHIIEHHS 3HOCY 06J1aJHAHHS]

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBagkeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'SI30K 3 HAYKOBHMH T€EMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBuuie Im's Ilo-6aThKOBI:
1. TkaueHnko Biktop IleTpoBuy

2. Viktor Tkachenko

KBasigikanis: n. 1. u., npodecop, 05.22.07

InenTudikarop ORCID ID: 0000-0002-5513-2436

JoparkoBa indpopmamnist:

IloBHe HafIMeHyBaHHH IOPUIHUYHOL 0CO0H: HarioHanbHU# TPAHCTIOPTHUI yHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

Micuesnaxo,szeHHﬂ: ByJ1. M. OMengnoBuya-Ilasnenka, Kuis, 01010, YkpaiHa

dopma BacHoOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. MypagzsH JleoHTiit AGpamoBUY

2. Leontii Muradian

KBasigikamis: n. 1. 1., npodecop, 05.22.07
InenTudikarop ORCID ID: 0000-0003-1781-4580
JonaTkoBa iHdopmalist:

IloBHE HalIMEHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi Iep>KaBHUI YHIBEPCUTET HAYKH i TEXHOJIOTii



Kopg 3a €EIPIIOY: 44165850

Micue3Haxoa>KeHHS: By JlasapsHa, JHinpo, JHinpoBcbkuil p-H., 49010, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. PaBmtok Bacuis I'puroposuy

2. Vasyl Ravlyuk

KBasigikamnis: n. 1. u., npodecop, 05.22.07
Imentudikarop ORCID ID: 0000-0003-4818-9482
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKUIL IEeP>KABHUIT YHIBEPCUTET 3aJTi3HUYHOTO
TPaHCIOPTY

Kog 3a €IPIIOY: 01116472

Micue3HaxoaKeHHS: maiinan Qeitepbaxa, Xapkis, XapkiBcbkuii p-H., 61050, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Moxkpiit Tersina ®epnopiBHa

2. Tetiana Mokrii

KBaJIi(l)iKaI.LiH: K. T. H., CTapLIMI HayKOBUI CNiBpO6iTHUK, 05.22.07
InmenTudikarop ORCID ID: 0000-0001-5192-7613
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT TexHiYHOI MexaHiku HarjioHasnbHOi akaziemii Hayk

Ykpainu i Jlep>KaBHOrO0 KOCMIYHOI'O areHTCTBa YKpaiHu

Kopg, 3a €IPIIOY: 05539962

Micue3Haxoa>KeHHS: By Jlemko-Tlonens, Tuinpo, JIHinposchkuii p-H., 49005, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HauionasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

PeuenszeHTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Kynb6oBcbkuii IBan IBaHOBUY



2. Ivan Kulbovsky

KBasigikanis: . . 1., gou,, 05.13.22

ImenTudikarop ORCID ID: 0000-0002-7309-820

HoparkoBa iHpopMamist: ;https://www.scopus.com/authid /detail.uri?authorld=57196148353
IToBHE HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanioHanbHU TPAHCTIOPTHUI yHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

MicueSHaxo,vieHHﬂ: ByJ1. M. OmensinoBuya-IlaBnenka, Kuis, 01010, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI

Bnacwue IpizBume Im's I1o-6aTbKOBI omin Onexciit Bikroposiy
TOJIOBH paju

Biacue IpizBume Im's I10-6aTbKOBI Domin Onekciit Bikroposnd
TOJIOBYIOYOTO Ha 3acCiaHHi

BinnosimasabHui 3a Ili,uI‘OTOBKy IBanymko Osiekcanap MukosiaiioBuy
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TersHa AHaTosiiBHA

KepiBHuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJILHUM 32 peecrpauilo HayKOBO'l' Opuenko TersHa AHaToJIiBHA

OisIJIbHOCTI




