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Pedepar/anoTamis:

1. Inceprauiiina po60Ta IpUCBsSIYeHa BUPIlIEHHIO aKTyabHOI HAyKOBO-TIPAKTUYHO] 3a/1a4i 1110710 pO3pOo0OKU
iHHOBaLiIIHO] TeXHOJIOTII NifBUILIeHHS €(PEKTUBHOCTI €J1eEKTPOOYCIiB IJISIXOM BCTAHOBJIEHHS 6araTOKOMIIOHEHTHUX
HAKOIMNYyBaviB €Heprii Ta ypaxyBaHHS TEIJIOBOTO CTaHY TSATOBUX ABUTYHIB. O6'€KTOM JOCHIIIKEHHS € TIPOLIECH
CIIO)KMBAHHS, IEPETBOPEHHS, peKyIlepyBaHHSI Ta HAKOIIMYEHHSI €HePTil y CUCTeMi eJIeKTPUYHOI TSTU eJIeKTPOOYCiB.
[TpenmeToM OCTiIKEHDb € CUCTEMA €JIEKTPUYHOI TSITH €JIeKTPOOyCY 3 CUHXPOHHO-PEaKTUBHUM TSATOBUMU
IBUTYHAMU Ta 6araTOKOMIIOHEHTHUM HaKOIIAYyBayeM eHeprii. MeToro auceprauiiiHoi poboTu € po3podKa
iHHOBaLiNIHOI TeXHOJIOTI] NifBMIEeHHS €(PEKTUBHOCTI €JIEKTPOOYCIB IIJISIXOM BCTAHOBJIEHHS 6araTOKOMIIOHEHTHUX

HaKOIIMYyBaYiB €HEeprii Ta ypaxyBaHHS TEIJIOBOTO CTAHY TATOBUX JIBUTYHIB. 3a pe3yJbTaTaMU JOCJiIKEHHS



OTPUMAaHO HACTYIIHI HAyKOBi Pe3yJbTATU: — AiCTajla NOAAIBLUIOrO PO3BUTKY y3arajbHEHA TE€OPisl €JIeEKTPUIHUX
MAIllMH y HalPsIMi IX IPOEKTYBAaHHS IJISIXOM BU3HAUYEHHS TEIJIOBOIO CTaHy TATOBUX JBUTYHIB 3MiHHOTO CTPYMY 3i
cTyneHeM 3axucty 1P44, IP54 Ta oO6rpyHTYBaHHS JOLJIbHOCTI 3aCTOCYBaHHsI TEIJIOBOi CXeMU 3aMillleHHS],
PO3p0o06JI€HOI Ha OCHOBI YHIBEPCAZIbHOI MOZEJIi aCUHXPOHHOTO ABUTYHA 3 YPaXyBaHHSIM OCOOJIMBOCTEN KOHCTPYKIii
CUHXPOHHUX JBUTYHIB i3 ITOCTIMHUMU MarHitamy, 1o NO3BOJISIE IPOBOAUTHY IHTETPAJIbHY OLIIHKY TEIJIOBOTO CTAHY
0OMOTOK Ta BU3HAYaTH ONTUMAJIbHI pesKuMy pobOTU TATOBOI'O IIPUBOAY €JIeKTPoOyca 3a JOIIOMOIOI0 METOAY
TEIJIOBYX [TapaMeTpiB; — BIEpIlEe BU3HAUEHO 3aJIEXKHICTh KoedillieHTy MOIyJIsLii Ta KyTy HaBaHTaKEHHS, 1[0 MAIOTh
0OMEXXEHHS! y 30Hi po60TH ABUTYHA, SIKi 00YMOBJIEHO OOMEXEHHSIMU 32 CTPYMOM, IO 361/IbIIYEThCSI 3 POCTOM
MIOTYKHOCTI SIK y TaJIbMiBHOMY TaK i TATOBOMY PEXMMaxX Ta XapaKT€PU3YETHCS JIOKAIbHUMU BUIIJIECKAMMU, SKi
IIOB'sI3aHi 3 KOMIIEHcalli€lo 30i7bIIeHHs] BTPAT BiJ BUIIKMX FAPMOHIMHUX CTPYMiB; — BIleplle [1Jis1 eJIeKTPOoOyCiB 3amauy
aHaJli3y Ta BUBHAYEHHS ONTHMAJIBHUX PEXMMIB POOOTU MOLAHO Y BUIJIS CIIJIBHOTO PO3B’SI3aHHS 331134l PyXy 3
ypaxyBaHHSM PeXUMiB POOOTH IBUTYHA Ta MaTEMATU4YHOI MOZEJi HarpiBy MOro €JIEMEHTIB, IIPU LIbOMY [TapaMeTpU
Tsarosoro npusoay i KK]I Bu3Hauanucs 3 ypaxyBaHHSM CEPEIHbOTO [IeperpiBy Ta TeMrepaTypu 0OMOTKU CTaTopa
IBUT'YHA, 110 [103BOJIsI€ [100yAyBaTU yTOYHEHI rpadiky pyxy esleKTpobyca Ha MapuIpyTi; — BIeplle 6yJ10 po3po0IeHO
METO/I, BU3HAYEHHSI ONITMMAJIbHUX [TapaMeTpPiB KOMOGIHOBAHOTO HAaKONMYyBaya eHeprii 17151 eJeKTpoOycy Ha MifcTaBi
BUPILIEHHS 3a7]a4i yMOBHOI ONITUMI3allii mapameTpiB — 3 ypaxyBaHHSIM PEXUMY PyXy, IapaMeTpPiB MapIIpyTy, MiCllb
3apsIPKaHHS HaKOIIMYyBayiB Ta MacorabapuTHUX 0OMEKEeHb, SIKUi1 J03BOJIsIE BUBHAUUTH IMTOMI BUTpaTU
€JIEKTPUYHOI €HEPTii Ha IepeBEe3eHHS B PO3PaxyHKy Ha 1 KM IIIsIXy. [IpakTH4YHE 3HAaYEHHS OTPUMAHMX Pe3yJbTaTiB
17151 €JIeKTPUYHOI iHXKeHepii oJ1sirae B HACTYITHOMY: — PO3P0O0JIEHO METOUKY BU3HAUEHHS ONTUMAJbHAX PEXUMIB
PYXy eJIeKTpoOyca Ha BCTAaHOBJIEHOMY MapILIPYTi 32 KpUTepieM MiHiMi3allii eHeprocroKuBaHHs, 0 IPYHTYETHCS Ha
METO/Ii yMOBHOI MiHiMizallii MaKCHUMa/IbHUX JiZITHKOBUX MIBUJKOCTEN 3 OOMEXEHHSM 32 CEPEJIHBOIO MBUAKICTIO
CIIOJIyYE€HHS MiXK 3yIIMHKaMU, TP LIbOMY B 33J]a4i BpaXOBaHO POOOTY TSTOBOrO CUHXPOHHO-PEAKTUBHOTO JBUTYHA 3
PO3MiJIEHMMHU NOCTINHUMU MarHiTaMu B ONITUMAJIBHUX PEKMMaX, BUBHAYEHUX 3 YPaXyBaHHAIM TEMIIEPATypPU
0OMOTKU CTaTOpa IJ1s1 3HWKEHHSI BUTPAT €Heprii Ha TATrY; — BUBHAY€HO 1apaMeTpy KOMOiHOBaHMX HAaKOIIMYyBayiB
17151 eJIeKTpoOyCy Ha Mpukiagi plug-in riopuaHoi eHepreTUYHOI yCTaHOBKY, SIKi 0yJ10 3006yTO Ha MiACTaBi
BUpilIeHHS 337a4i ONITUMI3allii; — BU3HA4YeHO, 1O 17151 OOCIIYyrOBYBaHHS TPOJIeNOyCcHUX MapipyTiB N2 4 ta 10, m.
IBaHO-®paHKiBChK, OiJIbII pallioHAIbHUM IIiIXOJOM € 3aCTOCYBaHHS HaKOIMYYyBayiB eHeprii py 3apsi’KaHHi
€JIEKTPOoOyCY Ha KiHLIEBUX 3yIMHKAaX Ta 3aCTOCYBaHHI EKOHOMIYHOT'O PEXXUMY PYXY i3 HACTYITHUMU [1apaMeTpamMu
HaKoNM4yBaya: KOMOiHOBaHMI TPUKOMIIOHEHTHUI Hakonu4dyBady 3 1 rinkoto LTO-enemenTis Ta 28 rinkamu LFP -
€JIEMEHTIB, a TaKOX 1 TJIKOI0 CYyNIEPKOHIEHCATOPIB; 3a pe3yIbTaTaMU JOCIiIPKEHHS MiATBEPIYKEHO TEOPETUYHY Ta

IIPaKTUYHY LiHHICTb PO3PO6JIEHUX METOIVK, 1110 MiATBEPA’KEHO aKTaMU BIIPOBAIPKEHHSI.

2. The dissertation is devoted to solving a topical scientific and practical problem regarding the development of an
innovative technology for increasing the efficiency of electric buses by installing multi-component energy storage
devices and taking into account the thermal state of traction motors. The object of the research is the processes of
consumption, conversion, recovery and storage of energy in the electric traction system of electric buses. The
subject of the research is the electric traction system of an electric bus with synchronous-reactive traction motors
and a multi-component energy storage device. The purpose of the work is to develop an innovative technology to
increase the efficiency of electric buses by installing multi-component energy storage devices and taking into
account the thermal state of traction motors. Based on the results of the study, the following scientific results
were obtained: - the generalized theory of electric machines was further developed in the direction of their design
by determining the thermal state of AC traction motors with protection degrees IP44, IP54 and substantiating the
feasibility of using a thermal equivalent circuit developed on the basis of a universal model of an asynchronous
motor taking into account the design features of synchronous motors with permanent magnets, which allows for
an integral assessment of the thermal state of the windings and determining the optimal operating modes of the
traction drive of an electric bus using the method of thermal parameters; - for the first time, the dependence of
the modulation coefficient and the load angle was determined, which have limitations in the engine operating area,
which are due to current limitations, which increase with increasing power in both braking and traction modes
and are characterized by local surges, which are associated with compensation for increased losses from higher



harmonic currents; - for the first time for electric buses, the task of analyzing and determining optimal operating
modes is presented in the form of a joint solution to the motion problem taking into account the engine operating
modes and the mathematical model of heating its elements, while the parameters of the traction drive and
efficiency were determined taking into account the average overheating and temperature of the engine stator
winding, which allows you to build refined schedules of the electric bus's movement on the route; - for the first
time, a method was developed to determine the optimal parameters of a combined energy storage device for an
electric bus based on solving the problem of conditional optimization of parameters - taking into account the
driving mode, route parameters, storage charging locations, and weight and size restrictions, which allows
determining the specific consumption of electrical energy for transportation per 1 km of route. The practical
significance of the results obtained for electrical engineering lies in the development of an innovative technology
for increasing the energy efficiency of electric traction systems of electric buses through an integrated approach
based on the use of traction drives based on synchronous-reactive traction motors with permanent magnets,
energy storage systems and optimal movement of the electric bus. In this case: - an algorithm for determining the
optimal control parameters of a synchronous reactive traction motor with permanent magnets has been developed
depending on the specified power supply parameters and rotation frequency; the dependences of the efficiency of
the drive, traction motor, load angle and modulation coefficient have been determined with the optimal
combination of the load angle and modulation coefficient; the nature of the dependences has a similar appearance
at different winding temperatures, which is due to the same nature of the traction drive operation processes; - the
parameters of combined storage devices for an electric bus using the example of a plug-in hybrid power plant,
which were obtained based on solving the optimization problem, have been determined; - it was determined that
for servicing trolleybus routes No. 4 and 10, Ivano-Frankivsk, a more rational approach is to use energy storage
devices when charging the electric bus at the final stops and to use an economical driving mode with the following
storage device parameters: a combined three-component storage device with 1 branch of LTO cells and 28
branches of LFP cells, as well as 1 branch of supercapacitors. The results of the study confirmed the theoretical and
practical value of the developed methods, which is confirmed by the implementation acts.
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BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB
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KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi

OisSIIBHOCTI

Cepepna Onekcanap I'puropiitoBuy

Xaycros Onekcanup Enyapmosuy

Opuenko TersiHa AHaToJIiBHA

IOpuenko TeTsHa AHaTOJiiBHA



