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1. TTigBuienHs: eeKTUBHOCTI IEPETBOPEHHS €HEPrii B eJIeKTPOMEeXaHiYHill CuCTeMi pyXOMOTO CKJIamy

N1aCaXKUPCHKOTO €JIEKTPOTPAHCIIOPTY

2. Improving the energy conversion efficiency in the electromechanical system of passenger electric transport
rolling stock

Pedepar:

1. CyyacHi esnleKTpoMeXaHiuHi CUCTEMU PYXOMOTI'O CKJIaZly IacaKMPChKOTO eJIeKTPOTPaHCIIOPTY IIPALjI0I0Th B YMOBax

3MiHHUX HaBaHTaXX€Hb, [TIKOBMX CTPYMIB i HECTa6iIbHOTO €JIEKTPOIIOCTadYaHHs, 1110 3HUXKYE €(PEKTUBHICTD
IepeTBOPEHHS eHeprii. [lepcrekTUBHUM HalpsIMOM MiTIBULLIEHHSI €eHEProe(EKTUBHOCTI € BUKOPUCTaHHS
aBTOHOMHUX JI)KEpeJI JKUBJIEHHS Ha OCHOBI aKyMyJISITOPIB i CyIIEPKOHIEHCATOPIB, a TAKOXX 3aCTOCYBAaHHS MAarHiTHUX
PENYKTOPIB IJIs1 3MEHIIEHHS TUHAMIYHUX HaBaHTaXKeHb. [l0eIHaHHS aBTOHOMHOTO >KUBJICHHS Ta MarHiTHUX
PELYKTOPIB y CUCTEMAX €JIEKTPOTPAHCIIOPTY IOTPEOye NOCiIPKEHHS 3 METOI0 BU3HAYEHHS pallioHaIbHUX
IIapaMeTpiB i peXXUMIB pobOTU 18 MiiBULILEHHS €(PEKTUBHOCTI NepeTBOPEHHS eHeprii. MeToto aucepraniiiHoi

pobOTH € mifBuIeHHs e(PeKTUBHOCTI [IePETBOPEHHS €HEePrii B eJIeKTPOMexXaHiuHill CUCTeMi PyXOMOTo CKIaay



[IaCaKMPCHKOTO €JIEKTPOTPAHCIIOPTY OCHOBI aHAJi3y €HEPreTUYHUX MTPOL,ECiB CUCTEMHU 32 PAXYHOK YIOCKOHAJIEHHS
PEeKHMIB POGOTH, 3aCTOCYBAHHSI MarHiTHOTO peLyKTOopa B yMOBaX aBTOHOMHOTI'O €JIEKTPOXXUBJIEHHS Ta
BACOKOJMHAMIYHOIO HaBaHTaKEeHHS. HayKkoBa HOBM3HA OZ€PKaHUX PE3yJIbTaTiB: 1. Briepiie BCTaHOBIEHO
3aJIEXKHICTb €(EKTUBHOCTI IEPETBOPEHHS €HEPTIii B €JIEKTPOMEXaHIUHOI CUCTEMU PYXOMOTO CKJIaZy METPOIOJITEHY
B peXXUMI peKynepallii Bifi IBUAKICHOrO pesKMMy rajbMyBaHHS IIpY aBTOHOMHOMY >KMBJIEHHI BiJ] 6aTapei
CYIIEPKOHIEHCATOPIB, 1O [03BOJISIE BU3HAYNUTY [TapaMeTPU MIBUIKICHOTO [1ialla30Hy peKyIepallii 114 iJBUIEeHHS
epeKTHUBHOCTI IepeTBOPEeHHS eHeprii 3a pobouyunil UK. 2. Briepie oTprMaHO 3a/1e>KHOCTi TOKa3HUKIB peakliii Ha
IVHaMiuHi 30ypeHHSs eJIeKTPOMEXaHIYHOI CUCTEMU PYyXOMOTO CKJIaly TaCaXKUPChKOTO €JIeKTPOTPAHCIIOPTY Bif
IlapaMeTpiB MarHiTHOTO penyKTopa, 110 4O3BOJIsl€ BUBHAUUTH PalliOHasbHi 3Ha4eHHS Koeil[ieHTy >KOPCTKOCTI Ta
IemndyBaHHS MarHiTHOI nepenayvi Ta Aae 3MOTy HiABUIMTY e(PEKTHUBHICTh IIEpETBOPEHHS eHeprii. 3. Brepiue
OTPUMAaHO aHAJIITUYHI 3aJIEXKHOCTI MiXX IapameTpaMU >KOPCTKOCTI Ta JeMIIpyBaHHs MarHiTHOI nepenadi
€JIEKTPOMEXaHIYHOI CUCTEMU PYXOMOTO CKJIaJy MaCaKUPChKOTO €JIEKTPOTPAHCIIOPTY, 5IKi BUBHAYAIOTh THUII
[IepexiJIHOro MpoLiecy Ta XapakTep peakliii Ha Kepyrodi Ta 30ypIotoyi BILJIMBY, 110 J03BOJISIE 11iJIeCIIPSIMOBAHO
(opMyBaTU xapaKkTep 3MiHM MOMEHTY TSITOBOT'O €JIEKTPOIPUBO/A, 3MEHIINTH BIJIUB 30ypEHb MOMEHTY
HaBaHTaXEHHS Ta MOKPAIIUTU KiIbKiCHI TOKa3HUKU SIKOCTI KEPYBaHHS €JIEKTPOMEXaHIYHOIO CUCTEMOIO. 4.
OTpumara rnojanablinii PO3BUTOK METOMOJIOTIS aHaMi3y eHeproedeKTUBHOCT] eJ1eKTPOMEXaHiYHOI CUCTEMU
PYXOMOTO CKJIa[ly [1aCaKUPCHKOTO €JIEKTPOTPAHCIIOPTY B YACTHHI ypaxyBaHHS BIUIMBY CTPATETiNl KEPYBaHHS
TATOBUM €JIEKTPOIPUBOLIOM 3 JOIIOBHEHOIO MArHiTHOIO NIEpeayvelo, M0 J03BOJISIE BUSHAYUTH IOKA3HUKU
crioxvuBaHH4 esiekTpoeneprii i KK]I Ta 3MEHIINTY CIIOKMBAHHS €JIEKTPOEHEPTii 3a IHIIMX OJHAKOBUX YMOB.
PesynbTaTl poOOTH MOXKYTb O6YTH BUKOPUCTaHI IIpY IPOEKTYBaHHI Ta MOJlepHi3allii eJIeKTpOMeXaHIUHUX CUCTEM
PYXOMOTO CKJIaZly €JIEKTPOTPAHCIIOPTY IJ1s1 MiJIBULILEHHS eHeproeeKTUBHOCTI Ta HaJiltHOCTI. BcTaHOB/IEHA
KiJIbKiCHa 3a71€XXHICTh €(EKTUBHOCTI IEPETBOPEHHS €HEPTii Bifl MBUAKICHOIO PEXKUMY PEKYIIEPATUBHOTO
raJibMyBaHHS JO3BOJISIE BU3HAYUTH PalliOHAJIbLHUM IIBUNIKICHUI Jlialla3oH peKynepatii A5l KOHKPETHOTO TUITY
PYXOMOrO CKJIaZly Ta yMOB eKcIulyaTali. Lle 3abe3neuye MOXINBICTb (POPMYBaHHS aJITOPUTMIB KEPYBaHHS,
CIIPSIMOBAaHMX Ha MAaKCHMIi3allilo IOBEPHEHHSI €Heprii 10 6aTapei CyepKOHIEeHCATOPiB y MeXKax pob04oro LUKy
PYXy Ta 3MEHIIEHHS BTPAT €HEPTii IPM aBTOHOMHOMY XUBJIeHH]. OTpUMaHi 3aJ1€KHOCTI IIOKa3HMKIB peakuii
€JIEKTPOMEXaHIuYHOI cUCTeMU Ha AUHAMIuHi 30ypeHHs Bif] 1apaMeTpiB MarHiTHOro peyKTopa CTBOPIOIOTh MiJ I PYHTS
17151 iH)KeHEPHOTro BUOOpY paljioHaJIbHUX 3HAU€Hb KOe(illieHTiB >KOPCTKOCTI Ta AeMI(PyBaHHS MarHiTHOI nepeadi.
[IpakTryHa peaniszalis [UX peKOMeHAalill 03BOJIS€ 3MEHIIUTH aMILIITYly KOJIMBaHb MOMEHTY, OOMEKUTHU ITiKOBI
HaBaHTAXXEHHS B TSITOBOMY €JIEKTPOIIPUBO/ Ta 3HU3UTH BTPATU €HEPTii B IEPEXiTHUX PEXXUMaX. AHATITUYHI
3aJIEXKHOCTI MK TapaMeTpaMU XOPCTKOCTI Ta JieMIIpyBaHHSI MarHiTHOI riepejadi, 1110 BU3HA4YaloTh TUII II€PEXiTHOro
IIPOLIECY, MOXKYTb OYTH BUKOPHUCTaHi P CTBOPEHHI CUCTEM TSATOBOTO €JIEKTPOIIPUBOAY [JIs1 LiJeCIPSIMOBAHOIO
dhopmMyBaHHS anepiognYHOTO MepexigHoro npouecy 3MiHu MOMeHTY. Lle 3abe3nedye minBuUIeHHS IKOCTi
KepyBaHHS, 3MEHILIEHHS BIJINBY 30ypeHb MOMEHTY BUCOKOJIMHAMIYHOTO HABaHTA)KEHHS, BHI)KEHHS [IepeBaHTaKeHb
i, IK HacJiJOK, MiABUILEHHS HAMlIMHOCTI Ta pecypcy 00J1alHaHHS pyXOMOro ckiany. PO3BUTOK MeTO0JI0Tii aHami3y
eHeproeEeKTUBHOCTI 3 ypaxyBaHHSIM BILJIUBY CTpaTeriil KEpyBaHHS Ta iHTerpatiii MarHiTHOIO peyKTopa JA03BOJISIE
KOMILJIEKCHO OL[iHIOBaTU MOKAa3HUKU CIIOKUBAHHS eyieKTpoeHeprii, KK]] enexTpoMexaHiqyHOI cUCTeMU Ta
eeKTUBHICTb peKynepalii B Mexkax 3aJJaHoro po604oro LMKIy. 3alpOIIOHOBAHUI MiXi MOXKe OYTH BUKOPUCTaHUM

IIPU pO3pOOLi HOBUX, 0isbll €Heproe(EeKTUBHUX METO/IiB KEPYBAaHHSL.

2. Modern electromechanical systems of rolling stock in passenger electric transport operate under conditions of
variable loads, peak currents, and unstable power supply, which reduces the efficiency of energy conversion. A
promising direction for improving energy efficiency is the use of autonomous power sources based on batteries
and supercapacitors, as well as the application of magnetic gears to reduce dynamic loads. The integration of
autonomous power supply and magnetic gears in electric transport systems requires further research to
determine rational parameters and operating modes aimed at improving energy conversion efficiency. The
objective of the dissertation is to improve the efficiency of energy conversion in the electromechanical system of
passenger electric transport rolling stock based on the analysis of energy processes in the system through the
improvement of operating modes, the application of a magnetic gear under conditions of autonomous power



supply, and high dynamic loading. Scientific novelty of the obtained results: 1. For the first time, the dependence of
energy conversion efficiency in the electromechanical system of metro rolling stock during regenerative braking
on the speed mode under autonomous power supply from a supercapacitor battery has been established. This
makes it possible to determine the parameters of the regenerative speed range to improve energy conversion
efficiency over the operating cycle. 2. For the first time, dependencies of the response characteristics to dynamic
disturbances of the electromechanical system of passenger electric transport rolling stock on the parameters of
the magnetic gear have been obtained. This allows determining rational values of stiffness and damping
coefficients of the magnetic transmission and improves energy conversion efficiency. 3. For the first time,
analytical relationships between stiffness and damping parameters of the magnetic transmission in the
electromechanical system of passenger electric transport rolling stock have been obtained. These relationships
determine the type of transient process and the nature of the response to control and disturbance inputs, enabling
purposeful shaping of the traction drive torque variation, reducing the influence of load torque disturbances, and
improving quantitative control quality indicators. 4. The methodology for analyzing the energy efficiency of the
electromechanical system of passenger electric transport rolling stock has been further developed in terms of
accounting for the influence of traction drive control strategies with an integrated magnetic transmission. This
allows determining energy consumption and efficiency indicators and reducing electricity consumption under
otherwise equal conditions. The results of the work can be used in the design and modernization of
electromechanical systems of electric transport rolling stock to improve energy efficiency and reliability. The
established quantitative dependence of energy conversion efficiency on the speed mode of regenerative braking
makes it possible to determine a rational regenerative speed range for a specific type of rolling stock and operating
conditions. This ensures the possibility of forming control algorithms aimed at maximizing energy recovery to the
supercapacitor battery within the operating cycle and reducing energy losses under autonomous power supply
conditions. The obtained dependencies of the electromechanical system response to dynamic disturbances on the
parameters of the magnetic gear provide a basis for the engineering selection of rational values of stiffness and
damping coefficients of the magnetic transmission. Practical implementation of these recommendations allows
reducing torque oscillation amplitude, limiting peak loads in the traction drive, and decreasing energy losses in
transient modes. The analytical relationships between stiffness and damping parameters of the magnetic
transmission, which determine the type of transient process, can be used in the development of traction electric
drive systems to purposefully form an aperiodic transient torque response. This improves control quality, reduces
the influence of high-dynamic load torque disturbances, decreases overloads, and consequently increases the
reliability and service life of rolling stock equipment. The development of the energy efficiency analysis
methodology, taking into account control strategies and the integration of a magnetic gear, makes it possible to
comprehensively evaluate energy consumption, electromechanical system efficiency, and regenerative
performance within a given operating cycle. The proposed approach can be used in the development of new, more
energy-efficient control methods.
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