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1. TTligBuimenHs epeKTUBHOCTI eKCIlTyaTallii aBTOMOOIJIBHOTO €JIeKTPOTPAHCIIOPTY 3 BUKOPHUCTAHHSIM 3apsIHUX
CTaHIIi} IOCTITHOTO CTPYMY

2. Increasing the efficiency of operation of automobile electric transport with the use of direct current charging
stations

Pedepar:

1. lucepTaliis nmpucBsAYeHa IMiIBUIEHHIO €HePreTUYHUX TTOKA3HUKIB 3apsIHUIN CTaHIIiM eJ1eKTPOMOGiiB 3
6atapesiMu JliTili-ioHHOrO TUNy. PO3IJISIHYTO BUMOI'M Mi’KHAapOAHMUX CTaHAAPTIB 100 Kiaacuikauii 3apsgHux
CTaHLil 33 IOTY>XHICTIO. BuinieHo i Ks1acu@ikoBaHO YOTUPY TUIH 3aPSIHUX CTAHLIiM, 3 SIKAX [IEPUIUH TUII — ONUACY€E
IIpoLieC 3apsy e1IeKTPoMobisis 6e3rnocepeiHbo Bin omgHOPa3HOI MepesKi JKUBJIEHHS; DYy TUII Bilpi3HSIETHCS Bif
[IepIIOro HasIBHICTIO €JIEKTPUYHOTrO 3aXMCTY; TPETill TUIl — 3apsiL €/1eKTPOMOOisis Tpr(a3HOIO HAIPYrol0 3MiHHOTO
CTPYMY; Y€TBEPTUM THUII — 3apsif, IOCTIHHUM CTPYMOM Ta BEJIMKOIO IIOTYKHICTIO, IO 03BOJISI€ MIBUALIE IPOBOAUTHU
npouec 3apsgy. [IpoananizoBaHO BUMOTY BiTYM3HSHUX Ta MIKHAPOAHUX CTAHAAPTIB MIOA0 €JIEKTPOMArHiTHO]

CYMICHOCTI, a CaMme HOPMHU €Micii BUIIMX TaPMOHIK CTPYMiB, CIIOXKUTHUX 3apsIIHUMU CTaHLisiMu. [IpoBeneHo ormsf,



TEXHIYHMX XapaKTEPUCTUK aKyMYJISTOPHUX 6aTapei, 0COOJIMBOCTI aJITOPUTMY iX 3aps/iPKaHHS, 10 BUCYBAIOTh
BAMOTY aBTOMAaTUYHOTO PETYJIIOBAHHS BUXiJHOI HANIPYTU Ta BUXiAHOTO CTPYMY 3apsAaHOi cTtaHLii. [IpencraBieHo
ki1acudikallilo eJIeKTPOMOOIIIB i IPOBeNEHO OIS, TEXHIYHUX XapaKTEPUCTHK aKyMyJIsITOPHUX 6aTapei Ta ix
cucrem 3apsiny. Haib6inbi nepcrneKTUBHUMU € JIiTi-iOHHI akyMmyssiTopyu. BoHn MatoTs Taki nepeBaru: Bucokuii KKJJ
B IIPOLIECi 3apsy-Po3psily Ta BUCOKY LIUIBHICTb €/1eKTPUYHO] eHeprii (KBT-rog /kr). [IpoBeieHO aHali3 cxem
HaMiBIPOBIIHUKOBUX I€PETBOPIOBAYIB 3aPSAHUX CTAHLIN, SKUI ITOKAa3aB, 10 MUTAaHHS [OKPaLeHHS
eHeproe(EeKTUBHOCTI 3apsiIHUX CTaHLiN €JIEKTPOMOOITIB € aKTyalbHUAM. SIK IepeTBOPIOBAY 3apsAHOI CTaHLil
3aMpOINIOHOBaHAa cxema TpU(da3HOro aKTUBHOTO YOTUPUKBAAPAHTHOTO BUNIPSIMIIIYa. [lepeBaramu JaHOTO
[IepeTBOPIOBaYa € MOXJIUBICTD 3apsay 6aTtapei B peskumi CC-CV (MOCTiHUM CTPyM-TIOCTiliHA HAIpyra),
MOXJIMBICTb POOOTU 3 KOeillieHTOM IOTY>KHOCTI 61u3bKUM [0 oguHuULli (PF=0.99), Hu3bkuil piBeHb eMicii BUIMX
rapmoHik (THDI <5%), MOXJIMBICTb IBOHANPABJICHOI epeayi eJ1eKTpOoeHeprii Ta MOXJINBICTb KOMITEH ALl
PEaKTUBHOI IIOTY>KHOCTI Ta BUIIUX FAPMOHIK B €JIEKTPUYHIN Mepexi. B nucepranii IpoBeneHo AOCIiIKEHHS
€JIEKTPOMarHiTHUX NPOLECiB B 3apsIHOMY IlepeTBOPIOBayi Ta JiTili-ioHHIN 6aTapei es1eKTpoMo6isst, MUTaHHS
11o6yJ0BM CUCTEMU aBTOMAaTUYHOTO PETYJII0BaHHS IIPOLIECIB 3apsily Ta po3psay 6aTtapei, aHasi3 3anacy CTiKOCTi
CUHTE30BaHOI CUCTEMU aBTOMAaTUYHOTO PETYJIIOBAHHS, MUTAHHS aHaJli3y BTPAT IOTY>KHOCTI B [IEPETBOPIOBAYi Ta
IIJIIXiB 3HDKEHHS BJIACHUX BTPAT MOTY>KHOCTI. PO3rIgHyTa ABOPiBHEBA Ta TPUPIBHEBA TOIOJIOTIS 3apSIHOTO
IlepeTBOpIOBava. AKTYaJIbHICTb IUCEPTallifiHOI pOOOTH BHM3HAYAETHCSI HEOOXiAHICTIO BUPIllIEHHSI HAYKOBO-
[IPaKTUYHOTO 3aBAAHHS 3 YI,OCKOHAJIEHHS METO/IiB MiJIBULIEHHS €KOJIOTIYHOCTi, EHEProe(EeKTUBHOCTI, 6€3MeKU Ta
3pY4YHOCTI eKCIUTyaTalii 3apsIHMX CTaHLil eJIeKTPOMOOiiB 3 6aTapesiMu JiTili-ioHHOro TUny. Enexrpudikanis
aBTOMOOIZIBHOT'O TPAHCIIOPTY B JaHUII Yac € OLHUM 3 OCHOBHUX TPEHiB PO3BUTKY CBITOBOI aBTOMOOIIbHOI rasysi.
Po3pobuii esexTpomo6iiB Ta 3apsIHMX CTAHLiN NPUAINISETbCS 3HAaYHA yBara JA0CIiJHUKaMU Ta BUPOOHMUKAMMU.
Maitxe Bci MibkHapopiHi aBTOMOGibHI Kopriopaniii (BMW, Opel, Mercedes, Tesla, Nissan) iHBeCTYyIOTb CyTTEBi KOLITH
B PO3BUTOK ejIeKTpomo6inebynysanHs. Y 2015 p. yacTKa eseKTpoMoOisiB B CBITOBOMY aBTONApKy ckianasa auuie 0,1
%, ane 3a mporHo3amu 1o 2030 p. craHoBuTUME 6713bK0 10 %, a 10 2040 p. - 6;113bk0 50 % . Lle MoB’sI13aHO 3 TUM,
110 IPAKTUYHO Y BCbOMY CBiTi €JIEKTPOEHEPTisi Ha CbOTOHI € HalleleBIINM eHepropecypcoM. Tak, Hanpukiag,
esiekTpoMo6ini Tesla Ha 100 KM B cepeIHbOMY CITO>XKUBAIOTh 17 KBT'TO[, B TOU 4ac, K «6€H3MHOBI» aBTOMOOIJII B
CepeIHbOMY CIIOKUBAIOTH 7 JIiTpiB nanusa Ha 100 kM. B Ykpaini Ha 2024 p. esnekrpoeHepris KowmTye 2,64 rpH 3a 1
KBT'rOq, @ masnmBo B cepeHbOMY — 54,4 TpH. 3a JIiTp. KpiM TOro, 3HaYHOIO IIepeBaroio eJ1eKTpoOMOOiIiB € BUIa
€KOJIOTIYHICTh Ta EKOHOMIYHICTb eKcIryaTanii. OnHNM 3 KJIIOYOBUX €JIEMEHTIB, 1110 BU3HAYAE IIEPCIIEKTUBYU
PO3BUTKY €JIeKTPOMOOGIJIIB, € TEeHIeHIIisl 3BHUKEHHS BapTOCTi akyMyJIsITOpHUX 6aTapeil. Came Bif TEXHIKO-
€KOHOMIYHMX I1apaMeTpiB akyMyJIITOpHOI 6aTapei B HalbiIbIIil Mipi 3a71€KUTh, 3 OHOIO OOKY, IOTEHLIifHA
IAJIbHICTb [1€pEeCYBaHHS €JIEKTPOMOOLIB HA OJIHIN 3apsLi, 3 iHIIOro 60Ky — Pi3HULA B LiiHi 3 TPAAULIMHUMU
aBToMoO6insamu 3 [IB3. [Jo HeIaBHBOrO 4acy 3HAYHUM HE0JIiIKOM eJIEKTPOMOOiJIiB 6yJia BUCOKA BapPTiCTh JITil-
ionHux 6artapeil. [Ipote icHye TeHeHIIisl 3MEHIIIEeHHS BapTOCTi JIiTiii-ioHHUX 6aTapeii [46]. Tak 3a nporHo3amu Ha

2030 p. BapricTb 1 KBT-TOZ B J1iTiii-iOHHOMY HaKoNM4yBayi 3HU3UTbCS Ha 35% i Gyze KomTyBaTH 62 S.

2. The dissertation is devoted to increasing the energy performance of charging stations for electric vehicles with
lithium-ion type batteries. The requirements of international standards regarding the classification of charging
stations by capacity are considered. Four types of charging stations are identified and classified, of which the first
type describes the process of charging an electric car directly from a single-phase power supply network; the
second type differs from the first by the presence of electrical protection; the third type - electric car charging
with three-phase AC voltage; the fourth type is charging with constant current and high power, which allows for a
faster charging process. The requirements of domestic and international standards regarding electromagnetic
compatibility, namely the norms of emission of higher harmonics of currents consumed by charging stations, were
analyzed. A review of the technical characteristics of storage batteries, the peculiarities of their charging
algorithm, which require automatic regulation of the output voltage and output current of the charging station, is
carried out. The classification of electric vehicles is presented and the technical characteristics of accumulator
batteries and their charging systems are reviewed. Lithium-ion batteries are the most promising. They have the
following advantages: high efficiency in the charge-discharge process and high density of electrical energy



(kWh/kg). An analysis of the circuits of semiconductor converters of charging stations was carried out, which
showed that the issue of improving the energy efficiency of electric car charging stations is relevant. A scheme of a
three-phase active four-quadrant rectifier is proposed as a charging station converter. The advantages of this
converter are the ability to charge the battery in the CC-CV (constant current-constant voltage) mode, the ability
to work with a power factor close to unity (PF>0.99), a low level of higher harmonic emission (THDI <5%), the
possibility of bidirectional power transmission and the possibility of compensation of reactive power and higher
harmonics in the electrical network. In the dissertation, a study of electromagnetic processes in the charging
converter and lithiumion battery of an electric vehicle, the issue of building a system for automatic regulation of
battery charge and discharge processes, an analysis of the stability margin of the synthesized automatic regulation
system, the issue of analyzing power losses in the converter and ways to reduce own power losses were
conducted. The two-level and three-level topology of the charging converter is considered. The relevance of the
dissertation work is determined by the need to solve the scientific and practical task of improving methods of
improving environmental friendliness, energy efficiency, safety and ease of operation of charging stations for
electric vehicles with lithium-ion batteries. Electrification of road transport is currently one of the main trends in
the development of the global automotive industry. The development of electric vehicles and charging stations is
given considerable attention by researchers and manufacturers. Almost all international automobile corporations
(BMW, Opel, Mercedes, Tesla, Nissan) invest substantial funds in the development of electric vehicles. In 2015, the
share of electric cars in the world fleet was only 0.1%, but according to forecasts, it will be about 10% by 2030, and
about 50% by 2040. This is due to the fact that electricity is currently the cheapest energy resource in almost the
entire world. So, for example, Tesla electric cars consume an average of 17 kWh per 100 km, while "gasoline" cars
consume an average of 7 liters of fuel per 100 km. In Ukraine, in 2024, electricity costs UAH 2.64 per 1 kWh, and fuel
costs UAH 54.4 per liter on average. In addition, a significant advantage of electric cars is higher environmental
friendliness and economic operation. One of the key elements that determines the prospects for the development
of electric vehicles is the tendency to decrease the cost of rechargeable batteries. On the one hand, the potential
range of electric cars on a single charge largely depends on the technical and economic parameters of the battery,
and on the other hand, the difference in price with traditional cars with internal combustion engines. Until
recently, a significant disadvantage of electric cars was the high cost of lithium-ion batteries. However, there is a
tendency to decrease the cost of lithium-ion batteries. Thus, according to forecasts for 2030, the cost of 1 kWh in a
lithium-ion battery will decrease by 35% and will cost $62
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