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Pedepar:

1. locnimpKkeHHs aKLeHTY€e yBary Ha BUKJIMKY €(peKTUBHOTO yIIPaBJliHHS €HEPreTUYHOIO POAYKTUBHICTIO 1apKy
€JIEKTPOMOOIJIiB aBTOTPAHCIIOPTHOTO MiAIIPUEMCTBA a00 3apsAIHOI CTaHllii, 0 ONepalioHy€e B YMOBAX BEJIUKOTO
MiCTa, 3 ypaxyBaHHSIM BUMOT CTaJIOi €JIeKTPOMOOGINIBHOCTI Ta 0OMEXXeHb €eHepreTUYHoi cucteMu. Jluceprarist
CKJIaJIa€ThCsl i3 BCTYIy, YOTUPbOX PO3[IiJiiB, BUCHOBKIB Ta oAaTkKiB. Po6oTa BukageHa Ha 146 cTopiHkax

I PYKOBAaHOTO TEKCTY, MiCTUTBb 76 PUCYHKIB, 15 Tabnuup Ta 4 oaatku. Po3pobieHnii niaH 3apsiiykKaHHs
esiekTpoMo6iniB (EV) npu o6MexkeHiil MOTYKHOCTI 3apsiiHOI CTaHILii 6a3yeThbCsl HA AITOPUTMI 3apsiIpKaHHS

koedinienTa EV. Llel anropyutm 3[1iliCHIOE KOHTPOJIb HaJ| IIPOLIECOM 3apPSIIKY IIJISIXOM HaZlaHHSI BaroBOTO iHIIEKCY



3apspKaHHs (BI3) KoskHOMY MiAK/IIOYEHOMY [0 CTaHIii TPAHCIIOPTHOMY 3aco0y. OnTuMizalis eJIeKTPUYHOTrO
HaBaHTaXeHHSI CTaHIIii peasizoBaHa 3 METOIO 3HIDKEHHS BUTPAT Ha eJIeKTPOEeHePriio Ta 3ab6e3rnedyeHHs 3aJ0BOJIEHHS
IONUTY Ha 3apsaKy EV 6e3 nopyueHHs o6MesxxeHb Mepexi. [IpoBeieHO KOMIT'IOTEpPHE MOJIeJII0BaHHsI IPOLeCy
3apsOKy €JIeKTPOMOOITIB Ta HaBaHTaXXEHHS 3apsAHoi cTaHLii. OTpMMaHi pe3ysbTaTy €JIeKTPUYHOTO HaBaHTAXKEHHS
Mepexi Ta CTaH1lil, OTpMMaHi 3a JOIIOMOTOI0 3alIPOIIOHOBAHOTO aJITOPUTMY, ITIOPIBHIOIOTLCA 3 PE3yIbTaTaMu1
MOJI€JIIOBAaHHS, OTPUMAHNUMU 3 BUKOPHUCTAHHSM aJITOPUTMY KOHTPOJIbOBAHOI 3apSAKY Ta aJITOPUTMY
HEKOHTPOJIbOBAHOI 3apsIKU. 3aBepllajbHi pe3yJIbTaT MOJEIOBAHHS 3apsIKU €JIEKTPOMOD1JIB 33 JOIIOMOIOI0
3aIIPONIOHOBAHOI0 AITOPUTMY [OPIBHIOIOTHCS 3 PE3YIbTaTaAMU MOJEIOBAHHS, OTPUMAHUMU 32 JOIIOMOTOIO
aJITOPUTMY KOHTPOJILOBAHOI 3apsAKU. BUgBIEeHUN Mifxin cipusie 3MEHIIEHHIO €JIEKTPOEHEPTeTUYHUX BUTPAT Iif,
yac MiKOBUX HABAaHTA)KEHb €JIEKTPUYHOI MepeKi, a TaKOXK MOKJIMBOCTI 3apsI’KaTy eJ1eKTPOMOOii BifTOBIAHO 10
3aNUTY PiBHA 3apsAy aKyMyJIITOpa Maibke [1Jis BCiX MiAK/II0YEHUX €JIEKTPOMOOLIB. B nepmomy po3zini foCIimKeHo
PHHOK €JIEKTPOMOOisIiB B YKpaiHi, 1110 B CBOIO Y€pry CIPUYMHSIE PO3LUPEHHIO MEPEXI €JIeKTPO3apsIHUX CTaHLIii Ta
301/IbLIIEHHIO HAaBaHTaXXE€HHS Ha eHeprocucreMy. BuHuKIIa akTyasbHa oTpeba BIPOBaLKeHHS 3aCO0iB yIIPaBIliHHS
IIPOLIECOM 3apsI)KaHHs eJIEKTPOMOOIJIiB NP1 0OMEXKEHUX IOTYKHOCTSIX €HePreTU4yHoi iHppacTpyKTypu Ta
0O0MEXEHOMY €JIEKTPOIIOCTaYaHHi eJIeKTPO3apsaAHUX CTaHIiil. OCHOBHI NPUHIMIIY MiTKIIOYE€HHS 3apsIHUX CTaHLiN
IO MepeXi Ta HeOOXiAHICTh MPaBUJILHOI YEPTOBOCTI 3apSIIKaHHSI €JIeKTPOMOGIJIB MiIKPECIOI0Th BasKJIUBICTb
PO3pPOOKU METOy YIIPaBJIiHHS €JIeKTPO3apSAHUMU CTaHLisIMU B peanbHOMY 4yaci. COPUSTIMBUAM HAIIPSIMKOM [171s1
PO3POOKU TAKOTO METOAY BBaKA€ThCSI BAKOPUCTAHHS IPMHLNIIIB Ta IPOLENYP HEUIiTKOi JIoTikU. B ipyromy poszini
BM3HAY€HO BXIi[HI JaHi A1 CUCTEM KEPYBaHHS €JIEKTPO3aPASHUMY CTAHLIISIMU BKJIIOYAIOTh KPUBi 3MiH ITOTYKHOCTI
CIIOKMBaHHS HA 3apsJIKy, HAlIPyTU Ta CTPYMY, 3aJI€KHO Bif, piBHS 3apsmkeHocTi AKDB i yacy OBHOrO 3apsfy.
ExcriepuMeHTasbHi XapaKTePUCTHUKU 3aPsiIHOTO NPOLEeCY BUKOPUCTOBYIOTHCS 1171 (POPMYBaHHS BUXiTHUX JAHUX,
sIKi CTAaHOBJISITh OCHOBY 17151 (PYHKLil HAJIEXKHOCTi METOAY YIIPABJIiHHS i CTBOPEHHS IPOPiIo 3apsaKu
esiekTpoMo6isnis B Matlab Simulink. Tperiit po3zin nokasye, 110 [10JI0KEHHS TA METO Y HEYIiTKOI JIOTiKY € Halo6ibII
BiZJITOBIIHNMM MaT€MaTUYHUMU IHCTPYMEHTAaMMU. [I711 BU3HAY€HHS [IPIOPUTETHOCTI BUKOPUCTOBYETLCS BarOBUN
iHgeKc 3apsiKaHHs, SIKUM 0a3yeThbCsl Ha PYHKLISX HajleXXHOCTi. OnTUMizaliliHa 4acTUHA METOLY I'PYHTYETbCS Ha
rpaBiTaliliHOMy MeTO/i. 3alIPOIIOHOBAHMIA AJITOPUTM INPALIIOE B PEaIbHOMY Yaci Ta BPAXOBYe OOMEXKEHHSI SIK
Mepexi, Tak i iHTepecu BllaCHUKIB TPAHCIIOPTHUX 3aCO0iB ITpY 0OMEsKEHi TOTY>KHOCTI €J1eKTPOCIIO>KUBAHHSI.
EdeKTHBHICTb 3alIpONIOHOBAHOTO AJIFTOPUTMY KOHTPOJIIO 3apSIKM Y P€ajIbHOMY 4aci B TIOPiBHSHHI 3 TUIIOBUM
aJITOPUTMOM 3 OOMEKEHHSIMU MiATBEPIPKEHA Y YeTBEPTOMY Po3isi. OyHKLiIOHANbHICTh HEYITKOrO KOHTpOJIepa Ha
OCHOBI 3aIIPOIIOHOBAHOI MeTO0I0Tii BunipobyBaHa Ha MiKpOKOHTpoJiepi Ha miati Arduino Mega 2560. [IpoctoTa
BIIPOBAIP)KEHHS JAHOTO METOAY MiIKPECJIEHA CXEMOIO IiAKIIIOYEHHS KOHTPOJIEPA HEYITKOI JIOTIKU [0 iCHYIOYNX
CHCTEM YIIPABJIiHHS €JIEKTPO3aPsIHUAX CTAHLM, 110 KEPYIOTb IIPOLLECOM 3aPSIKU BifITIOBIIHO [0 3alIpOIIOHOBAHOTO
MeTtoay. Pe3ynbTaTi BKasyloTh, 10 rpadiky MOJEII0BaHHS CUCTEMU Ha OCHOBI HEUITKOI JIOTiKM B cepeOBULi
Matlab na IIK i Ha nyati Arduino npakTUYHO iTeHTUYHi. Y 1IbOMY X Y€TBEpPTOMY PO3iJi OIMCAHO NPOLENYPY
BIIPOBA/P)KEHHS HEUITKOrO KOHTPOJIEpa B IIPOLieC 3apsiipkaHHs. Y TIOPIiBHSHHI 3 iHIIMMU po60TaMU, OCHOBHUM
BHECOK Liiei poOOTH MOJISITa€ B I€TAJILHOMY OIMCI €JIEMEHTIB TPOrpaMyBaHHs Ta peaisallii KOKHOTO eTaIy
HEYITKOro KOHTpoJIepa y IporpaMHOMY abo arlapaTHOMYy 3abesrnevyeHHi. Lle nae MOXINBICTb OL[iHUTY ONTHMAaJIbHI
rnapameTpy, HEBU3HAUYEHOCTI Ta HEeJiHIMHOCTI cucteMu 6e3 MaTeMaTU4YHOi Mofiesti. HapeTi, mokazaHo
MOJIEeJIIOBAHHS Ta peasisaliilo Ha MiKpOKOHTpoJiepi Ha mati Arduino Mega 2560 1151 nepeBipku JiieBOCTi

3aIIPOIIOHOBAHOI METOOJIONI], & TAKOK TEOPETUYHUX Ta EKCIIEPMMEHTAJILHUX PE3YJIbTATIB.

2. The study focuses on the challenge of effective management of the energy productivity of the fleet of electric
vehicles of a motor transport enterprise or a charging station operating in a large city, taking into account the
requirements of sustainable electromobility and the constraints of the energy system. The thesis consists of an
introduction, four chapters, conclusions, and appendices. The main text is set out on 146 pages of printed text,
contains 76 figures, 15 tables and 4 appendices. The developed plan for charging electric vehicles (EVs) with a
limited capacity of the charging station is based on the EM coefficient charging algorithm. This algorithm controls
the charging process by assigning a Charging Weight Index (WCI) to each vehicle connected to the station.
Optimization of the station's electrical load is implemented in order to reduce electricity costs and ensure that the



demand for EV charging is met without violating network restrictions. Computer simulation of the process of
charging electric vehicles and loading the charging station was carried out. The obtained results of the electrical
load of the network and the station, obtained with the help of the proposed algorithm, are compared with the
simulation results obtained using the controlled charging algorithm and the uncontrolled charging algorithm. The
final results of the simulation of charging electric vehicles using the proposed algorithm are compared with the
results of the simulation obtained using the controlled charging algorithm. The discovered approach helps to
reduce electricity costs during peak loads of the electrical network, as well as the ability to charge the EM in
accordance with the request of the battery charge level for almost all connected electric vehicles. In the first
section of the study, it is investigated that the market of electric vehicles in Ukraine is expanding rapidly, which in
turn leads to the expansion of the network of electric charging stations and an increase in the load on the power
system. There is an urgent need to introduce means of controlling the charging process of electric vehicles with
limited capacities of the energy infrastructure and limited power supply of electric charging stations. The basic
principles of connecting charging stations to the grid and the need for the correct charging sequence of electric
vehicles emphasize the importance of developing a real-time control method for electric charging stations. A
favorable direction for the development of such a method is the use of the principles and procedures of fuzzy
logic. In the second section, the crystallized inputs for electric charging station control systems include curves of
changes in charging power, voltage and current, depending on the level of charge of the battery and the time of
full charge. The experimental characteristics of the charging process are used to generate the initial data, which
form the basis for the functions of belonging to the control method and the creation of an electric vehicle charging
profile in Matlab Simulink. The third section shows that the propositions and methods of fuzzy logic are the most
appropriate mathematical tools. A charging weight index is used for prioritization, which is based on membership
functions. The optimization part of the method is based on the gravitational method. The proposed algorithm
works in real time and takes into account the constraints of both the network and the interests of vehicle owners
with limited power consumption. The effectiveness of the proposed real-time charging control algorithm in
comparison with a typical algorithm with limitations was confirmed in the fourth. The functionality of the fuzzy
controller based on the proposed methodology was tested on the Arduino Mega 2560 microcontroller. The
simplicity of implementation of this method is emphasized by the diagram of connecting the fuzzy logic controller
to the existing control systems of electric charging stations that control the charging process in accordance with
the proposed method. The results indicate that the fuzzy logic-based system simulation graphs in the Matlab
environment on the PC and on the Arduino board are virtually identical. The same section describes the procedure
for introducing a fuzzy controller into the charging process. Compared to other works, the main contribution of
this work lies in the detailed description of the programming elements and the implementation of each fuzzy
controller step in software or hardware. This makes it possible to estimate the optimal parameters, uncertainties
and nonlinearities of the system without a mathematical model. Finally, simulation and implementation on the
Arduino Mega 2560 microcontroller are shown to test the validity of the proposed methodology, as well as
theoretical and experimental results.
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