Hamionaneuuit Texuiuamii yHiBepcuteT YKkpainu "KuiBCbKuil MOMITEXHIYHHUIA IHCTUTYT

imeHi Iropst Cikopcpkoro"

MinicTepcTBO OCBiTH 1 Hayku Y Kpainu HarionanbHuil TeXHIYHUN YHIBEpCUTET YKpaiHu

"KuiBcbkuit mositexHiyHUM iHCTUTYT iMeH1 [ropst CikopchKoro"

MiHiCTepCTBO OCBITH 1 HAYKH YKpaiHu

Kpanidikamiitna HaykoBa mparisl Ha IpaBax pyKOIUCY

bocak Anapiit BacwiboBuu

VIK 621.316

JTUCEPTALIA

OnTuMizanis KepyBaHHS 3apsIHUMU CTaHLISIMH €JIEKTPOMOOLITIB B peajJbHOMY 4acl Ha

OCHOBI1 HEUITKOI JIOTIKM B YMOBaX 0OMEKEHOI0 €JIEKTPOIOCTaYaHHs

141 EnexkTpoeHepreTrka, eeKTPOTEXHIKA Ta eIEKTpOMEXaHiKa

14 EnexTpuuHa iH>XeHepis

[Tomaetbest Ha 3100y TTSI HAYKOBOTO CTyIEHs JOKTopa (hutocodii
Jucepraliist MICTUTh pe3yJIbTaTH BJIACHUX JOCIIKeHb. BUKOpUCTaHHS 171eH,

PE3YJIbTATIB 1 TEKCTIB IHIIIMX aBTOPIB MalOTh MOCHIIAHHS Ha BIATOBIHE HKEPEIIO.

(miamwc, iHImMaa Ta Tpi3BUIIe 3100yBayva)

HaykoBuii kepiBHUK: KaHAUAAT TEXHIYHUX HAYK, J01IeHT bocak Aia BacuniBHa

Kuis - 2024



AHOTAIISA

bocax A.B. Cuctema HEUITKOTO KEpyBaHHS 3apsIHUMU CTAHIISIMH €JIEKTPOMOOITIB B
peanbHOMY 4Yaci. - KamidikaiiiiHa HaykoBa Ipalls Ha IpaBax pyKOIIUCY.

Jucepraiiiss Ha 3700yTTS HAYKOBOTO CTYINEHS JokTopa ¢iutocodii 3a
cnemianpHicTIO 141 «EnekTpoeHepreTrka, eMeKTPOTEXHIKA Ta elekTpoMexaHikay (14 -
Enextpuuna inxenepis). - HarfionansHuil TexHIYHUN YHIBepcuTeT YKpainu “KuiBcpkuii
noyiTeXHIYHUM 1HCTUTYT iMeHi Irops Cikopcekoro”, Kuis, 2024.

JlocnmipkeHHsT aKLEHTye YyBary Ha BHUKJIMKY €()EKTUBHOIO  YIpaBJIiHHSA
€HEPreTUYHOI  MPOAYKTHUBHICTIO MapKy  €JIEKTPOMOOUIIB  aBTOTPAHCHOPTHOTO
HiIIpUEMCTBA a00 3apsHOI CTaHIlli, 110 ONEPAI[lOHy€ B YMOBAaX BEJIMKOTO MicCTa, 3
ypaxyBaHHSIM BUMOT CTaJIO1 €JIEKTPOMOOITEHOCTI Ta 0OMEXEHb EHEPTreTUYHOI CUCTEMH.

JlucepTallisi CKIAJa€eThCA 13 BCTYIy, YOTUPHbOX PO3ALTIB, BUCHOBKIB Ta JOJATKIB.
Po6ota Bukianena Ha 146 cropiHkax IpyKOBAaHOTO TEKCTY, MICTUTh /6 pUCYHKIB, 15
TaOIuIb Ta 4 1OIATKU.

Po3pobnenuii mian 3apsjxaHHg enektpomoOutiB  (EV) mpu  oOmexeHiit
MOTY>KHOCT1 3aps/IHOI CTaHINI 0a3yeThCs Ha anropuTMi 3apsipkaHHa kKoedimienta EV.
[le#t anropuT™ 311MCHIOE KOHTPOJIb HAJl MMPOIIECOM 3aPSAKU MUISIXOM HaJIaHHS BaroBOTO
inaekcy 3apspkadas (BI3) KoykHOMY MIIKIIOYECHOMY J0 CTaHIliT TPAaHCIIOPTHOMY 3ac00y.
OnTuMizallisi eIeKTPUYHOTO HABAHTAXXEHHS CTaHIII peasli3oBaHa 3 METOK 3HIKCHHS
BUTPAT HA €JIEKTPOCHEPTII0 Ta 3a0e3MeUeHHs 3a0BOJICHHS NONUTY Ha 3apsaky EV 6e3
NopyuieHHs oOMexeHb Mepexi. [IpoBeneHO KoOMMI'tOTEpHE MOJENIOBAHHSA MPOLECY
3apSAIKA €JIEKTPOMOOUTIB Ta HAaBaHTAXKEHHs 3apsaHOi cTaHIi. OTpuMaHi pe3yiabTaTh
CJIEKTPUYHOIO HAaBaHTAXXEHHS MEpexl Ta CTaHIii, OTpUMaHl 3a JOINOMOIOI0
3allpONIOHOBAHOTO  AJITOPUTMY, TMOPIBHIOIOTBCA 3 pe3yjibTaTaMU MOJEIIOBaHHS,
OTPUMAHMMH 3 BUKOPHCTAHHSM JITOPUTMY KOHTPOJHOBAHOI 3apsiKU Ta alTOPUTMY
HEKOHTPOJIbOBAHOI 3apsAKU. 3aBepIlaibHI pe3yJbTaTH MOJICTIOBAHHS  3apsIKd
CJIEKTPOMOOUTIB 32 JOTIOMOTOI0 3alpONOHOBAHOTO aJNTOPUTMY TMOPIBHIOIOTHCS 3

pe3yjbTaTaM MOJACIIOBAHHA, OTPUMAaHHUMU 3a JOIIOMOI'OIO aJiTOPUTMY KOHTpOJ’IBOBaHO'l'



3apsaaku. BusiBneHuit miaxiJi cupusie 3MEHIIEHHIO €JIEKTPOCHEPreTUYHUX BUTPAT Mij Yyac
MIKOBUX HABAaHTAXECHb EIIEKTPUYHOI MEpEeXi, a TaKOoX MOXJIMBOCTI 3apsKaTu
CJICKTPOMOOLTI BIJMOBIIHO JO 3alUTy PIBHS 3apsly akyMyJjsiTopa Maixke Ui BCIX
M IKITIOYEHUX SJIEKTPOMOOLTIB.

B nepmomy po3aini TOCHiIKEHO PHHOK €IEKTPOMOO1IIB B YKpaiHi, 110 B CBOIO
4yepry CHpPUYUHSE PO3IMIMPEHHIO MEPEXKI €NEKTPO3apsSIHUX CTaHIN Ta 30UIbIICHHIO
HABAHTAXKEHHA Ha eHeprocucteMmy. Bunukia aktyanbHa noTpeda BIpOBaKEHHS 3aC001B
YOPAaBIiHHSA TPOLECOM 3aps/DKaHHS €JIEKTPOMOOUTIB MpU OOMEXKEHUX MOTYKHOCTAX
EHEPreTUYHOI 1HPPACTPYKTYpHU Ta OOMEKEHOMY €JIEKTPOIOCTaYaHHI €JIEKTPO3apsIHUX
ctaniii. OCHOBHI NPUHIUIN MIJKIIOYEHHS 3apsAHUX CTaHId J0 Mepexi Ta
HEOOXIJTHICTh MPABWIBHOI YEPTrOBOCTI 3apsKaHHS €JIEKTPOMOOUIIB MIJKPECTIOIOTh
BXKJIMBICTb PO3POOKH METOJY YIPABIIHHS €JIEKTPO3aAPSTHUMU CTAHIISIMHU B PEATbHOMY
gaci. CHOpHUSTIUBAM HAMpSMKOM I PO3POOKHM TaKOr0 METOAY BBAXKAEThCS
BUKOPHUCTAHHS MPUHIUIIIB Ta MPOLIETYP HEUITKOI JOTIKH.

B apyromy po3auti BH3HAYeHO BXIJHI JaHI JUISI  CHCTEM KEpyBaHHS
€JICKTPO3aAPAIHUMHU CTAHIIIMU BKJIIOUAIOTh KPHBI 3MIH TMOTY>KHOCT1 CIIOKHMBaHHS Ha
3apsAIKy, HAlpyTy Ta CTPyMy, 3aeKHO Bia piBHS 3apsmxeHocti AKD 1 yacy moBHOTO
3apsany. ExcneprMeHTallbHI XapaKTePUCTUKH 3aPSAHOTO MPOIECY BUKOPHUCTOBYIOTHCS
J1s OpMYBaHHS BUXIJTHUX JIaHHMX, SIKI CTAHOBJISITh OCHOBY 1Jisi (DYHKIIIH HaJIEXKHOCTI
METO/1y yTPaBIIiHHS 1 CTBOPEHHS MO0 3apsaku enekTpomoOins B Matlab Simulink.

TpeTiit po3aia mokasye, IO MOJOKEHHS Ta METOJIX HEYITKOI JIOT1KH € HaiO1IbII
BIJIMOBITHUMHU MAaTE€MaTUYHUMHU 1HCTpyYMEHTaMH. [[1s BU3HAY€HHS MPIOPUTETHOCTI
BUKOPUCTOBYETHCSI BaroBUil 1HACKC 3apsA/KaHHS, SKUM 0a3yeTbcs Ha (PYHKITISAX
HajexxHocTl. OnTuMi3alliiiHa YacTUHA METOAY IPYHTYEThCSI Ha IPaBITALITHOMY METO/II.
3anponoHOBaHUI alrOPUTM MPALOE B peaJbHOMY 4Yaci Ta BPaXxOBy€ OOMEXKEHHS SIK
MepexXi, Tak 1 IHTEpPECH BIACHUKIB TPAHCIIOPTHHUX 3aCO0IB MpU 0OOMEKEHI MOTYKHOCTI
€JIEKTPOCTIOKMBAHHSI.

EdexkTuBHICTh 3alpOIIOHOBAHOTO AJTOPUTMY KOHTPOJIIO 3apSIKA Y peaTbHOMY

4aci B TOPIBHSHHI 3 TUTIOBUM aJITOPUTMOM 3 OOMEKEHHSIMU M ATBEPIKEHA Y UETBEPTOMY



po3nuti. OyYHKIIOHATBHICTh HEYITKOIO KOHTpoJepa Ha OCHOBI 3alpOIOHOBAHOI
METO/10JIOT1i BUIIpoOyBaHa Ha MiKpOKOHTpoJepi Ha miaTi Arduino Mega 2560. IIpoctoTa
BIIPOBA/DKCHHSI JTAaHOTO METOAY TIJKpecieHa CXEMOIO0 IMIJKIIOUEHHS KOHTpoJepa
HEYITKOI JIOTIKM JO0 ICHYIOUMX CHUCTEM YMPAaBIIHHS €JIEKTPO3apsAAHUX CTaHLIN, M0
KEpyIOTh TPOIIECOM 3apsIKH BIAMOBIIHO JO 3alpONOHOBAHOTO MeETOxy. Pe3ymbratn
BKa3YIOTh, 1110 Tpadiku MOCTIOBAaHHS CUCTEMH Ha OCHOB1 HEUITKOI JIOT1KH B CEPEIOBHIITI
Matlab na I1K 1 Ha niaTi Arduino npakTUYHO 1CHTUYHI.

VY 11poMy K 4ETBEPTOMY PO3/UTL OMUCAHO MPOLEAYPY BIPOBAIKEHHS HEUITKOTO
KOHTpoOJIepa B MpPOIEC 3apspKaHHS. Y MOPIBHSAHHI 3 IHIIUMU POOOTaMH, OCHOBHUMN
BHECOK IIi€i poOOTH TOJIATae B JCTAIBHOMY OIMKCI €JIEMEHTIB IPOrpaMyBaHHS Ta
peanizaiiii KOXHOTO €Taly HEYITKOro KOHTpOoJepa y MpOorpaMHOMYy a0 amapaTHOMY
3a0e3nedeHHi. e 1a€ MOXKIMBICT OLIIHUTH ONTUMAJIbHI TApaMeTpy, HEBU3HAYEHOCTI Ta
HEJIHIMHOCTI cucTeMu 0e3 MaTeMaTU4Hoi Mojieli. HaperTi, mokazaHo MO IIOBaHHS Ta
peaizaliiio Ha MiKpoKOHTpoJepi Ha iati Arduino Mega 2560 aJis nepeBipKy 1€BOCTI
3alPONIOHOBAHOI METOJOJIOTii, a TaKOXX TEOPETHYHHX Ta EKCICPUMEHTABHUX
pE3yNbTAaTIB.

KiarouoBi cioBa mapk eIeKTpoMoOLTiB, ONTUMAaJIbHE YIPABIIHHS EHEPTIEIO,
MOHITOPUHT €HeproepeKTUBHOCTI, CTaH 3apsay, Ipodiib eNEKTPUIHOTO HAaBAHTAXKEHHS,

HEYITKAa JIOTIKA.



ABSTRACT

Fuzzy control system for electric vehicle charging stations in real time. - Qualifying
scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 141 "Electric
Power Engineering, Electrical Engineering and Electromechanics" (14 - Electrical
Engineering). - National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, 2024.

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 (V12) 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.

Keywords: electric vehicle fleet, optimal energy control, energy efficiency

monitoring, state of charge, electrical load profile, fuzzy logic.
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MNEPEJIK IPUMHATUX CKOPOUYEHD

EV — Enexrpomo0ins (Electrical Vehicle);
BI3 — Baroswuii iHAeKC 3apsaaKu;

JIB3 — JIBUryH BHYTPIIIHBOTO 3TOPAHHS;
311 — 3apsHuii MpUCTpIif;

3C — 3apsiiHa CTaHIIIs;

E3C — Enexktpuyna 3apsigHa CTaHIIIs;

HH — Husbka Hanpyra;

CH — Cepenns Hanpyra,;

ITIK — IlepcoHasibHUI KOMIT FOTEP;

CKE — Cuctema kepyBanns E3C;

SOC — Cryminb 3apsnay (State of Charge);
AKDB — AxymynaropHa 6arapes.
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BCTYII

B ymoBax cy4acHHMX KIIMAaTMYHHMX 3MIH 1 BUYEpIIaHHS 3aMaciB €HEpreTUYHUX
pecypciB  aKTyaJbHMMH  CTAalOThb  MHUTaHHA  JcKapOoHi3allii,  MiJABUIIECHHS
eHeproe()eKTUBHOCTI Ta 3HM)KCHHS KIHLIEBOTO €HEPrOCHOXUBaHHS y Beix ramyssax. Lli
NMUTAaHHS € KIIOYOBUMH B KOHTEKCTI TMOTOYHHMX BHKJIHMKIB 31 3MIHH KIIMary Ta
O0OMEXEHOCTI eHepreTUYHuX pecypciB. IligBuilleHHS eHeproeeKTUBHOCTI BKJIIOYAE
3aX0JM Ui 3HIDKCHHS €HEePreTUYHMX BTpaT Ta ONTHMI3allli MPOLECiB, IO 03BOJISE
JOCATTHA OLIBIIOT TPOJYKTHBHOCTI 3 MCHIIUM CHOXHBaHHAM eHeprii [1]. 3HrokeHHS
KIHIIEBOTO €HEPrOCIOXUBAHHS O03Haya€e €(EeKTHBHE BUKOPUCTAHHS Ta palllOHATII3alli0
CIIOKMBAaHHS €Heprii B YyCIX cdepax, BKIIOYAIOYH MPOMHCIOBICTh, TPAHCIOPT,
OymiBHHIITBO Ta T0OyTOBY chepy [2]. Ili 3axoam € cTpaTeriuyHO BaKIUBUMH IS
CTBOPEHHsI CTIMKOi Ta €(QEKTUBHOI E€HEPreTUYHOI CHCTEMH, CHPHUSIIOTH 30€pEKEHHIO
pecypcCiB Ta 3HM)KEHHIO HEraTUBHOT'O BIUIMBY Ha JOBKULIS.

BceranoBnenns metu €BpornelicbkuM COH030M 3MEHILUTH BUKHIU MAapHUKOBUX
ra3iB Ha 40% no 2030 poky B pamkax Ilapu3bpkoi yrogu CBiIYMTH MPO CEPHO3HI
3000B's13aHHSA 'y 00poThOi 31 3MmiHOMO KiimaTy [3]. Llg mera mokiamkaHa 3a0e3MeYuTH
3HaYHUA BHECOK B OOMEXEeHHS MacmTabiB ria00aqbHOTO MOTEIUTIHHA UISIXOM
3MEHIIIEHHS JKepell MapHUKOBUX Tra3iB, SKi BIUIMBAIOTH HA MiABUINEHHS TEMIIEpaTypu
Hamoi TuraHeTu. Peamizamis 1i€i MeTH BHMaraTUMe BIIPOBADKCHHS TEXHOJIOTTUHHX
1HHOBAIIIH Ta CIIBMpPAIll 3 PI3HUMHU CEKTOPAMH CYCHIHCTBA JIJISl TOCATHEHHS CTa0lIbHOTO
Ta €KOJIOTIYHO 0€3MeYHOro Mal0yTHHOTO.

[Ipotiec 3HIWKEHHS BUKHIIB TMApHUKOBUX Ta3iB MUIAXOM MEPEXOAy 0
HHU3bKOBYTJICIIEBOT CKOHOMIKH BRXKJIMBUN B TpaHCIOPTHOMY cektopi [4]. 3pocraroumii
o0CsIT TPaHCHOPTHUX 3aCO0IB Ta 3aJICXKHICTh BiJ MaJIUB, SIKI HETATUBHO BIUIMBAIOTH Ha
KJIIMaT, BUMAaraloTb NMPUUHATTS €PEKTUBHUX 3aXOJIB JJIsi 3MEHIICHHS 3a0pyaHEHHS.
BukopucTaHHs 4MCTUX TPAHCHOPTHUX 3acC001B, TaKUX SAK EJIEKTPOMOOiTl, BOJHEBI
aBTOMOOUII Ta TiOpUJIHI aBTOMOOUI, € OJHIEI0 3 TMEpPCHEeKTHUBHUX CTpaTeri s
3MEHIIICHHSI BUKHIB MAPHUKOBHMX Ta3iB Ta MOJIMIIEHHS SKOCTI moBiTps [5]. Po3BuTOK

1H(GPACTPYKTYPH AJIs 3apAJIKHU €EKTPOMOOLITIB, BIPOBAHKEHHS CTUMYJIIOIOYMX MTPOrpam
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Ta TEXHOJIOTIYHUX 1HHOBAIIN y cdepl TPaHCIOPTY CIPHUSIOTH MPUCKOPEHHIO MPOIIECY
nekapOoHi3alii W Tepexoay M0 OUTBIT EKOJIOTIYHO YHCTHX JDKEpeNT eHeprii s
TpaHcnoptTy. llel migxiag copusie He JUIIe 3MEHIICHHIO BUKHUIIB 3a0pyAHIOIOUHX
pEUOBHH, ale i 3a0e3mneuye CTBOPEHHS OUIBII CTIMKOI Ta CTaNol TPAHCIOPTHOI CUCTEMH.

YcepenuHi 1bOTO KOHTEKCTY, BIIPOBAKEHHS €JIEKTPOMOOLTIB BUMAarae pO3BUTKY
1HGpaCTPYKTYpu il 3apsakd. 3anmuT Ha 3apsiHl  CTaHIii BU3Hayae rpadik
HABAHTAXKEHHS Ha HUX Ta MOXJIMBOCTI 1HTErpalii 3 eIeKTPUYHOI0 Mepekero. 30Kpema,
TEXHOJIOT1sI IBOHAMpaBIeHOI 3apsiaku (V2G) 103B0IsIE BUKOPHUCTOBYBATH €IIEKTPOMOOLITI
He JuIIe s OanaHcyBaHHS rpadiKy HaBaHTaKCHHS, a W SK HAKONMMYyBadl €Heprii 3
BIJIHOBIIIOBaHUX JiKepesl. CTpyKTypa HapKy eJeKTpOMOOUIIB, PEXUMHU 3apsiiKu Ta
GyHKIIOHYBAaHHSA 3apsA/IHAX CTaHIM MaroTh BEJIMKUM BIUIMB Ha MEpPEXy Ta
€HeprocucTeMy B LUJIOMY. ABTOTPAHCHOPTHI MIANPUEMCTBA, IO MAaOTh HapK
€JIEKTPOMOOLITIB, MOXKYTh 3apsKaTH iX M 4ac 3HUKEHOI BapTOCTI €JIEKTPOCHEPril Ta
npojaBaTH HAJJIMIIKY B MiKU. Lle Hajae iM MOXKIMBICTH BUKOHYBATH POJIb HE JIUIIE K
CTHIOXKMBa4yaM, a ¥ K y4aCHHKAM €HEPropuHKY. Y TakoMy KOHTEKCTI, PO3TJISi MapKy
eJIEKTPOMOOUTIB SIK KIHIIEBOI'O CIIOXKHBada €HEprii BimmoBimHo 10 pkepena [4] €
JOTUTHHUM.

HalGyBae akTyanbHOCTI peanizaiisi 1HCTPYMEHTY VYIPABIIHHS TPOIECOM
3apsKAHHS  €JIEKTPOMOOLTIB TIpu  oOMmexeHH1 enektponoctadanHss E3C. T'onoBHi
MPUHINANK TIKITIOYCHHS 3apsAJHOI CTaHIi JO0 MEpeki, a TaKoX periiaMeHTOBaHA
HEOOXITHICTh NPAaBWJIBHOI  IMOCTAHOBKU  €JIEKTPOMOOLIIB 4Yepry Ha  3apsaaKy
NIATBEPAKYIOTh HEOOXIJIHICTh PO3POOKH METOAY KEpyBaHHS €IeKTpO3apsaAHUMU
cranuisiMu. Came TOMy CTa€ aKTyaJbHOI0 PO3pOOKa CUCTEMU KOHTPOJIIO 3apsiPKaHHS B
peaJpHOMYy Yacy, [0 Ma€ 3a0e3MeUuTH KOXXHOMY €JIEKTPOMOOUII0 TrapaHTOBaHE
3apsKaHHS B yMOBaX OOMEKEHOTO eJIeKTpocnokuBaHHs. HalOubIn nmepcrneKTUBHUM
JUIST pO3pOOKH KEpyBaHHS B peajbHOMY dYaci SIBISETHCS 3aCTOCYBAaHHS IOJOXEHBH Ta
NpoLEIyp HEUITKOI JIOTIKM, [0 MIATBEP/KEHO HABEAECHUMHU B pOOOTI MOPIBHSIHHAMU

ICHYIOYHX METOJIiB 3apsJPKaHHS BEJIMKOI KUTHKOCTI €JIEKTPOMOO1ITIB.
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JocmpkeHHs MUy cepl onTuUmizaiii Ta KOHTPOJIO 3apsKaHHS BEIUKOI
KUTBKOCTI €JIeKTPOMOO1TIB OyJ10 MpoBeaeH1 TakuMu HaykoBisMu: byasko B. 1., Kyaps C.
O., Francesco Marra, Menezes A.C., Olle Sundstrom, Carl Binding, Jing Huang, V.
Gupta, i Yih-Fang Huang, U. Reiner, C. Elsinger, i T. Leibfried, V. Bertsch, W. Fichtner,
V. Heuveline, E. Akhavan-Rezai, M. F. Shaaban, E. F. El-Saadany, i F. Karray ta inmri
[47, 48, 49, 50, 51, 52, 61, 66, 69]. BinbuiicTs pillieHh TPOOIEMHU 3aPSIKAHHSI BETUKOT
KUTBKOCTI €JIEKTPOMOOLTIB 0a3yeThcsl Ha PI3HUX TUIAX IUIAHYBaHHS Ta CTBOPEHHI s
HUX 3apsTHOTO MPOdIIIO - CIIEHAPIiB 3apsIKaHHS 3 TEXHIYHUMU 0OMEKESHHIMU.

Takox MOCHIIPKEHHSM BIUIMBY 3apsiDKaHHS MapKy €JIEeKTPOMOOLIIB Ha MEpEexy
oyso nposeneHo R. Godina, E. M. G. Rodrigues, N. G. Paterakis, O. Erdinc, i J. P. S.
Catalao, M. S. El Nozahy 1 M. M. A. Salama, G. Razeghi, L. Zhang, T. Brown, i S.
Samuelsen, C. D. M. Affonso i M. Kezunovic, A. Srivastava, M. Manas, i R. K. Dubey,
Srivastava. Pe3ynpraTu iX HampairoBaHb HaBeIeHi y pobdoTax [28, 29, 30, 31, 34, 38].

Metorw aucepraniiHoi podoTH € ONTUMI3allisl IPOUECy KepyBaHHS 3apsIHUMHU
CTaHIISIMU  €NEeKTPOMOOLIIB Y  peaJlbHOMYy dYaci B  yMOBaX OOMEXEHOTO
€JIEKTPOIIOCTAYaHHs, 110 J03BOJIUTh 3a0e3MeunTd €(EeKTHBHE Ta CTIHKE 3apsKaHHS
SJIEKTPOMOOUTIB Ta YHUKHYTHU MTEPEBAHTAKEHHS €JICKTPOMEPEKI.

JI1s1 MOCATHEHHS MOCTaBIICHOI METH HEOOX1IHO:

1. [Jocmiautu cTaH BOPOBA/KEHHS EJIEKTPO3apsSAHUX CTaHIIM B YKpaiHl Ta
BUMOTH, $IKI BHUCYBAaIOThCS [JIsi poOOTHM Ta yMOB miakiarodeHHs 10 Mepexi E3C.
Busnauntu BriiuB E3C Ha €1€KTpOCHEPTEeTUYHY CUCTEMY.

2. [IpoananmizyBaTi ICHYIOUl METOJM KOHTPOJIIO TPOIECY 3apsKaHHS
€JIEKTPOMOO1TIB B YMOBaX 0OMEXKEHOI0 €HePronocTayaHHs.

3. Po3poOutu MeTon KepyBaHHS PEXXUMY POOOTH 3apsiIHOI CTAHIII 3 OPIEHTALIIEI0
Ha MIHIMI3aII0 BHUTPAT Ha EJIEKTPOCHEPTil0 Ta 3aJ0BOJICHHS MOTPEOW Yy 3apsiii
aKyMYJISITOPIB €JEKTPOMOO1TIB, HE BUXOISIYHU 32 MEK1 BCTAHOBJICHUX OOMEKEHb.

4. TlepeBipuTu €heKTUBHICTH 3alPONOHOBAHOIO METOJY KEPYBaHHSIM IPOIIECY
3apsAKAHHS Yepe3 Pe3yJIbTaTh MOJETIOBaHHS, M0 0a3yeThCs Ha €KCIEPUMEHTAIBHUX

JTaHUX.
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O0’eKT A0CTiTKEHHS MTPOIEC IEPETBOPEHHS €ICKTPOSHEPT1I 11 Yac 3apsiKaHHs
eJIEKTPOMOOLUTIB BiJl €IEKTPO3apsAAHOI CTaHIN] MPUETHAHOI A0 EIEKTPUYHOI MEpEexki 3
THUMYacCOBHUM (aBapiiHUM) a00 MOCTIMHUM OOMEKEHHSIM MOTY>KHOCTI.

IIpeaMer [oc/iIzKeHHSI pEKUMHI TIApaMEeTpU  EJIEKTPO3apsA/IHO1 CTaHIl Ta
MEpEexKi.

HaykoBe 3aBaaHHsi AucepTaiiitHoi poOOTH Mojsirae B po3pooii HOBOTO METOY
KepyBaHHA 3apsDKaHHAM Y pealbHOMYy Yaci B yMOBaxX OOMEXEHb 3 OOKy
€JIEKTPOTIOCTAYaIbHOI MEpEXi, MiATBEPIKEHHSIM €(hEKTUBHOCTI pO3pOo0JIeHHUX 3aco0iB
IIUISIXOM MOJICJIIOBaHHS B cepeoBuIlll Matlab ta mpakTuuHiii peasizariii.

HaykoBa HOBHM3Ha OTPUMAaHHUX PE3YJIbTATIB MOJSATAE Y HACTYITHOMY:

1. Bnepuie po3po0JieHO HOBY ONTHUMI3AIIHY MOJEIb KEepyBaHHS 3apsiIHUMHU

CTaHUISIMH B pEaJIbHOMY 4Yacl, IO BIJIPI3HSIETHCS BiJl ICHYIOUMX MOJENEH THM,
M0 J03BOJIsIE 3a0e3leyuTd Oulbllle EeHeprii MocTaBKu J0 OaTtapeit
€JIEKTPOMOO1TIB 32 OJHAKOBUX OOMEKEHb CIOKMBAHHS B MICIII ITIIKITFOYEHHS
€JIEKTPO3aAPSIHUX CTAHITIH.

2. Po3po0iieHO METOIMKY €KCIEPTHOI CHUCTEMH BHJAul MPIOPUTETHOCTI
3apAJKaHHS Ha OCHOBI HEYITKOI JIOTIKM Ta BIEpIIe peaji30BaHO
3allpONIOHOBAHY CHUCTEMY KEpyBaHHS Ha MIKPOKOHTpoJiepi Ha tuiati Arduino
Mega 2560.

3. Po3pobreno imiTaniiiHy MOIEh 1 BUKOHAHO MOJICIIOBAHHS MPOIIECY KEPOBAHOT
3apsANIKH 13 PO3POOJICHUM METOJIOM JIJIsi pOOOTH B peajbHOMY 4Yaci B yMOBax
00OMEKEHOTO eJIeKTPOIoCTayaHHs B cepenoBuIili Matlab, 1110 1amo MOXIHMBICTh
BCTAHOBHUTH, IO PO3POOJICHUN METON 3apsAlKu 3abe3neuye ONTUMaIbHE
PO3MOAUICHHS 3apsIIHOT MOTYXKHOCTI MIXK €JIEKTPOMOOUIAMH 3 YpaxyBaHHSIM
0OMEKEeHb Mepexi Ta IHAUBIAYaTbHUX TOTPED.

IIpakTuyHe 3HAYEHHSI OTPUMAHUX PE3YJIbTATIB:

1. 3anponoHOBaHO CUCTEMY KEPYBaHHS €JIEKTPO3aAPSTHUMHU CTAHIISIMU B PEKUMI
peaTbHOTO Yacy Ha OCHOBI HEUITKO{ JIOTIKM Ta ONMTHMI3allii JIbOBO1 (DYHKIIIT B

yYMOBax 00MEKEHOTO CIICKTPOIIOCTAYaHH:.
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2. JloBeneHo e(EeKTHUBHICTh 3alPONOHOBAHOI CUCTEMH POOOTH B peaIbHOMY 4Yaci
y TOpIBHSHHI 3 IHIIMMH QJITOPUTMAMH Ha OCHOBI IUIaHYBaHHS Ta
[EHTPAJII30BAaHOTO YMPABIIHHS Ta BCTAHOBIIEHO, IO 3aMPOINIOHOBAHUN METO]]
3a0e3Mneyye BIAMOBITHICTh HAKIIQJICHUM OOMEXKECHHSAM Ta HAJIEKHE 3apsKaHHA
EIEKTPOMOO1LTIB Y KOHTEKCTI PO3POOJICHOT CHCTEMH.

3. Peamizariis cucreMrd BHKOHAaHa Ha MiKpoKoHTposiepi Ha miati Arduino Mega
2560, 1 3ampoOmOHOBAHO CXEMy WOTO TMIAKIIOUEHHS JO ICHYIOUOl
€JICKTPO3aPSIHOI CTAHIIII.

4. PesynpTaT poOOTH BIPOBAIKEHO B OCBITHIN Mpoliec kapeapu ABToMaTu3anii
CJIEKTPOTEXHIYHUX Ta MEXAaTPOHHUX KOMIUJIEKCIB Ta BHUKOPHUCTOBYIOTHCS B
OCBITHIX KOMIIOHEHTaX OCBITHbO-TIpOo(peciiiHOi mporpamMu  MiJATOTOBKHU
OakanaBpiB Ta MaricTpiB «H)KMHIPUHT 1HTEJIIEKTYAJIbHUX €JIEKTPOTEXHIYHUX Ta
MEXAaTPOHHUX KOMIUIEKCIB» 3a chemianpHicTIO 141 — Enekrpoenepreruka,
CJIEKTPOTEXHIKA Ta EJEKTpPOMEXaHIKa» a caMme: JUCHUIUIIHA «IHXUHIpUHT
CIIEKTPOTEXHIYHUX Ta MEXaTPOHHUX KOMIUIEKCIBY», «ABTOMAaTH30BaHUHN

CIICKTPOIIpUBOA MAIlTMH 1 YCTAHOBOK).

OcolucTuii BHecOK 3100yBaya — OCHOBHI TIOJIOKEHHSI Ta pe3yJIbTaTu
JIYcepTaliiiHoi po0OTH OTpUMaHl aBTOPOM OCOOHMCTO. Y JPYKOBaHUX Mparlsx,
onyOJIIKOBaHHUX y CIIBAaBTOPCTBI, aBTOPY HajekaTh B poOoTi: [6] — mpoanaizoBaHO
METOJM IMOOYJIOBH CXEM 1 KOMITHOTEpHE MOJEIIOBAHHS MOJEN KEPOBAaHOI CHCTEMU
3apsIIKY U1 JOCIIIJPKEHHS MiABUIIEHHS €(DEKTUBHOCTI 3apsiIHUX CTaHINM 3 KUTbKICHUM
MIJKITIOUYEHHAM €JIEKTPOMOOUTIB 710 3apsiAHOTO TPUCTPOI0 B YMOBAaX OOMEXKECHHS
MOTY>KHOCTI. 3ampoloOHOBaHA MOJENb CKJIAJAEThCS 3 PO3MOJAUIEHOT MEpexl, 110
YKUBUTHCS B JKEpeTa, TpaHnchopmMaTopa, >KUTIOBOTO HaBaHTaXeHHs (0icH / HEBEIHKI
MIIIPUEMCTBA) Ta caMHUX 3apsaHux cTaHiid. OcHOBOIO st (OPMYBaHHS METOTY
YOPABIIHHSA  3apAJHOT CTaHUIi SBISIIOTBCA XapaKTEPUCTUKU TMPOLECIB  3apsAIKU
aKyMyJsITOpiB enaekTpoMoOns. ToMy Oyny BUKOHaHI €KCIIEpUMEHTANIbHI JOCIIIKEHHS
3apSATHUAX XapaKTePUCTUK aKyMYyJSITOPHUX Oarapeil. 3a OTpUMaHUMHU TCOPECTUIHHUMHU

3QJIEKHOCTSIMU  TIOOY/I0BaHO rpadikd HABAaHTAKEHHS 3 KOHTPOJbOBAaHUM  Ta
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HEKOHTPOJIbOBAaHUMH MeEToJaMu 3apsaku; [/] — aHami3 mnpoOsieM  yhnpaBIiHHSI
eHeproe()eKTUBHICTIO TapKy eEKTPOMOO1ITIB TPAHCTIOPTHOTO MiAPUEMCTBA Y BETUKOMY
MICT1 3 YpaxyBaHHSIM BUMOT CTaj0i €JIeKTPOMOOITFHOCTI Ta OOMEKEHb EHEPIrOCUCTEMHU.
3anpornoHOBaHO AJTOPUTM 3apsDKAHHS €JIEKTPOMOOLTIB, KU MPOMOHYE ONTHMI3aIiI0
CJICKTPUYHOTO HABAHTAXKEHHS 3apsAgHOI CTaHI[l I MiHIMI3alii BHUTpaT Ha
CJICKTPOCHEPTII0 Ta 3aJ0BOJICHHS MOMUTY HA 3aps/IKy €JIeKTPOMOOLUIIB 0e3 BHUXOIy 3a
mexi. [IpoBeneHo KOMMO'IOTEpHE MOMAETIOBAHHS, IO MIATBEPAKYE €(PEKTHUBHICTD
3aMpONOHOBAHOIO MiIXOAY, 30KpeMa, 3HUKEHHS CITIOKHUBAHHS €JIEKTPOCHEPTii B TOJUHU
MIKOBOTO HAaBaHTAXXCHHsI Ta 3a0€3MeUeHHs 3apsAIKU BCIX €JIEKTPOMOOLTIB 32 BUMOTaMHU;
[8] — 3anpornonoBanwmit mixxia pearizoBano Ha miati Aduino Mega 2560.
[Ilogo anmpo6anii maTepianiB qucepramii — HAyKOB1 ¥ MPaKTUYHI pe3yJIbTaTH, a
TaKOXX METOJOJIOTIS JUCEPTAIliiHOI poOOTH JomoBigamucs Ta Oyiau OOroBOpeHI Ha
HACTYyHUX KOH(EPEHIIIX:
1. IEEE International Conference on Electrical Systems for Aircraft, Railway,
Ship Propulsion and Road Vehicles & International Transportation
Electrification Conference (ESARS-ITEC), 2018.

2. |EEE 6th International Conference on Energy Smart Systems (ESS), 2019.

3. Marepianu acnipaHTChbKUX YMTaHb mam’sTi nmpodecopa Aprypa [IpaxoBHuka,

2021.
Crtpykrypa Ta o0csar auceprauii. Jlucepraiiiiina po6oTa CKJIaJa€eThes 13 BCTYIY,
YOTUPHOX PO3/ILIIIB, BUCHOBKIB, CIUCKY BHUKOPHCTaHUX JKepen (82 HailmMeHyBaHb) 1 3
nonatkiB. OCHOBHUM 3MICT BUKJIaJieHUH Ha 124 cTOpiHKaX APYKOBAHOTO TEKCTY, MiCTUTh

76 pucyHkiB 1 15 Tabnuis. 3aranbauii o0csr nucepTaiiii — 146 cTopiHKy.
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PO3/ILTI 1. 3BACTOCYBAHHS EJIEKTPO3APSIJTHUX CTAHIIN (E3C) B
YKPAIHI

1.1 CraHn puHKY eJ1eKTPOMOOiJIiB B Y Kpaini

ITepexin Ha enekTpoMOO1I1 HAOyBa€e MOMYJIIPHOCTI B OCTaHH1 POKH, OCKUIIBKH Pi3H1
KpaiHU CBITY BCTAHOBIIOIOTH aMOITHI LI I[OJI0 BIIMOBHU BiJ aBTOTPAHCIOPTY, SIKUU
Mpalfoe Ha ABUTYHAX BHYTPIIIHbOTO 3ropaHHs. Hanpukiaz, kpainu €Bponu BU3HAYWIN
MeTy 3a00pOHUTH MPOJaX OCH3MHOBUX Ta MU3EIbHUX aBTOMOOLTIB 10 2030 ado 2035
poky [9]. Kuraii Takoxx Mae turaH gocartd 50% dYacTKM €IeKTPOMOOIUTIB B HOBHUX
npojaxax Jierkopux aBToMoOuiB 10 2035 poky [10]. ¥V Cnonyuenux IlltaTax 3asBieHO
wraH 710 2030 poky 3poout 50% HOBHX aBTOMOOLIIB eaekTpuaHuME [11].

[IpyuriHaMu PO3BUTKY €JIEKTPOMOOLUIIB y CBITI € 3pOCTaHHS CBIJOMOCTI IIOAO
€KOJIOTTYHUX MPOOJIEM Ta 3aCMIYEHHS TOBKULIIS, K1 CIIOHYKAIOTh JI0 TIOIIYKY €KOJIOTTYHO
YUCTUX TPAHCHOPTHUX pilieHb. EaekTpoMoOial 3MEHIIYIOTh IIKIJJIWBUI BIUIUB Ha
JOBKULISL Ta 3aJIEKHICTh Bl HadTOBUX pecypciB. KpiM Toro, mocriiiHi NOKpAIIEHHS Y
chepl aKyMyJATOPHUX TEXHOJOTIM JI03BOJISIIOTH €JIEKTPOMOOLISAM i3AUTH Ha OUIBIIY
BIJICTaHb Ta 3apsPKaTUCh WIBU/IIE, 0 POOUTH IX OUIBII 3pYyYHUMH Ta IPUBAOIUBUMU
JUIsl KOpUCTyBadiB. Po3BUTOK 1HOPACTPYKTYpH 3apsAHUX CTaHIIA 1 BIPOBAKEHHS
JepKaBHUX MIATPUMOK Ta CTUMYJIB TaKOX CHPUSIOTH PO3UIUPEHHIO PUHKY
€JIEKTPOMOOLIIB Ta IX MOMyJIApU3aLlii.

B Vkpaini y 2022 pori KUIbKICTh IMIIOPTOBAHUX €JIEKTPOMOOLTIB 3pociia Ha 28%
MOPIBHSHO 3 MonepeaHiM pokoM 1 ckiana 11 700 ogunuis. HaBiTh 32 yMOB eHEpreTHyHO1
KPHU3H MOMYJISIPHICTh €IEKTPOKAPIB MPOJOBXKYE 3pocTaTu. [leperyMoBOO IbOMY € TaKOXK
MO>KJIUBICTh BUKOPUCTOBYBATH €JIEKTPOMOOUII K JOJATKOBI JKEpesa KUBJICHHS.
Hanpuxnan, aBTomo011 Nissan Leaf, siki BignosinaroTs ctangapty UL 9741, ineanbHo
MiIXOIATh JUTS IUICH PE3ePBHOTO EICKTPUIHOTO KUBIICHHS.

3a ganumu  [12], y cepeaHbomy Iiomicsis B YKpaiHy iMmopTyeTbes 830
enexkTpoMoOuTiB. HaiimomysipHimuM enextpoMoobinem B Ykpaini € Nissan Leaf 3 2154

omuHuIsiMi B 2022 pomi, mo ckiagae 18% Big yciX IMIOOPTOBAaHUX EJIEKTPUYHUX
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TpaHcnopTHUX 3aco0iB. Volkswagen ID.4 nocigae apyre miciie 3 1142 aBTomoOuIIMH, a
Tesla Model 3 3amukae Tpiiiky 3 784 iMrmopToBaHUMH OAUHUIIMHE [12].

DaKTUYHO, €NeKTPOMOOLTI 3BIIbHEH] BiJ] OTMIOAATKYBAHHS Ta IMIIOPTHUX MUT J0
2025 poxy, IO crpusie 3pOCTaHHIO iXHBOI MOIMYJISIPHOCTI cepell HaceneHHs. Hapasi B
VYkpaini 3apeectpoBano moHam 100 000 emekTpuyHUX aBTOMOOLTIB, BKIIOYAIOYH
riOpuau. 3a OCTaHHI MICTh POKiB MpoaaHo 0au3bko 34 000 uncTux enektpomooOiis [13].

AHani3 po3noAily eJIeKTpoMOOLTIB Mo perioHax YkpaiHu crtaHoMm Ha 2023 pik
MOKa3aB, 1110 HalOIbIIA KITBKICTh €IEKTPOMOO1ITIB CKOHIIEHTpOBaHa y MicTi Kuesi Ta Ha
teputopii M. Kuepa (15,8%). Ha npyromy wmicii 3a peectpariero EV posramryBanacs
JIpBiBChKa 00sacTh 13 yacTkoro 10%, a Ha TpeTboMy - JIHINMpomneTpoBCchka 00JaCTh, 3a
gactkoro 8,5%. JlomaTkoBO 3HAYHY YAcCTKy y 3arajbHiil KIJTBKOCTI 3apeecTpOBAHUX
enekTpoMoOiTiB ipeacTaBisuii Onecbka o6macts (8,02%) ta KuiBcbka oomacts (7,14%).
Pemra, a came 50,54%, po3noaineHi mo iHmmM perioHax Ykpainu. (puc. Pucynok 1.1)
[14].

Tuc. mr.

m. Kuis 14,4 I ——

JibBiBCBHKA
OxinponeTpoBcbKa
Opecbka
Kuiecbka obn.
XapkiscbKa
BiHHMUbKaA
XmMenbHuubKa
Xuromupcobka
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Pucynok 1.1 — Po3moin 3apeecTpoBaHUX eJIEKTPOMOOILTIB 1o perionax YkpaiHi [14]
Toxx MOXKHa 3ayBakKUTH, 10 HAWMOMYJSPHIIIAM JIETKOBUM €JIEKTPOMOOITIEM B
VYkpaini OyB i 3asmmmmiaerses Nissan Leaf. Hanpukian, HaiducieHHIma M’ ATipKka pUHKY

JIETKOBHX €JIEKTPOMOO1IIIB, MO KUIBKOCTI, III0 YKpaiHill npuadanu B 2022 poiii, BUTIISIAAE
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tak: Nissan Leaf — 2349 mt; Volkswagen ID.4 — 1407 mt; Tesla Model 3 — 952 miT;
Volkswagen e-Golf — 862 mr; Renault Zoe — 674 mt [16]. Ha ocHOBI mux maHuX i
nomupeHocti Nissan LEAF 1 Oyxme OyayBaTHCs HACTyIHE MOJICIIIOBAHHS POOOTH

3aHp0HOHOBaHO'1' CHUCTCMHU 3apsaKaHHA.

@ nNissanLeaf @ FordFocus @ TeslaModelS @ BMWi3 @ Renault Fluence

Pucynok 1.2 — BiacoTok kijbkocti Moaenei EV B Ykpaini [15]
3rigHo puc. 1.3 [13], puHOK ejeKTpoMOoOLTiB YKpaiHH Ma€ TCHICHIIIO IIOPOKY
301IbIIYBaTHUCS.
BepxoBHoto  Pamoro  VkpaiHm  3aTBep/pKeHa ~ KOHLIEMIS  PO3BUTKY
€JIEKTPOMOOUIBHOI Tally3i: CTBOPEHHS TIOBHOTO KTy BUPOOHUIITBA €IEKTPOTPAHCTIOPTY
B YKpaiHi, GOpMyBaHHS MOCTYIMHHX I[iIH Ha €JIEKTPOMOOLUTI IS yKPAiHIIIB, CIIPUSHHS

PO3BHUTKY 0i3HECY, SIKHIi BUKOPUCTOBYE €JICKTPUUHUEN TpaHcmopT [17].
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Pucynok 1.3 — JlunaMika pocTy KiJIbKOCTI eJIeKTpoMOoOLTIB B YKpaini [13]

[Ile ogHMM MOKAa3HUKOM IOTOYHOTO POCTY PHUHKY €JIEKTPOMOOUIIB € TEeMIH
PO3BHUTKY IIBOTO CEKTOPY Yy TOPIBHSIHHI 3 MPOBIMHUMH KpaiHamu cBiTy (puc. 1.4), me
3T1JIHO BiIHOCHUX OaJliB PO3BUTKY KUIBKOCTI €JIEKTPOMOOUTIB Ta 3apsiAHUX CTaHIM 3a

nanumu [18], Ykpaina 3aiimae 5 micrie.

6anu
Kurait 61
Hopeeria - 54
Weenia - 41
lcnaHpis - 59
Vkpaiva - 59
CA - 38
Ma Kopes 37
Anonia - 37
OpaHuis 37
Hinepnaugu - 36

Pucynok 1.4 — Kpainwu, e HalIIBH/IIIIE PO3BUBAETHCS eleKTpoTpancopT [18]

1.2 BnpoBaJkeHHs eJIEKTPUYHMUX 3aPS/AHUX CTAHUIH B YKpaiHi

B Vkpaini mpexacraBneni BUPOOHUKH 3apsIHUX CTaHIlN, SKI BUTOTOBISIOTH
CTaHI[ii PI3HOI MOTY>KHOCTI — BiJl MOOYTOBUX, 1110 XUBJIAThCA Big 220 B uu 380 B, no
MIPOMHUCIIOBUX, SIKI MO’KHA BCTAHOBIIIOBATH Ha MapKIiHTax, OISl TOPrOBUX IEHTPIB TOIIO.
Enexrpuuni 3apsinni ctaniii (E3C) BigkpuToro 1octymy npornoHyOTh 3a3BUYail MiaTHY

3apsAAKY 1 MOKYTh OOCITyrOBYBaTH JIeKiIbKa eekTpoMo0itiB [19].
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Bupo6nuku ta nocravansHuku E3C cipusitoTb CTBOPEHHIO PO3TayKEHUX MEPEX

E3C. Ha cyyacHOMy eTami cepejl MPOBITHUX MEPEXK CISKTPUIHUX 3apSATHUAX CTAHINHN B

VYkpaiHi, 1110 B3a€MOIIOTh 3 MIAIPHEMIIIMHU, BUALUIAIOThCS Taki koMmanii [20]:

AutoEnterprise — na ceoroHi HaiibOibma Mmepexka E3C B YkpaiHi.
GreenFuel, HamionanpHNN BUPOOHHUK 3apsIHUX CTAHIIIH, BOJIOAAP IIMPOKOT
Mepexi Mo BCii KpaiHi, IPONOHYE BUTIAHI YMOBH CHIBIIpalll Ta CEpBICHE
00CITyroByBaHHs, J103BOJISIIOUM 3aps/HKATH €JIEKTPOMOOLTl B 3pyUYHUX ISt
KJIIEHTIB MICIIAX, TAKUX SK TOPTOBI Ta O13HEC-IIEHTPH, TOTEINI, TAapKyBaIbH1
MalJaHYUKU TOLIO.

YASNO E-mobility Big DTEK, Mepesxa 3apsaHuX CTaHIIii, sika 3a0e3neuye
MIBUJKE 3apsi/pKaHHS aBTOMOOLTIB y PI3HMX perioHax, Bkiodaroun Kuis,
aBrojgoporu g0 Opnecu, JlpbBoBa Ta IlontaBu. Kommanis Takox
CHeIlai3y€eThCs Ha BCTAHOBJICHHI 3aps/IHUX CTaHIlN y Oi3Hec-LIeHTpax,
pecTopaHax 1 TOTeNsIX, HaJalo4u 3pY4YHUU MOOIIBHUNA JOJATOK st
KOPHUCTYBaviB.

TOKA, posramyxeHa Mepexa 3alpaBoK Ui €JIEKTPOKapiB 3py4HO
po3TamioBaHa B TOPTOBUX IIEHTpaX, aBTOCTOSHKAX, CIOPTKIyOax,
pPO3BAKAJBHUX 3aKJIaJax, MarasuHax, O(QICHUX LEHTpaxX, JKUTIOBUX
KOMIUICKCax Ta IHIMMX Micisax. KommaHis BHpoOIse 3apsaHi CTaHIIi, 110
ckianarTbed Ha 50% 3 yKpaiHCHKUX KOMIUIEKTYIOUHX.

UGV Chargers, po3poOHUK 1 BApPOOHUK IIKPOKOTO ACOPTUMEHTY 3apsiAHUX
CTaHIIN JUIsl €JIEKTPOMOOLTIB, HAJA€ MOBHUM CHEKTP MOCIYT, BKIIOYAIOYU
MOHTaX "mijJ K04, IHAMBIIyalbHEe NPOEKTYBAaHHS, P13HI CIOCOOU OIUIATH,
Ccy4JacHUM MOOITLHUN TOAATOK Ta 1HAWBIAYaIbHUN TU3aiH.

IONITY, wmacmtaOHUM 1HBECTULIMHUNA MPOEKT MIOAO pO3TallyBaHHS
3pYYHHX MEPEKEBUX EJNEKTPUUYHUX KOMIUIeKciB. KommaHis miaTpumye
BJIACHMKIB PI3HOMAaHITHUX JIOKAIIiM Ta 3apsSaHUX CTAHIlIN 1O BCid YKpaiHi,

JOTPUMYIOYUCh BHUCOKMX MDKHAPOJIHUX CTAHAAPTIB HAJaHHS MOCIYT 3
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3apsyKaHHS €JIEKTPOMOO1TIB 1 CTBOPIOIOYH JIXKEpesia MOCTIHHOTO NMPUOYTKY
U1 IHBECTOPIB.

e GO TO-U, mporpecuBHa MiKHapoaHa IuiaTdpopMa, BHU3HAHA Y
MIDKHApOJIHOMY PEUTHHTY colliaibHuX Kommadiil "One Young World", sika
cnpuse aocsaraenHio nuieir OOH y cdepi cranoro possutrky. Kommnanis,
X04ya Ma€e 0OMEKEHY MEPEKy CTaHIlii B YKpaiHi, BIINOBIJIa€ MI)XKHAPOTHUM
CTaHAapTaM Ta HAJa€ BUCOKOSKICHI MOCTYTH.

o Mepexxa OKKO, BuzHauena B YkpaiHi mepexka A3C, TakoX aKTUBHO
PO3BUBAE MEPEXY 3apsAJHUX CTaHLIM U1 €JIEKTPOKapiB, HaMararouuch
yTpUMaTd JiAEpChKI TO3WINI HAa PHHKY Ta 3a0e3Me4YnTd SIKICHE
0OCITyrOBYBaHHSI BJIACHUKIB €JEKTPUYHUX aBTOMOO1IIB uepe3 cBoi Sl
3ampaBHI CTAHITI.

KinpkicTh Ta onepatopy MyHKTIB €JIEKTPO3apsIIHUX CTaHIIM CTAHOM Ha BEpECeHb
2023 poxy mpencraBieni Ha puc. 1.5 [21]. Haemenuii rpadik TakoX BKIIOYAE
PO3IIJICHHS CTaTUCTHKU 1Mo mocTiitHocTpymMoBux (DC) Tta 3minHocTpymoBHX (AC)
nopTax.

B pesynprari Ha onmHy 3apsaHy CTaHLiI0 B YKpaiHi mpumnamae mnpudauzno 9

CICKTPOMOO1ITIB.

405 [l AutoEnterprise [0
170 | ElectroUA [ 1566

164 ONITY [ 912
13| TOKA [ 427

TS 52 | EcoFactor [ 425 e LS
Elecar 220
GreenFuel [ 200
2 GoTo-U |80
ET—— 7 E-line I 60 A
851 EV-Net | 60 7678
(+74%) 1 | Enektpoflpaiis | 48 (+55%)
2 UGv | 43
ChargeX |15
ChargeU 2
23 | Yasno

12 | QuickPower
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Pucynok 1.5 — KiJIbKiCTh MyHKTIB €JIEKTPO3apsAAHUX CTAHIIIA Ta YaCTKU OTNIEPaTOpIB; a —
DC nynktu; 6 — AC myHkTH [21]

Pict kinpkocti E3C BMMarae HeoOXigHOCTI 30UIBIIEHHS MPOMYCKHOI 37aTHOCTI
CJIEKTPUYHOI0 00JIaTHAHHS Ta MEPEX, TaK SK MIABUIICHUI MOMUT HA €JIEKTPOCHEPTIIO
JUTSL 3apsIIKU €IIEKTPOMOO1TIB MOXe OyTH caMme B TOJIMHU TiK. Y 0aratboX pOo3BHHEHHUX
KpaiHax €HeproreHepyrUnx MOTY>KHOCTEH HEIOCTAaTHHO IS 33JI0BOJICHHSI MOMUTY Ha
CJICKTPOCHEPTIIO JIJIs MEPEBAXKHO1 OLIBIIOCTI €IeKTPOMOOLIIB il Yac MaKCUMaJIbHOTO
HABaHTa)XKCHHS €HEPTrOCUCTEMHU.

1.3 IloGynoBa Ta peskUMH POOOTH CICKTPUUYHMX 3apsAHUX CTAHIIN

JIJist pO3yMIHHS PEKUMIB pOOOTH 3apsiIHUX CTaHIIIN, BaXKJIMBO 3HATU PI3HOBU]IU
pO3'eMIB  KOHEKTOPIB, SIKI BHKOPHUCTOBYIOTHCS I MIJKIIOYEHHS Ta 3apsiaKu
€JIEKTPOMOOLTIB. IcTOpUYHO cKiaocs, MO B YKpaiHy BBE3€HO €JIEKTPOMOOUIl SKi
NEePIIOYEProBO BUPOOJISIIMCA JUIsl PUHKIB I1HIIMX KOHTHUHEHTIB, IO MPHU3BEIO 10
BaplaTUBHOCTI Ta BIACYTHOCTI €IMHOTO MPUUHATOTO CTaHAAPTY. Takuil pi3HOMaHITHUI
BUOIp pO3'€eMIB BU3HAYAETHCS PETIOHAIBHUMH OCOOJIMBOCTSMH Ta BUPOOHUYUMHU
CTaHJapTaMH, 1[0 BU3HAYAIOTHCSA PI3HUMH KpaiHaMU Ta pUHKAMU €JIEKTPOMOOLTIB.

[Tepmmii Ta HaiOLIBII omupenuid e Type 1 J1772 (puc. 1.6), 5-koHTaKkTHUH
CTaHJAAPTHUN PO3'EM €IEeKTPOMOOUTLHOTO KOHEKTOpa, MOIIMPEHU Yy OUIbIIOCTI
EJIEKTPOMOOLITIB aMEPUKAHCHKOTO Ta a31aTChKOTO BUPOOHUIITBA. BUKOpUCTOBYETHCS AJ1s
N1A33aPSAIKH €JIEKTPOMOOLIS Bl 3apsiIHMX KOMILIEKCIB, IO MPAIIOI0Th 3@ CTaHlapTaMu
Pexxum 2 1 Pexxum 3. Ilimzapsaka BigOyBaeThes yepe3 ogHOGa3Hy MEpPeKy 3MIHHOTO
CTpyMy 3 MakcuMasibHOIO Hampyroto 230 B, cumnowo ctpymy 32 A 1 rpaHHYHOIO

notyxHictio 7,4 kBT [22].



26

Pucynok 1.6 — Konexrop Type 1 J1772 [23]

Type 2 (Mennekes), sikuii HaBeaeHO Ha pHUC. 1.7, e 6-KOHTAKTHUH pO3'e€M, SIKHii
BUKOPHUCTOBYETbCS B OCHOBHOMY JUUISI €BPOICHCHKUX E€JICKTPOMOOLIIB, a TaKOX
KUTalChKUX aBTOMOOLUTIB, aJaliTOBAHUX JI0 I[OTO CTaHAAPTY. 3a0e3euye MOKIUBICTD
BUKOpPHUCTaHHs oHO(Ma3HOT 1 TpudasHOi Mepexki 3 MakcMMaabHOK Hampyroto 400 B,

cuioro cTpymy 63 A 1 moTyxHicTio 43 kBT.

Pucynok 1.7 — Konekrop Type 2 Mennekes [24]

CHAdeMO — 2-KOHTakTHHI KOHEKTOp IOCTIHHOTO CTPyMy, PpPO3pOOJICHHI
ATIOHCHKUMHU aBTOBHUPOOHWUKAMH IS 3apSAIKU SITOHCHKUX, aMEPUKAHCHKUX 1 JESIKUX
€BPOIEUCHKUX elNeKTpoMoOLTiB. [Ipu3HaueHuid nis MOTYXKHMX 3apsSAHUX CTaHIN B
pexumi Mode 4, 103BoJIsII0UH 3apspKaTH OaTapetro enekTpoMooist 1o 80% 3a 30 XxBummH

npu notyxHocti 50 kBT. 300pakeHHs] KOHEKTOpa HaBeaeHo Ha puc. 1.8.
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Pucynok 1.8 — Konexkrop CHAdeMO [25]

CCS Combo (Type 1/Type 2) — xoMOiHOBaHHIH THIT KOHEKTOPA, SIKUH T03BOJISE
BUKOPHCTOBYBAaTH SIK IIOBUIbHI, TaK 1 INBUJKI TOYKH 3apspkaHHSA. Po3pizHsIeThes
3anexHo Bix periony: Combo 1 mis CIHA ta SAnowii, Combo 2 s €ponu (puc. 1.9).

PospaxoBanuit Ha Hanpyry 200-500 B, cuny ctpymy 200 A 1 noTyxHicts 100 kBT.

aAE

Pucynox 1.9 — Konexropu CCS Combo Type 1 ta Type 2 [25]

GB/T (puc. 1.10) — neit cranaapT npu3HAYCHU ISl KATAWCHKUX €ICKTPOMOO1ITIB
1 moaiOoHmit 10 eBpomeiickkoro Mennekes. Mae nBa Tunu po3'emiB sl TOBUTHHOTO Ta

IIBHUAKOI'O 3apsaKaHHd.
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Pucynok 1.10 — Konekrop GB/T [24]

Tesla Supercharger — e ekckirO3uBHA CHCTEMa 3apspKaHHsS, Po3poOJIeHa s
IMIBUIKOTO Ta e(QEKTUBHOTO 3apsupkaHHs enekrpomoOimie  Tesla (puc. 1.11).
BigzHauaeTbcsi BUCOKOIO MOTYXKHICTIO BiJl 72 kBT 10 250 kBT 1 6151b111€, 1110 pOOUTH HOTO
OJIHIEI0 3 HAWIIBUIIIMX MEPEeX 3apspKaHHS Ha PUHKY. L[ exckiro3uBHa Mepexa
IpU3HAaYEHA TUIbKYU JJ1s eIeKTpoMoO1miB Tesla 1 BAKOpUCTOBYE TEXHOJIOTIIO 3apsKaHHS

MOCTIHHOTO CTPYMY.

Pucynox 1.11 — Konekrop Tesla Supercharger [25]

Enextpo3zapsiiHa craniis, sika € 00’ €KTOM JOCHTIIKEHHS, SIBJIsi€ CO0010 00’ € THAHHS
3apsTHUX CTaHIIiK (CIOTIB) B O/IHY Mepexy. JlaHuil 3apsHUI CIOT Ta HOTO CTPYKTYypHA

cxema MIiJKJII0YeHHs HaBeAeHa Ha puc. 1.12.
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Pucynok 1.12 — 3apsiaauii c0T Ta CTPYKTYpHA CXeMa IiIKITF0UeHHS

OcHoBHI KOHCTpyKILiitHI eneMenTn E3C, ¢yHkuii koHekTopa 1 po3’emy J1772,
npouiec miakaodeHHss EV 1o 3apsannoi craniii onvcano Huwkde. [Tpuctpoi komyTartii,
3aXMCTy Ta KEPYBaHHS 3apsSaHOTO OJOKY moka3aHo Ha puc. 1.13.

Kontposnep kepye mporiecoM eIeKTpOINOCTayaHHs €JIEKTPOMOOUIST T Yac
3apsypkaHHs [26]. CxeMy HiIKITIOYCHHS KOHTpOJIepy HaBeaeHo Ha puc. 1.14. Konrakropu
BUKOPUCTOBYIOTBCA I KEpyBaHHS HaBaHTaXeHHsSM (xkuBleHHs EV), 30BHINIHBOT
BEHTWIAIIT Ta O10KyBaHHs po3’emy J1772. CBiTioaioAHa 1HAMKAIlISA BKa3ye MOTOYHUN
CTaH cucTeMu. HanmamTyBaHHS BEJIMYMHU CTPYMY 3apsi>KaHHS BCTAHOBIIOETHCS YEPE3

inrepdeiic RS485.

Koutponep

AB32A

| Kouraxrop

Kuenenns
12B

Pucynok 1.13 — OcHOBHI PUCTPOi Ta KOMIIOHEHTH 3apsAHOT cTaHIil [27]
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VYrpaBiaiHHS BEJIMYMHOIO CTPYMYy 3aps/KaHHS MOXJIIMBE 1 MiJ 4Yac MpoIecy

3apSIKHY.
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Y30
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—— PX (Praximity Detectian)
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| E1 (Enable) P
| E2 {Control Switch)
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Pucynok 1.14 — [linkiiro4eHHs] KOHTPOJEPY 3apsSaKu

Komymikaris Mixk EV ta E3C BinoyBaethcs uepes kontaktd CP i PX (puc. 1.14.)
Ta IOBHMHHA Bignoigatu ctanmaptam IEC 61851-1 [28].

3apsiiHa cTaHIig O0JiaJiHaHA 3aXKMCTOM BiJ TMEpPEBAaHTAXXEHHSI (aBTOMATUYHUUN
BUMMKAY), CTPUOKIB HANpPYTH (pejie MIHIMAJIbHOI HAIIPYTH) Ta 3aXUCTOM BiJl KOPOTKOTO
3aMHUKaHHS Ha 3eMJTI0 00 KOPITYC, CTPYMIB BUTOKY (TMPUCTPii 3aXUCHOTO BIAKITIOUEHHS).

1.4 OcHOBHI BUMOI'M 10 €JIEKTPUYHOI 3aPSIIHOT CTAHIIL

OCHOBHI BUMOTU JI0 €JEKTPO3apsiAHOI CTaHIIi BKJIHOYAIOTh B cebe Oe3MeKoBl
CTaHAApTH, CYMICHICTb 3 PI3HUMHU MPOTOKOJIAMU 3apAJIKH, BUCOKY SIKICTh Ta HAJIIMHICTb,
edeKTHUBHE BUKOPUCTAHHS PECypCiB €HEeprii, MTOCTYMHICTh IJisi KOPUCTYBAYiB, 3pyUHHUM
iHTepdeic 171 KepyBaHHS 3apsJIKOI0, @ TAKOK MOKIIMBICTh MOHITOPUHTY Ta YIPaBIIHHS
npoiiecoM 3apsiaku. L{i BuMoru 6a3yroTbcsi HA HOPMATUBHUX JJOKyMEHTaX, CTaHAapTax Ta
MpaBUIax, 3a0€3MeUy04 ONTUMANIbHY (DYHKI[IOHATBHICTh Ta O€3MEKy eJIEKTPO3apsAHUX
CTaHIII.

Jlo enementiB E3C BucyBatoThcst Taki Bumoru [30]:

1. Po3'eMu Ta po3eTKH KUBJEHHS. 3apsaH1 cTaHIli 11t enekTpomoOutiB (EV)

BUKOPUCTOBYIOTh po3'eM 1 BX1J1 SAE J1772 (Tun 1) a6o pos'em 1 Bxix IEC 62196

(tun 2). BaxxnmBo, 1mo0 po3eTka BiANOBIAAIa TUIY po3'eMy 1 Oylia 371aTHa
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00poOnsATH 3apsiaHui CTpyM. YacTo BUKOPHUCTOBYBaHI PO3ETKU BKIIOYAIOThH
tut EF (tum 1) i Tun FF (tumn 2). Bxpait BaxxiuBo, o0 po3'eM, kabelb 1 po3eTka
Majyd BIAMOBIAHI PEUTHHTH Ta cepTudikaTu. 3apsAaHui Kabeab I
€JIEKTPOMOOUTIB MOBUHEH JEMOHCTPYBATU THYYKICTh, MIIHICTh 1 JOCTATHIO
JTOBXHHY, III00 3pyYHO AICTATHCS 10 BXOTy aBTOMOOLIS.

Pe:xxuMu 3apsizKaHHS TA NOTYKHICTh. 3apsiIHI TPUCTPOT JUIsI €IEKTPOMOOLITIB
HIATPUMYIOTh Pi3HI PEXKUMH 3apsKaHHs, BKIIOUAIOUN 3aps/KaHHS 3MIHHUM
CTPYMOM MOTY>KHICTIO 110 43 kBT 1 mBuAKe 3apsiyKaHHs MOCTITHUM CTPyMOM
10 350 kBT. Ha mBuaKIiCTh 3aps1KaHHs BILTUBAE PIBEHb MOTYKHOCTI, JI¢ BUIIIA
MOTY>KHICTb CIIPUSIE MIBUAIIOMY 3aps/IP)KEHHIO, X04a i BUMAarae O1IbII Ha11iHO1
CJEKTPUYHOI  1HPPACTPYKTypu. ['poMajcbki  3apsiiHi  OPUCTPOI  JUIs
eJIEKTPOMOO1TIB 3a3BUUail MpaloTh Ha <50 kBT, To/1 K JTOMallHs 3apsaKa
3a3BUYall 3aMIIAE€ThCs B Jiama3oHi <7 kBT. [lyxke BaximmBo, 1100 3apsIHUMA
NPUCTPI BHUJAABaB CBOIO HOMIHAJIbHY BUXIJHY MOTY>KHICTh, HE BIUYyBarOUH
MEpErpIBY.

TemmneparypHi Ta eKoJIOTiYHi XapaKTepUCTHMKH. 3apsiaHI MPUCTPOI IS
€JIEKTPOMOO1TIB, SIK1 3a3BUYal po3po0IeHi Juisl pOOOTH B J1alla30H1 TEMIIEPATYP
B111 -30 °C no +50 °C, noBUHHI BUTPUMYBATH Pi3HI €KOJOTTYHI TPOOIEMH, TaKi
SIK BOJIOTICTb, JOIII, CHIT 1 TOTPAIUISTHHS THITY, K1 4aCcTO MO3HAYAIOThCS TAKUMHU
nokazHukamu, sk IP54 abo Buie. 3apsaHi OPUCTPOi, IO MiAAAIOTHCS
EKCTpEeMaJbHUM yMOBaM, MOXYTh MOTPEOyBaTH OJATKOBUX KOPITyCiB abo
MeXaHI3MIB 00irpiBy/oxosnokeHHs. EdexkTuBHe ynpaBiiHHA TeMIEpaTyporo
Mae BUpIIalIbHE 3HAUEHHS JJIs1 3ar00IraHHs IEPErpiBy.

dyHkuii 0e3mekum Ta 3amolixkHi 3axoau. besneka € MepiioyeproBoro
npoOJIeMOI0 ISl 3apsAIHUX TMPUCTPOIB JJIs €JIEKTPOMOOUIIB, 3 KIHOYOBUMHU
3aXUCHUMH (YHKIISIMH, BKJIFOYar0YM BUMUKavl 3amukaHHsa Ha 3emitto (GFCI),
BUMHKaYl JiaHIiora ayroBoro 3amukanHs (AFCI), npuaymienHs nepeHanpyr
TOII0. MOHITOPUHT 130JIA1111 BUSABISE 3aMUKAHHS Ha 3€MJIIO, a 3aXHCT BiJ

MEepPEeBAaHTAXEHHS IO CTPyMy Ta KOPOTKOTO 3aMUKaHHS 3a0e3mnedye
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BIJIKJIFOYEHHSI CHCTEMHM IIiJI 4Yac HECHpaBHOCTEH. 3apsypkaHHs Mae OyTH
MIPUITMHEHO, SAKIIO KaOelb BiJl'€JHAHO a00 MOIIKOKEHO.

IIpoToxosm 3B's13KYy. J1J1s 11i1€i KOHTPOJIIO Ta BUMIPIOBAHHS 3apsIH1 TPUCTPOL
U1 €EKTPOMOOLTIB BUKOPUCTOBYIOTH IMTPOTOKOJIU 3B's13KY, Taki ik SAE J1772
a6o CHAdeMO, nns B3aemogii 3 aBTomo6iseM. [Iporokon Open Charge Point
Protocol (OCPP) nosneruiye BHyTpilIHI# 3B'130K JJI BIIJAJICHOTO KepYyBaHHS,
a Wi-Fi/crinpHukoBuil 3B'a30K 3a0e3rnedye AOCTYN 1O IOJATKIB 1 OIUIarty.
JloTprMaHHS BIAKPUTHX CTAHIAPTIB CIPUSIE OTIEPATUBHINA CYMICHOCTI.
BumiproBanHsi Ta BUcTaBJeHHs paxyHkiB. [[[00 monermmTy BUCTaBIEHHS
PaxyHKIB, 3apsaHl OPUCTPOi JJisl €IEKTPOMOOLIIB BUMIPIOIOTH CIIOKHUBAHHS
eneprii (y kBt-rom) Ta piBHI moTyxHOCTi (y KBT). PO3yMHI MUuUIBHUKH
MIATPUMYIOTh JIMHAMIYHE I[IHOYTBOPEHHS Ta OalaHCyBaHHS HAaBaHTA)KCHHS.
[nentudikaiisi KopucTyBayiB Ta OOpoOKa IIATEXIB BMHUKAIOTHCS dYepe3
suntyBaul RFID-kaptok abo momatku. Binkputi crangaptu, Taki sk OCPP,
3a0€31e4yI0Th CYMICHICTh 3 OyAb-SIKOIO LIEHTPAJIbHOK CUCTEMOIO YIIPaBIIHHS.
Tounuii O0O0MIK 3aJdMIIAETBCS HEBII'EMHOIO YacTHUHOKO 3apsyIKaHHSA B
rPOMAaJICBKUX MICIISIX.

Kopnyc Ta incransuis. 3apsaHi NpUCTpOi IS €1EKTPOMOOLITIB MOXKYTh OyTH
BCTAHOBJICHI Ha TyM0aX, MPUKPIIUIEHI 0 CTiH abo I1HTErpoBaHi B Pi3HI
KOHCTpyKIIii. Kopryc moBuHeH OyTH CTIHKUM JO HECAHKI[IOHOBAHOTO JIOCTYIY
Ta aTMOc(hepHUX BIUIMBIB, a MPaBUWIbHE KPITUICHHS 3a0e3medye cTaOlIbHICTD 1
Oe3rneky. EproHoMiuHi MipKyBaHHsI, TaKi sIK OpraHizailisi KaOeiB, CBITJIONI0IHI
JiXTapl Ta €KpaHW JUCIUIes, MOKPAUIYIOTh B3a€EMOJII0 3 KOPHCTYBAYEM.
[TpomymaHa KOHCTPYKITiS MOJIETIITY€E MTPOCTUNM MOHTAX 1 0OCITyrOByBaHHSI.
CraHaapTu  eJIeKTPOMATHITHOI CYMICHOCTI Ta  €JEeKTPOMATHITHHX
nepeuikoa. {06 mom'skmmTu mpobieMu 3 TIYMOM, 3apsiIHI TPUCTPOT IS
CJIEKTPOMOOUTIB  TIOBMHHI ~ BIJAMOBIIATA  CTaHAAPTaM  €JIEKTPOMAarHiTHOL
cymicHocti (EMC) Ta mnepemkog (EMI). I'panuuni 3HaueHHs Juis

KOHJIYKTUBHHUX 1 BUIPOMIHIOBAHUX BHUIIPOMIHIOBAHh BU3HAYAIOTHCS TAKUMHU
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crangaptamu, sk FCC Part 15 ta IEC 61000. [IpogemoHCTpOBaHa CTIAKICTD J0
NEepexiJHUX TMPOIECIB 1 MEepEeHAnpyr Mae BaXKIMBE 3HAYCHHS, a PETENbHE
OPOEKTYBaHHS  €JNEKTPUKM  Ta  CHUCTeMHM  JOMOMarae  3amo0irTu
€JIEKTPOMArHiTHUM MpodIeMam.

9. Ceprudikaniss Ta 1OTpUMaHHS 3apAIHUX MPUCTPOIB IS EIEKTPOMOOLIIB
MOBHMHHI BIJIMOBIIATH CTaHJAapTaM Oe3MeKH MPOIYKIT I eJIECKTPUYHOIO
obnaguanus, Brmodaroun UL 2202, UL 2594, IEC 61851 ta IEC 62477-1.
CxBaJileHHsI peryJIIOI0YMX OpraHiB JJIsi KOHKpeTHOro puHky, sik-oT CE, FCC,
ETL, CSA Ta EnergyStar, MmoxxyTb OyTH 000B'A3KOBUMH. BiAMOBIigHICTE IIMM
cTaHaaptaMm 3a0e3neuye Oe3NeKy, MPOAYKTHUBHICTb, CYMICHICTh 1 3arajibHe

BH3HAHHS HA PUHKY.

1.5 BniauB eJIeKTPUYHHMX 3apsAJHUX CTAHLI Ha eJeKTPOeHepreTHYHY
cucTemy

[Ipu owiHIl BIUIMBY 3apsKd €JIESKTPOMOOLIIB Ha €HEProCUCTEMY, PO3MOJiIbYa
Mepeka BUAUISETHCS K KOMIIOHEHT, KWW HAWOLIBII CXUIBHUN O HECTPUATINBUX
HACIAKIB. PO3yMiHHS HACHIAKIB 3apsAHUX MPUCTPOIB ISl €JIEKTPOMOOLTIB IJIsi CUCTEM
pO3MOJULY 3 TOYKH 30py CIOXUBAaHHS EJIEKTPOEHEprii, BTpaT €Heprii Ta KOJIMBAaHb
HANpyTu Mae BUpiaibHe 3HaueHHs [31].

3apsmkanns EV  cTBoproe 1omaTkoBe HaBaHTaKEHHS HA MEpexy, 1 1Ie
HABAHTAKEHHS Ma€ BUIIAJIKOBHM XapakTep, 3MIHIOIOYHCH SIK 32 YaCOM, TaK 1 3a MICIIEM
pO3TallyBaHHs MO BCii po3noAiibdiil Mepexi. HeodikyBaHU CIJIECK BIPOBAKEHHS
CJIEKTPOMOOUTIB MOXKE TPHU3BECTH J0 TEPEBAHTAXKEHHS JIHIN eleKTporepeaad Ta
Ka0eniB, MPUCKOPEHOr0 CTapiHHS TpaHC(OpPMATOPIB, MiJIBUILIEHUX KOJWBAHb HANPYTH,
30UIBLICHHS BTPAT HABAHTAXXEHHS B €JIEKTPOMEPEIKI Ta 3HIXKEHHS IKOCTI1 €JIEKTPOCHEeprii
[32].

3BakalouM Ha I1€, HEOOX1THO PETeIhbHO BUBUWUTH HACIIJIKHA 1HTETpAIlli 3apsaHuX
CTaHII} eJIeKTPOMOOUTIB y pO3NOAUIBYY MEPEXKY 3a1Ji1 PO3POOKH CUCTEMH KEpYBaHHS

3apAIKaHHAM B 00MEKEHHX YMOBax. ]_Il I[aHi MarOThb BAXKIIMBC 3HAUCHH JJIA IVIaHYBAHHA
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MaiOyTHBOTO PO3IIMPEHHS MEPEXi Ta BOPOBAHKEHHS 3aMOODKHMX 3aXOJIB IS
YCYHEHHS Henepea0oauyBaHUX MO/i B eleKTpoMepeki. BUBUEHHS BIUIMBY pO3IIMPEHHS
3apSITHUX CTAHINN €JIEKTPOMOOLTIB Ha €IEKTPOMEpEKY OyiI0 MOCTIHHOI Ta BaXKJIHMBOIO
001acTIO JOCTIKEHb 3 MOMEHTY TIOSIBH €JIEKTPOMOOLTIB, OCOOIMBO Yy BCTAaHOBIIEHH] 1X
CTIMKOCTI TOPIBHSHO 3 TPATUIIHMHUMH TPAHCIOPTHUMHU 3aco0amMH 3 JBUTYHOM
BHYTpilIHbOro 3ropsiHHs ([IB3). AHami3 BIUIMBY 3apsi>KaHHs €JIEeKTPOMOOLIIB Ha
CIIEKTPOMEPEXKY, TO3BOIUTH CHOPMYITIOBATH PEKOMEH/IAINI1, CIPSIMOBaH1 Ha yIPABIIHHS
Ta PETyJIIOBaHHS 3apsJIKH EJICKTPOMOOUTIB y CKJaal o0’eaHaHOT EHEProCUCTEMH
VYkpainu.

1.5.1 HeGanaHncu B Mepexax 3 eJIEKTPUYHUMU 3apSATHUMHU CTAaHLIIMH

3arpo3a HaJAMIPHOTO ITIKOBOIO HAaBAaHTAXXCHHsI, IO HACYBAEThCA, IOCTAE SIK
cepito3Ha mpolbiema 3 MUPOKUM MOIIUPEHHSIM, OCKUTBKM KOPUCTYBadil €JIEKTPOMOO1ITIB,
K TPAaBWIO, MIAKIOYAIOTh CBOI TPAHCHOPTHI 3aCO0M 0 MEpEXi B FOJAMHH MIKOBOTO
HaBaHTaXEHHA. OTXKe, pPO3MOJAUIbHI MEpexi Ta TpaHcpopMaTopu, IO IiX KHUBJIATH,
MOXKYTbh 3a3HABATU CEPHO3HUX 1 TPUBAIUX MEPEBAHTAXKEHb Y MIPY TOTO, SIK PO3BUHYTA
Mepeka 3apsagHux craHmii EV  [33]. OOMexkeHa MOTYXHICTh pPO3MOAUIEHUX
TpaHc(opMaTOpiB CTA€ BY3bKHM MICIIEM y MOCTaYaHHI €JIeKTPOCHEPTrii IS Ma3apsaKu
aBTOMOOUTEHUX akyMyJssiTopiB. Kpim Toro, BpaxoByrouu, III0 HOBI TpaHCPOpPMATOpHI
YCTAaHOBKHU CKJIaJJal0Th OCHOBHY YaCTHHY BUTpAaT HA MOJEPHI3ALII0 MEpPEeXkl, HaJaHHs
NpIOPUTETY HAJIEKHIA eKCIUTyaTallli Ta TEXHIYHOMY OOCIYTOBYBAaHHIO IMX JOPOTUX
aKTUBIB CTa€ BAXJIMBUM I TPOJOBKCHHS TEPMIHY iX CIOyKOM Ta yHUKHCHHS
nepeIYacHUX BUTPAT Ha 3aminy [34].

He6anancu MOXXyTh BHHHKATH Ha PI3HUX PIBHIX EJIEKTPOMEPEXKi, BKIIOUYAIOUU
pO3MOIiNbYy Mepexy Ta Buily Hampyry. OmHa 3 NpUYMH HebalaHCy TOJsITrae y
HEPIBHOMIPHOMY PO3IOAij1 MKOBOI0 HABAHTAXKEHHS MK PI3HUMHU CTAHIIISIMHU, 1110 MOXKE
MIPU3BOIUTH JI0 TIEPEBAHTAKEHHS ACSKUX CEKI[1 MEPEXi Ta MOTIPIICHHS ii CTaO1IBHOCTI.
Takosk, HEMpaBUIIbHA YCTAaHOBKA a00 HEPO3YMiHHS BUMOT J0 EICKTPUIHHX i AKITIOYCHb

SJICKTPO3aMPaBHUX CTAHIIIH MOXKYTh CIIPUYMHATH HEOATAHCH Y MEPEKI.
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BruiuB 3apsaxaHHsl Ta po3psKaHHS €JeKTpOMOOUTIB Ha aucOanaHC HaNpyrd B
PO3MOAUTRYINA MEPEXi I MOOYTOBHUX CIOXKMBAUIB MOKA3aHO 3a JTOMOMOTOI0 IMiAXOIy
MozenoBanHss MonTe-Kapio, BpaxoByloud HEBU3HAYEHICTh Y MIBUAKOCTI 3apsKaHHS
CJIICKTPOMOOLTIB Ta MICIIAX IMIKIIIOUEHHS, K HaBelneHo y poboTi [35]. JlocmimkeHHS
1oKa3ajo, 10 eIeKTPOMOO1sIl MiHIMAIbHO BIUIMBAIOTh Ha OalaHC HANpPyTHW HAa MOYATKY
MIPUETHAHHS, aJI€ MOXKYTh 30UTBIIUTH KOoe(ILIeHT qrucOagaHcy HaIpyry Ha Horo KiHIi. Y
Mepexki 30epiraeTbesi HeballaHC HAPYTH, OCKIIBKU O1IBIIICTh MOOYTOBUX HABaHTAKECHb
MIJKJIF0YEH] 10 OJHI€eT (asu.

Onnodazni GoToeIeKTPUYHI CUCTEMH, TOOYTOBI aKyMYJIATOPH Ta 3aps/IHI CTAHI1
JUISL €JIEKTPOMOOUTIB MOXKYTh CHPHUSATH AUCOANAHCY HANpPYyrd B CUCTEMI. Y CHCTEMax
PO3IOJIIY EJIEKTPOCHEPrii 3 JOBIMMH JIHISMH €JICKTpoIepenad HasBHI CKJIaI0BI
HAIpyIr'd HEraTUBHOI MOCIII0BHOCTI, 1110 IPU3BOAMUTH J0 3HAYHOI'O NOPSAAKY JUcOaIaHCy
JiHIHHOTO cTpyMy cucteMu [36]. Hu3bkuii HETaTUBHUIA OMip IMOCIIJOBHOCTI MiACHIIIOE
nucOaiaHc Hampyrd B CUJIOBOMY JaHIo31 B 6-10 paziB. Haciiaku BKIIOYAOTh
NOTEHI[IIIHE MOIIKOKEHHS 130JIA111 Kabelto, CrpalbOByBaHHS JIAHLIIOTIB 3aXHUCTY BIJ
NepeBaHTaKEHHS, CKOPOUEHHSI TEPMiHY CITy>KOM Kalento, 301IbIIIeHHs BTPAT, T0AaTKOBI
e(eKTH HarpiBaHHS Ta BPa3JIMBICTh CHCTEMH JI0 300iB, OCKUIbKM He30alaHCOBaHIN
cHCTEeMi MOXe OYTH BaKKO €()EeKTHBHO KUBUTH HaBaHTakeHHs [37].

[IIBuake BHSIBICHHS Ta YCYHEHHS AucOanaHcy Hampyrd B JaHIO31 Mae
BUpIIIANbHE 3HAYCHHS JJIs 3a0e3reueHHs1 Oe3nepebiitHoi poOOTH €HeprocucTeMu Ta
NOB'A3aHUX HaBaHTaxeHb. [Iporpec y Oy0B1 Ta €pEKTUBHOCTI 3apSAHUX MPUCTPOIB IS
€JIEKTPOMOOUITIB CIIOHYKA€ KOPUCTYBATUCS IIBHJKOIO 3aps/IKOI0, a 3apsA/iHl MPUCTPOI
piBHS 3 JO3BOJIAIOTH 3apsiKaTé aKyMyJaTop MeH HDK 3a 30 xBwinH. CTabiIbHICTh
MEpEeX1 TMOKpPAIIy€e€ThCs, KOJU KOMYHaJIbHE MIJNPUEMCTBO 3a0€3Meuye CUMETpUYHE
HABAHTAKEHHS Ha BUCOKHX PIBHSIX MOTYXHOCTI, @ CTAaHAApTU30BaHa IHTETPAIlisl MEPExKi
BIJIHOBJIFOBAHUX JKEpENl €Heprii 3abe3mnedye Oe3MneKy, IMOCIiIOBHICTh TEXHIYHOTO

00CITyroByBaHHs, EKCILTyaTallliiHl XapaKTepUCTUKH.
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1.5.2 T"apmoHiiiHI CIOTBOPEHHSI

["apMoOHIiifHI CIOTBOPEHHS — 11€ BIAXWICHHS (DOPMU CUTHAITY CTpyMy ab0 Hampyru
BiJl ieabHOI cHHycoinaabHOi popmu. HemiHiiiHI HaBaHTa)KEHHS, Takl K KOHTPOJIEpU
3apsIy €IeKTPOMOO1Is, 3a3BUYail JEMOHCTPYIOTh CIIOTBOPEHHSI CTPYMY, OCKUIBKH BOHU
BUKOPHCTOBYIOTh TMEpPEMHUKayl CHIJIOBOI E€JIEKTPOHIKH JUIsl TEPETBOPEHHS 3MIHHOTO
CTpyMy B MOCTiiiHUHN. BBeIeHHS IMX CIIOTBOPEHUX CTPYMIB Yy CUCTEMY PO3IMOJLTY MOXKE
MPU3BECTH /IO MOPYIIECHHS HANPYTH €JIeKTPOIOCTAYaHHS Ta MEPEBAHTAXKEHHS I[IHHOTO
CJIEKTPUYHOTO PO3MOUIBHOTO O0NagHaHHs. [ 3aXUCTy Bi HETaTUBHOTO BILTUBY
rapMOHIK Ha eJIeKTpoIocTadans 6yio crBopeno cranaapt IEEE 519-1992. Moro meToro
€ BU3HAYEHHS «PEKOMEHJOBAHUX MPAKTHK 1 BUMOT 10 KEpyBaHHS TapMOHIKAMH B
enektpoenepreruunux cucremax» (IEEE  519-1993). Ileii cranmapT OKpecitoe
npo0OsieMu, SIKI HEKOHTPOJIbOBAaHI CHOTBOPEHHS TapMOHIMHOTO CTPYyMy MOXYTb
CIPHYMHUTHU B CICKTPUYHUX CHUCTEMaX, 1 BU3HAYA€ MPUHHATHUN PiBEHb TAPMOHIK, TKHH
MO>Ke BUTpUMaTu cucteMa. CTaHapT HAroJoNIy€e Ha BIAMOBIIAIbHOCTI KOPUCTYBAUIB 3a
MOTIPIICHHS] HANPYTd HUISIXOM CHOKUBAHHS 3HAYHUX HENIHIMHUX a00 CIOTBOPEHUX
crpymiB [38].

VY Bumnanky 3apsagaux npuctpois I ta Il piBHIB 60PTOB1 BUTIPSAMIISIYI 3 KEPYBaAHHSIM
AC-DC Bxi1toueHi B 3aps/PKaHHS aBTOMOO1IIS, TIKIIFOYAI0UNCh 0 €ISKTPOMEpExK] uepes
onHo¢azHuil pos'eM. 3apsiaHi npuctpoi piBHs I, Bigomi sk WBUIKI 3apsiAHI OPUCTPOL
HOCTIHHOTO CTPYMY, BUKOPHUCTOBYIOTh €JIEKTPOHIKY KOHTpOJIEpa 3apsiay JUisl KOHTPOJIIO
sapsupkanas  [39]. HesanexxHo Bin piBHA 3apsiay, TapMOHIMHI CHOTBOPEHHS, IO
BHOCSITBCS B CUCTEMY PO3IMOIITY IUMHU KOHTPOJIEPAMU 3apsiAy, MOXKYTh OYTH KUIbKICHO
BU3HAYCHI B TEPMiHAX MOBHOTO rapMoHiiiHoro criotBopenns (THD). Baxxnuso BuzHatH,
0 KOE(IUIEHT HENIHIMHUX CIOTBOPEHb 3apsSAHOTO MPUCTPOI0 3a3HAE KOJIHMBAHb
MPOTATOM YChOTO ITUKITY 3aps/DKaHHS, 110 BIAMOBIAA€ 3MiHAM KYyTIB CHPAIlbOBYBaHHS
IIepeMHKaYiB CUIIOBOT €JICKTPOHIKH Y BIJIMIOBIAb Ha pi3HI (ha3u mpoliecy 3apsypkaHis (1o
Oyne npocmikeHo B maparpadi 2.1.4 miei nucepramii). KpiMm Toro, koiu KijibKa

eJIEKTPOMOOUTIB MiJIKIItoUeH1 10 ofHiel cnoTy, THD Ha npuegHaHHi 301Ib1IY€ThCS.
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CusnoBi TpancopMaTOpu CTHUKAIOTHCS 3 OCOOJUBUMM TPYIHOIIAMH, KOJIM MOBa
Hae mpo rapMoHiku cTpymy. [TIOMITHUM HACTIAKOM IMiABUINEHOTO BMICTY TapMOHIK B
CUCTEMI € BTPATH, 110 BUHUKAIOTH BiJ] CTPYMIB BHILOTO MOPSAKY, IO HUPKYIIOIOTH B
oOMoTKax TpaHcopmaTopa. B pesynbrari TpaHchopMaTop B KIHIEBOMY MiJCYMKY
CTHIOXKUBA€E OlIbIlE peagbHOi MOTYKHOCTI, HIXX OYIKYBaJIOCS CIIOYATKY, 3HUKYIOUU HOTr0
e(heKTUBHICTH y IIOCTaYaHHI €JIEKTpOEHEePrii criokuBavam. J1o1aTkoBo0 Ipo0IeMolo, 1110
BUHUKAE MPH M1ABUIIECHHI TAPMOHIK, € BAHUKHEHHSI BTpAT Ha BUXPOB1 cTpyMu. Lli ctpymu
BUKJIMKAIOTh aHOMaJIbHE MIABUIIIEHHS TEMIIEPATYpH B 0OMOTKax npuctpoto. [ligsumiena
TeMITepaTypa MPUCKOPIOE BTPATY 1301111 BceperHi TpanchopmaTopa, o MOTEHIIHHO
MOJKEe MPHU3BECTH J0 CKOPOYCHHS TepMiHy ciy:kOu oOnamnanus [40]. Buxposi BTpaTu
BUSIBIISIIOTh YAaCTOTHY 3aJIEKHICTb, 1[0 POOUTH TapPMOHIKH BHUIIOIO MOPSIKY OCOOIMBO
npoOaeMaTUYHUMHU [ TpaHcopmaTopiB. L1 BTpaTu MOKYTh MIABUILUTH TEMIIEPATYPy
Macia, IO MpHU3BEAe [0 MIJBULICHHS TEMIEpAaTypu TapsSsYuX TOYOK BCEPEANHI
Tpanchopmaropa. Takuil cueHapiii copusie TMepea4acHOMY  3HOCY  130JISIIIil
TpaHcdopmaropa Ta Macia, M0 B KIHIEBOMY MiJCYMKY CTBOPIOE PHU3UK BHXOAY
oOnaaHanHs 3 naxy [40].

[cHyBaHHS TapMOHIMHUX CTPYMIB MOKE€ MaTH HETATUBHHUM BIUIMB Ha 3aXUCHE
peneitHe oOnagHaHHS, PO3MOAUIBHI NPHUCTPOI Ta amaparypy oOmiky. Peneitne
o0J1aHaHHS MOJKE TIPAIFOBATH MTOBUIBHIIIE, OCKUIBKH BUII 3HAYSHHS ITIIXOIIJICHHS, HI’K
MpU3HAYEH] HAJAIITYBAaHHS, MOXYTh CIIPUYMHUTH HEOUIKYBaH1 omepaiiii. 3armo0i>KHUKH,
0 MIJJAI0ThCS HArpiBaHHIO BiJ TapMOHIK, MOXYTb MIJAaBaTUCA MEPEAYaCHOMY
cnpaiboByBaHHI0. [10110HO /10 CUIIOBUX TpaHCHOPMATOPIB, TAPMOHINHI CTPYMH MOXKYTh
NIJBUIIYBAaTH HarpiBaHHS B TpaHcopMaTopax CTpyMmy 1 TpaHchopmaTopax Hampyru
yepe3 BTpaTH, BUXPOBI CTPyMH Ta HACHUYEHHS CEpACYHHUKA, IO MPU3BOIUTH [0
CKOPOYEHHSI TEPMIHY CIY>KOU ITMX TPHUCTPOIB. Y PO3MOIIILHUX MPUCTPOSX HASIBHICTH
TapMOHIK CIIpUSi€E HATrPIBaHHIO, 3MEHIIY€ MOCTIMHY CUy CTPyMYy Ta CKOPOYY€E TEpPMiH

CITY’KOH 130JISIIHHUX KOMIOHEHTIB [41].
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1.6 YMoBM NiAK/JI0YEHHS eJIeKTPUYHUX 3aPSAHUX CTAHUIN

BcTaHoBiieHHS 3apsAIHOT CTAHIIIT MIAJISATAE TAKUM K€ TIPaBUIIaM ITiJIKJIFOYEHHS, 5K 1
OyAb-sIK1 1HII €IeKTPUYHI YCTAHOBKH, TOMY CTaHIIiS MOBUHHA OyTH cepTHU(IKOBaHA B
VYkpaiHi.

3rigHo [TpaBua MiAKIIOYEHHS €JIEKTPOYCTAHOBOK JI0 €JIEKTPHYHOI Mepexi [42],
CTaHJIapPTHE MPUETHAHHS MOAUIAETHCS Ha TaKl CTYIEHI MOTYKHOCTI: mepiinii - 10 16 kBT;
npyruii - Big 16 kBTt g0 50 kBT; TpeTiit - Bix 50 kBT 1o 160 kBrT.

Texniuni ymMoBM Ha mnpuegHanHs g0 Mepex E3C, mo BumaroThCs
€JIEKTPOIIOCTAYaTIbHOI0 KOMIAHIEI0 Y MEKax pPe3epBy MOTYKHOCTI TpaHCPOpMaATOPIB Ta
MPOITYCKHOI CIIPOMOXHOCT1 €JIEKTPUYHUX MEPEX Yy BIAMOBITHUMN MEPioj] 100U, MICTSTh
00O0B’SI3KOBI BUMOTH IIOJI0 aBTOMAaTUYHOTO OOMEKEHHsI MOTYKHOCTI Yy L€l meplona Ta
aBTOMATUYHOIO BIAKJIIOYEHHS MPOTITOM IHILIOTO Yacy. Y pa3i HOTYKHOCTI CIOKUBAHHS
HE Ha MeX1 0aJIaHCOBOT HAJISKHOCTI €IEKTPUYHUX MEPEXK, TO MiIKIIFOUECHHS BII0OYBAETHCS
3a paxXyHOK 3MCHIIICHHS 103BoJIeHOI moTyxHocTi E3C [43].

SIKIIO TIPOEKT BKIJIIOYae B cebe IMIaHW MO0 MOJAIBIIOT0 PO3MIMPEHHS, TO Ha
NEePIIOMY €Taml peKOMEHAYEThCS 3a3Jalerib 3aBEPIIUTH BCIO 1IHXKEHEPHY poOOTY 1is
npyroro eramy (dyHIaMEHTH Ta MiJ3eMHI KaOenbH1 JoTKH). [IpoTe, mpu po3mimieHH1
€JIEKTPOO0OJIaJTHAHHS HE TOTPIOHO BPaxOBYBaTU MailOyTHI MOTPEOHU.

Jesiki BUpOOHUKH MIPOTIOHYIOTh 3apsiIHI CTaHIT 3 JeKUJIbKOMa KaOesiMu, 110 Ja€
3MOTy 3apskaTi Outbine ogHoro EV, BUKOpHUCTOBYIOUM NOCTYNMHY MOTYXHICTh. [Ipu
npoektyBaHH1 E3C mis nekinbkox EV, 0co611Bo HE0OX1THO BpaxOBYBaTH 0OMEKEHICTh
MOTY>KHOCT1 BBOJY, TaK SIK IOJAJIbIIIC OHOBJICHHS TSTHE 3a CO0OI0 BelMKi (hiHAHCOBI
BUTPATHU Ha MIABUIICHHS 3apSAHOI MOTY>KHOCTI CTaHIIi.

OaHOYacHO 3 THM, MOPSAAOK PO3TAIIYBaHHSA aBTOMOO1IIB M1/l Yac 3apsKaHHs TEX
pernamMeHTyoTbcs. HaBegeHO OCHOBHI TOJIOKEHHS  YNpaBIiHHSA 4YEpror Ha

napKyBaJIbHUX Micls, mo obamuani E3C [44]:

e (OCHOBHUM IMPU3HAYCHHAM IAPKYBAJIbHUX MiCHL, O6J'IaI[HaHI/IX HeH06YTOBI/IMI/I

E3C, € 3apsnka, a He TapKOBKa TPAHCIIOPTHOTO 3aco0y.
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e V pa3i, SIKIIO eJIeKTPUYHUI TPaHCIOPTHHI 3aci0 Mae nmoTpedy y 3apsaill, BiH Ma€
NPIOPUTETHE MPABO HA 3aWHATTS MApKyBAJIbHOTO Micls (MICIsSI aBTOCTOSHKH),
obnagHanoro Henooyrosoro E3C.

e BiriacHWKM TpUBaTHUX MapKyBaJbHUX MAaWIaHUMKIB (aBTOCTOSHOK), TOBUHHI
3a0e3medyBaTi yMpaBliHHS dYeproro Ha goctynm ao HenmoOytoBux E3C. He
JIOTYCKA€ThCSl HEOOTPYHTOBaHA BiIMOBA, MPIOPUTETHE MPOCYBAaHHSA B yep3l Ta
OyIb-sKa 1HIIA HEIIHOBA JIHUCKPUMIHAIISA 0cCi0, [0 MaTh HaMIp 3apsauTH
TPaHCTIOPTHUH 3aci0, Ha MIJACTaBl WICHCTBA y KiyOi, 00’ €HaHH] Ta/a00 3 1HIIMX
MJICTaB.

e Biacuuku noOyroBux E3C matoTe npiopuTeTHe MpaBoO Ha KOPUCTYBAHHS HUMHU.
OpnouacHo, BiacHUKU No0OyToBUX E3C MOXYyTh HagaBaTh MpaBO KOPUCTYBAHHS
E3C inmmMm ocobam Ha rmuaTHi abo Oe3omaTHi ocHoBi. Hamanus mpaBa
kopuctyBaHHs 1moOyTtoBoro E3C Bmacamkom E3C iHmmM ocobaM Ha TUIaTHIN
OCHOBI BBa)XAEThCS MIMPUEMHUIILKOIO MISUTBHICTIO Y BUTJISI HAJAHHS MOCTYT 3
kopuctyBanHs E3C.

1.7 BuchHoBku a0 Po3aginy 1

BpaxoByroun BHCOKI TEMIHU 3pOCTAaHHS PHUHKY €JIIEKTPOMOOUIIB, OCHOBHI
NPUHIUON TIAKIIOYEHHS 3apsHUX CTaHIId A0 Mepexi Ta HEeOoOXIJHICTh MpaBUIIbHOI
YEpProBOCTI 3apsDKaHHS EJIICKTPOMOOLIIB, BHUHUKAE IOTpeda B pPO3pOOIll METOdY
YOPABIIHHS €IEKTPO3apsiIHUMKU CTaHIISIMA B PEaJbHOMY 4Yaci, 110 Ma€ 3a0e3NeunTH
KOXXHOMY €JIEKTPOMOOLIII0O TapaHTOBAaHE 3aps/DKaHHS B YMOBax OOMEXKEHOTO
CICKTPOCIIOKMBAaHHA. JIs 1Oro HEOOXiTHO BUPIMIMTH HACTYIHI 3ajJad4i JaHOTO
JMCePTaLtHOTO JOCIII>KSHHS:

1. IlpoananizyBati pUHOK €IE€KTPOMOOUIIB B YKpaiHi Ta HEOOXIAHICTh PO3POOKHU
METO/Iy YNPaBIIIHHS €EKTPO3aAPSIHIMHU CTAHIISIMUA B PEATBHOMY Yaci 3 BAKOPUCTAHHIM
MIPUHIIUAIIB HEYITKOI JIOT1KH.

2. BuzHaunTu BX1/1H1 IaHH] JIJIs1 CACTEM KEPYBaHHS €JICKTPO3aPSTHUMHU CTAHIIISIMU
Ta chopMyBaTH BHXITHI JJaHHI [JI PO3pOOKM METOJYy YHPABIIHHS 3apsIKOI0

eJeKTpoMoO1TiB B cepenoBuiii Matlab Simulink.
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3. 3acTocyBaTu alNrOpUTM HEUITKOI JIOTIKM SK MaTEeMaTUYHOTO IHCTPYMEHTY IS
KEepYBaHHSI 3apSAHUMH CTAHIIISIMH 3 BATOBUM 1HACKCOM 3apsPKaHHs Ta ONTUMI3AIHOIO
JaCTHHOIO, 0a30BaHOIO HA rpaBITAI[ItHOMY METOII.

4. IlepeBipuTH €(PEKTUBHICTH 3aMIPOIIOHOBAHOTO AITOPUTMY KOHTPOJIO 3apSAKU B
MOPIBHAHHI 3 TUMIOBUM aJITOPUTMOM Ta OIMKCATH MPOLETYypPH BIOPOBAIHKEHHS HEUITKOTO
KOHTpOJIepa y Mpoliec 3apsKaHHs, BKIIIOYAIOUH JIeTalli MPorpaMyBaHHs Ta peaizallii Ha

MmikpokoHTpoJiepi Arduino Mega 2560.
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PO3/1J 2. AHAJII3 IIJIXO/IIB 1O KEPOBAHOI 3APSIIKH TIAPKY
EJIEKTPOMOBLIIB

2.1 CucreMu KepoBaHOI 3apsAKH

2.1.1 Ponb Ta NpUHLIMMM 1HTEICKTYaJTbHOTO YIIPABIIHHS 3apsPKaHHIM
EIEKTPOMOO1IIS

MOHITOPHUHT PO3TIIAAAETHCA SIK CUCTEMA 3aX0/I1B JJIs CLIOCTEPEKEHHS 1 KOHTPOJTIO,
K1 BUKOHYIOThCS CHEIU(DIYHUM YHUHOM JIJISl OILIHKW CTaHy JOCHIKYyBaHOTO O0'€KTa,
aHai3y TPOTIKAHHS TPOIECIB Ta BYACHOTO BHUSABJICHHS TEHACHIIINH WOrO 3MiHH.
EHepreTMuHuil MOHITOPUHI PO3IJISIIAETHCSA SIK KOMIUIEKC 3aXOJIB (CIOCTEPEKEHb,
OIIHOK, WPOTHO3IB), IO HAJA€ MOXIJIUBICTh TMOCTIHHO KOHTPOJIOBATH PEXKUM
CIOKMBAaHHS MAJIMBHO-EHEPIE€TUYHUX PECYPCIB Y TEXHOJOTIYHINA CUCTEMI, pEECTPYBATH
HOT0 KIIIOUOBI TMOKA3HUKH, ONEPATUBHO BHUSABIISITH PE3yJbTAaTH BIUIMBY 30BHINIHIX 1
BHYTPIIIHIX ()aKTOPIB Ha €(PEKTUBHICTh €HEPrOCIIOKNBAHHS.

3rigao 31 crangaptom ISO 50001 [46], MOHITOPHHT eHeproe)eKTUBHOCTI
CTaHOBUTh OOOB'A3KOBY CKJIQJOBYy €HEPrOMEHEKMEHTY. BiH IpyHTyeThCs Ha 300pi
1H(pOopMaIlli MO0 JOCIIKYBAHOTO 00'€KTa 1 COPSIMOBAHUMN Ha MEPEBIPKY JOTPUMAHHS
PEKUMIB €HEPTOCIIOKMBAHHS, BUKOHAHHS 3aIUTAHOBAHHUX 3aXOIB 1 peKUMIB poOOTH, a
TaKoXX  BIAMOBIIHICTP BCTAHOBJIICHMM 3HAYCHHSIM  CHEPreTHYHHX  ITOKA3HHKIB.
[HTENneKTyanbHUI aHaN3 JaHUX, OTPUMAaHUX 13 CHUCTEMH MOHITOPUHTY, CIPHSE
BUSIBJICHHIO ITUKJIIYHUX 3MIH yMOB pOOOTH JOCHIPKYBAaHOTO 00'€KTa 4Yepe3 BIUIUB
30BHIIIHIX (COliabHUX a00 KiiMaTHuHuX) (aktopiB [47] Ta GopmanizoBaHOMY OIHUCY
TUNIOBUX YMOB (yHKIIOHYBaHHS. CucrteMarusaniss OTpUMaHOi 1HQopMalii 103BOJISE
CBOEYACHO pearyBaTM Ha 3MIHH yMOB JIOCHIPKYBAaHOTO 00'€KTa Ta KOPUTYBATH
TEXHOJIOTIYHUU TIpoliec il 3a0e3neyeHHs1 €()eKTUBHOTO BUKOPUCTAHHS MPUPOAHUX Ta
CHEPreTUYHUX pecypciB. [HIMME clioBaMH, HAasSBHICTH HEOOXimHOT iH(MOpMaIli, ska
BI/IMOBIZIa€ BUMOTAM IOBHOTH, JOCTOBIPHOCTI Ta CBOEYACHOCTI, HAaJla€ MOXKJIMBICTb
epeKTUBHO IUIAHYBAaTH Ta KOHTPOJIOBATH TEXHOJOTIYHI MPOLECH Ta PEXKHUM
eHeprocnokuBadHs. OTxe, MOHITOPUHT EHEProePeKTUBHOCTI CIIA PO3TISAATH SK

CKJIaJIOBY YIIPaBIIHCBHKOI [ISUIBHOCTI, SIkKa Tmepeadadae CIOCTEPEKECHHS 3a CTaHOM,
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napamMeTpamMu Ta XapaKTePUCTHUKAMU JOCHIKYBaHOTO o0'ekta s (OpMyBaHHS
iH(bOopMartiitHoi 0a3u I aHali3y Ta OILIHKU TCHJICHINN y €HEProCIOKUBaHHI, a TAKOX
JUIS ITIATOTOBKHU Ta MPUAHATTS OOIPYHTOBAHUX YIPABIIHCHKUX PillicHb [7].

Benuka KijgbKIiCTh €IE€KTPOMOOLIB, sIKI MOTPEOYIOTh OJHOYACHOTO 3apsKaHHS,
CTBOPIOE  JIOJIATKOBE  ENEKTPUYHE HABAHTAXEHHS Ta MOXE IEPEBaHTAXKHUTU
CIICKTPOMEPEXKY i vac aeHHOi 3apsiuku [48]. [l yHUKHEHHS MIKOBOTO TOIMUTY Ha
CJICKTPOCHEPT1I0, IO BUKOPUCTOBYETHCS I 3apsSAKd €IeKTpOMOOLTIB, HEOOXiTHE
TUIaHYBaHHS MPOLECY 3apsPKaHHA Ta Y3TO/DKEHHS pPEeXKUMY poOOTH 3apsHOI CTaHII 3
EJIEKTPOMEPEKEIO.

Opranizanis pexxuMy poOOTH 3apsAIHOI CTaHLIi Ta TpodUII0 3apsKaHHS MapKy
CJIEKTPOMOOLITIB aBTOTPAHCIIOPTHOTO MJANMPUEMCTBA TOBUHHA 31HCHIOBATHUCS 3 MO3UIIIT
«AKTUBHOTO crHokuBada». lIpu Takomy Miaxo[l UITbOBUMHU (DYHKIISIMU YNPaBIIIHHA
PEKUMOM pOOOTH 3apsTHOI CTAHIIIT € ONTUMI3allisl CHEPTOCIIOKUBAHHS IT1AMPUEMCTBA, a
TaKOX ONTUMI3AIlS PEKUMY HABAaHTAXEHHS €JEKTPUYHOI MEPEXi; 3HMKEHHS TKOBUX
HAaBAHTAKEHb Ta BUPIBHIOBAHHA rpadika HaBaHTAKEHHSI EHEPrOCHCTEMH.

binbiicte pimieHs npoodsieMUu 3aps/KaHHS BEIUKOI KUIBKOCTI €JIEKTPOMOOLIIB
0a3yeThCsl Ha PI3HUX TUMNAX IUIAHYBAaHHS Ta CTBOPEHHI ISl HUX 3apsHOTO MPOQUIIO -
CIIEHApIiB 3apsKaHHA 3 TEXHIYHUMHU OOMekeHHsMHU. L1 JiMiTH 3anexaTh BiJ| CUTYyarlii
Ha 3apsAaHIN CTaHIll (KUIBKICTh €EeKTPOMOOUIIB, PIBEHb iX 3apsKaHHS, MOMXJIUBICTh
OJIHOYACHOT'O0 TEXHIYHOrO0 OOCIyrOBYBaHHS, 3asBICHUN Yac 3apspkKaHHs). 3py4HHM
nepioJ 3apsiKaHHs MapKy eJIEKTPOMOOLTIB Ta Tpadik 3aBaHTAXEHHS MEPEKI MOXKYTh
koHutikTyBaTH. KpiMm Toro, 3rifHo 3 [IpaBuiaMu KOpUCTYBaHHs enekTpoeHepriero [43],
B JIOTOBOPI1 Ha CIIOKMBAHHSI €JIEKTPUYHOI €HEPTii BKa3y€ThCs JOMYyCTHUMA MOTYKHICTh TS
nignpueMcTBa. [lopyieHHs bOro JIMITY MOXE MPU3BECTH J0 3HECTPYMJICHHS 00'€KTA.
ToOTO MOXJIMBAa CHUTYyallisl, KOJU aKyMyJSITOPU €JIEKTPOMOOUIIB 3apsKaloThCsA 3a
JIOTIOMOTOI0 OOPTOBHX 3apSIHUX TPHUCTPOIB, MITKIIOUEHUX O 3apATHUX CTaHIN B
yMOBaxX OOMEXKEHOI MOTYXHOCTI MiJKIIOYeHHS. TakuM YWHOM, CHCTEMa YIpaBJIiHHS

3apAKAHHSAM Y PEXKHUMI peajbHOro 4vacy Uil MapKy eJeKTPOMOOUTIB MOBHHHA
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3a0e3MneuyBaTi KOKHOMY €JIEKTPOMOOLIIO TApaHTOBAHY 3apsAKy B YMOBaX OOMEXKEHOTO
€HEepProCIOKUBAHHS.

CyyacHl TEXHOJIOT1I PO3BUTKY «PO3YMHHUX MEpEX» Ta PO3YyMHOTO YIpaBIiHHS
CHEpriero 0azyroThCs Ha Pl TEXHOJOTIYHUX MOXKIMBOCTEH, Cepell SKMX MepekeBa
aHATITHKA, AaBTOMAaTU30BaHE 3YMTYBAaHHS II0OKAa3aHb JIYWIBHUKIB, BITAJICHUM
MOHITOPHUHT, YIPABIIHHI MOOUTEHUMH POOOYMMHU MPUCTPOSIMH, & TAKOK BUKOPUCTAHHS
SCADA-cuctem, mo mpaioTh uepe3d nportokon Iareprer [49]. Lle mosermye
BUKOPHUCTaHHA 1H(OPMAaIIMHO-KOMYHIKAIIHHUX MOJKJIHUBOCTEH IS JBOCTOPOHHBOI
B3a€EMOJIII 3 TEXHOJIOTIYHOIO Ta KOMEPIIHOI 1HGPACTPYKTYPOIO E€HEPrOCHCTEMH 3a
pPaxyHOK I1HTEJIEKTyaJbHOrO OOJIIKY B PEXUMI JHCTAHLIMHOIO  YIOpPaBIIHHS
HABAHTAKEHHSAM; CaMOCTIMHE pearyBaHHSl CIIOKMBaya 3 ypaxyBaHHAM Tapudy Ha
€JIEKTPOEHEPTi0. 3JAaTHICTh CyO0'€KTa KOHTPOJK BHUMIPIOBAaTH 1 CIOCTEpIraTH 3a
MOBEJIIHKOIO 00'€KTa KOHTPOJIIO € OCHOBOIIOJIOXKHOIO.

Jlns Toro, moO 3a0e3meunTHd B3aEMOIII0 3apsaHOI CTaHIIl SIK «aKTHBHOIO
CIIO’KMBA4Ya» Ta €HEPreTHYHOI KOMITaHii, HEOOX1AHO BIPOBAIUTH CUCTEMY MOHITOPUHTY
peXuMy poOOTH 3apsaHOi cTaHIii. Takuil MOHITOPUHT iepeadadae CIijbHE BUPIIICHHS
HU3KHU 3aBJIaHb: MOHITOPUHI IMPOIECY 3apsAJKaHHS €JIEKTPOMOOUTIB, MIJIKIIOUYEHHUX /10
3apsTHOT CTaHIlIT; MOHITOPUHT HaBAaHTAXEHHS, 1[0 TEHEPYETHCS 3apSTHOIO CTAHITIEI0 Ha
CJICKTPOMEPEXKY; MIHIMIZAIlS CIIOKMBAHHS EJIEKTPOCHEPrii; MiHIMi3allis BUTpaT Ha
€JICKTPOEHEPTIIO.

2.1.2 3Bu4aifHMii KEPOBAHH METO/ 3apsIKaHHS 3 0OMEKEHHIMU

3BUYHA CTpaTeris 3apsKaHHS JJIs ocTadaJIbHUKA €JIEKTpOeHeprii nepeadayvae
BIJICTE@KEHHS 3aBaHTAKEHHS TpaHCPOPMATOPA B PEIKUMI PEATHHOTO Yacy Ta OOMEKEHHS
IPOIIECY 3apsIKH, SKII0 Mepeska repeBanTakena [50]. J{ns peamizanii miei crparerii, [51]
MPOMOHY€E TaK 3BAaHUM MNPUHLMN 'TEpUIMNA NPUNIIOB - TEPIIMU 3apsSIKAETHCS  SK
CTAJIOHHE PIIIEHHS [Jii YHUKHEHHS TNEepPEBAHTAXKEHHS Mepexki. AJTOPUTM MpPOIECiB

JTAHOT'O METOJIy TToKa3aHo Ha puc. 2.1.
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Ml gknoYeHHs
enekTpomobins

Y
O6paxyHok HeobxigHOT eHeprii
ANs 3apsgku

\ J

O6paxyHOK MOTYXXHOCTi 3apsaaKku

\ J
BpaxyBaHHS 0OMEXEeHb MOTYXKHOCTI
enekTponocTavyaHHs, Hanpyrm

\J

3apsagka EV

Pucynok 2.1 — EtanHicTh 3BU4alfHOTO KEPOBAHOTO METOTY

Hes3Baxkarouu Ha Te, 10 1€ aarOpuTM 3aJ0BOJIbHSIE OOMEKEHHSIM MEpEexl JJIs
Oe3rmeyHoi eKcrulyaTallii, e 4acTO HE3PyYHO IJIsi THX EJIEKTPOMOOUTIB, SIKI MOXYTh
NIIKITIOYUTUCA MI3HINIE, alleé TOTPeOyITh TEPMIHOBOI 3apsAKU, OCKIIBKA BOHU OYIyTh
MPUIIAPKOBaHI HAa KOPOTIIMM Yac, HIX MOMEPEAHBO MiAKIIOYEHI1 €JIEKTPOoMOoOLIl, 10
IJIAHYIOTh BIIKIIOUMTHCS HabaraTo misHime. Puc. 2.2 nmokasye sk JaHUH METOJT B YMOBaX
OOMEKEHO1 MOTY>KHOCTI enekrponoctadyaHHs E3C Oyne HepiBHOMIPHO pO3MOIUISATH
CHEpPrilo J0 eNEeKTPOMOOLUIA, SKWWA MpuOyne Mmi3Hile, MaTUME MEHIIY TPHUBAJICTh
CTOSIHKM, aje ToTpedyBaTUME TaKy >K EHEprito Ui 3apsay, sK 1 JJs 1HIIOTO

€JIEKTPOMOO1IIS 3 OB TPUBAIMM YaCOM CTOSIHKH.

EV2 |
| EV1l | [
| »

I I I

Migkn. EV1 KiHeub 3apsgkvu EV1 Bigkn. EV1
Mouatok 3apsgku EV2
Migkn. EV2 Bigkn. EV2

T EV zapsagxaeTbcs
1 EV He 3apsgxaeTbcs

Pucynox 2.2 — IlocnigoBHICTh 3apsKaHHS 3BUYaHOTO KEPOBAHOT'O METOY



45

2.1.3 Anroputmu KepyBaHHS 3 BUPIIICHHSM ONTUMI3AIIHOT 3a/1a41

binpuricTs BHUpinieHs NMPOOIEMH 3apsKaHHS BEUKOI KITBKOCTI €IeKTPOMOOLTIB
JeKUATh Ha PI3HUX BHUJAX TUTAHYBaHHS 3apsIKH €JIEKTPOMOOLTIB y HE MIKOB1 TOJUHHU.
[HmuMu  cmoBaMM, omepaTopy MEpeki BHUPIIIYIOTh JIIHIWHI Ta KBaJpaTU4HI 3a/1adi
onTUMI3alii JUisi CTBOPEHHS CILEHApIiB 3apsAKaHHS 3 TEXHIYHUMHU oOMexxeHHIMH. Lli
oOMEXXEeHHs 3ajie)KaTh BIJl MapaMeTpiB MEpeKli Ta BCTaHOBIIOIOTH KiUIbKiCTh EV, ski
MOJKYTh 00CITyTOBYBaTHCh 3a KOXKEH 1epiona yacy [51].

Cucrema kepyBanus E3C (CKE) , mo moka3ana Ha puc. 2.3, B3aEMOJII€ 3 MEPEKEIO
Ta eJEKTPOINoCTayaIbHOIO opraHizailieto. Lleit meToa - THyuka ontumizariis 3apsajaku EV,
0 BpaxoBye€ OOMEXKEHHS Mepexi. 3i0paBlIu CTaTUCTHKY Bif miakiaiodeHux EV Ta
OakaHoro rpagiky HaBaHTaXXEHHSI, CHCTEMa HaMaraeTbCsi ONTUMI3yBaTH 3apsKaHHs EV
TaKUM YWHOM, 1100 3aJIOBOJILHATH OYIKyBaHI BHMMOTH Ha 3apsaky, CIiAyloud
YCTaHOBJICHOMY rpadiKy HaBaHTaKCHHS Ta HE MOPYIIYIOYH JIIMITIB Mepexi [52].

@®ynkuii cucremu kepyBanHa E3C Ta Buau B3aeMo/li:

e 30ip Ta 30epiranns nanux: CKE 30upae naHi rpo ictopito 1noizaok ycix EV.

e [lporHo3yBaHHA MIAKIIOYEHb: MPOTHO3YBAHHS MIJKIIOUYEHb € HEBIIEMHOIO
yactuHoro pobotu CKE, saxe mnepenbavae BU3HAYCHHS Yacy HAMOIMKIMX
nigkiaoueHb EV Ha ocHOBI 310panux naHux. [I[porHo3yBaHHS MiIKIFOYEHHS TaKOXK
BUKOPHUCTOBYEThCS IS BHU3HAUEHHS KPHUBOI HABAaHTAXCHHS, YCTAHOBJICHOI
MEpPEKEIO.

e OnTumMmizailisg 3apsakd: 1 onTtuMizaiis € ocHoBoro CKE mrs oOGuucieHHs
IHAUBIAyalbHUX TrpadikiB 3apsanku st koxHoro EV. Illo6 makcumizyBaTu
3apsmkanHs s EV Ta MiHIMI3yBaTH TpOIIOBI BUTPATH, ONTHUMI3allisl MTOBUHHA
TaKO BKJIFOYATH 1HILII YMOBU — YHUKATH MEPEBAHTAKEHHS MEPEKI.

e 3B'A30K 3 EHEProNOCTavYaILHOIO OpraHi3aIli€ero A 300py JaHuX.

OntuMmizariss 3apsinku  EV  3anexuth BiJf KOHKPETHHUX TMOTPEO KOKHOTO
TpaHcnopTHOTO 3aco0y. KiHIleBuii KOpUCTyBa4 CIOMIBAETHCS, 1O Horo OaTtapest Oyne
JIOCTATHBO 3apsJIKeHa, 00 3aIyCTUTH HACTYNHY MOi3/1Ky. Hall0O11b111 KOHCEepBaTUBHOIO

CTpaTeri€ro st JOCATHEHHS 1€l METH € BUKOPUCTaHHS mpsamoi 3apsiaku [52]. Ctpareris
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nojesira€ B TOMy, H106 BHUKOPHUCTOBYBATU FHy‘IKiCTB y yaci 3apsAIKaHHA JJI1 SMCHIICHHA

BapTOCTI 3apsDKaHHS Ta YHUKHEHHS MEpPEBaHTaXCHb B MEPEki. Y LbOMY BHIAIKY

HEeOoOX1iHa OIliHKa MaiOyTHBOTO MIAKIIOUEHHS Ta BiakmodeHHa EV 1s 3aranbpHOL

TOYHOCTI TIaHyBaHHSA. TakuM drHOM, 115 KoskHOTO EV 30mMpaeThes Taka iHbopMaIris:

piBens 3apsay AKD min yac BinmpaBieHHs;

CTaH €Heprii B MOMEHT MpHOyTTS;

gac BiI[l'[paBJICHHSI: BiI[MiTKa qacy, JdKa BKa3ye€, KOJIN IIOA0POK pO3I10YaTo,

gac HpI/I6YTTHI 4aCOBUM mTaMiI, SIKUM BKa3ye€, KOJIU ITIOA0POK SaKiH‘II/IBC}I;

MiCII€ B MOMEHT NMpUOYTTS: BIACTaHb, MOoA0JaHa M migkimtoueHHsM 10 E3C.

Ha miacraBi mux gaHUX MPOTHO3YETHCS HAOIP MOXJIMBUX IMOI30K I KOXKHOTO

okpemoro EV. IlporHo3oBaHi naHi BKJIIOYAIOTh 4Yac BIJIIMpPaBICHHS, 4Yac OpUOYTTS,

noTpeOy B €Heprii Ta MiIaHOBaHUH HEOOX1THUM 3a1mac X0y JJII KOXKHOTO €ISKTPOMOO1IIS.

Ha ocHOBI 1IUX JAaHUX BUPILIYEThCA ONTHUMI3alliHA 3a7a4a 3 OOMEKEHHs IapameTpiB

MEpEexXI1 Ta INIAHYETHCS PO3KIIa 3apsKaHHs Ta yrpuManHs EV i yac miaKItoYeHHs 10

- Cucrema
Enektpomobini Mepexa EneKTpono_CTatfan bHa
kepyBaHHa E3C opraHisauis
MporHo3syBaHHs NpubyTTs EM
trapk A _i
| > |
|
Cratyc EV I - | OnTumisaLis rpadiky |HaBaHTaXeHHs
T Ll
[T A
J1iMiTK 06 MeXeHb NOTYXHOCTI | - |
BaxaHu rpadik HaBaHTaXeHHsS , |
o OnTumisaTop [posknagy YHUKHEHHSA NepeBRHTaXEHHS NiHil | :
& il iy _ I
3_ | | Bajxanuit rpac HaBaHTKEHHA : > |
: L : O6MmexeHHs Mepexi | :
| |
| Baxcanui rpachic vasarmaxenrs |
| e
| . | ObMmexeHHs Mepexi ! |
| hl L ) |
| . ! BHATTA NepeBaHTaXeHHs : |
- T |
CueHapii i L — — 4+ — — — Tpadik HaBaHTaxeHHs 6e3 -
- nepeBaHTaxeHb
3apsaaXKaHHs
ty y \J \ J

Pucynok 2.3 — I'nyuka ontumizanis 3apsaaku EV, 1o BpaxoBye 0OMexeHHsI Mepexi
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MoxHa nepeadauuTu MpUOYTTS Ta BIAMNPABICHHS TPAHCIOPTHUX 3aco0iB, ajie
JIOCHUTH CKJIATHO BUSHAYHMTH Yac, HEOOX1THUH TSI 3aps KA KOKHOTO aBTOMOO1Is. Takox,
3py4YHHMM JUIsI BIIACHHMKA aBTO 4Yac JHS JJIsl 3apsSAKd Ta rpadik HABAHTAKEHHS MEpExi
MOXYTh KOHGIiKTYBaTH [45]. ¥V mbOMy BHITQJKy aJlrOpUTMH 3apsIOK MOBUHHI TaKOX
3a0e3medyBaTi rapaHTOBaHE 3aps/HKaHHS ISl KOKHOTO €JIEKTPOMOOUIS, a HE TUIBKU
HOpMaJIbHI YMOBU POOOTH MEPEXKI.

2.1.4 HenpsiMuii KOHTpOJIb 32 CTATUYHUM YaCOM BUKOPUCTAHHS

Jlnis meToxy HenpsiMoro KoHTpoutto EV BiacHuKH aBTO po3paxoBYIOTh CBil 4ac Ha
3apsAaKy, mo0 3BECTH 0 MIHIMYMY CBOi BUTpaTH Ha CHOXKMBAHHS €JIEKTPOCHEpPril
I'PYHTYIOUHUCH Ha Tapudax Ha eJeKTpoeHeprito. Bonu He 6epyTh /10 yBaru 3apsiKy 1HIINX
€JIEKTPOMOO1ITIB Ta OOMEKEHHS MEPEXI.

VY IbOMy METOi BUKOPUCTOBYETHCS OAMH CTATUIHHUMN TapuQ 4acy BUKOPUCTAHHS
no Bcix EV, mo0 iHimiroBaTyd 3apsaKy MiJ Yac HU3bKUX I[IH Ha €JICKTPOSHEpPriio 1

HU3BbKOI0 HaBaHTAXCHHS B MEPEXKi, BiAOBIIHO (uB. puc. 2.4) [53].

tnidwuotz = t@idi's’dy - tnpu6ymm}l (1)

Coinone = Cniokmou — t3ap (2)

Ha MoMeHT, koau eleKTpoMoOuIb T €OHYEThCSA JO 3apsIHOI  CTaHIIIT,
PO3PaxOBYETHCS KUIBKICTh €HEpPrii Ha AKy BIH MOBUHEH 3apsIUTUCH. 3al€XHO BIJ
3apsAIHOT MOTYKHOCTI Ta 3apsay eHeprii EV, po3paxoByeTbesi KUIBKICTh €TamiB 4acy,
HEOOXITHUX JJIs 3apsA/KaHHS aKyMyJsiTopa. Po3paxoByeThes yac sKMBJIEHHS B1Jl MEPEXKI1
(1), o6 oTpUMaTH 3rajiaHi eTany 4acy 3 HalHMKYOK BApTICTIO €JeKTpOeHeprii. SKIo
MO>KJIMB1 JIEKIJIbKa BapiaHTIB 4Yacy 3 HU3bKUMH LIHAMH, TO €JIEKTPOMOOUIIO HAAAEThCS

HaWOJIMXKya.
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MlakntoveHHa
enekTpomobins

A

OB6paxyHOoK tnigkmodeHHs

\
O6paxyHok HeobXiagHOT eHeprii ons
3apsAaKu

\

HeobxigHa eHepris Ta NOTYXHICTb

3apsaMKaHHs s po3paxyHKy Yacy
3apagkm

\

3HaxoKeHHs onTUMarnbeHUX eTaniB Yacy

0N 3apsiakun, rPYHTYIOUMCE Ha LiHi Ha efe
Ta teinHe

\

Axwo MoxnuBi Aekinbka Bigpiskis vacy,
obupaeTbcsa Hanbnmxkya

Pucynok 2.4 — HenpsiMuii KOHTPOJIb 32 CTATUHYHUM YaCOM BUKOPHUCTAHHS

teinbHe taap

[ -
Migkn. EV Bigkn. EV
T EV 3apsgxaeTtbcs

1 EV He 3apsgxaeTbecs
Pucynox 2.5 — TlocnioBHICTE 3apsaKaHHs
HempsiMuii MeToa KOHTPOJIIO - CTaTUYHUN 4Yac BUKOPHCTAHHS MOXe OyTu
peani3oBaHui 32 JOMOMOIor (QyHKIII TaiiMepa OublIicTIO cyyacHux EV. Butparu Ha
TEXHIUHY peajizallilo € HU3bKUMHU, aje el METO] MOXKE MPHU3BECTH 10 MPOTHICKHUX
HACIAKIB. 3aMiCTh 3MEHIICHHS HAaBAaHTAXKECHHS MEPEKI MOXXYTh BUHHUKATH CHUIIBHI

NaJIiHHS HAIIPYTH Ta HOBUH MK HABAaHTAKEHHSI, CTBOPSHUH BEIMKOIO KiJbKicTIO EV [54].
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2.2 ExcnepuMeHTAJbHI 10CTiIKeHHsI BUXiTHUX JaHUX

OcHoBoto aiist popmyBaHHs MeToxy yrpaBiiHHs E3C SBAsSIOTECS XapaKTepUCTHKU
nporeciB  3apsaaku  akymyistopiB EV.  Tomy Oyna mocrtaBieHa — 3amaya
eKCIIEPUMEHTAIBHUX JOCITIKEHB 3apsaHux xapaktepuctuk AKB.

2.2.1 TeopeTuuHi JaH1 BUMIpIOBaHb MapaMeTpiB OaTapei eIeKTPOMOOLIIS

CrpolieHa eKBiBaJIeHTHA cxema 3apsaku akymyssaropa EV npusenena Ha puc. 2.6
[55]. 3rimHO cxemu misl ympaBiiHHA HEOOXiJHI Taki 3HAUEHHS: MOTYXKHICTh 3apsKH,
npodine mporecy 3apsay, 3MiHa PiBHS 3apsly, Hampyra Ta CTPpyM aKyMyJsITopa,
Koe(DImieHT eEeKTUBHOCTI 3apSTHOTO TIPUCTPOIO.

Mopnenb Oatapei EV ckinanaerbes 3 KEpOBaHOTO €KBIBAJIEHTHOIO JIXKEPENa HAPYTH
Vyxexs T@ CKBIB&JCHTHOTO OMOPY Rgys. V., i.- Hampyra ta ctpym mepexi [13]. o
crocyerbes Vg, I , TO 1le BU3HAUA€ HAMPYTy Ta CTPYM Ha CTOPOHI aKyMyJIATOpa, IO

HasBHI IT1]T Yac 3apspKaHHS.

IKE 3apaonuil
: - ; npucmpiii EV
AT < - ]
i
-
———0
I, + S ) ) _~
Xhexe —— o SOC v .
Gam I ¢
pr—)
o—

Pucynok 2.6 — CriporieHa cxema enekTpudHoi yactuau EV
Hamnpyra akymynstopa BU3HAYaEThCS SIK:
V6am = VXXeK@ + Reicg -1 (21)

3MiHa piBHA 3apsty OaTapel mij yac 3apsKaHHs:

SOC(k) = Zlg:l d((?)(k) + SOCnoqamK

dQ(k) =i(k) - T;, (2.2)
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ne k - Homep nepioay yacy ta N - KUTBKICTh IEep10iB 4acy MPOTITroM 3apsiaku, T;- Mepiof,
d(Q - 3MiHa EMHOCTI aKyMyJIATOPa JIJIsl KOXKHOTO TIEPIOy.
[ToTyXHICTh Ha CTOPOHI aKyMYJIATOPa Ta MEPEKi PO3PAXOBYETHCS 32 JTOTIOMOTOIO
HACTYITHUX PiBHAHB [56]:
Pac = Voam
Poc = Ve ic (2.3)
[ToTyxHICTh TakOK € (QYHKIIEIO Bif PiBHA 3apsay akymyistopa Ta (2.3) moxe
OyTH MEepenucaHo sK:
P;.(S0C) = V;,,(S0C) - i
Poc(SOC) =V, - 1(SOC) (2.4)
P, He 30epiraeTbCst MOCTIMHUM M1 Yac 3apsijy; 3 ypaxXyBaHHIM €(EeKTUBHOCTI 3apsTHOTO

IPUCTPOIO:
Pgc
P = — ' (2-5)
3 (2.4) Ta (2.5),i Moxe OyTH BUPaKEHO SIK:

. Vc‘.c
i(S0C) =1 m (2.6)

TumoBmit  Li-ion  akymyssTop, Ta TOH, IO pO3TJISAaTUMEThCS —HaJAl,
3apSAKAETHCS HAUMPOCTIIIMM METOJOM TOCTIHHOTO CTPyMy Ta TOCTIMHOI Hampyru
(Constant Current/Constant Voltage, gami - CC/CV). BiH € HallOUIbII IIHPOKO
MPUIHATUM METOJIOM Ha MPaKTHUIIl Yepe3 JIeTKy peani3alliio Ta BiICYTHOCTI HeOe3MeuHo1
Uit 6atapei nepeHanpyru. Ha nepiomy erami 10 6arapei mogaeThesi MOCTIHHUN CTPYM
JIOKHM Hampyra akyMyJIsiTopa He JOCATHE 3a7aHoi BenuunHu. Ha apyromy erari Hampyra
Oyne 30epiraTucs MOCTIMHOIO, @ CTPYM 3MEHIITYBAaTUMETHCS E€KCIIOHEHIIAJbHO, JOKU
npoIiec 3apsity He 3aBepnThes [57]. Tumosi KpuBi 3MiHU HANIPYTH T4 CTPYMY MIPOTITOM

3apsAIKH METOJOM MOCTIMHOTO CTPyMY Ta MOCTIMHOI HANPYTH MPEACTABICHO Ha puc. 2.7.
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Pucynox 2.7 — Cranii 3apsiay Li-ion 6aTtapei MeTo10M OCTIHOTO CTpyMy Ta MOCTIHHOT
Hanpyru (CC/CV) [57]

Sk mokazano Ha puc. 2.7, pexum mnoctiitHoro ctpymy (CC) 3aKiHUy€eThCS, KOJIH
Hanpyra jocsrae Vpax. [Iporiec 3apsinku, sk pasimie 0yJio 3rajJjaHo, 3aBepLIy€eThCs, KON
CTPYM 3MEHIIYEThCS 0 3aJaHOro piBHs. Ilicis 3MiHM peXUMY Ha MOCTIHHY Hapyry
(CV) 3zapsan 3aiimae Ounplie yacy. OpHak, 1e 3po0jieHOo i TOro, o0 mig3apsioM
MEHIITUM CTPYMOM IIPOJIOBKHUTH TEPMIH CITy:KOU OaTapei Ta YHUKHYTHU TIeperpiBaHHs.

2.2.2 Bumipu napameTpiB Mij 4ac 3apsIKu

3rigHo 3 [58], piBenb 3apsay Oarapei (SOC - State of Charge) oOmexenwuii 3 20%
1o 90%.

3apsika BUKOHYEThCSI METOI0M mocTiiHOro cTpyMy (CC), 10K piBeHb 3apsiay HE
nocsrae 80% Ta, Hamai nocriao Hanpyror (CV) mo 100% piBHS.

ExcniepuMeHTanbHuil 0€3KOJEKTOPHUI ABUTYH MOCTIHHOTO CTPYMY KMBUTHCS BiJl
16-tu mitiii-ionHux Oarapeit InnoPOWER-LFMP40AH 3 HOMIHaNIbHOIO €MHICTIO
40A*ron. JIiTiA-IOHHUW THI aKyMyJAaTOpa HAWOUIBII TMOMYJSIPHUM BUJ, 11O
BUKOPUCTOBYETHCS B €IEKTPOMAIIMHOOYyBaHHI. CTpyKTypHa cXema JabopaToOpHOI
YCTaHOBKHU TpUBEICHA Ha puc. 2.8. Sk BUIHO, aHATI3aTOp MEPEKI BUMIPIOE TTapaMeTpr

SK Ha CTOPOHI Oartapei, TaKk 1 Mepexi.
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CH/HH INaBopaTopis
L3 220B 500y
L2 Kabenb
Mepexa 0
TpaHcchopmaTop \LMGS(]D niKNIoYeHHs: Enexrpomobine
(BUMIpHBEHHA CTPYMY Ta Hanpyrd) 2 KBT*FDJJ,

Pucynok 2.8 — Cxema n1abopaTopHUX BUMIPIB
Amnamizatop  Mepexi  Bucokoi  TouyHocti  ZES  ZIMMER < LMG500
BUKOPHCTOBYETHCS JJI1 BUMIPIOBAHHS Ta 3amucy AaHuX. HaBaHTakeHHs 3apsaku, IO
0e3nocepelHbO BIUIMBAE Ha MEPEXKY, BUMIPIOETbCA 3a Aonomororo MAS-ngonaTtka s
LMGS500. Texuiuni mapameTpu OatapeitHoro 010Ky HaBeaeHi B Ta0ir. 2.1. [59].

Tabmums 2.1 — IapameTpu GaTapeHOTO OJI0KY €IeKTPOMOOLIIS

Enexrpuyni napamerpu Bequyuna
€MHICTB, Enom 2 kBTroxn
HominanpHa emHICTB, Qp 40 A'ton
Howminanena Hanpyra, Uy 51,2B
3apsiaHa Hamnpyra, Uc 58,4 B
Makec. manpyra po3psny, Ug 44,8 B
Cepenniii 3apsauuii ctpym (0,5C), 1 20 A
Crannaprauit 3apsauuii ctpym (0,3-1,0C), 1; | 12-40 A

barapeiinuii 610k po3psikaBcs 31 ctpymoM HaBaHTaxkeHHsM 20 A (0,5 C) npu
BukopuctanHi I[TECH DC Electronic Load.
3apsiAHUN MPUCTPIA Ui aKymyJsisiTopa - 1ie oJHO(a3Ha HEKOHTPOJIhOBaHA

onHoHarnpasiena 3apsaka JIA RUI JR-B900 (ta6u. 2.2).
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Tabnui 2.2 — [lapameTpu 3apsiAHOTO TPUCTPOIO

Enexrpuuni napamerpu | Beaimunna
AC Bxin
Hanpyra, B 180-240
Crpym, A 7
DC Buxig
Hanpyra, B 58,4
Crpym, A 15

KoedimienT KopucHOiI Al 3apsAAHOr0 NPUCTPOIO MOKE OYTH PO3paxOBaHUM fK:

SaC
Ne = (2.7)

B Sdc ’

ne S, Ta S TOTYXKHICTh HABaHTAKEHHS Ha CTOPOH1 MEpeXkK1 Ta OaTapei, BiAMOBIAHO.

2.2.3 BuMiproBaHHS rapMOHIK

OcHOBHA M€Ta TAHUX JTOCIIIJKEHb MOJISTAE B TOMY, 11100 TOKa3aTH BILTUB TAPMOHIK
HANpyTu Ta CTPyMY Ha MEpeXy HU3bKOi HANPYTH MiJ Yac 3apspKaHHS eJIeKTPOMOOis
[60]. Sk BigOMO, aKyMyJsATOp €IEKTPOMOOLIS MOTpeOy€e MOCTIHHUN CTpyM IS
sapsmxanusi. [uBepropu Ta DC-DC mneperBoproBaui (HEiHIMHE HaBaHTAKEHHS)
MEePETBOPIOIOTH 1 PErYJIIOIOTh MOCTIMHUN CTPyM 31 3MiHHOrO. Came TOMOJIOTIsl CXeMU
3apsIIHOTO MIPUCTPOIO BHUKJIMKAE HEJTIHINHICTD CIIOKUBAHOTO CTpyMYy.
ExcriepuMeHTanbHui  3apsiAHUM  OPUCTPIA € HAWOPOCTIIIUM  HEKOHTPOJIbOBAHUM
oHO(a3HUM BHUIIPSAMIISTYEM, 1 TOMY HasBHI BEJIMKI TapMOHIKM CTpyMy Ta HHU3bKUUI
KOe(DIIIEAT MOTY>KHOCTI.

Bucoka HemiHiliHa 4YacTKa NPU3BOAWTH 10 HENIHIWHUX TMaJiHb HAMpPYTd Ta
CIIOTBOpPEHHS Hampyrd. Lle mpu3BOAWTH O TaKWX HETaTUBHUX PEYCH, SK 3HIKCHHS

e(eKTHBHOCTI MPUCTPOIB, TIEpEeHANPYTH a00 TepeBaHTaKeHHs [41].
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Curnain cTpyMy Ta Hampyru Moke OyTH MPEACTaBICHUH SIK CyMa CHHYCOTTaTbHUX
dbopM Ha pi3HUX TAPMOHIMHMX YaCTOTaX. 3arajbHUN PIBEHb CIIOTBOPEHb - 3arajibHUI

koedirieHT rapmoHiiHuX crotBopeHb (Total Harmonic Distortion, THD).

Po3paxyHku koedimieHTIB rapMOHIMHUX CIIOTBOPEHB ISl HAIIPYTH Ta CTPYMY O

40 rapMOHIKHU:

THDy = [#=2—t (2.8)

THD, = |&:=2" (2.9)

ne h — Homep mopsiaky rapmoniku, Up, |y — milicHI BETUYHMHU HAPyTd Ta CTpyMmy Ha h-
Ti# rapmoHii, Ui, |1 — Hanpyra Ta ctpym Juist rosioBHOi yactotu (50 I').

Tabmuis 2.3 — Mexi TapMOHIK CTPpyMY JUIS €JIEeKTPUYHUX MPUCTPOIB K1acy A

Ne rapMoHiKkH Maxkcumanbnmii In, [A]
2 1,08
3 2,30
4 0,43
5 1,14
6 0,30
7 0,77
8+40 0,23-8/n
9 0,4
11 0,33
13 0,21
15+39 0,15-15/n

[Ilo6 3poOuTH TpaBUIBLHUN BHUCHOBOK IIiCIsA OOpOOKM BHUMIPIOBAHUX JIaHHUX,

BAXKJIMBO BU3HAUYUTU CTAHJAPTH, SIKI OOMEXYIOTh FTaPMOHIYHI CHOTBOPEHHS B MEpexi. Y
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1iii poOOTI OCHOBHUM OO0'€KTOM JOCIIDKCHHS € 3apsaHuid TpUCTpid myis Oartapei
eJIEKTPOMOOLIIS, 3TaJaHU paHiIIIe.

3apsAHUM TPUCTPI CTIOKUBAE CTPYM HIKYE 16 A. Y 1IbOMY BUITAIKy CTAaHAAPTOM,
1110 3aCTOCOBYETHCS s 1[bOT0 TpucTporo, € IEC 61000-3-2 mist amapaTtis kiacy A [61].
Tabi. 2.3 MiCTUTH MEXI1 JJI1 KO’KHOT TApMOHIKH CTpyMYy Bija 2-1 1o 40-i.

3Bakaroun Ha Taou. 2.3, HaiBumwmii koedimiear THDi cranoButs 17,3%, sk s
MPUBATHUX 3aPSATHUX IPUCTPOIB, MIIKIIOYCHUX 10 MyOJIIYHOT MEpExi.

[Io crocyeTbes rapMoHiK Hampyr, To cranaapt EN50160 BuzHavae mexi 1UX
napameTpiB Y HU3bKOBOJIBTHUX Mepexax. Mexi Bka3aHi B Ta0m. 2.4,

Tabnurs 2.4 — Mexi TapMOHIK HaPyTH AJIs €IEKTPUIHUX IPUCTPOIB Kilacy A

Ne rapMoHiKkH Maxkcumanabna Un, [%0]
2 2 %
3 5%
4 1%
5 6 %

6+24 0,5%
7 5%
9 1,5%
11 3,5%
13 3%
17 2 %
25 1,5%

Amnanizarop noty>kHocti LMG500 Takosx mpaifoe sik BACOKOTOYHUHN TapMOHIYHUN
aHamizatop. MeTa IOCHiIKeHb MoJisiraja B peajizallii HOBHOTO LUKITY 3apsKaHHS Mij
4yac BUMIPIOBAHHS TapMOHIK CTPyMiB Ta HampyTr. byB BUKOpHUCTaHMA 2 THIT 3apsHKaHHS

- EM miaxmouenuit 1o mepexi Huszbkoro Hanpyru (HH) 3 omnodasnum 3apsgHum
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npuctpoem JR-B900. HowminanpHa MOTYXHICTH 3apsjaHoOro mpuctporo 1,6 kBT.
Amnanizatop notyxHocti LMGS500 migkmtoueHnil y TouIli MiXK 3apsIHUM MPUCTPOEM Ta
HH wmepexero 111 BUMIpIoBaHb 3MIHHOTO CTPYMY, a TAaKOXX MIXK 3apsTHUM IPUCTPOEM Ta
Oatapeero 17151 BAMIPIOBaHb MOCTIHHOTO CTPYMY, SIK IIOKa3aHo Ha puc. 2.8.
["apMoHiliHM aHaMI3aTOp HAJNAMTOBAHWM 3TiTHO 3rajaHuX CTaHAapTiB. [lanuii
MIPUCTPIN BUMIPIOE Ta 3aIlMCY€ 3HAUYCHHS TapMOHIK CTPyMY Ta HaAIIpyTH B jiana3oHi Big 0
10 2000 I'n. 3nauenHsa rapMoHik |y Ta Uy po3paxoByrOThCs 3a TOIOMOIOI0 aJrOPUTMY
JTUCKpeTHOTO nepeTBopeHHs Dyp'e. CymapHe rapMOHiHE CITIOTBOPEHHS PO3PAaXOBYETHCS
BiamoBiaHO 10 (2.8) Ta (2.9).
2.2.4 PesynbTaTu BUMIPIB
Bapsiaka Li-ion akymymnsropa InnoPOWER-LFMP40AH 3aiimae 3 romuHu i
CKJIaJIa€ThCsl 3 TPHOX (pa3:
1. mouatok 3apsanku (CTpyM, CrioKUBaHu 6aTapeero EM, mBuako 3pocTac);
2. OCHOBHHUU TepioJl 3apsAaKH (IOCTIHHUN CTPYM);

3. KiHEUb 3apsAaKu (CTPYM 3apsKaHHS MOBLIFHO 3MEHIITYETHCS).
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Pucynox 2.9 — 3611bI1eHHS MOCTIHHOT HANIPYTH Ha MIWHI 0aTapei mia yac 3apspKaHHs
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Pucynok 2.10 — INocriiiHuii cTpyM Ha muHI 0aTapeid MpoTATOM 3apsSaKu
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Pucynox 2.11 — I'padix HaBaHTa)KEHHS MPOTSITOM 3apsKA Ha CTOPOH1 3MIHHOTO
CTPyMY
Bbarapes 3apsmxaeThCsi METOJIOM MOCTIHHOTO CTPyMY 110 piBHSI 3apsny 80%, moTiM

MpoIleC TMPOJIOBKYEThCS 3 METOJOM TOCTIMHOI Hampyru, puc. 2.9. Ilukn 3apsaku
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NOYMHAETHCS 3 BEIMKOTO CTPYMY, SIKUH 3MEHIIY€ThCS, SIK oKa3aHo Ha puc. 2.10. 3mina
MOBHOI MOTYKHOCTI 3apsiIPKaHHS Ha CTOPOH1 3MIHHOTO CTpyMYy IOKa3aHa Ha puc. 2.11.
3MiHa aKTUBHOI MOTY>KHOCTI 3apsi/DKaHHS MiJ Yac TOBHOTO IMHKIIO 3apsaKd

METOJIOM TIOCTIHHUM CTPYM/TIOCTIMHA HAIIpyTa MpecTaBieHa Ha puc. 2.12,

1000 : . : : —
900 \ |
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700 \ :
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500 | |

400 | \ T
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Pucynok 2.12 — 3mMiHa akTUBHOI TIOTY>KHOCT1 MPOTSITOM 3apsIKK Ha CTOPOHI 3MIHHOTO
CTpyMy.

Hapeneni na puc. 2.13 ta puc. 2.14 rpadiku ONMUCYIOTh TOBHE CIIOTBOPEHHS
TapMOHIK Halpyry Ta CTPyMY, BIJITOBITHO.

[Ilo crtocyerbcs koedimieHTa Hanpyrd THDu, To 3aBasku 3rajaHuM BUILE
crangapram [61] BumipsiHe 3HaueHHs, 1m0 MeHIne 5%, € HopmanbHuM. Hebesmeka s
ob6nagnanus BiacyTHs. THDu Bix 5% 0 8% Bkasye Ha 3HaYHI TApMOHIYHI IEPEIIKOIHN -
MO>KJIMBI JiesiK1 TOpYyIIeHHs B poOoTi npuctpoiB. Axuo THDu nepesuntye 8%, To HasiBHE
Iy>Ke BeJIHMKe rapMOHIYHe 30ypeHHs, a y po0oTi 001aJHAHHS MOKIIUBI PO3JIA/IH.

BuwmiproBannit THDu pgocnimpkyBaHOTO 3apsiTHOTO TMPUCTPOIO  €JIEKTPOMOOLIS
30epirae 3HaYeHHS B Jiana3oHi 2,5% 1 3HWKYEThCS B KiHIII [UKITY 3apsiaku 110 1,9%. Le

o3Hayvae, mo THDu 3HaxoauThCs B MeKax HOPMH.



59

3aranipHe TapMOHiiiHE CIIOTBOPEHHS B CTPYMi XapaKTepU3ye CIIOTBOPEHHS KPUBOT
ctpymy [61]. IIlo o3HavaroTh BuMipsiHi 3HaueHHss THDi: 3navenns THDi menme 10% €
HopmanbHuM. He icHye nebOesneku. 3nauennss THDi Big 10 no 50% Bkasye Ha 3HauHe
rapMoHiiiHe 30ypeHHs. IcHye HeOe3meka HarpiBaHHs, IIO0 BHMAara€ mepepaxyHKy
napameTpiB kabemniB. 3nauenHs THDi1 Bume 50% Bka3ye Ha qyke BEeIWKI TapMOHINHI

MOPYIICHHS.
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Pucynok 2.13 — KoedirienT rapmoHiitHux criorBopers Harpyra THDu npoTsirom

3apsIIKU
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Pucynok 2.14 — KoedirieHT rapmMoHiiiHuX crioTBopeHb ctpymy THDi mpoTsirom
3apsJIKH

[Tix gac 3apsinku THD1 3anummaersest Ha piBHI 120%, a miciig mo4arky 3apsiiku 1o
METO/y NOCTIHOI HanpyTu 30uTbIy€eThes 10 150%.

Ha puc. 2.15 1 Ha puc. 2.16 mokazaHo CIEKTpH HAMpyTH JUIsi OCHOBHOI (a3u Ta
KIHIS UKy 3apsipKaHHsg, BianosimHo. [li rpadiku mokaszyroTh HHU3BKHIM PIBEHb
nvcOanaHcy HaIlpyTH.

Hactynui puc. 2.17 Tta puc. 2.18 BimoOpakaioTh CIEKTpU CTpyMy Oartapei
CIIEKTPOMOOLITSI JIJI1 OCHOBHOT a3y 3apsi/pKaHHS Ta KIiHI 3apsaku. 3rigHo puc. 2.14
cyMapHuii koedilieHT HemHiMHuX crnotBopeHb THD Moxe 301IbIIyBaTUCS MPOTATOM
UKy 3aps/DKaHHs, ajieé BeIMYMHAa [bOTO CHOTBOPEHOTO CTpyMy (DaKTUYHO
3MeHIIyeThcs. Sk BuaHO, TOTO4YHI  BuMiptoBanHs THD  moxyts Oyt
ne31iH(GOpPMAaTUBHUMU: HACTIPAaBJll 3arajibHe TapMOHIWHE CIOTBOPEHHS 3pPOCTAa€ TMpHU
MeHoMy ctpyMi. Ock uomy BumiptoBanHss THD He HacTiIbKU NpakTUYHE y BU3HAYEHH1

BIUIMBY 3apsIKU Ha PO3MOAUIEHY MEPEXY Ta AKICTh €IEKTPOEHEPTIi.
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Pucynoxk 2.15 — OcHoBHa (a3za 3apsmpxands. CrieKTp HaNpyTy JJIs 3apsiKaHHs

enexkTpomoOuIst Ha 20™ xBunuHy (cuHiii) Ta ctanaapt EN50160 (oiHis)
10 —
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MopAgoK rapMoHiku

Pucynox 2.16 — Kinens nukity 3apsiaku. CieKTp HanmpyTH JUIst 3apspKaHHs

enekTpoMoOist Ha 160™ xBunuHy (cuHiit) Ta cranaapt EN5S0160 (siHis)
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MopanoK rapMoHiKu

Pucynoxk 2.17 — OcHoBHa (aza 3apsipkans. CekTp CTpyMy IS 3apsiiKaHHS

enekTpomoOuTst Ha 20" xBunuHy (cuHii) Ta crangapt IEC 61000-3-2 (iHis)
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MopsAOK rapMoHiki
Pucynox 2.18 — Kinenp mukiy 3apsinku. CieKTp CTpyMy JJIs 3aps/KaHHS
enexkTpomoOutst Ha 160™ xBunuHy (cuniit) Ta crangapt IEC 61000-3-2 (minis)

JIisi 3MEHILIEHHST TapMOHIK BHUKOPUCTOBYIOTHCS pI3HI METOAM: 3aCTOCYBaHHS
MACMBHUX, aKTUBHUX Ta KOMOIHOBaHUX (GiabTpiB. [IpuHIMT po6OTH TaCUBHOTO PLIBTPY

3aKJIEYA€EThCA B TOMY, 1110 MApajebHO JKEPETy TapMOHIK MiIKII0YA€THCS 1HYKTUBHO-
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€MHICHA CXE€Ma, HaJallTOBAaHA HA KOXXHY YaCTOTy TapMOHIKH, L0 (UIBTPYIOTHCS.
AKTUBHMI QUIBTP TEHEPYE TAPMOHIKU B MPOTUBOGA31 10 ICHYIOUUX TaKUM YUHOM, 11100
KoMreHcyBatu ix. KomOGiHOBaHM (1IbTP OXOIUTIOE MIMPOKKUH JTiaria30H MOTY>KHOCTEH Ta
poOOUYMX XapaKTEPUCTUK - 00’ €IHY€ /1Ba MOMEPEH] PIICHHS B OJMH MPHUCTPIH, IO Ja€
3MOT'y CyMIIIaTH iX miepeBaru [61].

2.3 BignoBigHicTh yMOBaM NPUEIHAHHSA 10 €JIEKTPHUYHOI MepesKi

HeszanexHo Big TUIy BUKOPUCTAHHS 3apsiHOI CTaHINI IS €JIeKTPOMOOLIIB
(mpuBaTHi, KOMEpIIiHI a00 KOPIOPATHBHI), BOHA MOBUHHA 3a0e3MeuyBaTu OE3MeKy SIK
JUIS JIFOJWHY, 110 3I1MCHIOE TIIKIIOYEHHS eIeKTpoMoOiisa, Tak 1 anmsa TexHiku. E3C
MOBMHHA OyTH OCHAIllEHa aBTOMATHMYHUM BHUMHUKA4eM, 3aXHCTOM BIJ MEpEHAIpYT,
NPUCTPOEM 3aXUCHOTO BIJKIIOUEHHS, 3a0e3nedeHa HEOOXIAHUM pIBHEM MWJIO-Ta
BOJIOT03aXMUCTy. BaXIMBUM € 3aXHMCT BiJI MIHIMAJIBbHOI HANpyrH, BiJ MepeHANpyru
MEpeXi, TaK SIK Il 3aXHCTH JO3BOJIATH MPOJOBXKHUTH TEPMIH CIY>KOU aKyMyJsiTopa
€JIEKTPOMOO1IIS.

BupoObHukaMu 3apsiHUX CTaHIIN 1 €JIEKTPOMOOUTIB OyJIu CHUCTEeMaTHU30BaHI BCi
BUMOTH (B TOMY YMCJIl BUILIEBKa3aHi) B CIJIBLHO po3pobiieHOMY cTaHaapTi 0e3neku Z.E.
Ready. V nbomy Bkazani Outbmie 400 no3uimid, SKUM TOBHHHI JIOTPUMYBATHCS
BUPOOHMKH 1 KOPUCTYBAUl 3apsAIHUX CTaHIIH.

3apsanHi cTaHIli 6akaHO 1HAWBIIYaTbHO MPUCTOCOBYBATH JI0 OCOOIMBOCTEN MICIS
MOHTaXY:

o VYcepenuHi TPOMAJCHKUX CHOPYH (HaNpUKIad, MIA3EMHHUA Tapax TOPTOBOTO

IIEHTPY a00 aepoIopTy).

e 30BHIIIHE PO3MIIIEHHS (HANMpUKIaA, Ha O€H303ampaBKax, Ha MApPKOBI O1is

TOTEJIIO).

HeszanexHo Bij Miclsg yCTAaHOBKH 1 BiJl TOro, SIKWWA THUIT 3alpaBHOI CTaHIIII,
HEOOX1THO PO3POOUTH MPOCKTHY NOKyMEeHTallifo. [I[pOeKT MOBUHEH MICTUTH HACTYITHUHN
MIHIMaJbHUM HAOIp MO3UIIIN:

e (CxeMy IUIaHYBaJIbHOI OpraHi3arlii 3eMeJIbHOT TUISTHKH.

e KOHCTpPYKTHBHI KpECIEHHS.
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e ApXITEeKTypHO-OyiBeNIbHI PIIIEHHS.
e OOrpyHTyBaHHS PO3MIIIECHHS 3alPABHOI CTAHIIII.
e [HKEHEpHO-TEeXHIUHI KpecjeHHs eleKkTpudikaiii 1 aBTOMaTHM3allii 3ampaBHOI

CcTaHIl.

e Po3paxyHOK mapaMmeTpiB 3a3¢MIIIOIOYMX KOHTYpPIB 1 CTpyMiB KOPOTKOTO
3aMUKaHHS.
BucnoBku 10 Pozainy 2

1. oBeneHo, 1m0 BUMIpIOBaHHS 4acTOTHOI criotBopeHocTi (THD) mpu 3apsiari
CJIEKTPOMOOUTIB MOXYTh OyTH Je31HPOPMATUBHUMHU 1 HE AyXKE€ MPAKTUUHUMH IS
BHU3HAYCHHS BIUIMBY HA PO3IMOAUIBHY MEPEXY Ta SKICTh €JIEKTPOEHEPTI.

2. Meton "nepunii NpUHAIIOB - NEPIINANA 3apsIKaeThCA" MOKe OyTH HE3pYUYHUM B
CUTYaIIisIX, KOJHU €JIeKTPOMOOLII, 1110 MPUETHYIOTHCS Mi3HIIIE, MOTPEOYIOTh TEPMIHOBOI
3apAOKH, 1 MOXE TPHU3BECTH JIO0 HEPIBHOMIPDHOTO PO3MOAUIY €HEprii MIXK
€JIEKTPOMOOISIMHU.

3. Mertox HempsMOro KOHTPOJIIO 3apsAIKU €JEeKTPOMOOLUIIB, 3aCHOBaHUI Ha
ypaxyBaHHI Tapu(]iB Ha eJICKTPOEHEPrilo, JI03BOJISIE BJIACHUKAM €JIEKTPOMOOLIIB
ONTHUMI3yBaTU CBOi BUTPATH, HE BPAXOBYIOUM 3apSAKY IHIIMX €JIEKTPOMOOUIIB Ta
O0OMEKEHHS MEpexi.

4. CucrteMH KepyBaHHs, II0 0a3ylOThCSA Ha BUPIMICHHI ONTHUMI3AlIMHUX 3a7ad 1
MPOTHO3YBaHHI MPUOYTTS €JIEKTPOMOOUTIB Ha 3apsAHy CTaHLIil0, MOXYTh HE
BpPaxOBYBAaTH IHTEPECH BIIACHUKIB €JIEKTPOMOOLUIIB 1 KEPyBATHUCS JUIIE OOMEKCHHIMU
EHEeprocucTeMu Ta npueaHaHHsA. KoHQIIKT MOKe BUHUKATH MDK 3PYYHUM 4HacoOM JIJIs
3apSAKH €IEKTPOMOOLIIS Ta ONITUMAJIBHUM JIJISI MEPEXI.

5. Ilix gac meTomy 3apspKaHHs, M0 0a3yeThCsl HAa BUPIMICHHI ONTHUMI3aIlliHOT
3a/mayi, ICHy€ MWMOBIPHICTh TOXHOKM TPOTHO3YBAaHHSA, SKa MOXKE BIUIMHYTH Ha
e(EKTUBHICTb 3apAJIKH €JIEKTpoMOO1IIB. EKcriepuMeHTanbH1 XapaKTEepPUCTUKHU TPOLECY
SIBJISIFOTHCS OCHOBOIO /17151 (DYHKLIN HaJEKHOCTI METOY YIPABIIIHHA B peaibHOMY Yaci i
dbopmyBaHHS MPODUIIO 3apSAIKH €JIEKTPOMOOLIS JJIsl MOJAJIBIIOTO BUKOPUCTaHHS B

moaem Matlab Simulink.



65

PO3/1J 3. PO3POBKA METOAY KEPYBAHHA 3APAJTHUMUA CTAHIIAMUA
IMPU YMOBI OBMEKEHHS CITO’KUBAHHSA B MICHI HIAKJITIOYEHHSA
EJJEKTPUUHUX 3APSAJHUX CTAHIINI

3.1 3acrocyBaHHS 3aNIPONIOHOBAHOIO MiAX0AY HA OCHOBI HEYiTKOI JIOTiKH

3 ormsany Ha Te, mo KinbkicTh EV Ta ix BuMoru Ha 3apsaaky Ha E3C cTroxactuuno
3MIHIOIOTBCS 1 CTBOPIOIOTH XapakTepHi ans E3C cutyariii, siki He MiAIATalOTh YITKOMY
BU3HAYCHHIO, B SIKOCT1 HAMOUIBII MPUIATHOTO MATEMATHYHOIO arapary JJjisi po3poOKH
CHCTEMH YIPABIIIHHS MOKHA NMPUHHATH MpaBUia Ta IMOJIOKCHHS HEYITKOI JIOTiKu [62].
Crpykrypa 3anpornoHoBanoi cuctemu ynpaniiHHs E3C B peanbHOMy yacy HaBeJeHa Ha
puc. 3.1. Cuctema npaifoe B peaTbHOMY 4aci, 0a3yeThCs Ha HEUITKIM €KCIePTHIN CUCTEMI
Ta BpaxoBy€ OOMEKEHHS SIK MEpEXi, Tak 1 IHTEPECH BJIACHUKIB TPAHCIIOPTHUX 3aCO01B.
OCHOBOIO CHCTEMH € BH3HAUCHHS BaroBoro iHuekcy 3apsaku (BI3) mis koxHoro EV.
Busnauennss BI3 0a3yeTbCs Ha pIiBHI 3apsiy OaTapei, MOTYKHOCTI 3apsiKaHHs,
HEOOX1/1HOT eHepril A1 3apsIPKaHHS Ta HassBHOTO Ha 3apsi/IKy dacy.

Mepexa

WHeobx

@ Szap ——» Q S ObmesxxeHHs
B\
tnapk
KoHTponep
| HeuiTkOi .
WHeobx A nOFiKU PiweHHs ,,ympuM}{,samu/
P 3apsadxamu
. “ CumyayjitiHut
tnapk
»| anzopumm
A A
WHeobx N -
e | KoHTponep
ﬂ Seap —— Ny T " E3C
(A >
tnapk .
YnpaeniHHs 3apsadHuUMuU

criomamu ma KOMyHikauisi

Pucynox 3.1 — CtpykTtypa 3anpononoBanoi cucremu ynpasiiaas E3C B peanbHOMy

qaci
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Merton po3paxyBaHHs BI3 6a3yeThcs Ha 171e1 PO BUKOPUCTAHHS HEYITKOI JIOT1KU B
yTpaBIIiHHI enekTpoMoOisivu [63]. V 3ampornoHoBaHOMY B 1Til poOOTI METO/Ii, pilICHHS
KOHTpOJIepa 3apsAAHO1 CTAHIIIT 100 3apsKaHHs 4 yTpuMaHHs EV 3anexuts BijJ ABOX
etamiB o0umcieHb. CucreMa Mae OUTHIINK PIBEHb MPAKTUYHOTO 3aCTOCYBAHHS, OLIBII
PIBHOMIpHUN pO3MOJIT €Heprii Ta MEHIIl BHUTpaTH €Heprii B TOAWHU MIK Ta TpU
0OME)XEeHHI1 MePEeTOKY MOTY>KHOCTI.

3.2 TlobynoBa ¢a3si-cucreMu

Ha mnepmomy erami Bci migkmodeHi EV  oTpuMyroTh BaroBuil 1HAEKC
MIPIOPUTETHOCTI 3a JomoMororo (azi-cuctemu. Ha apyromy kpoiri, MEpexeBi Ta I[IHOBI
oOMeKeHHs, HeoOXimHui ¢iHaTbHUN piBeHb 3apsay Oarapei OepyTbcsl J0 yBaru, 1
3apsiiHa TIOTY>KHICTh JIOCTABJISIETHCA /O €JIEKTPOMOOUIIB 3 HAaWBUIIUMU BaroBUMHU
1HAEKCaMU 3apsi/IKH.

[lepuinii Kpok MoJArae B TOMY, IO MIC NIAKIIOYEHHS HOBOTO aBTO JI0 3apsIHO1
cTaHiii, BIacHUK EV orosourye TpuBamicTh CBOrO MapKyBaHHS l,p Ta HEOOXiTHMIA
PiBEHB 3apsy, AKUI HaJICWIIA€THCSI KOHTPOJIEPY 3apsIHOT CTaHIIT 3 3apsAHOTO CIIOTY. 3a
JIOTIOMOTO10 1I€1 Ta 3UMTaHO1 IHPOpMaLli MIAPAXOBYETHCS HEOOXI1THA €HEPTis IS 3apsaay
6arapei W,e,6, Ta IOTYKHICTD 3apSIKHU S, HaCTKa HEBU3HAYEHOCTI, SIK B aITOPUTMAX 3
TUTaHyBaHHSM [64], TyT BiICyTHSI.

da3zi-cucrema, mpecTaBlIeHa Ha PUC. 3.2, OTPUMY€E CUTHAIIN BiJl 3apSAIHUX CIOTIB
70 mepmioro 3 4otupbox OnokiB. Ili Omoku - ne "dazudikamia", "brok pimens’ 3
"IIpaBunamu" ta "edazudikaris”.

Peanizanis ¢a3i-noriku HaBeJeHa CKIIagaeTbes 3 [65]:

o  ®dazudikallig - nepeTBOPEHHS KJIACUYHUX YHCIIOBUX JAHUX y HEUITKi (a3l JaHi
a6o ¢ynkii HanexxnocTti (OH).

e bjok pimeHb 3 npaBwiamMu - 00'€eqHye (YHKIIT 4YJieHCTBa 3 MpaBUJIaMU
KepYyBaHHSI JIJIsl OTPUMAaHHS HEYITKUX PE3yIbTaTiB.

o Jledazupikarisg - BAKOPUCTOBYE Pi3HI METOAM, OO OOUUCIUTUA KOKEH BUXI] 3
OJIOKY PIIIEeHb 1 TOMICTUTH HOT0 B TaOJIMIIO MONTYKY. Bubupae uncnoBuit Buxin

13 TaOJIMII MOLIYKY Ha OCHOBI TOTOYHOTO BBOAY.
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Hagenena Buiie cTpykTypa 0JIOKIB HEUITKO1 JIOT1KM TTOKa3aHa Ha puc. 3.3.

Po3paxoBanuil iHIEKC Jani BUKOPHUCTOBYETHbCS Ha APYTid ONTUMI3AIliiHIN cTamii

aJIrOpHUTMY.
Bapsgkal
YTPUMaHHS
OHOBIEHHS Cvictema dassi- _ OnTumisauis
iHO nOFikU PileHHs 3apsgxaTy um OHOBﬂeHI-!ﬂ
enekTpokapis, > Bunaua BI3 > yTpumysath; ™| napametpis.
Lo NigKMoYeHi KOXXHOMY aBTO ObmexeHHsa Mmepexi Ta enektpomobinis
3apsigHOI cTaHuil
A

Pucynox 3.2 — Crpoiiena cxema 3apsiaku EV

WHeobx  Sszap  tnapk

'y

dasudikauis

'

Bnok piweHb ~—— [lpasuna

'

Hedasundikausa

¢

Bazosuti IHOekc
3apsiOXKaHHS

Pucynok 3.3 — CTpyKTypa HEUiTKOi JIOT1KH
3.3 ®DyHkIii HAJIEKHOCTI

OyHKITIT HaJIEKHOCTI BUKOPUCTOBYIOTHCS B (Da3i-JIOTiIll JUIsl ONMUCY BXIJHUX Ta

BUXIJTHUX T€PMIB IILOTO OJIOKY, K1 3aJ1€XKaTh Bl (GOPMH Ta KUIBKOCTI HEYITKUX 3HAYEHb.
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Ax npaBuio, QyHKIIS HaJIEKHOCTI OyayeThcs a00 Ha OCHOBI CTaTHCTHUYHOL
iH(popMmarii, ado 3a yuacTi ekcrepTa (Tpynu excneprtiB). Meroan moOynoBu (PpyHKIIiH
HAJICXKHOCTI JIISATHCS Ha MpsMi Ta Herpsami. [IpsaMi MeToamn XapakTepUu3yrOThCs TUM, 1110
eKCcIepT Oe3mocepeHbO 3aa€e MpaBUiia BU3HAUCHHS (YHKININA HAIEKHOCTI Uy (X), 10
XapakTepu3ye eneMeHT X. lIpsmi MeToau BHUKOPHCTOBYIOTHCS JJIsi BUMIPIOBAaHUX
BEJIMYMH, TAKUX SK MBUKICTh, Yac, BiJICTaHb, TUCK 1 T.1I.

Hexaii o6mactsb, Ha sKkiii Oye Oy yBaTuch QYHKIIIS HATEKHOCTI Oy/1e MO3HAYaTUCh
X. HeoOxiHO mam’aTaTH, 1m0 X — 4iTKa MHOXKUHA.

Heuitkoro MHOXMHOIO A B Aedkiid oOiacti X, mo mo3HadaeTbca Sk A € X,

Ha3WBA€THCA MHOJKHNHA I1ap:

A= {(x, pa(x)); x € X}, (3.1)
ne
Us:X - [0,1] (3.2)
Ile ¢yH1is HaNEKHOCTI HEUITKOT MHOXKHUHH A. Ll dyHKIIS npuUnucye KOxHOMY
eJIEMEeHTY X € X CTeMiHb HOro HAJIEKHOCTI 0 HEUITKOI MHOXUHU A, IPU IIbOMY MOKHA

BI/II[iJ'II/ITI/I TPH BUITAJAKH:

1. pys(x) = 1 o3Hauae MOBHY MPUHATICKHICTH €IEMEHTA X 10 HEUITKOT MHOKHUHU 4,
x € A.

2. Ua(x) = 0 o3HAUAE BIICYTHICTH HAJICI)KHOCTI CJIEMEHTA X 10 HEYITKOT MHOKUHU A,
x & A.

3. 0 <py(x) <1 o3Hauae YACTKOBY MPHUHAJEKHICTh €JIEMEHTa X /O HEYITKOi
MHOXHWHH A.

B nitepatypi npuiiMaeTbcsi CUMBOJIBHUM OMHC HEYITKUX MHOXHH. Skmo X =

{x1,...,xy}, TO HeuiTKa MHOKHHA A C X3anuCy€eThCs y BUTIISIIL:
A= #A)fxﬂ + IiA)Exz) +. .. ﬂA(xn) Zn P—A(xz) (33)
1 2

Sk 3ragyBasioch BULIE — NMPUBEICHUM 3alIMC MAa€ CUMBOJIBHHUM XapakTep, A€ 3HAK

«—» 03HAYa€ TPUIMUCYBAHHS KOHKPETHHUM CJIEMECHTaM Xq,...,X, CTENEHI HaJIe)KHOCTI
Ua(x1),. .., ha(x,), TOOTO:

Ba(x;) :

==, i=1,...,n (3.4)

Xi
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O3HAYae mnapy
(xi, 1ua(x;)), i=1,...,n (3.5)
Takosx 3HaK «+» IHTEPHPETYETHCA IK MHOKUHHA CyMa €IeMeHTiB: D = x; + x, +
Xg + X4 9K D = {x1, x5, X3, X4}
OyHKIISA HAJIKHOCTI TPUKYTHOT (DOPMHU BU3HAYAETHCS Y BUTIISII:

(0, ommx<a
s

Jﬁ, onma<x<b

t(x,a,b,c) =1 - 3.6

( ) |%, onab<x<c (36)
kO, oL X =¢

ne a, b, ¢ — ;meski 4MCIIOBI MapaMeTpH, IO BIOPSJAKOBAaHI BigHOIIEHHSIM a < b < ci
NpUIMAIOTh JOBUIbHI JAiMCHI 3HaueHHs. DyHKINS HAIEKHOCTI MOPOIKY€E HOPMAIbHY

BUITYKJIy MHOKHHY 3 HOCieM (@, C), KopioHamH (&, C), sapom {b}.

H(X) A

<Y

Pucynox 3.4 — ®yHKIIis HAJIEKHOCTI TPUKYTHOI (hOpMH
dopMa TpPUKYyTHUKA Jisi (PYHKIIH HAJIEKHOCTI BUKOPUCTOBYETHCS ISl 3aJlaHHS

HEBU3HAUYCHOCTEW y BUTJIAII BIAXWICHB BiJ Aesikoro uncia. Hanpuknan anst BI3:
Hyxe ausbkuii (VLP), Big uncna [0.05]
Husbkuii (LP), [0.24]
Cepenniit (MP), [0.45]
Bucoxkuii (HP), [0.7]
Hyxe Bucokuii (VHP) [0.95]

utst ux gucen (sapo)uBI3(x) = 1, s kopaoniB 0 < uBI3(x) < 1
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[enTp 1 HaxuIM BX1IHUX (QYHKIIIH HAJIEKHOCTI B KOXKHIN 001aCTi CKOPUTOBaHI Tak,
100 BIAMOBITHE MPaBUIIO 3a0€3MEeYMIIO BIAMOBIIHY Jif0 YIPaBIiHHS.
TpaneneBuana (yHKIS HaNEKHOCTI B 3araliIbHOMY BUTJISII MOXKe OyTH 3a/aHa

aHATITUYHO HaCTyITHUM YHHOM!

(0, ommx<a
g, onmas<x<b
tr(x,a,b,c,d) =11, onab<x<c (3.7)
L omc<x<d
c—b
\0, omd<x

ne a, b, ¢, d — geski 4KCIOBI MapaMeTpH, 10 BIOPSAKOBAHI BigHOMEHHIM @ < b < ¢ <

dii TpUIIMarOTh TOBUIBHI IIACHI 3HAYCHHS.

H(X) A

>
X

Pucynok 3.5 — OyHKIis HAIEKHOCTI TpaneueBuIHo1 popmu
@®opMa Tparenuii TpuiMaeTbes JUIsl 3MIHHUX, Ydi TEPMH BKIIIOYAIOTh J1ala30H
3Ha4YeHb, 110 3HAXOATHCS HA TIEBHOMY 1HTEpBaJl.

Wicoss = [1,22] TEPMHU Ta iX Jiana3oHHu:

Hyxe mana (VLow), [0, 3.5]
Mamna (Low), [5, 7.5]
Cepennst (Medium), [10, 13]
Benuka (High), [16, 22]

Hanpuxman, mist

TSt X 1HTEPBATIB (AAPO0) UW s (X) = 1, mst kopaoHiB 0 < uW, 6. (x) < 1
JIist ipukiaAy, po3riistHEMO TPU HETOUHI (POPMYJITIOBaHHS IBUIKOCTI aBTOMOOLIIS:

1. Mana mBuakicts aBto [0, 30]
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2. Cepennsa [50] («6mu3bko 50»)
3. Bemuka [70, X 05[]
[Tputimemo miana3zod 3Ha4eHb [0, X, ax[]], € Xpmay - 1€ MAKCHMaIbHA IBUAKICTS.
Ha pucynky Hmwxkde 300pakeHl HeUiTKi MHOXHMHU A4, B Ta C, 10 BIAMNOBIIAIOTH
norniepeHiM GopmymroBanHsM. Hampukiran, mo0 onucati MHOXKWHY IIBHAKOCTEH, 110

piBHI «05M3bK0 50» MOYKHA 3aIIMCATH:

[x—50]

npu 30 < x <70

g (x) = (3.8)

0 8 [HUOMY 8UNAOK)

B ¢dikcoBaniii Touni x = 33 KM/ToJ GYHKIIIS HAJEKHOCTI «MaJia MIBUAKICTb aBTOY
npuiimvae 3HaueHHs 0,67, Tobto p,y(33) =0,67. ®H «cepeans MBHIAKICTb aBTO»

npuitmae pug(33) = 0,17, Toni six u-(33) = 0.

H(X)
A

LLA(X) H(X) He(X)

0.67

0.17
0 30 50 70 Xmax

>
X

Pucynok 3.6 — [Ipuknan moOymoBu (GyHKINT HAIEKHOCTI
Jlani gyHkiii moka3ani B piBHsHHI (3.9). XapakTepucTiku QYHKINH HAJICKHOCTI,
TaKi K BX1/IH1 Ta BUX1IHI 3MiHHI, BIMIOB1IHI iM popMu PYHKIIIHM Ta TEPMHU IIPECTABIICHI
y Tab:. 3.1 [63].
BxinmHuMu 3MiHHUMU 11 Pa3i-CUCTEMH € TaKl BEJIMYUHU:
1. Barogwii inaekc 3apsaku (BI3) 3HaxoauThes B aianazoHi 0-1
2. W, 06, HEOOXITHA KUIBKICTH €HEPTIi IJIs 3apsSIKh OOMEXKYETbCS €MHICTIO
3mojenboBaHoi Oartapei: Bim O g0 22 kBrroa. IlpuBenmemo TexHIUHI
xapaktepuctuku Nissan Leaf 2010-2013, skuii BHUKOPUCTOBYETHCS Y

MOJIETIIOBaHHI, JJs1 OOIpyHTyBaHHs oOpaHoro jiama3ony. Nissan Leaf
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KOMIUICKTYETHCSI CHHXPOHHUM €JIEKTPOJBUTYHOM B TMEpEIHINA YacTHHI Ky30Ba
notyxHicTio 80 kBt (110 k.c.) 1 280 H-m, mae nepenHiii nmpuBija, >KUBUTHCS
JITIH-I0HHUM aKyMYJISITOPOM, PO3paxOBaHUM Ha MOTYKHICTh 10 90 kBT (120
k.c.) [66]. Barapes emexkrpomoOing emuicTio 24 kBTTOn (HOMiHaNBHA,
(akTHYHA €MHICTh aKyMmylsTopa ckiagae Onmsbko 21,4 xBrrom [67])
CKIamaeThcsi 3 48 MOMIYJiB, KOXKEH 3 SIKHX MICTUTh YOTHpU OarapeiHMX
€JIEMEHTH, 10 IIoMy ckianae 192 Oarapei. OdiKyeThCs, M0 aKyMyJSTOP
30epiratume 70-80% itoro emnocti depe3 10 pokiB, ane Horo QaxkTUyHUN
TEPMIH CIY>KOHM 3alle)KUTh Bl CTHIIO 131 Ta (DaKTOPIB HABKOJIMIIHBOTO

cepenoBuia. barapes po3ramioBaHa i MiJIOTOI0 CAJIOHY.

3. Sup MOTYXKHICTh 3aps/KaHHs g 2 tumy (type 2, po3z’em J1772) 3apsanHux

npuctpoiB Nissan Leaf moginserbcs Ha 3,5 kBt (Nissan Leaf S) 1 6,6 kBt

(Nissan Leaf SV ta SL) (3,8 kBt Ta 7,2 xBT m1s1 Mepesk 3 Harpyroro 240B) [68],
Ta BIAXWJIEHHS BIJl LIUX MOTYKHOCTEW B 3aJIEKHOCTI B CTYIEHIO 3apsiay
Oarapei.

qac MapKOBKU OOMEXKEHUN roJAMHAMH Ta MOJAUICHUN H J11ara3oHiB.
4'tnap'<aca0 oOMexe 10 o a a IoauIe a 5 miama3oH1

JIist MOBHOI 3apsnku posrisgaemMoro akymyssitopa Nissan Leaf 3apsiikoro

noTykHictio 3,5 kBt HeoOxigHO 8 roa [66]. [Ipu 3apsanui Opu HU3BKUX
TeMIlepaTypax B 3WMHIN TEpioj] Yac Ha 3apsii MOXKE 30UIbIIYBAaTUCh, TOMY
MaKCHUMAJIbHO JOCTYIHHUHN YacoM ISl 3apsiiKi eeKTpoMoO1st Oysio oopaHo 9

ron 1971,

FWocotss Ssapr tuape = BI3
W, WSsaps Wlnap (EMT) = uBI3(EM), (3.9)
1€ Wiyeosxr Ssaps tnapx~ HEOOXIIHA 17 3apAIKH €HEPTis, TMOTYKHICTh 3apsAIKH Ta 4ac
MIKIFOUYEHHS 10 3apsiAHOTO MPUCTPOIO, TOOTO Yac MapKOBKHU, U - QYHKIIIS HAJIEKHOCTI.
Wieoox = (SOCeo5x = SO Crrpuammosuir) * Eam (3.10)

ne SOC,eox SO Chouarkopnii- HEOOXITHUM Ta TTOYAaTKOBUM piBHI 3apsaaky Oarapei SOC,

E;,,,- €eMHICTH OaTapei.
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I'padiku QyHKITIH HATEKHOCTI 3 TEpMaMHU IIpeACTaBlIeHl Ha puc. 3.7, puc. 3.8, puc.
3.9 ta myia BuxigHoro iHAEKCY B3 Ha puc. 3.10.

Tabmus 3.1 — XapakrepucTuku (PyHKIIIH HATEKHOCTI

3MiHHa dopMma Tepmu Ta iX giana3oHn/3HAYEHHS

Hyxe mana [0, 3.5]
Mauna [5, 7.5]
Cepenns [10, 13]
Bemuxka [16, 22]

HeoOxinna
K-CTh eHeprii | Tpamenis

W, o06c KBT'TON

HoTyxHiCTh Husbka [2.9, 3.6]
Tpanewis
Bxin | SsargBr Bucoxa [6.5, 7.2]

Hyxe xopotkuii [0, 75]

Koportkuii [122, 180]
Yac

Tpanertis Cepenniii [240, 300]
Hosruii [360, 420]

Hyxe nosruii [460, 540]

t
MMapKOBKHU "“P¥XB.

Hyxe au3bkuii [0.05]

Huzbkuii [0.25]

Barosuii 1HA€EKC
Buxin TpukyTHUK Cepenniii [0.45]
3apsijKands BI3

Bucoxwnii [0.7]

Jyxe Bucokwuii [1]

YL

Viow Low Med High

0 b
08 - —0

0 2 4 6 8 10 12 14 16 18 20 22
HeobxiaHa k-cTb eneprii W, . . KBTTOX

Pucynok 3.7 — @yHKIIis HAJIEKHOCTI AJ11 HE0OX1IHOT eHeprii uist 3apsiaku W, 4,
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HS sy
T T T T T T T
Lrate Hrate
1F -
0.5 :
I:] £ 1 1 I L I I I
1 2 3 4 5 6 7

IloTvKHICTE 3aDALKAHET Siar . KBT
PucyHok 3.8 — OyHKIlisl HAIE)KHOCTI 1715 IOTYKHOCTI 3apsi/KaHHs S,

M

VL

1 #
05 X_X _

D& -

0 50 100 150 200 250 300 350 400 450 500
Yac napKoBKH T . XB.

Pucynok 3.9 — OyHKIis HAIEKHOCTI ISl YaCy TAPKOBKH Ly

UBI3
T T T T T T T T
VLP LP MP HP VHP
1
05 T
0 1 07 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Barogui iHaekc sapgmxaHng BI3

Pucynox 3.10 — @yHKIisI HAJIEXKHOCTI AJis1 BUX1JHOTO B3
Yuwm OinpIia KiIBKICTh TEPMIB, 1110 BU3HAYAIOTH J1ana30Hu (YHKINT HAJIEKHOCTI,

TUM OLIbII THyYKa Ta TO4Ha Oyzae ¢asi-cucrema. Ha Moo excnepTHy OyMKy, Taka
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KUTBKICTh TEPMIB € JIOCTATHHO. 3a0€31euyeThCs KOPEKTHA BUJlaua MPiOpUTETy. 3T1IHO
nocmimkenb [69], B nmiama3zoni 2-7 HEYITKHX MHOXXHH BHUKOHYETHCS PIBHOMIpHE
posnoaieHHs no mkaiai. Jiamazonn ®H po30ouBaiuch Ha KiNBKICTh MPOMIKKIB B
3aJIEKHOCTI BiJI KUIBKOCTI JIMCHUX YHCENI B MHOKHMHAX. T0o0To, unM OUIBIINI Tiana3oH,
TUM OLITBIIIE TEPMIB, ajie B MEXaX ONTUMATbHOI KUTBKOCTI.

Bigxunenns OokoBux miHIN Bix sapa ®H 3anexars Bijg BUOpaHUX Jiama3oHIB 1
(bOpMYIOTHCS IEPEKPUTTSIM MIEPEXOY BiJl OMEPETHHOTO TEPMY J0 HACTYITHOTO.

Takoxx, B Oararbox BHMaJKaxX HaWKpallUM METOAOM TMOOyA0BU (PyHKIIIH
HAJICXKHOCTI € EMITIPUYHUN 3 BUKOPUCTAHHSIM MOTY)KHOCTeH Matlab.,

3D-nepersinay BUKOPUCTOBYEThCS JiJisi KOHTpoutto 3MiH OH, 106 dopma dirypu
MaJjia CraJlalouuii XxapakTep ado piBHI MOBEPXHI y KOOpJIMHATAX, JI€ CYClHI 3HAUCHHS HE
Iy’)Ke€ BIUIMBAIOTh HAa pe3yJbTaT BU3HAYCHHS BUXIAHOI 3MiHHOI. Hampsm cmycky
oOupaBcid TakKUM YWHOM, 11100, MpU MPUOIMKEHHI 10 HyJS MO OCl HEOOXIAHOI Jyis
3apsIKA CHEPTil TUTONTMHA CITyCKalach, a I 9acy MapKOBKH HABIAKW WIIIA HA ITiTHOM.

VY nepernsnadl npaBuil 3pyYHO MEPEBIPATH, YU JIOTTYHO 3MIHIOETHCS MPIOPUTET B
CTOPOHY 3MEHIIICHHS a00 301IbIIICHHS MICHsI KOPEeKIii (yHKIIIM Ta 6a3u mpaBuil.

3.4 ba3za npaBui ¢a3i-KOHTPOJII0

[IpaBuna HeEYITKOrO KepyBaHHS 0a3ylOTbCS Ha EKCIIEPTHOMY  JIOCBiJI
MPOCKTYBAIbHUKA Ta JaHWUX, OTPUMAHMX IICJIS TECTyBaHHS. 3a3BHUYail Il TpaBUia
BUPAXAIOTHCS B JIOT1YHIN mociioBHOCTI "if - then" st onucy JIOTTYHOTO 3B’SI3KY MIXK
BX1THUMHM Ta BUX1THUMH 3MiHHUMH [11].

3arajom 11e MOXXHa BUPA3UTH TaK:

"IF (cyxynnicmo ymos), THEN (cykynnicmv HACNIOKI8, 3 AKUX poOUmMwvCs
BUCHOBOK)".

da3zi-cucrema ckiagaethes 3 40 mpaBuil, sIKI MOKHA 3HAWTH B Tabd. 3.2 Ta Tad.
3.3., ne J1 — myxe; BII, CII, HIT — Bucokuii, cepeiHiii Ta HU3bKUI MPIOPUTET, BIMIOBIIHO.
Koxue ¢azi-pimneHHss Mae CBil 1HAEKC B Jlama3oHl BUXITHOTO TepMy (KOEQIIi€HT).

[ToBHUI nIepeniK HEYITKUX MPaBUII Ta OSICHEHB MpejicTaBiieHl B Jlogatok A.
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bnok npuitHATTS pilieHh BUBOJUTH BUX1J KOKHOTO IPaBHiIa i CTBOPIOE 3HAUYEHHS
KOkHOI (pyHKIIT HanexxHOCTI. BukopuctoByeTbes noriyHa omnepartisi AND — oneparop

iMIuTikarii (minimyM-onepatop) (3.11) [70].

”313(EM1) = .uWHeo6x N :us3ap N Mtnapk (EMl) =
mln[ :UWHeo@w :us3ap' .utnapk] EMi» (311)
ne N- oniepatop AND; uBI3, UW,eo6xr 1Ssaps Ungpi~ PYHKIIT HATEKHOCTI, 110 BITHOCSTHCSE

JI0 BaroBOTO 1HJIEKCa 3apsKaHHA BI3, HEOOX1IHOT €Heprii A 3apsSaKd, MOTY>KHOCTI

3apAIKaHHA Ta 4aCy IIAPpKOBKHU GHGKTp0M06iHH.

Tabmuusa 3.2 — Habip dasi-npaBui npu HU3bKIA MOTYKHOCTI 3apsUKanHs S,,, =

Hu3zvka
S, ap = Husvka TpuBajicTh NIapKOBKH Erapr
Jysxe HAyixe
Koporka | Cepeans | loBra
KOpPOTKAa JI0Bra
HeoOxigna Hyxe
CH079 CHOJ HHO,4 I[HHO,S I[HHO,S
MJIS 3apsiAKHU | MaJia
eHepris Maga Bl Cllpg Cllos HIlps | JHIIos
WicosxKBT'TON Cepenns HBIly5 Bllps Blloe Cllos Hllo 7
Bucoka JBIIL; JIBIlo g Bllgg Cllog ClIlo?
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Tabmuus 3.3 — Habip ¢asi-npaBuit npu BUCOKIN NOTYKHOCTI 3apsKAHHSA S, =

Bucoka

S;qp = Bucoka

TpuBaicTh MAPKOBKH L,

Hyxe Hyxe
Koporka | Cepennsi | loBra

KOpOTKA JA0Bra

Heo0xinna Hdyxe
Cllog Cllos Hllp7 | AHIIos | AHIIo4

IS 3apsiiKM | MaJjia
eHepris Mauia Bl CIL, CIlo; | HIlp; | JHIIPgs
W,ieo6xKBTTONL Cepennst JBIIp 4 BII; BIIp 7 Clloe HITogs
Bucoka I[BHovg I[BHOJ BHO,g CII; CHO,G

[licns miarHOCTUKM Ta aHam3y (pa3i-cucteMu Oyiau OTpUMaH1 HACTYIHUW BUTJISIA

TpUBUMIpHOTO Tpadiky GyHKIIIHA Ta paBuJ, mo Ha puc. 3.11, Ta rpadiyHoro neperisimay

npaBuJl, 300paxkeHoro Ha puc. 3.12.

MpuopwuteT

Pucynox 3.11 — TpuBuMipHe BioOpaXeHHS BX1JHUX Ta BUXITHUX (PYHKIIHA HAJIEKHOCTI



78

Wrequired = 14 tparking = 500 Scharge =6.62 Priority = 0.456
1 | L | | | | |
2 | | \ | | | | |
3| | \ | | | | |
4| | \ | | | | |
5 | RN | | | | ]
6 | | \ | L— | | |
7 | | \ | | | | |
8 | | \ | | | | |
9 | | \ ] | | | |
10 | A RN | | | | ]
1] E— \ | | | | ]
12 | P \ | | | | |
13 | E— \ | | | | |
14 | [E— \ | \ | |
15 | | N | | | |
16 | | \ | | N | |
17 | | \ | | N | |
18 | | \ | | N | |
19 | | \ | [ |
20 | | N | | N | ]
21 | | \ | | N | |
2 | | \ | | N | |
23 | | \ | | | |
24 | | \ ] | N ANy
25 | E— RN | | N | ]
2% | E— \ | | N | ]
27 | Ea— \ | | | |
28 | E— \ | | | |
29 | S \ ] | B | |
30 | | \ ] | | [ |
31 [ | N | | | | |
32 [ | \ | | | | |
33 [ | \ | | | | |
M [\ | \ | | | [ |
35 [ | [ ] | \ [~ |
3% [ | N | | N | |
7 [ | \ | | N | |
38 [ | \ | | | |
39 [ | \ | | [ |
40 [ | \ ] | [~ |
0 22 0 540 0.45 7.4 [
0 1

Pucynok 3.12 — I'padiuanii BUTIISIT CIPOEKTOBAHUX (ha3i-mpaBuil
3.5 Eran aedazudikamii
['paBiTaniiHuil METO] € HAUOMYJISPHIIIOW MeToaAnKOI0 nedaszudikamii [65]. e

CXO0JKE€ Ha PO3paxyHOK IIEHTPY TSOKIHHS B (i3uill 1 BUpakaeThes sk (3.12).

BI3 = ZEMEM’:M(E].WL.)
2EMU(EMI)

(3.12)
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ne EM - Bci miakimrodeHi enekTpoMoOoimi, u(EMi) - GyHKIT HaIeKHOCTI TICsI OJIOKY
NPUMHATTS PIlICHB

3.6 OnTumizanisa HiiLoBOI GyHKIIT

Lle npyruii KpoK cUTyaliiHOTO aaropuTMmy 3apsiaku. Ilicias orpumanns BI3 s
KOKHOTO €JIEKTPOMOO1ISI BUKOPUCTOBYIOUH (Pa3i eKCIIEPTHY CUCTEMY, METa ONTUMI3allii
Ib0BOT (DyHKIIT - 00paTh HaWOULIBIIY KIJTBKICTh €IEKTPOMOOLUTIB 3 HAWBUIIMMHU
iHnekcamu npioputerHocti BI3. Bupa3 (3.13) € nisiboBor0 (YHKII€ 3 PIlICHHSIM PO

JTO3BLIT HA 3apsHKaHHS aBTOMOOLIIS.
max F(t) = ZCJlom(i) BIB(CJZOI’I’I(i),t) X PiW(CJZOWI(i),t) 1 (313)

ne Fpy- ONTUMI30BaHa LUJIbOBA (PYHKIIIA,
C/zom(l-) - I-THi#l CIIOT 3apsAaHOT CTAHIIIT,
Piwcs (yt) - PIICHHS 3apsi/KaTH (1) ur =i (0) AIA KOXKHOTO 3apsOIHOTO CIIOTa st
nepiody yacy t.

s uiboBa (hyHKIIS TAJIAra€ TAKUM OOMEXKEHHSIM:

Obmedicenns nomyoxcnocmi. BpaxoBy€eThCsl TTOMUT HA CHEPril0 y KOXKHUN Tepiof
gacy. [IoTy»XHICTh HABaHTaKCHHS €JICKTPOMOOISI B TAaHUI MOMEHT Yacy BUPaXOBYETHCS

AK:

P3ap(Cﬂom(i),t) XPiW(C1om(i),t)

SEM(t)= ZCﬂom(t) e ) ) (314)
J'Z()Wl(i)

ne Pyanes o) MOTYKHICTB 3apsKaHHS €JISKTPOMOO1IS Ha 3apsSTHOMY CJIOTI B MOMEHT
yacy t; Pim(cs(i),t)' NONEpE/IHE PIICHHS Ha 3apsA/IKy UM yTpUMaHHs OaTaperi; Nesa) -
KK/l 3apssinHOro npucrpoxo..

[ToTyXHICTh 3apsi/PKaHHS, B CBOIK YEPry BHUPAXKAETHCA, IK (QYHKIIs BiJ PiBHA
3apsiTy, HAPyTy Ta CTPYMY 3apsiIKH, 110 HaBeaeHO B (2.4):

OOMesxeHHs TOTY>KHOCT1 Ma€ BUTJISIL:

SEM(t) + SHaeaHm = Sgnax’ (315)
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ne Sgm(r)- TOBHA MOTYXKHICTh HABAHTAKEHHS ENEKTPOMOOLIIB, IO 3apAUKAIOTHCS B

KOHKPETHUU MEPIOJ] 9aCy; Syapanr- MOTYKHICTh HABAHTAKCHHS 3BHYAHUX CIIOKUBAYIB,

S{M* - MakcuMalbHA MOTYXKHICTH MEPEXKi.

Obmedicennss cmpymy ma nanpyeu Ha wudi. 111 oOMeXeHHS NpelCcTaBleHl y

BUTJISI/I TAaHUX BUPa3iB:

o] < Iwaxco
V(@ Omaxmin » (3.16)
1€ I ()~ CTpyM HaBaHTAKEHHS B IaHUM NEPIOA YaCY, Iy 4x ()~ MAKCUMAIBLHUN MOKIIUBUH

ctpyM; Vmax,,;,- MiHiMaJIbHa Ta MaKCUMaJlbHa BEJIMYMHA HAMPYTH Ha IIHMHI, 10 SAKOI
MIJKJII0YEHA 3apsiIHa CTaHIIA.

Llina na enexmpoenepeito. PakTUYHA LIHA Ha EJIEKTPOCHEPril0 B YKpaiHi
npezacrapiaeHa Ha puc. 3.13 [71]. 3rigHo 3-30HHUI Tapudy, audepeHiiiiioBaHoro 3a
nepiofaMu 4acy, BJIACHMK 3apsAAHOI CTaHLIi MOXE BCTAaHOBIIOBATH OOMEXEHHS Ha
3apsAKaHHS B IEP10]] BUCOKOTO MOMUTY Ta I[1H HA €JIEKTPOCHEPT IO (HAMPUKIIAJL, Y IEP10]T
3 08:00 10 11:00 ta 20:00 10 22:00) 111 3MEHIIICHHS BUTPAT Ha CICKTPOCHEPTIFO.

Ps'ap = kc ’ Pa’apmax (317)

ne k.- koeiieHT 3MEHIIICHHS] MAaKCUMAJIBHOI IMTOTY>KHOCTI 3apsIIKH, 110 BUCTABIISETHCS

BJIACHUKOM 3apsITHOT CTaHIIi.

1234567 8 9101112131415161718192021222324

Pucynox 3.13 — CtpykTypa [iHK Ha eJIeKTPOCHEPrito B YKpaiHi ctaHoMm Ha 2023 pik
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Obmedcenns nonepeonvo2o piuienus. 3MiHHa Piw - ne pimenns (0/1), sike
JI03BOJISIE YTPUMYBaTH ab0 3apsypKaTH eJIeKTPOMOOLTh. 3 OISy HAa YMOBH, KOJHU

eIEKTPOMOOLTH Jlocsrae moTpiOHOro piBHA 3apsaay SOC abo 3apsaHUil CIIOT BUIBHUM,

IIPOTIOHYIOTHCS HACTYITHI OOMEKCSHHS:

Pitttcaomg,ty = 0, axkugo  SOC(caomy,ty 2 SO Creotn(Cromp )

Pivt(cromgy,ry = 0, axwo  Cmamyc ciomgy,ey = 0 , (3.18)
ne SO CHe06X(CHOT(i)'t)- HeoOxinuui pisenb 3apsany SOC, Cmamycciom (@)~ CTaTyC
3apsiAHOTO ciIoTy — BUTbHUM (1) abo 3aitusaTuii (0).

3.7 AJITOPUTM KOHTPOJIIO 3aPSAIKH B peaibHOMY Yaci

brok-cxema cuTyainiiHOTO anropuTMy 3apsiiKu HaBeneHo Ha puc. 3.14. s 6mox-

cxema ITiICyMOBY€ BC1 OMKCAHI paHilIe oreparli Ta po3paxyHKH.

MouaTok

A
OHOBIEHHS iHGO enekTpokapis
(Batt_Cap, SOC_init, SOC_req, t_parking)

\ 4

Y

O6paxyHok Q_req

A
dasi-cuctema
Po3paxyHok BaroBux koeilieHTiB 3apaakun
(BK3)
Weight Charging Coefficients (WCCs)

\i

Bubip enektpomobinis 3 HavBuwmm WCC,

HAki MOXYTb 3apsKaTUCh, HE MOPYLLYIOYM
obmexeHb

Y

3apsigka obpaHux aBToO
oHoBneHHs SOC_init, t_parking Bcix aBTo

l

Hi
SOCi=SOCi_req?

BI3i=0

Pucynox 3.14 — [1oBHuMIA OTJIA] CUTYAIIITHOTO AJITOPUTMY 3apSIKA
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ITokazanmit Ha puc. 3.14 anropuT™M MOKE MpaIfOBaTH B pealbHOMY dYaci 0e3
BUKOPHUCTAHHS CKJIAJHUX MIKPOIPOILECOPHUX MpUCTPOoiB. Ilepiog oOumcieHHs Takox
MOXe OyTH 3MIHEHUM B CTOPOHY 30UIbIICHHS a00 3MEHIIEHHs, SKIIO HeOOXiaHa 1HIIA
yactota oOuncieHb. Ha mepmomy kpori Bci iH(opmaiiiHi JaHi TIpo eaeKTpoMoOii
OHOBJIOIOTBCSA 1 HEOOXigHA €Hepris Uid 3apskKaHb J0 HEOOXiTHOTO pIiBHSA
po3paxoByroThcs. OTpUMABIIM BaroBUM 1HAEKC 3apaJKu B (a3i-cCucTteMi, 00UUCTIOETHCA
akTyanpHUN piBeHb 3apsaay SOC, cmokuBaHa KOXKHOIO MAIIMHOK TOTYXXHICTh Ta
3arajibHUM TOMUT Ha €JIEKTPOSHEPTito B KiHII 10-XBUIMHHOTO MEPiOy.

Kpok onrtumizamii - oOupaeTbcsi MakcHMaibHa KUIBKICTh €JIEKTPOMOOUTIB 3
HalBUILMMHU B3, 110 HE TOPYIIYIOTh yC1 0OMEKEHHS €HEPronocTadyaibHOl KOMITaHIi Ta
BJIACHMKA 3apsAaHO1 cTaHMii. KoxHMil eneKTpoMoOLIb 3 J03BOJIOM Ha 3apsIKy HallOBHUTh
aKyMyJISITOPH C€HEpri€l0 3 MOBHOK IIBHUJIKICTIO 3apanku. Komm Oarapes pocsirae
HeoOximHoro piBHS 3apsay SOC, BaroBuii inaexc BI3 11p0ro aBTOMOO1JIs1 TOPIBHIOE HYITIO.

Bucnosku 10 Po3ainy 3

1. Jns ympaBiaiHHS — 3apsiIKOI0  €JIEKTPOMOOLTIB  HAMOUIBII  MPUHHATHUM
MaTEeMaTUYHUM 1HCTPYMEHTOM € MOJIOKEHHS Ta METOM HEUYITKOT JIOTIKH.

2. BwusHayeHl BXIJHI 3MIHHI JJI1 TNOPIOPUTETY 3apSAKA  €JIEKTPOMOOILIIB,
BKJIFOYAIOYM BaroBUil 1HAEKC 3apsii>KaHHSA, HEOOXIJIHY KUIBKICTh €HEeprii, MOTYXHICTh
3apsAIKHA Ta TPUBAIICTh TAPKyBaHHS.

3. Merton ynpaBiaiHHSA 3apsSAKOI0 €JIEKTPOMOOLIIB MOJIISETHCS Ha JIBa CTaIlu:
BU3HAUYCHHS MPIOPUTETY 3apsiIKU Ha OCHOB1 (pa3i-cUCTEMU Ta ONTUMI3AIS 3apSIKH,
BPaXOBYIOUM MEPEKEBI 0OMEXEHHS 1 MOTPeOy y BCTAHOBJICHOMY PiBHI 3apsiTy.

4. 3anpomoHOBaHW METOA JAO3BOJSE ONTUMAIBHO PO3MOJUIATH 3apsaHy
NOTYXKHICTh MDK €JIEKTpOMOOLIsIMHU, 3a0e3Medyroud IHIUBIAyaldbHI TOTpeOM Ta
O0OMEKEHHS KOYKHOTO aBTOMOOLIIS.

6. 3amporoHOBaHMU METOJ, Ha BIAMIHY B CHCTeM, MO0 0a3ylOThCs Ha
ONTHUMI3alIMHKX 3aJ]a4aX, BpaXxOBYe€ IHTEPECH BIACHUKIB €JIEKTPOMOOLIIB Ta Ma€ MPOCTY

peaizartio.
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PO3/ILJT 4. MOJAEJIOBAHHS MMPOIIECY KEPOBAHOI 3APSIIKH I3
3ACTOCYBAHHSIM 3AITPOIIOHOBAOHOI'O AJITOPUTMY TA HOI'O
PEAJIIBAIIA

4.1 IloOymoBa Mopgesi po3mOAiIbY0I Mepexki 3 NMPUEIHAHHAM €JeKTPHUYHOL

3aps/AHOI CTAHIIIT

Jl1st MozientoBaHHs 3aPONOHOBAHOIO AJITOPUTMY BUKOPUCTOBYETHCS POTPAMHE
3a0e3neueHHss Matlab Simulink. Cxema po3noauibuoi Mepexi 3 3BUYAHUM Ta
CJICKTPOMOOUTHPHIM HaBaHTAXCHHSIMHU TmpejacTaBieHa Ha puc. 4.1. 3monensoBaHa
cUcTeMa JUIsl JTOCHIKeHHsI €(eKTy 3apsiP)KaHHS €JIEKTPOMOO1Is MpoTsAroM 24 TOoauH
nokasaHa Ha puc. 4.2. Briepiiie onuc Moe0BaHHS IPOIECY 3alTPOITOHOBAHOT KEPOBAHOT
3apsAKA €IEKTPOMOOLIIB B YMOBaX OOMEKEHOI0 €NEeKTPONocTayaHHs OyjIo OMUCAHO Y
pobori [6].

JleTanbHU OMMC KOMIIOHEHTIB HaBE/IEHA B HACTYMMHUX Naparpadax. Y 3araibHOMY
MOJIEJIb CKJIAJIA€ThCS 3 JDKEpena )KUBJIEHHS NoTyxHIcTio 10 MBT.

Tpancpopmarop npueananus mignpuemctsa 10, 6 kB / 0,4 kB, HominanbHOIO
notyxkHictio 120 xkBA. Tpancpopmatop omuBauit TMI cunioBuii TpudazHuit
nBooOMOTKOBHM. [lpu3Hauenuit s n0oTped HApOAHOrO TrocmojapcTBa s
BHYTPIIIHHOT'O Ta 30BHIIIHHOTO BCTAHOBJICHHSI.

E3C noryxHnictio 24 kBT Ta iHIIMM HaBaHTXKEHHSIM MPUETHAHHS 3 MAKCUMAIBHO

E3C
AEFi AC

DC DC DC

MOKJIMBUM crioxkuBanusaMm 150 kBT.

CH HH
| ‘ 32: | AB

PHaeaHm y QHaeaHm

AC

DC DC DC
DC DC DC

BapsagHi cnotn
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Pucynok 4.1 — Cxema npuennanas E3C no mepexi
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Source
10 MW

IhAN-B

Transformer
120-10.6kV/400V

RAN-B

V. | meas

W _charg “ “ “
|_charg

Load Measurements

L—n

Other Load (Offices)

measures

||
p: "] Charging Stations

e

Pucynok 4.2 — 3aransuuii Buj Beiei moseni B Matlab Simulink

Hampyry Ta cTpyM [kepena, HaBaHTaKEHHS Ta 3apsiHOi CTaHINl aKTUBHY,
pEaKkTHBHY Ta IOBHY TMOTYKHOCTI MOXHa pPO3paxOBYyBaTH Ha BCIX IIHHAX Y

3amnpOIOHOBAHIN MO,
4.1.1 JI)xepemno >KUBJICHHS

,Z[)Kepeno KHUBJICHHA  MOACIIIOECTHCA 3 -(I)aBHOIO CHUHXPOHHOIO  MAIIIHMHOIO

notyxHictio 10 MBT, npencrasienoro Ha puc. 4.3 [72].

<Stator voltage vg (pu)= I

<Stator voltage vd (pu)>

<Rotor speed wm (pu)> I

=
h

¥ wref {pu)

Nl
Pmec (pu) = Pm
B w (pu) Alp u ©1
A

Diesel Engine Governor B @

._ VR B
e c "

(v c

© Synchronous Machine

v pu Standard Source
*vg Measurements

= /stab

Excitation System

Pucynox 4.3 — Mogens 3-¢ha3Hoi CHHXPOHHOT MallTiHU
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Jlis TOrO, 1100 3aIyCTUTH CUMYJISIIIO B CTAI[IOHAPHOMY PEXHUMI 3 T IKIIOYCHUMU
NPUETHAHHIMH 1 CUCTEMOIO 30Y/DKEHHS, 111 1Ba OJIOKU 1HIIIAMi3yIOThCS BIAMOBIIHO 10
3Ha4YeHb, OOYMCIICHMX 1HCTPYMEHTOM iHimiamizamii MamuHu. Llg  iHimam;izanms
BUKOHYETHCS aBTOMATHUYHO, SIKIIO TMIIKIIOYCHHS BimOyBaeThcs Ha Bxoaw Pm 1 VT
MaIIIMHKA a00 MOCTikHI 0J10KK (a00 OJOKH perysIroBaHHs 3 010J10TEKH MAIlIUHK).

4.1.2 HapaHTa)keHHs

KutnoBuii ciokuBay (MANPUEMCTBO Ta HOro 0(hicH) Ma€e aKTUBHY Ta PEaKTUBHY
eHeprilo, 0 Moke OyTH 3MiHEHa IUIAXOM BHOOpY KoedimieHTa noTykHocTi PF, sxuit y
bOMY BHWITQJIKy 3aJIeKUTh BIJ YaCTKU PEAKTUBHOTO HaBaHTaxeHHsA. Mojenb
HAaBAHTAKEHHA NPEJICTAaBIECHO Ha puc. 4.4. Po3paxyHOK JIIHIMHUX NapaMeTpiB MOKa3aHO

Ha puc. 4.6.

, Time
Power consumption

Product 1-D T(u)

M
x
»

@ — » -nomPower*1e3
Pn 1

PQ

Product1 . 1
Sqrt
x | e
«— /] [« I <
+ —

< PFA2

X

Divide

Power factor

Pucynok 4.4 — IlincucremMa HaBaHTaXKCHHS
I'padpix HaBaHTaKEHHS CKIATAETBCA 3 YCEPEIHEHWX MaHWX HABAHTAKCHHS
NPUCTPOIB Ta 00saaHaHHA odicHUX OyaiBens 1 nepiony T, = 1 roauna, n = 24 [73].
[{i mani TakoX MOXyTh OyTu 3MiHEHI. ['padik MakcuManTbHOTO HaBaHTaXEHHS O(DiciB

MPOTATOM JIHS TOKa3aHo Ha puc. 4.5.
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Pucynox 4.5 — I'padik HaBaHTa)kKeHHS] TOOYTOBUX CIIOKUBAYIB MPOTITOM JHS
V1= 1/3(Vab -a"2*Vbc) la= 11
*

W1
442 Avoid division 4@. In Out > k- m
by zero 11

Load
4|—. x Break ahs
Re Alg. Loop 1 Ib=a*2*I1
PQ L
= | = 2*S/3*V

Pucynok 4.6 — Po3paxyHok HampyT Ta CTpyMy HaBaHTa)KEHHS

v

4.1.3 3apsiaHa CTaHITsS

Ilim dvac MAKIIOYEHHS eJIEeKTPOMOOLIS JI0 3apsAgHOTO  CIOTY, BIIACHHUK
SJIEKTPOMOOLIISI 3aTTOBHIOE HEOOX1IHY 1H(hOpMAIIiio Ipo Oaxkanuii piBeHsb 3apsiay SOC Ta

TPUBAJICTh MapKyBaHHs uepe3 rpadiunuil intepdeiic kopucrtyBaya (GUI) na manem

3apsIHOTO MPUCTPOIO, 1110 Ha puc. 4.7.



4| CSpanel

E=EEE)

CnoT, Ne

t parking, xe

Charger Interface

MovaTkoBuil SOC, % 29
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200

Plug in

‘ ‘ Plug out

L
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Pucynok 4.7 — Inurepdelic KopucTyBayua 3apsiIHOI CTaHIIT

Mopenb 0oOYMCIIEHHS HANpPYrd Ta CTPYMY 3apsAHOT CTaHIll 3 ypaxyBaHHSIM

XapakTepy MpoQuUI0 3apsaKU Ta 3arajibHOi MOTY>KHOCTI €JIEKTPUYHUX TPAHCIOPTHUX

3ac001B mokasye puc. 4.8.

V1= 1/3{Vab -a*2*Vhc)

Avoid division
by zero

Vab2 »
Bt F
a2

chae char Scharge - Scharge

o

Ry B B

ol

la=11

x | = 2*553*V

— @D
la2
—|In  Out e >_|..-
b2
Break a2
Alg. Loop 2 Ib=a"2*I1

Pucynok 4.8 — OGuucneHHs HAMpyTH Ta CTPYMY 3apsiIHOT CTaHIIIi

Puc. 4.10 moka3ye sIK OTPUMYETHCS TOTYKHICTH EIEKTPOXKHUBICHHS 3apSIIKH.

Touka MIIKIIOUEHHS 3apsAHOT CTaHINI 0 PO3MOJAUILHOT MEpeXi Mpe/CTaBlieHa Ha

puc.4.9. 3apsaHa CTaHIS CKJIQJAEThCs 3 6 3apsAHUX CIOTIB. 3arajibHa MOTYXHICTh

3apsIIHOL CTaHIli CTaHOBUTH 24 KBT.
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Charging slots Fuzzy and optimization

b2 Charging decision

charge char
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laZ

Pucynok 4.9 — Touka npueHaHHS 3apsTHOT CTaHIN 10 Mepexi
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V charg
n S charg
bl p
x .
Eé—. - fu . B 3
Gain
From Complex to Product char
Magnitude-Angle _charg
_/ Ml ’ Golta P charg
|_char, >
_charg ™ zu T_@ « > . =EJ
cos » :
From1 Complex to I charg > - ing
Magnitude-Angle 1 » - Trigonometric Product1 PF cas charo
Function = Q charg
Goto1

sin

Goto2

=@

Pucynok 4.10 — Po3paxyHOK 3arajibHo1, akTUBHOI Ta pEAKTUBHOI OTYHOCTI 3apsIKU

Y Jlonatky b mnpuBeneHo ckpintu, cTBopeHi B Matlab nans ynpaBmiHHS Ta

KOHTPOJTI0 HaJl ipotiecamu 3apsimkanns Ha E3C, Taki sk:
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- (gparMeHT MOJCIIOBaHHS MIJIKIIOYEHHS €JEKTPOMOOITIB 70 BIIBHOIO
3apsAHOTO CIOTY;

- CKpPHUNT pO3paxyHKy MapaMeTpiB 3apsIKd 10 MOMEHTY MIPUHHSTTS PillICHHS TIPO
3apsAIKy/yTpUMaHHS €IEKTPOMOO1IS:

- KpOK peamizalii HEYITKOI eKCHepTHOI CHUCTEeMH — BHKJIHMK (a3i-JOriKu
CKPHUIITOM,;

- CKpPHUNT NMPHUUHATTA BUOOPY MakCUMalbHUX BI3 BIAMOBIIHOTO €IEKTPOMOOLIIS
Ta TMPUHAHATTS PIlICHb PO 3apsKaHHS/yTPUMAHHS;

- CKPHIIT pO3paxyHKY IMapaMeTpiB 3apsAKH IMiCIs MOMEHTY TIPUHHATTS PIIICHHS

Ta onTuUMI3ali.

4.2 3acTtocyBaHHS 3alIPONIOHOBAHOT0 METOY KEPYBAHHS

3anponoHOBaHUN AJITOPUTM BHUKOPUCTOBYETHCS y 24-TOAMHHOMY MOJIECIIOBAaHHI

poboTu myOJIYHOI 3apsSAaKkd, 10 MIAKIOYEeHA A0 Mepexi mianpueMmcTtBa. Taon. 4.1

HABOJUTh TEPENIK BCIX €JIeKTpoMOoOuUIiB, mo miakiodarTees 10 E3C 3a mepiof

MOACIIFOBAHHA.

Tabmuusg 4.1 — EnektpomMo0ii, 1o nigkiaodaoTses 10 E3C npotsarom 24 roaux

[TouaTkoBuit HeoOxinuuii Yac :
No PIBEHb 3apsily, | PIBEHb 3apsnly, | MAPKOBKH, Hotyxicrs Goprosoro
EV % % B 3apsIHOTO MPUCTPORO, KBT
1 2 3 4 5
1 21 80 340 3,5
2 45 70 150 3,5
3 10 98 320 7,2
4 25 80 190 7,2
3) 40 60 80 7,2
6 60 95 150 7,2
7 34 60 190 7,2
8 50 75 99 7,2
9 44 80 320 7,2
10 78 93 60 7,2
11 55 80 225 7,2




MPOIOBXKEHHS Tao1. 4.1

12 38 80 300 7,2
1 2 3 4 5
13 79 95 100 7,2
14 31 70 350 7,2
15 50 70 70 7,2
16 25 80 245 7,2
17 29 70 290 3,5
18 34 85 153 3,5
19 71 95 150 7,2
20 60 95 105 7,2
21 41 70 320 7,2
22 58 90 130 7,2
23 81 95 90 3,5
24 66 95 120 7,2
25 51 80 180 7,2
26 40 80 310 3,5
27 35 90 290 7,2
28 23 85 300 3,5
29 20 90 400 7,2
30 31 80 350 3,5
31 21 80 340 3,5
32 45 70 150 3,5
33 10 98 320 7,2
34 25 80 190 7,2

KEpOBAaHUM aJTOPUTMOM 3apsiiKU 3 OOMEKEHHSAMH MEpexi 1 HEKOHTPOJIHLOBAHOIO
3apsiikoro. HekoHTpoaboBaHa 3apsiika 0OMeKeHa JIMIIE MOTYKHICTIO 3apsiAHOT CTaHIi
(24 xBt). Tpanchopmarop Ta oOJaJHAHHS MEpEXi, a Ta BHUJLJIEHA MOTYXXHICTh IS

crioxxuBaua oomexeri 120 kBT.

4.3 Pe3yabTaTH MOAEJTIOBAHHS

Y 1mpoMy po3niii 3ampoOINOHOBAHHMM aJITOPUTM TOPIBHIOETHCS 31 3BHYANHUM

[Tomut Ha eJeKTpoeHEeprito MPOTAroM 24-TOAWHHOTO CIICHAPIl0 3apsAKd IS

PI3HHX CTpaTerii 3apsAaoK BinmoOpaxkae puc. 4.11, puc. 4.12 1 puc. 4.13.




Pucynox 4.11 — [lonuT Ha eJIEKTPOEHEPTII0 NPOTATOM 24 TOJMH Ha OCHOB1
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HEKOHTPOJIbOBaHO1 3apsaku. (CyIijapHa JIHIS - 3araJIbHAN MOMUT 3 €JIeKTPOMOOLISIMH,

HapaHTameHHsn, BT

HITPUX-TTYHKTUPHA - dKUTJIOBE HABAHTAXKCHHS] )
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Pucynox 4.12 — [TonuT Ha eleKTPOEHEPTiI0 NPOTATOM 24 rOAMH Ha OCHOBI TUIIOBOTO

MeTOay KepyBaHHs 3 oOMexkeHHs MU, (CyIiiibHA - 3aTallbHAN TTOTIUT 3

€JIEKTPOMOOUISIMH, IITPUX-IYHKTUPHA - )KUTJIOBE HABAHTAYKEHHS )
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Pucynok 4.13 — [lonut Ha eneKTPOCHEPTiI0 MPOTIAroM 24 roIuH Ha OCHOBI
3aMpornoHOBaHOro MeToty 3apsku. (CyliyibHa - 3arajJbHUI HOMUT 3 €JIEKTPOMOOUISIMH,
HITPUX-TTYHKTUPHA - )KUTIIOBE HABAHTAKCHH)

[lopiBHSAHHA HUX 3 anropuTMiB 3apsaku nokasye puc. 4.14. IlepeBaHTa)keHHA

Mepexi Ha 16% BiOyBa€eThCs 11T YaC HEKOHTPOJILOBAHOIL 3aPSIKH.

x10°

weBI3
HekoHTponsosaxa
— — —"Mepwni NpwALWOS..."

187
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o o ) - ek e
(=] oo - %] £ (=]
Sove : :
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%
£
-
B :i’.
A
-

o
'S

021

2 4 6 B8 10 12 14 16 18 20 22 24
Yac, roa

Pucynox 4.14 — CuctemHe HaBaHTaXEHHS JJISI TPHOX METOIB 3apsIKH
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Pucynox 4.15 — HaBanTa)keHHsI 3apsiIHOT CTAHIIIT JIJIs1 TPhOX METO/IIB 3apsiIKU

[Ilo cTocyeTbcsl 3alpONIOHOBAHOIO Ta 3BUYAMHOIO KEPOBAHOTO AITOPUTMY, TO
CHEepPrOCIIOKUBAHHS €JIEKTPOCHEPTii 3MEHIIY€EThCS B TOAWMHM TiK. MeToa 3 BuAaueio
MPUOPITETHOCTI B PEAIbHOMY 4Yacl Ma€ OLIbIII TJIAJIKy KPUBY YEPE3 PO3MOALT 3aTUIIKOBOT
eHeprii (IKoi HEJOCTaTHBO ISl TIOBHOI MOTYXHOCTI 3apsDKaHHS aKyMyJsToOpa) 0
OCTAaHHBOTO B U€p31 EIEKTPOMOOLIIS.

HaBaHTa)keHHs €NEeKTPUYHUX TPAHCIOPTHUX 3acO01B HA IIMHI ISl 3-X CTpaTerii
HaBoauTh puc. 4.15. Ilim 4dac mepiofiB 13 BUCOKOIO I[IHOK Ha EJIEKTPOEHEPTIIo,
€JIEKTPOMOO1ITI 3 3aMPONIOHOBAHUM aJITOPUTMOM crokuBaiu Ha 20% MeHIle eHeprii s
3MEHILIEHHS paxyHKIB 3a €JIEKTPOEHEPTiI0 (HamamToBy€eThes BiacHukoMm E3C).

Puc. 4.16 Tta puc. 4.17 mokazye TeHAeHII0O 3MiHH piBHA 3apany SOC mis
3alpPONOHOBAHOIO Ta 3BUYAHOTO METOIY KOHTPOJBOBAHOTO 3apsly, BIAMOBIIHO.
Haii0i1b111 04eBUIHUM HE0JIIKOM 3BUYAHHOIO aJITOPUTMY € T€, 110 4 eIeKTpoMOoOis,
AK1 TIKIIOYATUCh 10 5-T0 1 6-T0 3apsaHOTO CIOTY, HE 3aps/KaloThes. [ neskux 3
KPUTUYHUX €JIEKTPOMOOLIIB, SIK1 O3HAUYEHI YEPBOHUM KOJIOM Ha puc. 4.17, eneprii Oyno
HEJIOCTaTHHO. 3ampOINOHOBAaHUN B JaHiii PoOOTI METOA HE Ma€ TaKoro HEAOJIKY -

MPAKTUYHO BCl MIIKIIOUEHI €JIeKTPOMOOLIl 3aroBHIOIOTH CBIA HEOOXIIHUN PIBEHb

3apsay.
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[Ticnst koxHOT 1Tepalii eKCIepTHOro 3MiHeHHsS KoedimienTa da3i-npaBuia
npoBoaAuiack cumyJsis Simulink Mozeni Ta omiHoBanuch rpadiku 3minenns SOC st
KOXXHOTO KPUTHYHOTO IMiJIKJIIFOYEHOTO €JIEKTPOMOOLIIS.

B dKxocTi KpuUTepito SKOCTI alropuTMy BUKOPUCTOBYEThCS E - koedirieHT
BiJTHOIIICHHS HEOOX1THOI Ta JOCTABJICHOI €HEPrii: (CepeMHbOKBAAPATUYHE BIAXUICHHS).
Tab6:m. 4.2. HABOAUTH TOPIBHIHHS CEPEIHbOKBAIPATUYHUX BIAXUICHB JJIsI JBOX METOIB

3apsJKaAHHS.

1
E= \/(; Z?=1(WHe06xi - Wdocmaeﬂeui)z ) (41)

1€ N — KUIBKICTb €1EKTPOMOOLTIB, Wjoemagen,~IOCTABIIEHA JIO KOKHOTO €JIEKTPOMOOLIS

eHeprisl.
SOC, %
— 100 : : : v
-~ Hod|
8 0
3 0 5 10 15 20
51100 .
> 5 -
5l e e N s
S o 5 10 15 20
2 100
AL P E——
S 0
S o 5 10 15 20
100 v v v
AP P g —
s 0
3 0 5 10 15 20
y]()() v - -
d il [} ol |
0 A M
8 o 5 10 15 20
2'% T T L T
/-50-
s 0
5 0 5 10 15 20

Yac, ron
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Pucynok 4.16 — 3minau piBHs 3apsay SOC enekTpomMoOiTiB Ha 6 3apsAIHUX CIOTaX i

qac 3apsKaHHs 3apONOHOBAHUM anropuT™MoM (B13). (Cipwuii - enekTpomMoOiib

3apsAIKAETHCS, CBITIO-Cipuit - EM yTpumyeThcs)

SOC, %

Crot Nel
o

100 T ; T r
=TTy

Crnot N22
o388

Crnot Ne3
=88

Yac, ron

Pucynox 4.17 — 3minu piBas 3apsaay SOC enexkTpoMoOiTiB Ha 6 3apsSIHUX CIIOTaX ITiJT

yac 3apsipKaHHs 3BUYaiHUM KOHTPOJIbOBAHUM alropuT™MoM. (Cipuil - enekTpoMoOiTh

3apsAIKAETHCS, CBITIO-Cipuii - EM yTpumyeThcs)

Tabmuus 4.2 — KoedimieHT BiTHOIIEHHS HE0OX1THOT Ta TOCTABICHOI EHEpTii

3anponoHOBaHUN METOJ

«llepmmit npunos..»

FE g Bcix EV 1,889 2,799
E nns mexputnaanx EV 0,582 1,851
E nns xputnaanx EV 2,961 3,869
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JlpyruM KpUTEpieEM SIKOCTI € BIJICYTHICTh NIEPEBAHTAKEHHS MPUETHAHHS IT1]T Yac

3apsipKaHHsA eleKTpoMoOLTiB (uB. Tabd. 4.3).

MakcumanbHe IICPCBAHTAXKCHHA Y %:

__ (Snimimp g (42)

Suivim
1S, g~ MKOBA MOTYXXHICTD, S,;,,in, = 120xBm- JIMIT 110 MOTY>KHOCTI JJISI TAHOT MEPEKI.
HaBanTtaxkxeHHss 3 ABOMa KOHTPOJHOBAHUMH METOAAMH 3apsSAKd TMPUOIM3HO
piBHUI, MPOTE NMPU HEKOHTPOJIHOBAHOMY METOJII Ma€ MicIle mepeBaHTakeHHS Ha 16%,
K€ MaJio MICII€ Y TOANHHU MIiK.

Tabnuusg 4.3 — MakcuMalnbHe NepeBaHTAXKEHHS JTiHIT

KepoBanuii 3
be3 EV Hexeposannii BI3
0OMEXKEHHSIMU
MaxkcuMaibHe
3aBaHTaKEHHS 97% 116,2% 99% 99%
JiHii p, %

Tpertiit kputepiii: TOPIBHIHHS KUTBKOCTI CIIOKUTOT €HEPT1i 3apsTHOIO CTAHITIEIO 32
PIBHUX YMOB CITO>KMBAHHS 1HIIMMU €JIEKTPONPUIIMayaMu JIJIs1 TPhOX PI3HUX alrOPUTMIB.

VY MozentoBaHHI OyJl0 BUKOPUCTAHO 34 €JIeKTpOMOOLIA 3 pI3HUM MOYATKOBUM 1
HEOOX1THUM piBHEM 3apsay (tadi. 4.4.).

Pospaxynku nposoauiucek y Matlab micis MoenroBaHHst 24 TOIMHHOTO CIICHAPITO.

CrioxuTa eneKTpoMoOUIsIMU 3a 24 TOJIMHU €HEePTis:

Wem = 2521 Wem,, (4.3)

1eWg - CIIOXKHUTA EHEPTis 32 KOKHY TOIMHY BCIMA EJIEKTPOMOOLIAMH, 110 3aPSKAIUCE.

CrnoxxuTa eHeprisi 1HIITUM HaBaHTaXXEHHSIM 3a 24 TO/I:
_ 24
Vl/s*ae - Zt:l WEM + VVH(,ZSLZHWI ’ (44)

ne W;- cioxkurta eHeprist 3a KOXHY FOJIMHY BCIM HaBaHTAKEHHSIM MPUETHAHHS.



97

Tabmuns 4.4 — CrioskuTa eHepris 3 3alpoIIOHOBAHUM METOJIOM KEpyBaHHS

Yac, HaBaHTES;-IeOI;I:{iI/IaW Cnoxuta EM Wy, | 3aransna cioxura W,
rod kBTrox e KkBTTOX kBT'ron
1 47209 6739 53948
) 54266 20920 75186
3 61912 24058 85970
4 65641 17650 83291
5 74766 10406 85172
6 89576 24264 113841
7 96702 22578 119280
8 107149 12302 119452
9 114657 4171 118828
10 108517 9297 117814
11 95805 21752 117557
12 84744 23743 108487
13 84328 23721 108050
14 86088 23866 109955
15 94489 22161 116650
16 93811 23755 117567
17 94705 23618 118324
18 85451 23774 109226
19 63596 21913 85510
20 54842 23949 78791
21 48411 22547 70958
40969 23727 64696

N
N




23

39027

22699

61727

98

24

37846

13927

51773

B Tabi1. 4.5 HaBeeHO MOPIBHIHHS CIIOKHUTO1 €Heprii 3a 100y AJIs Pi3HUX PEKUMIB

HAaBaHTA)XCHHA Mepexki. 3alpoloHOBAHUNA METOJ TOKa3ye€ HaBiTh OUIBIIY KUIBKICTh

CTHOXHUTOI €Heprii, Hi>k HeKepOBaHa 3aps/IKa uepes Te, 110 PU YCTaHOBJICHIH MOTYKHOCTI

caMoi 3apsJIKU TIPIOPUTET Y 3apsPKaHHI HaJaBaBCs €JIEKTPOMOO1Ib OUIBIIMM CTPYMOM

3apsny.

3anponoHOBaHUI METOJ KOHTPOJIIO MPOLIECY 3apsKaHHs 3apsIUB aKyMYyJIsITOpU

esieKTpoMoOLTiB Ha 12% Oinble y MOPIBHSAHHI 31 3BUYAMHUM METOJIOM KEpyBaHHS 3

BpaxyBaHHSIM OOMEKEHb.

Tabmuusg 4.5 — CrioxuTa eHepris B Mepex1 Ui PI3HUX METO/IB 3apsS KU

be3 EV

HexepoBanmuii

KepoBanuii 3

0OMEXEHHIAMM

BI3

3arajgpHa

CITOJKMTA

eHepris 3a
24dron W,,. ,

kBT rox

1825,2

2267,1

2234,5

2292,1

Cnoxuta
enepria EV 3a
24 rona WEM’

kBT rox

1825,2

4419

408,3

467,5

4.4 Peanizaniss Ha ocHOBi MikpokoHTpoJsiepa Ha miati ARDUINO MEGA

2560

4.4.1 Onuc nnaT MIKpOKOHTPOJIEPIB

Bubip Haiikpamoro MiKpOKOHTpoJiepa sl BIPOBAJKEHHS HEYITKOI JIOTIKH Ta
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BKJIFOYAIOYM KOHKPETHI BUMOTM CUCTEMH, HasIBHI PECYpCH Ta aHaIi3 pi3HUX IUIaTGopm

MIKpOKOHTpoJiepiB. OCh €Ki MOMyJSpHI BaplaHTH IJIAT MIKPOKOHTPOJIEPIB, SIKI 4acTO

BHUKOPHUCTOBYIOTHCA IJIA BIIPOBAKCHHA HEYITKO1 JIOTIKH:

1.

Arduino: Ilnmatm Arduino, Taki sk Arduino Uno, Duo ta Mega , mmpoko
BUKOPHUCTOBYIOTHCS JJIsl MPOTOTHUITYBAHHS Ta IHTETpalii B pi3Hi CUCTEMHU. Y HHX €
BEJIMKE CHILHOTA Ta YHCJICHHI 010J110T€KH, K1 MOXYTh CIIPOCTUTH peasli3alliio
HEYITKOI JIoTiKu [74].

Raspberry Pi: Xoua Raspberry Pi He € MiKpOKOHTposiepoM y TpaaHIliiiHOMY
PO3YMiHHI, 1€ TOMYJSPHUH OMHOIUIATHUN KOMI'IOTEp 13 OUIBIIMM 0O0CATOM
OOYMCITIOBAJILHOT MOTYXHOCTI Ta MaM'sTl, H1XK TUIIOBI MIKPOKOHTposiepu. BiH
MOKE BIIOpATHCS 13 CKIAQJHUMHU 3aBJAHHAMHM HEYITKOI JIOTIKM Ta JIETKO
IHTErpy€EThCS B iCHYI0Y1 cuctemu [75].

Cepis STM32: Mikpokontpoaepu STM32 Bin STMicroelectronics mponoHyOTh
MIMPOKUHN BUOIp, BiJl €HEProeEeKTUBHUX /10 BUCOKONPOAYKTUBHHUX IMPHUCTPOIB.
Bouu no0pe miaxonsaTh s OOYMCIEHb B PEXUMI PEATbHOrO0 4Yacy 1 MAarOTh
JOCTYTIHI 3ac00u po3poOku [76].

P1C-mikpokonTponepu: MikpokouTtposnepu 3 poauau PIC Big Microchip Bimomi
CBOEIO HAJIIMHICTIO Ta MPOCTOTO BUKOPUCTAaHHA. BOHM MaroTh pi3HI po3MipHU Ta
MOJKJIMBOCTI, 1110 TO3BOJISE 3HAWTH BapiaHT JJIs peanizaitii [77].

ESP8266/ESP32: 11i Mmoxyn MiKpOKOHTpoJiepa MOMyJIsipHi sl [HTepHeTy pedeit
(IoT). ¥V Hux € moxmuBocti Wi-Fi Tta Bluetooth, mo moxe 0yt kKopucHUM 11
JMCTAHIITHOr0 MOHITOPHHTY Ta yIPABIiHHS CHCTEMaMH HEYIiTKOi jioriku [78].
MikpokonTtponepu NXP/Freescale: Mikpokontposiepu Big NXP, taki sk HC12
SBJISIOTHCS. OJTHUMU 3 HAWMOMYJSIPHIMIUX JUIsl peani3aiiii HeYiTKOI JIOTIKH 4Yepe3

CBOIO MOIIUPEHICTh Ta BapTiCTh [79].

[Tpu BuOOpP1 MIKPOKOHTpOJIEpa 00OB'I3KOBO MOTPIOHO BpaxXyBaTH HACTYMHI (aKTOPH,

Ky OyayTh MOPIBHSAHI Yy HacTynmHOMY naparpadi [80]:
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OOuuciroBaibHa MOTYXHICTh - MIKPOKOHTPOJIED TOBHHEH MAaTH JOCTaTHbO
OO0YHCITIOBAILHOT MOTY>KHOCTI JIsI €PEeKTUBHOI pOOOTH 3 aNrOPUTMAMU HEUITKOI
JIOTIKH.

[Tam'sTh: HeoOximHa moctatHs sk RAM, Tak 1 Flash mam'ste mns 36epiranHs
HEYITKUX MHOXKHH, TTPaBUJI Ta 1HIINUX JTaHUX.

InTepdeiicu BBeIeHH/BUBEIEHHS HEOOX1IHI JJIi OTPUMAaHHS 3MIHHUX Ta BUJa4l
pILIEHHS Ha 3aps/HKaHHS YU YTPUMAaHHS €JIEKTPOMOO1IIS.

3aco0u po3poOKHU: BaKIMBA HASBHICThH 3aC001B pO3pOOKH, CEpeOBUIL pO3POOKH
Ta 0610J110TEK J71s1 0OpaHOTO MIKPOKOHTPOJIEpA.

Bapricth: Tak Sk € LUIb €(EeKTMBHOIO BHKOPHCTAHHS KOIUTIB HEOOXITHUMN

ONTUMAJIbHUM 3a I[IHO/BAPTICTIO KOHTPOJIEP Ta IJIata.

[ToTyxHicTh Ta mam'atb. OOUYHCIIOBaIbHA MOTYXKHICTH MIKPOKOHTPOJIEPIB MOXKE

3HAYHO BIAPIZHATHUCS 3aJE€XKHO BIJ MoJenm, cepii 1 KoHQirypauii. [TpuBeneHi Huxue

HOpiBH?IHHSI 6y,HYTI> 3arajlbHUMH, B CBOIO 4YCPIy I[GTEUII)HI/Iﬁ oI HapaMeTpiB IiaT

HaBeaeHO B Ta0II. 4.6.

3a3Buuai, 3rajladi BUIIE IUIATH MIKPOKOHTPOJEPIB PO3/AUICHI Ha JEKUIbKa KJIacCiB

3aJICIKHO B1JI CBOET TOTY>KHOCTI:

1.

Arduino Uno, Duo, Mega (AVR-based):

[le xmacuuHMii TIPEICTABHUK MIKPOKOHTPOJIEPIB 3 HU3BKOI OOUYMCIIOBAIBHOIO
MOTYKHICTIO.

Husbka TaktoBa yactora (16 MI'm).

OOmexeHa KITbKICTh mam'siTi (1ekinbpka kinooailT B RAM ta Flash).

[ligxoauTh UIsi TPOCTUX 3aBJaHb HEYITKOI JIOTIKM (KEPYBaHHS MPUBOJIOM,
BEHTWJIATOPOM Toio) - UNno, abo mis oOuYMCIiIOBaIbHO-BUMOTIIMBHUX OIeparliit
HEYITKO1 JIOT1KA CUCTeMH 3apsikanus - Mega.

Raspberry Pi 4:

Raspberry Pi - 1me onmHomIaTHWN KOMITIOTEp, 1 BIiH Ma€ 3HAYHO BHIILY

OOYHUCTIOBAIIbHY MOTYKHICTh MOPIBHSIHO 3 TUTIOBUMH MIKPOKOHTPOJIEPAMHU.
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Mae ARM-mporiecop 31 3HAYHO BHIIOI0 YAacCTOTOIO TAKTyBaHHS Ta OlIBIINM
oOcsrom mam'siTi (rirabaiitu RAM).

[TigxoanThs I CKIIAIHUX 3aBIaHb HEUYITKOI JOTIKM Ta 1HIIUX OOYHCITIOBAJILHO
IHTEHCUBHUX OTIeparliii.

. STM32 cepii (Hanpuxaan, STM32F4xx):

STM32 mae pi3Hi MOjI€Il 3 PI3SHUMH PIBHAMU 00UYUCITIOBAILHOT TOTYKHOCTI.
Haitnotyxnimi moxeni B wid cepii maiote Cortex-M4 sapo 31 HIBUAKUMHU
TaKTOBHMH YaCTOTaMU Ta anapaTHy MIATPUMKY JIJIsl YUCICHHUX OIepalii.
3a3Buuaii BOHM MOXYTh OOpOOJIATH CKJIAJHI oOmepalli HediTKoi Joriku 0e3
0COOJIMBUX TPYAHOIIIIB.

. ESP8266/ESP32 (ESP32):

ESP8266/ESP32 mae HeBenuky OOYHCIIOBAJIbHY TMOTYXKHICTh MOPIBHSHO 3
JCSIKUMH  THIIUMU  MIKPOKOHTpoJIepaMu (€ OUTBII TMOTY)KHUMH, HIK Ti, IIO
3a3Buuai 3HaxoaaThcs B Arduino Uno, ajie MeHII OTYXHi, HiX y Raspberry Pi).
Bonu migxonsTe asis OUIBIIOCTI 3aBJaHb HEYITKOI JIOTIKH, ajié MOXKYTh MaTH
OOMEKEHHSA B 00CATY JOCTYITHOI aM'sTI.

. NXP/Freescale Microcontrollers (Kinetis, LPC):

Bci 11 cepii MaroTh pi3HI MOJIEINI 3 PI3HUMHU XapaKTEPUCTUKAMU OOUUCITIOBATBLHOT
MOTY>KHOCTI.

HalinoTy>kHil MoAeni MOXYTh BIOPATUCSA 13 CKJIAJHUMHU OINEpalisiMU HEYITKOI
JIOTIKH.

Tabmuis 4.6 — OCHOBHI XapaKTePUCTUKH MIKPOKOHTPOJIEPIB

MikpokoHTposep/ Flash- | O3I1 CrremtiamizoBaHi

[Tnardopma YacroTa nam'site | (RAM) | bynkuii/inTepdeticu

Arduino Uno (ATmega328P) |32 Kb |2 Kb USB

14 uudposux, 6
anajoroux UART,

16 MI'u SPI, 12C, PWM,
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54 uudposux, 16
ananoroBux UART,
16 MI'n SPI, 12C, PWM,
Arduino Mega 2560 (ATmega2560) | 256 Kb | 8 Kb USB
1.51T
(Quad-core GPIO, HDMI,
ARM Cortex- Ethernet, USB, 12C,
Raspberry Pi4 (4T'b) | A72) 4Tb 4Tb SPI, UART
100 GPIO minis,
168 MI'x UART, SPI, I12C,
(Cortex-M4) PWM, CAN, USB,
STM32F407VG 1 Mb 192 Kb | Ethernet
240 MI'u UART, SPI, 12C,
(Dual-core PWM, Wi-Fi,
ESP32-WROOM-32 | Tensilica LX6) | 4 Mb 520 Kb | Bluetooth
82 GPIO miHis,
120 MI'u UART, SPI, 12C,
NXP Kinetis K64F (Cortex-M4) 256 Kb | PWM, CAN, USB,
(MK64FN1MOVLL12) 1 MB Ethernet
70 GPIO mmiuis,
UART, SPI, 12C,
100 MI' 512 Kb PWM, CAN, USB,
NXP LPC1768 (Cortex-M3) 64 Kb Ethernet

4.4.2 Bubip mikpokoHTposiepa Ha mati Arduino Mega 2560

Arduino Mega - 11e MiKpOKOHTPOJICpHA I1J1aTa, Ka HaJICKHUTh JI0 JiHidku Arduino
Ta BIAPI3HAETHCS BEIUKHUMH PECypCaMH TOPIBHSIHO 3 OUTHIIMMH OOCSTaMu mam'sTi Ta

oinbmoro kuibkicTio GPIO-miniB nopiBHsHO 3 Arduino Uno. 1{s minata 1o6pe miaxoauThb
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IS 3aIPOTIOHOBAHOT CUCTEMH, BKITFOUAIOYH pealtizailito HewiTkoi joriku [80]. 3oBHimmHIT
BUTJIAJ TJIaTH 300paxeHo Ha puc. 4.18. Ockiibku OKpiM 0OYHMCIIEHb HEYITKOI JIOTIKH
NOTPIOHO TPOBOJUTH €Tal ONTUMI3alil IIIboBOI (GyHKIII, OyB OOpaHuil maHM

MIKPOKOHTPOJIED.
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Pucynok 4.18 — 3oBHimHi# Burasa miata Arduino Mega 2560

JleranpHuii onuc xapakrepuctuk Arduino Mega [74]:
Mikpokontpoiep: ATmega2560. Uactora: 16 MI'1g
[Tam'siTh:
e Flash-mam'ste: 256 Kb (11 mporpaMHOro Kouy);
e O3II (RAM): 8 Kb (151 30epiransst 3SMIHHUX Ta JIaHUX);
e EEPROM: 4 Kb (nns 30epiraHHs 1aHuX).
Amnanorosi ta udposi GPIO ninu:
e I[ludposi ninu: 54 uudposux GPIO-ninwy, 3 axux 15 MoxyTh npairoBatu sk PWM-
BUXO/JIH;
e AHasoroBi miHU: 16 aHAJIOTOBUX BXOIB JIJIsl 3UNTYBAaHHS aHAJIOTOBUX CHUTHAJIB B

marma3odi Big 0 1o 5 B.

Cepiitni iHTEpdEiicu:
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e UART (Universal Asynchronous Receiver/Transmitter): € 6aratro UART-mopTiB
JUTSE KOMYHIKaIlii 3 KOMIT'FOTEpOM a00 1HITUMH MPUCTPOSIMH;
e SPI (Serial Peripheral Interface): Maerbcs amapatHa miarpumka SPI s
KOMYHIKaIlil 3 TPUCTPOSIMU, TAKUMHU SIK CEHCOPH Ta JUCILIET;
e 12C (Inter-Integrated Circuit): Maetbcst amapatHa migrpumka [2C st 3B'3Ky 3
npuctposimMu yepes [2C.
3oBHINIHIN i1HTEpDEHC:
e USB: USB-nopt 11t mporpamMyBaHHs Ta 3B'A3KYy 3 KOMITIOTEPOM.
e DC-pos'em: [1s1 ;KkMBJICHHS MIKPOKOHTpOJIEpA.
PerynboBana Hampyra okuBneHHs: 7-12 B (pekomenmoBano 7-12  B).
PoGoua nanpyra: 5 B (3a3Buuail ;KMBUTHCS BITHAMPYTOIO Yepe3 PETYIISATOP HA TUIATI).
Pos'emu: Arduino Mega mae 4YuCieHHI po3'eMU sl MIAKIIOYECHHS JI0JATKOBUX
MOJAYJIB Ta ceHcopiB, BKItouaroun mwiaau (shields) Arduino, siki MoOXHa TPOCTO

BCTABUTHU HA BCPXHIO YACTHHY ILJIATH.

4.4.3 Tlopsaok BIPOBaKEHHS TUIATH MIKPOKOHTPOJIEPY B CHCTEMY 3apsiIKaHHS
Enextpo3zapsiina craniiis, sika € 00’ €KTOM JOCHTIIKEHHS, SIBJIsi€ CO0010 00’ € THAHHS
3apsAIHUX CTaHIlH (CJIOTIB) B OJHY MepexKy. JlaHuii 3apsiiHU CIIOT Ta OT0 CTPYKTypHA

cXema ITIKTF0YCHHS HaBeAeHa Ha puc. 4.19.
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HusneHHa

Pucynok 4.19 — 3apsaauii coT Ta CTPYKTYpHA CXeMa IiIKITF0UeHHS

OcnoBH1 koHcTpyKIiKHI enementu E3C, (yHkIii koHekTopa i po3’emy J1772,
MpOIEC MIAKIIOUYCHHS €JIECKTPOMOOUIS 0 3apsIHOI CTaHIll OMMCAaHO HIK4YE. Takox
MPUCTPOIT KOMYTallii, 3aXUCTy Ta KEPYBaHHS 3aps,IHOTO OJIOKY OyJI0 OMKUCaHO y po3/aiii 1.
Ha puc. 4.20 moka3aHo po3TairyBaHHS KOHTaKTiB KOHEKTOpa 3apsTHOTO CIIOTY.

Kontponep kepye mporiecoM eIeKTpOINOCTayaHHs eJIEKTPOMOOUIsT T Yac
3apsKaHHs [26].

KoHTakTOpyn BUKOPUCTOBYIOTBHCS JUIsl KEpyBaHHS HaBAHTAXEHHSIM (KUBJICHHS
€JIEKTPOMOO1IIS), 30BHIIHBOT BEHTHJIALILT Ta OJ0KyBaHHs po3’emy J1772. CeitinoniogHa
IHAMKAIs BKa3zye TMOTOYHUM CTaH cUcTeMH. HanamryBaHHS YCTaBKH CTpyMy
3apspKaHHS BCTAaHOBIIOEThCS depe3 inTepdeiic RS485.

VYrpaBiaiHHS BEJIMYMHOIO CTPYMy 3apsi/DKaHHS MOXJIMBE 1 MiJ 4Yac MpoIecy
3apsSAKY.

OmHuM 3 HaWOUIBIIUX TMepeBar JAaHOTO AJITOPUTMY € MPOCTOTA, IMIBUAKICTH 1
JieleBU3Ha peanizanii ta 00cimyroByBaHHA. [IOpIBHSHO 3 IHIIMMM alropuTMamu B
peaqbHOMY 4aci, 10 BUPIMIYIOTh TU(EpPEeHIIHI PIBHAHHS Ta MOTPEeOYIOTh BEJIMKHUX

OOYHUCITIOBATLHUX MOTYKHOCTEH, IPEICTABIICHUI aJITOPUTM MOXKE OyTH pealli30BaHH Ha
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16-po3psiAHOMY MIKPOKOHTPOJIEPI 3 HIUIOYUCIAEHHUM apu(PMETUKO-JIOTTYHUM MPUCTPOEM
Ta TAaKTOBOK 4YacTOoTOl Bchoro 2 MIm. Cxema MiIKIIOYCHHS KOHTPOJEPY 3
3aMpONOHOBAHUM AJITOPUTMOM B icHytoui cinotu E3C HaBenena Ha puc. 4.21.

[Ticns oOuucieHb HEYITKOI JIOTIKM Ta ONTUMIZaIli MiIbOBOI  (DYHKINT
MIKpOKOHTpPOJIEp Mojae curHaid Ha KoHTpodbHHM kimou E2 (Control Switch) — sxmio
3apsipKaHHS B IaHUH MPOMIKOK Yacy M03BOJICHHH KOHTAKT OyJe 3aMKHYTHH. SKIo 3a
PIIICHHSM aJITOPUTMY B JaHUI MPOMIXKOK Yacy 3aps/KaHHS HE JO03BOJIEHO KOHTAKT E2

3aJUIIATHCSA PO3IMKHYTHM.
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Pucynok 4.21 — CxeMa miJIKJIIFOYEHHS] KOHTPOJIEPY HEUITKOT JIOT1KU 3 3aIIPOIIOHOBAHOIO

cuctemoro o0 koHtposuepy E3C

Meroto 1i€i poO0TH € po3po0Ka CUCTEMU KOHTPOJIIO 3apsIKaHHS €JIEKTPOMOOIS

B peambHOMy uyaci. BuOip Oyno 3ynuMHEHO Ha TO€JHAHHI CEpelOBUINIA
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MATLAB/Simulink 1 miatu Arduino. MATLAB/Simulink nagae «Ilaketr miarpumku
Simulink ns o6nagnanns Arduino» asst po3poOKH anropuTMiB KepyBanHs B Simulink 1
3aBaHTXKEHHS Horo 6e3mocepenHbo B anapaTHy ruiatdopmy (maty Arduino). «Ilaker
nigrpumku Simulink nms o6nagrarHs Arduino» 03BOJISIE CTBOPIOBATH Ta 3aIlyCKaTH
mozeni Simulink y pi3saux o6nacTsx Ta chepax BukopuctaHHs. Bin npomnonye 6165110TeKy
OJIOKIB ISl HAJAIITYBaHHS Ta JOCTYIYy JI0 JATYMKIB, MPUBOJIB Ta KOMYHIKAI[IHHUX
inTepdeiiciB Arduino uepes kabenp USB [81].

Pucynox 4.224.22 300paxye 3arampHuid Bua wMoxaeni Matlab Simulink Ta
MIJKIIOYEHHS TIaTH J0 3apsaHoi cranmii. IloTykHicTe 3apsgHoi craHIii 24 kBT.
Tpanchopmarop Ta 00s1aHaHHS Mepexi oOMexkeH1 noTyxHicTio 120 kBT. [Ticns koxkHoi
iTepallii eKCrepTHOro 3MiHEHHs KoedillieHTa Qa3i-npaBuiia MPOBOAWIACH CUMYJISIIIS

Simulink mozeni Ta oninoBanuck rpadiku 3mineHHs SOC A1t KOKHOTO IMiJIKJIFOYEHOTO

€JIEKTPOMOO1IIS.
B— ' —n
ealsllg
Transformer —
Source To o 400-10.6kV/400V a9 V, I meas Load Measurements ~ esidential Load (Offices)
10 Mw % % V_charg

|_charg
measures

o

L . :
P Charging Stations

Arduino Mega 2560

Pucynox 4.22 — 3aransuuii Buj Beiei mozerni B Matlab Simulink 3 migkmroueHum

Arduino Mega 2560

ITaker A03BOJIsI€E BUKOHYBATHU TaKl 3aBJaHHA, SAK:

e OTpuMaHHS aHAJOTOBUX 1 MU(PPOBHUX JAaHUX JATUYHKIB 13 TuiaTh Arduino.
o KepyBanns npuctposmu 3 rudposumu ta [IIIM-Buxonamu.

e 3B’s30k 13 1aToro Arduino yepez USB kabOenb.
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e Jloctym no mnepudepiiHUX NTPUCTPOIB 1 JATUYMKIB, MIAKIIOYEHUX Yepes3
inTerpoBany cxemy (12C) abo nocninoBHuil nepudepiitauii intepdeiic (SPI)
Po3pobnena B Matlab cucrema Oyna 3aBanTtaxkena Ha Arduino Mega 2560 ygepes

USB inrepdeiic. Pimenns MATLAB Coder mneperBopuio Koj 3alporOHOBaHO1
CUCTEMH, 110 30epiraBcs B m-gaiiii Ha ko1 HanucanuM Ha C++, 1110 € “3po3yMimmm’” Jist
Arduino. Takox 3 gomomororw Matlab cumysroBanacs mepemgada 3YNTaHUX CTAHITIERO 3

ENEKTPOMOOLIA Syapn, Wieosx T8 Lrapic; @ TAKOK NiEpe/iaua PillieHHs: MIKDOKOHTPOJIEpa PO

ap’
3apsKaHHS a00 yTPUMAaHHS €IeKTPOMOOLIS.

[lepengada BBIIHUX JaHUX MPO MapaMeTpu €IEKTPOMOOUIIB Ta MEpexl 3 MOJAEl
Matlab no miatu BinOyBaeThcsi 3a momomororo 00ky Serial Transmit 3 Gi6mioTexu
Simulink Support Package for Arduino Hardware [82]. BuBix MaTpuiii 3 pilliecHHSIM PO

3apsAKAHHS Y YTPUMaAHHS MIAKIIOYEHUX €JIEKTPOMOOUTIB peati3oBaHo 3a JOTIOMOTO0

omoky Serial Receive (puc. 4.23).

ARDUIND
Diat

D)

Arduino_availabili

ARDUIND

Pucynok 4.23 — Bukopuctani 6;10ku 6i6miotexn Arduino

Po3pobnena 8 Matlab Fuzzy Logic Designer HeuiTka cuctema Oyiia 30epexeHa y
daiini 3 .fis po3uupeHHsIM, SIKUH He € «3po3yMutum» 11 Arduino. 3aj1si 00paxyBaHHS
pe3yJbTaTy HEUITKOI JIOTIKM JJIsS KOXHOI 1Tepallii oOYMClIeHh HediTKa cucTtema Oylia
nepenucaHa MoBoto C++ Ta 3aBaHTaXkeHa y MaM'ATh IUIATH MIKPOKOHTpoOJEpa.

Jlorika onTumizamii miJiboBOI (YHKIII 3 BpaxyBaHHSIM OOMEXEHb MEPEKCHI B
MojIeli HamucaHa Ha Mol Matlab, sika Takoxk koHBepToBaHa B C++ Ta 30epexeHa B

nam'sti Arduino.
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Hwxue Ha puc. 4.24 — 4,26 3anponoHOoBaHa CUCTEMA 3aps/IPKaHHS 3 00UUCIICHHSIMU

Ha Arduino Mega 2560 mopiBHIO€TBCA 31 00uncieHHsiMu BukoHanumu Ha [1K. Sk BuaHO

3 puc. 4.24 mnepeBaHTaxxeHHs Mepexi (HaBaHTaxkeHHs Buiie 120 xkBt) mo 16%

BiIOYBAETHCS 1] 9Yac HEKOHTPOJIbOBAHO1 3apsaku 3 7 10 11 ronuau paHKy.

HasaHTameHHn, BT

Pucynok 4.24 — [Tonut Ha eNEKTPOCHEPTIIO MPOTIAToM 24 TOMH Ha OCHOBI
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Pucynok 4.25 — [TonuTt Ha €JIEKTPOCHEPT1I0 MPOTITOM 24 TOJUH Ha OCHOBI
3aIpPOITOHOBAHOTO MeTOy 3apsaku oouucienuit Ha [1K B cepenoBumti Matlab
Simulimk. (CyrrinbHa - 3arajibHU MOMHT 3 €JIEKTPOMOOIISIMH, IITPUX-TTYHKTUPHA —

1HITIC HABAHTAXKCHHS)

<10°

1.8 - 1

14 ;

1.2 } AP S cenartrn - J

HasaHTaeHHAa, Br
—

08" ) P .'\ ;'-.]- Y 1
0.6 [ N K"
0.4 [ ES—

02r 1

0 5 10 15 20
Yac, rop
Pucynox 4.26 — [TonuT Ha eNeKTPOEHEPTiI0 MPOTATOM 24 TOJMH Ha OCHOBI
3aMpONOHOBAHOIO METOY 3apsIKU MpU BUKOHaHH1 o0uuciens Ha Arduino Mega 2560.

(Cy1risibHa - 3arajibHHUH MOMUT 3 JIEKTPOMOOITSIMHU, IITPUX-TTyHKTHPHA - THIIIE

HaBaHTAXEHHS)

B 1a6:. 4.7 HaBeneHO OPIBHSHHS CIIOKUTOI €HEPTii 3a 100y JUTsl pI3HUX PEKUMIB
OO0YHCIIEHb.

[TopiBHSIHHA LMX OOYMCIICHb 3apsIKu TOKa3ye — OOYMCIEHHS MepeaaHol
CJIEKTPOMOOUISIM TIOTY>KHOCTI TIpH BpaxyBaHHI OOMEXeHb B cepemoBuill Matlab
Simulink Ha mepcoHaIbHOMY KOMIT FOTEPi HE BiIPI3HSAIOTHCS Bl 00YMCIICHh BUKOHAHUX

Ha Arduino Mega 2560.
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Tabmuis 4.7 — Cioxkuta eHeprisi B Mepexi sl pI3HUX METO/IIB 3apsIKku 3 Ta 0e3

M IKIIIOYEHUM MiKPOKOHTPOJIEPOM

MopenroBaHHs
MopnenoBaHHs '
. MEpexi -
MEpEeXKI -
Matlab
HaBantaxxenns | HekepoBaHwuii Matlab o
. _ L Simulink,
B MEpEXKi croci6 Simulink,
O0OYHCIICHHS
oe3 EV 3apsypkadHs EV | oOuucieHHs
CHUCTEMH
(Matlab (Matlab CHUCTEMU
o o KepyBaHHS
Simulink) Simulink) KepyBaHHS
3apsHKaHHS -
3apsyHKaHHS - )
Arduino Mega
Matlab
2560
3aranbpHa
2267,1
CIIOKUTA
: (B110yBaIOCh
CHEPI1A 32 1825,2 2292,1 2292
W nepeBaHTAKECHHS
24 ron e ,
Mepexi)
kBtTOoxg
Cnoxuta
enepria EV 3a
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Bucnosku 10 Po3niny 4

1. 3anpornoHoBaHUM METO/T 3apSIKU €JIEKTPOMOOLITIB, SIKHI 0a3y€ThCs HA HEUITKIN

jorii, € edeKTHBHIININM Yy TMOPIBHSHHI 3 THUIIOBHM QJITOPUTMOM 3 OOMEXKECHHSIMU

CJIEKTPONIOCTaYaHHS.

2. I'padiky HaBaHTAaXKEHHS JJI1 KOHTPOJILOBAHUX METOIB 3apsiiKU OJIM3bKi, aje

HEKOHTPOJLOBAHUN METO/I MMPU3BOIUTH JI0 MEpEBaHTAKEHHS Ha 16% y TOJIMHU TIIK.

3. TonoBHMI HEAOMIK 3BUYAMHOIO METOAY 3apsAIKd 3 OOMEKEHHSMU IOJIATaEe B

TOMY, IO €JIeKTPOMOOLT, SKI MIAKIIOYAIOTHCS Ii3HIIIE, HE 3apsKaloThCs MPHU
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oOMexxeHOMY eJleKTpocroxuBaHHl. CHUTyalliHUNA METoa pPO3B's3ye I IpolJeMy,
JI03BOJISIFOUHM BCIM €JIEKTPOMOOUISIM 3alIOBHUTH CBIM HEOOX1THUM piBEHb 3apsTy.

4. Pe3ynbTaTH MOJENIOBAaHHS Ta €KCIEPUMEHTY MIATBEPIKYIOTh €(EKTUBHICTD
3apoOIIOHOBAHOI CHCTEMH Ha OCHOBI HewliTKoi Jioriku sk Ha [1K B cepenoBuii Matlab,

Tak 1 Ha peagbHOMY MpUcTpoi Arduino
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BUCHOBKH

B nucepramiiiniii poOOTI BuUpilIeHa BaXXJIMBa HAYKOBO-TIPHUKIAIHA 3a/adya
onTUMI3aIlli MpoIecy KepyBaHHS 3apsAHUMU CTAHIISIMH €JIEKTPOMOOUTIB y peaIbHOMY
gaci B yMOBax OOMEXEHOrO €JIEKTPOIOCTauYaHHs, IO JO3BOJUTH 3a0e3MeunTH
eeKTUBHE Ta CTIHKE 3apsPKaHHSA EJIEKTPOMOOUTIB Ta YHUKHYTH TMEepEBaHTAKCHHS
CIICKTPOMEPEKI.

B po6oTi osieprkaHi HACTYITHI HAyKOB1 Ta MPAKTUYHI PE3YJIbTATHU:

1. Bmepiie po3poGieHo HOBY ONTHMI3alliiiHy MOJENb KEpyBaHHS 3apsiAHUMU
CTaHI[ISIMU B peabHOMY Yaci, IO BIAPI3HAETHCA BiJ ICHYIOUHUX MOJENEed THUM, IO
n03BOJIsiE 3a0e3meunT Oulbllie €Heprii MOoCTaBKM A0 Oarapedt eneKTpoMoOiTiB 3a
OJIHAKOBHX OOMEXEHb CIIOKMBAHHS B MICLI M1JKJIIOUEHHS €JIEKTPO3aPSTHUX CTAHIIIN.

2. Po3po0neHO METONMKY €KCIEePTHOI CHUCTEMH BHAA4Yl MPIOPUTETHOCTI
3apsiAPKaHHS Ha OCHOB1 HEUITKOI1 JIOTIKY Ta BIIEPIIIE peali30BaHO 3alpONOHOBaHY CUCTEMY
KepyBaHHA Ha MIKpOKOHTpoJiepl Ha miati Arduino Mega 2560.

3. Po3po06iieHo iMiTaliiiHy MOJIEIb 1 BAKOHAHO MOJEIIIOBAHHS MPOLIECY KEPOBAHO1
3apsAIKU 13 pO3POOICHUM METOIOM JUIsl pOOOTH B peaIbHOMY 4aci B YMOBaX OOMEKEHOTO
eJIEKTpONoCTayaHHsl B cepefoBuill Matlab, 1o aajio MOKJIMBICTH BCTAHOBUTH, IO
po3pobseHnii MeTon 3apsAKu  3abe3rnedye ONTHMalbHE PO3MOMAUICHHS 3apsaHOl
MOTYXKHOCTI MDK  €JIeKTpOMOOUIIMH 3 ypaxXyBaHHSIM OOMEXKEHb MEpexi Ta
1HIMBITyaJIbHUX MOTPEO.

4. 3anponOHOBAHO CUCTEMY KEPYBaHHS €JIEKTPO3aAPAHUMU CTAHIIISIMU B PEKUMI
peaNbHOrO Yacy Ha OCHOBI HEUITKOI JIOTIKM Ta ONTUMI3AIli] IbOBOT (PYHKIIT B yMOBax
O0OMEKEHOTO EJeKTPOIOCTaYaHHs.

5. JloBeneHo eeKTUBHICTh 3alTPOIIOHOBAHOT CHCTEMHU POOOTH B peaTbHOMY Yaci y
MOPIBHSHHI 3 IHIIMMH aJTOPUTMaMU Ha OCHOBI IJIaHYBaHHS Ta IEHTPAJIi30BAaHOTO
yIpaBJIiHHS Ta BCTAHOBJIEHO, IO 3aMpPOIIOHOBAHMIN MeETOJ 3abe3leuye BiAMOBIIHICTD
HAKJIaJIECHUM OOMEXEHHSIM Ta 3a0e3ledye HaJIeKHE 3apsi/KaHHsS eJIeKTPOMOOUTIB y

KOHTEKCTI JaHO1 CUCTEMU.
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6. Peamizaliis cucteMu BHKOHAHa Ha MIKPOKOHTpoJiepl Ha miati Arduino Mega
2560, 1 3ampomMOHOBAaHO CXE€My MOTrO MIAKIIOYEHHS A0 ICHYIOUOl eNeKTpO3apsaHOi
CcTaHIi.

7. Pesynbrati poOOTH BIPOBAKEHO B OCBITHIN mpoliec Kadgeapu ABToMaTu3ailii
CJIEKTPOTEXHIYHUX Ta MEXATPOHHUX KOMIUIEKCIB Ta BHUKOPHUCTOBYIOTHCS B OCBITHIX
KOMITOHEHTaX OCBITHBO-MPO(ECiitHOT mporpaMu MiArOTOBKH OaKalaBpiB Ta MaricTpiB
«HKUHIPUHT 1HTENEKTYATbHUX EJICKTPOTEXHIYHUX Ta MEXaTPOHHUX KOMIUICKCIBY 3a
cnemianpHicTI0O 141 — EnektpoeHepreTvka, €IeKTPOTEXHIKA Ta €JIEeKTPOMEXaHiKa» a
caMme: AUCHUIUTIHA «|HXUHIPUHT EJICKTPOTEXHIYHUX Ta MEXaTPOHHUX KOMILICKCIBY,

«ABTOMaTH30BaHUH €IEKTPONPUBO MAIIKUH 1 YCTAHOBOKY.
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JTIOJATOK A

Haoip ¢asi-npaBui

1. If (Qrequired is LowQ) and (ParkT is VS) and (Crate is Lrate) then (Priority is HP)
(0.6)

2. If (Qrequired is LowQ) and (ParkT is S) and (Crate is Lrate) then (Priority is MP) (0.9)
3. If (Qrequired is LowQ) and (ParkT is M) and (Crate is Lrate) then (Priority is MP)
(0.5)

4. If (Qrequired is LowQ) and (ParkT is L) and (Crate is Lrate) then (Priority is MP)
(0.6)

5. If (Qrequired is MedQ) and (ParkT is VVS) and (Crate is Lrate) then (Priority is VHP)
(0.5)

6. If (Qrequired is MedQ) and (ParkT is S) and (Crate is Lrate) then (Priority is HP) (0.8)
7. If (Qrequired is MedQ) and (ParkT is M) and (Crate is Lrate) then (Priority is HP)
(0.6)

8. If (Qrequired is MedQ) and (ParkT is L) and (Crate is Lrate) then (Priority is MP)
(0.5)

9. If (Qrequired is MedQ) and (ParkT is VL) and (Crate is Lrate) then (Priority is LP)
(0.7)

10. If (Qrequired is HighQ) and (ParkT is VS) and (Crate is Lrate) then (Priority is VHP)
1)

11. If (Qrequired is HighQ) and (ParkT is S) and (Crate is Lrate) then (Priority is VHP)
(0.8)

12. If (Qrequired is HighQ) and (ParkT is M) and (Crate is Lrate) then (Priority is HP)
(0.8)

13. If (Qrequired is HighQ) and (ParkT is L) and (Crate is Lrate) then (Priority is MP)
(0.9

14. If (Qrequired is HighQ) and (ParkT is VL) and (Crate is Lrate) then (Priority is MP)
(0.7)
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15. If (Qrequired is LowQ) and (ParkT is VS) and (Crate is Hrate) then (Priority is HP)
(0.5)

16. If (Qrequired is LowQ) and (ParkT is S) and (Crate is Hrate) then (Priority is HP) (1)
17. If (Qrequired is LowQ) and (ParkT is M) and (Crate is Hrate) then (Priority is MP)
(0.9)

18. If (Qrequired is LowQ) and (ParkT is L) and (Crate is Hrate) then (Priority is MP)
(0.7)

19. If (Qrequired is LowQ) and (ParkT is VL) and (Crate is Hrate) then (Priority is VVLP)
(0.5)

20. If (Qrequired is MedQ) and (ParkT is VS) and (Crate is Hrate) then (Priority is VHP)
(0.4)

21. If (Qrequired is MedQ) and (ParkT is S) and (Crate is Hrate) then (Priority is HP) (1)
22. If (Qrequired is MedQ) and (ParkT is M) and (Crate is Hrate) then (Priority is HP)
(0.7)

23. If (Qrequired is MedQ) and (ParkT is L) and (Crate is Hrate) then (Priority is MP)
(0.6)

24. If (Qrequired is MedQ) and (ParkT is VL) and (Crate is Hrate) then (Priority is LP)
(0.5)

25. If (Qrequired is HighQ) and (ParkT is VS) and (Crate is Hrate) then (Priority is VHP)
(0.9)

26. If (Qrequired is HighQ) and (ParkT is S) and (Crate is Hrate) then (Priority is VHP)
(0.7)

27. If (Qrequired is HighQ) and (ParkT is M) and (Crate is Hrate) then (Priority is HP)
(0.9)

28. If (Qrequired is HighQ) and (ParkT is L) and (Crate is Hrate) then (Priority is MP)
1)

29. If (Qrequired is HighQ) and (ParkT is VL) and (Crate is Hrate) then (Priority is HP)
(0.6)
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30. If (Qrequired is LowQ) and (ParkT is VL) and (Crate is Lrate) then (Priority is VLP)
(0.5)

31. If (Qrequired is VLowQ) and (ParkT is VVS) and (Crate is Lrate) then (Priority is MP)
(0.9)

32. If (Qrequired is VLowQ) and (ParkT is S) and (Crate is Lrate) then (Priority is MP)
(0.7)

33. If (Qrequired is VLowQ) and (ParkT is M) and (Crate is Lrate) then (Priority is LP)
(0.4)

34. If (Qrequired is VLowQ) and (ParkT is L) and (Crate is Lrate) then (Priority is VLP)
(0.5)

35. If (Qrequired is VLowQ) and (ParkT is VL) and (Crate is Lrate) then (Priority is
VLP) (0.3)

36. If (Qrequired is VLowQ) and (ParkT is VS) and (Crate is Hrate) then (Priority is MP)
(0.9)

37. If (Qrequired is VLowQ) and (ParkT is S) and (Crate is Hrate) then (Priority is MP)
(0.6)

38. If (Qrequired is VLowQ) and (ParkT is M) and (Crate is Hrate) then (Priority is LP)
(0.7)

39. If (Qrequired is VLowQ) and (ParkT is L) and (Crate is Hrate) then (Priority is VLP)
(0.6)

40. If (Qrequired is VLowQ) and (ParkT is VL) and (Crate is Hrate) then (Priority is
VLP) (0.4)
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JTOJATOK B

Y 1mpoMy 10IaTKy MPUBEIECHO CKPINTH, cTBOpeHI B Matlab nns ympaBiiHHS Ta
KOHTPOJII0 HaJl ipoliecamu 3apsiikannsa Ha E3C.

dparMeHT MOJACITIOBaHHS MIIKIIOYEHHS €JIeKTPOMOOLIIB JI0 BUILHOTO 3apsTHOTO

CJIOTY:
timepl=timenow (length (timenow)); %detecting time of plugging in
the model

en=pltime (timepl); Snumber of EVs that have to plug at this
moment

if pltime(timepl)> 0 %if there are EVs that are plugging

i=1;
while en>0
if plug(i) == 0 %if charging spot is available
SOCin (1)=EVs (s, 1)
SOCreq (i)=EVs (s, 2);
tpark (i) =EVs (s, 3);
Crate (i)=EVs (s, 4);
CS(i,1)=(SOCreqg(i)-S0OCin(i))*Qb/100; %Qreg for i EV
in kWh

CS(i,2)=tpark(i); %ParkT for 1 EV.
Schargeev (1) =(S0Cs (SOCin(i),1))/ (Crate(i));%Scharge
for EV in W
CS (i, 3)=Schargeev (i) /1000; %Crate (Scharge in kW)
for i EV.
plug (i) = 1; %Scharging spot is busy
timeEV(i,1l)=timepl; %initial in model
timeEV (i, 2)=tpark (i) /10+timepl;% final considering
to model
timeEV (i, 3)=tpark (i)
en=en-1;
i=1i+1;
if i>n %$if there are no available spots
en=0;
i=i-1;
end
else
i=i+1;
if i>n
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en=0;
i=1i-1;
end
end
end
end

CkpunT po3paxyHKy HapameTpiB 3apsSaKd 0 MOMEHTY MPUHAHATTS PIIICHHS PO
3apsAKy/yTpUMaHHSI €JIEKTPOMOO1LIIS:

for g=1l:n

% dont changed after decision
timeEV (g, 3)=timeEV (g, 3)-10; %Snext time step
if timeEV (g, 3)<=0

timeEV (g, 3)=0 ;

end

[e)

o

CS2(g,2)=(timeEV (g, 3))*plug(g); % t park
3calculating required capacity Q and Charging rate
if SOCin(g)>0

Cs2(g,1)=((SOCreqg(g)-S0Cin(g))*Qb/100) *plug(qg) ;
$required capacity Q kWh
Schargeev2 (g)=((SOCs (S0Cin(g),1))/ (Crate(qg))) *plug(qg);

%S Charging rate
u (g)=Qb- ( (Schargeev2 (g))/6000) *effi;
SOCin2 (g)= round (SOCin (g)+ (100* (1-(u(g))/Qb))) *plug(qg) ;
$calc SOC (6 because of 10mins intervals; 1000 in kWh)
CS2 (g, 3)=(Schargeev2 (g) /1000) *plug (qg) ;
end
end

Schargeall2 (1:144)=sum(Schargeev?); %EVs' charging load for
each 10mins interval

[Iloao kpoky peanizallii HEYITKOT €KCIIEPTHOI CUCTEMH, OyJIO MPUUHATO PIILIEHHS
BUKJIMKY (Da3i-JIOTIKK CKPUITOM, Tak SIK MojentoBaHHs 3aiimano 86400 cekyHn, 110
MpU3BENI0 OM 70 HAATO JTOBIMX OOYHCIEHb, sIKOM BUKOpHCTOBYBaBcsi Fuzzy block B
Matlab Simulink. Ckpunr:

WCC=evalfis (C32, fiss);

for f=1:n
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%1f one of inputs =0
if WCC(f)== 0.5000
WCC (f)=0;
end
$preventing equal WCC
if WCC(f)>0
a=length (find (WCC == WCC(f)))
if a>1 %$if there are other WCC with the same value

findminT=min (timeEV ( (find (WCC == WCC(f))),1)); %min
initial time of the same coeff
if timeEV (f,1) == findminT

WCC (f£)=WCC (f) +z;
z=z+0.0000000001;
end
end
end
end

CkpunT IpUHHATTS BUOOPY MaKCUMaIbHUX BI3 BIAMOBIAHOTO €JIEKTPOMOOLIS Ta

NPUIHATTS PILIEHb PO 3apsIKaHHs/yTPUMAHHSA:

%1f Electricity price more than limit for charger owner
if EP(timenow (length (timenow))) > 1.1

Plim=0.8*Plim;
end

%1limit of overall demand

P1im=24000; %Charger power limit

Plimgrid=-(Sresid (1)) *0.8;

P1limg=160000; %rewriting

if Schargeall2 (1)+ Sload(length(Sload))> Plimgrid
Plimg=Plimgrid - Sload(length(Sload));

end

%$setting flag to the type of overdemand (reducing power limit
of CS)
if Plimg<Plim
Plim=Plimg;
end

for L=1:n
$Constarints: Vmin<Vcharge<Vmax; Pcharge<Pavailable
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while Vcharge (length (Vcharge))> 200 &&
Vcharge (length (Vcharge)) < 250 && sum(Sc)< Plim && sum(Sc)<
Plimg

nextmax = max (WCCo) ;
if nextmax ==
break
end
Sc (WCCo == nextmax)= Schargeev2 (WCCo == nextmax) ;
if sum(Sc)< Plim
charge (WCCo == nextmax) = 1;
WCCo = WCCo - (WCCo == nextmax)
overP=0; $flag of high demand
else
overP=1; $flag of high demand
charge (WCCo == nextmax) = 0;
end

end
end

CKpunT po3paxyHKy MapaMeTpiB 3apsJIKH MICIsI MOMEHTY MPUNHSATTS PIIICHHS Ta

onTuMi3arii:
for g=1l:n
CS(g,2)= CS2(g,2);
if charge(g) == $decision to charge or to hold

SOCin(g)= SOCin2(g) ;% SOCin
if SOCin(g)>= SOCreqg(g) %if charged to require
p=0; Svariable for setting Qreqg and Schar to zero
if EV is charged
SOCin (g)=S0Cin (g) - (SOCin (g) -SOCreq(g)); %minus of
overcharged soc
else
p=1; %variable if EV 1is not charged
end
CS(g,1l)= CS2(g,1)*p; %required capacity Q
CS(g,3)= CS2(g,3)*p; %S Charging rate
Schargeev (g)= Sc(g) *p; %S Charging rate
end
$1f parking time is ended
if timeEV (g, 3)==0

Ho)
—
c

Q

Q

Il
(@]
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tpark(g)=0;
CS(g,1)=0; %Qreqg for i EV in kWh
CS(g,2)=0; %ParkT for 1 EV.
CS(g,3)=0; %Crate (Scharge in kW) for i EV.
timeEV(g,1)=0; %$initial in model
timeEV(g,2)=0;% final considering to model
end
end
Schargeev=Schargeev.*charge; %only available charging spots are
charging
$condition if demand is high
if overP==
if Plim>0
o=WCCo == nextmax;
if sum (o) ~=n
Pfree=Plim-sum(Schargeev); S%calculating free to
charge Power for sum(Sc)>Plim
Schargeev (o) =Pfree; %Reaminer of available energy
u (o) =Qb-((Schargeev (o)) /6000) *effi;
SOCin (o) = round (SOCin(o)+ (100* (1-
(u(o))/Qb))) *plug (o) ;
if SOCin(o)>= SOCreqg(o) %if charged to require
p=0; Svariable for setting Qreqg and Schar to
zero 1f EV 1is charged
SOCin (0)=S0Cin (o) - (SOCin (o) -SOCreg(0)); %Sminus
of overcharged soc
else
p=1; S%Svariable if EV is not charged
end
end
end
end

[e)

53

Schargeall (1:144)=sum(Schargeev); %EVs' charging load for each
10mins interval
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JIOJATOK B

Kon neuitkoi oriku Ha C++, 1m0 OyB 3aBaHTakeHu# Ha miaty Arduino.
//***********************************************************************

// FuzzyExpSysFinal.fis

//
//

[ [ K FFF A AR AR KK KKK KK KKK KKK K KRR K SR KK K SR KSR KRS K R KSR KR K ok ok ok

#define FIS_TYPE float

#define FIS_RESOLUSION 101

#define FIS_MIN -3.4028235E+38

#define FIS_MAX 3.4028235E+38

typedef FIS _TYPE(* FIS MF)(FIS_TYPE, FIS TYPE*);

typedef FIS _TYPE(* FIS_ARR_OP)(FIS_TYPE, FIS TYPE);
typedef FIS TYPE(* FIS ARR)(FIS_TYPE*, int, _FIS_ARR_OP);

// Number
const int
// Number
const int
// Number
const int

of inputs to the fuzzy inference system
fis _gcI = 3;

of outputs to the fuzzy inference system
fis_gc0 = 1;

of rules to the fuzzy inference system
fis_gcR = 40;

FIS TYPE g fisInput[fis_gcI];
FIS _TYPE g fisOutput[fis_gcO];

// Setup routine runs once when you press reset:
void setup()

{

//Output to Serial Monitor
Serial.begin(9600);

// initialize the Analog pins for input.
// Pin mode for Input: Wrequired
//pinMode(© , INPUT);

// Pin mode for Input: tparking
//pinMode(1 , INPUT);

// Pin mode for Input: Scharge
//pinMode(2 , INPUT);

// initialize the Analog pins for output.
// Pin mode for Output: Priority
//pinMode(3 , OUTPUT);
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}

// Loop routine runs over and over again forever:
void loop()
{

// Read Input: Wrequired

g fisInput[@] = 12;//analogRead(0);

// Read Input: tparking

g fisInput[1l] = 100;//analogRead(1);

// Read Input: Scharge

g fisInput[2] = 7;//analogRead(2);

//g_fisOutput[@] = 0;
fis_evaluate();

//Output to Serial Monitor
Serial.println(g_fisOutput[0]);

// Set output vlaue: Priority
//analoghrite(3 , g fisOutput[0]);

//***********************************************************************

// Support functions for Fuzzy Inference System
//***********************************************************************
// Trapezoidal Member Function
FIS_TYPE fis_trapmf(FIS_TYPE x, FIS_TYPE* p)
{

FIS_TYPE a = p[@], b = p[1], c = p[2], d = p[3];

FIS TYPE t1 = ((x <=c¢c) 21 : ((d<x) ?20@ : ((c!=d)? ((d-x)/ (d
-C)) 1 9)));

FIS TYPE t2 = ((b<=x) 21 : ((x<a) ?20: ((a!l=b)? ((x-a)/ (b
-a)) 1 9)));

return (FIS_TYPE) min(tl, t2);

}

// Triangular Member Function
FIS TYPE fis_trimf(FIS_TYPE x, FIS_TYPE* p)
{
FIS_TYPE a = p[@], b = p[1], ¢ = p[2];
FIS_ TYPE t1 = (x - a) / (b - a);
FIS TYPE t2 = (c - x) / (c - b);
if ((a == b) & & (b == c)) return (FIS_TYPE) (x == a);
if (a == b) return (FIS_TYPE) (t2*(b <= x)*(x <= ¢));
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if (b == c¢) return (FIS_TYPE) (t1*(a <= x)*(x <= b));
t1 = min(t1, t2);
return (FIS_TYPE) max(tl, 0);

}
FIS_TYPE fis_min(FIS_TYPE a, FIS_TYPE b)
{
return min(a, b);
}
FIS_TYPE fis_max(FIS_TYPE a, FIS_TYPE b)
{
return max(a, b);
}

FIS_TYPE fis_array_operation(FIS_TYPE *array, int size, _FIS_ARR_OP pfnOp)
{

int i;

FIS_TYPE ret = 0;

if (size
if (size

= @) return ret;
= 1) return array[0];

ret = array[0];
for (1 = 1; 1 < size; i++)
{
ret = (*pfnOp)(ret, array[i]);

return ret;

//***********************************************************************

// Data for Fuzzy Inference System

//***********************************************************************

// Pointers to the implementations of member functions
_FIS MF fis gMF[] =
{

fis_trapmf, fis_trimf

}s

// Count of member function for each Input
int fis_gIMFCount[] = { 4, 5, 2 };

// Count of member function for each Output
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int fis_gOMFCount[] = { 5 };

// Coefficients for the Input Member Functions

FIS TYPE fis_gMFI@Coeff1[] {3, 5, 7.5, 10 };

FIS TYPE fis_gMFI@Coeff2[] { 7.5, 10, 13, 16 };

FIS TYPE fis_gMFI@Coeff3[] = { 13, 16, 22, 22 };

FIS TYPE fis_gMFI@Coeff4[] {90, 0, 3, 51};

FIS_TYPE* fis_gMFI@Coeff[ ] { fis_gMFI@Coeffl, fis_gMFIO@Coeff2,
fis_gMFI@Coeff3, fis_ gMFIO@Coeff4 };

FIS TYPE fis_gMFI1Coeffl[] = { @, @, 75, 122 };

FIS_TYPE fis_gMFI1Coeff2[] 60, 122, 180, 240 };

FIS_TYPE fis_gMFI1Coeff3[] 180, 240, 300, 360 };

FIS TYPE fis_gMFI1Coeff4[] 300, 360, 420, 480 };

FIS TYPE fis_gMFI1Coeff5[] 420, 460, 540, 540 };

FIS_TYPE* fis_gMFI1Coeff[] { fis_gMFIl1lCoeffl, fis_gMFI1lCoeff2,
fis gMFI1lCoeff3, fis_ gMFIlCoeff4, fis gMFIl1lCoeff5 };

FIS TYPE fis_gMFI2Coeffl[] = { ©.45, 2.9, 3.6, 4.4 };
FIS TYPE fis_gMFI2Coeff2[] = { 3.5, 6.5, 7.2, 7.4 };
FIS TYPE* fis gMFI2Coeff|] { fis_gMFI2Coeffl, fis_gMFI2Coeff2 };

FIS_TYPE** fis gMFICoeff[ ] { fis_gMFI@Coeff, fis_gMFI1lCoeff,
fis_gMFI2Coeff };

Il
P N

// Coefficients for the Output Member Functions
FIS TYPE fis_gMFO@Coeff1]] 0.1, 0.25, 0.5 };
FIS_TYPE fis_gMFO@Coeff2[ ] 0.25, 0.5, 0.75 };
FIS TYPE fis_gMFO@Coeff3[] 0.5, 0.75, 0.9 };
FIS_TYPE fis_gMFO@Coeff4[] 0.75, 1, 1 };
FIS_TYPE fis_gMFO@Coeff5] ] 0, 0, 0.25 };

FIS TYPE* fis gMFO@Coeff| ] { fis_gMF0@Coeffl, fis gMF0@Coeff2,
fis_gMFO@Coeff3, fis_gMFO@Coeff4, fis_gMFOO@Coeff5 };

FIS TYPE** fis gMFOCoeff[] = { fis_gMFO@Coeff };

] Il Il Il 1]
N e N e N

// Input membership function set

int fis_gMFIOQ[] = { @, @, 0, O };

int fis_gMFI1[] = { o, @, 0, 0, 0O };

int fis_gMFI2[] = { 0, © };

int* fis gMFI[] = { fis_gMFI@, fis gMFI1, fis gMFI2};

// Output membership function set
int fis _gMFOO[] = { 1, 1, 1, 1, 1 };
int* fis_gMFO[] = { fis_gMFO00};

// Rule Weights

FIS TYPE fis_gRWeight[] = { 0.6, 0.9, 0.5, 0.6, 0.5, 0.8, 0.6, 0.5, 0.7, 1,
9.8, 0.8, 0.9, 0.7, 0.5, 1, 0.9, 0.7, 0.5, 0.4, 1, 0.7, 0.6, 0.5, 0.9, 0.7,
9.9, 1, 0.6, 0.5, 0.9, 0.7, 0.4, 0.5, 0.3, 0.9, 0.6, 0.7, 0.6, 0.4 };
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// Rule Type
int fis_ gRType[] = {21, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1
i, 1,1, 1,1, 1,1, 1, 1,1, 1,1, 1,1,1,1,1,1,1,1, 1, 1};

// Rule Inputs

int fis_gRIO[] = { 1, 1, 1 };
int fis_gRI1[] ={ 1, 2, 1 };
int fis_gRI2[] ={ 1, 3, 1 };
int fis_gRI3[] ={ 1, 4, 1 };
int fis_gRI4[] ={ 2, 1, 1 };
int fis_gRI5[] ={ 2, 2, 1 };
int fis_gRI6[] = { 2, 3, 1 };
int fis gRI7[] ={ 2, 4, 1 };
int fis_gRI8[] = { 2, 5, 1 };
int fis_gRI9[] ={ 3, 1, 1 };

int fis_gRI10[] =
int fis_gRI11[] =
int fis_gRI12[] =
int fis_gRI13[] =
int fis_gRI14[] =
int fis_gRI15[] =
int fis_gRI16[] =
int fis_gRI17[] =
int fis_gRI18[] =
int fis_gRI19[] =
int fis_gRI20[] =
int fis_gRI21[] =
int fis_gRI22[] =
int fis_gRI23[] =
int fis_gRI24[] =
int fis_gRI25[] =
int fis_gRI26[] =
int fis_gRI27[] =
int fis_gRI28[] =
int fis_gRI29[] =
int fis_gRI30[] =
int fis_gRI31[] =
int fis_gRI32[] =
int fis_gRI33[] =
int fis_gRI34[] =
int fis_gRI35[] =
int fis_gRI36[] =
int fis_gRI37[] =
int fis_gRI38[] =
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int fis gRI39[] ={ 4, 5, 2 };

int* fis gRI[] = { fis_gRI@, fis gRI1l, fis_gRI2, fis_gRI3, fis_ gRI4,
fis_gRI5, fis gRI6, fis_gRI7, fis_gRI8, fis_ gRI9, fis gRI1@, fis_gRI11,
fis_gRI12, fis_gRI13, fis_gRI14, fis_ gRI15, fis_gRI1l6, fis_gRI17,
fis_gRI18, fis_gRI19, fis_gRI20, fis_ gRI21, fis_gRI22, fis_ gRI23,
fis_gRI24, fis_gRI25, fis_gRI26, fis_gRI27, fis_gRI28, fis_gRI29,
fis_gRI30, fis_gRI31, fis_gRI32, fis gRI33, fis_gRI34, fis_gRI35,

fis _gRI36, fis_ gRI37, fis_gRI38, fis gRI39 };

// Rule Outputs

int fis_gR0oO[] = { 3 };
int fis_gRO1[] = { 2 };
int fis_gR0O2[] = { 2 };
int fis_gRO3[] = { 2 };
int fis_gR0o4[] = { 4 };
int fis_gRO5[] = { 3 };
int fis_gRO6[] = { 3 };
int fis_gRO7[] = { 2 };
int fis_gRO8[] = { 1 };
int fis_gR0O9[] = { 4 };
int fis_gRO10[] = { 4 };
int fis_gRO11[] = { 3 };
int fis_gRO12[] = { 2 };
int fis_gRO13[] = { 2 };
int fis_gR014[] = { 3 };
int fis_gRO15[] = { 3 };
int fis_gRO16[] = { 2 };
int fis_gRO17[] = { 2 };
int fis_gRO18[] = { 5 };
int fis_gR0O19[] = { 4 };
int fis_gR020[] = { 3 };
int fis_gR021[] = { 3 };
int fis_gR022[] = { 2 };
int fis_gR023[] = { 1 };
int fis_gR024[] = { 4 };
int fis_gR025[] = { 4 };
int fis_gR026[] = { 3 };
int fis_gR027[] = { 2 };
int fis_gR028[] = { 3 };
int fis _gR029[] = { 5 };
int fis gR0O30[] = { 2 };
int fis_gR0O31[] = { 2 };
int fis gR0O32[] = { 1 };
int fis_gR033[] = { 5 };
int fis_gR034[] = { 5 };
int fis_gR0O35[] = { 2 };
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int fis_gR036[ ]
int fis_gR037[]
int fis_gR0O38[]
int fis_gR039[] ;

int* fis_gRO[] = { fis_gR0O@, fis_gRO1, fis_gR02, fis_gR03, fis_gR0O4,
fis_gRO5, fis_gR0O6, fis_gR0O7, fis_ gR0O8, fis gR09, fis_ gR0O10, fis_ gRO1l1,
fis_gR0O12, fis_gR0O13, fis_gR014, fis_gR015, fis_gR0O16, fis_gR017,
fis_gR0O18, fis_gR019, fis_ gR020, fis_gR021, fis gR022, fis_gR023,
fis_gR024, fis_gR025, fis_ gR026, fis_gR027, fis_ gR028, fis_gR029,

fis gR030, fis gR031, fis gR032, fis gR033, fis gR034, fis gR0O35,
fis_gR036, fis gR037, fis gR038, fis gR0O39 };

J
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// Input range Min
FIS_TYPE fis_gIMin[]

{0, 0, 0.45 };

// Input range Max
FIS TYPE fis_gIMax| ]

{ 22, 540, 7.4 };

// Output range Min

FIS_TYPE fis_gOMin[] = { © };
// Output range Max
FIS_TYPE fis_gOMax[] = { 1 };
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// Data dependent support functions for Fuzzy Inference System
//***********************************************************************

FIS_TYPE fis MF_out(FIS_TYPE** fuzzyRuleSet, FIS_TYPE x, int o)

{
FIS_TYPE mfOut;

int r;

for (r = @; r < fis_gcR; ++r)

{

int index = fis _gRO[r][o];

if (index > @)

{
index = index - 1;
mfOout = (fis_gMF[fis_gMFO[o][index]]) (x,

fis gMFOCoeff[o][index]);

¥

else if (index < 9)

{
index = -index - 1;

mfOut = 1 - (fis_gMF[fis gMFO[o][index]])(x,
fis_gMFOCoeff[o][index]);
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}
else
{
mfOout = 9;
}
fuzzyRuleSet[@][r] = fis_min(mfOut, fuzzyRuleSet[1][r]);
}
return fis_array_operation(fuzzyRuleSet[@], fis_gcR, fis_max);
}
FIS TYPE fis defuzz_centroid(FIS_TYPE** fuzzyRuleSet, int o)
{
FIS TYPE step = (fis_gOMax[o] - fis gOMin[o]) / (FIS_RESOLUSION - 1);
FIS_TYPE area = 0;
FIS_TYPE momentum = 0O;
FIS TYPE dist, slice;
int i;
// calculate the area under the curve formed by the MF outputs
for (i = @; i < FIS_RESOLUSION; ++i){
dist = fis_gOMin[o] + (step * 1i);
slice = step * fis MF_out(fuzzyRuleSet, dist, o0);
area += slice;
momentum += slice*dist;
}
return ((area == @) ? ((fis_gOMax[o] + fis_gOMin[o]) / 2) : (momentum /
area));
}

//***********************************************************************

// Fuzzy Inference System
//***********************************************************************

void fis _evaluate()

{

FIS _TYPE fuzzyInpute[] = { @, ©, 0, 0 };

FIS TYPE fuzzyInputl[] = { @, @, @0, 0, 0 };

FIS TYPE fuzzyInput2[] = { 0, © };

FIS _TYPE* fuzzyInput[fis_gcI] = { fuzzyInput@, fuzzyInputl,

fuzzyInput2, };

FIS_TYPE fuzzyOutpute[] = { @, @, @, 0, @ };

FIS TYPE* fuzzyOutput[fis_gcO] fuzzyOutpute, };
FIS _TYPE fuzzyRules[fis_gcR]
FIS_TYPE fuzzyFires[fis_gcR]

= {
={0};
={0};



FIS TYPE* fuzzyRuleSet[] = { fuzzyRules, fuzzyFires };
FIS_TYPE sW = 0;

// Transforming input to fuzzy Input
int i, j, r, o;
for (i = @; i < fis_gcI; ++1i)
{

for (j = ©; j < fis gIMFCount[i]; ++j)

{

fuzzyInput[i][]] =
(fis_gMF[fis gMFI[i][j]])(g_fisInput[i],
fis _gMFICoeff[i][]j]);

}

}

int index = 0;
for (r = @; r < fis_gcR; ++r)
{
if (fis_gRType[r] == 1)
{
fuzzyFires[r] = FIS_MAX;
for (1 = @; i < fis_gcI; ++1i)
{
index = fis gRI[r][i];
if (index > 9)
fuzzyFires[r] = fis_min(fuzzyFires[r],
fuzzyInput[i][index - 1]);
else if (index < 9)

fuzzyFires[r] = fis_min(fuzzyFires[r], 1 -

fuzzyInput[i][-index - 1]);
else
fuzzyFires[r]

}

else
{
fuzzyFires[r] = FIS_MIN;
for (1 = @; 1 < fis_gcI; ++1)
{
index = fis gRI[r][1];
if (index > @)
fuzzyFires[r] = fis_max(fuzzyFires[r],
fuzzyInput[i][index - 1]);
else if (index < 9)

fis_min(fuzzyFires[r], 1);

142
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fuzzyFires[r] = fis_max(fuzzyFires[r], 1 -
fuzzyInput[i][-index - 1]);
else
fuzzyFires[r] = fis_max(fuzzyFires[r], 9);

fuzzyFires[r] = fis_gRWeight[r] * fuzzyFires[r];
sW += fuzzyFires[r];

}
if (sW == 0)
{
for (0o = @; o < fis_gc0O; ++0)
{
g fisOutput[o] = ((fis_gOMax[o] + fis _gOMin[o]) / 2);
}
}
else
{
for (0o = @; o < fis_gc0O; ++0)
{
g fisOutput[o] = fis _defuzz centroid(fuzzyRuleSet, 0);
}
}

//***********************************************************************

// END of FuzzyExpSysFinal.fis
//
//

//***********************************************************************

void calculations_before_decision ()

{

//Calculations before Fuzzy system and constraints

S0Cin2=zeros[1,n]; //subsidiary initial SOC vector
Schargeev2=zeros[1,n]; //subsidiary Scharge for each EV
CS2=zeros(n,3); //subsidiary matrix with Qreq, ParkTm, Crate for 5 EVs
Schargeall2=zeros[144,1]; //subsidiary Scharge for ALL EVs (vector)
for (g=1:n)

// dont changed after decision

timeEV(g,3)=timeEV(g,3)-10; //next time step

if timeEV(g,3)<=0
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timeEV(g,3)=0 ;
end

CS2(g,2)=(timeEV(g,3))*plug(g); % t park
//calculating required capacity Q and Charging rate
if SOCin(g)>0

CS2(g,1)=((S0Creq(g)-S0Cin(g))*Qb/100)*plug(g); //required capacity
Q kWh

Schargeev2(g)=((S0Cs(S0Cin(g),1))/(Crate(g)))*plug(g); //S Charging
rate

u(g)=Qb-((Schargeev2(g))/6000)*effi;

S0Cin2(g)= round(SOCin(g)+(100*(1-(u(g))/Qb)))*plug(g); //calc SsOC
(6 because of 10mins intervals; 1000 in kWh)

CS2(g,3)=(Schargeev2(g)/1000)*plug(g);
end
end

Schargeall2(1:144)=sum(Schargeev2); //EVs' charging load for each 10mins
interval

}
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3ATBEP/I/KYIO

IIpopekTop 3 HaBYaAJIBLHOI pOOOTH
«KIII im. Iropst CikopcChKOTO»

A. A. MeIbHUYEHKO

« » 2024 p.

AKT

PO BIPOBAPKEHHS Pe3yJIbTaTIB TUCEPTAIlIiHOT poOOTH
Bbocaka Anapis BacunboBruua «OntuMizaliisi KepyBaHHS 3apsSIHUMU CTAHIISIMU
SJIEKTPOMOOLITIB B PeaIbHOMY 4aci Ha OCHOB1 HEYITKOT JIOT1IKHA B yMOBaX 0OMEKEHOTO
CJIEKTPOIIOCTAaYaHHSI»

Kowmicis y cknai:

I'onoga: 3aBiyBau KadeIpu aBTOMaTH3aIlll €JIEKTPOTEXHIYHUX Ta
MexatpoHHux koMmiuiekciB HH IEE,
npodecop boituenko C. B.

UsieHn KoMicii: npodecop Kadeapu aBTOMATHU3AIlll EICKTPOTEXHIYHUX Ta
mexatpoHHux komruiekciB HH IEE,
Posen B. I1.
JTOIEHT Kadenpu aBTOMATH3AIlli EJIEKTPOTEXHIYHHX Ta
mexatpoHHux komruiekciB HH IEE,

Bocak A. B.

CTapIunit BHUKJIaJay kadenpu aBTOMAaTHU3aIlil
EJIEKTPOTEXHIYHUX Ta MexaTpoHHuX komIuiekciB HH IEE
[Tomimgyxk B. O.

MM AKTOM 3acBiauye, IO pe3yibTaTH JucepraniitHoi pobotu bocaka AHapis
BacunboBnua «Ontumizaniiss KepyBaHHS 3apSJHAMU CTaHIISIMA €JIEKTPOMOOLIIB B
peaIbHOMY Yaci Ha OCHOBI HEUITKOI JIOT'1IKHA B YMOBAaX OOMEKEHOTO €JIEKTPONOCTauYaHHS»
BIIPOBAPKEHO B OCBITHIA Tpolec Kadeapu ABTOMAaTH3allll EJIEKTPOTEXHIYHHUX Ta
MEXaTPOHHUX KOMIUIEKCIB Ta BUKOPHCTOBYIOTHCS B OCBITHIX KOMIIOHEHTaX OCBITHBO-
npodeciiiHux Tmporpamax MiATOTOBKM OakaiaBpiB Ta MarictpiB  «IHXXUHIpUHT
IHTEJIEKTyIbHUX EJIEKTPOTEXHIYHUX Ta MEXATPOHHUX KOMILJIEKCIBY 3a CIEIIabHICTIO
141 — EnexTpoeHepreTuka, eIeKTPOTEXHIKA Ta EJIEKTPOMEXaHiKay a came: NUCIUILTIHA
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((IH}KI/IHipI/IHF eJ]eKTpOTGXHi‘IHI/IX Ta MCXAaTPOHHHX KOMHHCKCiB)), «ABTOMAaTHU30BaHUI
CICKTPOIIPpUBOA MAallIMH 1 YCTAaHOBOK).

Y HaB4aneHU# Mporiec 0yJI0 BIPOBAIIKEHO:

1) onTuMizamiiiHy MOJeNb KepyBaHHS 3apsSAHUMHU CTAHISIMA B peajlbHOMY dYaci, IO
BIJIPI3HSIETHCS BT ICHYIOUUX MOJCIICH THM, IO J03BOJISIE 3a0€3MeunTH OLIbIIe eHEeprii
MIOCTAaBKH JI0 OaTapei eeKTpoMOOLTiB 32 OTHAKOBUX OOMEKEHb CITOKUBAHHS B MICITI
T IKITFOUCHHS €TIEKTPO3apsSAHUX CTaHIIIMH;

2) MOJICTIOBAHHS TIPOIIECY KEPOBAHOT 3apsJIKH 13 PO3POOJICHIUM METOJIOM ISl pOOOTH B
peabHOMY Yaci B yMOBaxX 0OMEKEHOTO eJIeKTpOoIocTadaHHs B cepenouiii Matlab;
3) eKcnepTHy CHCTEeMy BUAdi MPIOPUTETHOCTI 3apsKAHHS HAa OCHOBI HEUITKOI JIOT1KU

peanizoBaHy Ha MiKpoKOHTposiepi Ha tiati Arduino Mega 2560.

VYnpoBaJykeHHsT OTpPUMaHUX IIiJ] Yac HAyKOBOI pOOOTH pe3yibTaTiB JUCEPTalliHOI
pobotu bocaka Annpis BacunboBuya «OnTuMizaliisi KEpyBaHHS 3apsIHUMH CTaHIISIMU
€JIEKTPOMOOUTIB B peajJbHOMY 4Yaci Ha OCHOBI HEYITKOI JIOTIKM B YMOBax OOMEKEHOTO
€JIEKTPOIIOCTauYaHHI» B HaBUAJIbHUI MPOILIEC MiJIBUIYE SIKICTh NIATOTOBKH CTYJECHTIB 32
cnenianbHicTIO 141 — EnekrpoeHepreTuka, eJeKTpOTEXHIKA Ta IEKTPOMEXAHIKA, TaK SIK
B1JI0OpaXkae Ta MPOMNOHYE MIJAXiJ O BUPILIEHHS aKTyaJbHUX 3aBIaHb €HEPreTHKU B
VYkpaiHi, 0cO0IMBO, y MICIAIBOEHHUI NEPIOJ.
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1.T.H., mpodecop Cepriii BOMYEHKO

(HayKOBUH CTYIIHb, BUCHE 3BAHHS) (miamuc) (mpi3BuILIE Ta 1HIIIAIN)

Yienu komicii

1.T.H., mpodecop Bikrop PO3EH
(HayKkOBUH CTYIIIHb, BUCHE 3BaHHS) (miamuc) (mpi3BuILIE Ta 1HIIIAIN)
K.T.H., JJOIICHT Amma BOCAK
(HayKOBUH CTYIiHb, BUCHE 3BAHH) (miamuc) (mpi3BuIIe Ta 1HIIIATN)
Banentuna ITOJIIITYK

(HayKOBUH CTYIiHb, BUCHE 3BAHHS) (miamuc) (mpi3BuILIE Ta 1HIIIAIN)



